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Abstract
Objectives: The aim of the present study was to create a valid and reliable method of determining to what extent children experience symptoms of digital eye strain (DES). 
Methods: The initial version of the pediatric digital eye strain questionnaire was developed using a literature review, consultation with experts and a pretest performed on 6-8-year-olds. A pilot test using a revised version of the questionnaire was performed on 70 6-12-year-old participants. Content validity was established by discussion with an expert. Construct validity was evaluated by performance of the pediatric DES questionnaire and the Computer Vision Syndrome Questionnaire (CVS-Q) by optometry students. Test-retest repeatability was tested using Bland Altman analysis and a significant cutoff score was established using the linear regression equation to determine the value equivalent to the previously assigned cutoff for the CVS-Q of 6.
Results: The questionnaire evaluated 12 DES symptoms’ frequency in a simple, self-administrable method. The mean total score of the pilot test was 7. 45% of the participants in the pilot test had a significant score for DES. The questionnaire had excellent test-retest repeatability and construct validity r=0.81 (p<0.001). No significant correlation was found between the reported total number of hours of screen time per week and the total symptom score (r = 0.30, p = 0.47).
Conclusions: This study indicates that almost half of children may be experiencing adverse ocular symptoms associated with screen use. The questionnaire provides a valid and reliable method for identification of DES symptoms in children ages 6-12 years. Optometrists, pediatricians and parents alike may find use for this questionnaire to evaluate for digital eye strain in children.  
Introduction
As the popularity of the personal computer exploded and digital technology continued to evolve from the end of the 20th century, the prevalence of digital eye strain (DES) has concerned, impressed and troubled the world over. Technology continues to evolve at an impressive rate and digital device usage for adults and children is as ubiquitous as ever.
Digital devices, such as cell phones, laptops, desk top computers, tablets, and iPads, made connection and life during the COVID-19 pandemic possible, while concurrently making digital device use by adults and children a mainstay in global culture.  
With the extensive use of digital screens has come a new entity, described as DES. This condition is considered a spectrum of findings encompassing visual and ocular symptoms arising from the prolonged use of digital electronic devices. 1 It is characterized by asthenopia, as well as both symptoms associated with dry eye and extraocular symptoms related to poor ergonomics and environment.2 DES has been noted since the first personal computer was developed in 1987 and continues to evolve as overall screen time increases.3
Prevalence of digital device use and DES
It can be easy for the vast amount of screen time commonly experienced to go overlooked. People spend an average of 4.8 hours per day on their mobile phones, according to a 2022 report by Data.ai.4 The COVID-19 pandemic has led to a significant increase in the use of digital devices for all ages worldwide.
Average screen use duration for children age 10-18 doubled from 1.9 ± 1.1 hours to 3.9 ± 1.9 hours (P=<0.0001) during the recent COVID-19 pandemic.5 Thirty-six percent of children were using digital devices more than 5 hours per day compared with 1.8% before the pandemic.5
During the pandemic, the prevalence of eye strain was notably higher among students taking online classes (50.6%) compared with the general population (33.2%).6 The DES score was highest among those with greater screen time, shorter working distance and those who took infrequent or no breaks. For children ages 8-18, the average time spent watching television on a television set decreased, while time spent watching television on other devices, such as smartphones and tablet computers, increased from 2015 to 2019.7 Total average media time, including television, for teenagers ages 13-18 in 2015 was 8 hours and 56 minutes, which increased after the effects of the COVID-19 pandemic to 9 hours and 49 minutes. Total average media time among children 8 to 12 years of age remained about the same pre- and post- pandemic at just under 6 hours per day.7 Smartphone use has become the favorite screen of choice among children age 8-18, with 88% of US children using them. 
More recently, a 2024 review of the prevalence of DES, including working adults, university and high school student, found that DES affected 74% of the global population.8 The reported worldwide prevalence of DES in students was 70%.8
As noted above, DES includes symptoms that overlap with dry eye, binocular stress, uncorrected refractive error and those of extraocular origin attributed to poor ergonomics and working environment. The scope and variance of the etiology of the symptoms in each individual may lead to challenges in its diagnosis. Despite this, DES is an important concern for optometrists and the general population. In 2020, a majority of parents (71%) of children aged 11 years and younger were reported to be concerned that their child might spend too much time in front of screen.9 A 2021 survey of 406 optometrists in the UK and Ireland found that the vast majority of respondents (88.9%) agreed that DES was an important concern for the profession.10
Management
People naturally seek out an easy way to protect their eyes and vision from screen use, as seen with the advertisement and mass consumption of blue light blocking lenses, a multi-million dollar industry.11  Although the use of blue light blocking lenses to ameliorate DES has been largely discredited,12 it is understandable why both adults and parents of children using screens are looking for a way to protect their eyesight, and to reduce negative ocular sensations associated with prolonged computer use. Ongoing research continues to uncover correlations between near screen use and its effects on vision.
Physical health 
A common concern for adults and parents is how the prolonged use of screens is detrimental to overall health. The prolonged use of screens in children has been correlated with an increased risk of obesity and other cardiometabolic risk factors, unhealthy dietary habits and reduced physical activity.13-15 Excessive media use via mobile devices by children has been shown to lead to problems with poor sleep, a reduction in social coping and decreased prosocial behavior.16 There is evidence to suggest a negative correlation between excessive screen time and health in youth, although confounding factors must also be considered. Whether it is the screens themselves or simply how people use screens that negatively affects health is still up for debate. 
Ocular health 
Near work for children has become nearly synonymous with screen time and has been found to be a potential modifiable risk factor for the development and progression of myopia, a potential cause of vision loss.17 The Digital Eye Strain Among Kids study (DESK)18 compared the rate of progression of myopia before and during the pandemic to assess the risk factors for hastened refractive progression. A total of 133 children ages 6-18 were included, and 45.9% showed an annual myopic progression >1D during the pandemic, compared with 10.5% before the pandemic. Increased risk was associated with progression before the pandemic and reduced sun exposure.18 The evidence is mixed regarding a correlation between myopia and screen time due to confounding variables, but parents should consider the risk of myopia progression in children spending increased time indoors (away from sunlight). 
Pediatric dry eye
The modern use of smartphones and tablets by children presents a new challenge to the ocular surface. In a review by Jaiswal et al, smartphone use in adults and children reduced blink rate, disrupted the tear film and caused visual fatigue.19,20  
Recently, there has been increased awareness of dry eye disease (DED) in children. This condition is defined as “a multifactorial disease of the ocular surface characterized by a loss of homeostasis of the tear film, and accompanied by ocular symptoms, in which tear film instability and hyperosmolarity, ocular surface inflammation and damage, and neurosensory abnormalities play etiological roles.”21 Part of the symptoms involved in DES as a syndrome evolve from screen associated dry eye. Studies evaluating DED in children have shown a similar presentation and symptoms to adults, with considerable effects on concentration, performance at school and other activities, including reading and playing.22-24
A recent narrative review of dry eye in youth described the prevalence, risk factors, diagnosis and management of DED from 54 relevant publications. The prevalence of DED in individuals 18 and younger ranged from 5.5% to 65.4% in population-based studies.25 Risk factors for DED in children include female sex in older children, ocular allergies and underlying systemic disease. 26-27 In a study from Korea, daily use of a smartphone was an independent risk factor for DED in children aged 7–12 years.24 When smartphone use was stopped for 4 weeks in the DED group (n = 60), the signs and symptoms of DED improved.28 Similarly, the use of smartphones or tablets for more than 1 hour per day over one year was independently associated with DED in children aged 7–8 years in China.29 A similar finding was reported in a self-selected UK population aged 5–16 years, where each hour of screentime was associated with a 15% increase in the overall risk for DED.30 The relationship between digital device use and DED may be confounded by other factors, for example, limited time spent outdoors, increased sedentary lifestyle, impaired sleep and mental health status. 
Another consideration when evaluating DED in children are the methods of assessment. In the 2024 narrative review mentioned above, symptoms were evaluated using questionnaires previously validated in adults only, and were completed by caregivers. Currently there are no dry eye questionnaires designed for children. One study noted this discrepancy and evaluated the repeatability and reliability of five different adult questionnaires in a population between 6 and 15 years of age (n = 62). It was found that younger participants required more time and assistance with many questionnaire items, particularly “gritty eyes” and “foreign body sensation.” The study concluded that the shorter Dry Eye Questionnaire (DEQ-5)31 and Instant Ocular Symptom Survey (IOSS)32
 questionnaires could be reliably used in children and their repeatability was comparable to that of adults.32 The authors noted that children can reliably report symptoms of DED and “the importance of questionnaires suitable for this population and/or more explicit exploration of ocular symptoms and their impact during clinical examinations.”33
Questionnaires in healthcare
Questionnaires in healthcare allow the identification of symptoms and/or measure perceptions or attitudes. They are a low cost, non-invasive method that allows for the identification and provides support for making a certain diagnosis. Questionnaires are often used to evaluate for pre- and post- treatment or management effects. For example, questionnaires commonly used in optometry include the Ocular Surface Disease Index (OSDI) questionnaire for dry eye assessment and the Convergence Insufficiency Symptom Score (CISS) used for assessment of convergence insufficiency pre- and post- vision therapy. 
Current DES questionnaires
While there are currently many questionnaires available to evaluate DES, some are more popular and commonly used than others.  The first validated questionnaire available in English was the Computer Vision Syndrome Questionnaire (CVS-Q), which required users to indicate the frequency and intensity of 16 symptoms experienced during computer use.34 A single symptom severity score of 6 or more was considered diagnostic of the condition. The Rasch-based Computer-Vision Symptom Scale (CVSS17) out of Spain, included 17 items about 15 different computer-related visual and ocular symptoms.28 These questionnaires have both been proven to be valid, reliable and self-administrable by adults. Both the CVS-Q and CVSS17 were tested on desktop computer workers. With the increase of use of handheld devices compared with computer screens, the ocular symptoms associated with screen use may have worsened or changed in relevance.  
The more recent Digital Eye Strain Questionnaire (DESQ) was developed in 2022 and offers a thirteen-item self-report scale in a yes-no format designed to measure complaints related to DES.35 The questionnaire demonstrated excellent reliability and validity. The validation process involved patients in the outpatient services of a psychiatric hospital, with a third of the patients having a confirmed diagnosis of gaming addiction. 
The growing interest of DES in children has led to studies evaluating the prevalence in children using questionnaires validated for use in adults. In a literature review of 10 epidemiologic studies reporting symptoms of DES in children, multiple questionnaires were used.36-45 The 10 reviewed studies evaluated 19 different symptoms related to DES in children, including headache, neck pain, eye pain, watering and subjective visual deterioration. The studies used were published from 2018 to 2022 and included children between 6 and 17 years of age. The number of participants ranged from 185 by Wadhwani et al.45 to 2476 by Seresirikachom et al.40 Surveys used included the CVS-Q, the Computer Vision Symptom Scale (CVSS-17), the Standardized Patient Evaluation of Eye Dryness (m-SPEED), an online survey based on the Dry Eye Workshop Survey (DEWS), a semi-structured questionnaire and one developed by the authors.46 In six of the 10 studies an overall symptom score was calculated, while in four, no score was calculated. In six studies the survey was administered by parents. Two had the children self-administer the questionnaire and one study did not specify the method of administration. The most common symptoms reported by children in order of prevalence were headache, eye pain, eye fatigue, eye strain, itching, burning, eye redness, eye irritation, heaviness of eyelids, subjective visual deterioration, watering and tearing and eye dryness. Some repetitiveness in the wording of items and ambiguity was observed: for example, soreness vs. irritation and grittiness vs. scratchiness. 
Evaluation of DES prevalence in children can be challenging. Firstly, there are presently only questionnaires created for adult use or novel questionnaires that are not validated. Secondly, most of the studies that have assessed prevalence in children have required a parent or guardian to fill out the questionnaire, which may cause the child to provide an answer that will acquiesce the adult, instead of giving correct responses. Thirdly, the definition of screen time is not always uniform, making comparison impossible. Since there are no current objective measurements of DES, questionnaires are the only method available for assessing DES. It is imperative to have a validated, reliable, consistent and simple method of identification for use in a clinical setting and in research. 
The high overall prevalence of DES and the staying power of digital devices leads to an important question: to what extent are children experiencing DES? The long-term consequences on overall and ocular health from digital device use are unknown, and the first step to answering this question is to identify children who are struggling with symptoms. This information will be valuable for parents, pediatricians and eye care practitioners to incorporate into the management of the child’s overall health and well-being.
Furthermore, a validated and reliable pediatric questionnaire of DES could be used in research studies looking for objective measurements of DES and for management techniques aimed at children. It may also be used clinically to guide eye care professionals’ evaluation and management of symptoms, especially headache, eye pain and asthenopia; some of the most common pediatric symptoms associated with digital device use. 46-48
Accordingly, the aim of the present study was to create a valid and reliable method of determining to what extent children experience symptoms of DES. 



Methods 
Summary
The items to be included in the first version of the questionnaire were selected based on a literature review. The questionnaire was then validated by discussion with an expert followed by completion of a pretest, pilot test and data analysis.
Questionnaire design
Literature review
The evidence available in the scientific literature regarding children’s visual symptoms during the use of near digital devices was reviewed. The findings of the literature review were used to determine what were the most prevalent symptoms children experienced while using digital devices. The literature search through PubMed, Google Scholar and ILLiad for articles from January 2010 to December 2022, and was carried out with free text words in the title and abstract. The following search words were used: digital eye strain, computer vision syndrome, pediatric, children, symptoms, vision, screens, digital devices, screentime and computer. Only articles available in English were included. 
Based on the results of these searches, the relevant articles were selected independently. Studies were selected if they met the following criteria: population comprised children 17 years of age and younger, had an epidemiological design (not a review), listed the symptoms in order of most to least prevalent and examined visual and ocular symptoms as an outcome of digital device use at near. A total of 10 studies were selected.36-45
Information was obtained regarding the symptom inquiry method used in each study, whether the questionnaire was interviewer guided or self-administered, whether level of severity was assessed and if an overall score was evaluated. 
Selection and assessment of items
After review of the 10 studies, a complete list of symptoms was formulated in order of most to least prevalent. Twelve symptoms were selected for the questionnaire based on the literature review findings. Each symptom was given a score from 1 to 5 based on how often it was listed as one of the most common symptoms in a particular study. If it was listed as the most common symptom in the study it was given a score of 5, if it was the second most common symptom it was given a score of 4, etc. The scores of each symptom were evaluated. The top 12 symptoms received a score of 6 or higher, and were deemed necessary to include in the questionnaire to be representative of the main symptoms associated with pediatric digital eye strain. These findings were evaluated by and agreed upon with an expert.
Any symptoms that were deemed very similar, such as burning and stinging, or heaviness of the eyelids and heaviness of the eyes, were grouped under a single term. Each symptom was considered as an item in the questionnaire. After evaluation by an expert, three items were removed due to similarity and low prevalence. 
The phrasing of the items, number and order of responses was agreed upon. The inclusion of pictures at the top of the survey representing near digital devices of interest and one-sentence instruction was incorporated for ease of self-administration.
The definition of computer vision syndrome by the American Optometric Association, namely “a group of eye- and vision-related problems that result from prolonged computer, tablet, e-reader and cell phone use,”49 was used to analyze if the items were indeed characteristic of the construct in question. 
The target population consisted of children 6 to 12 years of age. The number and type of response choices were chosen using the target population’s reading ability and attention span at the forefront. It was confirmed that all of the questionnaire’s wording was at a first grade reading level. Three questions were added regarding the amount of time spent on near devices at school, at home on a school day and at home on a weekend to determine whether there was an association with the response score. 



Content Validity
To evaluate for content validity, an expert in optometry, pediatrics, digital eye strain and binocular vision was consulted.  The expert conducted an individual assessment of the questionnaire and a meeting was held to discuss the items structure and format. The results of the literature review were made available to the expert for review. The number of and format of the responses were reviewed and improved upon by a meeting with a statistician. 
Pretest
A pretest was conducted on seventeen children, 6 to 8 years of age. The purpose of the pretest was to obtain information on how the questionnaire worked in a real life situation, assess its ease of understanding, whether the children could respond appropriately and the amount of time taken to complete. Children ages 6 to 8 were tested because the youngest within the targeted age range would provide useful information regarding readability and ease of test taking. The pretest was emailed to SUNY College of optometry students, faculty and staff to inquire if any had children of this age range who would be willing to take the pretest questionnaire and provide feedback. The caregivers who responded to the email with children of the appropriate age were then emailed a copy of the pretest to administer to the child.  Caregivers were instructed to read the questions out loud and fill in the answers for children, if needed, but also made aware it was the goal to have the children complete it on their own if possible. They were asked to note the length of time it took to complete the survey and whether the child had any difficulty understanding any of the questions and if so, to notate any further information regarding the difficulty. Each caregiver gave feedback via email, in person or through a video of the child filling out the questionnaire. A report was prepared identifying difficulties in understanding questions, responses and length of time taken and reviewed by an expert. Based on these responses, some of the wording of the items were altered and improved and another draft of the questionnaire was created. 
Pilot test
Between June 2023 and January 2024, a pilot test was conducted by administering the revised questionnaire, called version 2, to a sample of children who presented for a comprehensive eye examination at the University Eye Center.
The sample was obtained by random sampling of patients, 6-12 years of age presenting to the pediatric clinic. Exclusion criteria were established to attempt to exclude any children whose eye conditions could interfere in the association of ocular and visual symptomology with near screen exposure. Exclusion criteria included: corrected visual acuity worse than 20/20 at near and distance binocularly, binocular or accommodative anomalies, developmental or intellectual delay, or any type of amblyopia. These criteria were confirmed by evaluation of the patient’s chart note for that day and discussion with the supervising doctor. These criteria were chosen to exclude any conditions that may have similar symptoms to and confound the diagnosis of digital eye strain. Participation in the study was voluntary. Respondents and their parent provided written, informed consent, and data privacy and confidentiality were assured. The pilot test was approved by SUNY College of optometry IRB. 
Criterion validity, sensitivity and specificity 
Criterion validity measures the validity of a questionnaire compared with an existing questionnaire that has already been confirmed to be valid and reliable. The reference questionnaire used to measure criterion validity of our questionnaire was the Computer Vision Syndrome Questionnaire or CVS-Q. 
	The first, second and third year SUNY College of optometry students were requested via email to participate in this portion of the validation process. Since the CVS-Q is for adult usage, adults were asked to participate by completing both questionnaires. Their participation was completely voluntary and not associated with their classes or grades. Through online Google Forms, the adult students were asked to take both the CVS-Q and the Pediatric Digital Eye Strain questionnaire once. The respective scores for each participant’s questionnaires were assessed and compared to one another. 	 
Test-retest reliability
A test-retest with questionnaire version 2 (V2) was performed with subjects aged 6-12. The online test was emailed to parents to fill out via Google Forms and asked to repeat 1-2 weeks after the first test completion. One to two weeks’ time between the two tests was chosen because it was enough time for the children to forget their answers from the first test and short enough that their symptoms would not change significantly. Whenever the respondents took the questionnaire first, they were reminded with an email one week later to complete it again. The prevalence of each symptom in the two administrations and the differences in overall scores were compared using Bland Altman analysis.50
Bland Altman analysis was used to assess the repeatability of the pediatric questionnaire. The mean difference in the scores for the two administrations was calculated, as well as the standard deviation of the differences.  The 95% limits of agreement were defined as the mean difference ± 1.96 times the standard deviation of the differences.
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Pre-test
The pretest questionnaire was performed on 17 children ranging from 6 to 8 years of age with an average age of 6.8 (0.86) years. The children were those of the faculty and staff of the SUNY College of Optometry. The parents provided the children’s responses only when necessary and the time it took to complete the questionnaire, as well as feedback regarding any difficulty of understanding. The version of the questionnaire used for the pretest was 1.5 pages long and can be found in figure 1. The average screen use per day is shown in Table 1.

Figure 1. Version 1 (V1) of the pediatric questionnaire
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Table 1. Pre-test mean symptom score, time to complete questionnaire and hours spent using a screen. 
Figures in parentheses indicated 1 SD. 

	Mean symptom score (possible range 0-36)
	3.35 (2.87) (range of answers 0-33)

	Mean time to complete questionnaire
	3.80 minutes (2.27)

	Mean hours per day using a near screen at school
	1.22 hours (1.74)

	Mean hours per day using a near screen on a school day
	1.13 hours (0.97)

	Mean hours per day using a near screen on the weekend
	2.90 hours (1.63)



Each response per item was given a value, namely: never=0, sometimes=1, often=2 and always=3. The average total score was found by adding the total response value for each item and dividing by 12. The highest and lowest scores were 10 and 0, respectively. The average time to complete the questionnaire was 3.8 minutes (sd=2.27) with a range from 1 minute 37 seconds to 7 minutes. Relevant feedback from parents included that changing the order of the response choices, always, often, sometimes and never, every few questions was confusing to the test takers, and that children were not the best judges of time regarding the three questions relating to near screen usage (mean hours per day using a screen at school, on a school day and on the weekend- see Table 1). The flow and order of items was reported to be good.
Subsequent modifications included changing the order of the responses for each item to be in the same for each question from always to never. In item 4, the question “do you have to try harder to see?” was changed to “do you have to try hard to see?” In item 10, “do you feel like your vision is getting worse?” was modified to “do you feel like your vision is getting bad?” The reason for this being that the younger children remarked that the comparison of trying harder to see or vision getting worse was difficult to comprehend. The addition of definitions for often and sometimes were also included. The updated version of the questionnaire is shown in Figure 2. 








Figure 2. Version 2 (V2) of the pediatric questionnaire
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Pilot test
The revised questionnaire shown in figure 2 was used in the pediatric clinic of the University Eye Center from June 2023 to January 2024. Patients who met the inclusion criteria were asked to participate in the study and to complete the questionnaire with their parents’ consent and the child’s assent. A total of 70 respondents to date have completed the survey. Respondents ranged from 6 to 12 years of age, with an average age of 10.02 years (sd=1.73). The total scores ranged from 0 to 33 with a mean of 7.07 (sd=6.17). The highest possible score was 36. The item with the highest score was item 3, “do your eyes get tired?” and the item with the lowest score was item 7, “do your eyes get red?”  Responses that did not give numbers of hours were excluded from the analysis. As the first three questions were open-ended, five children did not fill them out, one wrote “a few” and one wrote “all day” in response to how many hours per day they use screens. 
Table 2 presents the mean respondent age, percent female, mean total score and hours per day on a screen from version 2 of the pediatric questionnaire. Figure 3 presents the number of scores that occurred within each range of 4 points. The mean score for each item in questionnaire V2 can be found in table 3.
Table 2. Version 2 mean age, percent female, mean total score and hours per day on screen. Figures in parentheses indicated 1 SD.

	Mean age of respondents (years)
	10.02 (1.73)

	Percent female
	48.5 

	Mean total score
	7.07 (6.17)

	Mean number of hours per day on screen at school
	1.63 (1.63)

	Mean number of hours on screen on a school day
	2.87 (2.68)

	Mean number of hours on screen per day on a weekend 
	5.10 (3.91)


 
Figure 3. Questionnaire V2 Test scores 

Table 3. Questionnaire V2 mean score per item.
	Version 2 Items 1-12
	Mean Score per item (SD)

	1. Did you get a headache?
	0.57 (0.73)

	2. Did your eyes hurt?
	0.56 (0.79)

	3. Did your eyes feel tired?
	1 (0.86)

	4. Did you have to try hard to see?
	0.5 (0.83)

	5. Did your eyes itch of did you want to rub them?
	0.9 (0.86)

	6. Did your eyes burn?
	0.314 (0.58)

	7. Did your eyes get red?
	0.3 (0.62)

	8. Did your eyes feel like something is in your eyes?
	0.5 (0.68)

	9. Did your eyelids feel heavy?
	0.47 (0.76)

	10. Did you feel like your vision is getting bad?
	0.6 (0.89)

	11. My eyes feel dry.
	0.5 (0.78)

	12. My eyes feel watery or teary. 
	0.81 (0.96)



Repeatability
The repeatability of the questionnaire was tested by having 11 subjects between 6-12 years of age complete the survey on two separate occasions.  The mean difference between the two scores was 1.18, with 95% limits of agreement ranging from -3.18 to 5.54.  A Bland-Altman plot showing the difference between the two scores is shown in Figure 4.

Figure 4. Bland-Altman analysis showing the difference between the total symptom scores for the two administrations of the pediatric questionnaire (version 2) as a function of the mean difference.  The blue line indicates the mean difference while the two red lines indicate the 95% limits of agreement.



Construct validity
The validity of the questionnaire was tested by having 78 1st, 2nd and 3rd year optometry students at the SUNY College of Optometry complete the pediatric questionnaire and the CVS-Q survey. The correlation coefficient was 0.81 (p<0.001). Findings are illustrated in figure 5.

Figure 5. Pediatric questionnaire and CVS-Q score correlation


Significant Cutoff value
The cutoff value to determine a symptom score indicative of digital eye strain was found using the linear regression equation to determine the value equivalent to the previously assigned cutoff for the CVS-Q of 6.26  The equivalent cutoff value for DES in the pediatric questionnaire used here was 7. The number of children in the version 2 pilot test with a score of ≥ 7 was 32 subjects or 45.7% of the sample.
Total hours of screen time and symptom score
No significant correlation was found between the reported total number of hours of screen time per week and the total symptom score (r = 0.30, p = 0.47). These data are shown in figure 6. 
Figure 6. Total hours of screen time and symptom score

Discussion
Currently, there is no validated questionnaire to evaluate digital eye strain in children. This paper described a novel method to identify and quantify the frequency of symptoms associated with prolonged computer use in children, providing valid and reliable data. The latest version of the questionnaire evaluated the frequency of the 12 most common symptoms, scored by simply adding the responses and obtaining a single symptom score. The symptoms included were comprehensive, yet fewer in number than that found in questionnaires validated for adult use, as the instrument was designed for children 6-12 years of age to take without fatigue or boredom. 28, 34-35 
Item generation and selection began with a literature review involving epidemiologic studies evaluating DES in individuals 17 years of age or younger from 2018-2022.36-45 This review revealed an absence of validated questionnaires for this age demographic. Although studies of DES in children used questionnaires validated for adult use, nevertheless they were enlightening regarding the link between juvenile eye strain and prolonged computer use. The most common symptoms experienced by children were headache, eye pain, eye fatigue and eye strain.36-45 These symptoms may arise because children have a shorter working distance and tend to hold phones closer to their face than adults, they lack the self-awareness to self-regulate screen time or they may not be aware that the symptoms felt were associated with screen use.51 
Pretesting using version 1 of the questionnaire was fundamental in attaining reliable feedback from the youngest population of interest, namely 6-8 year-olds. The comments from the children and their parents, as well as discussion with the area expert and statistician, were essential in making version 2 of the questionnaire of an appropriate length to avoid fatigue and easily comprehensible by this age demographic, while keeping the items relevant. One of the goals attained is that the questionnaire lends itself to self-administration by all children aged 6 years and upward, which was desirable to avoid parents’ input, that could confound the answers. The mean symptom score (3.35) of the pretest and average time spent on screens per week (5.25) was relatively low, possibly indicative of the parents’ work in eye care-related fields. The heightened awareness of screen time’s effect on their children’s health may make these parents more likely to discourage excessive use of screens.
Pilot test
The revisions derived from feedback and discussion with an expert regarding version 1 of the questionnaire led to the more concise version 2, which was used in the pilot test. The 70 participants were confirmed through examination to have an absence of amblyopia, binocular and accommodative anomalies, and reduced visual acuity that may resemble symptoms of digital eye strain. This is an advantage compared to many other studies of DES in adults and children as it eliminates several potential confounding causative factors. The 70 participants had a mean age of 10 years, one of the youngest cohorts amongst DES studies.36-45 The total scores ranged from 0-33 with the majority falling between 0-12. The large overall range shows a vast difference in frequency of symptoms among children. A total of 44% of participants had a score of 7 or greater (i.e., greater than the derived cutoff score), which means almost half of the children are experiencing symptoms attributable to screen use. This prevalence is lower than the worldwide average (70%) seen in older students, as described in a 2024 review. This may be because of disparities in DES prevalence by country. For example, the 2024 review subgroup analysis found a prevalence of 99% in Pakistan (95% CI: 97,100).52 
Reliability
The questionnaire achieved good test-retest repeatability between the two administrations. The mean difference was 1.0, while mean values less than 3 showed a smaller difference from the mean. This illustrates children’s’ abilities to remain consistent in their responses when completing this questionnaire. This finding is in agreement with a study of written dry eye questionnaires undertaken by children aged 6-15 years that confirmed that the youngest subjects tested were able to complete dry eye questionnaires reliably.33 Confirmed reliability allows for use of this questionnaire to assess for change over time. 
Validity 
The first step to establishing validity was performed by establishing content validity. Expert opinion concerning items selected through literature review represented the construct of interest.
Construct validity for the pediatric questionnaire was found to be excellent. The correlation coefficient was 0.81, revealing a very strong correlation between the two questionnaires. Therefore, it was determined that the pediatric questionnaire was indeed measuring DES. 
The three questions regarding screen time per week did not show correlation with the total symptom score. This may be because participants found it difficult to recall and estimate the number of hours spent on screens at school, when they got home from school and on the weekend. Furthermore, the use of multiple devices on a daily basis can cause difficulty quantifying the amount of weekly screen time, even for adults.
The two items from version 2 of the questionnaire with the highest scores were “did your eyes feel tired” and “did your eyes itch or did you want to rub them?” These items most closely inquired about asthenopia and dry eye - two of the most common symptoms experienced by adults.53 This signifies that asthenopia and dry eye associated with screen time are the most prevalent ocular presentations. It is imperative that eye care practitioners be aware of which clinical findings to evaluate for when a child presents with symptoms of DES. 
The questionnaire developed in this study is the first designed to be self-administrable by children ages 6-12 years. It allows for the comprehensive evaluation of the most common symptoms associated with screen use in children. The number of symptoms, the number of response choices, the presentation order, the wording of each item and the reading level were carefully curated with the intended audience in mind. This, along with the content validity, ensured this questionnaire is functional and simple to use in all settings.
This study presents numerous limitations that must be considered. The diagnosis of DES is based solely on patient’s subjective complaints because there is no objective measurement for this condition currently established. Ocular examination findings that may be reduced in DES sufferers include tear break up time and blink rate, but no signs are currently linked directly with DES itself. Therefore, without an objective measurement, neither the sensitivity nor the specificity of the questionnaire could be assessed, as there was no way to confirm a false positive or negative finding indicated by the questionnaire. Therefore, criterion validity of the questionnaire was assessed using the best tool currently available, namely the CVS-Q, a validated, reliable DES questionnaire in adults.
A further limitation in the development of this questionnaire was the small sample size and single study site. A future study should include a much larger sample of children within a 6-12 year age from multiple sites, as well as a broad range of ethnicities, to include a more diverse demographic of children who can provide further feedback regarding the prevalence of DES in the juvenile population.
Conclusion
This study provides a valid and reliable method for identification of DES symptoms in children ages 6-12 years. The questionnaire is quick and easily administrable by children and scored by an adult in a clinical or research setting. 
This study indicates that almost half of children may be experiencing adverse ocular symptoms associated with screen use. Eye care providers should identify these children, and manage with proper education regarding screen time. 
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Age:
Hello there!

A screen includes a cell phon

, tablet, iPad, laptop, and desktop computer.

How many hours a day do you use a screen at school?

How many hours a day do you use a screen at home on a school day?
How many hours a day do you use a screen at home on a weekend?

In the past month, when you use a screen:

1. Did you get a headache?

a. Never b. Sometimes c. Offen  d. Always
2. Did your eyes hurt?

a. Never b. Sometimes c. Offen  d. Always
3. Did your eyes feel tired?

a. Always b. Often  c. Sometimes d. Never
4. Did you have to strain to see?

a. Always b. Often  c. Sometimes d. Never
5. Did your eyes itch or do you want to rub them?

a. Never b. Sometimes c. Offen  d. Always
6. Did your eyes burn?

a. Never b. Sometimes c. Offen  d. Always
7. Did your eyes get red?

a. Never b. Sometimes c. Offen  d. Always
8. Did your eyes feel irritated or uncomfortable?

a. Always b. Often  c. Sometimes d. Never
9. Did your eyelids feel heavy?

a. Always b. Often  c. Sometimes d. Never

10. Did you feel like your vision is getting worse?

a. Never b. Sometimes c. Often  d. Always

In the past month how much have you noticed:

1. My eyes feel dry.
a. Always b. Often  c. Sometimes d. Never
12. My eyes get watery or teary.

a. Always b. Often  c. Sometimes d. Never

THANK YOUl!
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These questions involve screens viewed up close, such as a cell phone, tablet, iPad,

laptop, and desktop computer.
; 57
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How many hours a day do you use a screen at school?
How many hours a day do you use a screen at home on a school day?
How many hours a day do you use a screen at home on a weekend?

Sometimes= 1-2 times per day Often= 3-5 times per day

In the past 4 weeks, when you use a screen:

1. Did you get a headache?

a. Always b. Often c. Sometimes d. Never
2. Did your eyes hurt?

a. Always b. Often c. Sometimes  d. Never
3. Did your eyes feel tired?

a. Always b. Often c. Sometimes d. Never
4. Did you have to try hard to see?

a. Always b. Often c. Sometimes d. Never
5. Did your eyes itch or did you want to rub them?

a. Always b. Often c. Sometimes d. Never
6. Did your eyes burn?

a. Always b. Often c. Sometimes d. Never
7. Did your eyes get red?

a. Always b. Often c. Sometimes d. Never
8. Did your eyes feel like something is in your eyes?

a. Always b. Often c. Sometimes d. Never
9. Did your eyelids feel heavy?

a. Always b. Often c. Sometimes d. Never
10. Did you feel like your vision is getting bad?

a. Always b. Often c. Sometimes  d. Never
11. My eyes feel dry.

a. Always b. Often c. Sometimes d. Never
12. My eyes feel watery or teary.

a. Always b. Often c. Sometimes  d. Never




