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Purpose: To assess the inter-rater test reliability of the EyeSpy Mobile visual acuity smartphone algorithm when administered to 
children by eye professionals and parent volunteers.
Patients and Methods: Visual acuity test-retest results were analyzed for 106 children assigned to one of three different screenings: 
(1) An eye technician and pediatric ophthalmologist using their typical visual acuity testing method on a M&S computer; (2) An eye 
technician and pediatric ophthalmologist using EyeSpy Mobile; (3) An eye technician and parent volunteer using EyeSpy Mobile.
Results: All three phases demonstrated a strong agreement between the two testers, with mean test-retest equivalency results within 
0.05 logMAR (2.5 letters, 90% CI). Whether testing using their typical technique on an M&S computer or using EyeSpy Mobile, eye 
professionals obtained statistically closer mean test-retest results than parent volunteers by 1 letter, with equivalency results within 
0.03 logMAR (1.5 letters, 90% CI). Conversely, the number of retests within 2 vision lines was statistically greater when EyeSpy 
mobile was used by parents as compared to eye professional’s customary technique on the M&S computer.
Conclusion: EyeSpy Mobile provides clinically useful visual acuity test-retest results even when used by first-time parent volunteers. 
Adaptive visual acuity algorithms have the potential to improve reliability, lessen training requirements, and expand the number of 
vision screening volunteers in community settings.
Keywords: EyeSpy Mobile, M&S computer, visual acuity, vision screening, adaptive algorithm

Introduction
Measurements of visual acuity, the ability of the visual system to discern spatial resolution, have inherent test-to-test 
variability, even in the absence of true visual changes. Testing modifications designed to minimize test-to-test variability 
may improve testing accuracy. Eye chart design has evolved to improve standardization of visual acuity testing through 
the selection of letters with similar recognition difficulty, the display of equal numbers of letters per line, uniformity of 
letter spacing, and other logMAR design features.1,2 Even when utilizing eye charts with optimal design features, visual 
acuity testing techniques may still vary greatly between different examiners. These variations include whether to test with 
a child or adult chart, what letter size to begin testing, the sequence of letter presentation, the number of total letters 
presented, when to conclude testing, and how to calculate the final visual acuity assigned.3–5

Visual acuity testing protocols help improve standardization by providing a uniform structure for test presentation. 
Examples of testing protocols commonly used in research include the Early Treatment for Diabetic Retinopathy Study 
(ETDRS) for adults and the Amblyopia Treatment Study (ATS) protocol for children.2,6 Both of these visual acuity 
protocols can be complex to administer manually. Therefore, computerized versions have been developed to help 
administer and record responses more accurately (e-ETDRS and e-ATS).7–9

Computerized versions of the EDTRS and ATS employ adaptive algorithms, meaning letter (or other optotype) 
sequencing is based on the prior correct or incorrect responses to standardize testing. To date, these computerized 
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adaptive visual acuity testing protocols have been mainly limited to use in research settings; this is most likely related to 
their overall complexity, including their time to administer, limited platform availability, and technology cost. The 
overwhelming number of visual acuity tests performed in the real world (doctor’s offices, schools, and various other 
venues) continue to be administered at the examiner’s discretion, without the benefit of a standardized and validated 
testing protocol.

Oftentimes, visual acuity screening outside of doctor’s offices is performed by personnel with varying levels of 
testing experience or even non-healthcare volunteers.10–13 Increasing the number of visual acuity assessments performed 
using validated, standardized protocols in real-world settings could profoundly improve the accuracy of vision testing in 
a wide variety of medical and public health venues.14,15 Standardized algorithms compatible with widely-available 
electronic devices would be especially valuable if such procedures were fast, easy to perform, and did not require 
extensive administrator training or vision testing expertise to achieve reliable results.

EyeSpy Mobile employs an adaptive visual acuity testing algorithm designed specifically for use on mobile devices to 
facilitate vision testing in a variety of testing locations, including outside of the eye professional’s office. The algorithm 
has been previously validated in children against the “gold standard” e-ETDRS protocol when administered by an eye 
professional on the same M&S computer system.16 Results demonstrated the EyeSpy Mobile algorithm to be non-inferior 
to e-ETDRS, and 40% faster to implement. The present study aims to evaluate the inter-rater test reliability in children 
using EyeSpy Mobile vision testing software on a smartphone when administered by different examiners, including eye 
professionals and parents with no previous vision testing experience. We predicted that the EyeSpy Mobile program 
when administered on a touchscreen device would provide consistent and accurate metrics of visual acuity, regardless of 
examiner training or experience.

Materials and Methods
This study was performed at Phoenix Children’s Hospital Department of Pediatric Ophthalmology. New patients aged 
five or older who were able to cooperate with vision testing were invited to participate regardless of pre-existing ocular 
conditions or developmental status. Written informed consent was obtained from parents prior to testing. All study 
procedures were conducted according to the tenets of the Declaration of Helsinki and approved by the Phoenix Children’s 
Hospital Institutional Review Board.

Testing modalities used in this study included the M&S computer system (2016 Smart System® PC Plus, M&S® 

Technologies, Inc.) and the EyeSpy Mobile application on a smartphone or iPad mini (Apple©, Inc.). These testing 
systems have been described elsewhere.16,17 There were three different visual acuity test-retest study phases: briefly, 
Phase 1 assessed eye professionals’ customary office technique on the M&S computer, Phase 2 assessed results from eye 
professionals using EyeSpy Mobile smartphone application, and Phase 3 assessed results from first-time parent volun-
teers using EyeSpy Mobile. Individual children were assigned to testing in only one of the three phases in order to avoid 
fatigue from conducting multiple visual acuity tests during the same visit. All testing phases are described in detail below.

Testing distances for all phases and across both platforms were set to 7.0–7.5 feet based on exam room dimensions; 
both M&S and EyeSpy Mobile were specifically calibrated for these distances. In all study phases, the order of which 
examiner went first was randomized by the subject’s even or odd day of birth. Testing for a particular patient was always 
performed in the same examination lane, using the same distance, lighting, and controlling for all room conditions other 
than the testing platform used and the examiner conducting testing. M&S computer testing did not conform to a specific 
protocol, but was performed by the particular technician or doctor per their usual office testing techniques. EyeSpy 
Mobile utilizes an adaptative algorithm to standardize testing presentation.

The smartphone or tablet device to be used for testing with EyeSpy Mobile was not specified in advance of the study. 
The EyeSpy testing algorithm is compatible with all modern touchscreen devices when properly calibrated. For time 
efficiency, the application was not downloaded on the individual devices owned by parent volunteers. Overall, five 
different devices were used throughout the study in various different offices and phases; these included Android and 
Apple smartphones as well as an i-Pad mini. EyeSpy mobile testing was performed with 100% phone contrast. As 
described previously, the EyeSpy mobile application presents three letters arranged top to bottom with crowding bars.16 

As the patient reads the letters, correct responses are registered by tapping the screen once next to the letter and tapping 
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twice for incorrect responses. A third tapping of the screen clears the response. If the child did not provide a response, an 
incorrect response was registered.

Phase 1 of study testing was performed using only the M&S computer system. Vision was assessed individually by 
two separate, trained examiners. These examiners included two pediatric ophthalmologist investigators who have over 45 
years of combined experience, and two ophthalmic technicians who each had several years of experience working with 
their same physician. Each professional conducted visual acuity testing in their typical customary practice with no 
specified protocol other than the right eye was always tested first. Neither the physician nor the technician was able to see 
the other’s results.

Phase 2 of study testing was performed solely using the EyeSpy Mobile application. Visual acuity testing was 
measured twice, once by a single physician (ER), and once by the eye technician. The same smartphone was used for all 
patients under the same testing conditions. The EyeSpy mobile application algorithm guided visual acuity testing first for 
the right eye followed by the left, and determined results. Prior results were not displayed, shared, or retained on the 
phone in a manner that could bias retesting by the second examiner.

Phase 3 of study testing was also performed using EyeSpy Mobile; this time, testing was performed once by the 
ophthalmic technician and once by the child’s parent. Unlike Phase 2 conducted by eye professionals, one of four 
different devices was used for retesting with parent volunteers. Retesting was never performed on the same device to 
more closely represent the use of multiple devices which would occur with community screenings. Brief (~15-30 
seconds) and informal parent volunteer instructions on how to use the mobile application were provided verbally by 
the technician or doctor. Parents testing second were permitted to witness the testing process first by the technician but 
were not able to see any results from this testing. The parent was given a device already calibrated for correct distance 
and was asked to enter the child’s age. They were then instructed to have the child occlude or patch the non-tested eye. 
Parent and patient positioning were confirmed by the technician to ensure proper testing distance. Testing then 
commenced with the right eye, always followed by the left eye. Results determined by the application were recorded 
in the electronic health record.

Statistical Analyses
Statistical analysis was performed using SAS Version 9.4 (Cary, NC). Patient demographics were summarized descrip-
tively by phase and compared using Kruskal–Wallis tests for continuous variables and Chi-Squared or Fisher’s exact tests 
for categorical variables. For each phase, the logMAR measurements of all eyes were summarized by tester using mean, 
standard deviation, median, IQR, and range. EyeSpy Mobile has a logMAR design, and can calculate results using the 
logMAR system. M&S chart results were converted to logMAR equivalents for analysis. To compare the measurements 
of the two testers in each phase, pairwise differences were calculated, and testers were compared using Wilcoxon signed 
rank tests. The magnitude of tester differences across phases was compared using t-tests with Satterthwaite corrections 
for unequal variances.

To further assess agreement within each phase, Pearson correlation, Cronbach’s alpha, and intraclass correlation were 
calculated with 95% confidence intervals, along with the percent of measurements that agree within 0.1 and 0.2 logMAR. 
Bland-Altman plots were created to assess the agreement between testers for each phase. Equivalence testing was done 
using a two one-sided test (TOST) procedure at two pre-specified limits of agreement, 0.03 logMAR and 0.05 logMAR.

Results
A total of 106 patients were included in this study, for a total of 212 eyes measured. Overall, 72% of the subjects were 
between 5–10 years old. Phase 1 included 52 total patients, with an age range of 5–15 years and a mean age of 8.8 years. 
Phase 2 included 11 patients aged 5–14 years, with a mean age of 9.9 years. Phase 3 had 43 patients aged 5–17 years, 
with a mean age of 9.0 years. Of the total 106 patients, 52 were male and 54 were female. Two patients in Phase 3 wore 
eyeglasses (Table 1).

To maximize study power, statistical analyses included all eyes tested (106 patients, 212 eyes). In Phase 1, the mean 
logMAR score given by doctors was 0.17 and by technicians was 0.18. The pairwise difference between testers was not 
statistically significant (p = 0.2514). In Phase 2, both doctors and technicians gave a mean logMAR measurement of 0.15 
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(p > 0.999). In Phase 3, the technicians gave a mean logMAR measurement of 0.17 and parents gave a mean logMAR 
measurement of 0.14, a statistically significant difference (p = 0.0002). The mean logMAR tester difference in Phase 3 
was significantly larger than in Phase 1 (p = 0.0010) and Phase 2 (p = 0.0419) (Table 2).

Under equivalence testing with right and left eye results combined, visual acuity test-retest values by two different 
examiners were equivalent in all three phases of the study; these values were within 0.05 logMAR, or 2.5 letters, 
regardless of previous training or testing experience of the examiner. In Phases 1 and 2, tester results were also 
equivalent, within a margin of 0.03 logMAR or 1.5 letters (Table 3 and Figure 1).

In all three phases, there was strong agreement between the two testers (Figures 2–4). The highest Pearson test- 
retest correlation occurred in Phase 2, when eye professionals performed testing with the EyeSpy Mobile application 
using the same smartphone (0.962; 95% CI = 0.909, 0.984). This was significantly higher than the Pearson 
correlation in Phase 1, when eye professionals tested on the same M&S system (0.861; 95% CI = 0.801, 0.904), 
as evidenced by non-overlapping confidence intervals (Table 4).

The percentage of retests when using EyeSpy Mobile that fell within 1 to 2 vision lines were similar, whether testing 
was performed by two different eye professionals on the same device or an eye technician and a parent using different 
devices. Two different eye professionals using the EyeSpy Mobile app (Phase 2) demonstrated 91% of retests within 0.10 
logMAR (1 vision line), and 100% of retests within 0.20 logMAR (2 vision lines) on the same smartphone device. 
Results were similar when parents and an eye technician used EyeSpy Mobile (Phase 3), with 86% of retests within 0.10 
logMAR, and 99% within 0.20 logMAR, when using two different smartphone devices.

Overall, use of EyeSpy Mobile resulted in significantly greater percentage of visual acuity test-retest results within 
0.20 logMAR than eye professionals using the M&S computer, even when testing was performed by parents (Phase 1 vs 
Phase 3: p = 0.0421; Phase 1 vs Phases 2 and 3: p = 0.0172) (Table 5).

Finally, to evaluate for potential bias from including both eyes of the same subject in analyses, equivalence testing 
was repeated for left eyes alone and right eyes alone. Left eyes were equivalent within 0.05 logMAR (2.5 letters) for all 
three phases of the study. Right eyes were equivalent within 0.05 logMAR (2.5 letters) when professionals used the M&S 
computer in Phase 1, within 0.03 logMAR (1.5 letters) when professionals used EyeSpy Mobile in Phase 2, and within 
0.07 logMAR (3.5 letters) when parents used EyeSpy Mobile in Phase 3.

Table 1 Demographics of Patients by Study Phase

Phase 1: Traditional 
Measurement  

by Doctor and Tech 
N=52

Phase 2: EyeSpy 
Measurement by  
Doctor and Tech 

N=11

Phase 3: EyeSpy 
Measurement by  
Tech and Parent 

N=43

Total Patients 
Seen 

N=106

p-value

Age (years)

Mean (SD) 8.8 (3.0) 9.9 (3.2) 9.0 (3.3) 9.0 (3.2) 0.5637^

Median 8.0 10.0 8.0 8.0

Q1, Q3 7.0, 11.0 7.0, 13.0 6.0, 12.0 7.0, 11.0

Range (5.0, 15.0) (5.0, 14.0) (5.0, 17.0) (5.0, 17.0)

Sex

Male 22 (42.3%) 5 (45.5%) 25 (58.1%) 52 (49.1%) 0.2976+

Female 30 (57.7%) 6 (54.5%) 18 (41.9%) 54 (50.9%)

Eyeglasses worn during exam (Yes) 0 (0.0%) 0 (0.0%) 2 (4.7%) 2 (1.9%) 0.3599*

Notes: ^Kruskal Wallis test, +Chi-square test, *Fisher exact test.
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Table 2 Summary of LogMAR Measurements by Phase

Phase 1 Phase 2 Phase 3

Doctor 
N=104

Tech 
N=104

Tester Difference+  

(Doctor – Tech)
Doctor 
N=22

Tech 
N=22

Tester Difference+  

(Doctor – Tech)
Tech 
N=86

Parent 
N=86

Tester Difference+  

(Tech-Parent)

Mean (SD) 0.17 (0.20) 0.18 (0.21) −0.012 (0.109) 0.15 (0.19) 0.15 (0.16) 0.002 (0.058) 0.17 (0.16) 0.14 (0.15) 0.032 (0.071)

Median 0.08 0.06 0.00 0.08 0.10 0.00 0.12 0.10 0.02

Q1, Q3 0.02, 0.26 0.02, 0.32 −0.06, 0.02 0.02, 0.18 0.02, 0.20 −0.02, 0.02 0.04, 0.22 0.04, 0.20 0.00, 0.06

Range (0.00, 0.70) (0.00, 0.70) (−0.36, 0.40) (0.00, 0.70) (0.00, 0.62) (−0.14, 0.16) (0.00, 0.70) (0.00, 0.66) (−0.18, 0.26)

P-value^ 0.2514 >0.999 0.0002

Notes: ^Wilcoxon signed-rank test. +The tester difference in Phase 3 was significantly larger than in Phase 1 (p=0.0010) and Phase 2 (p=0.0419). The tester difference in Phase 1 was not significantly different from Phase 2 (p=0.4158).
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Discussion
Visual acuity measurements may vary in the absence of true visual changes, even when measured by professional, 
experienced testers. Testing reliability is of particular concern when visual acuity is measured by numerous or 
inexperienced testers as may occur during community screenings outside of the eye professional’s office. This study 
demonstrated that visual acuity testing with EyeSpy Mobile smartphone algorithm produced clinically useful mean inter- 
rater reliability results within 2.5 letters (90% CI) when testing was conducted in children by parent volunteers using the 
application for the very first time.

For context regarding the clinical relevance of these findings, the EyeSpy smartphone visual acuity inter-rater 
reliability results of parents were compared to those of eye professionals using their typical vision testing techniques 
on an M&S computer in the eye clinic and using the EyeSpy smartphone algorithm. It is notable the best inter-rater 
reliability achieved in the study was when eye professionals used the EyeSpy Mobile application. Although experienced 
eye technician and pediatric ophthalmologist inter-rater reliability was within 1.5 letters (90% CI) using both the EyeSpy 
smartphone application and the M&S office computer, the Pearson test-retest correlation was statistically better when eye 
professionals used the standardized EyeSpy smartphone algorithm. In addition, the number of retests within 2 vision lines 
was significantly better overall in the study phases using EyeSpy Mobile algorithm compared to typical eye professional 
clinic testing performed without a standardized protocol, including when novice parent volunteers performed the testing.

Table 3 Equivalence Testing by Phase Within Margin of 0.03 and 0.05 logMAR

Study Phase Estimate of mean LogMAR  
difference (90% CI)

p-value of Equivalence Test with Margin Δ

margin Δ =0.03 margin Δ =0.05

Phase 1 −0.012 (−0.029, 0.006) 0.0429 0.0002

Phase 2 0.002 (−0.019, 0.023) 0.0164 0.0004

Phase 3 0.032 (0.020, 0.045) 0.6196 0.0114

Figure 1 Equivalence testing within 0.03 and 0.05 logMAR (demonstrated as means and 90% confidence intervals).
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EyeSpy Mobile inter-rater reliability results obtained by both eye professionals and parent volunteers compared 
favorably to previously published visual acuity test-retest reliability studies as performed by eye professionals in children 
using ETDRS charts and standardized, best practice protocols,1,6,7,17–20 The consensus of these studies suggest baseline 
visual acuity needs to change by more than 1 to 2 vision lines (0.1 to 0.2 logMAR) to indicate a true and statistically 
significant change in vision. In addition, the inter-rater results with EyeSpy Mobile on a smartphone platform compared 
favorably to test-retest results from a previous validation study of the EyeSpy algorithm when administered twice on the 
same M&S computer by the same, experienced optometrist.16 Our findings suggest neither using the algorithm on 

Figure 2 Bland-Altman plot of differences in Phase 1.

Figure 3 Bland-Altman plot of differences in Phase 2.
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a mobile device for testing, nor a different professional examiner for retesting, adversely impacted repeatability of 
results.

Unlike in the eye professional’s office, vision screenings in schools or community settings are often conducted by 
volunteers or staff with limited formal vision education and training. Numerous studies have demonstrated the 
potential for accurate vision acuity assessments using mobile devices when testing is performed by well-trained or 
experienced test administrators.5,21,22 However, few visual acuity applications are available with scientifically- 
validated testing protocols to facilitate standardization of testing by non-professionals. Currently, there is limited 
use of adaptive visual acuity testing algorithms for community settings.23–25 Vision screenings in schools, primary care 
settings, and community screenings are typically performed in order to determine whether a referral to an eye 
professional for a comprehensive evaluation is necessary. National nonprofit vision organizations and State Health 
Departments often require training and certification in order to perform school vision screenings, associated with 
significant time commitments and costs.26 Use of widely available technology that incorporates vision testing 
algorithms to simplify and standardize visual acuity assessments could improve the reliability of vision screenings 
and increase accessibility by reducing training requirements, thereby expanding the potential pool of volunteer 
examiners. Although the mean visual acuity inter-rater 90% confidence interval for all eyes (right and left combined) 
was one letter worse when parents rather than eye professionals tested with EyeSpy, this statistical difference is 
unlikely to have meaningful real world clinical importance. Interestingly, most of the testing variation when adminis-
tered by parents occurred with the right eye (always tested first), which may suggest a small learning effect when using 

Figure 4 Bland-Altman plot of differences in Phase 3.

Table 4 Measures of Agreement Between the LogMAR Scores in Each Phase^

Phase 1 (N=104) Phase 2 (N=22) Phase 3 (N=86)

Pearson Correlation (95% CI) 0.861 (0.801, 0.904) 0.962 (0.909, 0.984) 0.899 (0.849, 0.933)

Cronbach’s alpha (95% CI) 0.925 (0.890, 0.949) 0.973 (0.934, 0.989) 0.944 (0.914, 0.964)

ICC for consistency (95% CI) 0.861 (0.801, 0.903) 0.947 (0.876, 0.977) 0.894 (0.842, 0.930)

Notes: ^Tolerance is the maximum difference between two measurements that is considered agreement.
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the application for the very first time with minimal training. A preliminary practice test to gain familiarity with the 
application or short instructional video may be helpful for first-time users.

This study with EyeSpy Mobile supports the potential for adaptive testing visual acuity algorithms on standard 
smartphones to be used reliably by parent volunteers without formalized or extensive vision training or instruction. 
Notably, however, there are limitations to this study and its interpretations. The ages of children enrolled in this study 
varied from 5 to 17 years old match the typical age range for which childhood visual acuity screenings are performed 
outside of the eye professional’s office. Younger children are more commonly assessed by pediatricians and at schools 
using photoscreening or autorefraction devices rather than visual acuity.

Smartphone screen size also limited the upper range of visual acuity tested to 20/100 at the selected test 
distance. However, the visual acuity range studied is adequate for community vision screenings conducted to 
determine whether a child requires referral to an eye specialist. Test administration time is a critical factor to 
achieve widespread adoption of adaptive algorithms outside of clinical research venues. Total instruction time to 
parents followed by visual acuity testing times for both the right and left eyes were fast enough to measure each 
eye twice with EyeSpy during a routinely scheduled new patient office examination slot; however, exact testing 
times were not recorded. Recording test times would be valuable for any future evaluation of standardized visual 
acuity testing algorithms. EyeSpy Mobile does contain a critical line pass/fail option not evaluated in this study 
to expedite testing for vision screenings outside of the eye professional’s office. Finally, although the sample size 
in phase 2 (eye technician and pediatric ophthalmologist using the Eye Spy mobile app) was smaller than the 
other study phases, eye professional results using the application was not the focus of the study, but was 
included for comparison purposes. The sample size was adequate to determine that mean inter-rater reliability 
with EyeSpy was non- inferior to the conventional testing methods used in the Pediatric Ophthalmology Clinic, 
with a statistically significant better Pearson correlation and a greater number of overall retests within 2 vision 
lines when the EyeSpy standardized algorithm was used.

Conclusion
First-time parent volunteers were able to successfully use the EyeSpy Mobile algorithm with minimal training, and 
achieved clinically useful inter-rater visual acuity results similar to those of experienced testers in the eye professional’s 
office, and consistent with published results by researchers using best practices. Our findings support the program’s 
potential for use in community vision screenings by nonmedical personnel.

Finally, assessing visual acuity outside the controlled environment of an eye professional’s office may be less 
reproducible. Even when employing a standardized algorithm, factors such as measures to prevent peeking, how 
to maintain the child’s attention, how much time to allow for a response, whether to require the child to make 
a response by guessing, giving the child a second chance to correct any mistakes, and familiarity with the testing 
process (eg, glare on screen from tilting the device) can influence results.27 It has even been suggested that the 
personal relationship between parent “volunteers” and their child may influence how children respond to vision 
testing.21 Additional evaluations of EyeSpy Mobile in real world venues such as schools, community screenings, 
and pediatricians’ offices would be useful to establish the benefit of this standardized, electronic algorithm on 
mobile devices as another tool for the advancement of detection, monitoring, and treatment of visual disorders.

Table 5 Agreement Within One and Two Lines

Phase 1 
(N=104)

Phase 2 
(N=22)

Phase 3 
(N=86)

Total EyeSpy  
(Phase 2 and 3 

Combined) (N=108)

p-value^ Phase 
1 vs Phase 2

p-value^ Phase 
1 vs Phase 3

p value^ Phase 1 vs  
Total EyeSpy

Within 1 line 81 (77.9%) 20 (90.9%) 74 (86.0%) 94 (87.0%) 0.2412 0.1886 0.1030

Within 2 lines 96 (92.3%) 22 (100.0%) 85 (98.8%) 107 (99.1%) 0.3488 0.0421 0.0172

Note: ^Fisher’s Exact test.
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