Evaluation of computer-based retinopathy of
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CONCLUSIONS

"To evaluate the effect of a computer-based training program—Massachusetts Eye & Ear ROP
Trainer—on residents’ knowledge of retinopathy of prematurity (ROP) management.

In this prospective, randomized study, ophthalmology residents from nine different
training programs consented to participate. Those who completed the study were
randomly assigned to either the Trainer or the control group. The ROP Trainer was
created using clinical cases encompassing the stages of ROP in digital pictures and videos.
Itincludes sections on screening decisions, examination techniques, and diagnosis, and a
reference section with the expertvideo clips and a searchable image library. Subjects in the
control group were asked to study standard print material on ROP. A pre- and post-test,
consisting of theoretical and practical (diagnosis) questions, and a post-intervention satis-
faction test were administered. Accuracy of ROP diagnosis was assessed.

A total of 180 residents agreed to participate, of whom 60 completed the study. Residents in
the Trainer group had statistically significant improvements (P = 0.003) in ROP knowl-
edge and diagnostic ability (P = 0.005). Residents randomized to the Trainer group
were more satisfied with the training materials than were those in the control group. There
was no significant difference in improving knowledge by year of training, sex, or country.
Considering all training levels, a statistically significant increase was observed in sensitivity
for the diagnosis of preplus or worse, zone I or II, ROP stage, category, and aggressive
posterior ROP in the Trainer group.

In this study, the Trainer was shown to significantly improve ROP knowledge and diagnostic

skills of residents, regardless of sex, year, of training, or country. (J AAPOS 2019;23:
86.e1-7)

[e]

AT

etinopathy of prematurity (ROP) is a leading
cause of childhood blindness in the United
States," despite advances in prevention and in-
creases in knowledge of its pathophysiology.” Timely
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screening, diagnosis, and treatment can prevent blindness
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in this population.” However, the number of babies at risk
for ROP is increasing worldwide as younger gestational-
age neonates are surviving, and we are entering a new
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epidemic of ROP in middle- and high-income coun-
tries.”*

Ophthalmologists are not universally well-trained in the
screening, diagnosis, and treatment of ROP; there is a well-
recognized lack of standardized educational programs in
fellowship”* and residency. Nagiel and colleagues’ showed
that most residents have limited or no ROP patient expo-
sure, and some perform ROP screening examinations
without supervision. Given the increasing number of pa-
tients at risk for developing ROP and lack of adequate
training, we developed a prototype online program for
training residents and fellows in the diagnosis and manage-
ment of ROP.

Methods

Prototype Trainer

We developed the Massachusetts Eye & Ear ROP Trainer, a
prototype, computer-based tool that uses an interactive case, a
searchable image library allowing for the comparison of cases,
and expert feedback via text and videos for teaching,
screening, and ROP diagnosis. The stages of ROP are illus-
trated in digital pictures and videos. In other videos, ROP ex-
perts explain the key aspects of the disease as well as
controversial issues. The interactive case asks learners to
decide whether and when to screen, to make a diagnosis,
and to formulate next steps. Learners receive feedback on
their actions, and brief scenarios (referred to in the program
as “drilldowns”) allow the student to practice and refine their
understanding of specific aspects of the disease. The Trainer
contains screening and staging scenarios. The image library,
which can be searched in a variety of ways, contains 140
fundus images. The learner can study all the images of a
given location, stage, and type of ROP, or they can compare
images of different locations, stages, and types to help define
the borders between categories. Feedback is provided for each
scenario (eSupplement 1, available at jaapos.org); if a subject
answers a question incorrectly, the program provides and ex-
plains the correct answer. The Trainer has a help button that
guides the participants in each section.

The program gives feedback on decisions and includes specific
“Ask a Question” links that direct the learner to relevant questions
and answers in the Reference area. Many questions are answered
by videos of experts discussing aspects of ROP. The procedure
drilldowns can be studied in any sequence. The learner may access
the Reference area (eSupplement 2, available at jaapos.org) at any
point to explore a topic or learn more about particular issues,
regardless of where they are in the program.

Study Design

This study is a randomized, prospective, single-masked study of
the effectiveness of the ROP Trainer involving both an interven-
tion group and a control group. A sample size calculation esti-
mated that 60 subjects would be required for a significant study.
The calculation was based on the results of a previous randomized
trial of a computer-based training tool for teaching principles of

phacoemulsification cataract surgery.'” Ophthalmology residents
from 9 programs (Harvard Medical School, Aravind Eye Hospi-
tals, Farabi Eye Hospital, Labbafinejad Eye Hospital, Catholic
University Santiago, University of Florida, Tufts University,
Johns Hopkins Institutions, and Sinai Hospital Baltimore) were
asked to participate. Participants were randomly assigned to an
intervention group or a control group. Randomization was per-
formed using a stratified random permuted block design accord-
ing to center and postgraduate year of training. Stratification by
year of training, a characteristic that is likely to influence test
scores, would ensure that the teaching assignments would be
well balanced. Within each stratum, subjects were assigned at
random to one of the groups, to receive either the traditional
teaching tools or the ROP Trainer tool. Both groups participated
in any ROP training that was conducted as part of their residency.

The intervention group was asked to use the computer-based
tool; the control group was asked to study the sections on ROP
in the American Academy of Ophthalmology’s Basic and Clinical
Science Course and key journal articles on ROP: http://pediatrics.
aappublications.org/content/131/1/189.full®> and http://archop
ht.jamanetwork.com/article.aspx?articleid=417157."" The pri-
mary outcome measure was the ability to diagnose ROP from
fundus photographs. Secondary outcome measures were knowl-
edge about ROP and satisfaction with training tools.

We asked the residents in the ROP Trainer group to explore
the Reference area, review videos from ROP experts, read text
material, and browse the Image Library. We recommended that
subjects in the ROP Trainer group review the following questions
and answers in particular:

e What are the guidelines for the timing of the initial screening
examination?

e What are the criteria for screening premature infants?

e What is the international classification system for staging
ROP?

e What are the different “types” of ROP?

e How is plus disease defined?

e What is aggressive posterior ROP?

We then asked subjects to review the interactive case and pro-
ceed to the drilldowns. In the Trainer, we used the term staging,
although we asked participants for a full diagnosis, including loca-
tion, stage, and type.

Preliminary work on the ROP Trainer was presented at meet-
ings of the Association for Research in Vision and Ophthal-
mology (2010), Club Jules Gonin (2010), and Medicine Meets
Virtual Reality (2011). The ROP stage in fundus photographs
used in the Trainer has been agreed on by at least 4 of 6 experi-
enced ROP practitioners; if at least 4 did not agree on stage, we
excluded the photograph.

Nine residency programs participated in this study. Institu-
tional review board approval was sought at all sites, and the study
was determined to be exempt at all sites. The residency program
directors at each institution were asked to provide us with the
email addresses of their residents. We contacted the residents to
solicit participation in the study. The activities of the program di-
rectors with regard to this protocol were limited to providing
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approval and access to recruiting the potential subjects at their in-
stitutions as well as review of aggregate data and manuscripts.

Subjects’ email addresses were converted to a unique study
number. After each resident agreed to participate, pre-test multi-
ple-choice questionnaires (27 questions) and then pre-test staging
questions (23 questions) for grading fundus images were sent to
them to determine a baseline level of competency in ROP diag-
nosis. Prior to developing the Trainer, we asked 5 experienced
ROP clinicians to list the most important things a trainee should
know about ROP screening and diagnosis. These teaching points
were used to develop the content of the Trainer. We composed
the pre-test from these teaching points and then asked 6 experi-
enced ROP clinicians to review the questions for face and content
validity. The questions were revised, as necessary, according to
comments from the reviewers (JM, PC, MCh, RR, RA, ASH). Af-
ter subjects completed the pre-tests, they were randomly assigned
to one of the groups and sent a link to either the ROP Trainer or
the print materials. After studying the assigned material, they
were sent the post-test multiple-choice questionnaires and post-
test staging questions, and finally they were asked to answer the
satisfaction questions. Each satisfaction question had a 5-point
Likert scale. The photographs in the staging (severity, zone, pres-
ence of plus) post-test were not those used in the teaching drill-
downs.

No immediate feedback was provided after completion of the
pre- or post-test, and the trainees were not made aware of correct
or incorrect responses after the post-test. Subjects were allowed to
complete the study materials at their own pace and were allowed
to save their work and reenter the program at a later time.

Statistical Methods

To present data, we used mean, standard deviation, median, and
range. Normal distribution of data was assessed using
Kolmogorov-Smirnov test and Q-Q plot. Too compare the base-
line values between groups, we used x%, the Fisher exact test,
the # test, and the Mann-Whitney test. A paired # test was used
to evaluate the change in each group. To assess the difference be-
tween groups considering their baseline values, we used interac-
tion analysis of group and time within a linear mixed model.
Accuracy of ROP diagnosis (eg, plus disease, zone, stage, cate-
gory) was determined using sensitivity and specificity. We as-
sessed the difference between groups regarding the sensitivity
and specificity in pre- and post-test scores (correct answers)
with a x* test. The evaluation of the changes in sensitivity and
specificity in each group was performed by MacNemar test.
Also, the changes in these values were compared between the
groups by the time and group interaction within a random inter-
cept logistic regression. In all analyses, P values of <0.05 were
considered statistically significant. All the analyses were per-
formed using SPSS software, version 22.0 for Windows (IBM
Corp., Armonk, NY).

Results

A total of 180 residents agreed to participate in the study
over a 2-year period, and all completed the two pre-tests.
Since the progress of many subjects was slow after the
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pre-tests, the data analysis was performed once 60 (the
number needed according to the power calculation)
completed the study. Mean and standard deviation of base-
line theoretical question (26 questions) scores of partici-
pants who completed all the steps was 72 + 14.2, which
was statistically comparable to 72 £+ 18.8 in participants
who did not complete all the steps (difference = 0.0; 95%
CI, —6.1 to 5.8; P = 0.987). On the other hand, the mean
score on the staging pre-test (21 questions) was significantly
different between groups (55.4 £ 13.1vs 50.5 &+ 13.8 in par-
ticipants who completed all materials vs those who did not;
difference = 4.9, 95% CI, 0.9-8.9; P = 0.023).

Table 1 shows the participants’ sex and residency year
and US versus non-US distribution in the Trainer group
versus the control group. There was no significant differ-
ence in these parameters between groups. In the control
group, 31% of subject spent less than 1 hour, 60% spent
1-3 hours, and 9% spent 3-5 hours on the study materials,
while in the Trainer group 9% spent less than 1 hour, 50%
spent 1-3 hours, 27% spent 3-5 hours, and 13 % spent more
than 5 hours using the Trainer.

There was significant improvement in the control and
training groups in theoretical and staging questions.
Although there was no significant difference between the
Trainer and control group in improving theoretical knowl-
edge of ROP (P = 0.094), there was significant improve-
ment in staging skills in the Trainer group (P = 0. 005).
Combining the results on both theoretical and staging
tests, the Trainer group improved significantly compared
with the control group (P = 0.003; Table 2).

Our mixed model analysis showed that there was no sta-
tistically significant effect of sex on the improvement in
theoretical (P = 0.745), staging (P = 0.716), and total
scores (P = 0.925). The effect of participant’s grade level
on the improvement of theoretical (P = 0.669), staging
(P = 0.908), and total scores (P = 0.493) was also not sta-
tistically significant.

The Trainer and control groups both had statistically
significant improvement in identifying pre-plus or worse
(P = 0.002 vs P = 0.032). When all training years are
considered together, the ROP Trainer group had a statis-
tically significant improvement in the accuracy of ROP
diagnosis for pre-plus, zone, stage, category of ROP, and
aggressive posterior ROP (APROP). See Table 3.

Participants assigned to the Trainer group were more
satisfied (T'able 4) with the training material than the con-
trol group.

There was no statistically significant correlation be-
tween self-reported rate of knowledge in Table 3 and
objective theoretical (» = 0.245; P = 0.061) and staging
(r = 0.049; P = 0.707) evaluations and total score
(r = 0.140; P = 0.287) before assigning the materials.

Discussion

In this randomized, prospective, single-masked study, we
found significant effectiveness of the ROP Trainer
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Table 1. Participants’ sex, training year, and country of residence in Trainer group versus control group

Total score Routine group Trainer group
Test Test Test
Pre Post Change Pre Post Change Pre Post Change
Theoretical
Country
USA 724+116 891+94 167+16.3 73.1+13 88 +122 149+201 718+ 11 90.2 +6.7 184 +13.2
Others 71.8+153 83.8+91 1214171 7224+16 81.5+91 93+183 7144149 86487 148157
P? 0.884 0.047 0.441 0.886 0.13 0.482 0.948 0.209 0.559
Grade
2 709 +164 853+ 11.7 145+198 724+187 829+135 105+245 69.2+144 881+93 188+126
3 727 +131 841481 1154148 7264132 823 +8.1 97+143 7284134 85748 132 £ 156
4 73.8 + 11 90.8 +7 16.9 +155 654 +109 904 +8.2 25+19 795+8 91 +38 115+ 139
P° 0.921 0.438 0.73 0.796 0.734 0.738 0.276 0.677 0.233
Sex
Male 734 +153 858496 1244184 746+173 838107 92+207 723+136 877+83 154416
Female 69.6 +121 846+93 152+14 689+10.1 825+99 136+151 703+143 865+86 16.8+134
P? 0.324 0.651 0.536 0.331 0.757 0.542 0.708 0.722 0.809
Total 72+142 853+94 1344+169 724+15 833+102 109+186 715+136 87.2+83 1594149
Staging
Country
USA 571 +£105 66.1 +£15.2 9+184 56+87 5894102 3+132 582+123 725+166 143+214
Others 54.7 +14 656 +£17.3 10.9 &+ 21 528 +14.7 596+ 101 6.8+14.2 56.5+135 71.2+208 147 +257
P? 0.521 0.909 0.747 0.58 0.867 0.514 0.746 0.871 0.965
Grade
2 549 +£142 6734+17.7 125+21.7 541+£119 545111 04+11 557 +17 8144+ 118 257 +£234
3 56.7 +11.7 64+159 734+194 556+ 13.3 63.2+83 76 +13.9 5774105 64.7 +20.7 7+236
4 53.3+195 6864183 1524183 405+236 619+0 2144236 6194143 73+244 111+18
PP 0.653 0.861 0.552 0.493 0.138 0.215 0.645 0.151 0.153
Sex
Male 551 +143 6584159 10.74+19.9 556+ 141 595+ 9.1 4+125 546+149 7174187 174236
Female 55.9 +11.1 65.6 18 9.7+ 21 50.6 £ 11.7 593+ 115 874159 60784 714+£212 10.7£255
P? 0.816 0.976 0.861 0.341 0.956 0.384 0.21 0.973 0.487
Total 554 +13.1 65.7+16.6 103+20.2 537+ 132 594 +99 57+138 57+13 71.6+194 146 +24.2
Total score
Country
USA 656 +9.1 788410 133+ 141 654+94 75+ 83 9.6 +13.7 657+94 8234106 16.5+ 14.4
Others 63.2+127 757+104 124+149 635+123 71.7+79 8.2+13 63 +133 794 +113 164 +158
P? 0.49 0.284 0.841 0.698 0.336 0.805 0.575 0.519 0.986
Grade
2 63.7 141 773+11.2 136+172 642+149 70.2+103 6+162 63.2+14 851457 21941438
3 643+104 7514+97 108+125 65+93 738+64 88+106 63.7+115 763+12 126+ 14
4 64.7 109 8094112 1624125 543+45 777+45 234+0 71.6 +6.8 83 +149 11.3+149
P? 0.887 0.598 0.591 0.665 0.578 0.384 0.373 0.173 0.122
Sex
Male 652 +126 76.8+10.3 116+ 158 66.1+12.7 729+85 6.9+136 644+128 805+ 10.7 16.1 +16.8
Female 61.8 +101 76.1 +106 143 +124 60.7+88 7214+76 114+12 628+115 79.8+118 17+127
P? 0.277 0.803 0.486 0.23 0.803 0.396 0.724 0.861 0.876
Total 63.9+11.7 7664103 1274+146 64+115 726+8 86+13 63.8+122 802+ 11 16.5 = 15.1

aMann-Whitney test.
PKruskall-Wallis test.

prototype compared with mandated use of standard teach-
ing materials about ROP in training residents. We found
that knowledge of ROP and ability to stage the disease in
pre-tests was not optimal, echoing the results of previous
studies.”'*"*

The ROP Trainer could improve the diagnostic accu-
racy of ROP by residents specifically in diagnosis of pre-
plus or worse, staging, ROP requiring treatment, and
APROP. Of these, diagnosis of treatment-requiring ROP
is particularly important. Our results are comparable to
the i-ROP and GEN-ROP studies.' "’

Chan and colleagues'® developed a tele-education sys-
tem with the i-ROP and GEN-ROP study groups.'’ In
an initial trial of the effectiveness of this tool, 31 of 55
ophthalmology resident volunteers completed the
study.'® The residents were from programs in the
United States and Canada. There was no separate con-
trol group, because resident performance was compared
to baseline competence. The residents improved signif-
icantly in sensitivity for the diagnosis of plus disease,
zone, stage, category, and presence of APROP. A subse-
quent study of their system was performed with a group

Journal of AAPOS
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Table 2. Participants’ pre- and post-test scores within and between groups (control and Trainer)

Total Routine Train
Median (IQR) Mean + SD Median (IQR) Mean + SD Median (IQR)

Variable Mean 4+ SD Pvalue

Theoretical items

Pre-test 72 +£142 731(308t096.2) 724+15 73.1(30.8t096.2) 7154+ 136 73.1(46.2t096.2) 0.815"
Post-test 85.3+94 846(57.7t0100) 83.3+10.2 84.6(57.7t0100) 87.2+8.3  88.5(65.4t0100) 0.094°
Change 13.44+169 115(-30.8t046.2) 10.9+18.6 7.7 (—30.8t046.2) 159+ 149 11.5(-15.41046.2)
P-within® 0.004 <0.001

Practical items (staging)
Pre-test 554 +13.1 524 (23.8t085.7) 53.7+13.2 524 (23.81t081) 57 +13 57.1(23.81085.7) 0.334%
Post-test 65.7 = 16.6 66.7 (33.3t0 100) 594 +99 61.9(381t076.2) 71.6 £19.4 71.4(33.3t0100) 0.005°
Change 1034+202 7.1(-381t076.2) 57 +13.8 4.8(-23.81038.1) 14.6 242 143 (-38.1t076.2)
P-within® 0.033 0.002

Total
Pre-test 63.9+ 11.7 64.9(31.91087.2) 64 +115 681(31.9t083) 63.8+122 63.8(31.9t087.2) 0.925"
Post-test 76.6 £ 10.3 76.6 (48.9t0100) 72.6+38 74.5 (48.910 80.9) 80.2 + 11 78.7 (59.6 to 100)  0.003°
Change 127 +146 106 (—23.4t0511) 86+13 6.4(-2341031.9) 165+ 151 17 (-12.8t051.1)

P-within® 0.001

IQR, interquartile range.

2Independent sample t test.

bPaired ¢ test.

®Interaction analysis within a linear mixed model.

<0.001

Table 3. Accuracy of ROP diagnosis in the pre- and post-test by all trainees who participated in the Trainer group versus the routine group

Sensitivity, % Specificity, %

Routine group Trainer group Group Routine group Trainer group Group
Test Test comparison® Test Test comparison”
Diagnosis Pre Post Pvalue* Pre Post Pvalue® Pre  Post Pre Post Pvalue® Pre Post Pvalue® Pre  Post
Plus
Plus 828 96.6 0103 742 903 0.096 0430 0342 56.3 78.2 0.000 69.9 83.9 0.009 0.060 0.331
Pre or worse 58.6 79.3 0.002 59.7 758 0.032 0907 0.649 67.2 86.2 0.010 823 952 0.020 0.058 0.091
Stage

1 or worse 532 526 0.273 493 685 0.000 0426 0.000 69.0 79.3 0.264 935 9.8 0.325 0.013 0.036
2 or worse 532 526 0.273 493 685 0.000 0426 0.000 69.0 79.3 0264 935 96.8 0.325 0.013 0.036
3 or worse 50.6 50.6 1.000 51.6 66.1 0.001 0.844 0.003 69.0 586 0.204 645 758 0.051 0.609 0.045
4 or worse 81.0 914 0109 774 903 0.031 0.629 0.843 46.6 39.7 0122 473 61.3 0.001 0.886 0.000
5 931 966 0573 903 96.8 0325 0.703 0.963 498 46.3 0.407 498 64,5 0.000 0.997 0.000
Type
Mild or worse 494 58.6 0.008 56.3 68.8 0.000 0.112 0.014 69.0 793 0.264 935 968 0325 0.013 0.036
Type 2 or worse 51.3 582 0.059 57.7 69.8 0.001 0.162 0.008 51.7 70.7 0.007 69.4 79.0 0.109 0.049 0.296

Type 1 345 448 0106 376 548 0.009 0662 0.181 586 675 0.018 69.6 78.8 0.008 0.019 0.009

Type AP 431 534 0.224 339 629 0.000 0303 0.298 534 625 0.009 665 73.8 0.029 0.003 0.008

ROP 494 58.6 0.008 56.3 68.8 0.000 0.112 0.014 67.8 83.9 0.005 86.0 957 0.012 0.003 0.008
Zone

I 448 621 0023 581 742 0.169 0313 0321 595 629 0495 63.7 742 0.047 0.503 0.060
& 1I° 56.6 62.8 0.150 62.6 742 0.016 0503 0.060 — — — - — — — —

AP-ROP, aggressive posterior retinopathy of prematurity; ROP, retinopathy of prematurity.
aStatistically significant (P < 0.05); Based on Wilcoxon signed-rank test.

®Mann-Whitney test.

®Specificity is undefined as all eyes contained disease in zone | and/or zone I1.

of residents and fellows from a program in Mexico.
These participants were randomized into a control
group (n = 29) and an intervention group (n = 29).
The control subjects took a pre-test followed by a
post-test (without participating in the tele-education
system in between tests), whereas the study subjects
participated in the tele-education system between the
pre- and post-test. Subjects who participated in the
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tele-education system performed better in grading
certain categories of ROP compared with the control
group.’

The ROP Trainer and GEN-ROP are both Internet-
based learning tools that can be used for ROP tele-
education. Wide-angle photographs taken by Ret-Cam
have are used in both. In both programs, the ROP findings
in the photographs were validated by multiple experienced
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Table 4. Satisfaction items. difference between control and Trainer group when applicable for both groups

. 95% Cl
Total, Control group, Trainer group,
Satisfaction item® mean + SD mean + SD mean + SD Difference Lower Upper Pvalue”
Q1 3.73+1.18 3.38 +£1.35 4.06 + 0.89 —0.69 —1.27 -0.10 0.049
Q2 375 +1.14 3.34 £1.17 413 +£0.99 —0.78 —1.34 -0.22 0.009
Q3 275+12 2.14 £ 1.06 3.32+£1.05 -1.18 -1.73 —0.64 0.000
Q4 3.83 +£1.39 3.38 £ 1.52 426 +1.12 —-0.88 -1.57 -0.19 0.017
Q5 415+ 0.93 3.86 + 0.94 435+ 0.88 —0.49 —1.00 0.01 0.043
Q6 424 +1.08 3.74 £141 4.55 + 0.96 —0.81 -1.41 —0.22 0.002
Q7 418 £1.13 3.67 £1.14 4.48 +1.03 —0.82 —1.45 -0.18 0.004
Q8 3.22 +£1.26 2.68 +1.25 3.71 £1.07 —1.03 —1.64 —0.43 0.002
Q9 4.07 +£1.07 3.56 + 1.26 438 +0.38 -0.82 —1.47 -0.18 0.028
Q10 3.87 £1.05 3.38 £1.02 413 +£0.97 —0.76 —1.38 -0.14 0.023
Q11 3.89 +£1.23 312 +£1.31 43+ 0.99 -1.18 —1.87 —0.48 0.003

3Satisfaction items. Q1. How well do you think the study materials helped you to understand ROP in general? Q2. Did you find the study material to
be easy to use? Q3. Did you find that the study material was engaging/fun to use? Q4. Would you like to use this type of study material again? Q5.
Photographs of fundus/ROP. Q6. Immediate feedback on your answers. Q7. Case presentation format. Q8. Ability to check/ask questions. Q9. Feed-
back in the form of outlining of disease features on RetCAM photographs. Q10. Selecting the evidence for your findings. Q11. Feedback in text form.

®Based on Mann—Whitney test.

clinicians, although there were discrete differences in the
validation methods. Both systems ask the trainee to grade
ROP and identify zone, stage, plus, and category, and
both provide feedback with correct answers. The ROP
Trainer includes content on screening criteria and timing
of follow-up examinations with interactive cases and expla-
nation. The tutorial in the GEN-ROP/i-ROP tele-educa-
tion system also provides content on screening criteria and
follow-up. There are a few pedagogical differences be-
tween the trainers. The Trainer has a searchable photo-
graphic library that allows the trainee to see many
examples of each finding and stage and allows for image
comparison (eg stage 1 to 2, etc). It also uses video clips
of experts explaining aspects of ROP, giving learners
some didactic instruction. The GEN-ROP tele-education
system provides immediate feedback for the trainee in the
form of annotated images of the correct and incorrect re-
sponses. Also, the GEN-ROP system has a tutorial
including text, graphics, and photographs that the student
may review prior to beginning. Despite differences, both
ROP training programs were shown to be effective in
improving the ability of subjects to diagnose ROP and to
identify key features from fundus photographs.

The participants in the GEN-ROP studies were from
the United States, Canada, and Mexico, whereas the resi-
dents in our study were from the United States, Iran, India,
and Chile. Campbell and colleagues'® evaluated the ROP
tele-education system for the diagnosis of ophthalmic dis-
ease by international trainees in Brazil, Mexico, and the
Philippines. They showed that a Web-based tele-educa-
tion system can be effective at improving the diagnostic ac-
curacy for ROP for ophthalmology trainees. The value of
online ROP education tools therefore appears valid across
diverse training programs internationally.

Kirkpatrick'’ describes four levels of evaluation of
training programs: reaction, learning, behavior, and re-
sults. Reaction, the first level, is similar to “residents’ satis-

faction.” This helps us understand how well the training
program was received by our residents. Level 2, learning,
generally refers to acquisition of knowledge, skills, or atti-
tude. Level 3 is change in behavior, which is more chal-
lenging to measure. Level 4 measures outcomes. In our
study, the higher resident satisfaction scores in the Trainer
group indicate a Kirkpatrick level 1. Both the control and
Trainer groups had significant improvements in ROP
knowledge (level 2). The Trainer was not better than stan-
dard text materials in this regard. Both groups improved in
staging ability, which could be considered a surrogate for
behavioral change (level 3), although the Trainer group
showed significantly better than the control group. The
GEN-ROP/i-ROP tele-education system also had positive
survey results, indicating that today’s residents respond
well to online education.

There are several limitations to our study. First, resi-
dents who were approached but did not choose to partici-
pate atall could differ from those thatagreed to participate.
We know from pre-test results that participants who failed
to complete all the study materials did not do as well in the
staging pre-test. Second, although this study demonstrated
better knowledge acquisition and better performance in
staging in the ROP Trainer group, we cannot be sure
that this advantage will cause better performance in staging
in the neonatal intensive care unit or better patient out-
comes, because this study was based on image-based diag-
nosis, which may differ from diagnosis by indirect
ophthalmoscopy. Third, a randomized educational trial
in ophthalmology residency often requires multiple pro-
grams to provide enough study subjects. Each program,
however, has a different curriculum and may use different
materials and strategies. This makes the selection of a con-
trol teaching tool problematic. We chose standard print
materials that are typically available to residents. The res-
idents in the Trainer group spent more time using this
teaching tool than residents in the control group spent
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on their study materials. One could argue that increased
time alone could account for the study results. If so,
commitment to using the Trainer could still be said to
motivate residents to spend more time learning about
ROP than they would have otherwise. (We deliberately
did not specify how much time residents were expected
to work with the materials in either group.) Lastly, there
is significant regional variability in screening criteria and
management of ROP. Our Trainer used criteria applicable
in the US; thus, we cannot fully judge the utility of the pro-
gram for other regions. We used images captured by Ret-
Cam rather than diagnosis by indirect ophthalmoscopy.
The latter is considered the “gold standard” by many
ROP experts, although studies have shown advantages of
both image-based diagnosis and diagnosis by indirect
ophthalmoscopy.'”
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