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ABSTRACT: Background: Medical school and residency training in ophthalmoscopic evaluation is limited, reducing diagnostic
accuracy. We sought to evaluate the efficacy of self-study using an ophthalmoscopy simulator to improve the technical motor skills
involved in direct funduscopy in postgraduate pediatric residents. Methods: In this randomized-controlled study, 17 pediatric residents
(postgraduate years 1-3) were randomized to control (n= 8) or intervention (n= 9) groups. Participants were asked to correctly identify the
funduscopic findings presented to them on an ophthalmoscopy simulator after being trained on its use. Each participant was asked to
review 20 images of the fundus, and then record their multiple-choice response on a scantron sheet listing all possible funduscopic
pathologies. Pre- and post-intervention testing was performed. Survey data assessing exposure to funduscopy skills during undergraduate
and postgraduate training and overall experience with the simulator were collected. Results: Most (65% [11/17]) participants reported
minimal or no formal teaching in ophthalmology during their undergraduate medical studies. Average pre-intervention score (of 20) was
10.24± 1.75 (51%) for the entire group, with no statistically significant difference between average pre-score in the control (10.63± 1.77)
versus intervention (9.89± 1.76, p= 0.405) groups. Intervention subjects experienced a statistically significant improvement in scores
(9.89± 1.76 vs. 12.78± 2.05, p= 0.006 [95% confidence interval 4.80-0.98]), but control subjects did not. Conclusions: A single session
with an ophthalmoscopy simulator can improve diagnostic accuracy in postgraduate pediatric trainees. Use of ophthalmoscopy simulation
represents a novel addition to traditional learning methods for postgraduate pediatric residents that can help trainees to improve their
confidence and accuracy in performing this challenging examination.

RÉSUMÉ: Évaluation de l’impact de simulateurs pour enseigner à des résidents en pédiatrie des habiletés techniques en ophtalmoscopie.
Contexte: La formation offerte par les écoles de médecine et les programmes de résidence en matière d’ophtalmoscopie est plutôt limitée, ce qui réduit la
précision des diagnostics posés par la suite. Notre intention a été d’évaluer l’efficacité de l’autoformation offerte par simulateur afin d’améliorer les
habiletés motrices techniques de résidents en pédiatrie appelés à réaliser un examen ophtalmoscopique.Méthodes: Dans cette étude contrôlée randomisée,
17 résidents en pédiatrie (de la 1ère à la 3e années postdoctorales) ont été répartis de façon aléatoire entre un groupe témoin (n= 8) et un groupe de sujets
formés à l’usage d’un simulateur (n= 9). On a ensuite demandé à ces sujets d’identifier correctement des observations ophtalmoscopiques leur étant
soumises à l’aide d’un simulateur, et ce, après avoir suivi une formation relative à son utilisation. On a ainsi demandé à chacun d’entre eux d’examiner 20
images de fond d’œil pour ensuite consigner, sur des feuilles du test Scantron® établissant une liste de toutes les pathologies ophtalmoscopiques possibles,
leurs réponses à des questions à choix multiples. Une évaluation de leurs habiletés pré et post-formation a été effectuée au moyen d’une collecte de données.
On a ainsi cherché à évaluer leur niveau d’exposition aux habiletés ophtalmoscopiques durant leur formation universitaire et postuniversitaire ainsi que leur
expérience générale avec un simulateur. Résultats: La plupart des participants (65 % [11/17]) ont révélé n’avoir été que peu ou pas du tout formés en
matière d’ophtalmologie pendant leurs premières années d’études en médecine. Le score moyen en ce qui regarde leurs habiletés préformation (sur 20) a été
de 10,24± 1,75 (51%), aucune différence statistique notable n’ayant émergé entre le groupe témoin (10,63± 1,77) et celui appelé à être formé (9,89± 1,76 ;
p= 0,405). Les sujets formés ont par la suite expérimenté une amélioration importante sur le plan statistique en ce qui regarde leurs scores (9,89± 1,76 c.
12,78± 2,05 ; p= 0,006 [IC 95 % ; 4,80-0,98]), ce qui n’a pas été le cas des sujets du groupe témoin. Conclusions:Une simple séance de formation à l’aide
d’un simulateur ophtalmoscopique peut améliorer la précision des diagnostics posés par des résidents en pédiatrie. L’usage d’une telle simulation
représente une addition innovatrice aux méthodes traditionnelles d’apprentissage. Elle pourrait permettre aux résidents d’améliorer leur confiance et
l’exactitude de leur intervention au moment de procéder à ces examens complexes.
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INTRODUCTION

Diagnostic accuracy relies on proficiency in basic physical
examination skills. Despite recognition of its importance, medical
education has been criticized for a perceived decline in physical
examination skills among recent graduates.1 Having a solid grasp
of fundamental ophthalmologic skills is essential for both primary
and specialty care physicians, as ophthalmologic problems make
up a significant proportion of primary care consultations (2%-3%)
and nearly one-fifth of emergency consultations.2,3 Moreover,
basic knowledge of ophthalmology is required in the management
of patients with certain neurologic, rheumatologic and infectious
conditions.4 Thus, enhancing primary care physicians’ skills in
performing accurate fundus examinations may improve the medical
care given to such patients.5

Undergraduate training in ophthalmology is limited. In a study
conducted by Noble et al.,4 76.2% of the 386 first-year residents
who had recently graduated from a Canadian medical school
stated that they had received 1 week or less of overall exposure to
ophthalmology during medical school. Furthermore, this survey
suggests that most medical students are not moving from medical
school into residency with confidence in their ophthalmology
knowledge and skill set.4 Not surprisingly, most primary care
physicians view their undergraduate ophthalmology medical
education as inadequate, which may translate into a lack of
confidence in performing funduscopic assessments.2,4,6-8

A number of different teaching methods have been used to train
and evaluate students in direct ophthalmoscopy examination skills
in the past, but their effectiveness is limited. Previous techniques
have included practice on fellow students, and funduscopic exam-
ination on patients with verbal confirmation of pathologic findings.9

These techniques do not allow for repeated and careful exposure to
various pathologies, and an observer cannot verify what the student
visualizes.9-12 Using simulation as a method of teaching difficult-to-
master medical diagnostic skills allows for a highly realistic training
experience, the ability to vary clinical presentation to meet the need
of the learner and most importantly unlimited, repetitive practice to
allow for retention of knowledge. Implementation of such a tool
with trainees may lead to less reliance on specialists for routine
ophthalmoscopic evaluation.

The goal of this study is to evaluate the effect of a hands-on training
session with an ophthalmoscopy simulator amongst primary care
trainees on improving identification of normal funduscopic anatomy
and accuracy in recognition of pathological states of the fundus.

PARTICIPANTS AND METHODS

This was a randomized-controlled single-center study. The Hos-
pital for Sick Children Research Ethics Board’s approval was
obtained before commencing the study. Subjects were eligible
if they were in the process of completing postgraduate medical
education training in medicine or pediatric neurology in postgraduate
levels 1-3. Exclusion criteria included subjects who were unable to
complete the full study session of ~1 hour or had completed
ophthalmology training at the residency level in the past. An e-mail
recruitment letter was sent to residents within the Department of
Pediatrics at the Hospital for Sick Children, Toronto, Ontario,
Canada. Each resident participated in two separate direct funduscopy
sessions: the pre-intervention assessment and the immediate
post-intervention assessment. The pre-intervention assessment
involved completion of a needs assessment questionnaire that was

e-mailed to each participant before the study and graded using a
5-point Likert scale. Participants’ academic institution/university,
medical school, postgraduate year (PGY) of training, area of practice,
and the amount and adequacy of didactic teaching and clinical
exposure to ophthalmology during medical school and residency
were collected.

Before the start of the pre-intervention assessment residents were
consented and randomized to the intervention group or control
group by the study coordination TB who assigned a participant ID
number using randomizer.org. Even numbers were assigned to the
control group and odd numbers to the intervention. Funduscopy
skills were assessed using 20 images of the fundus, where partici-
pants were asked to identify common ophthalmic anatomy and
pathologies using the ophthalmoscopy simulator, OphthoSimTM

(OtoSim Inc., Toronto, ON, Canada), a direct ophthalmoscopy
simulator that allows practice of funduscopy on a realistic model of
the eye with exposure to both normal funduscopic anatomy and
various pathological states of the fundus. This was performed using
the undilated pupil on the simulator as it more closely simulates the
real world environment in which the physician works. A brief 15-
minute teaching session on how to hold and maneuver an ophthal-
moscope on the simulator was provided to all participants in both
arms of the study in order to ensure comfort and ease-of-use.

Images of various normal and pathological conditions of the
eye were projected inside the simulator for participants to view.
For this, a total of 20 de-identified funduscopic images were
selected from The Hospital for Sick Children patient database.
Images which were selected reflected both common retinal
pathologies such as optic disc edema and less common patholo-
gies such as a cherry-red spot. multiple-choice question tests were
designed by the co-investigators and passed through quality
assurance review by an ophthalmologist AA.

For the immediate post-intervention assessment, each partici-
pant underwent a 15-minute self-study session. The intervention
group was presented with a self-study session on the simulator of
normal and pathological anatomy of the fundus, along with a text
description of what they were seeing, while the control group
looked at randomly chosen non-funduscopic images (e.g., flower,
New York City). An instructor was available for guidance and
questions as necessary to troubleshoot any technical issues. This
was followed by another examination with 20 unique images of
the fundus using the simulator to identify common pathologies.
At the completion of the post-intervention assessment all partici-
pants were provided with an informal feedback session consisting
of a didactic PowerPoint presentation outlining the common
funduscopic images that were tested, their key features and clin-
ical pearls. The PowerPoint slides were e-mailed out to each
participant after study completion for future reference along with
another survey, in order to provide feedback on the utility of the
training session and the experience with the hands-on simulator.

The funduscopic images used for each assessment were
randomized and unique. The general breakdown of funduscopic
pathology given to the study participants were as follows: 20%
normal fundus anatomy, 10% retinal hemorrhages, 10% optic
pallor, 10% macular star, 10% papilledema, 5% retinal detach-
ment, 5% Roth spot, 5% retinoblastoma, 5% chorioretinal
coloboma, 5% cotton-wool spots, 5% cherry-red spot, 5%
arteriovenous nicking and 5% increased cup-to-disc ratio. No two
images were repeated. Participants were given 1 minute to attempt
to recognize the pathology or lack thereof.
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Outcomes

The primary outcome of the study was the difference in overall
mean scores of multiple-choice tests between the pre- and post-
treatment groups. We also assessed subjective experiences,
perceived benefit and criticism/commentary regarding Ophtho-
SimTM, in terms of ease-of-use, esthetic appeal and user interface.

Data Collection

Study data were collected andmanaged using REDCap electronic
data capture tools hosted at The Hospital for Sick Children.13

REDCap (Research Electronic Data Capture) is a secure, web-based
application designed to support data capture for research studies,
providing (1) an intuitive interface for validated data entry; (2) audit
trails for tracking data manipulation and export procedures;
(3) automated export procedures for seamless data downloads to
common statistical packages; and (4) procedures for importing data
from external sources.

Analysis

Statistical analysis was performed by SAG who was blinded
to the group assignments. Standard unpaired t-test was used with
p-values less than 0.05 deemed statistically significant. Effect size
was calculated using Cohen’s d coefficient (small d= 0.2;
medium d= 0.5 and large d= 0.8) to account for the small sample
size. Where confidence intervals (CIs) were reported, they were
specified as 95% minimum and maximum intervals at (95% CI:
min-max). Descriptive statistics were used for survey results.

RESULTS

In total, 19 participants were consented. One participant
dropped out from each group resulting in a 90% (17/19) retention
rate (Figure 1). The study sample included 15 pediatrics residents
with the following spilt in the PGY level (4 PGY-1= 4;
PGY-2= 8; PGY-3= 3) and two pediatric neurology residents
(PGY-2) (Table 1). Most of the participants 47% (8/17) completed
their undergraduate medical education in Ontario, 24% (4/17)
outside of Ontario and 29% (5/17) outside of Canada.

Pre-Intervention Survey Results

In total, 65% (11/17) of the residents reported that they
received minimal or no formal teaching in ophthalmology during

their undergraduate medical studies. While elective opportunities
in ophthalmology were offered during their medical school
training, only 18% (2/11) participated in those elective opportu-
nities. The residents reported that they had no or minimal
exposure to didactic (17/17) and clinical (16/16) ophthalmology
training during their postgraduate medical education.

Table 2 summarizes self-reported ease with recognizing
funduscopic pathology. Using a 5-point Likert-type scale,
respondents indicated how confident (1= “not at all comfortable”
to 2= “slightly comfortable” to 3= “neutral” to 4= “comfortable”
to 5= “very comfortable”) they felt in their ability to recognize
funduscopic pathology and perform the technical skill in order
to yield clinically important information. No residents reported
comfort with any funduscopic pathologies except papilledema
(2/16 [12.5%] comfortable; 11/16 [68.8%] slightly comfortable)
and retinal hemorrhages (1/16 [6.3%] comfortable; 2/16 [12.5%]

Figure 1: Study design.

Table 1: Demographic data

All
participants
(n= 17)

Control
group (n= 8)

Intervention
group
(n= 9)

Sex (M:F) 3:14 1:7 2:7

Age (mean± SD [range]) 27.94± 1.98
(25-32)

27.57± 1.13
(27-29)

28.22± 2.49
(25-32)

Residency program

Pediatrics (n) 15 7 8

Pediatric neurology (n) 2 1 1

Residency year

PGY-1 (n) 6 4 2

PGY-2 (n) 8 3 5

PGY-3 (n) 3 1 2

Location of undergraduate
medical education

Ontario 8 4 4

Outside Ontario 4 2 2

Outside Canada 5 2 3

Ownership of ophthalmoscope
(Yes:No)

5:12 2:6 3:6

PGY= postgraduate year.
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slightly comfortable). In total, 80% were not comfortable at all
with recognizing or managing most common retinal abnormal-
ities. Furthermore, residents reported low levels of comfort with
direct funduscopy skills (1/17 [6%] comfortable, 10/17 [59%]
slightly comfortable). Over one-third, or 35% (6/17), were not
comfortable with using an ophthalmoscope. Most residents did
not own an ophthalmoscope 71% (12/17) and ownership on an
ophthalmoscope (Table 1) did not correlate with self-reported ease
with using the ophthalmoscope (r= 0.061, p= 0.817).

Intervention Results

On the pre-intervention multiple-choice evaluation, pediatric
trainees recognized an average of 10.24± 1.75 (95% CI: 9.34-
11.14) of the 20 images correctly. There was no statistically sig-
nificant difference between the pre-intervention scores in the
control (10.63± 1.77; 95% CI: 9.14-12.10) versus intervention
(9.89± 1.76; 95% CI: 8.53-11.24, p= 0.405) groups, indicating

similar level of experience amongst the groups. There was no
statistically significant difference between the post multiple-
choice scores, following a single 15-minute self-study session
between the control (13.00± 3.16; 95% CI 10.36-15.64) and
intervention groups (12.78± 2.05; 95% CI 11.20-14.35,
p= 0.864). However, the intervention group’s pre- to post-
intervention multiple-choice scores changed significantly
(p= 0.006) with a large effect size (Cohen’s d= 1.5). The control
group’s scores did not change significantly (p= 0.091) (Figure 2).

Self-reported comfort with direct funduscopy and self-reported
performance on the multiple-choice quizzes did not correlate
with pre-intervention funduscopy performance among pediatric
residents (r= 0.459, p= 0.064).

Finally, 71% (12/17) participants indicated on the post-
intervention survey that they would prefer hands-on simulation
and training with the simulator over a number of different teaching
methods as a means of learning and gaining confidence in their
direct ophthalmoscopy skills.

DISCUSSION

Our results suggest that a single, brief independent learning
session using an ophthalmoscopy simulator improves diagnostic
accuracy in postgraduate pediatric trainees. In addition to sig-
nificantly improving test scores on the simulator, residents allo-
cated to the intervention group reported improved confidence
in performing funduscopy and enhanced knowledge.

The results of our pre-intervention survey suggest similar levels of
background direct funduscopy training and confidence amongst our
postgraduate trainees as that reported previously in other international,
US and Canadian centers.2,4-7 In 2007, Wu et al.14 found that inter-
nists, residents and medical students reported the lowest self-
confidence in performing a nondilated funduscopic examination
among all physical examination skills. After 2 years, Noble et al.4

reported that 64% of Canadian medical school graduates described a
lack of exposure to ophthalmology in their undergraduate medical
curriculum. Despite knowledge of this gap in training for almost 10
years, our survey results suggest that curricular changes in medical
education have not adequately addressed these gaps thus far.

Although our study showed improvement in scores following a
single 15-minute self-study session in control and treatment arms,
significant improvement was seen only in the group receiving the
intervention. Ophthalmoscopy is a complex task: the examiner
must have the ability and skills to view the fundus of the eye
sufficiently and at the same time to judge the images seen.11 Our
teaching session allowed all trainees to handle and practice using
the ophthalmoscope on the simulator, but only the intervention
group was given dedicated images to study using the interven-
tional tool. By having both our control and treatment cohorts
practice using the instrument, motor skills involved in direct
funduscopy were inherently improved in both groups, which
likely led to the ability to better view the retina and translated
in the improvement of post-intervention multiple-choice scores in
both groups. It follows that those who were allowed to study
pathologic images through the interventional tool experienced
greater improvement than those who did not. A recent study by
Kelly et al.9 favored the use of fundus photography over direct
ophthalmoscopy in a clinical setting. The conclusion of this study
is at odds with what we have found. The ability to recognize
retinal disease patterns is not useful if the retina cannot be seen in

Table 2: Residents’ comfort levels with recognizing ocular
pathology

Not comfortable
at all (%)*

Slightly
comfortable (%)*

Comfortable
(%)*

Papilledema 19 69 13

Optic atrophy 81 19 0

Retinal artery

Occlusion 94 6 0

Retinal vein occlusion 94 6 0

Glaucoma 88 13 0

Diabetic retinopathy 81 19 0

Hypertensive

Retinopathy 88 13 0

Cherry-red spot 94 6 0

Retinal hemorrhages 81 13 6

*As one participant did not complete this question the percentages are
reported here for a population of n= 16.

Figure 2: Pediatric residents pre-intervention and immediate post-
intervention multiple-choice question (MCQ) scores out of 20,
representing diagnostic accuracy.
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the first place. Direct funduscopy is a skill acquired through
training and practice. This is further supported by a study carried
out by Roberts et al.15 where doctors were more likely to diagnose
a fundal abnormality correctly from a slide than from actual fun-
doscopy, which suggests that it is a problem with technique rather
than lack of knowledge. Sending all patients who need a fundus
examination to ophthalmology is not feasible or realistic in
practice and can also delay important examinations such as lum-
bar puncture, which can only be performed after ruling out
increased intracranial pressure.

This study is subject to several limitations. First, our sample
size of 17 pediatric residents at a single institution is small.
It would be strengthened with the addition of more subjects in the
future from various primary care specialties, to improve general-
izability. Second, due to the short follow-up, we cannot confirm
whether this intervention led to sustained improvements in
clinical skills or retained learning. The often-observed skill decay
amongst trainees with limited exposure suggests the need
for continued practice in order to reach a threshold that leads to
sustained knowledge. Ideally, a future study would evaluate
whether skills gained using this simulator are sustained through
time. Third, it is unclear whether improvement in scores on the
simulator will lead to improvements in identifying abnormalities
in clinical practice. This important subject should be broached
in future studies. Finally, our evaluation was limited to the use of
the simulator and did not include real-life patient evaluation for
pathology, limiting our ability to understand whether this training
actually improved hands-on clinical skills.

CONCLUSION

In conclusion, our findings suggest that one brief session
including independent study using a direct funduscopy simulator
can significantly improve funduscopic clinical skills. The use of an
ophthalmoscopy simulator is a novel addition to traditional learning
methods for postgraduate pediatric residents. Future studies should
evaluate whether skills gained using this simulator are sustained
through time, whether improvements in identification of pathologies
in patients are improved through using this technique, and con-
comitant improvements in patient care and health services delivery.
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