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BACKGROUND: Direct ophthalmoscopy is an important investigative technology not only for ophthalmologists, but also for
general practitioners and other specialists. The purpose of this study was to develop a simple and robust eye model for effective
and objective assessment of ophthalmoscopic competency.

METHODS: A series of eye models were assembled using commonly available materials, including 26-mm-diameter double-
hemispherical brown plastic balls and convex lenses. A 6-mm circular opening was drilled on one hemisphere as a pupil behind
which the lens was glued to provide the refractive component. Ten pieces of letters were placed on the inner surface of the other
hemisphere. Ophthalmoscopic skills of ophthalmologist residents were first subjectively assessed using a checklist by two tutors
and then objectively by using the eye models. The discrimination index was calculated to evaluate the effectiveness of assessment.
Finally, a feedback questionnaire was completed.

RESULTS: Totally 76 residents were recruited. The checklist score was 9.25 + 0.47, with a discrimination index of 0.11. The model-
assessment score was 4.24 + 3.10, with a discrimination index of 0.79. There was no correlation between the checklist score and
model scores (r=0.133, P=0.251). Two-thirds of the participants agreed or strongly agreed that model-assessment could reflect

the ability to visualize the fundus.

CONCLUSIONS: We have developed simple eye models to assess the competency of ophthalmoscopy with excellent
discriminatory power to differentiate competence levels of ophthalmology residents.
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INTRODUCTION

In clinical practice, visualization of the fundus is important for
detection of many eye diseases and useful also for systemic
diseases, such as cardiovascular diseases, endocrine diseases
and neurological disorders [1]. Direct ophthalmoscopy for
fundus examination is an essential skill for not only ophthalmol-
ogists, but also other clinical specialists and even general
practitioners. It is noted that mastering the technique can be
challenging and requires training and practice [1-4]. However,
in medical education, it is not easy to incorporate such specific
training in the curriculum or to objective assess the required
operation skills [5].

In conventional training programs of tertiary eye centers,
trainers assess the ophthalmoscopic skills of trainees, mostly
residents, by using a checklist on the operations, such as
manipulating the light beam and adjusting the diopter [6].
However, this checklist-based assessment is subjective and may
not reliably reflect the competency of ophthalmoscopic skills since
it is essentially based on memorization of the operational
procedure rather than ability of visualization of the fundus [1].
An alternative assessment is to use model eyes with built-in
fundus images, such as head mannequins [2, 3, 7, 8]. During the
assessment, the resident trainees used a direct ophthalmoscope

to examine the eye model and gave a diagnosis at a teaching
hospital. The score was based on the accuracy of the diagnosis.
However, such eye models set-up can be expensive. Furthermore,
such assessment requires not only competency in visualizing the
fundus but also knowledge in the diagnosis of retinal diseases.
The trainees can be competent in ophthalmoscopic skills but
inadequate in knowledge of pathologic features of the retina in
relation to retinal diseases [5]. Visualization of the fundus is
important in detecting fundus diseases [9], but there have been
few methods to assess the skill of visualization.

Previously, Bradley reported a simple eye model, made from
table tennis ball with pieces of text on the inner face, to assess the
ophthalmoscopic skills of medical students [5]. It was an appealing
design but there was no attempt to replicate the refractive error of
a typical eyeball, and reading text allowed some guesswork or
filling in, as opposed to reading isolated letters. Its discriminatory
power as an assessment tool has to be improved in order to
enhance its practical usefulness.

This paper described development of a simple eye model
modified from Bradley’s that enabled the convenient and
objective assessment of ophthalmoscopic competency, and
evaluated its effectiveness of assessment in comparison with the
traditional checklist that currently used.
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Fig. 1

The eye model and the test paper. A The anterior hemisphere with a 6-mm hole and a convex lens and the posterior hemisphere with

10 pieces of randomized letter on the inner surface. B The eye model was put on a roll of tape and the trainee can manually rotate the model
to different direction for visualization of different parts of the fundus. C Test paper for objectively recording the letters in the eye model, with

two versions corresponding to the left and the right eye.

MATERIALS AND METHODS

Device

We used some readily available materials to assemble a series of simple and
inexpensive eye models (Fig. 1A). The 26-mm-diameter brown plastic balls
were obtained from Taobao, China. (https://item.tacbao.com/item.htm?
spm=a230r.1.14.26.50515715LVXaKp&id=521478860398&ns=18&abbuck-
et=4itdetail). They were double-hemispherical in shape, one hemisphere
simulating the anterior segment of the eyeball and the other the posterior
segment. For the anterior hemisphere, we drilled a 6-mm circular opening to
provide the pupil. A thin Poly(methyl methacrylate) (PMMA) convex lens with a
focal length of 26 mm, also from Taobao, China (https://item.tacbao.com/item.
htm?
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spm=a230r.1.14.40.5f9e3b035jqp1L&id=562289788402&ns=1&abbucket=4#-
detail), was glued to the inner surface behind the pupil to provide the
refractive component. For the posterior hemisphere, we painted internally an
optic disk and four sets of vessels radiating from the disc to the four quadrants.
Subsequently, 10 pieces of paper with randomized capital letters (black color,
4-point Calibri), one letter printed on one piece, were placed on the inner
surface, marking the macula, disc, superior, superonasal, nasal, inferonasal,
inferior, inferotemporal, temporary and superotemporal mid-peripheral area.
Finally, the two hemispheres were buckled together, and an “S” symbol was
drawn externally to mark the 12 o'clock of the model.

A total of 8 unified eye models (half for the left eye and half for the right
eye), with different letters, were made to preserve the randomization and
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Completing the questionnaire
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Fig. 2 Study design.

security, 4 for the practice and the other 4 for the assessment. The quality of
these models was assured prior to being used the study. The diameter of the
pupil, the clarity of the lens and the visibility of the letters were all validated.

The eye model was put on a roll of tape and the trainees can manually
rotate the model to different direction for visualization of different parts of
the fundus (Fig. 1B).

Procedure and data collection

The study design was shown in Fig. 2. After attending a 30-min
standardized training of the operation of direct ophthalmoscope (Welch
Allyn 3.5V Coaxial ophthalmoscope) by an ophthalmologist (HW), the
resident trainees received a 15-min demonstration of the design and the
usage of the eye model, followed by practice direct ophthalmoscopy for
30 min with their fellow trainees and 30 min with the eye models under
supervision by the ophthalmologist (HW).

Ophthalmoscopic skill assessment was conducted first by a checklist
(Supplementary file 1) modified from a previous report by Cordeiro et al.
[6]. The residents performed direct ophthalmoscopy on a simulated
patient. The performance was scored by two independent trainers (XL and
HW) using the checklist (10 for total score). Afterwards, the residents used
the direct ophthalmoscope to visualize the fundus of one randomly
selected eye model and recorded the letters in a test paper (Fig. 1C) within
5 min. They first used the right hand and the right eye when examining the
right eye model, and then used the left hand and the left eye when
examining the left eye model. Subsequently, the ophthalmoscopic skills of
the resident ophthalmologists were assessed objectively according to
records of correct letters in the corresponding area (score 1 for each piece,
10 for total score).

Finally, the residents were asked to complete a 5-point Likert-type
questionnaire (Supplementary file 2) which was designed for this study
and had not been used previously. This questionnaire included feedbacks
on the eye models: simulation of the eyeball, ease of assembling,
effectiveness for the practice, agreement of the assessment and
expectation of popularization, with subjective ratings provided on a scale
of 1 (“strongly disagree”) to 5 (“strongly agree”).

Data analysis

Statistical analysis was undertaken using SPSS software (Version 23.0).
Descriptive statistics were conducted to analyse the scores of the checklist-
assessment and the model-assessment, as well as the feedback ratings.
Data was presented as mean =+ standard deviation (SD). Data normality and
homogeneity of variance were tested using the Shapiro-Wilk test and
Levene test, respectively. The reliability of the checklist score was
evaluated using the intraclass correlation coefficient (ICC). The correlation
between the checklist score and the model-assessment score was tested
by the Pearson correlation coefficient (r). The inter-model comparison was
analysed using analysis of variance (ANOVA). A P value of <0.05 was
considered to be significant.

We used difficulty index and discrimination index to evaluate the
effectiveness of the assessment. The difficulty index was calculated as the
ratio of the mean score to the full score. According to published
evaluation criteria [10, 11], tests are classified as easy (>0.80), intermediate
(between 0.80 and 0.30) and difficult (<0.30). The discrimination index was
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calculated as the difficulty index in the upper group (the top 27% scorers)
minus that in the lower group (the bottom 27% scorers) [12]. Based on
Ebel’s guidelines [11], tests are considered poor, acceptable, good and
excellent if the discrimination index is 0-0.19, 0.2-0.29, 0.3-0.39, and
above 0.4.

RESULTS
Seventy-six residents in ophthalmology were enrolled in the study,
mean age 26.1 £ 1.68 years, 29 (38%) males and 47 (62%) females.

The residents attained good performance in checklist assess-
ment, with checklist scores given from the two trainers, 9.34 + 0.45
and 9.15 +0.51, mean score 9.25 +0.47. The ICC was 0.792 (P<
0.001). The difficulty index was 0.92 and the discrimination index
was 0.11. On the model-based assessment, the overall score of the
residents recording the letters was 4.24 £ 3.10. The difficulty index
was 042 and the discrimination index 0.79. There was no
correlation between the checklist and the model-based assess-
ments, r=0.133, P=0.251.

The scores from each model (Table 1), all with the range of zero
to ten, were in a normal distribution. Inter-model comparison of
the objective scores revealed no significant difference among the
4 eye models (P =0.26). When divided according to the laterality,
the score of the right eye models was higher than that of the left
eye models, though not statistically significant (4.92 +3.13 vs 3.55
+2.97, P=0.054). The difficulty index and the discrimination index
of the model-assessment using the 4 models ranged from 0.33 to
0.50 and 0.66 to 0.84, respectively.

Self-reported feedback on the eye model were shown in Fig. 3.
Forty-two residents (57.9%) agreed or strongly agreed that the eye
model had a high degree of simulation in visualization of the fundus.
Forty-eight (63.2%) felt easy to assemble (rating score = 4). On
effectiveness of the model, 51 (67.1%) agreed or strongly agreed
that the model-assessment score could reflect the ability to visualize
the fundus, and 60 (78.9%) agreed or strongly agreed that practice
using the eye model could improve their skills in direct ophthalmo-
scopy. Fifty-eight residents (76.3%) expected the eye model to
become popular in medical education (rating score >4).

DISCUSSION

Summary of main findings and comparison with existing
literature

In this study, we developed a robust and simple eye model and
found it effective in assessment of the competency of direct
ophthalmoscopy when compared with the traditional checklist.
The subjective checklist score was 9.25 + 0.47, with a discrimina-
tion index of 0.11. The model-assessment score was 4.24 + 3.10,
with a discrimination index of 0.79. Notably, two-thirds of the
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Table 1. Inter-model comparison of the objective scores.

Model 1 Model 2
N 19 19
Laterality Left eye Right eye
Ps 2 0.123 0.115
Mean 3.84 4.84
SD 3.18 297
Difficulty index 0.38 0.48
Discrimination index 0.78 0.72

Model 3 Model 4 P**
19 19

Right eye Left eye

0.224 0.055

5.00 3.26 0.26
3.37 2.79

0.50 0.33

0.84 0.66

2PS-K: the significance of normality test using Shapiro-Wilk test; **P: the significance of inter-model comparison using ANOVA.
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Fig.3 Self-reported feedback on the eye model. Histograms of resident ophthalmologist ratings for (A) degree of simulation in the aspect of
visualization of the fundus; (B) ease of assembling the model; (C) agreement that the model-assessment could effectively reflect the ability of
visualization of the fundus; (D) effectiveness for the practice; (E) expectation of popularization and application.

residents agreed or strongly agreed that model-assessment could
reflect the ability to visualize the fundus.

In usual practice, ophthalmoscopic skill was assessed by trainers
who gave scores according to a checklist, mainly on the operating
procedure [6]. In our study, the checklist for assessment could be
divided into 3 parts: (a) preparation of the patients, the device and
the environment; (b) operating procedure including manipulating
the light, adjusting the dioptre and controlling the working
distance; (c) the overall proficiency. The checklist-assessment
showed a high level of performance with a mean score reaching
9.25, indicating that it was very easy for the residents to perform
direct ophthalmoscopy with memorized operating procedure. On
the other hand, the checklist of the operational steps appeared to
be a separate measure tool compared with the model-assessment
which showed the ability to visualize the letters on the fundus. It
has been reported that few young ophthalmologists were able to
use an ophthalmoscope effectively even though they have
memorized the operational procedure [1, 51.

Competency in ophthalmoscopic skills has been a concern in
medical education. Eye models, with fundus images inside, were
increasingly used as adjunctive tools for task-based skill assess-
ment [2, 8]. Though task-based assessment could reflect
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competency more objectively and accurately, it may be technically
challenging and not suitable for students or even residents with
limited, if any, clinical experience since capability to make disease
diagnosis was required [5]. On the other hand, the fundus images,
mainly located centrally, could hardly be used to assess the
competency of inspecting the peripheral retina. Thus, a new
approach is needed for a more targeted assessment of the ability
to visualize the fundus.

Paul Bradley ingeniously used a table tennis ball for an eye
model with five sets of text in the fundus for objective assessment
of direct ophthalmoscopy in 803 undergraduate medical students
in the University of Liverpool, UK [5]. In Bradley’s study, the mean
score of visualizing the text was 4.4 (5 for total score, difficulty
index: 0.88) with 95% confidence intervals of (4.3, 4.5) and an
estimated coefficient of variation (CV) of 32%. By contrast, model
assessment in our study seemed more difficult (difficulty index =
0.42), and the score distribution was more discrete (CV = 73%).

Some reasons may attribute to the difference in difficulty. First,
there was no time limit in Bradley’s assessment. In contrast, the
residents in our study were required to finish direct ophthalmo-
scopy within 5min, which increased the degree of difficulty.
Second, we used the plastic ball in brown color to form a black
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box, simulating the structural feature of the choroid. However,
Bradley’s report did not mention how to avoid light into the pale
table tennis ball from the wall, which might reduce the difficulty in
manipulating the light beam. Finally, assessment by reading text
was much easier than reading randomized letters, even in the
same size, since the text message could be guessed by
association. Fourth, the eye model in our study was 26-mm in
diameter, which was closer to the diameter of a human eyeball
and smaller than Bradley’s model based on a table tennis ball (40-
mm approximately). Fifth, unlike Bradley’'s model without a
refractive component, we added a convex lens with a certain
focal length to simulate an emmetropic eye, and the residents
could not visualize the fundus without an ophthalmoscope.

In addition, we measured the difficulty index and discrimination
index, which were frequently used in evaluating the quality of a
test [12]. The higher the difficulty index, the lower is the difficulty.
Tests with a difficulty index above 0.90 should be very easy and
probably not worth testing. On the other hand, tests with a very
low difficulty index are difficult and inappropriate for students or
residents. Discrimination index describes how effectively the test
differentiates between high ability and low ability students.
Notably, a high discrimination index is desirable in skill assess-
ment. The relationship between these two indexes has been
recognized. Si-Mui Sim et al. found that the maximum discrimina-
tion index occurred with a difficulty index between 40 and 74%
[12]. Either a very large or very small difficulty index would lead to
a decrease in discrimination index. Thus, it fails to differentiate
between weak and competent students. Therefore, the model-
assessment in our study was moderate in difficulty (difficulty index
= 0.42) and acceptable for the residents. Moreover, using our eye
model to assess the ophthalmoscopic competency could well
differentiate between poor and competent performers (discrimi-
nation index = 0.79), compared with Bradley’s model based on CV
as a reference for discrimination index and the checklist
(discrimination index = 0.11).

Inter-model comparison suggested no significant difference
among the models, indicating good reproducibility in the models
designed in our study. It is noteworthy that the residents seemed
to get higher scores when examining the right eye model, which
presumably resulted from the laterality of dominant eye and
dextromanuality. Further study to confirm the relationship
between the performance of ophthalmoscopy and the dominant
eye and dominant hand is warranted.

Feedback from the residents showed their belief that this
simple eye model was able to simulate the eyeball for fundus
visualization, and that the model-assessment could reflect their
ability of ophthalmoscopy. Most residents agreed this model of
value as a tool for ophthalmoscopic practice and expected it to
become popularly used in medical education. In addition,
practicing ophthalmoscopy on our model avoids closed contact
with the simulated patients and helps to prevent infection via
respiratory droplets, especially in the era of COVID-19.

Also, most residents felt it easy to assemble the eye model after
the demonstration and the following practice procedure. The
plastic ball was low-cost and easy to buy online. Unlike Bradley’s
model in that the table tennis balls had to be cut into halves, our
double hemispheres were ready in the original design and factory
made. No cutting was needed and we could paint and glue things
in the inner surface directly, which are easy endeavors.

Strengths, limitations and further research
The strengths of this study included the design of a simple eye
model with high fidelity, the objectiveness in assessment of
ophthalmoscopic skill and the novel use of special indexes to
evaluate effectiveness of assessment.

There are also limitations in this study. First, visualization of the
fundus varied in difficulty with the anatomical structure, easier for
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the central than the peripheral retina. Also, visualization and
location of the fundus were not easy as quite a few residents
recorded the letters into the adjacent positions. In order to assess
the ophthalmoscopic skill more accurately, further improvements,
including weighting for scores and correction for the wrong
location, are necessary. Last, the present study was also limited by
the difficulties in distinguishing randomly selected letters
although inter-model analysis showed no significant difference.

It should be noted that it was a cross-sectional study in a single
training and assessment session. We only focused on the skill
assessment, rather than skill training. Therefore, further study with
a longitudinal randomized controlled design will be needed to
confirm the effectiveness of the model in skill training. To explore
its application, a series of eye models with various pupil sizes,
dioptres and severities of refractive media opacity will be provided
to simulate various clinical situations.

In conclusion, we have developed a simple and reproducible
eye model to meet the needs of the objective assessment of
ophthalmoscopic  skills. The model-assessment accurately
reflected the competency in ophthalmoscopic skill with discrimi-
natory power to differentiate performers in different skill levels.
Moreover, this model was low-cost and easy to assemble. It is
potentially useful in applications in ophthalmologic education.

SUMMARY

What was known before

® Direct ophthalmoscopy is an essential skill for ophthalmolo-
gists and other specialists.

® However, it is difficult to assess the competency of direct
ophthalmoscopy in practice and a new approach is needed to
enable the assessment.

What this study adds

® This study described a simple eye model and evaluated its
effectiveness in the assessment of ophthalmoscopic compe-
tency.

® The simple eye model could be used to objectively assess the
competency of ophthalmoscopy and showed excellent discrimi-
natory power to differentiate performers in different skill levels.
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