
Introduction
Diabetic retinopathy remains the
most common cause of blindness in
the working population of the
Western world and fulfils the World
Health Organization criteria for
screening.1 Using digital retinal
photography, as recommended by
the National Screening Committee
in the UK and the American
Diabetes Association, it is possible to
detect sight threatening retinopathy
at an early and potentially treatable
stage. Treatment using laser therapy
has been shown to reduce the pro-
gression of this complication of dia-
betes and so reduce blindness in a
significant proportion of patients.

The National Service
Framework for Diabetes in England
and Wales (NSF)2 and the subse-
quent National Screening
Committee (NSC)3 guidelines set
clear targets for retinal screening

and grading of the images obtained
for all people with diabetes. An
important factor in establishing and
maintaining these targets is effec-
tive mechanisms for quality assur-
ance. Whilst the need for evaluating
actual screening programmes is well
recognised,4,5 training programmes
for retinopathy screeners have been
less scrutinised. Evaluation of
screening performance at the level
of the individual screener has been
considered useful in other health
screening programmes involving
medical image interpretation. For
breast cancer screening, a self-
assessment scheme for radiologists
and other film readers has been
available in the UK for some time
now.6 This employs a test set of med-
ical images which contains approxi-
mately half normal and abnormal
cases and is used to evaluate both
training outcome and performance

of established screeners at regular
intervals.

Training for retinopathy screen-
ing is currently organised at a local
level, although there are efforts to
standardise this through the devel-
opment of a competence frame-
work for education and training
curricula within the UK.7 From a
quality assurance perspective, it is
essential that training programmes
are effective in enabling students to
contribute confidently and accu-
rately to everyday screening deci-
sions. Whilst there are currently no
standard criteria for levels of sensi-
tivity and specificity which a screen-
ing programme should achieve, the
National Institute for Clinical
Excellence (NICE) has issued
guidelines recommending that reti-
nal screening should aim to achieve
sensitivity above 80% and specificity
above 95%. However, the evidence

Original Article

58 EDN Autumn 2005 Vol. 2 No. 2 Copyright © 2005 FEND.  Published by John Wiley & Sons, Ltd.

Abstract
The success and effectiveness of diabetic screening programmes are dependent on
the availability of appropriately trained image graders. This study was designed to
evaluate graders enrolled on a locally devised, formal training course by means of a
performance-based measure. The course consisted of four days of classroom-based
tuition followed by three months of practice-based learning in the workplace. The
aim was to establish whether trainees showed an improvement in their ability to
grade images, and secondly whether test sets of images are useful in measuring
training outcome. Thirteen trainees were required to grade a test set of 24 single
images both before and after training. A significant improvement in sensitivity (from
35% before training to 45% after training) was observed as a result of training but at
a cost of a decline in specificity. Trainees’ confidence ratings measured on a 
five-point scale increased from an average of 2.4 to 4.1 (p<0.01). We concluded that
the course needs to focus more on trainees’ ability to discriminate between normal
and abnormal images as well as improving grading accuracy in line with increased
grading confidence. Test-based course evaluation can be seen to be a valuable
instrument in establishing a quality standard for stated learning outcomes. In this
research it has clearly indicated weaknesses of the training programme in its current
form. Copyright © 2005 FEND.
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base reviewed shows that, in prac-
tice, actual levels of sensitivity and
specificity are rather variable
depending on both the screening
methodology used and the grader
background.7

In this paper we are presenting
an evaluation of training outcome
of a locally devised and delivered
course in retinopathy screening.
The course consists of a four-day
course of lectures delivered in a
hospital setting by two of the
authors followed by a three-month
distance learning period embed-
ded in a retinopathy screening
workplace. A rolling programme of
courses is run, on average consist-
ing of 12 students. The emphasis of
the course is on actual screening of
digital retinal images. It is aimed at
health care professionals, from pri-
mary and secondary care, involved
in or seeking to become involved
in the delivery of retinal screening
programmes. While this course
includes material on the theoreti-
cal background to diabetic
retinopathy, its primary focus is on
teaching the image grading aspects
of screening. For this reason, it
concentrates on retinal photogra-
phy with training in the grading of
retinal disease. Theoretical learn-
ing outcomes are assessed through
an essay. This includes knowledge
of the results of the United
Kingdom Prospective Diabetes
Study (UKPDS) and other relevant
studies. The practical skills in grad-
ing images are assessed through a
grading exercise which requires
students to grade images according
to the NSC screening protocol. It is
this practical element of the assess-
ment that is under scrutiny in this
paper. The use of a structured
grading protocol for digital retinal
photographs (Table 1) has been
advocated for many years following
publication of the Airlie House
classification and has been
reviewed again in the UK in the

most recent NSC guidelines.3

Retinal photographers and graders
are now expected to use these cri-
teria to grade digital images and to
decide whether the person with
diabetes should be screened annu-
ally or referred to an ophthalmolo-
gist, as well as the speed of that
referral. The trainees on this
course were instructed in the use
of this grading scheme and trained
to grade in accordance with it both
during the four-day training and
the three-month work placement.

Aims 
This study aimed to evaluate the
effectiveness of the training pro-
gramme in enabling trainees to 
classify retinal images correctly
according to the standard grading
scheme published by the NSC (see
Table 1). Grading performance can
be measured in terms of sensitivity,
the probability of a true positive
classification and specificity, and the
probability of obtaining a true neg-
ative classification (usually these are
expressed as percentage accura-
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Table 1. Grading scheme for diabetic retinopathy

Level R0 = No diabetic retinopathy

Level R1 = Background
The following lesions >2 disc diameters (2DD) from fovea:
• Microaneurysms
• Retinal haemorrhages
• ± hard exudates

Level R2 = Pre-proliferative
The following lesions:
• Venous beading
• Venous loop or reduplication
• Intraretinal microvascular abnormalities (IRMA)
• Multiple deep, round or blot haemorrhages 
Cotton wool spots (CWS) careful search for above lesions of R2

Level R3 = Proliferative
The following lesions:
• New vessels on disc (NVD)
• New vessels elsewhere (NVE)
• Pre-retinal or vitreous haemorrhage(s)
• Pre-retinal fibrosis ± tractional retinal detachment

Level M = Maculopathy
The following lesions:
• Hard exudates within 1DD of the fovea
• Circinate or group exudates in the macula
• Retinal thickening within 1DD of fovea
• Any microaneurysms or haemorrhages within 1DD of the centre of the 

fovea only if associated with a best visual acuity ≤6/12

Level M (old system)
Any of the above M grade lesions within 1DD and visual acuity better 
than 6/12

OTHER GRADES
P = Evidence of previous laser treatment
U = Ungradable or unobtainable images
OL = Other non-diabetic eye disease
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cies). Traditionally, training evalua-
tion has focused on trainees’ per-
ception of the delivery and value of
the course. However, in the context
of quality assurance of training
courses it is more useful to measure
actual improvement in perform-
ance as this reflects the long-term
value of the course for the trainee as
well as the stated learning outcomes
more accurately. Ideally, training
programmes should equip trainees
to produce consistent levels of
specificity and sensitivity independ-
ent of background and previous
experience. Furthermore, the pro-
posed performance evaluation can
be used in a formative way to guide
the development and improvement
of the training course. A second aim
was to assess the suitability of a test
set of images for the purpose of
training evaluation in the context of
diabetic retinopathy screening.
Whilst the validity of such test sets
has been established in other
screening programmes such as
breast cancer screening,8 use of a
test set to evaluate retinopathy grad-
ing performance remains to be
established. 

Design and participants
The evaluation study employed a
repeated measures design. Baseline
grading performance was assessed
at the start of the training course
and measured again using the same
images in different random order at
the conclusion of training three

months later. One training group
consisting of 13 health professionals
participated in the study.
Participants varied considerably
with respect to their previous expe-
rience of retinal screening, ranging
from fairly experienced screeners to
no previous experience of retinal
screening at all.

Materials and procedure
Baseline and post-training per-
formance were measured with a set
of 24 single eye images from
patients with known diagnosis
based on the judgement of two
independent experts. Twenty-two
of the images presented with vary-
ing degrees of retinopathy, seven
were classified as ‘R1’, six as ‘R2’,
three as ‘R3’ and six as ‘M’ accord-
ing to the grading scheme (Table
1). Two images were classified as
normal (‘R0’). Participants individ-
ually viewed each image on a 15-
inch cathode ray tube screen.
Grading was self-paced but an over-
all time limit of 75 minutes was
imposed. Participants were
required to record their observa-
tions on a standardised grading
sheet on which they had to indicate
the number of microaneurysms,
presence of any other lesions and
the diabetic retinopathy grade. In
addition, they were required to
provide a rating of their level of
confidence with respect to each of
these observations on a five-point
scale ranging from ‘very confident’

to ‘not at all confident’. Data col-
lection for this study was integral to
the course assessment and all data
presented here were provided by
participants in the context of their
course assessment.

Results
Specificity and sensitivity were
assessed for both baseline and post-
training performance. Analysis was
conducted using Wilcoxon Signed
Rank tests for all pre- and post-
training comparisons. Incomplete
gradings were treated as missing
data and omitted from the analysis.
Table 2 shows sensitivity broken
down into the four abnormal grad-
ing categories before and after
training. Only one of the grading
categories, R2, demonstrated a 
significant improvement in sensi-
tivity as a result of training
(p<0.03). Misinterpretations on
intraretinal microvascular abnor-
malities (IRMAs) as new vessels
and drusen as hard exudates were
often noted at the initial assess-
ment. All other grading categories
yielded higher sensitivity in the
post-training test than the pre-
training test but these differences
were not statistically significant.
However, overall a significant
improvement in sensitivity was
observed in the post-training test
(p<0.01). Specificity was calculated
from the ‘R0’ category and was
shown to decrease significantly
from 69% (SD=33) before training
to 39% (SD=22) after training
(p<0.01). However, given the small
number of normal images in this
test set, these results must be inter-
preted with caution.

We further examined the accu-
racy of microaneurysm and other
lesion identification. On the abnor-
mal images, identification of other
lesions increased from 69%
(SD=12) to 83% (SD=11)
(p=0.004). However, a decrease in
accuracy was observed for micro-
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Grade No. of Sensitivity Sensitivity Sig. z-value*
images pre-test post-test

(mean, SD) (mean, SD)

R1 7 46 (27) 54 (13) 0.20
R2 6 19 (19) 44 (24) 0.03
R3 3 31 (25) 38 (23) 0.37
M 6 42 (34) 45 (33) 0.93
Overall sensitivity 22 35 (16) 45 (14) 0.01

*Based on Wilcoxon Signed Rank tests.

Table 2. Sensitivity in % for pre- and post-training test
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aneurysm counts (37%, SD=14
before training; 31%, SD=9 after
training; p<0.05). 

Table 3 shows the mean confi-
dence ratings for all image cate-
gories. All comparisons before and
after training are highly significant
at p<0.01. 

We further examined the corre-
lations between pre- and post-train-
ing confidence ratings which range
from -0.17 for R3 to 0.39 for R0, sug-
gesting individual differences in the
way confidence ratings change in
response to the course.

Discussion
Overall performance at the end of
the course falls some way short of
the sensitivity and specificity recom-
mendations put forward by NICE.6

Although improvement is relatively
weak overall in comparison to the
baseline, there is a significant
improvement both for the R2 cate-
gory and for all abnormal cate-
gories combined. Significant
improvement on these R2 images is
especially important from a clinical
perspective. The mean sensitivity
reported for our trainees is in line
with the range of sensitivity values
reported for graders of similar
background using single images in
other studies.8,9 Whilst it is clear
that there is significant room for
improvement in terms of training
outcome, it needs to be acknowl-
edged that the course was not
devised to enable trainees to grade
autonomously after completion,
but that the training concept envis-
ages at least another six months of
supervised workplace grading
before autonomous grading is rec-
ommended.

The observed decline in speci-
ficity is also of concern in this study,
but may well result from a combina-
tion of factors, such as too small a
sample of normal images (n=2) in
the test set which resulted in false
expectations of graders who may

have assumed that the test set con-
sists of abnormal images only, given
the emphasis on recognising abnor-
mality in the course. Experience
with test set assessment in, for exam-
ple, breast cancer screening has
shown that observers have expecta-
tions about baselines under test
conditions.10 Review of the course
delivery and content needs to con-
sider whether more emphasis
should be placed on discriminating
normal and abnormal images as
this appeared to be a real weakness
in current trainees’ performance.

Confidence ratings increased
significantly in this study which is in
contrast to actual performance
when taking into account both
specificity and sensitivity. Increases
in confidence are frequently found
as a result of training, and are also
used as proxi-variables for actual
performance. However, in the case
of retinal screening, confidence 
ratings without performance data
would give a biased picture of per-
formance improvement. Course 
satisfaction surveys, another com-
monly used training outcome indi-
cator, would be more reflective of
inflated confidence ratings than
actual image grading performance.
These may, therefore, not provide
accurate reflections of training
quality when improvement in image
grading performance is specified as
the main learning outcome. In
order to ensure that quality control
of training courses is implemented

and maintained appropriately (i.e.
referenced to the stated learning
outcomes) it is clearly very impor-
tant to incorporate a performance-
based evaluation. 

The results of this study suggest
that appropriate testing of speci-
ficity would necessitate develop-
ment of a test set with an increased
number of normal images to
reflect the proportion of these in
the screening population. An alter-
native is to build a test set with
approximately half normal and
half abnormal images which would
also facilitate more sophisticated
performance analysis based on
ROC analysis and can be used to
combine grading accuracy with
confidence ratings into a single
performance index.11 We are cur-
rently devising a new test set of
images which will serve to address
these issues in our research.

A further issue that needs to be
considered in future research is that
heterogeneity of trainees may have
skewed improvement measures neg-
atively in this study. Trainees who
have considerable previous grading
experience may not show much
improvement as a result of attend-
ing the course. Therefore lack of
significance in mean performance
before and after the course does not
necessarily reflect on the quality of
the course unless such individual
differences are accounted for. This
problem may be further exacer-
bated by the small sample available

Original Article
Training evaluation of a course in diabetic retinopathy screening

61EDN Autumn 2005 Vol. 2 No. 2 Copyright © 2005 FEND.  Published by John Wiley & Sons, Ltd.

Grade No. of Confidence Confidence 
images rating pre-test* rating post-test*

R0 2 2.9 4.4
R1 7 2.4 4.1
R2 6 2.2 4.0
R3 3 2.1 3.8
M 6 2.2 4.1

*Standard deviations are around 1.0 (min 0.6 to max 1.4). All differences are significant
at p<0.01.

Table 3. Mean confidence ratings before and after training
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for this study, which serves to
increase the impact of possible indi-
vidual differences.

In this study some students were
not able to complete the grading
task in the given time. The focus on
currently running training pro-
grammes is on completing the grad-
ing of the entire image set within
the given time frame. This is also
important as the NSF requirements
will lead to large workloads for
future screeners.

Finally, it needs to be acknowl-
edged that the relatively small sam-
ple of both trainees and images
available for this study makes the
statistical analysis reported some-
what vulnerable to error, particu-
larly with respect to specificity. The
research reported in this paper was
conceived as a pilot study and our
conclusions need to be confirmed
by replication with further cohorts
of trainees.
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