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Abstract

Background: Educational programmes are frequently developed to improve the
knowledge of medical trainees. The impact of a programme may be limited if there is
no follow-up to reinforce the message. Online Spaced Education (SE) has been
developed to address this limitation. This study was performed to assess whether an SE
programme would improve the impact of a didactic seminar.
Method: A randomized trial of an online SE programme occurred as part of the 2010
Clinical Oncology Society of Australia Breast Cancer Trainee Workshop. Consenting
participants were randomized to undertake SE or not and were then invited to under-
take a 22-question knowledge test. A questionnaire was administered relating to the
perceived value of the SE programme. Participants consisted largely of surgical and
medical oncology trainees.
Results: Two hundred people attended the workshop and 97 consented to
randomization. Thirty-eight of 49 randomized to the SE group commenced the SE
course. Seventy-one percent of participants answered each question at least once and
55% of participants completed the entire programme. Fifty-nine participants com-
pleted the post-test. The SE participants performed significantly better than the control
group (P < 0.05). The questionnaire was completed by 26 of the SE group. Ninety-two
percent strongly agreed or agreed that SE would improve their practice and 96%
agreed that SE effectively reinforced key aspects of workshop.
Conclusion: This study demonstrates the utility of SE to increase knowledge reten-
tion following a face-to-face workshop. The programme was very well received by the
participants and may be an appropriate reinforcing methodology for other similar
seminars.

Introduction

Residency training involves a combination of hands-on mentored
teaching interspersed with discrete didactic events such as lectures
and seminars. Increasingly, these activities are being included in the
core curriculum for many training programmes and considerable
time is being invested by faculty in their construction and delivery.

Despite this, multiple studies over decades have only demonstrated
a modest impact on knowledge and behaviour from attending didac-
tic programmes.1–6

A number of recent studies indicate that blended programmes that
combine face-to-face activities with online learning activities can be
more effective than either intervention alone.7–10 This raises the
possibility that the impact of traditional didactic programmes for
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medical trainees can be enhanced through the addition of adjunct
online programmes.

Spaced Education (SE) is a novel form of online learning that has
been demonstrated to increase knowledge retention and impact on
behaviour.11–13 In addition, SE has been demonstrated to enhance the
impact of face-to-face continuing medical education programmes
developed for primary care clinicians in the United States.12,13 SE
involves participants receiving short multiple-choice questions and
feedback via e-mail in a repeating pattern over a number of weeks.
The methodology is based on the spacing and testing effects. The
spacing effect refers to the finding that educational encounters that
are repeated over time increase the acquisition and retention of
knowledge.14 The testing effect refers to the finding that the process
of testing does not only measure knowledge, but alters the learning
process itself to improve knowledge retention.15,16 Each spaced edu-
cation item consists of an evaluative component (a clinically relevant
multiple-choice question) and an educational component (the
correct answer and a brief explanation of the answer). Participants
submit an answer, receive immediate feedback about the rationale
for the correct answer as well as a summary of the performance of
their peers. The item is repeated over intervals of time ranging from
1 to 12 weeks. An adaptive algorithm tailors the length of the
spacing intervals and number of repetitions of the content for each
learner based on his or her performance. Each question must be
answered correctly twice to be retired. In a randomized trial, this
adaptive algorithm was found to increase learning efficiency by
more than 35%.17

The primary aim of this study was to assess whether an SE
programme could improve the impact on resident knowledge of a
discrete didactic seminar on the multidisciplinary management of
breast cancer. The secondary aim was to assess the acceptability of
this form of teaching to residents.

Methods

Participants

Participants in the Clinical Oncology Society of Australia weekend
seminar, titled ‘Everything you need to know about breast cancer’,
were invited to participate in the study. Participation in both the
weekend seminar and the study was voluntary, with attendees having
to opt in to the programme. There was a modest cost involved to
attend the seminar, but no added cost to participate in the study.
Attendance and participation was open to residents in general
surgery, medical oncology and radiation oncology from Australia
and New Zealand.

Development of spaced education items

A multidisciplinary team of clinicians with expertise in the manage-
ment of breast cancer and educators devised a bank of 34 case
scenarios, each with associated multiple-choice questions. Ques-
tions were related to all aspects of breast cancer therapy including
surgery, chemotherapy, endocrine therapy, radiation oncology, sup-
portive care and cancer genetics. The multiple-choice questions
included multiple potential correct answers in order to minimize the
chance of answering the question correctly by chance. Each question

also included short, focussed feedback and links to further refer-
ences. Development of the question bank took one face-to-face
meeting to define key learning points and an additional 3–4 h of time
from each of the four senior faculties to produce questions supported
by an educational developer. Question writing was led by a senior
surgical registrar.

Study design and organization

The study design is demonstrated in Figure 1. Participants were
randomized to either the SE group or a control group (using
the Research Randomizer software, version 3.0, http://www.
randomizer.org). The SE group received three case scenarios by
email every 2 days. Immediate feedback was given after an answer
was submitted. If a question was answered correctly, it would be
repeated after a 20-day interval and if answered incorrectly, after an
8-day interval. When a question was answered correctly on two
successive occasions, the question became retired. The course was
completed after 80% of questions were retired. The emailing of
participants was fully automated using publically available online
software (http://www.app.qstream.com). All participants in the
control group received the bank of SE questions after completing the
post-test so none was disadvantaged.

Post-test

Three months following commencement of the SE programme,
participants completed an online post-test developed by the
multidisciplinary team. The post-test consisted of 22 questions. Thir-
teen questions were matched to questions covering a similar topic in
the SE question bank and nine questions were unmatched, covering
an aspect of the seminar that was not covered in the SE programme.

Completion survey

All participants were asked to complete a feedback survey following
the post-test to assess the acceptability and perceived benefit of the

Fig. 1. Consolidated Standards of Reporting Trials flow chart of
randomized controlled trial. COSA, Clinical Oncology Society of Australia.
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programme (Table 1). Statements were answered using a 5-point
Likert scale ranging from strongly agree to strongly disagree.

Statistical analysis

Statistical analysis was performed using Microsoft Excel version
12.2.9 (Microsoft Corp., Redmond, WA, USA). One-tailed t-test was
used to compare the results for the two study groups and subsequent
post-hoc subgroup analysis. A P value threshold of 0.05 was used for
determining significance.

Results

A total of 97 residents consented to participate in the study out of
200 participants in the weekend seminar. Forty-nine were
randomized to the SE group and 48 to the control group.

The level of training of participants is shown in Table 2.
Randomization was effective and the groups were well matched. The
large majority of residents were at senior resident level, and there-
fore, in an accredited training programme.

Of the 49 residents randomized to the SE group, 38 (76%) actu-
ally started the programme. Of these, 21 (43%) completed the SE
programme (retired 80% of questions). Twelve (24%) had com-
pleted the programme prior to undertaking the post-test. The remain-
ing nine completed the SE questions after having participated in the
post-test. Seventy-one percent of participants saw each question at
least once prior to completing the post-test.

Fifty-nine trainees (61%) completed the post-test. A greater pro-
portion of the control group completed the post-test compared with
the SE group (65 versus 57%).

The residents randomized to the SE group had a significantly
higher post-test score than the control group (72 versus 67%, P =
0.03) (Fig. 2). This difference applied only to the questions that were
‘matched’ to the SE programme (74 versus 69%, P = 0.02) and not
to the unmatched questions (68 versus 65%, P = 0.14). The highest
scores (76%) were seen in the subgroup of participants who had
completed all questions but were not significantly better than the
remainder of the SE group (P = 0.3).

The completion survey showed that the SE programme was very
well accepted by the residents (Table 1), with 93–100% of partici-
pants agreeing or strongly agreeing with all questions. The mean
score was 4.3/5 for questions relating to acceptability and enjoyment
and the same score was given for residents’ desire to undertake other
programmes using the SE format.

Discussion

This study demonstrates that participation in an SE programme can
reinforce the knowledge acquired by medical residents following a
face-to-face didactic seminar. The results also indicate that SE was
perceived by residents as an effective and enjoyable learning meth-
odology that was likely to impact on their practice.

Although SE completion rates are relatively low, with only 55.3%
completing the course, our results are in line with completion rates
of other comparable publications.8,12,13,18 The studies with the
highest completion rates are those which are specifically goal
directed.11,19 In the study by Kerfoot et al., urology residents were
randomized to SE in preparation for Urology In-Service examina-
tion. They observed completion rates of 74%.19 The majority of
participants in the current study were not specifically preparing for
an examination related to the contents of the seminar. The authors
hypothesize that the presence of a specific incentive may encourage
higher rates of completion of SE courses.

A participation incentive may have also led to a higher enrolment
rate; the authors were somewhat surprised that only 48% of partici-

Table 1 Survey response at completion of study using a 5-point Lkert
scale

Survey Questions Mean score ( /5)

I believe the Spaced Education course will
improve how I practice with regard to breast
cancer treatment.

4.1

The Spaced Education course was effective as a
method to learn or reinforce key aspects of
breast cancer treatment.

4.3

The Spaced Education course was effective as a
method to reinforce key aspects of the
two-day Clinical Oncology Society of Australia
Breast Cancer Workshop in November 2010.

4.3

I found the Spaced Education course engaging
and enjoyable.

4.3

I would be happy to undertake other
health-related programmes if offered in the
Spaced Education format.

4.3

Table 2 Demographic details for participants in Spaced Education (SE)
programme

Spaced Education Control

% %

Fellow 4 8 0 0
Registrar 40 82 41 86
Junior resident 3 6 4 8
Other 2 4 3 6
Total 49 100 48 100

Fig. 2. Post-test results for matched and unmatched questions. (** indi-
cates P < 0.05).
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pants in the seminar enrolled in the SE course. This is despite
trainees paying and giving of their free time to attend the seminar. A
further 22% of trainees randomized to the SE arm did not start the
course. The reason for this low commencement rate is unclear.
Trainees in residency programmes are a time-poor group and
prioritize their obligations accordingly, for many participating in an
SE programme may not be a high priority. Alternatively, the study
itself may have been a disincentive, as the participants were not
provided with evidence that the course would be beneficial. This low
commencement and completion rate are important considerations
when planning further such programmes.

The results of this study are in line with other studies that dem-
onstrate that SE improves knowledge retention. While the quantum
of improvement is less than that of some other previous SE publi-
cations,19 this may be due to fact that this study followed an existing
face-to-face programme and that the subject area covered was
extremely broad and covered multiple specialities. Given that par-
ticipation in this study was voluntary, an intention to treat analysis
was not able to be performed; however, such an evaluation may have
demonstrated a reduced benefit of the programme.

The results support the growing body of evidence that blended
online and face-to-face education has a greater impact on learning
than either intervention alone.8 The authors were unable to find other
studies that specifically describe the use of online programmes to
enhance the impact of face-to-face postgraduate medical education,
but this study supports the finding that SE can improve the impact of
didactic education delivered to primary care clinicians.12,13

Strengths of this study include the significant number of residents
and their randomization. Limitations of this study include the fact
that residents did not complete a pre-test to assess their baseline
knowledge. This may have provided more insight into the specific
improvement associated with SE. Further research is needed to
investigate the impact of adjunct online programmes on clinicians’
behaviour, to improve completion rates and to assess the impact of
SE on the retention of knowledge over time.

This is one of only a small number of studies that demonstrates SE
to be a well-accepted methodology to enhance vocational medical
training. Given the effort required to produce and run such a face-
to-face training programme, consideration should be given to inte-
grating SE into the delivery of future training seminars to achieve
maximal impact.
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