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ABSTRACT
The time required to observe changes in participant evaluation of continuing medical education
(CME) courses in surgical fields is unclear. We investigated the time required to observe changes
in participant evaluation of an orthopaedic course after educational redesign using aggregate
course-level data obtained from 1359 participants who attended one of 23 AO Davos Courses
over a 5-year period between 2007 and 2011. Participants evaluated courses using two previously
validated, 5-point Likert scales based on content and faculty performance, and we compared
results between groups that underwent educational redesign incorporating serial needs assess-
ment, problem-based learning, and faculty training initiatives (Masters Course), and those that did
not (Non-Masters Course). Average scores for the usefulness and relevancy of a course and faculty
performance were significantly higher for redesigned courses (p < 0.0001) and evaluations were
significantly improved for both groups after faculty training was formalised in 2009 (p < 0.001). In
summary, educational redesign incorporating serial needs assessment, problem-based learning,
and faculty training initiatives were associated with improvement in participant evaluation, but
these changes required 4–5 years to become evident.
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Introduction

Continuing medical education (CME) is typically
defined as an educational activity that maintains, devel-
ops, or increases the knowledge and skill a physician
uses to provide services for patients, the public, or the
profession once they have completed training [1,2].
Participation in CME activities is one way that physi-
cians commit to continuous learning to provide the
best evidence-based care, and CME is known to
improve physician knowledge base, competence, and
performance in practice [1,3–5]. CME is especially
important for surgical education as new technology,
techniques, and practice patterns can gradually lead
to surgeon knowledge and performance gaps [6].

The AO Foundation is a medically guided non-
profit organisation focused on the treatment of trauma
and disorders of the musculoskeletal system, and it is
one of the leading surgical CME providers for practis-
ing health-care professionals in orthopaedic trauma,
veterinary, craniomaxillofacial, and spine surgery [6].
To deliver on its educational mission, the AO
Foundation annually hosts a CME conference in
Davos, Switzerland (“AO Courses Davos”). Within

this education programme, the AO Trauma Masters
Courses in Davos are recognised as the flagship educa-
tional programme in orthopaedic trauma for the AO
Foundation [7]. However, in 2005, AO Trauma
Masters Courses were noted to have decreasing enroll-
ment, poor participation and flagging enthusiasm. As a
result, beginning in 2005, the AO Trauma Masters
Courses underwent a process of structural redesign
using the conceptual framework for CME later
described by Moore, Green et al. [5,8] First, serial
participant needs assessments were introduced [9],
alongside a transition to case-based, problem-based
learning (PBL) [10–12]. Subsequently, efforts to train
the course faculty (“train the trainers” concept devel-
oped by Lisa Hadfield-Law) in gap analysis and facil-
itation of PBL for lectures and discussion groups were
formalised (Table 1) [7,8,13,14]. Although these con-
cepts are now used as a template by the AO, the out-
comes of changes to the courses have only been studied
in limited fashion [15,16].

In addition, changes to the AO Trauma Masters
Courses took several years, but there are few long-term
studies of educational redesign in surgical CME [17–22].
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As a result, we have limited information about how long
it takes for course changes to have an effect on partici-
pation and student satisfaction (the foundation required
for successful CME programmes to enable learning,
competence and performance) [5,9]. Thus, we explored
the effect of the redesign of the AO Trauma Masters
Courses (Davos) on participant evaluation of the useful-
ness and relevancy of course content and participant
perception of faculty performance over a 5-year period
(2007–2011). We hypothesised the course redesign
would improve the evaluation of course relevancy and
evaluation of faculty performance.

Methods

Ethical Consideration

Our study did not require IRB review as we used only
anonymised aggregate course-level data without iden-
tifiable information about individuals.

Setting: The AO Davos Courses are an annual educa-
tion event hosted in Davos, Switzerland in December.
This CME conference has multiple courses in orthopae-
dic trauma, veterinary (VET), craniomaxillofacial
(CMF), and spine surgery. The AO and the AO Davos
Courses have been previously studied to understand
orthopaedic education in other contexts [6,15,16,22].

Participants/Courses

Data were collected from surgeons attending the AO
Davos Courses, and all responses were anonymised and
reported in aggregate at the course level by the AO
Foundation [15]. Participant enrollment by course and
number of course offerings was recorded each year. In the
primary analysis, the experimental group (Masters
Course) consisted of AO Trauma Masters Courses
which underwent an educational redesign. The control
group (Non-Masters Course) consisted of other AO
Trauma Non-Masters Courses targeted toward experi-
enced orthopaedic providers, but which were not directly
affected by educational redesign. We initially excluded
courses directed towards trainees (e.g. AO Basic and

Advances courses), non-English language courses, and
non-orthopaedic trauma courses (VET, CMF, and
Spine). We included courses taught at the Davos confer-
ence between 2007 and 2011 and excluded results from
pilot years (2006, 2008, and 2010). Each course had a
lecture and discussion group component.

Outcome Measures

Electronic evaluation of course usefulness/relevancy
and faculty performance by course participants was
carried out in all courses using elements of the AO
Learning Assessment Toolkit [16]. After each session
during the course, participants were asked to evaluate
each presentation (lecture or discussion group) using
two previously validated questions based on content
(“How useful and relevant was the content presented
to your daily practice?”) and faculty performance
(“How effective was the faculty in the role that he/she
played?”) using a 5-point Likert scale (1 = not at all
useful and relevant/effective, 5 = very useful and rele-
vant/effective) [16]. Metrics on content and faculty
performance were both used as a prior study demon-
strated that accurate assessment of curriculum change
requires simultaneous analysis of both factors [16].

Our study analysed course evaluation data that was
aggregated at the course-level to protect data confiden-
tiality concerns of participants and faculty by the AO
Foundation. Each course had a lecture and discussion
group component that was reported separately. We
were provided with the course title, number of partici-
pants, minimum, mean, and maximum average Likert
score for each course in a given year (for lecture and
discussion groups).

Statistical Analysis

Cross-sectional descriptive statistics were calculated to
quantify enrollment and participation by year. We
performed a pooled analysis using weighted means by
course participants to calculate aggregate mean Likert
scores for each group (Masters and Non-Masters

Table 1. AO Trauma Masters Course Changes.

Year Change(s)

2005–2006 1. AO Learning Assessment Toolkit designed by Joseph Green piloted. (Standardised pre-and post-course needs assessment. Evaluation
during the course of presentation relevancy and faculty performance)

2. Transition to problem-based learning
2007 Pilot programmes from 2006 are formalised.

2008 “Train the Trainers” approach initiated for AO Masters Courses. Expansion of the AO Learning Assessment Toolkit to other courses
begins.

2009–2010 Formalised teacher training and blended online modules introduced for all orthopaedic trauma courses.
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Courses) [23–25]. Response range per group per year
was calculated as the minimum average Likert score
subtracted from the maximum average Likert score.
We estimated the sample standard deviation based on
number of participants using previously validated tech-
niques [23]. We performed chi-square tests to assess
for differences in response rate and compared differ-
ences in mean aggregate Likert score and response
range using Welch’s unequal variances t-test. Pearson
correlation coefficient was used to assess the correla-
tion between course relevancy and faculty performance
evaluation and differences in response range for lec-
tures versus discussion groups. We performed a sensi-
tivity analysis using an alternative standard deviation
estimation method and by including the AO Advanced
Course within our Non-Masters Course control group
(this course accepts advanced trainees/residents so was
excluded in our main analysis) [25]. The significance
criteria to assess for differences between groups were
adjusted for multiple comparisons using the
Bonferroni correction to α < 0.0031. Stata software,
version 14 (StataCorp), was used for all analyses.

Source of Funding

No funding source played a role in this investigation.

Results

Course Characteristics and Participation

We analysed 1359 participants who attended one of the
23 courses between 2007 and 2011 (Masters Courses
408 participants/6 courses; Non-Masters Courses 951

participants/17 courses). Detailed enrollment and the
number of course offerings by year are presented in
Figure 1.

Response Characteristics

Average response rate was 66% (range: 54%-74%).
Response rate was similar within the Masters and
Non-Masters Courses between 2007 and 2011, respec-
tively. However, the average response rate was higher
for Non-Masters Courses versus Masters Courses in
2007 (74% vs. 60%, p = 0.004) and 2011 (73% vs.
54%, p = 0.001). Average response range was 1.79
points on the Likert scale (range: 1.04–2.41).
Response range for evaluation of course relevancy
and faculty performance were correlated (correlation
coefficient (r) = 0.88, p = 0.021) and similar between
Masters and Non-Masters Courses (p = 0.24). The
number of audience response questions (ARS)
increased in both groups over the study period
(Appendix Figure A1).

Lecture and Discussion Group Evaluation

For course lectures, average Likert score for lecture
relevancy and faculty performance was significantly
higher for Masters Courses compared to Non-Masters
courses in 2007, 2009, and 2011 (p < 0.0001). Lecture
evaluations for relevancy and performance for both
groups were significantly higher in 2011 as compared
to 2007 (p < 0.0001, Figure 2(a,b)). There was a very
strong correlation between participants’ perception of
the usefulness and relevancy of the course to their prac-
tice and to their perception of faculty performance for
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both the Masters Courses (r = 0.998, p = 0.04) and Non-
Masters Courses (r = 0.999, p = 0.028).

For discussion group, average Likert score for discus-
sion group relevancy and faculty performance was sig-
nificantly higher for Masters Courses compared to Non-
Masters Courses in 2011 (p < 0.0001). Evaluations for
relevancy and faculty performance were similarly higher
for both groups in 2011 compared to 2007 (p < 0.0001,
Figure 2(c,d)). There was not a statistically significant
correlation between topic relevancy and perception of
faculty performance for the discussion groups (Masters
Course, r = 0.91, p = 0.275; Non-Masters Course, r = 0.84,
p = 0.379).

Sensitivity Analysis

Repeat analysis including Advanced courses with sub-
specialty courses led to identical results (Appendix
Figure A2). Similar statistical results were obtained
using a different estimation strategy for the standard
deviation [25].

Discussion

Most physicians would agree that commitment to con-
tinuing learning is the best way to provide evidence-

based care, and CME is important in surgical education
to remain abreast of new technology, techniques and
practice patterns. In orthopaedic surgery, the preferred
way to receive education in most countries is by non-
industry-based courses [6,26]. Successful CME pro-
grammes require participation and satisfaction to
enable learning, but there has been limited literature
on how to increase participation and satisfaction
within CME courses [5]. In addition, the time span
required to observe changes after an intervention is
unknown [17,19,21,22]. In this study of the redesign
of the AO Trauma Masters Courses, we found that
needs assessment, PBL, and faculty training initiatives
led to significant improvement in participant evalua-
tion of usefulness and relevancy of course content and
participant perception of faculty performance.
However, in some cases, these changes required 4–5
years to become evident.

Redesign of the AO Trauma Masters Courses used
the conceptual framework, that was later elaborated
upon by Moore et al., where CME development is
viewed as a series of overlapping efforts that are part
of a continuum linking lecture, discussion groups, and
hands-on learning together [5]. Within this framework,
three major changes were made to the Masters Courses
to enable change (Figure 3). First, serial needs
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assessments were implemented. A needs assessment is
a powerful tool to discern an audience’s desire for
improvement and learning in CME activities which
are more likely to lead to a change in practice when a
needs assessment has been implemented [6,27,28].
Second, the course design was switched from lecture-
based didactics to PBL in both lectures and discussion
groups. Multiple prior studies have demonstrated that
interactive techniques using case-based discussions
allow for superior performance in improving the med-
ical education environment [10–12,29]. Finally, faculty
training initiatives (“train the trainers”) were formally
implemented to help facilitate learning based on needs
analysis and PBL concepts. The marked changes
observed in participant perception of usefulness and
relevancy of course content and their perception of
faculty performance may be the result of synergy
between these three elements of curricular redesign.

Our results also highlight the importance of faculty
training in educational redesign efforts. While the AO
Trauma Masters Course switched to PBL concepts in
2007, improvements in results were most significant in
2011 after faculty training efforts were fully rolled out in
2009. Faculty training was introduced in the UK by Lisa
Hadfield-Law in 1990, started to become international in
2004, but was only formalised by 2009. Prior studies have
demonstrated that the primary reason for participants to
attend face-to-face courses was for interactionwith expert
faculty and discussion/feedback from experts, while the
majority of course attendants changed their opinion to
the correct, evidence-based option after case-based dis-
cussion driven by experts [6,17]. Similarly, we saw the
largest improvements in participant evaluation after

faculty training efforts. In addition, evaluation of course
relevancy was strongly correlated with faculty perfor-
mance. The importance of faculty in enabling learning
in CME courses cannot be overemphasised.

Finally, multiple prior studies have shown the short-
term effects of the introduction of new CME confer-
ences or courses, but there has been limited informa-
tion on expected changes beyond a single course or
year [17,18,21,22]. Our results highlight that three or
more years are sometimes required to see the effects of
the educational redesign at the course-level. This is
especially important at a policy level where funding
agencies often expect changes at a much more rapid
pace [32]. While the AO Foundation is large and can
afford to make changes over longer time spans,
changes on this time scale many not be tenable for
smaller educational efforts and their funders (e.g.
low-middle income countries) [18]. As in other set-
tings, our findings emphasise the need for patience to
withstand the lag time between change initiation and
result observation [32].

Limitations

Our study has several limitations. Our analysis was limited
to English-language courses at a single site in Europe,
although this is the “gold-standard” course for most ortho-
paedic surgeons. Our response rate to evaluation questions
varied between 54% and 74% allowing for possible
response bias. However, this response rate is common for
this type of research and is much improved compared to
other studies with similar context [15,18,33]. In addition,
there may have been some element of survey fatigue as
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average response rate was higher for Non-Masters Courses
versus Masters Courses in 2007–2011, and, in those years,
the number of survey questions was significantly higher for
the Masters Courses (Appendix Figure A1). One major
limitation of this analysis is that we only assessed partici-
pant satisfaction/engagement. However, student engage-
ment is important to facilitate learning and future studies
may focus on the longitudinal effects of curricular change
on learning outcomes [5,9]. Future work should also focus
on longitudinal assessments of learning using techniques
like gap analysis. The minimum significant difference for
changes in average Likert scale scores for this context has
not previously been defined. However, we considered it
significant that average scores increased by 0.2–0.3 points –
corresponding to an increase of 5–10% compared to 2007
values or 15–20% of the average response range. Our
investigation employed pooled analysis of course-level
data because of data confidentiality concerns associated
with using individual data; however, this approach is well
described in the current literature. Care should be exercised
when employing the results of this study to individuals
given the risk of committing the ecological fallacy [34,35].
Finally, in using pooled aggregate data analysis, we esti-
mated the standard deviation for statistical analysis using
validated techniques, but it is possible that different results
could be obtained when using individual data. However,
other studies have used a similar setting and approach
[15,16]. Our results were unchanged when using another
standard deviation estimation strategy [25]. In addition,
others have shown that analysis of summary information
yields similar results as when using individual data [24].

Conclusions

Our results are of relevance to physicians and educa-
tors interested in surgical CME. We demonstrate how
the introduction of serial needs assessment, problem-
based learning, and faculty training initiatives to the
flagship AO Trauma Masters Course led to significant
improvement in participant evaluation of course con-
tent and participant perception of faculty performance.
However, in some cases, these changes required 4–5
years to become evident, and the largest changes were
only seen after faculty training initiatives. Systematic
change to educational programmes can improve parti-
cipant engagement allowing for subsequent develop-
ment of learning, competence and performance [5].
This philosophy may be able to improve the alignment
of surgeon practice with evidence-based guidelines that
lead to better patient care, but this requires further
study [15,36].

Significance

Introduction of serial needs assessment, problem-based
learning, and faculty training initiatives improved par-
ticipant evaluation of course content and faculty per-
formance. In some cases, these changes required 4–5
years to become evident, and the greatest improvement
was observed after the introduction of faculty training
initiatives.
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Appendix

a b c

d e

Figure A2. Sensitivity Analysis including AO Advanced Courses within Non-Masters Courses. (a) Course Participation; (b) Lecture
Evaluation – Relevance; (c) Lecture Evaluation – Performance; (d) Discussion Evaluation – Relevance; (e) Discussion Evaluation –
Performance; VET/CMF = Veterinary/Craniomaxillofacial Surgery Courses.
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