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EVIDENCE-BASED MEDICINE (EBM)
encourages assimilation and
implementation of new, valid,
and relevant scientific knowl-

edge by health care professionals as part
of their daily clinical work.1 To be ef-
fective at achieving this, EBM curri-
cula need to be clinically integrated.2

However, EBM teaching and assess-
ment is often stand-alone,3 risking its
isolation from clinical practice. Incor-
porating EBM into practice through
teaching during clinical working hours,
rather than off-site, is not straightfor-
ward. Learning EBM alongside service
delivery poses many barriers, fore-
most of which include scarcity of
trained, confident clinical teachers,4,5

lack of protected teaching time in prac-
tice, and poor access to clinically rel-
evant evidence sources often in nonlo-For editorial comment see p 2248.
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Context For evidence-based practice to embed culturally in the workplace, teaching of
evidence-basedmedicine(EBM)shouldbeclinically integrated. In low-middle–incomecoun-
tries (LMICs) there isascarcityofEBM-trainedclinical tutors, lackofprotectedtimefor teach-
ing EBM, and poor access to relevant databases in languages other than English.

Objective To evaluate the effects of a clinically integrated e-learning EBM course incor-
poratingtheWorldHealthOrganization(WHO)ReproductiveHealthLibrary(RHL)onknowl-
edge, skills, and educational environment compared with traditional EBM teaching.

Design, Setting, and Participants International cluster randomized trial con-
ducted between April 2009 and November 2010 among postgraduate trainees in ob-
stetrics-gynecology in 7 LMICs (Argentina, Brazil, Democratic Republic of the Congo,
India, Philippines, South Africa, Thailand). Each training unit was randomized to an
experimental clinically integrated course consisting of e-modules using the RHL for
learning activities and trainee assessments (31 clusters, 123 participants) or to a con-
trol self-directed EBM course incorporating the RHL (29 clusters, 81 participants). A
facilitator with EBM teaching experience was available at all teaching units. Courses
were administered for 8 weeks, with assessments at baseline and 4 weeks after course
completion. The study was completed in 24 experimental clusters (98 participants) and
22 control clusters (68 participants).

Main Outcome Measures Primary outcomes were change in EBM knowledge (score
range, 0-62) and skills (score range, 0-14). Secondary outcome was educational environ-
ment (5-point Likert scale anchored between 1 [strongly agree] and 5 [strongly disagree]).

Results Atbaseline, thestudygroupsweresimilar inage,yearof training,andEBM-related
attitudes and knowledge. After the trial, the experimental group had higher mean scores
in knowledge (38.1 [95% CI, 36.7 to 39.4] in the control group vs 43.1 [95% CI, 42.0 to
44.1] in the experimental group; adjusted difference, 4.9 [95% CI, 2.9 to 6.8]; P� .001)
and skills (8.3 [95% CI, 7.9 to 8.7] vs 9.1 [95% CI, 8.7 to 9.4]; adjusted difference, 0.7
[95% CI, 0.1 to 1.3]; P=.02). Although there was no difference in improvement for the
overall score for educational environment (6.0 [95% CI, �0.1 to 12.0] vs 13.6 [95% CI,
8.0 to 19.2]; adjusted difference, 9.6 [95% CI, �6.8 to 26.1]; P=.25), there was an as-
sociated mean improvement in the domains of general relationships and support (�0.5
[95% CI, �1.5 to 0.4] vs 0.3 [95% CI, �0.6 to 1.1]; adjusted difference, 2.3 [95% CI, 0.2
to4.3];P=.03)andEBMapplicationopportunities (0.5 [95%CI, �0.7 to1.8]vs2.9 [95%,
CI, 1.8 to 4.1]; adjusted difference, 3.3 [95% CI, 0.1 to 6.5]; P=.04).

Conclusion In a group of LMICs, a clinically integrated e-learning EBM curriculum
in reproductive health compared with a self-directed EBM course resulted in higher
knowledge and skill scores and improved educational environment.

Trial Registration anzctr.org.au Identifier: ACTRN12609000198224
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cal languages.3,6 Although these barriers
are universally relevant, they pose par-
ticular constraints in low-middle–
income countries (LMICs).

E-learning can be developed to
complement EBM teaching in the work-
place.7 This can help augment confi-
dence and reduce time and work-
related pressures for clinical tutors. It is
also a potentially useful strategy for har-
monizing teaching across various lan-
guages and clinical settings.8 Video lec-
tures have been shown to be as effective
as equivalent face-to-face EBM sessions
in improving knowledge and atti-
tudes.9-11 However, teachingEBMis likely
to be more successful in changing health
care when its principal steps are inte-
grated into daily clinical practice re-
flected in an improved educational cul-
ture. We developed a clinically integrated
e-learning EBM course incorporating the
World Health Organization (WHO) Re-
productive Health Library (RHL) and
evaluated the effects of the course on
knowledge, skills, and educational en-
vironment in comparison with tradi-
tional EBM teaching in a group of LMICs.

METHODS
We designed an international cluster
randomized trial to compare a clini-
cally integrated e-learning course (ex-
perimental intervention) with a self-
directed course (control intervention)
in EBM for reproductive health train-
ing incorporating the RHL. Seven
LMICs (Argentina, Brazil, Democratic
Republic of the Congo, India, Philip-
pines, South Africa, and Thailand) par-
ticipated in the trial between April 2009
and November 2010. The trial was ap-
proved by the WHO research ethics re-
view committee (dated July 4, 2008)
and by the local ethics review boards
of each of the participating institu-
tions. It was prospectively registered.

Using their local knowledge the lead
country investigators approached heads
of potentially eligible clinical obstetrics
and gynecology training units. To be eli-
gible, the unit had to be delivering EBM
courses, defined as opportunities to learn
about the techniques of EBM and its ap-
plication in clinical practice, in the unit’s

residency program. In addition, units had
to have at least 4 residents who had not
yet been exposed to formal EBM train-
ing and who were available for the du-
ration of the trial to undertake the course
and the assessments. They also had to ap-
point a facilitator, a current clinical staff
memberknowledgeableaboutbasicEBM
principles, to facilitate on-the-job train-
ing throughout the trial period. Appro-
priate computer equipment and access
to relevant databases was a precondi-
tion. We did not collect denominator
data for the total numbers of units ini-
tially approached.

Informed consent was sought from the
heads of training units before random-
ization to facilitate allocation conceal-
ment. There were 60 clusters (4 in Ar-
gentina, 19 in Brazil, 2 in Democratic
Republic of the Congo, 13 in India, 8 in
the Philippines, 7 in South Africa, and
7 in Thailand). The WHO statistical sup-
port unit randomized the clusters, strati-
fied by country, by means of computer-
generated random numbers into 2
groups: group 1 received the clinically
integratede-learningEBMteachingpack-
age (experimental intervention) (31 clus-
ters, 123 participants); group 2 re-
ceived a self-directed EBM teaching
package (control intervention) (29 clus-
ters, 81participants).Randomizationwas
stratified by country to control for dif-
fering resources. Consent was obtained
from all individual trainees taking part
in the trial after the clusters had been ran-
domized. Facilitators and participants
were informed that an educational evalu-
ation was being conducted within their
institutions but were not given any de-
tails of the trial to minimize the risk of
biases arising from knowledge of group
allocation.

Interventions and Data Collection

We developed a learner-centered, clini-
cally integrated course designed to fa-
cilitate just-in-time learning through on-
the-job-training in reproductive health.
The course combined e-learning of EBM
principles with a specialist library pro-
vided in various languages.7,8,12 The e-
learning modules for experimental in-
tervention consisted of 5 recorded video

sessions in which basic EBM knowl-
edge was delivered by a speaker. Ques-
tions arising in clinical practice prompted
trainees to study these questions. The
knowledge acquired through e-
learning was blended with face-to-face
teaching and learning with a clinical
trainer. The clinical questions were ad-
dressed in formative assignments and
signed off by trainers.

The RHL13 is a specialist database for
sexual and reproductive health that con-
tains systematic reviews on high-
priority topics in areas such as maternal
and perinatal health and family plan-
ning, with expert commentaries, educa-
tional videos, and other material mainly
aimed at clinicians in LMICs. It is regu-
larlyupdatedanddisseminatedbyWHO
and is available in a range of languages.
The e-learning EBM course particularly
complemented the RHL in overcoming
the barriers related to provision of
clinically relevant evidence in local lan-
guages.6 Learning activities, assign-
ments, and assessments were incorpo-
rated in clinical practice to help integrate
EBMteaching intoactualpatientcareand
to improve workplace culture, as
described in detail elsewhere (BOX).7,14

The experimental and control inter-
ventions both had the same aim and
learning objectives. The self-directed
learning course (control intervention)
consisted of a set of PowerPoint slide pre-
sentationsmadeavailableonline fromthe
WHORHLworkshop-basedcourse,with
the same learning objectives and with
similar content as the e-modules of the
experimental intervention. This group
also had access to a facilitator who could
be consulted whenever necessary. The
control course had been provided along-
side the RHL for dissemination before the
e-learning courses had been developed
and had been in use as standard dissemi-
nation practice until this trial was
launched.14 Following randomization the
courses, data collection tools, and the
RHL were provided in local languages:
Spanish in Argentina, Portuguese (RHL
in Spanish or English) in Brazil, French
in the Democratic Republic of the Congo,
and English in India, the Philippines,
South Africa, and Thailand.
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Trainees were enrolled in the trial for
aperiodof12weeks.Each trainee, at the
start, undertook an assessment of atti-
tudes,knowledge,skills,andeducational
environment at baseline (precourse) to
gain access to the training course mate-
rials for 8 weeks. Four weeks after the
8-week course (during which access to
the course materials was not possible),
traineeswereaskedtocomplete thepost-
course assessment (same as at baseline).
The experimental and control interven-
tions were both delivered in addition to
the local teaching programs.

Data were entered online using a da-
tabase built to minimize the risk of er-
rors with built-in range and consis-
tency checks.

Outcomes
The outcome measures captured the ef-
fect of teaching on trainee learning in
defined areas of EBM competencies in-
cluding attitudes, knowledge, and
skills.15 We measured attitudes to-
ward EBM using a validated tool.16 EBM
knowledge and skills were measured by
adapting previously validated question-
naires,16-18 taking items that mapped to
the competencies taught and learned in
this trial. Knowledge scores were ob-
tained with multiple-choice questions
(score range, 0-62). Gains in EBM skills
were evaluated using an objective struc-
tured clinical examination adminis-
tered after course completion only
(score range, 0-14).

A new outcome measure for assess-
ing educational environment with re-
spect to evidence-based practice was de-
veloped and validated specifically for
use in this trial. We considered this out-
come measure important because EBM
teaching should be about influencing
climate in the workplace to facilitate evi-
dence-based practice, not just about im-
parting knowledge and skills. There
were 7 domains in the tool: knowl-
edge and learning materials; learner
support; general relationships and sup-
port; institutional focus on EBM; edu-
cation, training, and supervision; EBM
application opportunities; and affirma-
tion of EBM environment. Responses
to items within each domain were cap-

Box. An Overview of the Clinically Integrated e-Learning Course in Evidence-Based Medicine
for Reproductive Health Training

Aim

To familiarize course participants with evidence-based medi-
cine (EBM) basics for incorporating evidence from system-
atic reviews included in the WHO RHL (CD-ROM/Internet
version) into practice

Target Participants

Physicians in training (residents, registrars, postgraduate
clinical trainees) in obstetrics and gynecology

Learning Objectives (Competencies)

On completion of the course, participants should be com-
petently able to:

Generate structured questions arising from clinical prob-
lems in practice

Search relevant literature, identifying systematic re-
views from the RHL wherever possible

Assess the quality (validity) of systematic reviews and pri-
mary research included within them

Assess the applicability of research findings for use in clini-
cal practice

Identify possible barriers when implementing the out-
put from the above activities into clinical practice and ap-
ply strategies to overcome these barriers

Learning Resources

A study guide including course outline, learning exercises
and assignments using the WHO RHL, and link to video-
based e-learning sessions structured in 5 modules:

Module 1: Asking clinical questions

Module 2: Searching the evidence

Module 3: Critical appraisal of systematic reviews

Module 4: Applicability of the evidence to the patient

Module 5: Implementation of evidence into practice

Learning and Teaching Methods

Participant-initiated (tutor-supported) learning in a clinical
setting. Participants pursue independent study using the
study guide and e-learning sessions. Tutors facilitate learn-
ing by:

Identifying EBM learning opportunities in a clinical set-
ting

Directing participants to appropriate use of learning resources

Providing feedback on learning exercises and assign-
ments

Student-Directed Learning

e-Learning (2-3 hours)

Contact Time

Assignments, feedback, and assessments (total, 20 hours)

Assessments

Feedback on assignments

Multiple-choice questions to test attitudes, knowledge,
and skills

Questionnaire on educational environment (EBMEEM)

The course was developed and piloted in a collaborative project involv-
ing 8 international partners supported by the European Union’s Leonardo
da Vinci Vocational Training Action Programme (grant UK/05/B/F/PP-
162_349) before being adapted and studied by WHO and its collaborat-
ing centers. See “Methods” for details. EBM, evidence-based medicine;
EBMEEM, Evidence-Based Medicine Educational Environment Mea-
sure; RHL, Reproductive Health Library; WHO, World Health Organiza-
tion.
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tured on a 5-point Likert scale an-
chored between 1 (strongly agree) and
5 (strongly disagree). The tool-
validation study is provided as an eAp-
pendix available at http://www.jama
.com.

Sample Size

We used information regarding base-
lineEBMknowledge,possiblegains, and
intracluster (intraclass) correlation coef-
ficient fromourpilotwork8,12,14 to inform
the sample size and power calculation.
With a 2-sided test and an � level of 5%,
we needed 60 clusters (training units) to
detect a knowledge gain of 10% (ex-
pected effect size) in the experimental
intervention compared with the control
intervention with 80% power, assum-
ing a standard deviation of 15% and an
intracluster (intraclass) correlation coef-
ficient of 0.2, expecting a mean cluster
size of about 4. The 10% knowledge gain
represented a moderate improvement of
4.3 in multiple-choice questions score
above the baseline score (43) observed
in our previous trial,12 in which the stan-
dard deviation (9.3) was approximately
15%of themaximumpossible score (62)
on this outcome measurement.

Statistical Analysis

Data for the various outcome mea-
sures are presented as means with 95%
CIs. Responses to the baseline and post-
course assessments were scored, and
comparisons between the 2 interven-
tion groups were made. For evaluat-
ing the effect on educational environ-
ment, the differences between baseline
and postcourse responses were com-
puted on a 5-point Likert scale from 1
(strongly agree) to 5 (strongly dis-
agree). The responses for items within
each domain and overall were added up.

Ordinal data were treated as con-
tinuous in statistical analysis after test-
ing confirmed that assumptions for
parametric data19 were met. Postinter-
vention scores of the outcomes were
compared between intervention groups
using a 3-level generalized linear mixed
model, with intervention group, time
of assessment (baseline or post-
course), and intervention� time inter-

action as fixed effects and cluster and
participants as random effects to ac-
count for the correlations (clustering
within clinical training units and par-
ticipants) of the data. Mixed-effects
models allow the inclusion of all avail-
able data, consistent with the intention-
to-treat approach. Such models ac-
count for correlation within clusters and
within participants and are relatively ro-
bust to the presence of randomly miss-
ing data, rendering imputation rou-
tines for missing values unnecessary.

All comparisons were 2-sided and
were considered statistically signifi-
cant at P� .05. We determined the im-
portance of size of educational effect ob-
served by dividing the between-group
difference by the within-cluster stan-
dard deviation and used Cohen guide-
lines20 for interpretation, with stan-
dardized effect size of 0.2 considered
small, 0.5 considered medium, and 0.8
considered large. Stata version 11.0
(StataCorp, College Station, Texas) was
used for all analyses.

RESULTS
Of the 60 clinical training units ap-
proached and initially randomized, 14
later dropped out (7 in each group)
(FIGURE1).Threeclusters ineachgroup
declined participation after randomiza-
tion. The rest either did not respond to
further participation and training re-
quests or none of their trainees com-
pleted the trial. Of the remaining
clusters, 24 (123 trainees) were in the
clinicallyintegratede-learninggroupand
22 (81 trainees) in the control group.
Therewere25 trainees thatdroppedout
in the clinically integrated e-learning
group and 13 in the control group.
Amongparticipatingclusterswithcom-
plete information on knowledge assess-
ments among residents who dropped
out, there was no baseline difference be-
tweencompleters(meanscore,38.4[SD,
5.2);n=166)anddropouts(meanscore,
37.8 [SD, 4.6]; n=38) (difference, 0.6
[95% CI, �1.2 to 2.3]; P=.52).

At baseline the 2 groups were simi-
lar in age, year of training, attitudes, and

Figure 1. Study Flow

60 Clusters (clinical training units) assessed
for eligibility and randomized

22 Clusters included in analysis
(81 trainees; median cluster size,
3 [range, 1-7]) c

24 Clusters included in analysis
(123 trainees; median cluster size,
3 [range, 1-11]) d

68 Trainees completed intervention 98 Trainees completed intervention

13 Trainees lost to follow-up 25 Trainees lost to follow-up

29 Randomized to standard teaching
(control) a

22 Received control intervention as
randomized (81 trainees; median
cluster size, 5 [range, 1-13])

7 Did not receive intervention
4 All trainees either declined to

participate or did not complete
baseline assessments

3 Clusters declined to participate

31 Randomized to clinically integrated
e-learning (experimental) b

24 Received experimental intervention
as randomized (123 trainees;
median cluster size, 5 [range, 2-14])

7 Did not receive intervention
4 All trainees either declined to

participate or did not complete
baseline assessments

3 Clusters declined to participate

aRandomized clusters by country: Argentina, 2; Brazil, 9; Democratic Republic of the Congo, 1; India, 6; Philippines,
5; South Africa, 3; Thailand, 3.
bRandomized clusters by country: Argentina, 2; Brazil, 10; Democratic Republic of the Congo, 1; India, 7;
Philippines, 3; South Africa, 4; Thailand, 4.
cAnalyzed clusters by country: Argentina, 1; Brazil, 8; Democratic Republic of the Congo, 0; India, 4; Philippines,
4; South Africa, 2; Thailand, 3.
dAnalyzed clusters by country: Argentina, 2; Brazil, 9; Democratic Republic of the Congo, 0; India, 5; Philippines,
3; South Africa, 3; Thailand, 2.
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knowledge (TABLE 1 and TABLE 2).
There was an excess of women in the
intervention group vs the control group,
but in analyses adjusted for the pos-
sible confounding effect of sex the re-
sults were unchanged. The initial rat-
ings of attitude toward EBM were high.

After the educational courses, there
were significant gains with the experi-
mental intervention in overall knowl-
edge (postcourse mean, 38.1 [95% CI,

36.7 to 39.4]in the control group vs
43.1 [95% CI, 42.0 to 44.1] in the ex-
perimental group; adjusted mean dif-
ference, 4.9 [95% CI, 2.9 to 6.8];
P� .001) and skills measured with ob-
jective structured clinical examina-
tion scores (postcourse mean, 8.3 [95%
CI, 7.9 to 8.7] in the control group vs
9.1 [95% CI, 8.7 to 9.4] in the experi-
mental group; adjusted mean differ-
ence, 0.7 [95% CI, 0.1 to 1.3]; P=.02)

(FIGURE 2 and Table 2). These gains
represented large and moderate effect
sizes for knowledge and skills (1.05 and
0.39, respectively). Analyses re-
stricted to knowledge modules showed
that there were statistically significant
knowledge gains in terms of asking
clinical questions (module 1), search-
ing the evidence (module 2), and criti-
cal appraisal of systematic reviews
(module 3) but not in applicability of
evidence to the patient (module 4) and
implementation of evidence into prac-
tice (module 5) (Table 2).

There was no effect on educational
environment overall (improvement, 6.0
[95% CI, �0.1 to 12.0] in the control
group vs 13.6 [95% CI, 8.0 to 19.2] in
the experimental group; adjusted mean
difference, 9.6 [95% CI, �6.8 to 26.1];
P=.25). There was an effect on 2 do-
mains of the environment. The gen-
eral relationships and support domain
improved (�0.5 [95% CI, �1.5 to 0.4]
in the control group vs 0.3 [95% CI,
�0.6 to 1.1] in the experimental group;
adjusted mean difference, 2.3 [95% CI,
0.2 to 4.3]; P=.03), as did the domain
regarding EBM application opportuni-
ties (0.5 [95% CI, �0.7 to 1.8] in the
control group vs 2.9 [95% CI, 1.8 to
4.1] in the experimental group; ad-
justed mean difference, 3.3 [95% CI, 0.1
to 6.5]; P=.04) (TABLE 3). The effect

Table 1. Baseline Characteristics of Participants

Characteristic
Control Intervention
(n = 81 [22 clusters])

Experimental Intervention
(n = 123 [24 clusters])

Age, mean (95% CI), y 27.7 (27.0-28.4) 27.8 (27.2-28.3)

Women, No. (%) 68 (82.9) 86 (72.9)

Year of specialization, No. (%)
First 10 (12.3) 26 (22.2)

Second 58 (71.6) 74 (63.3)

Third 13 (16.0) 17 (14.5)

Attitudinal questions, median (IQR)a
Q1 2 (2-3) 3 (2-3)

Q2 1 (1-1) 1 (1-1)

Q3 2 (1-3) 2 (1-3)

Q4 1 (1-2.5) 1 (1-2)

Q5 3 (2-4) 3 (1-3)

Q6 1 (1-1) 1 (1-1)

Q7 1 (1-1) 1 (1-1)
Abbreviations: EBM, evidence-based medicine; IQR, interquartile range.
aAttitudinal questions in a validated tool (see “Methods” for details): Q1, original research is confusing; Q2, study de-

sign is important in article selection; Q3, evidence-based decision making is “health care by numbers”; Q4, con-
tracts for health care professionals should include time taken away from patient care for reading and appraising the
literature; Q5, I am confident that I can assess research evidence; Q6, systematic reviews play a key role in informing
evidence-based decisions; Q7, health care system in my country should have its own program of research about
clinical effectiveness. Responses to questions about attitude toward EBM were on a 5-point Likert scale, ranging
from 1 (strongly agree) to 5 (strongly disagree).

Table 2. Changes in Knowledge and Skills Evaluated Using Scores Obtained With Multiple-Choice Questions and the Objective Structured
Clinical Examinationa

Knowledge and Skills Tests

Mean (95% CI)

Comparison
Control Intervention
(n = 81 [22 clusters])

Experimental Intervention
(n = 123 [24 clusters])

Baseline Postcourse Baseline Postcourse
Adjusted Difference,

Mean (95% CI)b
P

Value

Knowledge (overall MCQ score)c 38.5 (37.3 to 39.7) 38.1 (36.7 to 39.4) 38.4 (37.3 to 39.4) 43.1 (42.0 to 44.1) 4.9 (2.9 to 6.8) �.001

Skills (OSCE scores) 8.3 (7.9 to 8.7) 9.1 (8.7 to 9.4) 0.7 (0.1 to 1.3) .02

Knowledge module MCQ scoresd

1 8.4 (7.9 to 8.9) 8.4 (7.8 to 9.0) 8.5 (8.0 to 9.0) 9.9 (9.5 to 10.3) 1.5 (0.5 to 2.3) .001

2 4.4 (4.0 to 4.7) 4.1 (3.7 to 4.4) 4.1 (3.8 to 4.4) 5.4 (5.2 to 5.7) 1.3 (0.7 to 1.9) �.001

3 10.9 (10.3 to 11.4) 10.9 (10.4 to 11.4) 10.9 (10.5 to 11.3) 11.8 (11.4 to 12.1) 0.8 (0.0 to 1.6) .04

4 11.1 (10.6 to 11.6) 11.3 (10.8 to 11.9) 11.2 (10.8 to 11.7) 12.1 (11.7 to 12.5) 0.7 (�0.0 to 1.5) .07

5 3.7 (3.4 to 4.0) 3.4 (3.1 to 3.7) 3.6 (3.3 to 3.8) 3.8 (3.5 to 4.1) 0.4 (0.0 to 0.8) .05
Abbreviations: MCQ, multiple-choice questions; OSCE, objective structured clinical examination.
aStandardized effect size: Overall MCQ score (knowledge), 1.05. Module 1, 0.71; module 2, 1.0; module 3, 0.46; module 4, 0.38; module 5, 0.31. Skills (OSCE scores), 0.39.
bAdjusted difference was estimated by a 3-level generalized linear mixed model. See “Methods” for details.
cSee Figure 2.
dKnowledge (MCQ): 62 items; range, 0-62. Module 1, asking clinical questions (3 questions; score range, 0-13); module 2, searching the evidence (4 questions; score range, 0-7);

module 3, critical appraisal of systematic reviews (10 questions; score range, 0-18); module 4: applicability of evidence to the patient (4 questions; score range, 0-16); module 5,
implementation of evidence into practice (5 questions; score range, 0-8). Skills (OSCE): 14 items; range, 0-14. See Box.
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sizes for these domains were 0.53 and
0.54, respectively. However, the do-
mains of knowledge and learning ma-
terials; learner support; institutional fo-
cus on EBM; education, training, and
supervision; and affirmation of EBM en-
vironment did not improve.

COMMENT

In LMICs, a specialty-specific clini-
cally integrated e-learning EBM course
incorporating an evidence library in the
local language was more effective in im-
proving knowledge, skills, and some as-
pects of the educational environment
than a control course of similar aim and
content. The size of educational effect
was large for knowledge and moder-
ate for skills and 2 domains of educa-
tional environment. To our knowl-
edge, this is the first time such an effect
has been shown in a randomized trial.

The study adhered to guidelines for
reporting of cluster randomized con-
trolled trials (RCTs).21 Thisdesign ispar-
ticularly suitable for evaluation of edu-
cational interventionsdelivered tohealth
professionals because it is designed to
generatebalancedgroupsatbaselineand

to avoid biases and imprecision attrib-
utable to contamination, which tends to
deviate findings toward a null effect,
reducing the power to detect significant
differences.22-24 On the other hand,
because of the inherent similarity
between participants within a teaching
unit, randomization by clusters requires
a large number of teaching units.

Evaluation of educational interven-
tions in EBM may capture a range of out-
comes, from rates of course completion
to improvement in patient outcomes,
taking into account the types of partici-
pants and interventions.15,25,26 We fo-

cused our study on demonstrating im-
provements in knowledge, skills, and
educational environment. Training in
EBM should reinforce the perception that
it is of value to professional conduct.27

A favorable atmosphere in the work-
place can facilitate changes in behavior
and clinical outcomes following EBM
training. There were few existing tools
to assess educational environment in
general28-31 and none that captured EBM-
related environments. We therefore de-
veloped a tool to measure this and dem-
onstrated that changes in knowledge and
skills were associated with improve-

Figure 2. Changes in Knowledge Evaluated Using Multiple-Choice Question Scores
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Horizontal bars in boxes indicate medians; boxes, interquartile ranges; whiskers, range excluding outliers.

Table 3. Changes in Educational Environmenta

Educational Environment
Measurement Tool

Mean (95% CI)b

Comparison
Control Intervention
(n = 81 [22 clusters])

Experimental Intervention
(n = 123 [24 clusters])

Baseline
Postcourse

Improvement Baseline
Postcourse

Improvement
Adjusted Difference,

Mean (95% CI)c
P

Value

Overall score 180.9 (174.4 to 187.4) 6.0 (�0.1 to 12.0) 188.4 (180.6 to 196.2) 13.6 (8.0 to 19.2) 9.6 (�6.8 to 26.1) .25

Domaind

1 (Knowledge and
learning materials)

25.8 (24.3 to 27.3) 3.8 (2.3 to 5.3) 26.4 (25.0 to 27.8) 6.5 (5.3 to 7.8) 2.8 (�0.5 to 6.2) .09

2 (Learner support) 26.6 (25.0 to 28.3) 0.5 (�0.8 to 1.9) 27.1 (25.4 to 28.8) 0.9 (�0.4 to 2.1) 0.1 (�3.8 to 4.0) .97

3 (General relationships
and support)

16.9 (15.8 to 18.0) �0.5 (�1.5 to 0.4) 18.7 (17.8 to 19.7) 0.3 (�0.6 to 1.1) 2.3 (0.2 to 4.3) .03

4 (Institutional focus
on EBM)

34.5 (32.4 to 36.6) 0.7 (�1.1 to 2.4) 36.7 (34.4 to 38.9) 0.3 (�1.4 to 1.9) 0.4 (�4.5 to 5.3) .88

5 (Education, training,
and supervision)

26.7 (25.4 to 28.0) 1.8 (0.6 to 2.9) 27.2 (25.9 to 28.5) 2.3 (1.3 to 3.3) 0.1 (�2.8 to 3.1) .92

6 (EBM application
opportunities)

30.1 (28.9 to 31.4) 0.5 (�0.7 to 1.8) 32.4 (30.7 to 34.2) 2.9 (1.8 to 4.1) 3.3 (0.1 to 6.5) .04

7 (Affirmation of EBM
environment)

20.2 (19.4 to 21.1) �0.8 (�1.7 to 0.1) 20.0 (19.0 to 21.0) 0.4 (�0.6 to 1.4) 1.1 (�1.0 to 3.2) .31

Abbreviation: EBM, evidence-based medicine.
aStandardized effect size: Overall score, 0.38; domain 1, 0.54; domain 2, 0.02; domain 3, 0.53; domain 4, 0.05; domain 5, 0.02; domain 6, 0.54; domain 7, 0.28.
bBaseline data represent the mean value of the global sum score for each section (the score is managed by a Likert scale from 1 [strongly agree] to 5 [strongly disagree]). Postcourse data

represent improvement in environment.
cAdjusted difference was estimated by a 3-level generalized linear mixed model. See “Methods” for details.
dOverall score (67 items; range, 67-335), domain 1 (8 items; range, 8-40), domain 2 (10 items; range, 10-50), domain 3 (8 items; range, 8-40), domain 4 (14 items; range, 14-70), domain

5 (9 items; range, 9-45), domain 6 (12 items; range, 12-60), domain 7 (6 items; range, 6-30).
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ments in some domains of educational
environment. We did not assess whether
these improvements changed patient
care; this is a study limitation.

Cluster RCTs are not without limita-
tions. Clusters are usually randomized
all at once rather than one at a time, and
entire clusters may drop out after ran-
domization. In our study, there was loss
of clusters attributable to technical dif-
ficulties, such as interrupted or limited
Internet connection; irregular library or
computer access; unwillingness to par-
ticipate; and lack of protected time for
the participants to take part because of
service load, all of which have implica-
tions for generalizability of our find-
ings. Because we had not performed a
priori adjustments for anticipated loss of
clusters and participants in our original
sample-size estimation, study power was
reduced and the possibility of type II er-
ror was increased. However, because we
set the sample size assuming a moder-
ate rather than large effect size such as
was observed, the power was preserved
at least in part. Moreover, in the face of
significant results for the primary out-
comes, loss of power is less critical.

In addition, the drop out of training
units was not differentially excessive in
the experimental intervention group vs
the control group. After randomization,
participants within the clusters could
decline when approached for consent,
which could result in a selection bias.
However, the comparison of baseline
knowledgescoresbetweendropoutsand
completers showed no difference.
Although the numbers of participants in
comparisongroupsweredissimilar inour
study, we had taken measures to pre-
vent knowledge of group allocation
among unit heads. The measured base-
line characteristics of experimental and
control groups were similar, or a differ-
ence (in the case of sex) did not alter the
main conclusion in an adjusted analy-
sis, reducing the likelihood of confound-
ing. In real-time implementation, some
of the limits that we enforced for com-
pletingthemultiple-choicequestionsand
the modules for research purposes will
not be needed or may be implemented
in a more flexible way.

An earlier educational intervention
using the RHL to improve obstetric
practices was not found effective in im-
proving clinician behavior.32 In this trial
we focused on end points more di-
rectly linked to the educational inter-
vention. We found that e-learning made
on-the-job teaching of EBM feasible and
effective in improving self-reported
workplace culture. In low-resource
areas where EBM expertise is lacking,
teacher training would need to be con-
sidered when planning wide dissemi-
nation of this electronic EBM-RHL
package, which could be achieved
through e-learning courses.33

Another limitation of our study is
that we did not measure decay of
knowledge. However, the e-learning
modules viewed, reviewed, stopped, re-
started, and completed during our study
can be revisited any time at partici-
pants’ convenience and at their own
pace for a refresher whenever re-
quired after the course. Although this
makes e-learning potentially a cost-
effective alternative to face-to-face
teaching, contextual factors may inter-
fere with the effectiveness of this clini-
cally integrated course, particularly in
settings with limited resources.

One criticism of this study may be that
the observed effects were the result of fa-
cilitation by tutors rather than the e-
learningcourse.Ourstartingpremisewas
that teaching EBM is more likely to be
successful when it is culturally embed-
ded and that this is best achieved by on-
the-job training. Allocation was con-
cealed, so randomization should have led
to balance in tutor competence. The e-
learning course complemented EBM
teaching in the workplace, and our study
assessed the value added by e-learning
to EBM teaching offered by tutors. Be-
cause we selected units for the study that
already provided EBM teaching, it is not
surprising that trainees in both groups
showed positive baseline attitudes to-
ward EBM. We had taken measures to
keep facilitators and participants un-
aware of their group allocation to mini-
mize the risk of performance bias. The
inherent awareness of and motivation to-
ward EBM among participating units

may have contributed to improvements
in the control group. However, because
the experimental intervention resulted
in better performance than the control
intervention, the conclusion that e-
learning contributed to improved per-
formance merits consideration.

We conclude that in a group of LMICs,
an e-learning EBM curriculum in repro-
ductive health, compared with a self-
directed EBM course, resulted in higher
knowledge and skill scores. The associ-
ated improvements in educational envi-
ronment suggest thatEBMprinciples that
are learned may become culturally em-
bedded in the workplace.
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