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Abstract

Background: Despite the widespread teaching of evidence-based medicine (EBM) to medical students, the relevant literature has

not been synthesized appropriately as to its value and effectiveness.

Aim: To systematically review the literature regarding the impact of teaching EBM to medical students on their EBM knowledge,

attitudes, skills and behaviors.

Methods: MEDLINE, SCOPUS, Web of science, ERIC, CINAHL and Current Controlled Trials up to May 2011 were searched;

backward and forward reference checking of included and relevant studies was also carried out. Two investigators independently

extracted data and assessed the quality of the studies.

Results: 10,111 potential studies were initially found, of which 27 were included in the review. Six studies examined the effect of

clinically integrated methods, of which five had a low quality and the other one used no validated assessment tool. Twelve studies

evaluated the effects of seminars, workshops and short courses, of which 11 had a low quality and the other one lacked a validated

assessment tool. Six studies examined e-learning, of which five having a high or acceptable quality reported e-learning to be as

effective as traditional teaching in improving knowledge, attitudes and skills. One robust study found problem-based learning less

effective compared to usual teaching. Two studies with high or moderate quality linked multicomponent interventions to improved

knowledge and attitudes. No included study assessed the long-term effects of the teaching of EBM.

Conclusions: Our findings indicated that some EBM teaching strategies have the potential to improve knowledge, attitudes and

skills in undergraduate medical students, but the evidenced base does not demonstrate superiority of one method. There is no

evidence demonstrating transfer to clinical practice.

Introduction

Evidence-based medicine (EBM) is ‘‘the conscientious, explicit

and judicious use of current best evidence in making decisions

about the care of individual patients’’ (Sackett et al. 1996). The

practice of EBM usually requires the following five steps: (1)

Translating the uncertainties into answerable questions

(asking); (2) searching for and retrieving evidence to answer

the questions (acquiring); (3) critically appraising the evidence

for validity and clinical importance (appraising); (4) applying

the appraised evidence to inform the clinical decisions

(applying); and (5) evaluating the performance in the previous

four steps (assessing) (Dawes et al. 2005).

The teaching of EBM has become increasingly popular in

both undergraduate and postgraduate medical education

programs worldwide (Crilly et al. 2009). EBM is now a

component of the foundation years training program in the UK

(Colleges 2007), the focus of graduate assessment in the

United States (Stewart 2001) and a requirement of practicing

physicians in Canada (Frank et al. 2005). However, there is

Practice points

� Although several systematic reviews have explored

various aspects of evidence-based medicine (EBM), no

prior study has attempted to systematically review

the effectiveness of teaching EBM to undergraduate

medical students.

� We systematically reviewed the studies of clinically

integrated methods of teaching EBM, short courses

and instructions, e-learning, problem-based learning

and other multicomponent interventions. However,

we drew no net conclusion since the included studies

were either weak, few or inconsistent.

� In general, teaching EBM has the potential to improve

knowledge, attitudes and skills in undergraduate

medical students. However, evidence supporting the

effect of EBM teaching on students’ behaviors is

currently insufficient.

� We suggest future studies to focus on assessing long-

term higher-order mastery of EBM and use robust

methods and high-quality assessment tools.
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limited robust-evidenced research that has examined the

teaching methods of EBM (Hatala & Guyatt 2002).

EBM experts have systematically reviewed the literature

regarding teaching EBM to postgraduates (Coomarasamy &

Khan 2004; Flores-Mateo & Argimon 2007) and allied health

professionals (Dizon et al. 2012), teaching critical appraisal

(Norman & Shannon 1998; Taylor et al. 2000; Parkes et al.

2001), assessing the effectiveness of journal clubs (Ebbert et al.

2001; Harris et al. 2011), evaluation methods of EBM education

(Shaneyfelt et al. 2006; Walczak et al. 2010) and barriers to

EBM application by residents (van Dijk et al. 2010). However,

the most effective methods for teaching EBM to undergraduate

medical students have remained unclear.

Hence, the aim of this systematic review was to evaluate

the effect of various EBM teaching strategies on medical

students’ knowledge, attitudes, skills and behaviors. In add-

ition, the teaching of EBM is reported to be improved by

breaking it into the steps of asking, acquiring (or accessing),

appraising, applying, plus an evaluating (or assessing) step

(Del Mar et al. 2004). Therefore, we also examined whether

the educational interventions could improve the above EBM

steps.

Methods

Criteria for inclusion of studies

We included the comparative studies, i.e. randomized

controlled trials (RCTs), non-RCTs and self-controlled trials

that: (A) had recruited undergraduate medical students

(defined as medical school students who have not yet enrolled

in the residency programs), (B) had carried out at least one

educational intervention (defined as coordinated educational

activity, of any medium, duration or format) to teach EBM and

(C) had objectively assessed the impact of the intervention(s)

on students’ knowledge, attitudes, skills or behaviors using

tests, questionnaires, clinical performance, etc. Self-reported

perceived knowledge, skills or behaviors were not eligible

since they are loosely connected to their objective measure-

ments (Khan et al. 2001; Caspi et al. 2006).

Identification and selection of studies

We searched the following databases up to May 2011:

MEDLINE, SCOPUS, ISI Web of Science, Educational

Resource Information Center (ERIC) and Cumulative Index to

Nursing and Allied Health Literature (CINAHL) using the

following search strategy:

((evidence-based medic*) OR (evidence based

medic*) OR (evidence-based practic*) OR (evidence

based practic*) OR (critic* AND apprais*) OR

(pre-filter*) OR (prefilter*) OR (pre-digest*) OR

(predigest*)) AND (educat* OR teach* OR cours*

OR workshop* OR learn* OR instruct* OR curricu-

lum* OR (journal* AND club*) OR (case discuss*))

AND (student* OR intern OR interns OR internship*

OR (clinical clerk*) OR undergraduat*).

We also searched the Current Controlled Trials for relevant

unpublished studies. For this purpose, we tailored the above

search strategy accordingly. Furthermore, we performed a

backward and forward reference checking by (A) screening

the references of our included studies and relevant systematic

reviews and (B) screening the studies that have cited any of

our included studies as their references (citation checking). We

performed the latter using Science Citation Index and SCOPUS.

The retrieved studies were imported into EndNote X3

software (Thomson Reuters, Philadelphia, PA), and the

duplicated studies were removed. The remaining studies

were subsequently screened for inclusion based upon their

titles and abstracts initially and their full-text finally. One of the

two investigators (S. F. A. and E. A.) decided upon including

each study (this step was not performed in duplicate).

Data abstraction and risk of bias assessment

Two investigators (S. F. A. and E. A.) independently

summarized the study characteristics, key results and quality

indicators using an electronic data abstraction form in

Microsoft Excel Software. Disagreements between the two

investigators were resolved by third reviewer negotiation. For

studies with unclear or inadequate results, we sent an

electronic data abstraction form to the corresponding author

and requested further details.

For quality assessment, two sets of criteria were used: (A) a

set of criteria developed by the Cochrane Effective Practice

and Organization of Care group (Parkes et al. 2001) and ‘‘using

validated assessment tools’’ criterion (the investigators used

this set to code the overall risk of bias as high, moderate or

low) and (B) a modified version of another criteria developed

by Reed et al. to appraise the reports of medical education

interventions (Reed et al. 2005). These criteria are available in

Supplementary Table 2.

Synthesis of results

We synthesized the results qualitatively by tabulating the

characteristics of the included studies (Table 1) and whether

they fulfill the quality criteria (Supplementary Table 2). Tables

1 and 2 are available as Supplementary Material at www.in-

formahealthcare.com. We also classified the studies based on

their interventions and discussed the effects of the interven-

tions on the knowledge, attitudes, skills and behaviors of

asking, acquiring, appraising and applying.

Inter-rater agreement was quantified using Kappa scores.

To calculate the Kappa scores for our data abstraction, we

compared the codes that the two investigators assigned to the

study designs, intervention categories and assessment types of

the included studies (Table 1). To calculate the Kappa scores

for our quality assessments, we compared the assigned codes

to the quality criteria (Supplementary Table 2).

We attempted to meta-analyze the results of the studies

with similar outcome assessments and with minimal diversity

in their study designs, participants and interventions.

However, we found few studies with the above characteristics

and therefore felt meta-analysis to be an inappropriate

statistical endeavor in this context.

S.-F. Ahmadi et al.
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Results

Description of included studies

We retrieved 10,111 records in total, of which 27 were

included in this study (Figure 1). Included studies with non-

randomized designs and high risks of bias were predominant:

The number of self-controlled trials, parallel non-RCTs and

RCTs was 11, 6 and 10, respectively (Table 1). In addition, the

number of studies with a high, moderate and low risk of bias

was 17, 5 and 5, respectively (Supplementary Table 2). No

included study evaluated the long-term effects of the inter-

vention(s), and only 16 studies reported their results in

adequate detail (Supplementary Table 2). Kappa values were

0.87, 0.69 and 0.72 for the inter-rater agreement in data

abstraction and in the two parts of the quality assessment,

respectively.

Effects of clinically integrated methods

The teaching of EBM is believed to be more effective if it is

integrated into clinical practice (Coomarasamy & Khan 2004).

We identified seven studies evaluating such clinically inte-

grated methods (Dorsch et al. 2004; Alper & Vinson 2005;

Krueger 2006; Lai & Teng 2009; Aronoff et al. 2010; Lai &

Nalliah 2010; West et al. 2011), while the remaining 20 studies

evaluated standalone methods in no clinical practice context.

Dorsch et al. reported the earliest clinically integrated teaching

of EBM to the students, in which they observed slightly

improved asking skills, acquiring attitudes and skills and

appraising skills (Dorsch et al. 2004). Another study also

observed no effect of a clinically integrated method on

acquiring attitudes (Lai & Nalliah 2010). However, they

reported no a priori sample size calculation; thus, they might

lack sufficient power to detect a possibly existent educational

effect.

The other five studies of clinically integrated methods

reported improved acquiring skills (Alper & Vinson 2005),

appraising knowledge and skills (Krueger 2006) and EBM

knowledge (West et al. 2011) and skills (Lai & Teng 2009;

Aronoff et al. 2010; West et al. 2011). However, four of them

had a high risk of bias (Supplementary Table 2), and the only

exception – with a moderate risk of bias – lacked a validated

assessment tool (Krueger 2006). In addition, in one of these

five ‘‘positive’’ studies, participants who were educated earlier

received lower post-test scores, which indicates that the

educational effect might be short-term (Lai & Teng 2009).

Effects of short instructions

Eleven studies examined the effect of seminars, workshops

and short courses (Radack & Valanis 1986; Bennett et al. 1987;

Frasca et al. 1992; Landry et al. 1994; Rosenberg et al. 1998;

Fritsche et al. 2002; Sanchez-Mendiola 2004; Gruppen et al.

2005; Weberschock et al. 2005; Taheri et al. 2008; Sastre et al.

2011), from which two studies reported no effect on acquiring

behavior or appraising skills (Radack & Valanis 1986; Landry

et al. 1994), and another study reported no effect on EBM

knowledge but improved attitudes toward the use of scientific

evidence (Sanchez-Mendiola 2004). The other eight studies

found positive effects. However, 10 of these 11 studies had a

8,708   Records iden�fied through
database searching

645   ERIC
817 CINAHL
53 Current Controlled Trials

1,513   Medline
3,514 Scopus
2,166 Web of Science

346   Reference checking of relevant reviews
629 Reference checking of included studies
428 Cita�on checking of included studies 

1,403   Addi�onal records iden�fied through
other sources

10,111  Records before removing duplicated records
4,638   Duplicated records removed 

5,473   studies screened
by �tle/abstract 

4,839 studies excluded
Due to not repor�ng teaching EBM to
undergraduate medical students

634  studies screened
by full-text ar�cle

607 studies excluded
Due to:
1      duplicated results
7      no available full-text ar�cle
228 no report of an original study
221 not recruited medical students
80 not executed relevant teaching
70 not assessed objec�ve outcomes

27   Studies included in
systema�c review

Figure 1. Flow diagram of study selection.
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high risk of bias, and the only exception with an acceptable

quality (Rosenberg et al. 1998) lacked a validated assessment

tool (Supplementary Table 2).

Notably, in the study by Weberschock et al., medical

students successfully delivered the compulsory EBM course to

their peers, which yielded improved knowledge and skills of

EBM (Weberschock et al. 2005).

Effects of e-learning

Six studies investigated the effects of the online or computer-

assisted courses and instructions (Bradley et al. 2005; Bolboaca

& Jantschi 2006; Schilling et al. 2006; Davis et al. 2007, 2008;

Hadley et al. 2010), from which three studies with a low risk of

bias reported computer-assisted sessions to be as effective as

usual teaching sessions in teaching acquiring knowledge,

appraising knowledge and skills and EBM knowledge and

attitudes, generally (Bradley et al. 2005; Davis et al. 2007,

2008). Similarly, another study with a moderate risk of bias

found online modules similarly effective as usual teaching in

training asking, acquiring and appraising knowledge (Hadley

et al. 2010).

The other two studies compared e-learning with no

intervention: one study linked an online module to improved

skills of acquiring and calculation of number needed to treat

(Schilling et al. 2006), while the other study correlated a CD-

ROM e-course to improved EBM knowledge (Bolboaca &

Jantschi 2006). However, the former used no validated

assessment tool – despite its acceptable quality – and the

latter had a high risk of bias (Supplementary Table 2).

Effects of problem-based learning

Johnston et al. compared a stand-alone problem-based

learning intervention with usual teaching in a high-quality

study (Supplementary Table 2) and found ‘‘usual’’ teaching

more favorable in improving EBM knowledge and attitudes

(Johnston et al. 2009).

In another study from McMaster University (the pioneer of

problem-based learning), educators used problem-based

material, but no real problem-based learning strategy to

teach EBM (Bennett et al. 1987); therefore, their results were

not elaborated in this study.

Effects of other multi-component
interventions

Lee et al. compared a multi-component intervention –

consisting of short courses plus self-reading and practice –

with no intervention in a RCT and observed an improved

knowledge of decision analysis, but no improved knowledge

of cost-effectiveness or sensitivity analyses (Lee et al. 2007).

The authors presented their intervention as a clinically

integrated teaching method; however, we categorized their

teaching as stand-alone since their teaching was not carried

out in a clinical context. This study also used no validated

assessment tool (Supplementary Table 2). Furthermore, their

intention-to-treat analysis is questionable since participants

consented to enter the study after being randomly allocated,

and those who did not consent were not included in analyses.

In a cross-over RCT, Leung et al. compared the effects

of adding the following interventions to a workshop:

(A) Providing guides and ‘‘InfoRetriever’’ on personal digital

assistants (PDAs); (B) providing educational pocket cards of

the same guides; and (C) no intervention (Leung et al. 2003).

They observed improved perceptions regarding the use of

EBM and the integration of EBM in clinical teaching in both

active arms although the PDA arm yielded a larger effect.

Notably, despite the researchers’ potential control over

participants’ assignment and study design, the participants

were rotated through the three study arms in a disorganized

manner, and neither the total number of experiments per arm

nor the crossing-over order was balanced. However, the study

had a low risk of bias (Supplementary Table 2).

Discussion

The findings of this systematic review showed that teaching

EBM has the potential to improve knowledge, attitudes and

skills in undergraduate medical students. However, there is still

insufficient evidence to support the statement that EBM

teaching either improves students’ behaviors or yields a

long-term mastery of EBM. In addition, we found no study

assessing patient outcomes or health delivery processes,

possibly because undergraduate students would be rarely

the final decision makers regarding patient management.

Studies of the clinically integrated methods and short instruc-

tions were weak and inconsistent. In contrast, a number of

robust studies supported the use of e-learning strategies.

A single strong study found problem-based learning less

effective than usual teaching. Finally, few studies linked other

multicomponent interventions to improved knowledge and

attitudes.

Our study as well as other systematic reviews has found the

studies of EBM teaching generally weak (Taylor et al. 2000;

Ebbert et al. 2001; Parkes et al. 2001; Flores-Mateo & Argimon

2007; Harris et al. 2011). However, the lack of high-quality

evidence is not merely confined to the teaching of EBM, but it

is an universal dilemma for the teaching of various sciences

(Hatala & Guyatt 2002). Therefore, we should not under-value

the teaching of EBM to undergraduate medical students due to

the lack of insufficient robust evidence. Instead, we should

focus on providing robust evidence by the conduct of the

future studies in higher qualities with a focus on the skills and

behaviors as well as the long-term educational effects. Only

two of our included studies measured behaviors following the

educational interventions (Landry et al. 1994; Sastre et al.

2011).

Although we did not aim to appraise the validity of the

assessment tools of our included studies, another review

(Shaneyfelt et al. 2006) found that only seven of our included

studies have high-quality assessment tools (Bennett et al. 1987;

Bradley et al. 2005; Fritsche et al. 2002; Weberschock et al.

2005; Lai & Teng 2009; Aronoff et al. 2010; West et al. 2011).

When we attempted to pool the results of the included studies,

we ended up with no more than five studies (Fritsche et al.

2002; Lai & Teng 2009; Weberschock et al. 2005; Aronoff et al.

2010; West et al. 2011) since the other included studies had
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used miscellaneous tools rather than established validated

tools such as Fresno Test or Berlin Questionnaire. Using similar

assessment tools would enable the researchers to quantita-

tively pool the results together in meta-analyses, which yields

larger statistical powers and improved generalizability.

Selection of the assessment tools should be based on not

only their quality, but also their purpose. As an example,

although the Berlin Questionnaire and the Fresno Test are

both established assessment tools, the former is designed to

test applied knowledge through its multiple-choice format,

thus it should be avoided in evaluating the skills of asking or

acquiring. On the other hand, the latter is suitable to test

the knowledge and skills across the four steps of EBM (West

et al. 2011).

Our systematic review also calls for more robust studies of

the clinically integrated methods. Notably, our included studies

examined no ideal ‘‘on foot’’ EBM teaching as described

elsewhere (Richardson 2005). In addition, our included studies

of the clinically integrated methods were inconsistent and of

low quality.

A systematic review (Coomarasamy & Khan 2004) has

found that in postgraduate medical professionals, clinically

integrated methods would improve their EBM knowledge,

attitudes, skills and behaviors, while standalone methods

would improve only knowledge and possibly skills. In

contrast, our results have indicated that for undergraduate

students, standalone methods are able to improve not only the

EBM knowledge but also the attitudes and skills. This may be

because students are hypothetically driven by external factors

such as the curriculum and the assessments. Such factors are

possibly addressed by either stand-alone or clinically inte-

grated methods. In contrast, postgraduates are usually driven

by self-motivation and relevance to clinical practice, which are

properly addressed by clinically integrated methods only

(Coomarasamy & Khan 2004). This argument is supported

by another systematic review in which standalone instructions

in critical appraisal improved the knowledge of undergraduate

students, but such instructions yielded limited knowledge gain

in residents (Norman & Shannon 1998).

A robust systematic review by Hartling et al. drew no net

conclusion about the effectiveness of problem-based learning

for undergraduate medical education because of the incon-

sistencies in the included studies (Hartling et al. 2010). Another

systematic review linked problem-based learning in medical

school to post-graduation improvements, but mainly in social

and cognitive competencies rather than in clinical knowledge

and skills (Koh et al. 2008). Our single identified study of

teaching EBM by problem-based learning methods found it

less favorable than usual teaching (Johnston et al. 2009).

However, this study was in Hong Kong where didactic

teaching is culturally dominant, and the successful delivery

of interactive approaches is challenging (Khan &

Coomarasamy 2006). In addition, this study was brief while

effective problem-based learning methods usually need sub-

stantial student–educator interactions (Koh et al. 2008).

Researchers inferred that students may need to initially learn

the basics and subsequently receive problem-based learning in

order to successfully grasp the skills to apply their knowledge

(Khan & Coomarasamy 2006). Considering the above

argument, we were unable to draw net conclusions regarding

the true effects of problem-based learning.

A systematic review by Cook et al. (2008) found the

internet-based learning strategies as effective as traditional

teaching methods. Their findings are in line with the findings

of our included studies, particularly the three high-quality

studies of computer assisted sessions. Since e-learning can

provide a wide spectrum of teaching strategies, it may make

learning more exciting, effective and likely to be retained

(Greenhalgh 2001). However, our included studies of

e-learning assessed no behavior, and only one study assessed

skills (of acquiring and applying) (Schilling et al. 2006). This is

possibly because higher order impacts (such as improved

behaviors) result from interactive rather than deductive inter-

ventions (Greenhalgh 2001), while none of our included

studies of e-learning adopted an ideally interactive e-learning

strategy. In addition, the best EBM teaching models occur at

the bedside (Richardson 2005), which e-learning cannot easily

recreate it. Therefore, e-learning should be considered as a

complement for – rather than a substitute of – clinically

integrated bedside models to teach EBM.

Straus et al. (2010) have previously distinguished the ‘‘using

mode’’ from the ‘‘doing mode’’ of practicing EBM. In the ‘‘using

mode’’, physicians search within pre-appraised sources, thus

they bypass the time-consuming appraising step. Although the

previous studies of the EBM education are majorly focused on

the ‘‘doing mode’’ and particularly ‘‘critical appraisal’’ (Hatala

& Guyatt 2002), we found three studies emphasizing the

‘‘using mode’’ and the ‘‘searching within pre-appraised

sources’’ (Fritsche et al. 2002; Schilling et al. 2006; Sastre

et al. 2011). Moreover, another included study showed the

positive effects of accessing ‘‘InfoRetriever’’ through PDAs

(Leung et al. 2003). Since the use of such sources is linked to

better clinical decision making (Alper et al. 2005), we would

call for more robust studies of teaching the using mode and the

skills to use pre-appraised sources.

One included study reported a successful EBM teaching

by medical students (Weberschock et al. 2005). Trained

students have also been reported to be as good as faculty

educators in teaching clinical principles and skills (Haist

et al. 1998; Tolsgaard et al. 2007; Graziano 2011). These

observations can inspire a model for EBM education,

particularly for institutions with limited faculty educators.

However, the current evidence supporting such a model is

still insufficient.

Our systematic review had a number of limitations: we had

no access to EMBASE while conducting this review, thus we

could not search it. In addition, despite using comprehensive

search strategies, we used no abbreviated term such as EBM or

EBP in our search queries. Moreover, to identify the unpub-

lished studies, we only searched the Current Controlled Trials

that includes few educational studies. Furthermore, only one

investigator decided upon including each study due to the

limited time and resources of the team. Thus, we cannot

exclude potential biases in the identification of the including

studies. Finally, we were rather strict in including only

comparative studies and in appraising our included studies

based on meticulous quality criteria.
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Conclusions

Implications for practice

Teaching EBM has the potential to improve knowledge,

attitudes and skills in undergraduate medical students.

However, there is still insufficient evidence to support the

statement that EBM teaching either improves students’ behav-

iors or yields a long-term mastery of EBM. Evidence supporting

the use of clinically integrated methods (i.e. educational

activities integrated into clinical practice) and stand-alone

short instructions (i.e. brief educational activities conducted in

no real clinical practice context) are currently insufficient.

However, high-quality evidence has supported that computer-

assisted instructions are as effective as traditional educational

strategies in improving EBM knowledge and attitudes.

Nevertheless, their effects on the students’ skills and behaviors

are unclear. We have also drawn no net conclusion about the

effectiveness of problem-based learning of EBM since only

one high-quality study examined it. Finally, the effects of other

multicomponent interventions were heterogeneous and

inconclusive.

Implications for research

We suggest future studies of teaching EBM to medical students

to focus on: (A) reporting the participants, interventions,

outcomes and results in sufficient details in order to allow

replication; (B) examining the effects of EBM teaching on

long-term skills and behaviors using robust assessment

tools; (C) evaluating appropriate ‘‘on foot’’, real world clinic-

ally integrated methods, problem-based learning, interactive

e-learning strategies and short courses and instructions;

(D) comparing the teaching of the using and the doing

modes of practicing EBM; and (E) studying the student

educator model to test whether trained students are able to

teach EBM effectively.

Notes on contributors

SEYED-FOAD AHMADI, MD, MPH, was a Postdoctoral Fellow at

Center for Educational Research in Medical Sciences, Iran University of

Medical Sciences, at the time of this study; he is currently a

postdoctoral fellow at Department of Medicine, University of

California Irvine.

HAMID R BARADARAN, MD, PhD, is an Associate Professor of

Clinical Epidemiology and the Deputy of Research at Center for

Educational Research in Medical Sciences, Iran University of Medical

Sciences.

EMAD AHMADI, MD, was a Postdoctoral Fellow at Digestive

Diseases Research Institute, Tehran University of Medical Sciences,

at the time of this study; he is currently a Postdoctoral Fellow at

Department of Radiology, Massachusetts General Hospital, Harvard

Medical School.

Acknowledgements

We would like to thank Prof. Hammick for all her thoughtful

assistance in writing this systematic review.

Declaration of interest: The authors have no competing

interest to declare.

References

Alper BS, Vinson DC. 2005. Experiential curriculum improves medical

students’ ability to answer clinical questions using the internet. Fam

Med 37:565–569.

Alper BS, White DS, Ge B. 2005. Physicians answer more clinical questions

and change clinical decisions more often with synthesized evidence:

A randomized trial in primary care. Ann Fam Med 3:507–513.

Aronoff SC, Evans B, Fleece D, Lyons P, Kaplan L, Rojas R. 2010. Integrating

evidence based medicine into undergraduate medical education:

Combining online instruction with clinical clerkships. Teach Learn

Med 22:219–223.

Bennett KJ, Sackett DL, Haynes RB, Neufeld VR, Tugwell P, Roberts R.

1987. A controlled trial of teaching critical appraisal of the clinical

literature to medical students. JAMA 257:2451–2454.

Bolboaca SD, Jantschi L. 2006. Assessment of a computer based curriculum

in evidence-based medicine. In: Callaos N, Lesso W, Tremante A,

Baralt J, Rebielak J, editors. Wmsci 2006: 10th World Multi-Conference

on Systemics, Cybernetics and Informatics, Vol Vii, Proceedings;

Orlando, FL. pp 405–409.

Bradley P, Oterholt C, Herrin J, Nordheim L, Bjorndal A. 2005. Comparison

of directed and self-directed learning in evidence-based medicine:

A randomised controlled trial. Med Educ 39:1027–1035.

Caspi O, Mcknight P, Kruse L, Cunningham V, Figueredo AJ, Sechrest L.

2006. Evidence-based medicine: Discrepancy between perceived

competence and actual performance among graduating medical

students. Med Teach 28:318–325.

Colleges FPCOTAOMR. 2007. Curriculum for the foundation years in

postgraduate education and training. [Online]. UK: Departments

of Health. [Accessed 20 May 2011] Available from http://www.dh.

gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicy

AndGuidance/DH_4107594.

Cook DA, Levinson AJ, Garside S, Dupras DM, Erwin PJ, Montori VM. 2008.

Internet-based learning in the health professions: A meta-analysis.

JAMA 300:1181–1196.

Coomarasamy A, Khan KS. 2004. What is the evidence that postgraduate

teaching in evidence based medicine changes anything? A systematic

review. BMJ 329:1017.

Crilly M, Glasziou P, Heneghan C, Meats E, Burls A. 2009. Does the current

version of ‘Tomorrow’s Doctors’ adequately support the role of

evidence-based medicine in the undergraduate curriculum? Med

Teach 31:938–944.

Davis J, Chryssafidou E, Zamora J, Davies D, Khan K, Coomarasamy A.

2007. Computer-based teaching is as good as face to face lecture-based

teaching of evidence based medicine: A randomised controlled trial.

BMC Med Educ 7:23.

Davis J, Crabb S, Rogers E, Zamora J, Khan K. 2008. Computer-based

teaching is as good as face to face lecture-based teaching of evidence

based medicine: A randomized controlled trial. Med Teach 30:302–307.

Dawes M, Summerskill W, Glasziou P, Cartabellotta A, Martin J,

Hopayian K, Porzsolt F, Burls A, Osborne J; Second International

Conference of Evidence-Based Health Care, T. & Developers. 2005.

Sicily statement on evidence-based practice. BMC Med Educ 5:1.

Del Mar C, Glasziou P, Mayer D. 2004. Teaching evidence based medicine.

BMJ 329:989–990.

Dizon JMR, Grimmer-Somers KA, Kumar S. 2012. Current evidence on

evidence-based practice training in allied health: A systematic review of

the literature. Int J Evid Based Healthc 10:347–360.

Dorsch JL, Aiyer MK, Meyer LE. 2004. Impact of an evidence-based

medicine curriculum on medical students’ attitudes and skills. J Med

Libr Assoc 92:397–406.

Ebbert JO, Montori VM, Schultz HJ. 2001. The journal club in post-

graduate medical education: A systematic review. Med Teach 23:

455–461.

Flores-Mateo G, Argimon JM. 2007. Evidence based practice in postgradu-

ate healthcare education: A systematic review. BMC Health Serv Res 7:

119.

Frank JR, Jabbour M, Al E. 2005. The CanMEDS 2005 Physician

Competency Framework: Better standards, better physicians, better

care. [Online]. Royal College of Physicians and Surgeons of Canada.

Teaching EBM to medical students

29

M
ed

 T
ea

ch
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

or
ne

ll 
U

ni
ve

rs
ity

 o
n 

12
/2

7/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



[Accessed 20 May 2011] Available from http://rcpsc.medical.org/

canmeds/CanMEDS2005/index.php.

Frasca MA, Dorsch JL, Aldag JC, Christiansen RG. 1992. A multidisciplinary

approach to information management and critical appraisal instruction:

A controlled study. Bull Med Libr Assoc 80:23–28.

Fritsche L, Greenhalgh T, Falck-Ytter Y, Neumayer HH, Kunz R. 2002. Do

short courses in evidence based medicine improve knowledge and

skills? Validation of Berlin questionnaire and before and after study of

courses in evidence based medicine. BMJ 325:1338–1341.

Graziano SC. 2011. Randomized surgical training for medical students:

Resident versus peer-led teaching. Am J Obstet Gynecol 204:542

e1–542 e4.

Greenhalgh T. 2001. Computer assisted learning in undergraduate medical

education. BMJ 322:40–44.

Gruppen LD, Rana GK, Arndt TS. 2005. A controlled comparison study of

the efficacy of training medical students in evidence-based medicine

literature searching skills. Acad Med 80:940–944.

Hadley J, Kulier R, Zamora J, Coppus SF, Weinbrenner S, Meyerrose B,

Decsi T, Horvath AR, Nagy E, Emparanza JI, et al. 2010. Effectiveness of

an e-learning course in evidence-based medicine for foundation

(internship) training. J R Soc Med 103:288–294.

Haist SA, Wilson JF, Brigham NL, Fosson SE, Blue AV. 1998. Comparing

fourth-year medical students with faculty in the teaching of physical

examination skills to first-year students. Acad Med 73:198–200.

Harris J, Kearley K, Heneghan C, Meats E, Roberts N, Perera R, Kearley-

Shiers K. 2011. Are journal clubs effective in supporting evidence-based

decision making? A systematic review. BEME Guide No. 16. Med Teach

33:9–23.

Hartling L, Spooner C, Tjosvold L, Oswald A. 2010. Problem-based learning

in pre-clinical medical education: 22 years of outcome research. Med

Teach 32:28–35.

Hatala R, Guyatt G. 2002. Evaluating the teaching of evidence-based

medicine. JAMA 288:1110–1112.

Johnston JM, Schooling CM, Leung GM. 2009. A randomised-controlled trial

of two educational modes for undergraduate evidence-based medicine

learning in Asia. BMC Med Educ 9:63.

Khan KS, Awonuga AO, Dwarakanath LS, Taylor R. 2001. Assessments in

evidence-based medicine workshops: Loose connection between

perception of knowledge and its objective assessment. Med Teach

23:92–94.

Khan KS, Coomarasamy A. 2006. A hierarchy of effective teaching and

learning to acquire competence in evidenced-based medicine. BMC

Med Educ 6:59.

Koh GC, Khoo HE, Wong ML, Koh D. 2008. The effects of problem-based

learning during medical school on physician competency: A systematic

review. CMAJ 178:34–41.

Krueger PM. 2006. Teaching critical appraisal: A pilot randomized

controlled outcomes trial in undergraduate osteopathic medical edu-

cation. J Am Osteopath Assoc 106:658–662.

Lai NM, Nalliah S. 2010. Information-seeking practices of senior medical

students: The impact of an evidence-based medicine training pro-

gramme. Educ Health (Abingdon) 23(1):151.

Lai NM, Teng CL. 2009. Competence in evidence-based medicine of senior

medical students following a clinically integrated training programme.

Hong Kong Med J 15:332–338.

Landry FJ, Pangaro L, Kroenke K, Lucey C, Herbers J. 1994. A controlled

trial of a seminar to improve medical student attitudes toward,

knowledge about, and use of the medical literature. J Gen Intern

Med 9:436–439.

Lee A, Joynt GM, Ho AMH, Gin T, Hazlett CB. 2007. Effect of an integrated

teaching intervention on clinical decision analysis: A randomized,

controlled study of undergraduate medical students. Med Teach 29:

231–236.

Leung GM, Johnston JM, Tin KY, Wong IO, Ho LM, Lam WW, Lam TH.

2003. Randomised controlled trial of clinical decision support tools to

improve learning of evidence based medicine in medical students. BMJ

327:1090.

Norman GR, Shannon SI. 1998. Effectiveness of instruction in critical

appraisal (evidence-based medicine) skills: A critical appraisal. CMAJ

158:177–181.

Parkes J, Hyde C, Deeks J, Milne R. 2001. Teaching critical appraisal skills in

health care settings. Cochrane Database Syst Rev 3:CD001270.

Radack KL, Valanis B. 1986. Teaching critical appraisal and application of

medical literature to clinical problem-solving. J Med Educ 61:329–331.

Reed D, Price EG, Windish DM, Wright SM, Gozu A, Hsu EB, Beach MC,

Kern D, Bass EB. 2005. Challenges in systematic reviews of educational

intervention studies. Ann Intern Med 142:1080–1089.

Richardson WS. 2005. Teaching evidence-based practice on foot. Evid

Based Med 10:98–101.

Rosenberg WM, Deeks J, Lusher A, Snowball R, Dooley G, Sackett D. 1998.

Improving searching skills and evidence retrieval. J R Coll Physicians

Lond 32:557–563.

Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS. 1996.

Evidence based medicine: What it is and what it isn’t. BMJ 312:71–72.

Sanchez-Mendiola M. 2004. Evidence-based medicine teaching in the

Mexican Army Medical School. Med Teach 26:661–663.

Sastre EA, Denny JC, Mccoy JA, Mccoy AB, Spickard A. 2011. Teaching

evidence-based medicine: Impact on students’ literature use and

inpatient clinical documentation. Med Teach 33:e306–e312.

Schilling K, Wiecha J, Polineni D, Khalil S. 2006. An interactive web-based

curriculum on evidence-based medicine: Design and effectiveness.

Fam Med 38:126–132.

Shaneyfelt T, Baum KD, Bell D, Feldstein D, Houston TK, Kaatz S,

Whelan C, Green M. 2006. Instruments for evaluating education in

evidence-based practice: A systematic review. JAMA 296:1116–1127.

Stewart MG. 2001. ACGME Core Competencies. [Online]. Accreditation

Council for Graduate Medical Education. [Accessed 20 May 2011]

Available from http://www.acgme.org/acwebsite/RRC_280/280_core-

comp.asp.

Straus SE, Richardson WS, Glasziou P, Haynes RB. 2010. Evidence-based

medicine: How to practice and teach EBM. Edinburgh: Churchill

Livingstone.

Taheri H, Mirmohamadsadeghi M, Adibi I, Ashorion V, Sadeghizade A,

Adibi P. 2008. Evidence-based medicine (EBM) for undergraduate

medical students. Ann Acad Med Singapore 37:764–768.

Taylor R, Reeves B, Ewings P, Binns S, Keast J, Mears R. 2000. A systematic

review of the effectiveness of critical appraisal skills training for

clinicians. Med Educ 34:120–125.

Tolsgaard MG, Gustafsson A, Rasmussen MB, Hoiby P, Muller CG,

Ringsted C. 2007. Student teachers can be as good as associate

professors in teaching clinical skills. Med Teach 29:553–557.

Van Dijk N, Hooft L, Wieringa-de Waard M. 2010. What are the barriers to

residents’ practicing evidence-based medicine? A systematic review.

Acad Med 85:1163–1170.

Walczak J, Kaleta A, Gabrys E, Kloc K, Thangaratinam S, Barnfield G,

Weinbrenner S, Meyerrose B, Arvanitis TN, Horvath AR, et al. 2010.

How are ‘‘teaching the teachers’’ courses in evidence based medicine

evaluated? A systematic review. BMC Med Educ 10:64.

Weberschock TB, Ginn TC, Reinhold J, Strametz R, Krug D, Bergold M,

Schulze J. 2005. Change in knowledge and skills of Year 3 under-

graduates in evidence-based medicine seminars. Med Educ 39:665–671.

West CP, Jaeger TM, Mcdonald FS. 2011. Extended evaluation of a

longitudinal medical school evidence-based medicine curriculum.

J Gen Intern Med 26:611–615.

Supplementary material available online

Supplementary Table 2.

S.-F. Ahmadi et al.

30

M
ed

 T
ea

ch
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

or
ne

ll 
U

ni
ve

rs
ity

 o
n 

12
/2

7/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


	Effectiveness of teaching evidence-based medicine to undergraduate medical students: A BEME systematic review
	Introduction
	Practice points
	Methods
	Results
	Discussion
	Conclusions
	Notes on contributors
	Acknowledgements
	References
	Supplementary material available online


