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Abstract

Introduction: Medical students should be trained about the fundamental skills of evidence- based medicine (EBM) during under-
graduate medical education curriculum. This article introduces an innovative model for initiation and development of a flipped
classroom for teaching EBM to sixth- year undergraduate medical students in Shiraz Medical School, affiliated to Shiraz University
of Medical Sciences.
Methods: After conducting needs assessment and setting objectives for the program, blended leaning format and flipped classroom
strategy were used. A student satisfaction measurement form was designed to evaluate the flipped classroom based on a 5-point Lik-
ert scale. The validity of the questionnaire was determined by experts, and the reliability of the questionnaire was 0.86 after a pilot
study. We also used the questionnaires based on Berlin questionnaire to measure students’ knowledge, attitude, and practice about
the EBM course in a pre- and posttest design. The validity and reliability of the questionnaire had been approved in our previous
study. Also, the result of a summative examination after finishing the course was used as a measure of course goal achievement.
Results: A total of 280 medical students on their sixth year of study participated in the flipped classroom in 6 different rotations.
A total of 266 (95%) students passed the course and only 14 (%5) failed. The results of posttest scores based on the EBM domains
revealed that the best result was obtained in teaching clinical questions’ format (patient, intervention, comparison, and outcome).
The lowest posttest scores were in the domain of biostatistics. The overall quality of flipped classroom was reported well by the
students. The students stated that the ability to apply knowledge and skills in managing patients were developed in this course.
Discussions: In our experience, flipping classroom was a practical and essential activity to educate a large number of medical stu-
dents about EBM. We acknowledge that the development of deep learning is instructors’ responsibility and that implementing
blended learning and flipping classroom can facilitate students’ knowledge and skills about this important topic. We hope that
other medical schools all over the world use the flipped classroom discussed in this article to redesign their classrooms in such a
way that enables students to develop necessary skills and get involved in deep learning. This will improve the health of the society
in the near future.
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1. Introduction

Evidence-based medicine (EBM) is defined as “the con-
scientious, explicit, and judicious use of current best evi-
dence in making decisions about the care of individual pa-
tients” (1). EBM is an essential skill for medical doctors, and
teaching EBM is included as an essential requirement in
many medical schools all over the world (2).

Medical students should be trained about the funda-
mental skills of EBM during the undergraduate medical
education curriculum (3). The undergraduate education
in the 21st century project in the United States of Amer-
ica acknowledged practicing EBM as one of the 9 capaci-
ties to be combined into the medical school curriculum
in the clinical years (4). The model of EBM and its educa-

tional implication have distributed quickly in recent years
(5).The report of EBM education in most medical schools
all over the world indicated that knowledge and satisfac-
tion of students were increased after participating in these
workshops (6-9).

In Iran, EBM education is considered in undergradu-
ate medical curriculum in many medical schools. In Shiraz
Medical School, the blended approach and flipped class-
room model was used to teach EBM to medical students.
Blended learning is defined as combining more than one
method or technique for education (10). Currently, this
method is defined as the systematic combination of online
or multimedia with face-to-face teaching to increase com-
munication among students, instructors, and resources
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(11).

This combination of online and face-to-face teaching
incorporates well with the description of a flipped class-
room. This concept developed in the 1990s and is defined
as a subdivision of blended learning. Advances in active
learning pedagogy, joined with improvements in instruc-
tional technology, have encouraged teachers to imple-
ment the flipped classroom (12, 13). Flipping the classroom
creates a context that guarantees the students will obtain a
personalized teaching tailored to their individual require-
ments. It can be used for teaching many concepts, includ-
ing mathematical concepts. This method helps teachers to
engage in a broad variety of learning styles and implement
instructional strategies that improve problem-solving and
critical thinking activities during the class period. More-
over, flipping the classroom encourages teachers to de-
velop different learning experiences suitable for each stu-
dent. This model is especially useful for busy and strug-
gling students, it speaks the language of the students of
the 21st century, and helps students of all capabilities to
shine (13).

This article introduces an innovative model for needs
assessment, initiation, and development of a flipped class-
room model to teach EBM, moreover, it presents the math-
ematical concepts of this model to sixth- year undergradu-
ate medical students in Shiraz Medical School, affiliated to
Shiraz University of Medical Sciences.

2. Methods

2.1. Needs Assessment

Medical knowledge is rapidly changing. New diagnos-
tics tests are therapies continuously being put on the mar-
ket, and studies are always performed to review the ef-
fectiveness of existing treatment choices. EBM addresses
these issues to keep clinicians up-to-date about new infor-
mation. In our previous articles, we found that in spite of
positive attitude toward EBM, different groups of residents
were not familiar with EBM due to the lack of education
about EBM in their undergraduate period (7, 14, 15).

In the present study, needs assessment was performed
based on the following steps. First, the literature and avail-
able curriculums about teaching EBM to undergraduate
medical students were reviewed. Then, expert opinion
about introducing new courses or modifying existing ones
were collected. In the third step, discussions with the med-
ical education faculties and program directors was done
during meetings to measure the need for announcing EBM
in the medical students’ undergraduate curriculum and
the method of teaching this important topic.

2.2. Defining Goals and Objectives

After reviewing the literature and consulting with ex-
perts, the goals and objectives of the course were designed.
The main objectives were defined based on EBM processes
as follows:

- Defining EBM
- Asking answerable clinical questions
- Searching for the best evidences
- Appraising the evidences
- Biostatistics

2.3. Using Blended Learning (Flipped Classroom Strategy)

Our course design was encouraged by a need to change
the educational experiences of our students and facilitate
active learning activities. The goals of our course design
were to involve students through class activities and stim-
ulate higher-order thinking using E-learning technologies
and classroom teaching.

Before the class, we announced that the EBM course
was a blended course and asked the students to study EBM
principles. We arranged the class time with 4 active learn-
ing exercises. After a brief explanation about the concept
of EBM, EBM questions in a PICO format were written as the
first class activity. Formative assessment was done based
on writing PICO for each scenario by students. The second
activity was searching PICO questions in EBM sites based
on the 5S Haynes Model. Another activity was the critical
appraisal of a treatment article based on critical appraisal
methods. In another section, the tutor provided expla-
nation about relative risk, absolute risk reduction, num-
ber needed to treat and number needed to harm (8), and
other treatment concepts. Then, the students solved prob-
lems related to the above- mentioned indicators. The goals
were to provide students with fundamental concepts and
create opportunities to have in-class activities about the
above- mentioned concepts. After these activities, the stu-
dents were asked to watch interactive CDs about critical ap-
praisal of diagnosis studies, systematic reviews, and meta-
analyses based on a standard offline format.

Appropriate formative and summative assessment was
a central element of this course. Active involvement in
group activities and shared activities was the criteria for
giving bonus to students (about 5% of their final grade).
Moreover, 3 graded quizzes (worth a total of 20% of their
final grade) and 1 standard final examination based on in-
class and offline content (worths 75%) evaluated the stu-
dents’ understanding of the content and measured stu-
dents’ capability to reach favorite learning outcomes.

We focused on 3 important basics in this flipped class-
room activity: in-class student-centered activities, stan-
dard offline content, and appropriate formative assess-
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ment. The topics and mode of teaching are demonstrated
in Table 1.

Table 1. Topics Presented in the EBM Course

Topic Content Teaching method

Introduction to EBM The need for EBM with
examples of EBM in
clinical practice

In classroom

Writing an answerable
question

The PICO components,
students practicing
writing questions using
PICO from a selection of
clinical scenarios.

In classroom

Searching the EBM
databases

Students receive an
interactive lecture on
how to effectively search
EBM sites. Students were
asked to do a
comprehensive search
based on the previous
section PICOs.

In classroom

Study designs

The following study
designs were discussed

In classroom

- Randomized controlled
trials

In classroom

- Cohort studies In classroom

- Case-control studies In classroom

- Systematic reviews In classroom

Critical appraisal

Critical appraisal
techniques based on the
type of articles

- Therapy In classroom

- Diagnosis Interactive CDs

- Prognosis Interactive CDs

- Systematic reviews Interactive CDs

- Meta-analysis Interactive CDs

Biostatistics

Confidence intervals &
p-values

In classroom

Relative risk, absolute
risk reduction, number
needed to treat

In classroom

- Forest plot Interactive CDs

- Sensitivity, specificity,
positive and negative
predictive values, and
likelihood ratios

Interactive CDs

2.4. Participants

A total of medical students on their sixth year of study
participated in the flipped classroom in 6 different rota-
tions. Of them, 172 (62%) were female and 108 (38%) were
male. This course was an obligatory course for sixth- year
medical students in Shiraz Medical School.

2.5. Assessment of the Flipped Classroom

We designed a student satisfaction measurement form
to evaluate the flipped classroom based on a 5-point Lik-
ert scale. The validity of the questionnaire was determined
by experts and the reliability of the questionnaire was 0.86
after a pilot study. We also used questionnaires based on
Berlin questionnaire (6) to measure students’ knowledge,
attitude, and practice about the EBM course in a pre- and
posttest design. The validity and reliability of the question-
naire had been approved in our previous study (7). More-
over, the result of a summative examination after finishing
the course was used as a measure of course goal achieve-
ment.

3. Results

Review of the literature confirmed the significance of
teaching EBM to undergraduate medical students. Several
comments were given by faculties about the necessity of
teaching this important topic.

Review of other undergraduate curriculum all over the
world revealed that EBM was one of the best new themes
included in the revised curriculums. Discussions with
our medical education faculties and program directors re-
vealed that all of them emphasized the necessity of intro-
ducing EBM in the undergraduate medical curriculum.

A total of 280 sixth- year medical students participated
in the flipped classroom in 6 different rotations. Of the stu-
dents, 266 (95%) passed the course and only 14 (5%) failed.
The percent of correct answers in each EBM domain in pre-
and posttests are demonstrated in Table 2. As it is pre-
sented in Table 2, the best posttest result was obtained in
teaching PICO and the lowest in biostatistics.

Table 2. Mean and Standard Deviation of Students’ Scores on the Domains of EBM

EBM Domain Test Mean ± SD (from
5)

P Value

Introduction to
EBM

Pre 1.98 ± 0.83
< 0.001

Post 3.86 ± 1.23

Formulating PICO
questions

Pre 1.81 ± 0.72
< 0.001

Post 4.46 ± 0.831

Effective
searching
strategy

Pre 1.57 ± 0.47
< 0.001

Post 3.96 ± 1.51

Critical appraisal
of evidences

Pre 1.07 ± 0.63
< 0.001

Post 3.93 ± 0.68

Biostatistics
Pre 1.72 ± 0.43

< 0.001
Post 3.15 ± 1.096
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All 280 undergraduate medical students (100%) re-
sponded to the satisfaction questionnaire (Table 3). The
students reported good quality of flipped classroom in
most domains.

Table 3. Students’ Satisfaction about Flipped Classroom in EBM Course

Course Evaluation
Response

Number of
Responding Students

Mean ± SD (from 5)

Instructors
encouraged active
students’
participation in class
activities.

276 04.41 ± 0.41

Learning resources
were useful.

280 3.25 ± 0.36

Teaching and learning
strategies encouraged
understanding of key
concepts.

277 4.62 ± 0.38

Preparation before
class is useful.

269 2.31 ± 0.20

Knowledge and skills
gained in this course
will be important for
me in the future.

275 3.53 ± 0.49

The ability to apply
knowledge and skills
in managing patients
was developed in this
course.

274 4.73 ± 0.67

The CDs’ course
content was
interactive.

280 3.26 ± 0.17

My overall rating of
course was good.

280 4.31 ± 0.33

4. Discussion

EBM is a method that can strengthen critical and log-
ical thinking and provide the opportunity for ideal clini-
cal decision- making. Review of the literature showed the
necessity of teaching EBM to undergraduate medical stu-
dents to make them conscious about the models of work-
ing in clinics based on the best available and appraised ev-
idences about diagnosis and treatment of diseases (6, 14,
16-19). A study on teaching EBM in UK medical schools sug-
gested that EBM was a theme running through the whole
curriculum, integrating the EBM into every part of the cur-
riculum (8).

To our knowledge, this was the first study to evaluate
the use of a blended EBM education using the flipped class-
room model. We found that our blended learning and
flipped classroom strategy significantly improved medi-
cal students’ EBM knowledge and skills. The students re-
ported high satisfaction of the course, especially in the

items such as teaching and learning strategies that encour-
age understanding of key concepts. The ability to apply
knowledge and skills to manage patients and instructors
encouraged active participation in students. The overall
rating of the course was good. It seems that the character-
istic of a blended module course encouraged students to
participate more and improved their understanding.

The results of a study about comparing lecture and
blended learning revealed that students’ satisfaction and
cost efficiency in the blended learning model were more
than lecture. The authors suggested that instructors
should use blended learning to combine E-learning with
theoretical teaching methods (20).

In a study on flipping the classroom, the authors con-
cluded that this method improves deep learning and pre-
pared students to address healthcare requirements of the
21st century (12). Another study about flipped classroom re-
vealed that medical students had usually expressed appre-
ciation for readily accessed online facilities as well as en-
gaging small group in-class activities (21).

According to the results of the present study, only 5%
of the students failed and the posttest results were signif-
icantly better than pretest results. Other studies showed
the positive effects of EBM education on students’ knowl-
edge (5, 7, 9). The results of posttest scores based on the
EBM domains revealed that the best result is obtained in
teaching PICO, which is due to the fact that clinical cases for
EBM teaching are straightforward and clearly talk about
the 4 constituents of the PICO questions. The results of the
study on teaching EBM based on an integrative approach
revealed the same results (22). The lowest posttest scores
were in the domain of biostatistics; this may be due to un-
familiarity of medical students with these concepts. The
same results were observed in our previous study (7, 14).

Research on EBM is one of the medical education re-
search priorities in Eastern Mediterranean Region and Iran
(23, 24). In Iran, the integration of medical schools with
health system prepared a unique opportunity to use health
care facilities to improve medical education (25). This op-
portunity will provide a good environment for integrated
teaching of some concepts such as EBM. Teaching EBM
to undergraduate medical students in a setting, in which
they can directly use their EBM knowledge and skills in rou-
tine daily practice and have that training strengthened by
instructors, who encourage the use of an EBM method in
clinical practice, may extend their inclination to practice
according to the basic principles of EBM in their lifelong
professional activities (26, 27).

The strength of the present study was that this it was a
good start for designing blended courses and flipped class-
room activities based on an important topic like EBM for
undergraduate medical students. One of the limitations
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of the present study was that we did not have a control
group. Another limitation was that the formative and sum-
mative assessment of EBM was done soon after the course,
so long-term outcomes were not obtained. Further assess-
ment during clinical rotation would be helpful. Another
limitation of the study was that the course was designed
for the sixth- year medical students, which may not be a
good representative of all medical students. Besides, the
duration of the course was short and the pre-class activ-
ity was not fully structured. In future studies, a longer du-
ration, especially for pre-class activities, would allow stu-
dents to study more before the class, which would result
in better attainment of the objectives.

4.1. Conclusions

Implementation of EBM courses for undergraduate
medical students can be labeled as necessary. There is an
agreement between all stakeholders about the necessity
for a course on EBM. We commend that EBM be more con-
sidered as an important topic in the core curriculum of
medical schools. In our experience, flipping classroom was
a practical and essential activity to educate a large number
of medical students about EBM. We acknowledge that the
development of deep learning is instructors’ responsibil-
ity and implementing blended learning and flipping class-
room can facilitate students’ knowledge and skills about
this important topic. We hope that other medical schools
all over the world use the flipped classroom discussed in
this article to redesign their classrooms to enable students
to develop necessary skills and get involved in deep learn-
ing. This will improve the health of the society in the near
future.
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