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Objective. �e aim of this article is to present the introduction of a 
mandatory, vertically integrated course in research methodology into 
medical curriculum. At the School of Medicine in Split (Croatia) we 
organized this course in 2010, with the total of 270 hours in the 6-year 
curriculum. In the �rst year (50 hours) students learned basic prin-
ciples of scienti�c method, structure of scienti�c article, basic statis-
tical concepts, data analysis, interpretation and presentation. In the 
second year (25 hours) students applied the knowledge from the �rst 
year in real examples of research data to answer a research hypothesis 
and present the results and conclusions. Students were guided through 
the process of making a hypothesis, analyzing data, interpreting them, 
constructing tables and �gures, and writing a short research report. At 
the end of the course they formally presented the results to other stu-
dents and course teachers, using PowerPoint slides. �e third year (25 
hours) was devoted to mastering concepts and basic skills of evidence-
based medicine (EBM). �e course in the fourth year (25 hours) was 
integrated with the clinical courses (internal medicine, neurology, 
and psychiatry) and structured as a “journal club”. In the ��h year 
(25 hours), the teaching was devoted to developing a research plan 
for the graduation thesis that the students had to conduct during the 
sixth year. �e sixth year (120 hours) was devoted to the execution of 
research planned in the ��h year, including data collection, data anal-
ysis, interpretation, and thesis writing and defense. Conclusion. �e 
new course succeeded in increasing students’ knowledge and skills for 
critical thinking and EBM, and prepared them for life-long learning 
in medicine. 

Key words: Medical Education, Evidence-Based Medicine, Medical 
Research, Teaching Methods.

Introduction

“�e �rst 2 years of medical school have got to be 
changed. Students are spending more and more 

time understanding the di�cult aspects of molec-
ular biology, but we are kidding ourselves to think 

they use their knowledge of DNA – in my day it 

was the Krebs cycle in making clinical decisions 
at the bedside. �ey do not. �ey make clinical 

decisions based on how the last patient did, how 
their friends are treating patients and what the 

latest article by an authority says they should do. 
And we have got repeated evidence now that the 

authorities are way behind with regard to the 
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data in clinical trials. In medical school, I think 
we have to just hammer away at evidence and 

probability theory and general statistics.” 

Dr. �omas Chalmers, American physician 
who played a pivotal role in the scienti�c de-

velopment of the randomized control trial and 
meta-analysis (1).

�ere is a growing recognition that the 
knowledge about research design, conduct 
and analysis is low in biomedicine, both in 
developing and developed countries (2-4). 
In small countries, this lack of knowledge is 
coupled with serious barriers to conducting 
research, such as the shortage of researchers 
who could generate critical mass of sustain-
able research output, �nancial restrictions, 
communication and language barriers (5-
8). Despite strategies proposed to alleviate 
problems (5-8), research in most small and 
developing countries lags behind that in 
countries belonging to the so-called main-
stream science (9).

Over the last 20 years, through our work 
as educators and editors of a general medi-
cal journal dedicated to publishing research 
from small scienti�c communities (10-12), 
we have also recognized that researchers 
from developing countries o�en lacked ad-
equate training in critical assessment, re-
search methodology and statistics. To ad-
dress these problems in our own country 
and prevent them at their core we intro-
duced obligatory science teaching in medi-
cal schools in Croatia. 

�e aim of this article is to present our 
experience in introducing a mandatory, ver-
tically integrated course in research meth-
odology into medical curriculum.

Science teaching in medical schools in 
Croatia

In 1996, to complement the existing courses 
of medical informatics and statistics, we had 
introduced a mandatory 25-hour course on 

research methodology, critical assessment 
and scienti�c writing into the curriculum 
of the University of Zagreb School of Medi-
cine at the second year of a six-year medi-
cal program (13). In the following year, the 
course was accepted by other three medical 
schools in Croatia. �e evaluation of our 
course in two observational cross-sectional 
studies, and a cohort study alongside a non-
randomized trial showed a positive e�ect of 
the course on the students’ knowledge and 
attitudes toward science (14-17).

In 2010, as part of Croatia’s then up-
coming ascension to the EU, all schools of 
medicine had to introduce new medical cur-
riculums and satisfy the European Directive 
2005/36/EC, which required that all medical 
students upon graduation have: “Adequate 
knowledge of science upon which medi-
cine is based, and good comprehension of 
scienti�c methods, including the principles 
of biological functions and assessment of 
measuring biological functions, the evalu-
ation of scienti�cally established facts and 
the analysis of data” (18, 19). Based on our 
previous experiences, and in line with the 
World Federation for Medical Education 
(WMFE) recommendations (20), we were 
successful in convincing the School of Med-
icine at the University of Split to introduce a 
longitudinal six-year mandatory teaching of 
science (21).

New science education at the School 
of Medicine in Split

In designing the program, alongside our pre-
vious experience with the second year man-
datory course on scienti�c methodology, we 
relied on the basic principles of adult learn-
ing and the recommendations for designing 
medical courses (3, 23-33) (Supplementary 
table 1). We divided a total study load of 270 
hours of teaching granted for the course in 
six smaller parts, and spread them longitudi-
nally throughout the 6 years of an integrated 
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Table 1 Overview of the new vertically and horizontally integrated science course at the University of Split 
School of Medicine

Curriculum year 
(no. of class hours) Teaching topics Course outcomes

1st year (50) • Principles of health research
• Structure of research articles
• Study designs
• Principles of statistics: populations and samples, 

types of data, hypothesis testing, sources of 
error, data estimation, description, interpretation 
and presentation

• Writing of curriculum vitae according to 
the EU standard (Europass)

• Writing of research abstract in English
• Series of problem-oriented practicals in 

study design and statistics

2nd year (25) • Short repetition of the �rst year
• Data analysis and presentation
• Writing research report

• Statistical analysis of a dataset according to 
speci�ed research question

• Brief written report on results
• Oral presentation of results to colleagues 

and teachers

3rd year (25) • Evidence based medicine (EBM)
• EBM steps
• Quality assessment in health care

• Answering a speci�c clinical question 
based on a given vignette (PICO question, 
literature search, critical assessment, 
decision)

4th year (25) • “Journal clubs”: critical reading of research 
papers with di�erent study designs (cross-
sectional, cohort and case-control studies, 
randomized controlled trials, systematic 
reviews), relevant to clinical rounds

• Answering a speci�c clinical question 
student encountered in his/hers clinical 
rounds (PICO question, literature search, 
critical assessment, decision)

5th year (25) • Writing research proposal for diploma thesis 
(structured proposal addressing background 
research, research hypothesis, study design, 
sample size calculation, participants, ethical 
approval, intervention, main outcome measures, 
bias and confounding factors, statistical analysis, 
authorship and publication plan, �nancial 
support, con�ict of interest declaration)

• Written research proposal for diploma (MD) 
thesis

6th year (120) • Short repetition of the �rst �ve years 
Methodological counseling and support during 
all stages of research for diploma thesis

• Published thesis

medical curriculum, with horizontal integra-
tion of the topics with other courses at their 
respective individual curriculum years. Stu-
dent groups for seminars ranged from 24-28, 
and for excercises from 11-14 students. Rec-
ommended literature encompassed two text-
books, both in Croatian and English (34, 35).  
Each year’s main topics, outcomes and their 
evaluation methods are presented in Table 
1, with a more detailed analysis presented in 
the following paragraphs.

�e First Year
First year students are always shocked by 
the extent of material they need to absorb 

in during medical curriculum, even more 
so in Europe, as high-school/secondary 
education is most o�en followed directly 
by integrated six-year medical studies (36). 
Students thus tend to see research educa-
tion, and “non-medical” courses in general, 
as an unnecessary burden that takes their 
precious time away from “more important” 
courses such as Anatomy, Physiology and 
Pathology. We have therefore allocated the 
�rst year’s block, consisting of 50 hours (2 
weeks) of teaching, at the very end of the �rst 
year. Starting with basic principles of scien-
ti�c method and reasoning, the structure of 
scienti�c article, study designs and literature 
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search, students are gradually introduced to 
the basic statistical concepts, most notably 
data types, sample and population descrip-
tors, sources of error, statistical tests, data 
analysis, and �nally data interpretation and 
presentation. Knowledge and skills learned 
in the �rst year’s block are evaluated through 
a series of practical tasks; these are marked 
and constitute 70% of the �nal grade, fol-
lowed by a multiple-choice written test at the 
end of the course (30% of the �nal grade). 
At �rst, students were resistant toward any 
“mathematical” concepts discussed in the 
class. However, as they realized how these 
concepts helped explain everyday clinical 
problems and questions about health, they 
appreciated the problem solving exercises 
and became skilled in identifying study de-
signs in published reports in proposing de-
signs to address research questions during 
practical work.

�e Second Year

�e second year’s block, consisting of 25 
hours (one week) of teaching, was designed 
as practical application of knowledge from 
the �rst year to practical research problems. 
Students worked in groups of two; each 
group received a prepared de-individualized 
Excel database with individual data from a 
previously conducted research study and 
were instructed to answer a speci�c re-
search question based on these data. Dur-
ing the 5 days of the course students were 
guided through the process of making a hy-
pothesis, analyzing data, interpreting them, 
constructing tables and �gures (minimum 
of one �gure and one table), and writing 
a short research report. At the end of the 
course they formally presented the results 
to other students and course teachers, us-
ing PowerPoint slides. �e course mark was 
based on the quality of their �nal research 
report and presentation of data (scored by 
two teachers who attended all presenta-

tions). �e course proved to be intensive 
and demanding for students, but with teach-
er’s time and assistance, as well as their en-
couragement, the initial anxiety of students 
about the complexity of the practical work 
was transformed into very proud presenta-
tions on the last day and satisfaction with 
the creative work performed.

�e �ird Year

�e third year’s course, consisting of 25 hours 
(one week) of teaching, was devoted to mas-
tering concepts and basic skills of evidence-
based medicine (EBM). During the �rst 
day, students were introduced to �ve basic 
steps of EBM: 1) asking focused questions, 
2) �nding evidence, 3) critical appraisal, 4) 
making a decision, and 5) evaluating per-
formance. During practicals of the �rst day, 
they used their knowledge from previous 
years to calculate numbers needed to treat 
(NNT) from results of published clinical tri-
als, and interpret those NNTs in the context 
of provided con�dence intervals. During the 
second day, the students practiced formulat-
ing questions using a PICO format (Patient 
and Problem, Intervention, Comparison, 
Outcome) from cases presented as brief clin-
ical vignettes. �e next day, they used PICO 
to create a search strategy for PubMed and 
identify relevant studies with di�erent study 
designs. �e third day was focused on criti-
cal appraisals of a randomized controlled 
trial (RCT) related to individual PICO 
question, followed by critical appraisal of a 
systematic review questions on the fourth 
day. Critical appraisal sheets were used for 
each practical work (37). Each practical task 
was graded and constituted 70% of the �nal 
course grade, with a brief knowledge test on 
EBM at the end of the course (30% of the 
�nal grade). �e vignettes for students were 
created based on existing systematic reviews 
in the Cochrane Collaboration Database of 
Systematic Reviews, to ensure that the stu-
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dents would be able to �nd and appraise 
the best available evidence for their clinical 
question. Students were very responsive to 
this course and found it most relevant and 
useful for their medical studies, particularly 
as a preparation for the clinical part of the 
curriculum.

�e Fourth Year

�e fourth year course (25 hours), unlike 
the courses of the �rst three years, was in-
tegrated with the clinical courses (internal 
medicine, neurology, and psychiatry) and 
structured as a “journal club” (38). Each 
week 3 student-hours were dedicated to a 
single type of study design and detailed anal-
ysis of a paper about a cross-sectional study, 
cohort study, case-control study, random-
ized controlled trial and systematic review. 
Topics were chosen either by the students 
themselves or their clinical mentors. Our 
goal was to o�er the opportunity to the stu-
dents to acquaint themselves with research 
performed by the clinicians working in the 
University Hospital Center, as well as with 
papers that physicians regarded highly rele-
vant for their everyday practice. Each “jour-
nal club” was graded, and the �nal exam was 
a task similar to that of the previous year, 
yet instead of a vignette we provided, the 
students had to identify a clinical question 
about an actual patient they encountered 
on their clinical rotations. �e English lan-
guage of the presented articles did not pose 
a problem for the students, as all Croatian 
students start learning English as their �rst 
foreign language from their �rst year of pri-
mary schools. Although we believed that the 
course structured as a “journal club” would 
add valuable content to students’ morning 
clinical training, it proved too time-con-
suming for the students, and students felt 
that it took away the time needed for study-
ing for the clinical course exam.

�e Fi�h Year

�e ��h year’s block, consisting of 25 hours 
(one week) of teaching was devoted to de-
veloping a research plan for the graduation 
thesis that the students had to conduct dur-
ing the sixth year. Our previous experience 
suggested that the key reason for unsuccess-
ful research, especially in clinical medicine 
is poor or incomplete planning (39, 40). We 
developed a checklist with 21 items, with 
precise instructions on what the students 
had to include in their research plan that 
was formally submitted as the protocol for 
their diploma work. �e checklist included 
de�ning outcome measures, calculating 
sample size needed, and listing of authors, 
with perceived contributions for each au-
thor according to ICMJE authorship criteria 
(41). Students either developed their own 
research projects and later found mentors or 
selected research projects already o�ered by 
School’s teachers. �e actual plan of research 
was returned up to 3 times to students, with 
detailed written instructions (using track 
changes in a word processor) of what should 
be corrected and/or completed. Most com-
mon students’ mistakes and di�culties in 
formulating research plans are presented 
in Table 2. �e �nal mark of the course was 
composed of points evaluated for each item 
on the research plan. Writing of the plan was 
very valuable for the students’ sixth year di-
ploma work, as the students became aware 
of all phases of research study, as well as the 
level of quality that would be expected from 
their �nal graduation tasks. It was our im-
pression that it was on this level of science 
education that students sincerely and fully 
comprehended what research was, what its 
function was and why it was so strenuous 
and yet at the same time exciting and re-
warding. 
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Table 2 Teachers’ experiences in supervising 5th year medical students during their writing of research 
proposals for their MD theses at the University of  Split School of Medicine

Proposal item* What was expected from 
students

What students usually wrote in the �rst draft and how they 
revised it 

Title Clear and concise indicative or 
informative title

Study design was usually not indicated; when it was added, 
students appreciate the precision of the title and said that 
seeing a clear title encouraged them for further work.

Scienti�c 
background

Short, focused description of 
the research �eld and existing 
evidence 

Students tended to write too long and very general 
introductions. A lot of e�ort was needed to focus them on the 
actual problem that would be covered by the thesis.

Hypothesis Explicit, clear and brief 
statement

Students tended to have too many hypotheses, discussing those 
hypotheses and primary objective of their research helped them 
focus on one or two most important outcomes.

Originality of 
research

Brief explanation whether the 
proposed research is original

Student defended the originality of their work by stressing the 
local relevance (“�rst in our country”) and rarely planned to use 
analytical study designs.

Study design Rationale for study design 
proposed

This section was most often poorly written, and the most 
common study design was a “retrospective study”. Usually we 
had to discuss the research question in great detail to arrive at 
appropriate study design; this often lead to the revision of other 
items.

Sample Detailed de�nition of the study 
sample, with inclusion and 
exclusion criteria

Most often these were already well explained in the �rst draft; 
more problems were encountered with epidemiological studies, 
where the population was often not clearly de�ned.

Sample size 
calculation

Calculation of the sample size, 
using statistical software of 
web-sites

Students mostly came to the teacher for advice before 
addressing this item. This task was very useful for them to clarify 
study design, study groups and outcome measures, as well as to 
review basic statistical concepts.

Subjects and 
methods

Concise description of the 
subjects and methods

Regularly well written. Students mostly needed to be reminded 
to refer to literature or manufacturers when they described the 
methods.

Primary outcome 
measure

Clear description Regularly well written; sometimes students had to add 
measuring units.

Secondary outcome 
measures

Clear description Very often students listed too many secondary outcome 
measures, and mentioned those they would not measure. 
Discussion was often needed to clarify the di�erence between 
primary and secondary outcome measures.

Potential sources 
of bias and 
confounding factors

List and explanation Very hard concept for students; this was the part of the proposal 
that needed a lot of discussion and supervision.

Statistics Description of the statistical 
analysis and data presentation

The statistical methods used are usually simple univariate 
statistics. The discussion with students helped them revisit basic 
statistical principles.

Expected results Description of expected 
results in view of the proposed 
hypothesis and of the 
importance of results

This section was most often poorly written; students do not 
have clear concept of what would be the concrete result of their 
work.

Internal and 
external validity

Brief arguments for the validity 
of the study

External validity posed a special problem for students; it 
appeared that they need more research experience and better 
knowledge of the research �eld to address this issue.

References According to the Vancouver 
style

This was the part of the proposal that tested students’ eye for 
detail and a good practice for them in making a technically well-
formatted report.

Ana Marušić et al.: Teaching Science throughout Medical Curriculum



56

Acta Medica Academica 2014;43:50-62

�e Sixth Year

�e sixth year was entirely devoted to the 
execution of research planned in the ��h 
year, including data collection, data analysis, 
interpretation and thesis writing. �e �nal 
mark of the thesis was deduced from the 
sum of points the thesis was given for tech-
nical excellence (Supplementary table 2), 
average of points given by three members of 
the Graduation �esis Defense Committee 
for the scienti�c quality of the thesis (Sup-
plementary table 3), and average of points 
given by the three members of the Gradua-
tion �esis Defense Committee for student’s 
presentation and defense of the thesis (Sup-
plementary table 4); 56% – 65% points was 
su�cient (grade 2), 66% − 75% good (grade 
3), 76% − 85% very good (grade 4), and 
≥86% points excellent (grade 5). �e results 
of this year, i.e. the quality of the structure, 
content and style of the graduation theses 
surprised us. All students obtained, and de-

served, excellent marks. We cannot assess 
how much this success was a product of 
our constant assistance to students, work of 
their individual mentors, clear-cut plans for 
research from the previous year’s course, ex-
tensive instructions for thesis composition, 
detailed and transparent criteria of thesis 
evaluation and defense (Supplementary ta-
bles 2, 3 and 4), or of the maturation of stu-
dents and their growing awareness that soon 
they will be headed to independent working 
positions. �e experience was rewarding 
and highly appreciated by the students, their 
mentors and teachers at our Department, 
who provided methodological advice dur-
ing the thesis work and writing. As in line 
with the University of Split regulations, the 
theses were made publicly available through 
the School’s library webpage.

Discussion
As editors and educators we have found our 
work with students in teaching research 

Proposal item* What was expected from 
students

What students usually wrote in the �rst draft and how they 
revised it 

Publication plan Decision on the �rst-choice 
journal for the publication of 
results, indicate the web-page 
of the journal

Students liked this part of their proposal and often studied 
journals and their impact factors in detail. They also most often 
aimed too high.

Authorship Provisional list of authors 
on the byline, according to 
initial work division. Planned 
contributions have to satisfy 
ICMJE† criteria.

This section provided the opportunity to discuss the di�erence 
between a thesis and a research paper. Students felt strongly 
about being the �rst authors inasmuch as they planed to make 
the largest contribution to research and writing. 

Financing Plan for or existing sources of 
funding

Usually no funding was planned or was available. This item was 
included to remind students about possible �nancial con�icts of 
interest and the need for their declaration. 

Con�ict of interest Description of possible 
con�icts of interest

Usually none declared. This item was always discussed with a 
student, and they were asked to consult their mentors.

Intervention Description of the intervention, 
if planned

Students rarely performed research involving testing of an 
intervention. This is the reason for putting this item so far in the 
proposal and making it optional. In rare instances of planned 
intervention studies, students needed assistance in clarifying 
the details about the intervention.

Preliminary research Description of any pilot results, 
if they exist

Preliminary research was rarely performed by students. If they 
did a pilot study, they needed assistance in describing the result.

*Teachers read the proposal 1-3 times, providing suggestions what and how to correct and complete all items. Students also came for consulta-
tions and discussions on items they found di�cult to address. Teachers insisted on technical and language excellence of writing.
†International Committee of Medical Journal Editors, www.ICMJE.org.

Table 2 (continued)
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skills and scienti�c communication more 
rewarding than working with journal au-
thors, who were already fully formed when 
they started being interested in research and 
publications (42). By the time most health 
professionals come to doctoral programs, 
which are the usual points of intervention 
for capacity building in research in develop-
ing countries (43), individuals are already 
formed and usually anxious about numbers, 
statistics and study design (44).

Medical students initially shared those 
anxieties but overcame them more easily and 
learned to appreciate the gradual increase in 
their own understanding and applicability of 
medical science, which in the end culminat-
ed with feelings of satisfaction and pride in 
the quality of their own research and diplo-
ma theses. Our analysis of students’ respons-
es to the course (and its 6 parts as shown in 
Table 2) was based on our communication 
with students (which was abundant), analy-
sis meetings of the Department’s members, 
reactions of mentors, and of students and 
members of defense committees at and af-
ter the defenses of the theses. �e lack of an 
objective and systematic analysis thus opens 
the possibility that our evaluation was either 
biased or attributable to low evaluation cri-
teria; however due to our familiarity with 

the previous thesis works, we believe we 
have substantially increased the criteria and 
evaluated them objectively. As the gradua-
tion theses made in the School of Medicine 
in Split are published on the internet (http://
library.foi.hr/m3/ksrez.asp?B=419&N=50&
V=FDI&J=&K=&O=&S=&css=&dlib=1&
Upit=), those from years 2011 and 2012 are 
open to comparisons with those published 
before the new curriculum, as well as with 
those produced in other medical schools.

Finally, we truly feel there can be no good 
research for health if education for research 
does not come �rst (45). �e research in bio-
medicine course, in all forms of knowledge 
and skills o�ered and required, empowers 
students of health professions to follow and 
practice principles of evidence-based medi-
cine which no longer can be separated from 
everyday practice (42). Both searching for an 
answer to the question about a real patient 
and researching a novel intervention require 
careful de�nition of a question, identi�ca-
tion and critical assessment of evidence and 
drawing relevant and objective conclusions. 
Teaching research needs to start earlier and 
be integrated with teaching practice. �is is 
fully in line with the latest recommendations 
on basic medical education from the World 
Federation for Medical Education (Box 1).

Box 1. Recommendations of the World Federation for Medical Education (WFME) for science teaching in medical schools 
(Standards for basic medical education; The 2012 revision (ref. 20).

2.2. SCIENTIFIC METHOD
Basic standard:
The medical school must
• Throughout the curriculum teach 
• The principles of scienti�c method, including analytical and critical thinking. (b 2.2.1)
• Medical research methods. (b 2.2.2)
• Evidence-based medicine. (B 2.2.3)
Quality development standard:
The medical school should
• In the curriculum include elements of original or advanced research. (Q 2.2.1)
Annotations:
• To teach the principles of scienti�c method, medical research methods and evidence-based medicine requires scienti�c 

competencies of teachers. This training would be a compulsory part of the curriculum and would include that medical 
students conduct or participate in minor research projects.

• Elements of original or advanced research would include obligatory or elective analytic and experimental studies, 
thereby fostering the ability to participate in the scienti�c development of medicine as professionals and colleagues.

Ana Marušić et al.: Teaching Science throughout Medical Curriculum
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For those willing to try a similar course 
schedule, we would recommend having stu-
dents write their research proposals on the 
fourth year, and having “journal clubs” on 
the ��h, to enable students to discuss papers 
directly related to their own research topics. 
Even for those students who later in their ca-
reers decide not to partake in their own or 
others’ research, we believe critical thinking 
they obtain through science teaching will for-
ever remain an invaluable tool. It is now our 
further goal to cultivate a climate within our 
School and University which would enable 
publications of all students’ work started as 
diploma thesis as full papers in peer-reviewed 
journals, and we therefore encourage other 
institutions to start building and strengthen-
ing research capacity from the �rst year of 
university level of health education.

Authors’ contributions: Conception and design: AM, 
MM; Acquisition, analysis, and interpretation of data: 
AM, MMal, DS, AJ, MM; Dra�ing the article: AM, DS, 
MM; Revising it critically for important intellectual 
content: AJ, MMal.

Con�ict of interest: �e authors declare that they 
have no con�ict of interest.
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Supplementary table 1 

Principles of adult learning and course development*

Principles of adult learning
1. Education is best provided by individuals who have a deep understanding of their subject matter and whose teaching 

re�ects that they care about and value the material being taught.
2. Educational programs should occur over an extended period; they should occur throughout a trainee’s tenure.
3. Active participation in problem-oriented learning is an important component of e�ective educational programs.
4. Programs are more e�ective if educators help students assess their prior knowledge and integrate new material with 

familiar ideas.
5. Students should be encouraged to share their own experiences with others in the class.
6. Instructional programs that attend to developmental di�erences and individual learning preferences are more likely to 

be e�ective.
Principles of course development
1. Teach early skills in question recognition and formulation, searching, and  critical appraisal, which should be taught and 

assessed as seriously as anatomy or pathology.
2. At the bedside, teach the application and integration of these basic skills, for example by giving students “educational 

prescriptions” – to formulate clinical questions and �nd answers before the next teaching session.
3. Teach students to explain evidence – about diagnosis, prognosis, treatment and their uncertainties – to patients.
4. Prepare students for the challenging task of integrating innovation and research into the realities of their clinics – 

by teaching them how to link evidence from systematic research with their personal experience and with patients’ 
individual needs and hopes.

5. Since medical practice is open-book, to test and foster real world skills, all exams in all subjects should be open-book 
(except for some medical emergencies).

*Based on research reported in refs. 3, 23-33.

Supplementary table 2 

Technical elements of student’s graduation thesis evaluated by the teachers from the Department of Research 
in Biomedicine and Health

Thesis elements*

1. Technical presentation: Page breaks, indenting and line spacing, consistency of presentation through headings and 
subheadings. 

2. Title: Clarity, congruence with hypothesis, indication of the type of study 

3. Sample size calculation: Adequate description of sample size calculation, including formula details, data source, type 
of statistical test, study strength, P value and sample needed per group (if applicable). 

4. Participants: Participants details, inclusion and exclusion criteria 

5. Study groups: Study group(according to hypothesis), intervention and control group (if applicable) 

6. Outcome measures: All outcome measures and their descriptors indicated (e.g. g/L, yes/no, etc.)

7. Confounding factors: Possible confounding factors listed, as well as their possible in�uence on the results

8. Ethical approval: Details of an approval by an ethical committee need to be listed, or the plan for its obtainment

9. Statistical analysis: All tests and programs used need to be listed 

10. Language and style: Orthography, spelling, typing errors

11. Data presentation follows guidelines of the study used (e.g. STARD, STROBE, CONSORT)

12. Study �ow diagram: Clarity, completeness, accuracy

13. Tables: Presentation, completeness, full title, clarity of the message, symbols used 

14. Figures: Presentation, completeness of legend, clarity of the message 

15. Referencing: ICMJE† style throughout the thesis 

*Each element is given a score ranging from 0 till 2 (0 – poor, 1 – good, 2 – excellent). †International Committee of Medical Journal Editors, 
www.ICMJE.org.
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Supplementary table 3 

Scienti�c elements of student’s graduation thesis evaluated by three members of Graduation Thesis Defense 
Committee

Thesis elements*

1. Title of the thesis: Congruence with hypothesis, clarity, type of study given and number of subjects/patients

2. Theoretical background of the investigation (Introduction): Logical stream („triangle“), clarity, relevance to the subject 
of research, logic of explanation for hypothesis/aim of the study, relevant citing

3. Hypothesis: Clarity, originality, importance

4. Appropriateness of the type of study: Are the type of the study and control group congruous with the hypothesis/aim 
of the study?

5. Sample: Did the author de�ne a) population represented by the sample, b) type of sample, c) selection of subjects/
patients for the sample; laboratory animals or data sources?

6. Calculation of the minimal sample size: Is there clear-cut description of calculation, are all data included in the formula 
given, is the source/s of data for the formula given, which is the statistical test used, what are P-values, power of the 
study, and number of subjects per group (as calculated)?

7. Subjects/patients: Inclusion and exclusion criteria, experimental/test group (commensurate to the hypothesis), control 
group (commensurate to the experimental group)

8. 8. Outcome measures: Measuring units given for each listed outcome measure (e.g. g/L, yes/no, etc.), statistical 
measures speci�c for the type of the study (e.g. OR, RR, etc.)

9. Confounding variables and biases: Are the possible confounding variables and biases listed and how their in�uence on 
the results were controlled?

10. Statistics: All statistical measures of the outcome given, test applied for each analysis indicated, all P-values given

11. Flow chart of the study: Clarity, neatness, completeness, numbers in the boxes real and exact

12. Methods of data collection: Aources and methods of collection of all data listed, place of investigation, �nancing, 
appropriate ethical approval

13. Results – text: completeness and clarity of description of results, relevance of results to the hypothesis

14. Results – tables and �gures: Each answers one question stemming from the deductive analysis of the hypothesis

15. Discussion: Logical �ow („triangle“), soundness of explanation of scienti�c contribution, analysis of the weakness of 
the study

16. Conclusions: Clarity, originality, importance, foundation in the obtained results

17. Originality of research: With respect to the literature

18. Contribution to medical knowledge: At national and international level

19. Internal validity of research: Do the type of the study and outcome measures allow adequate testing of the 
hypothesis?

20. External validity of research: Generalizability of results discussed

*Each element is given a score ranging from 0 till 2 (0 – poor, 1 – good, 2 – excellent).
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Supplementary table 4

Elements of student’s presentation and defense of graduation thesis evaluated by three members of 
Graduation Thesis Defense Committee

Element
Points (from 0 – failure to 5 – excellent)

First member Second member Third member

Performance

Quality of presentation slides

Clarity of presentation

Answers to questions of the Committee Member 1

Answers to questions of the Committee Member 2

Answers to questions of the Committee Member 3

Total




