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Students Knowledge Integration of Lower Level clinical Skills) study
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Abstract
Introduction: The aim of the study is to assess reported changes in medical students’ capacity to attain five basic cardio-
logical clinical skills, following a one-month intensive cardiology course provisioned in the core curriculum. 
Materials and Methods: An anonymous questionnaire comprising self reported performance in the five skills, namely 
1) arterial blood pressure measurement, 2) cardiac auscultation, 3) electrocardiogram (ECG) carry out, 4) ECG inter-
pretation and 5) defibrillation, was distributed to 177 fifth year students of the Athens Medical School upon initiating 
the cardiology course (pre-training group) and to 59 students matched for sex, age, year of study and training centre, 
following completion of the course (post training group). Comparison of pre- and post- training performance was evalu-
ated using the χ2 test. 
Results: No change was noted with regards to blood pressure measurement, cardiac auscultation or defibrillation. By 
contrast, a statistically significant improvement was reported for ECG execution (54.3 versus 81.4%; p<0.001) and in-
terpretation (from 33.1 to 89.8%; p<0.001).  
Conclusion: Improvement in the execution and interpretation of ECGs seems to be among the strengths of the cardiol-
ogy training program. Further studies including larger samples from multiple medical schools and objective assessment 
of skill execution might facilitate accurate training evaluation and define opportunities for improvement.
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Introduction
Medical education is nowadays justifiably considered 

to be the most challenging field of scientific research.  New 
innovative teaching techniques and instructional methods 
are being gradually implemented in several University 
Medical Schools all over the world. It is believed that 
a doctor’s capability of successfully coping with urgent 
medical conditions and effectively carrying out practical 
medical procedures depends to a great extent on the pres-
ence or absence of practical orientation during his basic 
medical training. Thus, health professionals and special-
ists of the educational process are presently familiarizing 
with new teaching protocols that oppose to what has been 
established so far, deviate from conventional methodolo-
gies such as plain theoretical lectures with no practical 
component and are related to digital forms of educational 
technology that are mainly computer-assisted. The extent 
to which the implementation of these tools in the Hel-
lenic Medical Education system has provided improved 
outcomes in terms of students’ clinical skill attainment 
remains, however, unclear.

According to the regional compulsory medical edu-

cation curriculum, undergraduate cardiology training is 
limited to a one-month period, which takes place during 
the fifth year of medical studies (the total duration of 
medical studies is 6 years). The schedule includes a com-
bination of tutorials-case discussion and clinical practice 
from 8:00 am to 13:30 pm three times a week. During this 
period, students visit in rotation several sub-departments 
of the clinic, such as the echocardiography department, 
the outpatient clinics, the catheterization laboratory and 
the coronary intensive care unit.

The objective of this study is to estimate whether 
attending a practical cardiology course of one-month 
duration can actually improve undergraduate fifth year 
medical students’ self-reported performance efficiency in 
terms of five basic cardiological clinical skills. 

 
Material-Methods

The study is based on an anonymous questionnaire, 
developed by medical students of Athens University, 
in collaboration with the 1st Department of Cardiology. 
Following an initial, pilot phase, during which the ques-
tionnaires were tested on a minimal number of students 
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trained in the 1st Department of Cardiology, a final ques-
tion form was developed, taking into account any reports 
on problems encountered during distribution and analysis 
of the original version.

The revised questionnaire was distributed to 177 ran-
domly selected fifth year undergraduate medical students, 
during a fifteen-day period per term. In this questionnaire 
the participants were asked to assess their competence 
in five specific skills of cardiological interest: 1) arterial 
blood pressure measurement, 2) defibrillation, 3) ECG 
execution, 4) analysis-interpretation of an ECG and 5) 
cardiac auscultation and differential diagnosis of cardi-
ac sounds. No partial completion of questionnaires was 
noted.

From the 177 students who participated, 59 students 
had already attended the Cardiology course (post-training 
group) while the other 118 students were randomly cho-
sen from those who had not attended (pre-training group) 
so that 2 students would correspond to every one in the 
post-training group in terms of sex (equal distribution), 
age (24 +/-1 years), year of study (5th) and year of enter-
ing Medical School. 

Exclusion criteria included: previous academic study 
in a health-related field, pre-existing professional or sys-
tematic extracurricular exposure to clinical practice, par-
ticipation in research protocols related to Cardiology and 
participation in certified life support workshops.

The enrollment and randomization process was con-
ducted per term as follows: The research group includ-
ed in the study only those students who had a Registry 
Number starting with 2001 demonstrating that all par-
ticipants had entered the University Medical School at 
the same year. The study group enrolled consecutively 
every third student (randomized selection), reaching a 
total specimen size of 30 participants (equal to one third 
of the total number) with an equal representation of the 
male and female students (15 male / 15 female), the lat-

ter being true in the general medical student population, 
too. Only one male student who selected was reluctant to 
participate, contributing to a refusal rate of 1.66 %. Once 
the formation of the post-training group was completed, 
the research team initiated the process of matching every 
student from the post-training group to two other students 
who had not been trained in cardiology yet, maintaining 
comparable age, gender, year of study and year of entry. 

Potential confounding factors, such as the socioeco-
nomic status of the participants or their overall perform-
ance in medical training were also taken into considera-
tion. In particular, all students of the study were admitted 
in the Medical School via highly competitive State Exami-
nations, requiring a mean grade of over 96%, ranking them 
in the top 3% of the national student population. A study of 
archival data from the academic Registry revealed that the 
large majority of students derive from parents employed in 
either public services or healthcare, implying reasonable 
comparability in terms of educational background and 
family income, with a roughly symmetrical distribution 
around a medium-high income peak value. 

Data was collected in anonymous collective tables 
and analyzed via the SPSS software (version 18.0, IBM 
SPSS Inc, Chicago, IL, USA). The statistical evaluation 
was performed through univariate analysis with the ap-
plication of the Chi-square test for every one of the ex-
amined five cardiological skills. The minimum statistical 
significance level was set at p<0.05. Due to the categori-
cal and non-ordinal nature of the data (dual response op-
tion), measurement of normality and correlation coeffi-
cients was not applied.

Results
Table 1 displays the distribution of the 118 pre-train-

ing and the 59 post-training students’ self-reported capac-
ity in the examined cardiological skills. 

The post-training students reported higher perform-

Perceived competence in: Pre-training

N                 %

Post-training

    N                 %

p-value

Blood pressure measurement
YES 113 95.8 56 94.9 0.534
NO 005 04.2 03 05.1
Cardiac auscultation
YES 68 57.6 38 64.4 0.386
NO 50 42.4 21 35.6
ECG execution
YES 64 54.2 48 81.4 <0.001
NO 54 45.8 11 18.6
ECG interpretation 
YES 39 33.1 53 89.8 <0.001
NO 79 66.9 06 10.2
Defibrillation
YES 19 16.1 14 23.7 0.219
NO 99 83.9 45 76.3

Mean values of self-reported competence in five basic cardiological skills among 118 pre-training and 59 post-training medical 
students, showing definite improvement for ECG execution and interpretation after the cardiology rotation and no difference 
for the other skills. ECG: Electrocardiograph, N: absolute number of students. p-values obtained via χ2 test.

Table 1: Self-reported competence in 5 cardiological clinical skills pre vs post training.
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ance than the pre-training ones in the questions concern-
ing the ECG. More specifically, 81.4 % of the post-train-
ing group claim to be capable of carrying out an ECG 
and 89.8 % state that they are able to interpret an ECG. 
The corresponding rates of the pre-training students were 
54.2 % and 33.1 % respectively. In both cases, the differ-
ence observed are statistically highly significant, with a 
p-value <0.001. 

As far as defibrillation and cardiac auscultation are 
concerned, although the post-training students presented 
higher percentages of positive answers than the pre-train-
ing group, the differences found were not statistically 
significant. 

Last but not least, no significant difference was ob-
served between the two subgroups of the study concern-
ing the skill of measuring the arterial blood pressure. 

Discussion
The choice of the 5 cardiological skills included in the 

study has been based on a hierarchical classification of 
clinical actions necessary for general practice and acute 
care according to the relevant training curricula1. 

An overall estimation of study outcome reveals that 
there is a considerable lack in training for almost all 
skills examined. Blood measurement appears to be the 
most widely recognized activity, while only about half 
the students feel capable to perform cardiac auscultation 
correctly. Concerning pre- and post-training comparison, 
a statistically significant difference is only observed for 
ECG-associated skills. 

These findings are consistent with the study hypoth-
esis, namely that student self-reported capacity is direct-
ly related to the education they are provided with. For 
instance, in terms of blood pressure measurement, all 
students have received a combination of theoretical and 
practical application under the supervision of a health 
professional throughout the years of undergraduate clini-
cal practice. Thus, high competency rates as those report-
ed are to be expected, regardless of Cardiology training 
completion. Concerning carrying out an ECG, the skill 
is practically applied in patients in cooperation with the 
nursing personnel on a daily basis during Cardiology 
training, this being the first opportunity to cover this skill 
for the majority of trainees. With regard to ECG inter-
pretation, Cardiology clinics place a particular emphasis 
on detecting basic heart disorders and this is specifically 
evaluated in theory and practice before successful com-
pletion of the course, a process that seems to succeed in 
improving performance status, although not at the desired 
level. In terms of defibrillation, there seems to be a con-
siderable deficit in medical students’ familiarization. Fi-
nally, as far as cardiac auscultation is concerned, students 
are stimulated to use their stethoscope while examining 
their patients in all stages of their clinical education. This 
seems to achieve some educational goals, however, there 
is still a large proportion of medical students that remain 
unsatisfied. This may be due to a number of causes, in-
cluding poor ratios of students per patient or trainer per 

student observed in some cases. 
All the cardiological skills examined, demand criti-

cal thought and diagnostically oriented methodologies2,3. 
Effective training also requires a (real or alleged) patient 
to take part in the educational process, although recent re-
search findings demonstrate that a really good effect could 
be accomplished through digitally simulated experiences 
by means of computer technology and virtual classrooms1-3. 
This is particularly relevant for emergency skills, such as 
defibrillation. The training difficulty often described as an 
obstacle in this process may no longer be considered valid, 
since current guidelines propose the use of semiautomatic 
and automated external defibrillators even by the general 
public4-6. In some studies simulators have been available in 
combination with ALS (Advanced Life Support) training 
software7-9. However, despite the recognized significance 
of these skills in daily practice, concern on student training 
outcome remains high worldwide10-11. 

Simulator training can allow the student to learn from 
errors. Small-group discussion and repetitive auscultation 
of simulated heart sounds has also been reported to im-
prove the cardiac auscultatory proficiency12. Moreover, 
cardiology patient simulators13 and computer-assisted 
instruction systems14 enable teaching and assessment of 
cardiac pathophysiology. Finally, electronic stethoscopes 
linked to a laptop computer with software created to visu-
alise auscultatory findings facilitate the understanding and 
identification of cardiac murmurs15. All these practices are 
only partially applied in Greek medical education and, 
therefore, their efficacy remains to be evaluated in future.

Self-assessment is widely considered by medical edu-
cators to be a vital part of the training process for future 
and current physicians16-18. However, there is consider-
able debate as to the accuracy of students’ assessments of 
their own competence and results obtained should later 
be validated by objective evaluation17-20.

The SKILLS study is the first questionnaire-based 
medical students’ self-assessment study in Greek univer-
sities, although similar projects have already been imple-
mented in a pilot basis abroad, including the UK17-21. 

Limitations of the study
The design of the study had to deal with two major 

limitations discussed below. 
The first limitation is that the statistical sample does 

not consist of the same students being prospectively ob-
served. However such a procedure could not be achieved 
since medical students attend different courses every 
month via a rotation schedule. This difficulty, however, is 
somewhat surpassed by the selection of comparable (age, 
sex, year of entry-study, training department-hospital, 
overall skills score) students. 

The second limitation is that students’ efficiency in 
skills was not objectively tested and measured with a 
specific examinational method but depended on students’ 
self-report and self-evaluation. However, results obtained 
via questionnaire were compared with data from some pi-
lot objectively structured clinical examinations (OSCE) 
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on the same skills performed by a limited number of stu-
dents under supervision by a trainer. Differences between 
referred and objectively observed capacity to perform 
each skill were not statistically significant, thus allow-
ing the use of the questionnaires as a reasonably accurate 
means to estimate training efficiency18-21. However, only 
the extensive implementation of objective evaluation 
methods will allow safe conclusions as to the correlation 
between reported and observed data. 

Conclusions
The study findings stress the potential of the current 

system to deliver adequate clinical training for future doc-
tors, if not generally, at least in the specific field tested, 
since they constitute core elements of almost all residency 
programs. Some measurable gains are obtained even af-
ter short-term exposure to clinical scenarios, raising the 
question as to what level of expertise may be achieved by 
further expanding and consolidating these positive results. 
On the other hand, the study is also underlying significant 
gaps in medical training, stressing the need for continuous 
evaluation and improvement of the provided courses via 
additive educational activities. In this aspect, a self-report-
ed evaluation based on structured questionnaires applied 
before and after a specific training intervention appears to 
provide reliable data to initially assess all the clinical goals 
mastered and detect areas of limited response. However, 
the combined implementation of subjective and objective 
evaluation methods in large populations nationwide and in 
a larger sum of clinical skills is required to guide the de-
velopment of more effective teaching schemes. The inclu-
sion of trainer- rather than self-reported skill performance 
outcomes using a uniform assessment tool might also in-
crease objectivity and reproducibility and facilitate future 
data comparison across time and space.
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