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Abstract: This study aimed to examine the effects of 'Heart Sounds', a web-
based program on improving fifth-year medical students' auscultation skill in a
medical school in Egypt. This program was designed for medical students to
master cardiac auscultation skills in addition to their usual clinical medical
courses. Pre- and post-tests were performed to assess students' auscultation skill
improvement. Upon completing the training, students were required to
complete a questionnaire to reflect on the learning experience they developed
through 'Heart Sounds' program. Results from pre- and post-tests revealed a
significant improvement in students' auscultation skills. In examining male and
female students' pre- and post-test results, we found that both of male and
female students had achieved a remarkable improvement in their auscultation
skills. On the other hand, students stated clearly that the learning experience
they had with 'Heart Sounds' program was different than any other traditional
ways of teaching. They stressed that the program had significantly improved
their auscultation skills and enhanced their self-confidence in their ability to
practice those skills. It is also recommended that 'Heart Sounds' program
learning experience should be extended by assessing students' practical
improvement in real life situations.
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1. Introduction

While the health care field is moving toward embracing the notion of clinical best
practices, there are considerably few studies discussing the structure, process and content
of how to best educate health care providers. It would appear, in fact, that educational
processes have changed very little over the years, and even emerging advances in
technology often have become prisoners of academic norms and traditions. It is ironic
that while many educators emphasize to clinicians the need to evaluate and align care-
giving processes with the strongest evidence of effectiveness; they often fail to
demonstrate or make a role model of a similar belief related to their own educational
processes.

Classroom practices continue to be dominated by delivery of lectures by
instructors in class. More than 30 years of research point to the limitations associated
with unidirectional learning via in-class lectures, including lack of student attention and
limited opportunities to develop essential skills (Bligh, 2000).

Literature highlights the need to rethink depending on classroom learning and
describes pedagogical innovations that foster higher-order thinking, improved
information analysis and learning skills, and more opportunities for interactive learning.
These approaches represent an ongoing paradigmatic shift in education from teacher- or
lecture-centered instructional strategies to learner-centered instruction such as e-learning
(Barr & Tagg, 1995).

e-Learning is known for its flexibility in taking into account individual
differences in the processing of information, which is functional, as students differ in the
way they prefer types of visual or auditory information (Valcke & De Wever, 2006). By
combining the strengths of computer instruction and face-to-face teaching, blended
learning can ensure an environment that can produce improved student's outcomes and
facilitate acquisition of competencies that may not otherwise be achieved (Garrison &
Kanuka, 2004; Gray & Tobin, 2010; McLaughlin et al., 2014).

Proficiency in cardiac auscultation skill has been and still is an important skill in
clinical medicine for all specialties. As freshly graduated doctors — general practitioners
(GPs) — must master the skill of recognizing different heart sounds in less than a minute.
Students often find it difficult to determine the timing and characterization of the heart
sounds in this short time. Several studies discussed students lack of such skills among
medical students (Vukanovic-Criley et al., 2006) as well as among clinicians (Mangione,
2001; March, Bedynek, & Chizner, 2005).

Egyptian medical education curriculum at Assuit University, undergraduate
cardiology training is limited to a three-month period, which takes place during the fifth
year of medical studies (the total duration of medical studies is 7 years). The schedule
includes a combination of tutorials-case discussion and clinical practice from 8:00 am to
14:30 pm once a week for each student. During this period, students visit in rotation
several sub-units in cardiovascular department, such as the echocardiography, the
outpatient clinics, the catheterization laboratory and coronary intensive care unit.
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So, basically cardiac auscultation has traditionally been taught as if it were an
intellectual skill, with a didactic lecture followed by a brief demonstration of heart sounds
directly on patients with more than 15 doctors for each patient. Cardiac auscultation has a
unique property that differs from patient to patient and from moment to moment during
examination. This approach has yielded disappointing results, with most clinicians able to
recognize only about 40% of abnormal heart sounds. At Assiut University hospitals
(AUH), the problem is much complicated because of the large number of students and
difficulty to find a co-operative patient who accepts that all students have enough time to
hear his heart sounds.

To facilitate learning of auscultation and improve its efficiency efforts have been
directed since 1960s to development electronic devices to facilitate learning of such
sophisticated skills. Mannequins, electronic stethoscopes, computer programs and
simulators have since then been developed and marketed. The first mannequin made for
teaching students heart auscultation was introduced in 1968 and named "Harvey"
(Gordon, 1974). In 1987 a study on the use of Harvey on fourth-year medical students
showed improved skills compared to a control group not using the device (Ewy et al.,
1987).

Since that literature has supported the need for more effective teaching and
learning strategies in the area of physical assessment. One study showed that medical
students identified only 20% of 12 cardiac events correctly and the accuracy of residents
was no better at 19% (Mangione, 2001). Another investigation showed that expect for
cardiology fellows, there was no improvement in auscultation skills after the third-year of
medical school among medical students, residents and faculty (Vukanovic-Criley et al.,
2006). The need for improved assessment and training in core skills such as cardiac
auscultation is emphasized by the transition towards a competence based model of
medical education (Accreditation Council for Graduate Medical Education, 2010).

The general decline in physical examination skills is clearly indicated through
measuring students' cardiac auscultation skills (Lok, Morgan, & Ranganathan, 1998).
There is a mounting evidences that students are exposed to instructors who themselves
have variable skills in auscultation: residents have alarmingly low identification rated of
abnormal heart sounds, and even experienced cardiologists have low inter-observer
agreement about certain cardiac auscultation findings (Lok, Morgan, & Ranganathan,
1998).

Uniform delivery of an auscultation curriculum in medical schools attempts to
overcome the deficiencies of a curriculum taught by multiple instructors. In addition,
heart sounds simulators, auscultation enhancement technology, audio-tapes, and other
computer-based interventions have been implemented at different medical schools to
refine students' auscultation skills (Issenberg et al., 2002).

From an educational perspective, an ideal curriculum for teaching auscultation
skills would be to have each student evaluated a series of live patients with abnormal
heart sounds in clinic of an expert cardiologist who would then take the time to review
each case and instruct students individually. Given the numbers of students involved, the
availability of patients and schedules of cardiologists, this curriculum is not feasible.
Fortunately, advances in technology have provided an opportunity to create a simulation
of this experience without the requirements of excessive faculty or patient time. With
computer based programs all students can receive both the benefits of an outpatient
experience and the teaching and feedback of an expert clinician (Stern et al., 2001).
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Research in the field of e-learning has provided substantial evidences that this
type of learning have a positive effect on students' enjoyment and interest in learning,
leading to increases in their ability to control their learning. Becker (2000) cited at least
four key benefits for using ICT in education: increase commitment to the learning task,
increased independence and motivation for self-directed study, enhance self-esteem, and
improved behavioral habits. Literature connecting e-learning with the learning process
presents a multifarious view of ICT application and student learning (Cavanagh &
Romanoski, 2004). The mode of participation of students in the learning process is
typically varied. Students can work independently, in groups, or interact virtually. The
cognitive processes constituting learning are also varied. These include constructivist
activities such as memorization, problem-solving, and creativity. Further, the outcomes or
products of e-learning tend to be multidimensional. It can affect the quality of learning
products and the pace at which given tasks are completed.

Literature review reveals that simulation technology with deliberate practice
(Ericsson, 2004) can be used to improve a variety of trainee skills. Examples include
cardiac auscultation (Barrett et al., 2006; Issenberg et al., 2002), Advanced cardiac life
support (ACLS) (Wayne, Butter, & Siddall, 2006) thor-acentesis (Wayne, Barsuk,
O’Leary, Fudala, & McGaghie, 2008), and central venous catheter insertion (Barsuk,
McGaghie, Cohen, Balachandran, & Wayne, 2009). In addition to enhancing technical
proficiency, some educational interventions have also been shown to transfer skill to the
clinical environment and improve patient care and patient outcomes (Barsuk, Cohen,
Feinglass, McGaghie, & Wayne, 2009). Horiszny (2001) proved that students' ability to
correctly interpret simulated heart sounds is better among those who participate in face-
to-face teaching sessions in conjunction with e-learning training, (blended learning),
compared to those who attend traditional class only.

Recently blended learning, the mixture of e-learning and face-to-face learning,
has been presented as a promising alternative learning approach to traditional methods of
learning, as it is characterized as maximizing the advantages of traditional learning and e-
learning (Wu, Tennyson, & Hsia, 2010). It is proved that blended learning allows for
greater flexibility and responsiveness in the teaching and learning process (Lewin, Singh,
Bateman, & Glover, 2009). The integration of e-learning has been shown to overcome the
limitations of time and space, and reach a large number of students without increasing
resources requirements (Gray & Tobin, 2010). Moreover, evidences from a wide range of
disciplines supports the use of blended learning as it proved to be able to enhance
students' critical-thinking skill; as it increases student engagement in the learning process
(McLaughlin et al., 2014; Pierce & Fox, 2012).

However, it is strongly argued that blended learning is highly context-depended
and that the generalization of its effectiveness among different disciplines is quite
challenging (Harris, Connolly, & Feeney, 2009). Thus a successful implementation of
blended learning in one domain does not necessary mean that it will have the same value
within another domain. Hence, the significance of the recent study stems from this
argument, as we are trying to prove that the implementation of blended learning in the
field of medical education in Egypt will be fruitful especially in training medical students
to improve a very sophisticated skill as auscultation.

The present study aimed to collect empirical evidences to support the hypothesis
that: Implementing blended learning in the form of intensive repetition of basic cardiac
murmurs using a computer-based program, 'Heart Sounds', will enable fifth-year medical
students to improvement their auscultation skills.
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2. Method of the study

To overcome difficulties fifth-year medical students encounter in learning and mastering
auscultation skills, a group of cardiology specialists (Dr. Ayman Khairy Mohamed
Hassan and colleagues) have developed a computer based program which they call 'Heart
Sounds' program. The program is based on psychoacoustic research demonstrating that
intensive repetition (400 to 600 times) is required for the human brain to master a new
sound. This degree of repetition is necessary for the formation of an auditory template of
each new sound. Once each new sound is mastered, it is reinforced each time you hear it
in a patient. By using this learning principle, 'Heart Sounds' program is expected to
produce a significant improvement in cardiac auscultation in a relatively short time. Basic
heart sounds and its variability, basic systolic and diastolic murmurs for most common
valvular lesions (ex: mitral stenosis & or regurgitation, Aortic stenosis & or regurgitation,
ventricular & atrial septum defect and pulmonary stenosis & hypertension) are presented
in a simple way in this web based program. A web test was designed to measure students'
auscultation skills improvement. Students were asked to listen to different basic heart
sounds and identify them through answering choose questions. Then after the program
the students were tested again. Students' scores in the pre- and post-test were compared in
order to prove the effectiveness of the program on fifth-year medical students'
auscultation skills.

In the assessment questionnaire students were asked to assess their learning
experience with 'Heart Sounds program in five aspects: 1) Improvement in cardiac
auscultation skills. 2) Improvement of field practice. 3) Increasing confidence in the
obtained cardiac auscultation skills. 4) The effectiveness of the new learning technique
compared to traditional methods. 5) Increasing of students' satisfaction with the new
learning experience. Finally students were asked whether they will recommend using this
program with other students or not.

2.1. Development and constructional work

It started by an idea to put all basic auscultation skills for medical students in a web based
system. It is well known that Upper Egypt is endemic for rheumatic heart disease (RHD)
where up to 70% of daily practice in the outpatient clinic at AUH and 90% of students'
education at cardiology department is on RHD patients. Basic heart sounds and its
variability, basic systolic and diastolic murmurs for most common valvular lesions (ex:
mitral stenosis & or regurgitation, Aortic stenosis & or regurgitation, ventricular & atrial
septum defect and pulmonary stenosis & hypertension) are presented in a simple way in
'Heart Sounds' program.

So, in addition to their usual curriculum courses, fifth-year medical students are
authorized to use the 'Heart Sounds' program to master cardiac auscultation skills. Each
student is provided by a password to create an account for him/herself, through which
they can access the program and use the computer simulator system. At the same time, a
report of each student activities and involvement in the program will be provided.
Computers with headphones were provided to all students at faculty of medicine, Assiut
University.

Researchers launched "Heart Sounds' program in November 2011 with a test phase,
mainly depending on stimulating and encouraging students to learn and hear different
heart sounds. The first 3 month round witnessed a low participation from students as only
40% of the targeted students registered for the program. Next term researchers managed
to convince the head of the department to put only 4 marks on this program as an
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obligatory system for all students, our success in the next groups was up to 98% rate of
participation.

2.2. The technical procedures

The curriculum for fifth-year students at faculty of Medicine, Assiut University featured
approximately 4 hour of deliberate practice of 12 major cardiac findings:

o 7 Basic heart sounds including (S3, S4, innocent murmur, mitral regurgitation,
mitral stenosis, aortic regurgitation, aortic stenosis).

. 5 Complex heart sounds including (combined mitral regurgitation and stenosis,
combined aortic regurgitation and stenosis, tricuspid regurgitation variation,
pulmonary stenosis, continuous murmur of a patient ductus arteriosis).

The 12 findings were selected based on advice of our local educational committee.
The intervention included a web based computer program that provide interactive self-
study 'Heart Sounds Assiut University' program'; developed at the University of ASSIUT
which features didactic instruction, deliberate practice, and self-assessment and comply
with the national standards of e-learning
(http://www.mcit.gov.eg/Upcont/Documents/EL CC2010222143348.pdf).

Each heart sound class contained 8 seconds of a heart sound recording, followed
by the narrated identification of the sound. All students received a 1-time, multimedia
lecture (PowerPoint) taught by 1 faculty member (Dr. A. K. M. Hassan), which reviewed
the instructions of the heart sounds Assiut University program and how to use it. By the
end of this introductory lecture, each student received a time limited username and
password to log into web based program from anywhere, but as a standard all students
can access this program at Assiut Faculty of Medicine, Education Center. Students are
asked to use headphones to listen to the heart sounds and follow the instructions written
at the top of the introduction page of the program. The volume of the heart sounds was
fixed and students completed the class at their own pace and the program provides a
report on the time spent with each class for each student through a unique feature call the
PLOGS. This locally developed program also allow the students to directly communicate
with the professors at cardiovascular department using a unique feature called FORUM,
were all their questions are directly answered by the Prof. in charge via an email. Another
feature which is online participation, each Sunday between 8-10 pm (Dr. A. K. M.
Hassan) provide online medical guidance to all the students through the program. Also
the IT personnel for any problem were available at the secretary department all working
hours. Furthermore, the program provide online dedicated cardiology lectures as a power
point presentations and pre-solved Multiple Choice Questions for students training and
self-earning.

After approval of the ethical committee and board of directories at Faculty of
Medicine Assiut University, fifth-year students were obligated to use this program by
putting 4 marks on this e-learning program.

The computerized assessment was a set of 12 locally validated multiple choice
questions including an audiovisual file of the heart sounds. Students chose the best
among five possible responses. There was no time limit to complete this exercise and
students could listen to the heart sounds as many times as they wished but within the
cardiology round time frame (14 week). All students had to do the computerized
assessment before the intervention (pretest) within the first 2 weeks of the round and
again in last 2 weeks of the round after the education program (posttest). The same heart
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sounds were used for pretest and posttest, although presentation order varied. However,
for pre-test 3 trials are allowed for each student and the best results grade is the one used
for each student. But for post-test final exam, only one attempt is allowed to answer each
question.

2.3. Participants

A total of 980 students participated in the whole study distributed on six groups. Yet,
only 764 students completed the pre- and post- tests, and 257 students successfully
completed the questionnaire and they are distributed among six rounds as shown in Table
1.

Table 1
Student participants

Groups Round 1 Round 2 Round 3 Round 4 Round 5 Round 6

23\10\2011 -  15/2/2012- 14\2012 —  26\9\2012 —  23\12\2012-  1\4\2013 -
10/1/2012 21/3/2012 1\7\2012 15\12\2012 19/3/2013 1\7\2013

Number of

students

registered in the

program

187 190 190 138 138 137

Number of

students

154 109 145 145 95 116

completed the
pre- and post- test

Number of

Students

completed the
questionnaire

3. Results

Statistical analysis using SPSS program was carried out to calculate the mean, standard
deviation, statistical significance (sig.), and percentage of fifth-year medical students'
scores in pre- and post-test.

Table 2
Test scores of students' auscultation skills

N. Mean of pre-test Mean of post-test Std. Deviation Sig.
Round 1 154 17.33 19.38 3.21 0.00*
Round 2 109 18.59 19.58 2.06 0.00*
Round 3 145 18.18 19.5 2.79 0.00*
Round 4 145 18.17 19.5 2.79 0.00*
Round 5 95 22.21 23.44 5.75 0.05*
Round 6 116 21.9 22.68 2.91 0.01*
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Results in Table 2 demonstrate that the preformance of fifth-year medical students
in post-test has improved significantly than their preformance in the pre-test in all groups.
The mean of post-test increased significantly in all groups than the mean of pre-test,
therefore the value of (Sig.) is highly significant in all groups. This analysis suggests that
medical students' expereince with 'Heart Sounds' program has a positive impact on their
auscultation skills as it appears in their perforamce in the post-test.

We also compared student performance in the pre- and post-test based on gender
differences (see Table 3). We notice an over all improvement in the preformance of both
male and female fith year medical students in post-test. This marks that 'Heart Sounds'
program has a significant positive influence on fifth-year medical students auscultation
skills.

Table 3
Test scores of students' auscultation skills based on gender differences

Mean of male Mean of male Mean of female Mean of female

pre-test post-test pre-test post-test
Round 1 17.89 19.12 16.97 19.17
Round 2 18.76 19.57 18.49 19.53
Round 3 18.7 19.65 17.49 19.29
Round 4 18.3 19.65 17.83 19.29
Round 5 18.53 19.55 19.38 19.68
Round 6 18.67 19.82 18.93 19

To complete the picture and support results driven from analysing students'
performance in the pre- and post-test, students' perceptions of their expereice with 'Heart
Sounds' program were explored though exmainig their responses to the different items of
the designed questionnair. However, it must be elucidated that only four groups of
students out of six had completed the questionnaire, as in the first two groups students'
had the choice to either fill the questionnaire or not. Then students were obliged to
complete the questionnaire in order to finish their training and get the 4 marks.

A questionnaire was used administered to assess students’ perceptions of their
learning experience with 'Heart Sounds' program. A scale of 5 points were used (1 =
strongly disagree, 5 = strongly agree). Fig. 1: Students' perception of the effect of 'Heart
Sounds' program on their auscultation skills.

Fig. 1 reveals that all students in the four groups have constructed a very positive
experience with 'Heart Sounds' program that blossomed in reaching into a consensus that
the program has improved their auscultation skills.

Fig. 2 shows slight discrepancies among students perception on the effect of
'Heart Sounds' program on self-confidence in their auscultation skills. However, students
in all four groups have grown a significant consensus about the positive effect of the
program on their self-confidence in their ability to practice auscultation skills.

Fig. 3 reveals that students in the four groups have reached into a common belief
that 'Heart Sounds' program has improved their field-practice.
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Fig. 1. Students' perception of the effect of 'Heart Sounds' program on improving their
auscultation skills

4.1

4.05

3.95

3.9

3.85

3.8

Round 3 Round 4 Round 5 Round 6

Fig. 2. Students' perception of the effect of 'Heart Sounds' program on self-confidence in
their auscultation skills
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Round 3
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Round 5
Round 6

Fig. 3. Students' perception of the effect of 'Heart Sounds' program on their field practice

39
3.8
3.7
3.6
3.5

34

Round 3
Round 4
Round 5

Round 6

Fig. 4. Students' assessment of their learning experience with 'Heart Sounds' program

In Fig. 4 students while assessing their experience with 'Heart Sounds' program,
they reached into a common belief that the learning experience they gained with the
program is better than the one they gained with other traditional ways of teaching.
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Round 4 T o
Round 5 —/
Round 6

Fig. 5. Students' reflection on their satisfaction with the learning experience

Fig. 5 shows that students in all four groups hold a great appreciation to the
learning opportunities 'Heart Sounds' program offered. Therefore, they expressed their
satisfaction with learning experience they gained with the program.

4. Discussion

In the current context, many researchers have criticized the poor auscultation skills
regardless of training level, medical specialty or country of training (Mangione, 2001;
Mangione & Nieman, 1997). Most of these studies are cross-sectional surveys that
recommended development of educational strategies to address these auscultation
deficiencies. Few studies have evaluated the effectiveness of such educational strategies.
And none has involved students' evaluation of these teaching strategies.

In 2002 a group of researchers carried out a study in which student performance
on a computer simulation to treat cardiac dysrhythmias (Advance Cardiac Life Support
Simulator) was compared with the study of text-based materials. Initially the students in
the text-based condition performed significantly better after the treatment period but one
week later there was no longer a significant difference. The decline in knowledge gain
was larger in the text-based condition. The authors explained the initial better learning
performance (right or wrong answer questions) in the text-based condition by referring to
the inexperience of students with learning in the ICT-based learning environments. Prior
knowledge is a critical asset for students when studying complex knowledge. The
researchers suggest therefore looking for a balanced mixture of both teaching approaches
(Kim, Kim, Min, Yang, & Nam, 2002).

In another study the researchers explored the use of simulation software — with a
computerized life-sized manikin — in the surgical education of students during their
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clerkships. They concluded that the simulation software significantly improved skills.
The researchers add in their research report an important remark on their conclusions.
They refer to the fact that the approach was effective "in a clerkship that already
emphasized...case-based learning” (Nackman, Bermann, & Hammoud, 2003). This
remark points to the context in which ICT-based medical training approaches might be
effective. It stresses the congruence between the varieties of teaching models being
adopted.

In the current context, students participated in this study reached into a common
consensus that the 'Heart Sounds' program has significantly improved the auscultation
skills in a way increased their self-confidence in their ability to transcend those learned
skills into field practice. This support the argument raised by different studies that during
information-processing activities, students organize their knowledge to a further extent
and link the new knowledge in an active way with knowledge already available in long-
term memory. ICT applications that particularly foster this type of activity force students
to use and reuse information that has been stored earlier in their long-term memory
(Valcke & De Wever, 2006). It is obvious that students participated in the study have
used and reused of information as they solved problems, answered questions, applied
their knowledge to cases. This cognitive processing activity occurs in ICT-based learning
environments when students apply and test their knowledge.

But despite the large potential of the very advanced computerized imagining
approaches a balanced approach is needed. The study proved that all students in all four
groups show a minor discrepancy in their evaluation of the learning experience they
gained with the 'Heart Sounds' program when comparing it with other traditional ways of
learning. In a large-scale study, involving over a thousand medical students learning
anatomy, researchers studied whether ICT-based resources could replace real-life cadaver
dissections. The results of this quasi-experimental study show that the proportion of
students who received both treatments — traditional dissection and computer resources
— was significantly larger than in the other conditions (Biasutto, Caussa, & Criado del
Rio, 2006).

To avoid that, in addition to 'Heart Sounds' program, students in the current study
attended lectures, received traditional bedside training, in addition to the teaching they
received while using the 'Heart Sounds' program. Therefore, 'Heart Sounds' program
appears to be a valuable supplement to conventional besides actual training. The program
has just enabled students to develop auscultation assessment skills at their own
convenience and pace, as they listened to authentic clinical sounds in a relaxed learning
environment and provided with confidential and progressive feedback. This blended
teaching method proved very effective as expressed by students who supported strongly
the assumption that the program has improved their practical auscultation.

'Heart Sounds' program also allowed students to carefully examine their
auscultation skills in a quite environment, which rarely is present with real patients in a
busy clinical practice. In this study students clearly stated that the learning experience
they had with 'Heart Sounds' program is different than other traditional ways of teaching
auscultation skills. This is also why all students strongly recommended exposing other
medical students to the same learning experience. Consequently, it is becoming more
evident that based on the results generated through this study, 'Heart Sounds' learning
experience should be generalized with a recommendation to assess students' practical
improvement in real life situations.

In conclusion, cardiac auscultation is a core clinical skill that all medical students
need to master. Our finding show that a blended learning curriculum proved to be
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effective in improving fifth-year medical students auscultation skills. In addition, results
highlight that the use of this type of learning not only affect students' knowledge
acquisition but also affect students' self-confidence in their ability to practice the learned
skills. Therefore, the program was rated favorably by students. Use of blended learning
techniques allows learners to meet and even exceed the predetermined teaching
objectives and is valuable model to achieve and document competence in important
clinical skills.
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