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ABSTRACT

Objectives
OMARC, a multimedia application designed to support the training of health care providers for

the identification of common lung sounds heard in a patient’s thorax as part of a health
assessment, is described and its positive contribution to user learning is assessed. The main goal
of OMARC is to effectively help health-care students become familiar with lung sounds as part
of the assessment of respiratory conditions. In addition, the application must be easy to use and

accessible to students and practitioners over the internet.

System Description
OMARC was developed using an online platform to facilitate access to users in remote

locations. OMARC’s unique contribution as an educational software tool is that it presents a
narrative about normal and abnormal lung sounds using interactive multimedia and sample case
studies designed by professional health-care providers and educators. Its interface consists of
two distinct components: a sounds glossary and a rich multimedia interface which presents
clinical case studies and provides access to lung sounds placed on a model of a human torso.
OMARC’s contents can be extended through the addition of sounds and case studies designed

by health-care educators and professionals.

Validation and Results
To validate OMARC and determine its efficacy in improving learning and capture user

perceptions about it, we performed a pilot study with ten nursing students. Participants’
performance was measured through an evaluation of their ability to identify several normal and
adventitious/abnormal sounds prior and after exposure to OMARC. Results indicate that
participants are able to better identify different lung sounds, going from an average of 63%
(S.D. 18.3%) in the pre-test evaluation to an average of 90% (S.D. of 11.5%) after practising
with OMARC. Furthermore, participants indicated in a user satisfaction questionnaire that they
found the application helpful, easy to use and that they would recommend it to other persons in
their field.

Conclusions
OMARC is an online multimedia application for training health care students in the assessment

of respiratory conditions. The software integrates multimedia technology and health-care
education concepts to facilitate learning, while being useful and easy to use. Results from a

pilot study indicate that OMARC significantly helps to improve the capacity of the users to



correctly identify lung sounds for different respiratory conditions. In addition, participants’
opinions about OMARC were quite positive: users were likely to recommend the application to
other persons in their field and found the application easy to use and helpful to better identify

lung sounds.
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1. INTRODUCTION

As part of a patient’s physical assessment, health care providers such as nurses and physicians
are often faced with the problem of correctly characterizing sounds from the chest/thorax,
typically using a stethoscope. Most of the currently available training resources associated with
health assessment come from traditional learning resources, such as textbooks. Sometimes these
textbooks also have sounds and videos provided in audio CDs or DVD-ROMs [1,2,3,8,9]. These
are valuable resources; however, often the sounds are presented in isolation of a clinical
scenario which would enhance comprehension of the materials to be learned. In some higher
education institutions, students may have access to life-size training computer-operated
mannequins which may cost from several hundreds to thousands of dollars [4,5,6,7]. The price
of these training mannequins and the complexity of setting them up limit their accessibility. In
many cases, students have opportunity to use these resources only a couple of times during a
course. On the other hand, educational tools such as mobile apps have been shown to be
similarly effective to a high-fidelity human patient simulator with regards to retaining new
knowledge and teaching cardiopulmonary assessment skills, as indicated by Yoo and Lee [34].
In this work we introduce OMARC, an online multimedia application designed to support the
training of health care professionals to identify and assimilate lung sounds. OMARC stands for
Online Multimedia Application for the Assessment of Respiratory Conditions. By developing
OMARC, this research explores the use of multimedia applications for training health care

providers to identify sounds from a patient’s thorax (i.e. the chest region). Since practicing



health care professionals may also need to refresh these same skills from time to time, they are

also a target audience for OMARC and we certainly expect that they would also benefit from it.

In addition to addressing the limitations of existing training material, a major consideration that
this research aims to address is the possibility of offering a training application that is available
to people who might be at a remote location, a rural setting, or studying online, and might not
have ready access to the facilities and resources of higher education institutions such as
universities or colleges. Our proposed solution for these circumstances is to make the
multimedia training application available over the internet by using a widely available
multimedia platform to present web-based applications. From a remote location, any

smartphone, tablet or other internet-enabled computer or device with a web browser and

the Flash Player installed, would allow users online access to OMARC.

The prototype developed during this research project integrated lung sounds with interactive
multimedia elements in the context of a clinical setting describing two case studies. These case
studies described the change in the patient’s condition through multiple visits to the health-care
provider. The prototype has been developed in Adobe’s Flash Builder and ActionScript [17] and
has a database back-end which is accessed through Apache [18], MySQL [19] and PHP [20].
There are numerous applications currently available for accessing lung (and heart) sounds,
including some that can be used in multiple platforms and are free to download
[10,11,12,13,14,15,16]. However, pulmonary auscultation findings must be interpreted carefully
and put into context with other clinical findings [42]. What makes OMARC unique is that it
presents a narrative about abnormal lung sounds, using interactive media showing the locations
in the chest where these sounds are usually found, and describing the patient conditions that are

associated with these sounds via sample case studies designed by professional nursing



practitioners and educators, whereas other software simply presents the sounds in isolation
without any additional information.

OMARC offers a truly interactive multimedia experience that integrates educational technology
a way that is affordable and easy to use but most importantly, facilitates learning. OMARC has
been used to perform a pilot study to find out whether it actually addresses the limitations of
traditional learning resources, while avoiding the costs and accessibility limitations of high-cost
training solutions such as mannequins. The participants in the study were ten first year nursing
students at Memorial University of Newfoundland. The case studies presented to the
participants were fictional case studies developed by Dr. Karen Andres and Dr. Creina Twomey,
and the sounds used were licensed for research and academic use from the audio CD of
“Auscultation Skills: Breath and Heart Sounds” by Wolters Kluwer Health [2]. The application
was designed and implemented by Mr. Pranjal Patra and Dr. Oscar Meruvia and the statistical
analysis of the results of the study was done by Dr. Lourdes Pefia-Castillo. The user study was
reviewed and approved by Memorial University Interdisciplinary Committee in Ethics in

Human Research ICEHR # 20141133-SC.

In the pilot study we found that the multimedia software application is associated with an
improvement in the user’s ability to identify the different types of lung sounds, when compared
to the use of a sounds glossary. Not only did the results of the pilot study show a statistically
significant improvement in the trainees’ ability to identify lung sounds, but feedback from the
participants was overwhelmingly positive. For instance, 70% of participants stated that the
application helped them learn the sounds or that they would recommend the application to other

persons in their field.

This research project started out as a vision to improve the current learning resources available

for nursing students to gain expertise in health assessment in a way that is innovative, accessible



and affordable. As noted by Ribbons [31], in an environment of increasing economic constraint,
it is necessary for nurse educators to design and implement cost-effective teaching and learning
strategies. We found lung sounds assessment is one of the most important elements to teach
students learning health assessment [42,43]. Different approaches to solve the problem were
considered and initially it was devised that something in the format of a serious game could be
attempted [21,22,23,24,25,26,27]. However, there are several existing serious games for health
professionals and serious games development requires more human and material resources than
the ones available for this project. Hence, we chose to develop a multimedia application to
support lung sounds assessment. Multimedia computer-based learning tools have been
previously created for pulmonary auscultation, and there is evidence that multimedia training
improves learning and performance skills [36,37,38]. For example, Sestini et al.[36] found that
medical students who attended a multimedia seminar on lung sounds during which digitized
lung sounds were played and the corresponding time-expanded waveform and frequency
spectrum were commented on and displayed on a computer, had significantly lower inaccuracy
score than those students who did not attend the multimedia seminar. However, none of these
multimedia tools present lung sounds within the context of case studies in the way OMARC
does.

As we worked through the design of the software, it became evident from early on that we could
not just simply introduce a new application to the community but that it had to be shown that
the application enhanced student learning related to health assessment. Based on a review of the
state of the art, it is clear that that there are many websites and mobile apps focused on health
assessment and student learning [10,11,12,13,14,15,16]. However, few of these tools have been
shown to enhance student learning. This shortcoming has already been pointed out by Yoo and
Lee [34]. In their study, students using a mobile app retained their knowledge of lung
assessment longer than students using a high-fidelity human patient simulator. A contribution

similar to OMARC is that presented by Hou et al. [35], where a computer-aided learning system



for assisting teachers and nursing students in auscultation techniques was developed. It allows
teachers to record lung sounds and to provide these sounds with additional figures and videos,
allowing nursing students to self-study auscultation techniques. Their results from a user study
with 15 nursing students show that auscultation abilities of the students were significantly
improved by using the computer-aided learning system. Compared to their system, OMARC is
designed to work online and additionally enriches the learning experience through the
introduction of case studies, which provide contextual information about the circumstances that
might be present when the sounds are heard. An important outcome of this work is the objective
evaluation of the benefit to student learning and the objective demonstration that this is an
application that actually works for health-care students.

Since the main motivation for the development of OMARC is to improve the learner’s
abilities to assess the health of their patients, we provide evidence that the software

developed serves the purpose for which it was designed.

The primary hypothesis of this pilot study (H1) is that OMARC helps users become
better at assessing lung sounds after exposure to the application, compared to exposing
the students just with a glossary of sounds which allows them to hear the sounds and
read a description of each of them. This glossary represents a traditional companion
resource provided with some textbooks.

From a multimedia application design perspective, it is important to establish the quality of the
different elements of the multimedia application and their success in connecting the academic
goals with the goals of ease of use and usability in one application, so we generated a set of

secondary hypotheses to understand more precisely the participants’ perception of the

application:

Hypothesis 2.1 (H2.1): Users will prefer the case studies with an interactive thorax model over

the sounds glossary.



Hypothesis 2.2 (H2.2): Users will find the multimedia application easy to use.

Hypothesis 2.3 (H2.3): Users will find that the multimedia application helped them better

understand lung sounds compared to the written glossary.

Hypothesis 2.4 (H2.4): Users are likely to recommend the multimedia application to other

persons in their field.

To test the main hypotheses (H1) we first evaluated the participants’ understanding of lung
sounds after going through the sounds glossary, which presents sounds and their description in a
list format where they can hear the sounds and read their descriptions as provided by a textbook
publisher, without case studies and without an interactive thorax model. After exposure to the
sounds glossary and participants’ skills evaluation, we asked participants to complete a series of
steps by which they went through the other elements of the multimedia application, which
included the case studies and the interactive thorax model. Participants were asked to go
through two fictional case studies which depicted scenarios where a patient makes several visits
to a health-care provider and the participants are asked to listen to different sounds placed on the
chest and lung regions. After exposure to the application, participants were evaluated once again

to measure if there has been an improvement from using OMARC.

To test the second set of hypotheses (H2.1 — H2.4) participants were asked to provide answers
to several interface-related questions in the Likert scale. Once participants completed the

guestionnaire, they were asked to provide unstructured feedback.

2.SYSTEM DESCRIPTION

2.1 Interface Design

The interface has been designed with the goal of providing an interactive experience for the
users as they learn about lung sounds, with special consideration of being intuitive and easy to

use, as the target audience is not expected to be made of expert computer users. The interface of



the application contains two main types of components: the sounds glossary and case studies.
There is only one sounds glossary, but there can be multiple cases studies. Case studies contain
interactive chest diagrams with playable sounds that can be placed in different regions of the
thorax and descriptions of the interactions between a patient and the health care provider as the
patient is assessed over several visits (or interactions). Case studies integrate both textual
information and interactive chest diagrams in such a way that the user or trainee can go through
the evolution of a patient’s history as he or she meets the health care provider and at the same
time, the trainee can go to the chest diagram of the patient and listen to the sounds which are
associated with the case study being described. The chest diagram can be explored both in
anterior and posterior views and different sounds can be heard for either view at different

locations, depending on the condition illustrated.
2.2. Implementation

The system was implemented using Adobe Flash Builder for the front end and communicates
with a MySQL database at the back end through the WAMP server. An important reason to use
Flash was its high market penetration of 99% on personal computers [29] and rapidly growing
adaptation on the mobile smartphone/tablets arena [30]. When designing the front end we aimed
at creating an interface that was intuitive for an audience with a widely varying level of
familiarity when it comes to using computer programs. The primary roles of the back-end side
of OMARC were to provide a means of storing details about the specifics such as users, sounds,
case studies (or scenarios) and evaluations, and a way to serve the pages quickly, securely and
consistently with acceptable serving times. In the next sections we describe the main

components of the interface in more detail.
2.3. Sounds Glossary

The sounds glossary contains textual descriptions of normal and abnormal/adventitious sounds

and the actual sound files. The goal of the glossary is to present a central location where all the



sounds in the application are listed and can be studied individually, similar to what is provided
as companion material in some textbooks. Figure 1 shows a snapshot of the Sounds Glossary,
which is the component shown by default when the user accesses the interface for the first time.
For each sound in the glossary there are two sound files. The first contains the actual sound that
corresponds to the condition, and the second sound file is the publisher’s audio explanation for
the sound. When the user clicks on any of the sound names or descriptions the system plays the

sound.

Sounds Glossary (select sound to play)
Glossary
‘ PLAY SOUND H PLAY DESCRIPTION ‘ ‘ STOP SOUND
Case Normal Breath Sounds
il Sound Name ‘ Description
Tracheal/Bronchial sounds Tracheal/Bronchial sounds are loud, high-pitched sounds heard next to the trachea and are longer on
Case exhalation
Study 2 Bronchovesicular breath sounds Bronchovesicular sounds are medium in loudness and pitch. They have equal inhalation and exhalation.
Vesicular sounds Vesicular sounds are soft, low-pitched and are longer on inhalation than exhalation

Abnormal Breath Sounds

Adventitious sounds are abnormal noises that are heard anywhere over the thorax. They may be continuous or sporadic. They are
characterized as crackles, wheezes, diminished breath sounds or stridor.

Sound Name Description

Diminished breath sounds Diminished Breath Sounds are absent or difficult to hear and are usually related to decreased air flow but
may be caused by pneumonia, heart failure or an abnormally of the lung tissue.

Coarse crackles Crackles are intermittent and may be defined as fine or coarse. Coarse crackles are louder, lower in pitch,
and longer.

Fine crackles Fine crackles are soft, high-pitched, and very brief

Wheezes Wheezes are continuous, musical, high-pitched with a shrill quality.

Stridor Stridor sounds are noticed easier on inspiration, they are loud, high pitched and sound like a crow.

Figure 1: The Sounds Glossary Component. It lists a series of playable sounds by name

with a textual description on the right side.

2.4. Case Studies

The case studies component presents a more realistic experience illustrating some important

aspects of the process that a health care provider is expected to go through as a patient arrives, is



assessed and treated, all the way through his or her discharge. Figure 2 shows a snapshot of the

case studies component.

Case studies illustrate multiple visits of a patient to a health care provider. The number of visits
is decided by the designer of the case study. Each of the visits in the case study is accessed
through the tabs at the top of the component. Each tab is labelled according to the type of visit,
such as “regular check-up” or “Emergency room visit”. For each visit, the case study contains a
textual description of a patient’s history and condition, along with any relevant information for
that particular visit that the designer of the case study determines. Under the textual description
of the visit, an illustrated model of the patient’s chest is presented where the user can explore in
more detail the sounds resulting from the auscultation of the patient’s chest. This sound
exploration component is at the heart of the multimedia experience and it is where the user gets
to hear the sounds described in the visit at the correct anatomical location, set by the designer of
the case study. The number and arrangement of these buttons can be chosen from a set of
standard auscultation regions typical of a lung health assessment, shown in Figure 4, but it is
also possible to show buttons for only a handful of these locations at the anterior or posterior

views, as illustrated in Figures 2 and 3.



Regular Checkup | ER Visit One | ER Visit Two
Glossary
Paul Barrett is a 21 year old student who saw his Doctor four weeks ago for a regular checkup. At that time his Doctor reported that he was healthy and
had normal lung sounds with Tracheal/Bronchial in his neck, Bi i in the middle chest and Vesicular sounds in the lower lobes.
Case 1
S Click the buttons in the
Study 1 Change to Posterior / eyt hear the
3 P \ patient's thorax sounds:
Case a S ™
Study 2

Figure 2: Snapshot of a case study



patient's thorax sounds:

Change to Anterior ) (\ ‘.ﬁ'&iﬁ.ﬁ.‘ﬂi’m&m‘ e

Figure 3: Interactive chest exploration, posterior view
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Figure 4: Standard auscultation regions, anterior view

2.5 Additional Modules

There are two additional modules in the application that were not tested with the user study but
are part of this software. The first module is the evaluation module. The evaluation module
allows professors and educators to setup multiple choice examinations and users to take these
examinations. Accordingly, there are two interfaces for this module, the interface for the users
who take the examinations and the other is the interface for educators to create and setup the
examinations. A new version of the software will focus on improving the multimedia testing

module to place questions for the participants which include text, pictures and sounds. This



testing module could be used instead of the quiz functionality available in D2L [41], which was

used for the pilot study.

The second module is the account management system. This is a small module to manage
access to the software and establish the role of the users. It includes registration components to
create user and administrator accounts for the system. The user account corresponds to the role
of the persons making use of the case studies and the administrator account corresponds to the
instructors or account holders allowed to setup evaluation questionnaires and case studies for

the users of the system. Figure 5 shows a snapshot of the evaluation interface.



Figure 5: Sample evaluation after training.



3. EXPERIMENTAL VALIDATION AND RESULTS

Ten persons participated in the pilot study. Although ten is a small sample size, it is a
sample size that has previously been used to assess learning tools in this field [32,33].
Participants were recruited from a first year health assessment nursing course. All students in
the course were invited to participate, but participation was entirely voluntary. No monetary
compensation was offered for participation and participants were assured that their participation
would not have an effect on their academic evaluation. All the participants in the study provided
informed consent. Prior to the study, participants were provided with the consent forms and a
printed copy of a sounds glossary containing the sounds in the applications glossary component,
similar to glossaries found in related textbooks for health assessment. Figure 6 shows the design

of the pilot study, which will be described in more detail in the next sections.

Printed Glossary
Exposure

!

Skills Evaluation
(Pre-test)

v

OMARC
Exposure

!

Skills Evaluation
(Post-test)

Y

Participants feedback
on OMARC

Figure 6. Design of the pilot study



3.1 Performance evaluation

The experimental design used to evaluate OMARC is similar to that used by Hou et al. [35].
There, fifteen nursing students who had received traditional auscultation instruction participated
in a pilot study where they took an auscultation test before using a computer-aided auscultation

learning system, and another after. This within-subject design was chosen because we
didn’t know beforehand how many participants were going to attend and within-subject

designs need fewer participants [40].

To test the main hypothesis (H1) we first evaluated the participants’ understanding of lung

sounds prior to any exposure to OMARC by doing a pre-test evaluation of their skills. For the
pre-tests participants were allowed to use only the information provided to them in the printed
copy of the glossary, which is what most first year students are expected to have been exposed

to, i.e. no multimedia or real-life exposure to normal and adventitious lung sounds.

After the pre-test, participants went through OMARC’s playable sounds glossary, which
presents sounds and their description in a list format where they can hear the sounds and read
their descriptions as provided by the sounds publisher (ear-bud headsets were provided). After
that, participants went through the multimedia cases studies, which involve two fictional case
studies describing scenarios where a patient makes several visits to a health-care provider. Here,
participants listened to different sounds placed on the chest and lung regions. After exposure to
the application, participants were evaluated once again (Post-test) to measure if there had been

an improvement after using the application.



Table 1. Performance scores

Average Standard Deviation
Pre-Test Score 63% 18.3%
Post-Test Results 90% 11.5%

Table 1 shows the percentage of correct answers obtained on average by the students before
using OMARC (pre-test score) and after being exposed to OMARC (post-test results). We
tested whether the post-test scores of the ten participants were statistically significant higher
than their pre-test scores using paired Student t-test (a parametric test) and paired Wilcoxon
signed rank test (a non-parametric test) available in R (version 3.0.2). Both statistical tests found
the post-test scores to be significantly higher than the pre-test scores, p-value = 0.000722 and p-
value = 0.004335 for the t-test and the Wilcoxon test, respectively. These results suggest that
using OMARC improved the participants' capacity to correctly identify lung sounds for

different conditions. Figure 7 shows the box plot for the overall test scores.

Overall Score

8
1

Mumber of correct answers

4
!

T T
Pre-Test Post-Test

Figure 7: Box plot for participant’s performance before and after exposure to OMARC. The
horizontal black lines inside the boxes indicate the median score. Post-test scores were found to be

statistically higher than the pre-test scores (p-value = 0.004335, paired Wilcoxon test)



3.2 Ease of use and perceived usefulness

To test the second set of hypotheses (H2.1 — H2.4) participants were asked to provide answers

to several interface-related questions in the Likert scale, where 1 was “Totally Disagree” and 5

was “Totally Agree”.

Table 2. Usability & User Satisfaction Questionnaire

Average Score

+ Standard Dev.

Q1 | Learning how to operate the multimedia application was easy for me. | 4.6 +0.70
Q2 | It was easy for me to become skilful at using the multimedia

application. 4.6 +£0.52
Q3 | The interaction with the multimedia application was clear and

understandable. 4.7 £0.67
Q4 | Overall, | found the multimedia application easy to use. 4.7+ 0.48
Q5 | I found it useful to be able to hear the sounds of the case studies

placed on the thorax model. 5+0
Q6 | Overall, I found the whole multimedia application useful. 4.6 +0.52
Q7 | Using the multimedia application helped me have a better

understanding of the sounds compared to the understanding | had

from the written glossary only. 4.8 +0.63
Q8 | 1 would recommend this multimedia application to other persons in

my field 4.6+£0.70




Hypotheses H2.1 (Users will prefer the case studies with an interactive thorax model over the
sounds glossary) was tested with question Q9. In Q9, the last structured question, participants
were asked to express what elements of the interface they preferred by answering to the
following: “Please indicate which part of the multimedia application you preferred”. The

options offered to the participants were:
e The part where each case study progresses over multiple patient visits.
e The case studies having the playable sounds indicated on top of the thorax model.
e The Glossary with the playable sounds.

Figure 8 shows the results of the answers to Question Q9, which indicate a strong preference for
the case studies having the playable sounds indicated on top of the thorax model (50% of
participants) and for the part where each case study progresses over multiple patient visits (20%
of participants), over the Glossary with the playable sounds, preferred only by 30% of the
participants. This is an important finding, because it confirms hypothesis H2.1 and suggests that
the elements at the core of OMARC’s multimedia experience are the ones the users prefer the

most.

20% u Glossary

1 Case Studies

Multiple visits

Figure 8: User preferences for the interface components.



Hypothesis H2.2 (Users will find the multimedia application easy to use) was tested with
questions Q1 to Q4 in the questionnaire. The results for these questions were ranked between
4.6 and 4.7, in strong support of hypothesis H2.2. These results suggest that participants found
themselves at ease when facing the application. Since they found it clear and understandable, it
makes sense that they also perceived it as easy to use. Since this is the first time OMARC is
presented to a set of users, the results are remarkably positive and suggest that the application
was well designed. OMARC’s interface design will be discussed in more detail at the end of this

section.

Questions Q5, Q6 and Q7 (see Table 2) provide support for hypothesis H2.3 (Users will find
that the multimedia application helped them better understand lung sounds compared to the
written glossary). Question Q5 received the highest possible score, meaning all participants
found it useful to be able to hear the sounds of the case studies placed on the thorax model.
Question Q6 received also a high score of 4.6, meaning participants found OMARC to be useful
in general. The last piece of evidence in support of hypothesis H2.3 comes from the
participants’ answer to question Q7 which was answered with an average score of 4.8 of
respondent’s agreement with the following statement: “Using the multimedia application helped
me have a better understanding of the sounds compared to the understanding | had from the

written glossary only.”

Hypothesis H2.4 (Users are likely to recommend the multimedia application to other persons in
their field) was tested with question Q8 (I would recommend this multimedia application to
other persons in my field) which was answered with a 4.6 on average. This result strongly
supports hypothesis H2.4. The evidence that participants were satisfied with the application to
the extent that they would recommend it to other persons in their field was also supported by the

written comments of the participants, described in more detail in the next section.



The high level of usability and user satisfaction reported by users of OMARC throughout the

questionnaire could lead one to speculate that the high score might be a result of the low
complexity of the application. However, while low application complexity might have
facilitated the interaction design process, low complexity on its own does not guarantee
an application will attain a high level of user satisfaction. To achieve this, an application
must meet the users’ needs and offer good usability. We believe that part of the reason
why OMARC is highly rated by the users might rather lie on the fact that it follows
several guidelines identified for good interaction design and improved usability. For
instance, OMARC follows several of the general suggestions proposed by Mestre et
al.[44] for creating effective tutorials, mainly: #1: create a good outline and navigation;
#2: provide clear and detailed images; #3: make appropriate use of multimedia; #5: keep
text to a minimum; #6.3: Make activities easy to complete without help or explanation;
and #10: provide ongoing, relevant feedback. Furthermore, through the use of textual
descriptions and tabs to separate each visit on a separate page, OMARC resembles the
static web page approach identified by Mestre et al. to be both an effective and preferred
method of interaction in the design of effective tutorials to accommodate multiple

learning styles [44].

OMARC also follows several of the design heuristics proposed by Petri et al.[45] for
developing highly interactive websites. Among these, the most relevant that OMARC
exhibits are: #1: Make text and interactive elements large and clear enough; #2: Make
page layout clear; #4: Make key content (and elements and changes to them) salient (as
shown in Figure 2); #5: Provide relevant and appropriate content; #6: Provide sufficient
but not excessive content (Figures 3 to 5); #10: Provide clear labels and instructions

(Figure 3); #11: Avoid duplication/excessive effort by users (we achieve this through a



simple interface design); #16: Follow conventions for interaction (through the use of
familiar interface elements such as tabs, icons and buttons); and #19: Interactive and
non-interactive elements should be clearly distinguished (for instance, OMARC’s
buttons, tabs and playable sounds are clearly identifiable, while non-interactive

elements retain a plain look).

Finally, interfaces and their content should not be over-simplified. Research on the
relationship between the layout complexity of an application and users’ perceptions of
good screen design indicates that users tend to prefer complex screens [39], scoring
them higher as their simpler counterparts. This may explain why more users prefer
OMARC’s more ‘complex’ multimedia case studies to the simpler sounds glossary (see

Figure 8).

3.3 Written Feedback from Questionnaire

After answering the questions regarding the user interface, participants were asked to provide
unstructured feedback regarding the application, by writing some of their impressions or

comments about the software.

Six persons out of the ten participants provided comments in this part. Comments regarding the
software were quite positive, coinciding somewhat with the results on the perceived ease of use
and usefulness questionnaire. For example one user wrote: “I enjoyed doing this study. I found
it very helpful for myself because | was not sure what the abnormal breath sounds sounded like.
I am proud to say | know them now. The glossary and case study really made me understand
them and let me compare normal to abnormal. Well done”, while another user wrote “This was
an easy to use training application that helped me have a greater understanding of what normal
and adventitious breath sounds sounded like. | appreciated this training and hope many other

students in the health care field will have access to this multimedia training application”.



There is a possibility that the high scores and positive feedback might have been
partially influenced by the nature of the group of respondents. We speculate that there

might have been a bias towards the more responsible students and/or those most interested in

trying the new software being present in the study, because participation was entirely voluntary.

3.4 Technical Limitations

Since the system is implemented using Flash Builder, it requires the Adobe Flash Player to be
executed. The Flash Player is installed in 90% of desktop computers and this gives tremendous
coverage for most desktop computer users. However, since most smart phone providers do not
support the Flash Player, the software cannot be played on a smartphone or a tablet that is not
Windows. New versions of the software will be implemented in a language widely supported in

mobile platforms such as Android, i0S, Windows and Blackberry. For this purpose, we
are considering different options such as Unity, re-development under Flash and
ActionScript or the combination of HTML, CSS and JavaScript. An interesting question
we plan to explore is whether OMARC could be used offline for increased access in
remote locations. While the software has been designed to work online, offline access
could be implemented by downloading the OMARCSs database and redirecting OMARC
to a local server running on a standalone computer. This could be a feature in future
versions of OMARC. Finally, a natural extension of this work is to provide a solution that also

supports training for heart sounds, since they are both assessed in the chest area of the patient.



4. CONCLUSIONS

We have introduced OMARC, an online multimedia application for training health care students
in the assessment of respiratory conditions. What makes this software unique is that it presents a
narrative about normal and abnormal lung sounds using interactive media, showing the places in
the chest where the sounds are usually found, and describing the patient conditions that are
associated with these sounds via case studies designed by professional health-care providers and
educators. The software presents a truly interactive experience that integrates multimedia
technology and health-care education to facilitate learning, while being useful and easy to use.
Results from a pilot study indicate that OMARC significantly helps to improve the capacity of
the users to correctly identify lung sounds for different respiratory conditions. This
improvement is with respect to the performance achieved by using traditional media while
avoiding the costs and accessibility limitations of high-cost training mannequins and simulators.
Participants’ opinions about OMARC were positive: users were likely to recommend the
application to other persons in their field, and they found the application easy to use and helpful
to better identify lung sounds. To confirm the findings of the pilot study and provide conclusive
evidence about OMARC’s efficacy and increased learning effect, a study with a significantly
larger number of participants should be done. This would not only allow us to obtain more
generalizable results, but would also allow us to implement a classic experimental design. We
have planned to have users go through a pre-test, then one half of the users would be exposed to
the sounds glossary only and the other half would be exposed to the multimedia case studies
only. At that point, the users will be evaluated again. We will then ask the users to switch tools
and evaluate them with a post-test and an exit questionnaire. This design will allow us to more
precisely assess the individual contribution of the sounds glossary and the multimedia case

studies and the overall efficacy and learning effect of the system as a whole.



Another natural way to expand the application is to add more case studies, including more
situations and also increasing the set of sounds covered. In addition, the case studies may

include more advanced scenarios including more pathophysiology and medications.
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