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Abstract: The development of information and communication technologies and the accessibility
of mobile devices has increased the possibilities of the teaching and learning process anywhere
and anytime. Mobile and web application allows the production of constructive teaching and
learning models in various educational settings, showing the potential for active learning in health.
The objective of this study was to present the design and development of an educational technology
(SavingLife, a web, and mobile-based application) for learning cardiopulmonary resuscitation
and advanced cardiovascular life support for adults. SavingLife is a technological production,
based on the concept of virtual learning and problem-based learning approaches. SavingLife was
developed using five phases (analyze, design, develop, implement, evaluate) of the instructional
systems development process. The technology presents 10 scenarios and 12 simulations, covering
different aspects of basic and advanced cardiac life support skills. The contents can be accessed
in a non-linear way leaving the students free to build their knowledge based on their previous
experience. Each scenario is presented through interactive tools such as scenario description,
assessment, diagnose, intervention and re-evaluation. Animated ECG rhythms, text documents,
images, and videos are provided to support procedural and active learning considering the real-life
situations. Accessible equally on small to large devices with or without an internet connection,
SavingLife offers a dynamic, interactive and flexible tool, placing students at the center of the learning
process. SavingLife can contribute to the student’s learning in the assessment and management of
basic and advanced cardiac life support for adults, in a safe and ethical way.

Keywords: Problem-Based Learning; cardiopulmonary resuscitation; health education; basic cardiac
life support; advanced cardiac life support; educational technology

1. Introduction

Cardiac arrest occurs when the heart stops pumping adequate blood to the brain and body.
This may be due to abnormal or irregular heart rhythm, also known as Arrhythmia. Cardiac
arrest is reversible, if treated with immediate defibrillation if a shockable rhythm exist otherwise
cardiopulmonary resuscitation (CPR) is used in order to induce a shockable rhythm [1,2].

The cardiovascular disease strikes every nation around the world. Despite recent advances
in the prevention and treatment, cardiac arrest remains a significant public health problem and a
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leading cause of death in many parts of the world [3]. About 17.5 million people die each year from
cardiovascular diseases (CVDs), which represents about 31% of all deaths globally [4].

More than 75% of all CVD deaths occur in low and middle-income countries while 80% of all
CVDs deaths are due to heart attacks and strokes [4]. The estimated incidence of out-of-hospital
cardiac arrest in the US and Canada is about 50 to 55/100,000 persons/year and approximately 25%
of these have pulseless ventricular arrhythmias [5]. The estimated incidence of in-hospital cardiac
arrest is 3 to 6/1000 admissions and similarly, approximately 25% of these have pulseless ventricular
arrhythmias [6]. The vast majority of cardiac arrest victims are adults, but thousands of infants and
children suffer either an in-hospital or out-of-hospital cardiac arrest each year in the US and Canada [6].
Cardiac arrest continues to be a common cause of premature death, and small improvements in survival
can translate into thousands of lives saved every year. In Brazil about 347/100,000 person/year die
due to cardiovascular diseases (CVD) and 134/100,000 by chronic heart diseases (CHD) [7].

These deaths can be often prevented by timely and effective lifesaving interventions, such as
cardiopulmonary resuscitation (CPR) and Automated External Defibrillator (AED) if a shockable
rhythm is present. Recognition of a cardiac arrest and prompt action by the rescuer are vital for
the survival of victim [8,9].

Nurses are usually the first responder to witness cardiac arrests in hospitals, clinics, and other
health facilities [10]. They are working in the departments such as cardiology and ICU are the ones who
frequently call the emergency staff. Nurses and other health professionals must have updated technical
knowledge, decision-making abilities, and practical skills in order to contribute more efficiently to
cardiac arrest cases. However, it is reported that most of the nurses do not feel confident while
performing CPR and ACLS in emergency situations, especially in Cardiopulmonary Arrest (CPA)
cases [11]. Resuscitation attempts are not always appropriate and as a result, many lives are lost [8].

Conventional training methods are often insufficient to train professionals to deliver high-quality
CPR and ACLS. In an instructor-led Learning, all contents are provided in a face-to-face manner in
which the teachers talk, and the students listen during 70% of class time. This method can introduce
new ideas and transmit knowledge but it is not effective because students have to study intensively
over a short time period. With traditional education, students may become incapable of professional
judgment and critical thinking in case of the variable clinical environment [12].

More effective learner-centered education techniques are required since educators can no longer
rely on traditional teaching methods. Studies indicated that the old ACLS training program has proven
inconsistent and inadequate, with numerous studies reporting that trainees have poor retention and
ineffective ACLS skills [13].

Problem-Based Learning (PBL), on the other hand, has been indicated an effective approach
for training nurses and other health professionals, resulting in a better integration of the theory and
practice [11,14]. Its effective learning approach prepares students as critical thinkers and able them to
respond well in different health settings. PBL encourages students to take a more active role in their
learning process and allow them to start building a solid knowledge base.

Information and communication technologies (ICT) are rapidly improving and easily available.
The number of mobile phones in the world was 97 per 100 people at the end of 2014 [15] and
has exceeded the world population in 2016 and among those more than 50% are smartphones [16].
Similarly the number of internet users worldwide was 3 billion in 2015 [15,17]. Mobile and wireless
technologies offer exciting opportunities for a low cost, high reach educational and health care services
for masses [18].

Mobile phones are in the hands of increasingly more people including those in some of the poorest
and most difficult to reach areas of the world [19]. Mobile phone and internet connectivity are
creating unprecedented opportunities by facilitating interactions and information sharing between
people [20]. In recent years, the development and applicability of informatics have influenced all areas
of knowledge, disseminating information, creating educational programs, and enabling new forms
of learning.
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Web and computer-based interactive and self-learning programs to train people using a
micro-simulation are effective in BLS and ACLS skills [21]. Web and computer-based programs include
theory, training (with or without scenarios) and self-testing [21]. In a web-based application, students
are provided with an account to use the online content. Teacher-to-student and student-to-student
interaction occur through asynchronous communication. The application consists of sections covering
the theory, text, videos, a section for self-assessment, and sections where the trainee can simulate each
scenario if any.

Various methods, including self-instruction, web-based programs, and DVD-based training, have
been used to try to improve the acquisition of basic and Advanced Life Support skills. However,
the survival rate from cardiac arrest remains poor despite advances in CPR training and therapies
while it is a fact that the quality of CPR influences the outcome of cardiac arrest patients [9].

With web-based interactive programs it might be possible to achieve proficiency in BLS and ACLS
skills; however, in order to make use of its full advantages, integration of PBL approach, and structuring
the contents in the form of clinical scenarios near to real life situations, is very important [21–23].

Web-based applications open the possibility of mass public training via the Internet but for better
results, the content should focus on scenario-based training and instructor’s feedback for answering
student questions related with the emergency conditions should be available to learners [23].

The aim of this work was to design and structure the content of basic and advanced life support for
adults using the updated 2015 American Heart Association guidelines that meet both the demands of
self-learning and the use of innovative technologies in teaching and learning in health. The aim was to
integrate the PBL approach with simulated scenarios, feedback, and self-assessment in an application
that is both accessible online and offline from all computing devices including smartphones, tablets,
and PCs. Therefore, the application of SavingLife was designed and developed which structures
the knowledge of BLS and ACLS in clinical contexts, strengthens motivation to learn, develops clinical
reasoning skills, and enhances self-directed learning, anywhere and anytime.

2. Methodology

This was a methodological research [24] and technological production of an educational
technology named SavingLife. The design and development of the application were completed
in 6 months. The development of SavingLife consider the development stages of instructional systems
development (ISD) [25,26]. The model consists of an action plan, development and implementation
of specific teaching scenarios incorporating mechanisms that favor the contextualization of new
learning [26].

The methodology involved a process consisted of five steps, which are Analyze, Design, Develop,
Implement, and Evaluation [25,26].

– Analyze: This phase consist of gathering information about the target population, the tasks to be
completed, theme definition and analysis of available technologies feasible for implementation.

– Design: The design phase consists of writing a learning objective, planning, and production of
educational content, preparing the storyboard (screenplay with texts and following screens) and
layout design technology (color, font, the arrangement of images and buttons).

– Develop: The development phase involves the creation of the activities that were later
implemented. It consists of designing the navigation structure, settings, and programming,
generating images, content (Portuguese and English) and animations.

– Implement: This stage consist of the installation of SavingLife files on an online server and
submitting to different application stores.

– Evaluate: The final phase, evaluate, ensures the materials achieved the desired goals.
This consist of review and testing scenarios of SavingLife with different devices and making
necessary adjustments.
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2.1. Technologies Used

For SavingLife, the goal was to develop an application which can be accessed through any
computing device (mobile, tablets and desktops) with or without internet connectivity. The application
was intended to be responsive (adjusted automatically according to the device size) so that it looks
good on all devices including small mobile devices, tablets, and desktops.

Two different modules of the application with the same content and design were developed.
One was a web-based application accessible from any computing device with an active internet
connection. The other was a standalone application (initially for windows platform only) accessible
from any windows device. The standalone application can be installed on any windows device in
the presence of the Internet and can then later be used offline. Production of standalone application is
necessary for offline access (when there is no internet connectivity) while the web-based version is
important since it is very difficult to develop the standalone application for all available platforms and
operating systems. So developing both these modules were hoped to fill the gap and cover all kind
of users.

Hypertext PreProcessor platforms (PHP) and Eclipse were used for the web-based version,
available at [27] (username and password: test). PHP is a server-side scripting language designed for
web development but can also be used as a general-purpose programming language. In computer
programming, Eclipse is an integrated development environment (IDE). It contains workspace and an
extensible plug-in system for customizing the environment. Eclipse can be used to develop web and
desktop applications.

Visual Studio Community 2015 Edition, a free and rich integrated development environment
for creating desktop, web and mobile applications, was used for the development of standalone
application (application submitted to Microsoft. Can be downloaded from Windows Store once
accepted for inclusion in the Windows store). Visual Studio Community 2015 Edition comes with
Xamarin, which is a tool used to share code across multiple platforms and write native Android, iOS,
and Windows applications with native user interfaces. Xamarin tool, together with C# programming
language, was used for the development of the standalone application, whose shared code can then be
later used to develop native applications for Android and iOS as well.

For the production of two-dimensional graphics, manipulating and retouching photos, MS Paint,
GIMP and Adobe Photoshop CS4 were used. For animation, Adobe Flash CS4 (vector graphics
program used to create interactive animations) was used.

For managing the database in SavingLife we used MySQL Query Browser and MySQL
Administrator tool, to make it possible to insert text for each language, providing greater autonomy
for editing content when necessary. MySQL database is selected because it is open source and free,
and is the most popular database used worldwide. MySQL Query Browser is a graphical tool made
for creating, executing, and optimizing queries in a graphical environment. MySQL Administrator
was created to administer a MySQL server.

In order to optimize the data flow in SavingLife, improve interaction with the user, and also
facilitate adaptation to different types of mobile devices the following resources were used:

– PHP + MySQL server side: due to easy installation and availability in various hosting
environments available.

– Web 2 + Asynchronous JavaScript and XML (AJAX): in order to reduce the amount of data sent
from the server to the client.

– Javascript (client side with jQuery 1.5): a cross-browser, open source JavaScript library
developed to simplify client-side scripts that interact with HTML, making simpler navigation of
the HTML document, creating animations, event handling and development of AJAX applications.
It also offers the possibility to create plugins on it.

– WordPress: is a free web software that can be used to create a website, blog, or apps.
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2.2. Structure

The seven steps in PBL described by [28] are implemented in SavingLife as shown in Table 1.

Table 1. Structure of SavingLife with respect to PBL.

PBL SavingLife

Problem Identification Presentation of learning clinical scenarios
Prior Knowledge Exploration Quizzes pre content and post content
Hypothesis & Action Mechanism ACLS and BLS scenarios
Identify Content for Learning Get more information about scenarios and Feedback
Individual Study (self study) Scenarios, Simulation, Videos and Knowledge Base
Re-Evaluation Quizzes after content reading (post content)
Discussion & learning evaluation Quizzes and Feedback

The navigation structure of the SavingLife is shown in Figure 1. It must be noted that users can
access the clinical scenario, simulations, and quizzes in a non-linear way, without any specific order to
navigate the SavingLife leaving students free to establish the construction of knowledge from their
past experiences.

Figure 1. Navigation structure of SavingLife.

The contents in SavingLife have been organized in Scenarios, Simulations, Algorithms,
Knowledgebase, Quizzes, and Videos as shown in Figure 2.

Figure 2. Content structure of SavingLife.
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3. Results

An educational instructional technology (SavingLife) based on the approach of problem-based
learning, was developed for enhancing the learning of basic and advanced cardiovascular life support.
Two different modules of SavingLife were produced. One is a web-based application accessible through
any computing device which has a web browser and an active internet connection. The web-based
version is available at [27]. The other is a standalone application (initially developed for windows
platform only) accessible through any windows device. The standalone application can be installed on
any windows device in the presence of the Internet and can then later be used offline.

Standalone applications are useful for offline access (when there is no internet connectivity) while
web-based applications are effective for online access since it is very difficult to develop a standalone
application for all available platforms and operating systems. The design, architecture, look and feel
of both versions is essentially the same on all devices including smartphones, tablets, laptops, and
desktops.

The application interface is responsive and adjusts automatically according to the screen size of
the device (see Figures 3 and 4 for comparisons). All the content of SavingLife is based on the updated
2015 American Heart Association (AHA) guidelines for BLS and ACLS. The content of SavingLife
is presented in two languages (English and Portuguese). The content language of SavingLife is
automatically selected according to the default language of the operating system of the device from
which the application is accessed. However, preferred language can be manually switched anytime
from within the application menu.

Figure 3. Scenarios main screen on (a) large screen, (b) small screen.
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Figure 4. Simulations main screen on (a) large screen, (b) small screen.

The first screen (Figure 5a) presents the name, logo, and authorship of SavingLife along with
the institution of origin and year of production. The second screen (Figure 5b) shows a brief
introduction to the SavingLife application. The third screen reveals a login form (Figure 6) if the user
is not already logged in or the scenario screen (Figure 3) if the user is already logged in.

Figure 5. (a). First screen of SavingLife; (b). Second screen of SavingLife.
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Figure 6. Login screen of SavingLife.

The contents in SavingLife have been organized in a way to offer students the options to
improve their learning and perform a self-evaluation. Six learning nodes namely Scenarios, Simulator,
Algorithms, Knowledgebase, Quizzes, and Videos, are created. It must be noted that the student can
select any node from the main menu without a mandatory order (Non-linear model) leaving learners
free to improve their knowledge from their experiences.

3.1. Cases / Scenarios

After successfully logging in, the user is directed to the selection screen of clinical scenarios
Contents are organized in 10 different cases which representing the scenarios of real-life situations
covering BLS and ACLS guidelines according to the AHA 2015. These cases include respiratory
arrest, cardiac arrest, choking, ventricular fibrillation, pulseless electrical activity, pulseless
ventricular tachycardia, supraventricular tachycardia, bradycardia, acute coronary syndrome, and
suspected stroke.

Each case consists of one fictitious problem situation of cardiac arrest, arrhythmias or other special
circumstances. Students can try to solve the problem through step by step guideline of AHA.

Each clinical scenario presents a patient with necessary details. When a user clicks to start learning
a case, first they are presented with a brief introduction and case description as shown in Figure 7.
Then the user moves on to the next screen for necessary assessment, as shown in Figure 8.

Assessment of the patient can be performed by virtual communication with the victim through
different options available on the assessment screen. After the assessment, the student makes a
hypothesis and diagnose the patient using the option available on the diagnose screen (Figure 9).
After successful diagnose, the user immediately begins intervention and re-evaluation as shown
in Figure 10. The cycle of intervention and re-evaluation continues until the victim is stabilized.
In this way, the students continue to use the essential steps of assessment, diagnose, intervention and
evaluation while improving their knowledge and skill. The students have different options to decide
on the actions to be taken during different scenarios considering real situations of nursing practice.

After each (re)evaluation, the select the right option from the available choices. On selecting
the right option the scenario moves forward. Depending on the condition the victim is then reevaluated
and next intervention is decided. On selecting a wrong option, the application let the student try again
for the right option until the right option is selected.

Backward button, when a scenario is in progress, is not given intentionally since the scenarios
are based on the approach of PBL. The aim was to present the scenario as close to a real-life situation
as possible. Such a situation only moves forward and the student has to focus on the current
evaluation and decide on the next interventions. However, the student can always restart a scenario
whenever required.
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Figure 7. (a) Introduction of a scenario; (b) Description of a scenario.

Figure 8. (a) Assessment screen (b) Simulated victim response when first option is clicked.
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Figure 9. (a) Diagnosis screen (b) Response of the system when the right option (the 2nd) is clicked.

Figure 10. (a) Interventions screen (b) Response of the system when a wrong option (the 4rth) is clicked.

3.2. Simulations

The Simulations section (see Figure 4) presents total twelve real-life situations. The scenarios
in this section are almost similar to the ones in the Scenarios section but are more real and at an
advanced level.
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The purpose of simulations is to enable students to learn and handle all the possible emergencies
occurred in Cardiac Arrest or in ACLS in the intensive coronary care unit. Unlike the situations
in Scenario section, in simulation students are presented only the signs, symptoms and rhythm
(see Figure 11) from which they identify the case and continue on with the necessary interventions.
In simulations, the patient condition changes from one algorithm to another algorithm, thus mimicking
a closer real-life patient.

Figure 11. (a) A screen from simulation 3; (b) Response of the system when the right option (the 2nd)
is clicked.

3.3. Algorithms

Algorithms are one of the most important components in effective learning of BLS and ACLS.
Every emergency health care provider and nurse can save a life if they are familiar with ACLS
algorithms. Algorithms are step by step procedures to solve a particular problem. Six different
algorithms, adopted from the updated 2015 AHA guidelines [29], available in SavingLife are:

– BLS Primary Survey (Figure 12a)
– Adult Cardiac Arrest (for VF, pVT, PEA, and Asystole)
– Adult Ventricular Tachycardia (Figure 12b)
– Adult Bradycardia
– Acute Coronary Syndrome
– Suspected Stroke
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Figure 12. (a) Adult basic life support algorithm; (b) Adult tachycardia with a pulse algorithm.

3.4. Knowledge Base

The knowledge base is designed to help students become familiar with the prerequisite
knowledge and improve their learning. The knowledge base includes the H’s and T’s of ACLS,
2015-2020 ACLS Changes Updates by AHA and ACLS Rhythms Identification and Interpretation as
shown in Figure 13a.

H’s and T’s: While all algorithms in SavingLife contain step-by-step, definitive treatment
interventions. It often requires professionals to identify and address the causal factor associated with
cardiopulmonary arrests. H and T are most commonly associated with PEA but it also helps in finding
the underlying causes for any of the arrhythmias associated with ACLS [9]. H’s and T’s in SavingLife
help prepare you for any ACLS scenario.

Rhythm identification and recognition: Adults BLS and ACLS require that health care providers
should be able to recognize and interpret several basic cardiac rhythms from normal sinus rhythm to
Asystole. This section describes 12 of the most commonly encountered ECG animated rhythms.

2015–2020 AHA Changes: American Heart Association released their new updated guidelines for BLS
and ACLS in October 2015. These guidelines will be useful through 2020. They made some minor
changes to both the BLS and ACLS Guidelines. The article content was developed from information
released by the American Heart Association [9].
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Figure 13. (a) Learning rhythms interpretations and identifications. (b) Quiz for self evaluation.

3.5. Quizzes

Self-assessment had an important role in active learning [30]. The main purpose of quizzes, a tool
for self-evaluation and self-assessment in SavingLife, is to enable students to evaluate their pre and
post-learning. The quizzes section consists of BLS and ACLS practice test (four cardiac arrest cases),
bradycardia, and tachycardia. A variety of questions covering all aspect of different cases are presented.
This section tests the knowledge of the systematic approach of students to treat acutely ill cardiac
arrest patients, with the return of spontaneous circulation (ROSC) being the ultimate goal. A sample
test is shown in Figure 13b. A timer (30 s for each question) is used for each quiz in order to improve
the power of quick decisions in a situation where time is of extreme value. Students can see their
progress and scores (see Figure 14a) along with the leaderboard and can identify their mistakes and
improve the weak point by reviewing their answers (see Figure 14b). Each time the student starts a
quiz, all the questions and answer shuffles and their order and position changes so that the student
learning ability is effectively evaluated. In addition to the quizzes, the scenarios and simulation also
offer a tool for students to improve as well as evaluate their knowledge about BLS and ACLS.

Figure 14. (a) Quiz results and Leaderboard; (b) Quiz review.
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3.6. Videos

Three videos regarding BLS, VF/pVT, and Asystole in order to improve the confidence of students
while practicing BLS and ACLS skills. More videos covering different details of all BLS and ACLS
aspects are intended to be provided as an additional media for learning.

3.7. Feedback

Although self-learning methods through computer applications are considered to be useful to
learn BLS and ACLS, it should be noted that the instructor’s feedback for answering student questions
related to the emergency conditions is important. In PBL, it is also important that each student have
an opportunity to reflect on the process of learning that has taken place. This includes reviewing
the learning achievements and listing ideas, improvements, and deficiencies in the learning process so
that it can be consolidated for future application [28]. For this, a feedback option is available where a
student can establish asynchronous communication with the administrator and teacher for additional
help and guidance.

4. Limitations

The current educational technology opens the possibility of mass public training via the Internet.
However, it would be important to ensure that participants receive sufficient incentive or motivation
to use the online program or download it to their mobile devices.

Furthermore, this method could be more useful if each student in web-based instruction group
is provided with Mini CPR Kit to provide them with a self-learning CPR tool. It should not be
seen as replacing other methods of training, and practice on a manikin should be encouraged when
circumstances permit.

5. Conclusions

The rapid growth and wide availability of information and communication technologies are
paving the way for innovative, motivating and flexible learning methods. ICT-based educational
technologies can play a vital role in facilitating low-cost effective educational services not restricted to
space or time.

SavingLife, an ICT-based educational technology was designed and developed incorporating
problem-based learning approach for training nurses and other health students in BLS and ACLS skills.
SavingLife meet both the demands of self-learning and the use of innovative and widely accessible
technologies in teaching and learning in health. It is believed that SavingLife offers an interactive and
flexible tool that strengthens the motivation to learn and develops clinical reasoning skills. SavingLife
can contribute to the student’s learning and helps to fill the gaps in the assessment and management
of cardiac arrest, stroke and other life-threatening medical emergencies, in a safe and ethical manner.
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