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Abstract

Introduction: Cardiopulmonary resuscitation training in Malaysia has evolved from traditional to modern approaches,
embracing technology for better outcomes. Smartphone-based training apps offer interactive learning with simulations
and real-time feedback, improving cardiopulmonary resuscitation skills anytime, anywhere. This study evaluates the
effectiveness of the smart-cardiopulmonary resuscitation application for healthcare practitioners.
Methods: This randomized controlled pilot study was conducted with 30 healthcare practitioners at the University of

Malaysia Sabah. Participants underwent a Cardiopulmonary Resuscitation Practical formal educational training pro-
gram, and data were collected using a Basic Life Support questionnaire and skills assessment checklist sourced from the
American Heart Association (2020). Data analysis was conducted utilizing repeated analysis of variance and the Cochran
‘Q' test supported by Statistical Package for the Social Sciences statistical software.
Result: The control and intervention groups showed improved knowledge and skills from pre-to post-cardiopulmonary

resuscitation courses; a significant increase was observed in the intervention group compared to the control group. The F-
test indicated a significant time-group effect (F-stat (df) ¼ 16.14 (2), p ¼ 0.01). Cochran's ‘Q’ test also revealed significant
changes in the proportion of healthcare practitioners passing their skills assessments over time (2 ¼ 14.90, control 01).
Conclusion: The smart-cardiopulmonary resuscitation application is convenient for refreshing cardiopulmonary

resuscitation skills and maintaining proficiency. While it doesn't replace formal cardiopulmonary resuscitation courses,
it saves healthcare practitioners and the community time and money. Both groups showed improved cardiopulmonary
resuscitation knowledge and skills, with the intervention group using the smart-cardiopulmonary resuscitation appli-
cation showing higher success rates after two months. Adopting smartphone-based cardiopulmonary resuscitation
training with comprehensive content is recommended.

Keywords: Smart-cardiopulmonary resuscitation application, Technology-driven cardiopulmonary resuscitation training,
Smartphones, Randomized controlled pilot study, Healthcare practitioners

1. Introduction

C PR training is vital in emergency medical care,
especially during cardiac arrests. In Malaysia,

like many places, CPR training has shifted from
traditional to modern methods due to technological
advancements and improved understanding of best

practices [1] (Lim et al., 2022). Historically, Malaysian
CPR training, like global practices, relied on class-
room sessions with lectures and basic hands-on ex-
ercises [2] (KKM, 2014). However, this approach had
limitations such as instructor availability and diffi-
culty fully simulating real-life scenarios. However,
studies have also reported poor retention of CPR
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knowledge and skills among healthcare pro-
fessionals and laypersons following conventional
training methods [3] (Fariduddin & Jaafar, 2021). As a
result, there has been a growing demand for more
engaging and interactive training methods.
Contemporary CPR training techniques have emer-
ged, leveraging technology to transform the learning
process [1] (Lim et al., 2022). Using advanced mani-
kins and immersive scenarios, simulation-based
training enhances practitioners' critical thinking,
decision-making, and confidence in CPR skills [4]
(Hill et al., 2023). Moreover, integrating multimedia
resources and e-learning platforms has diversified
training approaches, allowing for flexible, self-paced
learning. Additionally, mobile applications and vir-
tual reality (VR) have broadened CPR training op-
portunities, offering accessible tools for knowledge
dissemination and skills evaluation [5] (Ali et al.,
2021). Smartphone-based CPR training revolution-
izes resuscitation education, offering convenient,
comprehensive instruction and interactive simula-
tions to enhance CPR proficiency. It provides im-
mediate feedback, accessible anytime, anywhere,
with engaging multimedia content. Smartphone
sensors enable performance evaluation, democra-
tizing high-quality CPR education and empowering
healthcare professionals to respond effectively to
cardiac emergencies [6,7] (Lins et al., 2022; Mccaw
et al., 2023). Therefore, this study aims to evaluate the
feasibility and effectiveness of the SCPR application
and the entire training program, using smartphones
as the primary training tool among the targeted
audience, which includes healthcare practitioners
(HCPs).

2. Materials and methods

2.1. Study design

The research employed the randomized controlled
pilot study approach, commencing in December 2023
and concluding in January 2024 in the Faculty of
Medicine and Health Science and a teaching hospital
at Universiti Malaysia Sabah. This training aimed to
see if the SCPR application and the whole technol-
ogy-based CPR training program worked.

2.2. Sample

The training sessions occurred at the Faculty of
Medicine and Health Sciences (FMHS) and HUMS.
Eligible participants were healthcare providers
(HCPs) from FMHS and HUMS who had received
formal CPR certification and were not pregnant.
Pregnant individuals and those unwilling to

participate were excluded. Participants were selected
using the systematic random sampling approach
where those participants who meet the eligible
criteria will pick a number (1: controlled group, 2:
intervention group) to determine their group
assignment. This choice aligns with what [8]
Whitehead et al. (2016) said should be done. They
used the non-central t-distribution (NCT) method to
determine the sample size for randomized
controlled pilot studies. The NCT approach was
selected with a confidence level of 90% and a margin
of error set at 5% significance. The NCT method is
particularly advantageous for calculating sample
sizes in studies aiming to detect small to moderate
effect sizes, as it provides more accurate power es-
timates, especially when the effect size is non-zero.
Additionally, the NCT method is beneficial for
complex study designs involving multiple compari-
sons or factor interactions, offering a robust frame-
work for sample size calculations in these scenarios
[9] (Flight & Julious, 2016).

2.3. Study instrument

Smart Cardiopulmonary Resuscitation (SCPR)
training is a smartphone-based CPR training app. It
is designed to help healthcare practitioners learn
and maintain CPR skills. The app's structured
approach aims to improve users' CPR proficiency,
making them better prepared for cardiac emergen-
cies. To perform CPR practical training, users can
practice it either on a manikin or other do-it-your-
self manikin, such as a pillow. The developer

Abbreviations

CPR Cardiopulmonary resuscitation
VR virtual reality
HCP healthcare practitioner
MCQ multiple-choice questions
AHA American Heart Association
FMHS Faculty of Medicine and Health Sciences
HUMS Hospital Universiti Malaysia Sabah
NCT non-central t-distribution
SCPR Smart Cardiopulmonary resuscitation
CPRTM Cardiopulmonary Resuscitation Theory Module
CPRPM Cardiopulmonary resuscitation Practical Module
CPRFTP Cardiopulmonary Resuscitation Practical formal

educational training program
DRSCAB Danger, Respond, Shout for help, Chest

compression, Airway, Breathing
SCA sudden cardiac arrest
ERT Emergency Response Team
CRSTP Cardiac Resuscitation Simulation Training

Program
SPSS Statistical Package for the Social Sciences
ANOVA Analysis of Variance

100 JOURNAL OF THE SAUDI HEART ASSOCIATION 2024;36:99e105

O
R
IG

IN
A
L
A
R
T
IC

L
E



acknowledges this potential limitation in practicing
practical skills. The rescue breathing component
was omitted from the application to focus on high-
quality chest compressions, which are more feasible
for non-medical personnel to perform. This decision
aligns with the recommendations of the [10] Amer-
ican Heart Association (AHA, 2020), demonstrating
that the training app is also suitable for community
use.

2.4. Knowledge measurement

In this pilot study, participants answered 50
multiple-choice questions (MCQs). Each correct
answer earned 1 point, with a maximum score of 50.
To pass, participants needed a score of 43 or higher.
Scores over 43 (86% or more) were considered
“satisfactory,” scores between 35 and 42 (70e84%)
were “fair,” and scores below 34 (less than 68%)

Fig. 1. The workflow of data collection.
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were “poor.” The questions came from the Basic
Life Support (BLS) question bank at Universiti
Malaysia Sabah's teaching hospital.

2.5. Skills measurement

Practical skills were evaluated using four param-
eters: rate, depth, and ventilation techniques [10].
The American Heart Association (AHA) 2020 skills
assessment checklist was used, covering the recog-
nition of sudden cardiac arrest (SCA), activating the
Emergency Response Team (ERT), and performing
high-quality chest compressions. This included
maintaining a rate of 100e120 compressions per
minute, a depth of at least 5 cm, minimizing in-
terruptions, avoiding excessive ventilation, ensuring
complete chest recoil, and using the head tilt chin
lift technique. Certified trainers graded participants
as pass or fail based on expert judgment of the
correct sequence of actions.

2.6. Data collection

The study assessed improved CPR knowledge and
skills, focusing on chest compression proficiency.
Primary and secondary outcomes were evaluated
before and after participants completed a formal
CPR training program (CPR-FTP), with a follow-up
assessment two months later to gauge retention.
Initial data were collected through pre-tests with
multiple-choice questions (MCQs) and skills as-
sessments. Post-tests were administered after
completing the CPR-FTP. Participants were then
randomly assigned to Group A (control, no further
intervention) or Group B (intervention, using the
Cardiac Resuscitation Simulation Training Program
(CRSTP) app to enhance CPR knowledge and skills).
Fig. 1 offers a comprehensive and detailed repre-
sentation of the data collection process.

2.7. Data analysis

The outcomes of both the theoretical examination
and the practical skills assessment were recorded on
data collection forms, then reviewed and transferred
to an Excel spreadsheet. The Statistical Package for
the Social Sciences (SPSS version 29) was employed
to analyze the collected data.

3. Result

In this pilot study, 30 participants were recruited
and evenly divided between the control group
(n ¼ 15) and the intervention group (n ¼ 15). In the
intervention group, 2 (13.3%) participants were male

and 13 (86.7%) were female, representing diverse
disciplines such as the Infection Control Unit
(26.7%), Emergency and Trauma Department (20%),
Primary Care Centre Department (20%), Internal
Medicine Department (13.3%), Intensive Care Unit,
Rehabilitation Department, and Haemodialysis Unit
(6.7% each). The majority were registered nurses
(86.7%), with assistant medical officers and medical
officers making up 6.7% each. Educationally, 86.7%
held diplomas and 13.3% held degrees. In terms of
clinical experience, 46.7% had 4e6 years, 26.7% had
7e9 years, 20% had over 10 years, and 6.7% had 1e3
years. All intervention group participants had
completed formal CPR training, with 46.7% having
completed the Basic Life Support (BLS) course 3e4
years ago, 26.7% 1e2 years ago, and 6.7% over seven
years ago.
The control group consisted of 11 (73.3%) female

and 4 (26.7%) male participants from various de-
partments including Obstetrics and Gynaecology
(20%), General Surgery (13.3%), Orthopaedics
(13.3%), Otorhinolaryngology (13.3%), Ophthal-
mology (13.3%), Cardiology (6.7%), Psychiatry (6.7%),
Dental (6.7%), and Forensic Unit (6.7%). Most were
registered nurses (66.7%), followed by medical offi-
cers (20%) and assistant medical officers (13.3%).
Regarding educational qualifications, 53.3% held di-
plomas and 46.7% held bachelor's degrees. All had
clinical work experience, with 53.3% having 7e9
years, 26.7% having 4e6 years, 13.3% having over ten
years, and 6.7% having 1e3 years. Concerning the
last formal CPR training, 46.7% received it 1e2 years
ago, 40% 3e4 years ago, and 6.7% each 5e6 years ago
and over seven years ago. The demographic distri-
bution of participants is detailed in Table 1.
A repeated-measures analysis of variance

(ANOVA) was conducted to assess the impact of
time on scores from multiple-choice questions
(MCQs) for both the control and intervention
groups. Both groups demonstrated an enhance-
ment in their knowledge levels from the pre-CPR
course (Control Group: M ¼ 37.4, SD ¼ 5.75;
Intervention Group: M ¼ 38.20, SD ¼ 6.01) to the
post-CPR course (Control Group: M ¼ 43.53,
SD ¼ 2.50; Intervention Group: M ¼ 42.73,
SD ¼ 3.22). However, while the knowledge score
decreased in the control group (M ¼ 39.27,
SD ¼ 3.83), there was a significant improvement
among participants in the intervention group
(M ¼ 43.60, SD ¼ 0.83). Table 2 displays the means
(M) and standard deviations (SD) for both groups
concerning the effect of time.
The multivariate test statistics showed a signifi-

cant interaction between time and group (Time-
Group effect), supported by both Pillai's Trace
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[F-stat (df) ¼ 16.14 (2), p-value ¼ 0.01] and Wilk's
Lambda [F-stat (df) ¼ 16.14 (2), p-value ¼ 0.01], with
significant p-values. As shown in Table 2, there
were no significant changes in MCQ knowledge
scores for either group during the pre-CPR course
(p ¼ 0.71) or post-CPR course (p ¼ 0.45). However, a
significant score improvement was seen post-2
months after the initial CPR course (p ¼<0.001).

Cochran's test explored differences in CPR skills
retention among 30 participants in control and
intervention groups across three assessment points:
before, immediately after, and two months post the
CPR course. The test revealed a significant variation
in the proportion of healthcare providers passing
and failing their skills assessments over time, with a
chi-square value of x2 (2) ¼ 14.90, p < 0.001. To
mitigate type 1 error, a Bonferroni post hoc test
adjusted the alpha value to 0.016.
Table 3 demonstrates a notable difference in the

frequency of CPR skills assessments regarding time,
notably between pre- and post-CPR courses
(p < 0.001). Conversely, there were no significant
changes in skills assessment between post-CPR and
post-2 months (p ¼ 0.727). However, a significant
alteration in frequency value was evident between
pre-CPR and post-2 months (p ¼ 0.002). Descriptive
data in Table 3 indicates that 33.33% of the control
group and 40% of the intervention group passed
before the CPR course. Following the course, both
groups exhibited improved performance, with
86.67% in the control and intervention groups
passing. However, two months later, only 60% of the
control group passed, while all intervention group
participants succeeded, suggesting that using the
CRSTP aids in CPR competency retention.

4. Discussion

In this study, Smart CPR Training (SCPR) is a
technology-based tool delivered through Android
smartphones. Its main aim is to teach and maintain
CPR skills and knowledge for healthcare providers
(HCPs) [11] (Taherdoost & Madanchian, 2022).
Technology-based education is considered
advanced, and the American Heart Association
(AHA) supports hybrid learning [10] (AHA, 2020).
Therefore, the CRSTP application has been devel-
oped into a comprehensive CPR training program
based on evidence-based modules. SCPR focuses
on skill development, even without real CPR
events. It uses audio and visual aids to improve
personalized learning outcomes, aligning with
research indicating higher satisfaction with video-

Table 1. Distribution of sample based on demographic data (n ¼ 30).

Variable Intervention
group, n (%)

Controlled
group, n (%)

Gender
Male 2 (13.3) 4 (26.7)
Female 13 (86.7) 11 (73.3)
Department
Obstetric and Gynaecology 3 (20)
General Surgery 2 (13.3)
Orthopaedic 2 (13.3)
Otorhinolaryngology 2 (13.3)
Cardiology 1 (6.7)
Ophthalmology 2 (13.3)
Psychiatric 1 (6.7)
Dental 1 (6.7)
Forensic 1 (6.7)
Primary Care Centre 3 (20)
Emergency and Trauma 3 (20)
Internal Medicine 2 (13.3)
Infection Control 4 (26.7)
Intensive Care Unit 1 (6.7)
Rehabilitation 1 (6.7)
Haemodialysis 1 (6.7)
Designation
Registered Nurse 13 (86.7) 10 (66.7)
Assistant Medical Officer 1 (6.7) 2 (13.3)
Medical Officer 1 (6.7) 3 (20)
Level of education
Diploma 13 (86.7) 8 (53.3)
Bachelors 2 (13.3) 7 (46.7)
Clinical work experience
1e3 years 1 (6.7) 1 (6.7)
4e6 years 7 (46.7) 4 (26.7)
7e9 years 4 (26.7) 8 (53.3)
>10 years 3 (20) 2 (13.3)
Last CPR training
1e2 years 4 (26.7) 7 (46.7)
3e4 years 7 (46.7) 6 (40)
5e6 years 4 (26.7) 1 (6.7)
>7 years 1 (6.7) 1 (6.7)

Table 2. Comparison of the mean score for multiple-choice questions score between intervention and control groups based on time (Time*Group
effect).

Time Groups Mean score (SE) Mean difference
(95% CI)

F (df) p-value

Pre-CPR Course Control 37.4 (1.49) 0.8 (35.64, 39.96) 0.14 (1) 0.71
Intervention 38.2 (1.55)

Post-CPR Course Control 43.5 (0.65) �0.8 (42.06,44.20) 0.58 (1) 0.45
Intervention 42.7 (0.83)

Post-2 months of CPR Course Control 39.27 (0.99) 4.33 (40.13, 42.74) 18.38 (1) <0.001
Intervention 43.6 (0.21)
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based learning [12] AbuFarha et al. (2020). In this
study, both Group A and Group B participants
showed significantly enhanced CPR knowledge and
skills post-CPR Formal Training Programme
(CPRFTP) compared to before training. Notably,
while scores improved, demographic data and
variables remained unchanged. Prior research by
[13] Lee et al. (2023) and [1] Lim et al. (2022) sug-
gests smartphone and technology-based training,
like the SCPR app, may be more effective than
traditional methods, highlighting its potential as a
viable alternative. This underscores SCPR's capac-
ity to enhance competency, especially in scenarios
with limited formal training opportunities.
Considering CPRFTP and SCPR's effectiveness in
improving skills and knowledge, both methods are
recommended for healthcare providers (HCP) and
potentially for the community [14] (Ahmad et al.,
2023).
CPR training is crucial for healthcare providers

(HCPs) to maintain skills. The CPRFTP program
effectively boosted CPR knowledge and skills
immediately post-training, but skills declined in
the control group after two months. To address this,
integrating advanced technology-based CPR
training like the SCPR app is recommended,
aligning with research advocating for combining
traditional and advanced methods [15] Karnjus
et al. (2023). Developed during the COVID-19
pandemic, SCPR addresses the need for continuous
education despite movement restrictions [16] (Sir-
ipipatthanakul et al., 2023). Both groups showed a
decline in CPR proficiency after two months, with
the intervention group maintaining higher skills.
SCPR enhances and sustains CPR knowledge and
skills, supporting participants in maintaining pro-
ficiency. Further development, including bilingual
support, is needed for optimal outcomes. This
study identified several limitations in data collec-
tion during the two-month post-training period,
particularly the inability to track user progress.
This gap made it challenging for researchers to
determine if users were consistently practicing CPR
with the SCPR application. To address this and
maintain the integrity of the randomized controlled
pilot study, participants were asked to send video

recordings of their CPR performance via WhatsApp
and to provide pre- and post-training scores. This
ensured adherence to study protocols despite the
application's lack of direct monitoring features.
Additionally, researchers acknowledged potential
confounding factors, such as education or work
experience, which could influence knowledge and
skills, and used methods like randomization and
data adjustment to mitigate their impact.

5. Conclusion

The SCPR application serves as an effective tool
for individuals aiming to refresh their CPR skills
and maintain proficiency, enabling users to train
and review at their own pace and convenience.
While it does not replace formal CPR certification
courses, SCPR offers substantial time and cost
benefits for healthcare providers and the commu-
nity. Both study groups demonstrated improvement
in CPR knowledge and skills, with the intervention
group using SCPR showing higher success rates
after two months. Thus, a larger-scale study is rec-
ommended to evaluate the effectiveness of tech-
nology-based CPR training via smartphones.
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