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 Cardiopulmonary resuscitation (CPR) is a life-saving procedure that 

should be able to perform by everyone. It is the only critical rescue 

procedure that can be done during a sudden cardiac arrest event. There 

are various technology-based training methods designed to ensure the 

procedures are well grasped by the public, such as virtual reality (VR), 

augmented reality (AR), and smartphone-based training. Those 

efficacies of technology-based CPR training and content remain divisive, 

leading to CPR success far below expectations. This initial study is to 

explore effective operative ways of CPR training using a technology 

approach through a systematic review. The entire search of information 

was guided by keywords related to technology-based CPR training, 

‘cardiopulmonary resuscitation’ OR ‘training’ OR ‘community CPR 

training’ OR ‘CPR’ OR ‘cardiac resuscitation’ OR ‘technology-based’ 

OR ‘virtual reality’ OR ‘smartphone.’ The protocol used based 

Systematic Reviews Protocols (PRISMA).  Data synthesis was analyzed 

using the Microsoft Excel format. The thematic analysis showed three 

important points, 1) Smartphone-based as a CPR training instrument, 2) 

Effective content for CPR training 3). Technology-based CPR training 

uses a smartphone as a key instrument. Three important things to 

consider before conducting training in this era of high technology are the 

‘Training Instrument’, Training Intervention, and Intervention Outcome. 

The training instrument should explain the instrument to be used as key 

technology-based CPR training. The training Intervention will focus on 

the dynamic contents of intervention processes, and the ‘Intervention 

Outcome’ will measure the success of the entire training based on the 

system invented. We cannot run away from the participation of advanced 

technology in our lives, including daily tasks and training that have been 

proven effective. The possibility of CPR training conducted through 

face-to-face may be one of the causes of the failure of the given training 

due to time, frequency, distance, staff selection, and unchanged program. 

This study will be conducted in the future and will give a positive sign. 
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1. Introduction 

Sudden cardiac arrest (SCA) remains a leading cause of death in developed countries, including Malaysia 

[15]. Even though numerous factors dictate the SCA outcome, cardiopulmonary resuscitation (CPR) is well 

known to elevate the chances of survival when performed immediately after SCA occurs [2]. Various 

effective methods to demonstrate the high quality of CPR and early recognition of SCA have been 

developed, including video-based instruction and face-to-face training for the community [1]. 

Unfortunately, during out-of-hospital cardiac arrest (OHCA), only 12-42% of witnesses are willing to 

perform CPR [12]. The low intervention rate may be due to a lack of confidence or negligence in 

recognizing cardiac arrest events [16]. Due to this global issue, various studies reported that CPR and 

cardiac arrest knowledge for the community and healthcare personnel should be improved [7]. So, the 

National Committee on Resuscitation Training (NCORT) promotes a guidance manual book to improve 

CPR knowledge for both the public community and healthcare professionals. However, the theory and 

training module applied the conventional method approach. 

 

Numerous studies suggested utilizing the technology-based approach in CPR training toward the 

empowerment application of artificial intelligence (AI). It also shows that new and alternative methods to 

complement the conventional training module to improve cognitive knowledge and psychomotor skills 

among the public community and healthcare professionals are helpful [21]. The success rate of CPR 

depends on effective and appropriate training. Currently, the effective CPR training model widely used 

involves the theoretical introduction followed by a simulation of hands-on CPR practice (AHA, 2020). This 

model effectively engages the learner in learning the theory and practical part in a safe and controlled 

environment.  However, conventional CPR training models are often insufficient and ineffective in training 

a large scale of participants. 

 

Studies also indicated that the conventional method of training program has proven inadequate and 

inconsistent, with numerous reports on poor cognitive and psychomotor skills retention among the trainees 

[22]. Generally, an instructor-led training model will be done face-to-face where the instructor delivers their 

lecture and participants listen to the lecture. This method promotes communication and generates new 

ideas, but it is ineffective as participants are required to intensively study the theory over a short period. In 

terms of effective education methods, learner-centered (LC), and problem-based (PBL), learning 

approaches are seen as better than the traditional methods [5]. These integrated methods may result in an 

effective CPR training approach for healthcare professionals. The approach prepares the learners to be 

critical thinkers to respond and perform well in different environments. Moreover, PBL and LC is a flexible 

approach that allows the learners to do revision at their own pace and be active in the learning process [16]. 

 

Communication and information technologies are easily available and rapidly improving. The number of 

mobile phone users worldwide was 7.1 billion in 2021 and is expected to reach 7.26 billion at the end of 

2025 (S.O’Dea, 2021). Nonetheless, the internet users worldwide were 4.66 billion in 2021 (Johnson J., 

2021). The catalyst for this growing number was contributed by the exciting low-cost opportunities offered 

by the mobile and wireless technologies, which also benefit the high-reach education and healthcare 

services for the masses [3]. Internet connectivity and mobile phones are establishing worldwide 

opportunities by promoting shared information and interactions between people. Recently, due to its 

practical and easy characteristics, informatics has influenced all areas of creating educational programs, 

enabling new forms of learning and dissemination of information. 
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The application of the micro-simulation training approach in CPR was seen as effective as the conventional 

training method that uses the combination of web and computer-based approaches [3]. The application 

consists of sections covering the development of cognitive knowledge and psychomotor skills, including 

theory, text, videos, and self-assessment that may assist the user in stimulating their cognitive function. 

Numerous methods, including DVD-based training, self-instruction, and technology-based programs, have 

been used to ameliorate the acquisition of CPR knowledge and skills. Therefore, this study aimed to 

identify the effective content of CPR training that can be applied in advanced technology-based instruments 

such as smartphones.  

 

2. Methods 

This systematic review protocol has been registered and approved by the Medical Research Ethics 

Committee, UMS (Approval Code: JKEtika 1/22(14)). This protocol refers to the guidelines of Preferred 

Reporting Items for Systematic Reviews Protocols (PRISMA-P) [25]. The systematic review will be 

conducted in line with the Cochrane Handbook and reported according to the PRISMA statement [11].  

 

2.1 Inclusion/exclusion criteria for reports/articles selection  

2.1.1 Types of reports/articles 

This study includes all research reports/articles related to the application of smartphones as the medium to 

deliver technology-based interventions for CPR training for healthcare professionals and laymen. All 

randomized-controlled trials (RCT) involving the conventional and advanced technology-based method 

including the application smartphone, virtual reality, augmented reality and not limited to these methods 

will be involved in this study. Only English language articles/reports will be reviewed. Reports/articles with 

the following criteria will be excluded: 

 

1. Reports/articles that are more than 10 years from the year 2022. 

2. CPR training was practicing the conventional training method as the main topic discussed.  

3. Reports/articles that do not use the smartphone as a training platform. 

4. Reports/articles with abstracts from duplicate publications, retrospective studies, observational 

studies and studies with incomplete data. 

 

2.1.2 Types of participants 

The participants’ adults (age ≥18 years old) and received smartphone-based CPR training. No limitations in 

terms of gender, training experience and profession background. 

 

2.1.3 Types of interventions 

The intervention in the reports/articles should consist of CPR training using the smartphone as the main 

training platform. The application of VR and AR will complement the advanced technology-based training. 

To determine the effectiveness of smartphone-based training and conventional training, participants must 

receive the hands-on CPR assessment on a manikin. 

 

For RCT studies, the intervention group had to receive the smartphone-based CPR training and the control 

group had to attend the standardized face-to-face training, then perform the CPR simulation on a manikin.  

 

2.2 Types of outcome measure 

2.2.1 Primary outcome 

The effectiveness of CPR depends on the rate and depth of chest compression. Thus, these components will 

be the domain and act as the parameters to be measured. Nonetheless, it is also significant with the patient 
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outcome, which is confirmed by numerous studies [18]. So, the primary outcome will be the quality of CPR 

that include the rate and depth of chest compression that was measured.  

 

2.2.2 Secondary outcome 

High quality CPR consists of correct rate (100-120 cpm) and depth of chest compression (2 inches), 

complete chest recoil, minimize unnecessary pause, and no excessive ventilation (AHA, 2020). However, in 

the study, we are focusing on hands-only CPR. Thus, the secondary outcome to be reviewed includes the 

overall CPR performance such as recognition of cardiac arrest and activation of the emergency response 

team, early CPR with emphasis on high quality chest compression, rapid defibrillation and turning victim 

into recovery position (AHA, 2020). 

 

2.2.3 Search Strategy 

We searched English electronic databases from PubMed, Web of Science, UMS Library and FMHS Library 

from 2011 to April 2022, to identify published literature related to technology-based CPR training with the 

key words of ‘cardiopulmonary resuscitation’ OR ‘training’ OR ‘community CPR training’ OR ‘CPR’ OR 

‘cardiac resuscitation’ OR ‘technology-based’ OR ‘virtual reality’ OR ‘smartphone’. All documents will be 

in English language. The search strategy for PubMed was shown in table 1. 

 

Table 1: Search strategy for PubMed 

No  Search Term 

#1 (((advanced CPR training[MeSH Major Topic]) OR (technology based CPR 

training[MeSH Major Topic])) OR (smartphone based cpr training[MeSH Major 

Topic])) OR (utilization of smartphone in cpr training[MeSH Major Topic]) 

#2 ((random control trial advanced cpr training[MeSH Major Topic]) OR (random 

control trial smartphone based cpr training[MeSH Major Topic])) OR (single blinded 

cpr technology based training[MeSH Major Topic]) 

#3 (#1) OR (#2)  

#4 ((((cardiac arrest[MeSH Major Topic]) OR (sudden death[MeSH Major Topic])) OR 

(sudden cardiac arrest[MeSH Major Topic])) OR (heart attack[MeSH Major Topic])) 

OR (ischemic heart disease[MeSH Major Topic])  

#5 (((random[Title/Abstract]) OR (single blinded[Title/Abstract])) OR 

(singleblind[Title/Abstract])) OR (doubleblind[Title/Abstract]) 

#6 (#4) OR (#5)  

#7 ((#3) AND (#5)) AND (#6) 

 

3. Data Analysis 

 

3.1 Selection of report/articles 

Two reviewers were chosen to screen and identify reports/articles independently by reading the titles and 

abstracts. All duplicated and those that do not fulfill the inclusion criteria were excluded. Full text of 

documents that fulfilled the inclusion criteria were selected. Any disputation was rectified through 

discussion with a third reviewer. The third reviewer would verify all data selection procedures before 
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endorsing the data extraction. Documents selection procedures based on the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) [17]. 

 

3.2 Data extraction 

Data from included studies were extracted by two reviewers following a data acquisition using Microsoft 

Excel software. Required information includes publication information, type of participants, intervention of 

study, control variables, study design, outcome and other information. This data also was used for the next 

step of data quality measurement. Detailed list of data extracted is presented in table 2.  

 

Table 2. Details for list for extracted data. 

Subject Content 

Publication information Name of the first author, publication year, contact email, 

country. 

Type of participants Population, sample size, background of participants 

(medical personnel, layman), inclusion and exclusion 

criteria. 

Intervention of study Advanced CPR training method, smartphone-based 

training, integration between smartphone and 

VR/smartwatch/AR. 

Control variables conventional/standard CPR training, non-technological 

based training equipment, single advanced training 

device/equipment. 

Study design Blinding and randomization study, involve statistical and 

transcribe data.  

Outcome Primary outcome (Chest compression rate and depth, 

secondary outcome (general performance high quality 

CPR such as chest compression rate and depth, duration 

of pause between compression, volume of ventilation 

given, hands only CPR.  

Other information Method of assessment, details of CPR manikin used, type 

of advanced CPR training software for quality 

measurement. 

 

3.3 Evidence grade evaluation 

We applied the Jadad scale to evaluate the quality of each document [10]. Evidence grade evaluation of the 

selected documents were conducted in five items with “yes” or “no” response option (Shows in table 3). For 

every “yes” response was scored as 1 and “no” as 0. For “0”, justification was classified as “NA” (Not 

appropriate) and “NR” (Not reported). Scale scores for each document could range from 0 to 5 points with 

higher scores indicating superior quality: score 0-3 signified low quality; score 4-5 signified high quality. 

 

Table 3. The Jadad scale [10]. 
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Document quality parameter Points allocated 

Randomized Yes (1), No (0): NA/NR 

Method of randomization Yes (1), No (0): NA/NR 

Blinding Yes (1), No (0): NA/NR 

Method of blinding Yes (1), No (0): NA/NR 

Dropouts/withdrawals  Yes (1), No (0): NA/NR 

 

4. Result 

 

4.1 Search Result 

The PRISMA flow diagram in Fig. 1 depicts the selection process. The literature search initially yielded 78 

articles from 4 electronic databases and reference reviews. Twenty-two duplicated articles were excluded. 

The titles and abstracts of the remaining 56 studies were reviewed according to the eligibility criteria. 

Finally, a total of eight studies were selected for inclusion in this systematic review. 

 

 
Figure 1: PRISMA flow diagram on articles selection process 

 

This study included eight published articles that meet the inclusion criteria with variations in types of 

participants, interventions and outcome measured. Based on the thematic analysis, there were three main 

themes identified: 1) Smartphone-based as a CPR training instrument, 2) Effective content suggested for 

CPR training intervention, and 3) The outcome of technology-based CPR training using a smartphone as a 
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primary instrument. Figure 2 illustrates the themes and subthemes in a thematic map. 

 

 
Figure 2: Themes and subthemes of reviewed articles. 

 

As has been illustrated in figure 2, Table 4 described the generated sub-theme based on the systematic 

review. There were three components found to be preferable to classify the theme and sub-theme which are 

known as ‘training instrument’, training intervention and intervention outcome. The ‘training instrument’ 

will describe a smartphone as primary advanced technology-based CPR training. After the selection of 

instruments for CPR training, the ‘training intervention’ will discuss what are the effective contents that can 

be the intervention for the training system. The ‘intervention outcome’ will evaluate the effectiveness of the 

instrument used. 

 

Table 4. Sub-Theme based on the Systematic Review 

Theme Description  

Smartphone-based as CPR training instrument 

Clear instruction on how to use the 

instrument 

When developing a cardiac resuscitation assistant 

software that will be used as a primary training 

instrument, it should be simple, easy to understand and 

user friendly. Thus, Muller et al. (2021) suggested 

having a clear instruction and guidance for the user is 

crucial and may help them to optimize the utilization 

of the instrument and training system. 

Internal and external smartphone 

technical support 

Different models of smartphones hold certain storage 

capacity and diverge in system. Thus, the technical 

support plays an important role to optimize the 
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application of the training software [8]. 

Suggested content for CPR smartphone-based training instrument  

Comprehensive CPR education 

content and module 

Even though the smartphone-based instrument is an 

advanced approach for training, the content and 

practical skills module should be similar to the 

standardized training method. The theory and practical 

module were suggested to follow the local CPR 

guideline [7], [19]  

Real time feedback application The benefit of using a smartphone is it can provide real 

time feedback guidance. Instant feedback during the 

execution of CPR may assist the user to perform 

correct and effective high quality CPR (Lins, C. et al, 

2022). The feature increases and improves compliance 

with CPR guidelines as well [13].  

Regular CPR retraining program  Optimal retraining regimens are required to retain the 

cognitive knowledge and psychomotor skills. It was 

reported that shorter refresher modules may help to 

attract the user to undergo the regular training regime 

[23]. 

Appraisal of CPR theory and skills Assessment of theory and skills are a major part to 

determine the effectiveness of a training module. It can 

measure the pre- and post- effectivity and allow the 

user to identify their weakness in CPR knowledge and 

skills [7] 

Technology-based CPR training outcome 

Improved CPR cognitive and 

psychomotor skills 

Training outcomes depend on the clarity, applicability 

and quality of content. Thus, CPR training software 

that fulfill these criteria can potentially create a 

positive learning and training outcome [20], [7].  

Supplement current conventional 

CPR training 

The application of smartphones as a primary advanced 

CPR training is not going to replace the standardized 

traditional method of training. However, by 

acknowledging the advanced method, it will benefit 

the user and may supplement the current method of 

training [8]. 

Assist in real cardiac arrest event In the event of cardiac arrest, the audio feedback 

assistant function from the smartphone may guide the 

user to perform early CPR for the victim. The 

application also has the potential to increase the 

survival rate for OHCA [8]. 
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5. Discussion 

It is important to engage the healthcare professional and general public in cardiac resuscitation training to 

create awareness and increase willingness to involve as first rescuer during cardiac arrest events. With the 

nature of innovation aspect that the equipment, procedure and technology are changing rapidly, healthcare 

professionals and the general public need to adapt to the changes and also reflect on how to optimize the 

utilization of these new developments in the situation that is to be carried out. It's no doubt that not all 

changes have to be implemented. However, in the field of medicine particularly during the life saving 

procedures, we cannot ignore the fact that some transformations can provide advantages for the procedures 

especially when it enables procedure to be done effectively, rapidly and efficiently.  

 

5.1 Smartphone as training instrument 

The application of mobile devices may come up with real time feedback and guidance for the performance 

of CPR and thus was considered as a practical training instrument and even during actual cardiac 

resuscitation. It is also readily available and usable to laypeople. Indeed, public CPR has been identified as 

an area that needs to be focused to enhance the chances of survival rate in and out of cardiac arrest events. 

In this review, the subject used a diverse specifications of smartphone devices such as different screen sizes, 

which significantly had divergent accelerometer component locations [9]. The display items on the screen 

of the smartphone may be so sensitive that some can even detect light finger pressure on the screen of these 

smartphones. Smart-phone based apps for training are important as alternatives to overcome the limitations 

of traditional cpr training. 

 

Nonetheless, the application of smartphones is not only for training purposes but also can accelerate the first 

responder dispatch and likely improve the OHCA outcome [6]. However, there were few challenges in 

dispatching Emergency Response Team (ERT)/first responder through the smartphone which needed to be 

aware such as distance from the location, desertification of a rural area and issue with traffic control. As an 

alternative, this instrument also can be used during the actual cardiac arrest incident while waiting for the 

ERT to arrive. Furthermore, by empowering healthcare professionals and laypeople to use the digital and 

personalized systems such as smartphones in CPR education and training may elevate rates of survival 

neither IHCA nor OHCA. The availability of a closed-loop support system will assist the rescuer to perform 

effective CPR. 

 

In our review, the specifications of smartphones such as storage capacity play an important role. Different 

models of smartphone will have different storage capacity. Designated CPR training software requires a 

specific amount of storage and it may change when it needs some updated version. The characteristics that 

are mobile and a must have device for most people, have made the smartphone to be available at anytime 

and anywhere. Thus, it will allow the user to have a flexible time to do revision and hands-on training at 

their own pace and to repeat the training module for better understanding at lower cost of CPR training 

module [8]. 

 

In the context of diversity, smartphones as a training instrument were seen to supplement current standard 

face-to-face training approaches [26]. Diversity was defined as a period of time where all physical contact, 

gathering in a confined space, and meeting for more than 2 hours were prohibited. Occupied with workload 

is also considered as an obstacle to organize the face-to-face CPR training approach. Thus, with the 

application of technology-based training systems through smartphones, it also will benefit the healthcare 

professional and laypeople to undergo their CPR training consistently. Study by [13] reported that 

smartphones were a reasonable source of first aid training and effective to increase prevalence of bystander-

initiated CPR. However, the effectiveness of CPR training still depends on its clarity, quality and 
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applicability of its education module and content. 

 

5.2 Smartphone-based CPR technical training content 

Even though smartphone devices were seen as the most suitable medium to deliver the advanced 

technology-based CPR training, the effectiveness of the training program depends on the education module 

and content. Numerous studies reported that the CPR training module should emphasize on high quality 

CPR practice such as push hard (2 inches), push fast (100-120 compression per minute), minimize 

interruption, avoid excessive ventilation and allow chest to complete recoil [19]. However, some of these 

components are unable to be measured effectively by using the smartphone-only instrument in CPR training 

such as volume of ventilation [7]. According to AHA guideline (2020), hands-only CPR effectiveness is 

equivalent with or without ventilation component in CPR procedure. Thus, the ventilation component may 

not be included in smartphones–only instruments for training purposes. But in the CPR theory module, an 

effective ventilation component should be included as it will give additional knowledge for the users. 

 

As the smartphone-based CPR training module consists of theory and practical skills, the content may use 

local CPR guidelines to synchronize with local practice such American Heart Association (AHA), National 

Committee on Resuscitation Training (NCORT), Australian Resuscitation Council (ARC), European 

Resuscitation Council (ERC) etc. In addition, these guidelines suggested an emphasis on practical skills 

rather than theory alone [7]. To execute the CPR practical skills, video instruction and audio-instruction 

were seen as effective methods to guide the user during performing CPR (Metalmann C., 2021). The 

combination of video-audio instruction and installed metronome-function reported to improve the quality of 

technology-based training (Lins, C. et al, 2022). 

 

Concerning how the smartphone will be held during performing the CPR practical skills remains 

controversial. Study done by Lins et al. (2022) reported that grasping the device with the back at the lower 

hand and the palm over the hand during performing CPR was an uncomfortable and disturbing position.  To 

improve the drawback, the fixation of smartphone devices with armband at the arm or on the dorsum manus 

approach reported to improve the convenience. However, the study also reported that this method would 

increase the sensitivity and significantly increase error in interpreting the performance. Thus, to overcome 

this issue, the application of Inertial Measurement Unit (IMU) would promise a more precise and practical 

approach to the high quality of CPR parameters, particularly frequency and depth of compression. 

 

5.3 CPR training content in smartphone-based instrument 

To ensure the effectiveness of technology-based CPR training using a smartphone as the instrument of 

training, the training program module and content play a major role that need to be emphasized. Numerous 

studies suggested designing a module and content that consist of the latest local CPR guidelines theory, 

hands-on practical skills and have a special feature to support in real cardiac arrest events (Ahn, C. et al, 

2016). The definition of ‘theory’ in this context is an educational content that is able to intensify the 

cognitive knowledge for the users. Based on AHA (2020) guidelines, core theory components that should 

have in either traditional nor advanced technology-based training are high-quality CPR for adults, children 

and infants, chain of survival, important early use of automated external defibrillator (AED), effective 

ventilation support, the important of teams in multirescuer resuscitation and relief of foreign body for 

airway obstruction in adult and children. Retaining cognitive knowledge is challenging. However, 

Boonbrahm, P. et al (2019) suggested using a CPR video clip as a flash revision to retain the cognitive 

domain. 

 

Since the smartphone-based instrument training has few limitations, therefore only certain parameters of 
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hands-on practice could be added such as chest recoil, rate and depth of chest compression [24]. In terms of 

performing hands-on chest compression, users were advised to perform on a compressible material such as 

a pillow. However, the user might have dissimilar experience during chest compression depending on the 

hardness of the pillow or other material used [13]. This also could be some of the limitations for hands-on 

practical skills. However, the objectives to develop and retain CPR competency are still able to be acquired 

by implementing the smartphone-based instrument training approach (Lins, C. et al, 2022). 

 

5.4 Duration of training 

As per discussed earlier, smartphone-based CPR training is a flexible visual, auditory, reading and 

kinesthetic mode of education where users are able to complete the training module at their own pace. The 

mean duration of CPR training for standard face-to-face or hybrid methods of CPR training was 40 to 145 

minutes per session depending on the user’s current knowledge and experience [19]. This can be 

improvised by adapting the technology-based training module which only requires 30 minutes to complete 

all education modules [5]. The two weeks pause between initial smartphone-based training with the next 

training was seen as effective to retain the cognitive, psychomotor skills and confidence level among the 

user [7]. The duration of this effective retraining approach is not for a single smartphone-based training 

only but also applicable for the virtual reality (VR), augmented reality (AR) and serious game approach 

CPR training module.   

 

6. Conclusion 

Overall, this review indicated that smartphone-based instruments for CPR training are able to develop, 

improve and retain the CPR knowledge and skill equally. The adaptation of technology into CPR education 

increased knowledge to a satisfactory level which was determined adequate. The smartphone-based training 

is a self-learning modality without face-to-face instructor-led hands-on practical skills. While the CPR 

performance by the users that has access to real-time feedback was seen as a novel self-practice approach to 

improve the skills in CPR. It is possible that healthcare professionals and laypeople would have benefited 

from direct instruction through an audio-visual format to relay information regarding CPR procedure. 

Nonetheless, numerous evidences show that cognitive knowledge and psychomotor skills were poor in both 

populations (CDC, 2018). Apart from that, this review also suggested to include content that can be used in 

real cardiac arrest events. Thus, it is recommended to apply this smartphone as an alternative instrument in 

advanced technology-based CPR education programs to supplement current standard face-to-face training. 

Further investigation is needed to identify how the instrument can be effectively implemented for all 

healthcare professionals and laypeople. 
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