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ABSTRACT 
Background: Use of simulation as a teaching learning method is said to improve the learners’ skills and clinical 
decision making in a risk-free environment. The effectiveness of simulation in imparting protocol-based training of 
a critical situation like cardiac arrest to postgraduate students, needs to be evaluated. We aimed to train students 
in a simulation-based training session for Advanced Cardiac Life Support (ACLS) in the management of in-hospital 
cardiac arrest, and assess the effect on the pre-training efficacy.  

Methodology: Thirty post-graduate students were subjected to a pre-test in knowledge and skills regarding ACLS, 
followed by a didactic lecture and a training session on a high-fidelity mannequin for the same. The assessment was 
conducted one week later. A self-perception questionnaire from the students was obtained at the end of the whole 
program. Mean score of knowledge, skill, time to initiating CPR and time to defibrillation in pre-test and post-test 
were compared using the paired-t test. P < 0.05 was considered statistically significant.  

Results: There was statistically significant improvement in the post-test knowledge score (13.5 ± 2.87; P < 0.0001) 
and skills score (6.066 ± 1.25; P < 0.0001). Objective improvement was noticed in time to start cardiopulmonary 
resuscitation (pre-test 60 ± 19.76 sec vs. post-test 26.56 ± 16.07 sec; P = 0.0001). Time to defibrillation was markedly 
reduced (pre-test 118.6 ± 28.28 sec vs. post-test 93 ± 33.38 sec; P = 0.0022). Majority of the students strongly agreed 
that the training session resulted in improved confidence (76.7%), which enhanced clinical decision making in 
emergency situations (83.3%).  

Conclusion: The simulation-based training session significantly increases the knowledge and psychomotor skills of 
the post-graduate students with enhanced confidence to manage a victim of cardiac arrest as self-judged by the 
participants. 

Abbreviations: ACLS – Advanced Cardiac Life Support; CBME - Competency Based Medical Education CPR - 
Cardiopulmonary Resuscitation; CVR - Content Validity Ratio 
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1. INTRODUCTION 
Post-graduate (PG) trainees are required to manage 

emergencies in treatment areas like wards, intensive care 

units, operation theatres and casualty departments. 

Errors in reasoning and clinical decision-making in 

uncertain situations can lead to an adverse patient 

outcome, as well as lowered self-esteem and confidence 

of the trainees. Inadequate hands-on training will not 

only pose a risk to the patient, but also constitute an 

ethical dilemma. In such scenarios, simulation-based 

training provides a solution to train students through 

repeated learning in a risk-free environment.1 Simulation 

based teaching is said to be associated with improved 

interest in students and better learning outcomes.2 We 

conducted this study to assess the knowledge and skill 

level of our postgraduate trainees regarding the 

management of cardiac arrest after a simulated training 

session, and to compare it with the pre-training levels.  

2. METHODOLOGY  
This was a prospective observational mixed method 

(qualitative and quantitative) study conducted at the 

Simulation and Skills Centre of our Institution. 

Qualitative study comprised of the feedback from the 

participants and the quantitative part consisted of the 

assessment of the knowledge and psychomotor skills.  

Thirty PG students across all specialties, in their first 

year of residency training, were enrolled in the study, 

after written informed consent and approval from the 

Institutional Ethics Committee (Letter No. 

433/2021/IEC, dated: March 24, 2021). A sample size of 

thirty was calculated from a pilot study to achieve 

change in knowledge and skills from this educational 

method. 

 The primary objective was to train students to achieve 

competency in the steps of cardiopulmonary 

resuscitation and compare their post-training knowledge 

and skills with that of pre-training level. The secondary 

objective was to assess students’ satisfaction with the 

training and record their feedback. A pre-test 

questionnaire, with thirty questions, in the format of 

multiple-choice questions was formulated to test all 

cognitive domains. Three teachers and two senior 

residents from anesthesiology carried out the content 

validation for this questionnaire. Out of the thirty 

questions, twenty were approved which had a Content 

Validity Ratio (CVR) of > 0.8; each question was 

assigned one mark with no negative marking. The 

maximum marks allotted in the test were 20. 

Psychomotor skill checklist consisted of seven steps with 

one point assigned to each step, validated by the same 

team (Appendix 1). A reaction questionnaire with nine 

questions on a 5-point Likert scale (ranging from 1 = 

strongly disagree to 5 = strongly agree) was also 

formulated similarly. The parameters rated were overall 

usefulness of the course, quality of training and 

assessment and the simulation training experience. A 

Google form was used to conduct the pre-test for 

knowledge. Two assessors, other than the investigators, 

assessed the participants in the pre-test for psychomotor 

skills demonstration, in the skills of chest compression, 

airway management, time to start Cardiopulmonary 

Resuscitation (CPR) and time to first defibrillation on a 

manikin to record baseline skill scores on the checklist. 

This was followed by a training session of six hours, 

conducted by the investigator and co-investigator. It 

comprised of a didactic lecture on ACLS according to 

American Heart Association (AHA) 2020 guidelines, 

skill stations for demonstration of chest compression & 

airway management on task trainers followed by hands-

on training on a task trainer. A demonstration, hands-on 

training of ECG interpretation of cardiac arrest rhythms, 

defibrillation, automated clinical scenarios with 

physiologically responding mannequin was carried out 

on a high-fidelity patient simulator (Apollo, CAE 

Healthcare, Canada).3 

One week later, a post-test was conducted for knowledge 

and skills of recognizing cardiac arrest, performing high 

quality chest compressions, airway maneuvers and 

defibrillation. Computer based data from the simulator 

was also considered. Students’ response was registered 

at the end of the post-test session by an online feedback 

questionnaire.  

Statistical analysis 

Mean score of knowledge, skill, time to initiating CPR 

and time to defibrillation in pre-test and post-test were 

compared using the paired-t test. P < 0.05 was 

considered statistically significant.  

Percentage of students following all points on the 

checklist in pre and post session was compared by 

Fisher’s test. The reaction questionnaire was analyzed 

for responses and percentage scores were considered. 

3. RESULTS  
Demographic data shows that the mean age of 

participants was 27.1 ± 2.39 y and there was no gender 

difference between the participants (Table 1).  

The level of knowledge significantly increased after the 

training session; e.g., from pre-test score of 10.73 ± 2.42 

to post-test score of 13.5 ± 2.87 (P < 0.0001), the 

difference being highly significant. Similarly, the score 

of skills increased from 3.466 ± 1.56 to 6.066 ± 1.25 (P 

< 0.0001) and the difference was highly significant 

(Table 2). 
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The skills required for cardiopulmonary resuscitation 

showed that 56.66% of students followed all points on 

checklist and achieved shorter time interval to initiate 

CPR (26.56 ± 16.07 sec) and defibrillate (93 ± 33.38 sec) 

in the post test (Table 2) indicating competency in 

following the cardiac arrest algorithm. Figure 1 shows 

the comparison of scores in pre- and post-test. Mean 

scores increased in the post-test for both knowledge and 

skills significantly indicating improvement after the 

simulation session. 

In the student reaction questionnaire, 90% of the students 

strongly agreed that simulation is a useful teaching tool 

to learn skills. Majority of the students (Figure 2) 

strongly agreed (76.7%) that they felt an increase in their 

confidence levels to treat cardiac arrest after this training 

and could integrate this knowledge in their clinical 

practice (83.3%) (Table 3). 

4. DISCUSSION 
 Simulation as an educational tool, is widely used in the 

Western countries not only for training in clinical skills, 

but also to teach and assess non-technical skills such as 

situation awareness, task management, 

clinical decision making and team dynamics.4 

It helps to address the needs of a restructured 

medical education system, keeping in mind 

the needs of 21st century learners and the 

healthcare system. The Competency Based 

Medical Education (CBME) curriculum of 

undergraduate and postgraduate medical 

education in India designed by the National 

Medical Council (NMC),5 and implemented 

since August 2019, has highlighted the 

importance of skills and simulation centers to 

train and assess students in clinical and 

communication skills. The high-fidelity 

patient simulators have advanced features and 

interfaces, like reactive eyes, palpable pulses, 

heart sounds, bilateral breath sounds and 

bowel sounds etc. A display of ECG rhythms, 

vital signs like pulse, blood pressure, oxygen 

saturation and end-tidal CO2 on a 

programmable monitor is available. Trainees 

can perform maneuvers like jaw thrust, 

perform laryngoscopy and intubate as well as 

perform chest compressions and defibrillate. 

It can mimic clinical responsiveness to 

treatment with oxygen, medications and 

interventions. Computer based analysis of 

CPR and defibrillation with a timeline is 

available.3 High-fidelity simulators help 

augment the experience of the clinical 

scenario making it as close as possible to 

reality. Greater involvement of the 

participants creates a favorable environment 

and boosts learning.6 

During implementation of the ACLS protocol, the 

trainee integrates the higher levels of cognitive skills like 

application and analysis along with psychomotor skills 

of chest compression, airway management and 

defibrillation.7 Non-technical skills, effective 

communication, team dynamics are essential for better 

patient outcomes.4 Hence, we chose this protocol for our 

simulation-based study. We evaluated the program by 

the Kirkpatrick Four Level Model of evaluation.8 

Level 1, which measures reaction, was obtained from our 

students in the form of a feedback questionnaire. A  

Table 1: Demographic data 

Parameter Value 

Age (y)  27.1 ± 2.39  

Gender Male  15 (50) 

Female 15 (50) 

Data given as mean ± SD or n (%) 

Figure 1: Knowledge pre-test score 

 

Figure 2: Knowledge post-test score. 
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favorable reaction to the training program was 

received from the students. (Table 3; Figure 3) 

They perceived it to be engaging, relevant to their 

clinical practice and were willing to learn similar 

topics using simulation as the teaching method 

(93.3%). Majority of the students (76.7%) 

strongly agreed that they felt confident in 

comprehension and use of ACLS algorithm in 

clinical situations. Our results reinforced the study 

findings of other authors.9,10 A study by Shailaja 

et al. showed a satisfaction of 95% among students 

for the training program.9  

 Level 2 of the Kirkpatrick Model of Evaluation, 

which measures change in knowledge, was also 

assessed in this  

Table 2: Comparison of scores in pre and post test 

Variable Maximum 
score 

Pre-test  

(Mean ± SD) 

Post-test  

(Mean ± SD) 

P value 

Knowledge  20 10.73 ± 2.42 13.5 ± 2.87 < 0.0001** 

Skill  7 3.466 ± 1.56 6.066 ± 1.25 < 0.0001** 

Number of participants who followed all 
steps of checklist 

 2 (6.66%) 17 (56.66%) < 0.0001** 

Time to initiate CPR (seconds)  60 ± 19.76  26.56 ± 16.07 0.0001** 

Time to defibrillation(seconds)  118.6 ± 28  93 ± 33.38 0.0022* 

P < 0.05 considered as significant; * is significant, ** is highly significant 

Table 3: Reaction questionnaire and data for Figure 3; Reaction questionnaire (30 responses) 

No Question Strongly 
agree - 5 

Agree 
- 4 

Neither agree 
nor Disagree - 3 

Disagree 
- 2 

Strongly 
Disagree - 1 

1 Topic selected was useful to me 90 10 0 0 0 

2 Facilitators were supportive in 
conduct of this session 

86.7 13.3 0 0 0 

3 The session was well organized 80 20 0 0 0 

4 My knowledge increased as a result 
of this session 

90 10 0 0 0 

5 My skills increased as a result of this 
session 

86.7 13.3 0 0 0 

6 Simulation based teaching is a 
useful format for learning algorithms 

90 10 0 0 0 

7 My confidence level to treat cardiac 
patients has increased as a result of 
this session 

76.7 23.3 0 0 0 

8 I can apply the skills learnt in this 
session in my clinical practice 

83.3 16.7 0 0 0 

9  I can recommend using such 
sessions to learn similar topics 

93.3 6.7 0 0 0 

Data given as percentage (%) 

0%

20%

40%

60%

80%

100%

1 2 3 4 5 6 7 8 9

Reaction Questionnaire Response 

Score 5 Score 4 Score 3 Score 2 Score 1

Figure 3: Reaction Questionnaire Response  
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study (Figure 1). There was a significant (P < 0.0001) 

improvement in scores of knowledge in the post-test.  

From the pre-test (13.5 ± 2.87 vs. 10.73 ± 2.42). Such 

results were also seen in a study by Shailaja et al.9 who 

noted increase in scores (pre -test 24.22 ± 7 to 47.18 ± 

5.6 post-test), which were statistically significant (P = 

0.007) in a simulation training of anesthesia residents. 

The skill evaluation also showed improvement in the 

post-test (Table 2) and students who followed all points 

on the checklist (Appendix 1) also showed an increase in 

their skill levels significantly (6.66% vs. 56.66%; P = 

0.0001).  

The mannequin gives objective computerized data on the 

rate and efficacy of chest compressions, ventilation, 

chest compression fraction, time to initiate CPR and 

defibrillate.3 Training resulted in a shorter time to 

recognize cardiac arrest, initiate CPR and defibrillate. 

The protocol was followed accurately by 56.6% of the 

students during the assessment. Langdorf et al. noted 

74% of students perform CPR + defibrillation ≤ 2 min 

after a high fidelity ACLS training.11 Meta-analysis of 

studies reporting skill performance at course conclusion 

demonstrated a moderate benefit for high fidelity 

manikins when compared with low fidelity manikins 

[standardized mean difference 0.59; 95% CI 0.13–

1.05].12  

The advent of simulation is resulting in a shift from the 

traditional apprentice-based system of learning to 

outcome-based education.1 Simulation has bridged the 

gaps in the knowledge and skill levels of healthcare staff, 

and allowed us to address safety and quality issues for 

the best outcomes for the patients.2,13,14 Technology is 

improving the potential to deliver better health care and 

patient outcomes and hence should be used as an 

educational tool.  

5. LIMITATIONS 
Small sample size limits the interpretation of the results. 

Follow up studies are required to measure long term 

retention of acquired skills (Kirkpatrick level 3). 

Additional studies are required to document if the 

training translates to better patient care and reduced 

medical errors (Kirkpatrick level 4). 

6. CONCLUSION 
Knowledge, psychomotor skills and confidence level of 

medical postgraduate students increased after the 

simulation-based training session in the management of 

cardiac arrest. Such sessions benefit students as reported 

in their feedback.  
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Appendix 1: Assessor check list 

No. Skill Participant number 

  1 2 3 4 5 6 7 8 9 10 

1. Able to recognize cardiac arrest           

2. Call for help           

3. Able to check pulse & respiration           

4. Was the depth of chest 
compressions adequate? 

          

5. Was the rate of chest 
compressions, correct? 

          

6. Able to perform head tilt/chin lift?           

7. Able to deliver breath?           

8. Time to recognize cardiac arrest 
(min) 

          

9. Time to first defibrillation (min)           

Note for examiner: 

• If student performs the step adequately and completely score 1 

• If student attempts the step but performs inadequately or incompletely score 0 

• If student does not attempt or fails to consider the step score 0 

 
Signed (Examiner)……………………………………… Date: ……. /…….../…………… 
 

Signed (Moderator)……………………………………… Date: ……/……. /…………… 
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