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Comparison of Mannequin-Based Simulation Training Method with
Virtual Training Method on Nursing Students’ Learning Cardiopulmonary

Resuscitation: A Controlled Randomized Parallel Trial

Abstract

Background: The use of different educational methods and programs, such as simulation and virtual
training, plays an important role in effective Cardiopulmonary Resuscitation (CPR) learning for
nursing students. This study was conducted with the aim of comparing mannequin-based simulation
training with virtual training on CPR learning among nursing students. Materials and Methods: This
parallel randomized controlled trial was conducted in 2022. We selected 73 nursing undergraduate
students and randomly assigned them to two groups: mannequin-based simulation and virtual
training groups. The knowledge, attitude, and performance of CPR in both groups were evaluated
and compared before, immediately after, and 1 month after the intervention. Data analysis was
performed using independent #-test and the repeated-measure analysis of variance (ANOVA) using
the Statistical Package for Social Sciences (SPSS) software. Results: Within-group differences were
significant in both mannequin-based simulation and virtual training groups in terms of knowledge,
attitude, and CPR performance before and after training, as well as between before and 1 month
after training (p < 0.001). In addition, the mean performance of simulation group students was
significantly higher than the virtual group (p < 0.001), but no significant difference was observed
between the two groups in terms of knowledge and attitude dimensions before training, after
training, and 1 month after training. Conclusions: Both mannequin-based simulation and virtual
training methods increase CPR learning. Considering that students’ knowledge and attitude increase
significantly using both training methods and the performance of students in the simulation group is
better than in the virtual group, the use of a multimodal approach is recommended for CPR training
of nursing students.
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After conducting studies across various
countries, the importance of CPR has been
well established.*®!  Keeping up-to-date
with the latest methods of basic life support
for CPR is one of the most important pieces
of information that every individual must
possess.”! This becomes particularly crucial
for healthcare workers, especially nurses.['”)

Introduction

In most cases, nurses are the first healthcare
professionals to identify cardiac and
respiratory  arrest.''*!  Cardiopulmonary
Resuscitation (CPR) is one of the fastest
medical interventions during cardiac arrest
and can significantly aid in preventing

death or delaying it.’) CPR is a series of
basic actions performed by skilled and
knowledgeable individuals to save patients
with respiratory cardiac arrest.?’ Proper
execution of CPR based on guidelines is
essential for optimizing patient survival.l¥]
Therefore, it is crucial to educate nursing
students, who may encounter cardiac
arrest, about CPR. Additionally, nursing
students should receive the latest and most
appropriate knowledge regarding the CPR
process. !
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Various factors contribute to effective and
successful CPR, with the most significant
being proper CPR training.!'"'?' Choosing
an appropriate method for implementing
educational programs is one of the most
essential steps in designing educational
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plans.'” The results of several studies have shown
that nursing students lack the necessary skills in CPR
and do not follow American Heart Association (AHA)
guidelines properly.') Thus, there is a need to improve
CPR knowledge among nursing and medical students.['>!¢!
Nursing students should be able to commence and perform
effective CPR when beginning their career.!’!8) In this
regard, researchers suggest that new and alternative
approaches to enhancing CPR knowledge and skills could
be beneficial for students.['”]

Simulation is one of the educational methods, which can
lead to the development of knowledge, skills, performance,
critical thinking, and self-confidence in learners. By
practicing and repeating in a secure and healthy environment
without disrupting the safety and health of patients, the
ability to achieve high levels of critical thinking is attainable
using simulation.?® Such an experience is possible by
practicing on a mannequin, through which learners can
practice clinical skills and experience patient responses to
care using this method.?"! Simulation allows learners to
actively participate in their learning process, provide care
for patients in a controlled and safe environment,?? and
test decisions and actions in an experimental and non-risky
environment.! Also, the effectiveness of mannequin-based
simulation education in enhancing nursing and medical
students’ learning has been proven in multiple studies.***!
Another method of instruction is virtual training which
is a powerful and pervasive instructional tool.”®! In this
method, a greater number of learners can be trained.””
With the increase in computer literacy, online and virtual
learning have become more popular.?® Early evidence
also confirms the effectiveness of virtual interventions
in medical education.”*3% Given that virtual training is
currently receiving serious attention from universities
and educational centers, especially in pandemics where
face-to-face education for students is restricted, it can
somewhat overcome the gaps caused by the inability of
learners to attend courses, but the strengths and weaknesses
of this method, particularly in clinical settings, need
to be evaluated. However, although simulation-based
methods have shown benefits, particularly in clinical and
performance-related studies, due to the complexity and
cost of this method, it is less frequent; therefore, further
studies are necessary to examine the effectiveness of
this method.®!! Given this, this study aims to compare
mannequin-based simulation training with virtual training
on the learning of CPR among nursing students.

Materials and Methods

This study was a controlled randomized parallel-group trial
that aimed to compare the effectiveness of simulation and
virtual learning approaches on the knowledge of nursing
students regarding CPR. The study was registered in the
Iranian Registry of Clinical Trials with the registration
number IRCT20210804052074N1.

The population under study consisted of third-year nursing
students (semesters 5 and 6) from Shahroud University of
Medical Sciences (SHMU) which it conducted within the
timeframe spanning from October 10, 2022, to November
21, 2022. After obtaining the necessary permissions from
the educational department of the university and the faculty,
we recruited participants and randomly assigned them to
two groups: mannequin-based simulation training group
and virtual training group. Inclusion criteria required that
participants were from the same university, did not pass
conditionally the previous semester, did not have any work
experience or a nursing diploma, had not participated in
CPR training courses previously, and had no relevant work
experience. The criteria for exclusion from the study were
lack of satisfaction and the failure to complete all required
training sessions. It should be noted that three participants
in the simulation group did not attend any training sessions
and were excluded from the study, resulting in a total of 73
students for final evaluation.

A research assistant who was not involved in the
intervention or evaluation process allocated participants
into two groups using random assignment, with one group
receiving virtual training and the other group receiving
mannequin-based simulation, in such a way that each
participant chose a closed letter containing the names of the
groups that were prepared according to the sample size and
then that participant was randomly placed in that group.

The sample size was calculated using the G*power 3.1.7
program.? With an effect size of 0.50, a significance
level of 0.05 (or), and a power of 0.80 (1-p), the calculated
sample size was 33 participants per group. With an
additional 10% for potential dropouts, it resulted in a total
of 38 participants per group.

The instruments utilized in this study consisted of a
demographic  questionnaire  containing  information
pertaining to age, gender, and on-campus residency (yes/
no), and the knowledge and attitude questionnaire and the
researcher-created performance checklist were constructed
after reviewing previous studies and questionnaires in this
field and taking into account the educational content. After
being validated for both reliability and validity, we used
these instruments in the study.

A knowledge assessment questionnaire was created to
evaluate CPR knowledge for this study, consisting of 24
multiple-choice questions. Scores ranged from 0 to 24,
with higher scores indicating greater levels of knowledge.
Additionally, an attitude measurement questionnaire was
designed with 18 questions related to students’ attitudes
toward CPR actions, validated through content validity, and
reliability through retesting. The questionnaire consisted of
three options: incorrect, correct, and I don’t know, which
were equivalent to zero, one, and two points, respectively.
Scores ranged from 0 to 18, with higher scores indicating
greater levels of attitude. Pearson’s correlation coefficient
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was used to determine reliability through retesting of the
knowledge and attitude questionnaires, resulting in 0.88 and
0.84, respectively, indicating the strength of the relationship
between the measures over time. Internal consistency was
determined using Kuder-Richardson 20 (KR-20), resulting
in a KR-20 score of 0.94 for the knowledge questionnaire
and 0.91 for the attitude questionnaire.

The CPR performance recording checklist includes 20
items that assess the practical performance of students. To
this end, two research assistants who were trained in CPR
and evaluation were employed. The validity of the tool was
acquired by obtaining the opinions and suggestions of 10
faculty members and experts about the study topic, and
the reliability between the evaluators for the performance
assessment checklist was determined using Cohen’s kappa
coefficient and was agreed upon to be 0.92. Additionally,
the reliability of this checklist was 0.82 using Pearson’s
correlation coefficient and 0.89 using KR-20 for internal
consistency. Each item on this checklist included three
options: not executed (0), partially executed (1), and fully
and correctly executed (2). The overall score ranged from
0 to 60. The knowledge and attitude questionnaire and
performance checklist were used as pre- and post-tests
for both groups. The pre-test was conducted 30 minutes
before the intervention, and the post-tests were conducted
immediately after and 1 month after the education.

After determining the educational needs and objectives,
the content was prepared in two sections, basic and
advanced cardiac resuscitation, based on the AHA (2020)
guidelines.”*! The content was prepared according to
educational needs, facilities, and necessary tools for
education, such as pictures, videos, whiteboard, advanced
simulator mannequins, and other necessary equipment.
Before the education, learners became familiar with the
learning materials, tools, simulators, and how to use
them, which reduced the potential learner’s frustration
due to wunfamiliarity with educational tools. The
educational program and content were developed using
the Analysis, Design, Development, Implementation,
and Evaluation (ADDIE) model®®! [Figure 1]. After
extensive literature review, the authors conducted a Delphi
consensus-based survey for developing the educational
program (educational content and scenarios).

The information related to CPR education was made
available to students in two groups of mannequin-based
simulation and virtual training with the same educational
content, under the precise supervision of a researcher
and the assistance of two specialist panel members (an
emergency medicine specialist and a pre-hospital
emergency medicine instructor). After preparing the
training materials, we assigned each part of the training
to one person. The educational content in both groups
was identical, and the only difference was the method of
training in the two groups, where in the virtual training

Analysis

\

Implementation

N
=
/

Development

Figure 1: ADDIE model

group, images were displayed through slides, and question
and answer sessions were used to clarify any ambiguities or
resolve potential issues. Then, on the second day, relevant
videos were shown that demonstrated the necessary skills,
such as chest compression, ventilation, defibrillation, and
intubation in different conditions (basic and advanced
CPR), and if any questions or ambiguities arose for the
students, the researchers provided them with answers to
completely clarify the topics for the students.

In the simulation group, on the first day, information
related to the knowledge of CPR was taught to students
for 1 hour using a mannequin. Then, on the second day,
a hypothetical patient scenario was designed for the
students in different conditions (basic and advanced CPR)
and with all the necessary facilities and equipment. The
scenario was conducted, and the students in groups of
5-7 people were engaged in discussion and resuscitation
performance on the mannequin in simulated conditions.
After the scenario was completed, we asked the students
to present the actions taken along with the instructor
in the group discussion. Throughout this process, the
instructor acted as a facilitator and, in the end, to make
the simulation process and training based on scientific
principles, the instructor tried to raise any remaining
or additional details in the group with the help of other
students to provide effective training. The study process is
illustrated in Figure 2.

Data analysis was performed using the Statistical Package
for Social Sciences (SPSS) version 22 software, with a
0.05 significance level. In order to compare the difference
between the mean scores of two groups using independent
t-test and to examine the scores before and after the
intervention, and 1 month after the intervention, an analysis
of variance (ANOVA) with repeated measures was used.
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Samplesa (n: 76)

Considering the criteria for
entering the research

Examining the level of knowledge, attitude and performance of
the samples

Random allocation

Virtual group (n: 38)

Simulation group (n: 38)

3 student excluded

Virtual training (n; 38)

Follow up and evaluate (n; 38)

Posttest after the intervention (n; 38)

Posttest one month after the intervention
examining the level of knowledge,
attitude and performance of the samples
(n; 38)

Figure 2: Flowchart of conducting the study

Ethical considerations

This study adheres to the principles of the Helsinki
Declaration and has been approved by the Ethics
Committee of Shahroud University of Medical Sciences
with code IR.SHMU.REC.1400.037. All students were
informed about the study details and provided with
informed written consent. Researchers assured the
students that their personal information would remain
anonymous and confidential, and they were informed
about their right to refuse or withdraw from the study at
any time.

Results

Background and demographics

According to the results of this study, 50.7% of the study
participants were male and the average age of the students
was 22.45 years with a standard deviation of 0.65. Table 1
shows that there is no statistically significant difference

The same basic training for both groups

Simulation group (n: 35)

Mannequin-based simulation training (n: 35)

Follow up and evaluate (n: 35)

Posttest after the intervention (n: 35)

Posttest one month after the intervention
examining the level of knowledge,
attitude and performance of the samples
(n: 35)

between the two groups in terms of demographic
information and basic variables before the start of the
study.

Cardiopulmonary Resuscitation (CPR) knowledge

The independent #-test results showed that the two groups
did not have a statistically significant difference before
the intervention. This difference was also not statistically
significant after the intervention and 1 month later. The
result of the repeated-measures ANOVA indicated that
the mean knowledge score in the virtual group had a
statistically significant difference in at least one of the
time points (F,,, = 120.831; p < 0.001). Specifically,
the mean score obtained after the intervention was
higher than before (»p < 0.001) and 1 month after the
intervention (p = 0.029), and the mean score 1 month after
the intervention was also higher than before (p < 0.001).
In the simulation group, there was a statistically significant

difference in at least one of the time points (F, ., =219.941;
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Table 1: Comparison of demographic information and the initial value of the variables under investigation in the

participants

Variable Virtual group Simulation group Independent #test D
Gender

Male n (%) 16 (42.10) 16 (45.70 0.10 0.756

Female n (%) 22 (57.90) 19 (54.30
Age mean (SD) 22.50 (0.68) 22.40 (0.55) 0.48 0.629
Knowledge mean (SD) 11.97 (1.15) 11.71 (0.27) 0.91 0.364
Attitude mean (SD) 12.63 (0.94) 12.22 (0.19) 1.61 0.112
Performance mean (SD) 13.50 (1.65) 13.02 (0.50) 0.87 0.209

Table 2: Comparison of Cardiopulmonary Resuscitation (CPR) knowledge, attitude, and performance of participants
in two simulation and virtual groups

Group Before** After*** One month®*** Repeated-measures Pairwise
analysis of variance comparisons
Knowledge, mean (SD)
Virtual 11.97 (1.15) 16.78 (1.54) 15.92 (1.87) <0.001 a<b, ¢
c<b
Simulation 11.71 (1.27) 16.60 (1.42) 16.57 (1.21) <0.001 a<b, ¢
Independent-sample =0.914 df=71, =0.592 df=71, =1.737 df=71, -
test p=0.364 p=0.556 p=0.087
Attitude, mean (SD)
Virtual 12.63 (0.94) 14.81(0.92) 14.86 (0.81) <0.001 a<b, ¢
Simulation 12.22 (1.19) 15.28 (0.66) 15.57 (0.65) <0.001 a<b, ¢
Independent-sample =1.61 df=71, =2.469 df=71, =4.053 df=71, -
test p=0.112 p=0.016 p<0.001
Performance, mean (SD)
Virtual 13.50 (1.65) 16.23 (1.47) 15.28 (1.37) <0.001 a<b, ¢
c<b
Simulation 13.02 (1.50) 18.94 (0.87) 18.54 (0.78) <0.001 a<b, ¢
Independent-sample =1.269 df=71, =9.420 df=71, =12.300 df=71, -
test »=0.209 <0.001 »<0.001

*a=before, **b=after, ***c=1 month

p < 0.001), where the mean score obtained after
the intervention (p < 0.001) and 1 month after the
intervention (p < 0.001) was higher than before [Table 2].

Cardiopulmonary Resuscitation (CPR) attitude

The results of the independent #-test showed that the two
groups did not have statistically significant differences before
the intervention. However, this difference was statistically
significant after the intervention (t,, =2.469; p = 0.016) and
1 month after the intervention (t, =4.053; p < 0.001) in
both groups, with the mean score obtained in the simulation
group being higher. The repeated-measures ANOVA
indicated that the mean perspective score in the virtual
group had a statistically significant difference at least at
one of the time points (F, , =99.271; p < 0.001), with the
mean score obtained after the intervention (p < 0.001) and
1 month after the intervention (p < 0.001) being higher
than before the intervention. In the simulation group,
there was a statistically significant difference at least at
point (F,  =152.36; p < 0.001), with the score obtained
after the intervention (p < 0.001) and 1 month after the
intervention (p < 0.001) being higher than before [Table 2].

Cardiopulmonary Resuscitation (CPR) performance

The results of the independent ¢-test indicated that the two
groups did not have a statistically significant difference
before the intervention. However, this difference was
statistically significant after (p < 0.001) and 1 month after
the intervention (p < 0.001) in both groups, where the
mean score obtained in the simulation group was higher.
The results of the repeated-measures ANOVA showed
that the mean performance score in the virtual group had
a statistically significant difference at least at one of the
time points (F,,, =50.674; p < 0.001), where the mean
score obtained after the intervention was higher than
before (t,, =9.42; p < 0.001), as well as 1 month after
the intervention (t,, = 12.3; p < 0.001). One month after
the intervention, the mean score obtained was also higher
than before (p < 0.001). In the simulation group, there
was a statistically significant difference at least at one
of the time points (F,  =319.821; p < 0.001), where the
mean score obtained after the intervention (p < 0.001) and
1 month after the intervention (p < 0.001) was higher than
before [Table 2].
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Discussion

This study aimed to compare the effectiveness of
mannequin-based simulation training with virtual training on
the learning of CPR among nursing students. The results of
the study indicated an improvement in knowledge, attitude,
and performance in both the simulation and virtual training
groups, with statistically significant differences observed
before and after the training in both groups. However,
there were no significant differences between the two
groups in terms of knowledge, attitude, and performance
dimensions immediately after the study, except for the
performance of the students 1 month after the intervention.
Consistent with the findings of this study, multiple
studies have shown the effectiveness of simulation-based
training using mannequin in enhancing knowledge and
performance among learners. The results of Akhu-Zaheya
et al’sPY study showed that simulation-based training
increases knowledge and performance in nursing students,
which is consistent with this study. A study conducted
by Bazrafkan et al’¥ showed that simulation increases
knowledge and performance in resuscitation teams. The
results of Hamilton’s®? study (2005) demonstrated that
while different teaching methods can be effective in
enhancing the knowledge and performance of nurses, the
best approach is to utilize computer-based instructional
programs and audiovisual mannequin for simulation. In
a study conducted by Akbari Farmad er alP" (2021),
simulation-based training for CPR resulted in a positive
impact on the clinical knowledge and performance of
nurses and was recommended as an effective method. Also,
Takhdat et al.*® (2022), in a longitudinal experimental
study conducted in Morocco, aimed to evaluate the effect
of high-fidelity simulation on self-efficacy and knowledge
retention in CPR among undergraduate nursing students
compared to case-based learning. The study showed that
knowledge retention and self-efficacy in CPR of students
in the simulation group, 1 month after training, statistically
significantly differed from the control group. Furthermore,
the study by Heydarizadeh et al. (2014)P°7 and Demirtas
et al. (2021)M has shown that simulation-based training has
been effective and recommended for CPR training. Their
study, along with the review by Onan et al. (2017)#% and
the study by Dyrstad et al. (2021),*! positively evaluated
simulation-based training. Based on these findings, it can
be generally concluded that mannequin-based simulation
training is more effective in developing CPR skills.

However, virtual training has gained attention over the
past decade. In the study by Farzaneh er al. (2023),4
which aimed to compare the effect of CPR training using
a combination of traditional and virtual methods on the
knowledge and performance of medical students during the
coronavirus disease 2019 (COVID-19) crisis, no significant
difference was observed between the two groups. In another
study by Nas e al. (2020),* researchers concluded that
although virtual training reaches a wider target group, the

quality of CPR is lower compared to face-to-face training.
Additionally, Kuyt et al. (2021)*% reported the great
potential of virtual training for CPR. They also claimed that
the use of technology and collaboration with the research
community is beneficial for the growth and accessibility
of casy and widespread training in society. Additionally,
Alcéazar Artero et al.’s study (2023)"! evaluated positively
the wvirtual training. Alongside, the findings of Buttussi
et al’s study (2020)“ suggested that virtual training
has a positive impact on knowledge, manual skills, and
self-efficacy in CPR. However, for proper understanding
of chest compression pressure, it should be practiced
on a mannequin. Furthermore, Farmad and Yosefian’s
study (2022)"" showed the implementation of a virtual
CPR training course was effective and positive on reaction
and learning levels. Also, Jalili et al. (2022),*8 in a study
comparing two methods of in-person and virtual training
in advanced CPR concepts among emergency interns,
stated that both in-person and virtual training methods
are positive, and the effectiveness of virtual training in
theoretical knowledge is greater than practical skills.

In our study, limitations included the potential for
information dissemination between two distinct participant
groups. To address this, we implemented the intervention
at varying time intervals. Additionally, educational
interventions were conducted amidst the COVID-19
pandemic, which was greatly reduced due to the reduction
of face-to-face communication between students.

Conclusion

This study confirms the positive effectiveness of the virtual
approach in CPR training among students. Additionally,
the better performance of students in the simulation
group 1 month after training indicates a more effective
learning outcome for this instructional method. It is
recommended to use both instructional methods separately
or as a complement alongside other educational methods
to enhance learning. Some limitations of this study include
issues with the virtual system, such as disconnections
during class sessions, weaker virtual infrastructure, and less
control over students compared to in-person training.
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