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ABSTRACT Objective: The use of computer-aided simulation in the
development of nursing students’ basic life support skills has become
increasingly widespread. The aim of this study is to evaluate the effect
of computer-aided game in the development of basic life support ap-
plication skills of second-year nursing students. Material and Meth-
ods: The universe of this randomised controlled study included 194
second-year nursing students of Health Sciences University who were
enrolled in a first-aid lesson. Experimental and control groups were
randomly selected among these students according to the results of
power analysis. Experimental (n=28) and control (n=28) groups of the
study were determined within the scope of simple random sampling
method. The data were collected by using “Introductory Information
Form”, “Basic Life Support Skill Evaluation Form” which were pre-
pared by the researchers. Quantitative data were presented as median
(minimum-maximum), frequency (percent). Mann-Whitney U test was
used for comparison of non-normally distributed paired groups. Statis-
tical significance level was set at p <0.05. Results: In the study, no dif-
ference was found between the experimental and control groups
regarding the basic life support application times and scores (p>0.05).
However, it was determined that the performance of the students who
used computer based game was better than those who did not. Con-
clusion: It is recommended that computer-aided 3D serious games
should be developed and used in the education of nursing students and
that studies on this subject should be increased.
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OZET Amag: Hemsirelik 6grencilerinin temel yasam destegi beceri-
lerinin gelistirilmesinde bilgisayar destekli simiilasyon kullanim: gide-
rek yayginlagsmaktadir. Bu arastirmanin amaci, hemsirelik 2. smif
ogrencilerinin temel yasam destegi uygulama becerilerinin gelistiril-
mesinde bilgisayar destekli oyunun etkisini degerlendirmektir. Gere¢
ve Yontemler: Randomize kontrollii olarak planlanan ¢alismanin ev-
renini saglik bilimleri fakiiltesi hemsirelik boliimiinde 6grenim goren,
ilkyardim dersini alan ve 2. siifta okuyan 194 6grenci olusturmakta-
dir. Deney ve kontrol grubu randomize olarak bu 6grenciler igerisinden
power analiz sonucuna gére secilmistir. Caligmanin deney (n=28) ve
kontrol (n=28) gruplari basit rastgele 6rnekleme yontemi kapsaminda
belirlenmistir. Veriler, arastirmacilar tarafindan hazirlanan “Tanitici
Bilgi Formu” ve “Temel Yasam Destegi Beceri Degerlendirme Formu”.
kullanilarak toplanmustir. Nicel veriler ortanca (minimum-maksimum),
frekans (ylizde) seklinde sunulmustur. Normal dagilim gostermeyen
2’1i gruplarin karsilastirilmasinda Mann-Whitney U testi kullanilmustir.
Anlamlilik diizeyi p<0,05 olarak alinmistir. Bulgular: Arastirmada,
deney ve kontrol gruplar1 arasinda temel yasam destegi uygulama sii-
releri ve puanlari agisindan fark bulunmamustir (p>0,05). Ancak bilgi-
sayar destekli oyunu kullanan Ogrencilerin  performansinin,
kullanmayanlara gore daha iyi oldugu saptanmistir. Sonug: Bilgisayar
destekli 3 boyutlu oyunlarin gelistirilerek, hemsirelik dgrencilerinin
egitiminde kullanilmasi ve konuyla iliskili ¢alismalarin artirilmasi 6ne-
rilmektedir.

Anahtar Kelimeler: Bilgisayar destekli simiilasyon;
hemsirelik 6grencileri; temel yasam destegi

In recent years, different teaching methods have
been developed in nursing education due to the de-
crease in the number of clinical fields, the increase in
the number of students and the insufficient number

of teachers.* Simulation and its many forms have
been part of the theoretical and practical stage of
nursing education. Simulation-based training in-
cludes realistic scenarios, specialized manikin, com-
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puter software, and humans playing the role as pa-
tient.>* High fidelity patient simulation is frequently
used in health care education that allows the meas-
urement of many advanced properties such as abil-
ity to have breathing, talking, heart and lung
sounds, secretion of sweat and tears. It provides
feedback, giving students time to review and reflect
on their performance with interactive learning in a
safe, controlled environment.!"* According to stud-
ies on nursing students have shown that their
knowledge learning, clinical practice skills, cogni-
tive abilities, decision making and critical thinking
skills have improved.>* The use of these systems
have become an important factor in nursing educa-
tion that allows practice without risk to patients for
teaching the necessary skills and knowledge to pre-
pare competent nurses.'>*” And educators can de-
velop clinical scenarios that give students the
opportunity to practice critical/complex situations
such as cardiac arrest. Nurses are usually first re-
sponders to cardiac arrest and their cardiopul-
skills
competent in order to contribute to successful pa-

monary resuscitation (CPR) must be
tient outcomes. For teaching CPR, there are many
different learning strategies such as high fidelity
mannequins, interactive videos and three dimen-
sional (3D) simulation scenarios.’’” Another of
them is also computer-aided simulation used by
nursing educators and applied for the purpose of
improving student basic life support (BLS) skills
and has produced effective results to compare with
traditional teaching.'®!s Tt is preferred by institu-
tions with a high number of students as a student
can access the simulation anytime and anywhere.
Furthermore, it also offers the opportunity to per-
form the simulation and reuse or repeat it as many
times as desired.® Therefore, the use of computer-
aided simulation for developing BLS skills has be-
come increasingly widespread and effective
computer based simulations have become necessary
for the nursing students’ preparation process to the
clinic practices in nursing education recently.!®?!
Teaching the lifesaving BLS skills with attention-
grabbing methods will contribute to the students’
knowledge and skills.’
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I MATERIAL AND METHODS
TYPE AND PURPOSE OF RESEARCH

The study is planned as an experimental design to
evaluate the impact of computer based game in im-
proving the development of BLS application skills of
second-year nursing students enrolled in a first-aid
lessons.

STUDY POPULATION AND SAMPLE SIZE

The population of the study consisted of 194 second-
year nursing department students enrolled in the first-
aid lesson during the 2017-2018 academic year
spring term. In the research, the size of the sample
group was determined as 56 participants according to
power analysis with 95% confidence and 80% power.
To evaluate computer based game, we performed a
randomized control trial that compares classical
teaching, composed of self directed learning and lab-
oratory intervention. All students were provided with
theoretical knowledge in regards to BLS within the
first-aid lesson, shown BLS application steps by an
instructor on low fidelity manikins and made to prac-
tice themselves. The practice stage of the class was
conducted by two educators as demonstration and
later practice in groups. In the demonstration, stu-
dents watched the educator practice usually on a still
manikin, afterwards practiced themselves.

After this stage, experimental and control groups
were randomly selected among these students by using
the simple random method. The students in the exper-
imental group used the computer based game for a
week besides the training and practice they received in
the first-aid lesson by using their user names and pass-
words through remote access. Experimental and con-
trol group students were taken to the application room
one by one at different times. No practice was given to
the control group students besides the training and
practice they received in the first-aid lesson (Figure 1).

DATA COLLECTION TOOLS

The Introductory Information Form and the Basic
Life Support Skill Evaluation Form prepared by the
researchers and “CPR BLS traininig platform Seri-
ous Game App & Integrated Manikin” were used as
data collection tools.
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Population n=194

The population of the study consists of 194 second-year nursing
students enrolled in the first-aid course.

|

Experimental group (n=28)

-Theoretical lecture

-Video demonstration

-Demonstrations

-Application on simple level CPR manikins

-Playing the 3D MedSim BLS serious game by
usingindividual passwords for 1 week as much as they

want

i

Control group (n=28)

- Theoretical lecture

-Video demonstration

-Demonstration

- Application on simple level CPR manikins

!

-Having students in the application room individually
-Introducing the 3D MedSim BLS system’s CPR simulator
(manikin) to every student

-Collecting the data with “Introductory Information Form”
“Basic Life Support Skill Evaluation Form™ and “Serious

-Having students in the application room individually
-Introducing the 3D MedSim BLS system’s CPR
simulator (manikin) to every student,

-Collecting the data with “Introductory Information
Form” “Basic Life Support Skill Evaluation Form”
and “Serious Game-Based Education Platform”

Game-Based Education Platform”

-Obtaining every students’ performance results in the
reporting stage of 3D MedSim BLS

-Evaluating all the data gathered from the data collection
forms in the packaged program SPSS 21.0

1

-Obtaining every students’ performance results in the
reporting stage of 3D MedSim BLS

-Evaluating all the data gathered from the data collection
forms in the packaged program SPSS 21.0

FIGURE 1: Consort flow diagram.
CPR: Cardiopulmonary resuscitation; BLS: Basic life support.

INTRODUCTORY INFORMATION FORM

The personal information form consists of seven
questions about the age, gender, last graduated
school, whether or not BLS training was received and
if so where they had received it.

BASIC LIFE SUPPORT SKILL EVALUATION FORM

Following a literature review, the items on the eval-
uation form were prepared based on the latest pub-
lished American Heart Association (AHA) and
European Resuscitation Council (ERC) resuscitation
guidelines.”>?* The form that includes BLS applica-
tion steps consists of 20 detailed items about ensuring
scene safety, recognizing cardiac arrest, activating
emergency response system, effective chest com-
pressions-rescue breathes and the use of the auto-
matic external defibrillator (AED). Steps executed
correctly by the students were evaluated as “done”,
incorrectly as “not done.”
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COMPUTER BASED GAME (3DMedSim BLS)
(CARDIOPULMONARY RESUSCITATION BASIC
LIFE SUPPORT TRAININIG PLATFORM SERIOUS
GAME APP & INTEGRATED MANIKIN)

3DMedSim BLS (Turkey/Germany) system is a com-
puter-aided software system simulator. The software
includes BLS application steps based on the 2015
AHA and ERC guides. The software has an individ-
ual module and a training module under trainer su-
pervision, as presented in Figure 2 and Figure 3,
respectively. Individual modules can be used with ap-
propriate phone and tablet PCs by those who want to
participate in the training. In the individual education
module, the individual applies the BLS steps in order
within a scenario and can retrospectively learn the
steps they missed or did incompletely. In the report-
ing module, results of the same person’s previous
tests can be presented to the users with a graphical
interface that can be understood easily. When the al-
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FIGURE 4: Individual module basic life support steps-applying cardiac resuscitation-1.

gorithm’s steps that appear as unsuccessful in the re-
port are clicked, incomplete steps can be viewed by
the user. The original language of the game is English
and language options are available. The most updated
version of the 3D Medsim BLS has an integrated vir-
tual reality use module and it was not incorporated in
our study.?*

The system-operated mannequin, as seen in
Figure 2, is designed for performing adult CPR
practices according to the AHA and ERC CPR pro-
tocol algorithm.?>?* The carotid pulse is provided by
an electrical motor and the mannequin has a neck
position sensor. The physical data of Chest Com-
pression Depth, Chest Compression Number and
Frequency, Ventilation Volume and Ventilation
Number obtained from the manikin can be viewed
through the software and in the result report (Figure
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FIGURE 5: Individual module reporting screenshots.

4). 3D MedSim BLS system automatically calcu-
lated a total score according to each students’ level
of performing and correcting the application steps
respectively (Figure 5). All the applications can be
preserved in an international “Teaching Manage-
ment System” as “per person”, the data can be
checked per person when desired and the applica-
tions performed by the same person in different
times can be checked.

DATA COLLECTION

The data were collected by the researchers between
March-June 2018, using the above mentioned
forms. Experimental and control group students
were taken to the application room one by one, the
simulator was introduced Serious Game App & In-
tegrated Manikin and were began to perform BLS
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application steps with a scenario. Students were ob-
served by 2 researchers with a “Basic Life Support
Skill Evaluation Form” which was prepared on the
literature. Students’ skills of BLS were evaluated
according to this form. And a screen connected to
the simulator, students practices were followed by
this screen and duration of BLS steps was measured
with reports. The time required for each students to
practice the BLS steps was between 15 and 20 min-
utes.

ETHICALASPECTS OF RESEARCH

For this study to be conducted, written permission
was received from the Diizce University Clinical
Research Ethics Committee (Ethics approval
n0:2018/38) and Head of the Department of Nursing,
Faculty of Health Sciences. This research was made
in accordance with principles of Helsinki Declara-
tion. The study was conducted on a voluntary basis,
all the students were informed regarding the purpose
of the study and verbal consent was obtained from
the students. Participation in the study was on a vol-
unteer basis and all students were informed about the
purpose of the study and their verbal consent was ob-
tained.

EVALUATION OF DATA

Data were analysed by using the SPSS (Statistical
Package for the Social Sciences) 21.0 package pro-
gram. Quantitative data are presented as frequency,
percentage, arithmetic mean, standard deviation, me-
dian (minimum-maximum).The Mann-Whitney U
test was used to compare the groups not showing nor-
mal distribution at a significance level of p<0.05.

LIMITATIONS OF THE STUDY

The results of the study are limited to the second-year
students enrolled in the first aid lessons in the Nurs-
ing Department of the Faculty of Health Sciences of
a public university in the 2017-2018 academic year.

I RESULTS

Of the 56 participants, 40 students were women and 16
were men. With ages ranging from 19 years to 27 years
(mean 20.52, standard deviation 1.31). Ten of the stu-
dents are health vocational high school graduates, 41 of
them had a high school degree, 5 of them had a graduate
degree. Fifteen students previously received BLS course,
10 of them received form health vocational high school,
5 of them received from driving course (Table 1).

TABLE 1: Distribution of students by socio-demographic characteristics.
Experimental group (n=28) Control group (n=28)

Descriptive characteristics of students n % n %
Age groups (20.52+1.31)

19-20 20 714 14 50.0

21-27 8 28.6 14 50.0
Gender

Female 24 85.7 16 57.1

Male 4 14.3 12 42.9
Most recently graduated school

Health vocational high school 7 25.0 3 10.7

High school 20 714 21 75.0

University 1 3.6 4 14.3
Basic life support training status

Yes 8 28.6 7 25.0

No 20 714 21 75.0
Place of training

Health vocational high school 7 25 3 10.7

Driving course 1 3.6 4 14.3

110



Ayse DEMIRAY et al.

Turkiye Klinikleri J Nurs Sci. 2022;14(1):106-14

It was found that all students in both groups per-
formed the steps of “Continuing the chest compres-
sion rate at 100-120 per minute (appropriate rate)”
and “Continue breathing once every 5-6 seconds or at
10-12 breaths/min” (steps 10 and 13) (Table 2).

All the students of the experimental group performed
the steps of “Ensuring safety of the emergency
scene”, “Shaking the patient’s shoulders, checking
for consciousness” and “Checking for breathing or
only gasping (simultaneously checking for

TABLE 2: Student frequency distribution of basic life support application steps.
Experimental group Control group
(n=28) (n=28)
Steps related to application of BLS n % n %
1. Ensuring the safety of the emergency scene Done 28 100.0 27 96.4
Not done 0 0.0 1 3.6
2. Shaking the patient's shoulders, checking for consciousness Done 28 100.0 22 78.6
Not done 0 0.0 6 214
3. Opening the airway with head back - jaw up and/or jaw thrust Done 26 92.9 26 92.9
maneuver to ensure airway clearance Not done 2 71 2 71
4. Checking for breathing or only gasping (simultaneously checking for pulse) Done 28 100.0 26 92.9
Not done 0 0.0 2 71
5. Is the carotid pulse felt within 10 seconds? Done 27 96.4 25 89.3
Not done 1 3.6 3 10.7
6. Calling for help Done 21 75.0 18 64.3
Not done 7 25.0 10 35.7
7. Requesting AED Done 23 82.1 17 60.7
Not done 5 17.9 1 39.3
8. If there is no breathing or there is only gasping, if there is no pulse, Done 27 96.4 28 100.0
place the hands correctly for chest compression on the lower Not done 1 3.6 0 0
half of the sternum to start 30:2 CPR
9. Performing 5 cycles of 30 heart massage/2 artificial respiration operations Done 27 96.4 28 100.0
Not done 1 3.6 0 0
10. Continuing the chest compression rate at 100-120 per minute (appropriate rate) Done 28 100.0 28 100.0
11. Shoulders over the patient, arms held straight and vertically positioned to Done 26 92.9 25 89.3
precipitate appropriate, strong pressure of at least 2 inches (5 cm) in depth on the chest Not done 2 71 3 10.7
and avoiding excessively deep pressure
12. Compression, decompression times equal Done 27 96.4 27 96.4
Not done 1 3.6 1 3.6
13. Continue breathing once every 5-6 seconds or at 10-12 breaths/min Done 28 100.0 28 100.0
14. Pinching the nose, extending the head and giving 2 breaths Done 22 78.6 18 64.3
Not done 6 214 10 35.7
15. Checking the pulse every 2 minutes. If there is no pulse, starting CPR Done 15 53.6 18 64.3
Not done 13 46.4 10 35.7
16. Switching on the AED if the AED has arrived at the scene, Done 26 92.9 25 89.3
Not done 2 71 3 10.7
17. Placing the right paddle under the right clavicle; placing the left paddle Done 27 96.4 23 82.1
10 cm below the left front axillary line Not done 1 3.6 5 17.9
18. Loudly announcing you will be delivering a shock; clearing the surroundings Done 22 78.6 13 46.4
Not done 6 214 15 53.6
19. Continuing CPR immediately after shock, performing 5 cycles of 30:2 CPR Done 24 85.7 19 67.9
Not done 4 143 <) 321
20. If the patient does not have a pulse, continuing with CPR; if there is a pulse, Done 24 85.7 26 92.9
maintaining an appropriate position until the emergency team arrives Not done 4 14.3 2 71

BLS: Basic life support; CPR: Cardiopulmonary resuscitation; AED: Automatic external defibrillator.
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pulse)”(steps 1, 2 & 4) (Table 2). In contrast to the
experimental group, all of the control group students
had placed the hands correctly for chest compression
on the lower half of the sternum to start 30:2 CPR
when there was no pulse and respiration, and per-
formed 5 cycles of 30 cardiac massage/2 artificial res-
piration operations (steps 8 & 9) (Table 2).
Experimental group students’ achievement percent-
age was found higher compared to the control group
in “Carotid pulse felt within 10 seconds”, “Pinching
the nose, extending the head and giving 2 breaths”,
“Requesting AED”, “Shoulders over the patient, arms
held straight and vertically positioned to precipitate
appropriate, strong pressure of at least 2 inches (5 cm)
in depth on the chest and avoiding excessively deep
pressure” and the use of AED steps. (steps 5,6, 7, 11,
14, 16-19) (Table 2). It was determined that experi-
mental group students’ percentage was higher re-
garding the steps of “Switching the AEDs on and
placing the paddles correctly and loudly announcing
they will be delivering the shock; clearing the sur-
roundings” (Table 2). Of the experimental group stu-
dents, 85.7% continued the CPR immediately after
the shock, whilst 67.9% of the control group man-
aged to execute this step correctly.

The scores of BLS application were examined
that the mean scores of experimental and control
groups are very close to each other. And there is no
statistical difference between the total scores of both
groups in practice. It was found that students who
used computer based game executed the BLS steps
quicker than the students who did not use it. But the
total application time for these steps was evaluated ac-

cording to the groups, no statistically significant dif-
ference was found between them (Table 3, p>0.05).

I DISCUSSION

In this study conducted with second-year nursing stu-
dents taking the first-aid lesson, computer based
game training increased their BLS application skills.
In the literature, video, sound and high-level simula-
tors were found to be highly effective in developing
basic and advanced life support application skills.'!-
122530 When the BLS application steps of the students
were examined, it was found that the students in the
experimental group performed better than the control
group. But, it was found that there was no difference
statistically between the experimental and control
groups’ scores and duration regarding BLS. The rea-
son for this situation may be that both groups re-
ceived BLS training both theoretically and practically
before. In a randomised controlled study using ex-
perimental and control groups, Attin, Winslow and
Smith, investigated nursing students’ responses to
cardiac arrest and the time they took to initiate chest
compressions.’! Compared to the control group stu-
dents, participants in the group who had received
training in the high-fidelity laboratory had faster re-
sponse time upon recognition of the deteriorating
condition of the individual and began timely applica-
tion of CPR. Agel and Ahmad, found in their study
that the participants who received high-fidelity sim-
ulation training were better overtime in their acquisi-
tion and retention of the knowledge and skills of
CPR.” An experimental randomised controlled study
by Tawelbeh and Tubaishat (2014), found that simu-

TABLE 3: Comparison of experimental and control group duration and total score of basic life support steps.
Experimental group (n=28) Control group (n=28)
Difference of groups AM+SD Median =+ (Minimum-Maximum) AM+SD Median (Minimum-Maximum)
Total score 52.11+3.87 52.50+(44-60) 51.18+5.30 52.00 (37-58)
Test value U=375.500
p=0.784
Application time 83.29+19.37 78+(61-137) 115.86+79.60 79.00 (55-292)
Test value U=372.000
p=0.743

AM: Arithmetic mean; SD: Standard deviation; U: Mann-Whitney U test.
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lation was significantly more effective than tradi-
tional education for developing the students’ knowl-
edge about cardiac life support and boosting their
self-confidence.'* Previous studies have shown that
the use of computer aided simulation programs can
be an effective method for improving BLS skills
among nursing and medical students.'”?!' In our study,
in some of the BLS application steps (steps 1, 2, 4-7,
11, 14, 16-19), it was observed that the students in
the experimental group performed better than the
control group. Compared to the students who were
trained using traditional methods, it can be said that
the students who received computer based game
training are better in the BLS application steps. In
the study of Bonnetain et al. using 28 medical stu-
dents, students given traditional BLS training were
compared with those trained with computer-aided
simulation. The students who received computer-
aided simulation training scored higher than others
and stated that the scenarios used in the simulation
better prepared them for real situations.!” Although
in our study there were no differences in BLS ap-
plication scores and duration among students, it
was found that students who used 3D MedSim BLS
serious game executed the BLS steps quicker than
the students who did not use it. Similar results have
been obtained in other studies in the literature. In
the study of Curtin et al., there were no differences
in computer-based simulation scores between
teams, but computer based simulation effect to im-
prove pharmacy students’ achievement of learning
goals and course outcomes.’? According to the
study of Boada et al., nursing students improved
their knowledge by using a serious game.'® On the
other hand, there was no difference in CPR skills
between both groups. At the same time, the major-
ity of research results determined that computer-
aided simulation effected positively on nursing
student’ knowledge and clinical intervention.>!833

I CONCLUSION

In nursing education, high-fidelity simulation sys-
tems aim to allow the students to unify the knowl-
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edge with skill, learn by doing, repeat until achiev-
ing the correct application and most importantly,
minimize incorrect interventions in clinical applica-
tions. Students will provide a more efficient health
service with the experiences they gained from the re-
alistically conducted applications in their professional
life. For developing the skills of the nurse who would
be the first to give the patient medical attention par-
ticularly in vital interventions such as CPR, com-
puter-aided simulation methods in training are quite
important. Thus, the results of the study support the
continued use of simulation in nursing education for
risky applications such as BLS. At the same time, it
is suggested that computer based games are conven-
ient for nursing education and should be applied in
other nursing skills as well and more studies should
be conducted on this topic.

Acknowledgments

The authors thank students contributed to the study.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family members
of the scientific and medical committee members or members of the
potential conflicts of interest, counseling, expertise, working condi-

tions, share holding and similar situations in any firm.

Authorship Contributions

Ildea/Concept: Ayse Demiray, Selin Keskin Kiziltepe; Design:
Ayse Demiray, Selin Keskin Kiziltepe; Control/Supervision: Ayse
Demiray; Data Collection and/or Processing: Ayse Demiray, Selin
Keskin Kiziltepe, Analysis and/or Interpretation: Selin Keskin
Kiziltepe, Ayse Demiray; Literature Review: Selin Keskin Kiziltepe,
Ayse Demiray, Writing the Article: Selin Keskin Kiziltepe, Ayse
Demiray; Critical Review: Ayse Demiray, Selin Keskin Kiziltepe;
References and Fundings: Ayse Demiray, Selin Keskin Kiziltepe,
Materials: Ayse Demiray, Selin Keskin Kiziltepe.



Ayse DEMIRAY et al.

Turkiye Klinikleri J Nurs Sci. 2022;14(1):106-14

I REFERENCES

Alt-Gehrman P. Nursing simulation and transfer of knowledge in under-
graduate nursing programs: a literature review. Nurs Educ Perspect.
2019;40(2):95-98. [Crossref] [PubMed]

Hegland PA, Aarlie H, Stremme H, Jamtvedt G. Simulation-based train-
ing for nurses: systematic review and meta-analysis. Nurse Educ Today.
2017;54:6-20. [Crossref] [PubMed]

Lavoie P, Clarke SP. Simulation in nursing education. Nursing.
2017;47(7):18-20. [Crossref] [PubMed]

Rourke S. How does virtual reality simulation compare to simulated prac-
tice in the acquisition of clinical psychomotor skills for pre-registration
student nurses? A systematic review. Int J Nurs Stud. 2020;102:103466.
[Crossref] [PubMed]

Garcia-Suarez M, Méndez-Martinez C, Martinez-Isasi S, Gémez-Sal-
gado J, Fernandez-Garcia D. Basic life support training methods for
health science students: a systematic review. Int J Environ Res Public
Health. 2019;16(5):768. [Crossref] [PubMed] [PMC]

Adib-Hajbaghery M, Sharifi N. Effect of simulation training on the devel-
opment of nurses and nursing students' critical thinking: a systematic lit-
erature review. Nurse Educ Today. 2017; 50:17-24. [Crossref] [PubMed]

La Cerra C, Dante A, Caponnetto V, Franconi |, Gaxhja E, Petrucci C, et
al. Effects of high-fidelity simulation based on life-threatening clinical
condition scenarios on learning outcomes of undergraduate and post-
graduate nursing students: a systematic review and meta-analysis. BMJ
Open. 2019;9(2):€025306. [Crossref] [PubMed] [PMC]

Labrague JL, Enroe MD, Fronda DC, Obeidat AA. Interprofessional sim-
ulation in undergraduate nursing program: an integrative review. Nurse
Education Today. 2018;67:46-55. [Crossref] [PubMed]

Hara CY, Aredes Ndel A, Fonseca LM, Silveira RC, Camargo RA, de
Goes FS. Clinical case in digital technology for nursing students' learn-
ing: an integrative review. Nurse Educ Today. 2016;38:119-25. [Crossref]
[PubMed]

Bonacaro A, Williams G, Brownie S. Teaching basic life support to the
digital generation: randomized trial comparing videoassisted versus prac-
tical simulation. The World of Critical Care Nursing. 2014;9(3):100-4.
[Crossref]

. Fonseca Del Pozo FJ, Valle Alonso J, Canales Velis NB, Andrade Bara-

hona MM, Siggers A, Lopera E. Basic life support knowledge of sec-
ondary school students in cardiopulmonary resuscitation training using
asong. Int J Med Educ. 2016;7:237-41. [Crossref] [PubMed] [PMC]

Mpotos N, Yde L, Calle P, Deschepper E, Valcke M, Peersman W, et al.
Retraining basic life support skills using video, voice feedback or both:
arandomised controlled trial. Resuscitation. 2013;84(9):72-7. [Crossref]
[PubMed]

Roppolo LP, Heymann R, Pepe P, Wagner J, Commons B, Miller R, et
al. A randomized controlled trial comparing traditional training in car-
diopulmonary resuscitation (CPR) to self-directed CPR learning in first
year medical students: the two-person CPR study. Resuscitation.
2011;82(3):319-25. [Crossref] [PubMed]

Tawalbeh LI, Tubaishat A. Effect of simulation on knowledge of advanced
cardiac life support, knowledge retention, and confidence of nursing stu-
dents in Jordan. J Nurs Educ. 2014; 53(1):38-44. [Crossref] [PubMed]

Tobase L, Peres HHC, Tomazini EAS, Teodoro SV, Ramos MB, Polastri
TF. Basic life support: evaluation of learning using simulation and im-
mediate feedback devices1. Rev Lat Am Enfermagem. 2017;25:62942.
[Crossref] [PubMed] [PMC]

Boada |, Rodriguez-Benitez A, Garcia-Gonzalez JM, Olivet J, Carreras
V, Sbert M. Using a serious game to complement CPR instruction in a
nurse faculty. Comput Methods Programs Biomed. 2015;122(2):282-91.
[Crossref] [PubMed]

114

17.

20.

21,

22.

23.

24.

25.

26.

271.

28.

29.

30.

31.

32.

33.

Bonnetain E, Boucheix JM, Hamet M, Freysz M. Benefits of computer
screen-based simulation in learning cardiac arrest procedures. Med
Educ. 2010;44(7):716-22. [Crossref] [PubMed]

. Lau'Y, Nyoe RSS, Wong SN, Ab Hamid ZB, Leong BS, Lau ST. Effec-

tiveness of digital resuscitation training in improving knowledge and
skills: a systematic review and meta-analysis of randomised controlled
trials. Resuscitation. 2018;131:14-23. [Crossref] [PubMed]

. Kardong-Edgren SE, Oermann MH, Odom-Maryon T, Ha Y. Comparison

of two instructional modalities for nursing student CPR skill acquisition.
Resuscitation. 2010;81(8):1019-24. [Crossref] [PubMed]

Mpotos N, De Wever B, Cleymans N, Raemaekers J, Loeys T, Herregods
L, et al. Repetitive sessions of formative self-testing to refresh CPR skills:
a randomised non-inferiority trial. Resuscitation. 2014;85(9):1282-6.
[Crossref] [PubMed]

Oermann MH, Kardong-Edgren SE, Odom-Maryon T. Effects of monthly
practice on nursing students' CPR psychomotor skill performan ce. Re-
suscitation. 2011;82(4):447-53. [Crossref] [PubMed]

Kleinman ME, Brennan EE, Goldberger ZD, Swor RA, Terry M, Bobrow
BJ, et al. Part 5: adult basic life support and cardiopulmonary resuscita-
tion quality. 2015 American Heart Association Guidelines Update For
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
2015;132:414-35. [Crossref] [PubMed)]

Perkins GD, Handley AJ, Koster RW, Castrén M, Smyth MA, Olasveen-
gen T, et al; Adult basic life support and automated external defibrilla-
tion section Collaborators. European Resuscitation Council Guidelines
for Resuscitation 2015: Section 2. Adult basic life support and automated
external defibrillation. Resuscitation. 2015;95:81-99. [PubMed]

3D MedSim Simulation Systems [Internet]. [Cited: 01.09.2019]. Avail-
able from: [Link]

Aqgel AA, Ahmad MM. High-fidelity simulation effects on CPR knowledge,
skills, acquisition, and retention in nursing students. Worldviews Evid
Based Nurs. 2014;11(6):394-400. [Crossref] [PubMed]

Buttussi F, Pellis T, Cabas Vidani A, Pausler D, Carchietti E, Chittaro L.
Evaluation of a 3D serious game for advanced life support retraining. Int
J Med Inform. 2013;82(9):798-809. [Crossref] [PubMed]

Delasobera BE, Goodwin TL, Strehlow M, Gilbert G, D'Souza P, Alok A,
et al. Evaluating the efficacy of simulators and multimedia for refreshing
ACLS skills in India. Resuscitation. 2010;81(2):217-23. [Crossref]
[PubMed]

Min MK, Yeom SR, Ryu JH, Kim YI, Park MR, Han SK, et al. Compari-
son between an instructor-led course and training using a voice advi-
sory manikin in initial cardiopulmonary resuscitation skill acquisition. Clin
Exp Emerg Med. 2016;3(3):158-64. [Crossref] [PubMed] [PMC]

Norman J. Systematic review of the literature on simulation in nursing
education. ABNF J. 2012;23(2):24-8. [PubMed]

Yuan HB, Williams BA, Fang JB. The contribution of high fidelity simu-
lation to nursing students' confidence and competence: a syste matic
review. International Nursing Review. 2012;59(1):26-33. [Crossref]

Attin M, Winslow K, Smith T. Animation shows promise in initiating timely
cardiopulmonary resuscitation: results of a pilot study. Comput Inform
Nurs. 2014;32(4):166-71. [Crossref] [PubMed]

Curtin LB, Finn LA, Czosnowski QA, Whitman CB, Cawley MJ. Com-
puter-based simulation training to improve learning outcomes in man-
nequin-based simulation exercises. Am J Pharm Educ. 2011;75(6):113.
[Crossref] [PubMed] [PMC]

Kang J, Seomun G. Evaluating web-based nursing education's effects:
a systematic review and meta-analysis. West J Nurs Res. 2018;
40(11):1677-97. [Crossref] [PubMed)]


https://journals.lww.com/neponline/Abstract/2019/03000/Nursing_Simulation_and_Transfer_of_Knowledge_in.7.aspx
https://pubmed.ncbi.nlm.nih.gov/30148759/
https://www.sciencedirect.com/science/article/abs/pii/S0260691717300734?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28456053/
https://journals.lww.com/nursing/Citation/2017/07000/Simulation_in_nursing_education.7.aspx
https://pubmed.ncbi.nlm.nih.gov/28640045/
https://www.sciencedirect.com/science/article/abs/pii/S0020748919302731?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31783192/
https://www.mdpi.com/1660-4601/16/5/768
https://pubmed.ncbi.nlm.nih.gov/30832440/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427599/
https://www.sciencedirect.com/science/article/abs/pii/S0260691716303070?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28011333/
https://doi.org/10.1136/bmjopen-2018-025306
https://pubmed.ncbi.nlm.nih.gov/30798316/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6398734/
https://www.sciencedirect.com/science/article/abs/pii/S0260691718301850?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/29754113/
https://www.sciencedirect.com/science/article/abs/pii/S0260691715005043?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26740029/
https://connect.springerpub.com/content/sgrwfccn/9/3/100
https://www.ijme.net/archive/7/cardiopulmonary-resuscitation-training-using-a-song/
https://pubmed.ncbi.nlm.nih.gov/27442599/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4958348/
https://www.sciencedirect.com/science/article/abs/pii/S030095721200740X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/22922073/
https://www.sciencedirect.com/science/article/abs/pii/S0300957210010609?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21146914/
https://journals.healio.com/doi/10.3928/01484834-20131218-01
https://pubmed.ncbi.nlm.nih.gov/24328248/
https://www.scielo.br/j/rlae/a/XHtywyHY4dtpP6GVm36Gh6z/?lang=en
https://pubmed.ncbi.nlm.nih.gov/29091127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5706606/
https://www.sciencedirect.com/science/article/abs/pii/S0169260715002163?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26319184/
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2923.2010.03708.x
https://pubmed.ncbi.nlm.nih.gov/20636591/
https://www.sciencedirect.com/science/article/abs/pii/S0300957218303770?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/30071263/
https://www.sciencedirect.com/science/article/abs/pii/S0300957210002522?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/20566391/
https://www.sciencedirect.com/science/article/abs/pii/S0300957214006194?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24983199/
https://www.sciencedirect.com/science/article/abs/pii/S0300957210011159?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21227563/
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000259
https://pubmed.ncbi.nlm.nih.gov/26472993/
https://pubmed.ncbi.nlm.nih.gov/26477420/
https://www.3dmedsim.com/
https://sigmapubs.onlinelibrary.wiley.com/doi/abs/10.1111/wvn.12063
https://pubmed.ncbi.nlm.nih.gov/25213578/
https://www.sciencedirect.com/science/article/abs/pii/S1386505613001147?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23763908/
https://www.sciencedirect.com/science/article/abs/pii/S0300957209005401?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/19926385/
https://www.ceemjournal.org/journal/view.php?doi=10.15441/ceem.15.114
https://pubmed.ncbi.nlm.nih.gov/27752634/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5065339/
https://pubmed.ncbi.nlm.nih.gov/22774355/
https://onlinelibrary.wiley.com/doi/10.1111/j.1466-7657.2011.00964.x
https://journals.lww.com/cinjournal/Abstract/2014/04000/Animation_Shows_Promise_in_Initiating_Timely.3.aspx
https://pubmed.ncbi.nlm.nih.gov/24473120/
https://www.ajpe.org/content/75/6/113
https://pubmed.ncbi.nlm.nih.gov/21931451/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3175673/
https://journals.sagepub.com/doi/10.1177/0193945917729160
https://pubmed.ncbi.nlm.nih.gov/28875770/

