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Abstract 

Background:  Simulation is an alternative or complementary method for students who cannot obtain sufficient 
direct care experience, as they allow students to experience various clinical situations. Mixed learning is becom-
ing increasingly common as a way to provide students with opportunities to experience real-life clinical scenarios. 
This study compared the learning effects of a virtual simulation and a high-fidelity simulation in a different order of 
presentation, with a focus on training for premature rupture of membranes in the field maternity nursing. Through 
this comparison, this study aimed to obtain evidence to support decision-making regarding the most effective way to 
utilize mixed simulation strategies.

Methods:  A quasi-experimental, crossover-design study was performed with two randomly allocated groups of 26 
junior nursing students each. The virtual simulation used the vSim® for nursing, and the high-fidelity simulation used 
a scenario developed by the research team. The learning effects were measured in terms of the problem-solving 
process, clinical reasoning, reflective thinking, satisfaction with the practicum, and self-confidence. The data collected 
with a structured questionnaire were analyzed using the Mann–Whitney test.

Results:  The virtual simulation-first, high-fidelity simulation-second order led to significantly higher scores for reflec-
tive thinking (z = 3.53, p < .001) and self-confidence (z = 2.47, p = .013) than the other order.

Conclusions:  The initial application of virtual simulation seemed to improve students’ thought processes, and then 
high-fidelity simulation seemed to allow them to perform actual practice better. Further trials of mixed learning meth-
ods are necessary to maximize learning effects in nursing education.

Trial registration:  KCT00​05767 at 2021–01-12 registered.
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Background
Over the last 10  years, there has been a substantial 
increase in the use of simulations in undergraduate nurs-
ing education [1]. Simulation is an alternative or a com-
plementary method for students who cannot obtain 

enough direct care experience, as they allow students to 
experience various clinical situations [2]. The National 
Council of State Boards of Nursing has acknowledged 
the effectiveness of simulation by stating that a portion 
of clinical hours could be replaced by simulation that tar-
get learning strategies [3]. Moreover, mixed learning has 
been widely utilized in recent years across higher educa-
tion to produce better learning outcomes [4].

Previous studies of the mixed simulation were con-
ducted with various topics, such as problem-based 
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learning with high-fidelity simulation (HFS) for chroni-
cally ill patients [5] and emergency situations [6], com-
bination of virtual simulations (VS) and HFS for children 
with asthma [7], and a simulation-based mastery pro-
gram through iterative learning according to students’ 
competency in transfusion care [8]. However, most pre-
vious studies tended to compare a single simulation 
method to a mix of two methods. Thus, little is known 
regarding methods of combining multiple simulation 
methods or the most effective order of presentation when 
using a mixed simulation.

HFS is a technique that creates a situation or environ-
ment to allow persons to experience a representation of 
a real health care event with interactive computer man-
nikin for the purpose of practice, learning, evaluation, 
testing, or to gain understanding of systems or human 
actions [9]. The National Council of State Boards of 
Nursing study [3] found that HFS did not lead to differ-
ent outcomes from those of a traditional method of clini-
cal practicum, however, HFS continues to face limitations 
due to its time-consuming and labor-intensive nature, 
which has prompted recommendations to replace HFS 
with VS [10]. Nevertheless, a meta-analysis with 20 stud-
ies on applications of HFS to nursing education indicated 
that simulation education could improve learning out-
comes in terms of knowledge, skill, and behavioral out-
comes with a medium-to-large effect size, compared with 
traditional education [11].

VS provides a realistic world on the computer screen, 
offering dynamic and consistent experiences in a safe 
reproducible, accessible, and standardized clinical envi-
ronment [12]. While a single HFS training session does 
not include repetitive practice, reassessment, and reme-
diation, VS is thought to be sufficient to ensure a level of 
knowledge and skill required for clinical practice [13]. 
With the increasing utilization of VS, it became nec-
essary to determine how best to use VS as a teaching 
strategy for learners. In a comparison of written case 
studies involving the use of VS by RN-BSN students, the 
VS intervention group reported higher scores for both 
satisfaction and confidence in learning [14]. In a recent 
meta-analysis with 12 studies [15], VR in nursing edu-
cation was found to be more effective than the control 
conditions (traditional education methods and high or 
low fidelity simulations in improving knowledge. How-
ever, there was no difference between VR and the control 
conditions in skills, satisfaction, confidence, and perfor-
mance time. Therefore, it is necessary to attempt mixed 
simulation to determine which method should be applied 
first to achieve more effective educational outcomes 
when applying simulation in nursing education.

Simulation-based learning for maternity nursing is a 
particularly high priority because clinical practice in this 

field is limited to observations of the care of women dur-
ing pregnancy, parturition, and the neonatal period due 
to strict regulations regarding maternal rights and safety 
[16]. Thus, this study was initiated to examine the differ-
ences in learning effects according to the order of receiv-
ing VS and HFS in nursing students, with a particular 
focus on training for premature rupture of membrane 
(PROM) care, which is an important condition in mater-
nity nursing.

Methods
Aims and design
The study utilized a quasi-experimental, crossover design 
that applied VS and HFS in a different order to determine 
differences in 1) the problem-solving process, 2) clinical 
reasoning, 3) reflective thinking, 4) satisfaction with the 
practicum, and 5) self-confidence (Fig. 1).

The reason why the crossover design was chosen was, 
firstly, to identify which order would be more effective 
while allowing students to experience both methods; 
and secondly, to exclude any bias that could occur due 
to individual competency within the allocated group. In 
addition, the study used a consistent washout period of 
1  day to minimize carry-over effects between the two 
groups.

Participants
The inclusion criteria for participants were 1) students 
enrolled in the course of clinical practicum of maternity 
nursing in their junior year, 2) who had taken a lecture 
course on maternity nursing including PROM care, and 
3) who voluntarily agreed to participate in the study and 
submitted a written consent form.

Recruitment was done by a research assistant after 
explaining the purpose of the study and its process with 
a leaflet, and written consent was then obtained at the 
site. The sample size was calculated using G*Power 3.1.2 
for the independent t-test with α=.05, 1-β=.80, and 
an effect size d=0.80 [17], for which 52 subjects were 
required (Fig. 2). Recruitment was closed when the sam-
ple size was reached by including the 52 students who 
had enrolled in the course. The median ages of the two 
groups were similar (22 vs. 21 years; z=0.89, p=.375), 
without a statistically significant difference.

Random allocation sequence was generated by the 
research team, and the random allocation was done by 
the research assistant using drawing lots. If a partici-
pant picked a red card, he/she was included in the group 
that received VS first and then HFS, while participants 
who picked a blue card started with HFS first and then 
received VS. Five small groups were composed for each 
group, and each small group consisted of 4–6 students. 
The participants involved in the study a total of 5 days for 
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one time pre-test and two times of post-test with one-day 
wash out.

Simulation for PROM nursing care
Virtual simulation
The VS for PROM nursing care utilized a web-based 
vSim® for nursing in a multimedia learning room with 
available personal computers. The program involved 
assessing a virtual patient, choosing an intervention, 

and then receiving prompt feedback immediately after 
the intervention. The scenario was developed through a 
collaboration between Wolter Kluwer Health, Laerdal 
Medical, and the National League for Nursing [18]. 
The VS employs a web-based platform to simulate the 
PROM scenario (a core case) whereby students have the 
opportunity to interact with a virtual patient. Students 
executed the simulation based on a protocol that con-
sisted of safety measures, communication, assessment, 

Fig. 1  Research design

Fig. 2  Study flow. VS, virtual simulation; HFS, high-fidelity simulation
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intervention, drug and intravenous management, and 
testing and diagnosis. They then received feedback on 
their actions from the Laerdal program after completing 
the simulation. The VS in this study was also designed to 
be experiential and learner-centered; furthermore, learn-
ers could repeat the same scenario. Face-to-face debrief-
ing, which was considered to be an important aspect of 
the program that would help students reflect upon their 
actions during the simulation [19], was then conducted 
for learners to share their experiences. The debriefing 
was composed of three phases which suggested by Mari-
ani et  al. [20]. First, in the descriptive phase, students 
shared their experiences while carrying out the simula-
tion. Second, the analysis phase aimed to identify the 
current nursing problem presented in the simulation, 
prior nursing interventions, and missed assessments or 
interventions. Then, the final application phase included 
a discussion of how to apply the experiences to clinical 
practice.

High‑fidelity simulation
It was developed to guide the implementation and evalua-
tion of simulation education based on the Jeffries Simula-
tion Theory [21]. It provides a nursing education strategy 
with major elements including the context, background, 
design, simulation experience, facilitator and educational 
strategies, participants, and outcomes [21]. The HFS was 
developed by the research team based on a standard of 
simulation module development [22]. The scenario was 
composed to guide students on how to use the personal 
information of a pregnant patient, to perform a health 
assessment, to communicate using the SBAR (Situation, 
Background, Assessment, Recommendation) tool, which 
was proposed by the Institute for Healthcare Improve-
ment [23], to prepare for medical tests by checking doc-
tor’s orders, and to perform a nursing intervention. The 
content validity of the scenario and algorithm of PROM 
nursing care [24] for the relevance and realism of the sce-
nario was confirmed by a panel of a master’s-level nurse 
with 10 years of clinical practice in a delivery center, an 

obstetrician, and three nursing faculty members who had 
taught clinical simulations for 10 years or more.

The HFS intervention with the topic of PROM nursing 
care was prepared to be done in an obstetrics ward room 
equipped with a patient simulator. The design of the 
actual simulation involved direct participation, obser-
vation of other students’ performances and one’s own 
recorded performance, and debriefing. Debriefing of the 
HFS was composed of the same phases with a face-to-
face method.

Simulation process
The actual process of the simulations is presented in 
Fig. 3. The intervention lasted for a total of 5 weeks. Two 
groups were invited to the intervention each week (one 
for VS then HFS and the other for HFS then VS, accord-
ing to their allocation).

Virtual simulation
The coordinator of VS was a nurse with 5 years of clini-
cal experience who had completed the vSim® for nursing 
education provided by the Laerdal Medical. She received 
information about the objectives of the practicum course 
and debriefing from the principal investigator of the 
study. The coordinator provided each group with an ori-
entation as a pre-brief phase to make the students famil-
iar with the operation methods and menu configuration 
and implementation of VS. She also helped students with 
any technical problems that occurred during the simu-
lation. After repeated sessions of the scenario, students 
were assigned to write a reflection log according to the 
feedback provided by the Laerdal program. Next, a face-
to-face debriefing with the principal investigator was 
conducted with 4 to 6 students at a time to share individ-
uals’ experiences based on the reflection logs. Conduct-
ing the scenario took a final total of 155–175 min.

High‑fidelity simulation
The three staff members for HFS consisted of a facilita-
tor, who was a nurse in the Ph.D. program with more 

Fig. 3  Process of Virtual simulation (VS) and High-fidelity simulation (HFS)
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than 5  years of clinical and teaching experience, an 
operator, and a coordinator, who were also nurses with 
3 years and 5 years of clinical experience, respectively.

The facilitator was responsible for giving cues to 
proceed with the scenario and assessing students’ 
responses according to the flow of the scenario. The 
operator of the software in the control room was in 
charge of presenting outcomes such as vital signs, uter-
ine contractions, and lab data according to the flow of 
the scenario. She had received education about simu-
lators and software of HFS from the manufacturer in 
advance. In addition, the coordinator played a role in 
giving an orientation on HFS and helping students’ 
observational learning. The principal investigator of 
the study led the HFS training for the staff, focusing on 
learning objectives, simulation scenarios, each individ-
ual’s tasks, and the debriefing process.

Two students entered the simulation room at the 
same time. One performed the HFS scenario as a nurse, 
then the other observed his/her acting. After switched 
roles with the same scenario, they moved to the one-
way mirror room equipped with an audio–video sys-
tem to observe the next team’s performance, followed 
by a review of one’s performance through the recorded 
video. Students then composed reflection logs, in which 
they compared their direct care with observed cases 
of others’ performance. Lastly, group debriefing by a 
face-to-face method with 4 to 6 members was per-
formed and a summary of the PROM nursing care was 
delivered by the principal investigator through its algo-
rithm. It took 175 min to operate the entire simulation. 
To prevent exposure of the scenarios within groups and 
between groups, students were alternatively allocated to 
VS and HFS before the invitation calls. Furthermore, the 
rooms for students were separated before and after the 
simulation to minimize mutual contact and information 
sharing.

Data collection
Data collection was done from October 2020 through 
November 2020 by a research assistant. A baseline pre-
test was done for all participants at the end of the week 
before starting the intervention in one of the seminar 
rooms, at which time students did not know which group 
they would be assigned to. Two post-tests were con-
ducted, both in the debriefing room: after the first simu-
lation (either VS or HFS) and after both simulations were 
completed. In the pre-test, two variables (the problem-
solving process and clinical reasoning) were measured, 
and three additional variables (reflective thinking, sat-
isfaction with the practicum, and self-confidence) were 
measured in the post-tests.

Measurements
The instruments used for this research were as follows:

1) The problem-solving process referred to learners’ 
thinking process, which was measured by the Problem-
Solving Process Behavior Survey developed by Park and 
Woo [25]. This 5-point scale consists of 25 items, and a 
high value indicates higher problem-solving ability. As an 
indicator of its reliability, Park and Woo [25] reported a 
Cronbach’s α of 0.89, and Cronbach’s α was 0.88 in this 
study.

2) Clinical reasoning referred to the capability of deci-
sion-making in response to a nursing problem by assess-
ing the patient’s data and was measured using the Korean 
version of the Nurses Clinical Reasoning Scale (NCRS) 
scale translated by Joung and Han [26], on which a high 
score on a 5-point scale of 15 questions indicates high 
clinical reasoning capability. Cronbach’s α was 0.93 in 
Joung and Han’s [26] study, and it was 0.91 in this study.

3) Reflective thinking, meaning self-evaluation and 
recognition of one’s performance, was measured using 
the Reflective Learning Continuum developed by Pel-
tier et al. [27]. Out of 25 questions used by Koo [28] for 
nurses, 16 items that reflected learners’ perceptions of 
acquiring new learning were chosen for measurements 
on a 4-point scale. For this instrument, higher scores cor-
respond to a higher level of reflective thinking. The reli-
ability was shown by a Cronbach’s α of 0.86 in Koo [28]’s 
study, and Cronbach’s α was 0.85 in this study.

4) Satisfaction with the practicum referred to the sat-
isfaction level of the students who participated in the 
simulation practice experience, and it was measured by 
5 items on a 5-point scale provided by National League 
for Nursing [29], which had been translated into Korean 
in the study of Hur et al. [30]. A higher score of the meas-
ured values on this scale corresponds to a higher level of 
satisfaction with the practicum. Cronbach’s α in the study 
of Hur et al. [30] was 0.87, while it was 0.92 in this study.

5) Self-confidence refers to students’ confidence for 
nursing implementation, and it was measured by 8 items 
on a 5-point scale provided by National League for Nurs-
ing [29], which had also been used in the study of Hur 
et  al. [30]. A higher score indicates higher confidence 
after the simulation experience. Cronbach’s α was 0.75 in 
the study of Hur et al. [30] and it was 0.73 in this study.

Data analysis
Data were analyzed using IBM SPSS Statistics 25.0, and 
an α level of 0.05 was set using the two-tailed test.

Since the number of samples for each group in this 
study was 26, normality and variance tests were per-
formed for each group. According to the Shapiro–
Wilk test for normality, D(26) ranged from 0.77 to 0.95 
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(p = 0.001–0.448) for the group that received VRS first 
and HFS second, and D(26) ranged from 0.79 to 0.96 
(p = 0.001–0.363) for the group that received HFS first 
and VRS second, indicating that some data were not nor-
mally distributed.

Thus, the differences in the learning effects according 
to the treatment order were analyzed using the Mann–
Whitney U test. The effect size was calculated since a 
nonparametric test was performed.

Ethical considerations
Institutional review board approval (No. CR320055) was 
obtained before the implementation of this study and 
the study was registered in the Clinical Research Infor-
mation Service of Korea Disease Control and Prevention 
Agency (http://​cris.​nih.​go.​kr/​cris/​index/​index.​do) (No. 
KCT0005767, 12/01/2021). The Consolidated Stand-
ards of Reporting Trials (CONSORT) 2010 Statement 
(http://​www.​conso​rt-​state​ment.​org/​conso​rt-​2010) was 
followed while composing this report, and the completed 
CONSORT checklist is available in Supplemental File 1. 
Informed consent was obtained from all the study par-
ticipants. They were informed about voluntary participa-
tion and the right to withdraw from the study at any time. 
To ensure confidentiality, any identifying information of 
the participants was removed and numbered identifiers 
were used. In particular, it was emphasized to enrollees 
in the practicum course that there were no disadvantages 
of not participating in the study, and the same simulation 
programs were provided to students who did not par-
ticipate. It was also explained that participants’ answers 
would only be used for research purposes and would not 
be included in the course grade. In addition, to avoid any 
possible influence on students, the principal investigator 
participated in neither the simulation process nor data 
collection.

Results
Differences in learning effects by a treatment order
At the initial time point, there were no statistically sig-
nificant between-group differences in clinical reason-
ing (z = 0.35, p = 0.728) or the problem-solving process 
(z = 1.01, p = 0.314).

The group that received VS first and HFS second 
showed significantly higher scores for reflective thinking 
(z = 3.52, p < 0.001), with a Cohen’s D for an effect size of 
0.91, and higher self-confidence (z = 2.47, p = 0.013), with 
a Cohen’s D of 0.72.

After the first simulation session, a significant dif-
ference was also seen in clinical reasoning (z = 2.16, 
p = 0.031) and problem-solving process (z = 2.76, 

p = 0.006), with higher scores in the group that per-
formed VS than in those that performed HFS, with 
Cohen’s D values of 0.82 and 0.72, respectively (Table 1).

Discussion
Nursing educators must constantly consider and strive 
to implement effective teaching and learning methods 
so that students obtain the required nursing compe-
tence to meet the various needs faced in the nursing field. 
Above all, nursing educators should ensure that students 
are ready to practice nursing in today’s complex clinical 
environment [31]. Therefore, this study used a crossover 
design to improve the learning effects of simulations by 
applying a different treatment order of VS and HFS to a 
group of students with the same clinical case.

Simulation education emphasizes providing realistic 
conditions by utilizing computerized patient simula-
tors, virtual reality, and standardized patients [32] to 
help learners achieve a better level of practical capabili-
ties. The results of this study revealed that the learners 
who performed VS first and HFS second showed higher 
reflective thinking and self-confidence than those who 
engaged in simulations in the other order. Reflective 
thinking during VS is thought to be facilitated by prompt 
feedback and repeated learning [33]; moreover, the per-
sonalized feedback log in vSim® for nursing is considered 
to help learners increase their reflective thinking [34]. It 
provides not only essential part of intervention needed in 
the section of main opportunities for improvement, but 
also the student’s performance records in the basic and 
detailed view section to present what she/he performed 
or not in addition with patient’s data. Thus, its applica-
tion as the initial simulation would have influenced the 
students’ learning outcomes. In addition, the outcome of 
increased self-confidence was consistent with previous 
results [35] because learners would feel less stress when 
carrying out VS according to the individual learner’s level 
of performance. Consequently, VS worked in advance to 
assist learners’ thinking flow, which helped them assess 
the clinical situation and select an intervention to pri-
oritize, and it served as pre-learning for HFS practice in 
which knowledge, skills, and attitudes were integrated, 
thereby enhancing self-confidence.

Furthermore, when examining the effects of each 
simulation (HFS vs. VS) after the first treatment in each 
group, the students in the VS first group showed sig-
nificantly higher scores for clinical reasoning and the 
problem-solving process than those in the HFS group. 
As consistent with previous findings, VS was useful in 
improving the prioritization of nursing care [36] and stu-
dents’ clinical judgment [37]. VS has been viewed favora-
bly in healthcare education and has the potential to help 

http://cris.nih.go.kr/cris/index/index.do
http://www.consort-statement.org/consort-2010
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learners with independent knowledge development, criti-
cal thinking and problem solving [38, 39]. As Jenson and 
Forsyth [40] pointed out, this is because VS uses a com-
puter-based program to simulate a virtual patient and 
healthcare environment that responds to assessment and 
interventions performed by the students by selecting the 
appropriate actions on the computer.

A meaningful aspect of this study is that VS and HFS 
were used as two complementary methods to deliver 
education on the same topic (PROM nursing care). 
It is also thought that the repeated activities in VS and 
HFS, such as learning by video, peer observation, and 
using self-evaluation seemed to work together to moti-
vate the students. This simulation education focused on 
learner-oriented paradigms [21], which helped them gain 
confidence in practical performance through repeated 
learning.

A couple of limitations should be noted. First, the use 
of a sample from one nursing school might limit the sam-
ple representativeness and ability to make inferences. 
Second, this study was implemented as part of a mater-
nity nursing practicum course and was conducted in line 
with the overall practicum schedule. Thus, the diffusion 
of the intervention could not be completely controlled.

Conclusion
It is time to think about not only how to overcome the 
limitations of the clinical environment of observation-
oriented clinical practice, but also how to conduct simu-
lation training in nursing education in the more complex 
clinical situation in the post-COVID-19 era. Future con-
sumers of education, referred to as generation MZ, are 
thought to be more familiar with modern information 
and communication technology, which requires us to be 
prepared for their educational needs.

Thus, this study, which was the first to attempt a crosso-
ver design to investigate this issue, confirmed that mixed 
learning in an order of VS first and HFS second could 
provide transformative learning experiences. It is recom-
mended to utilize VS first, as it provides opportunities to 
enhance students’ learning effects in a non-contact, safe 
environment using computers or mobile devices. The 
application of simulations should be expanded by con-
ducting various mixed simulation methods.
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