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Background: Surgical nursing is a high-risk, high-pressure, and complex field. Nurses need extensive knowledge, skills, and abilities.
Problem-Based Learning (PBL) and Simulation-Based Learning (SBL) are effective student-centered methods. Which method is better
for surgical nurse training? More research is needed to determine the best approach for undergraduate surgical nurse education.
Purpose: To compare the impact of PBL and SBL on undergraduate nursing students’ performance and improve learning outcomes in
surgical nursing education.

Methods: We used a pretest/post-test design with 318 nursing undergraduates randomly assigned to two groups. Participants
completed three progressive scenarios focused on surgical nursing cases. Experts blindly reviewed video recordings using the 70-
item Korean Nurses’ Core Competence Scale (KNCCS) to assess performance. The 13-item Satisfaction and Self-confidence in
learning Scale (SSS) measured learning confidence and satisfaction. SBL participants also completed the 16-item Educational
Practices in Simulation Scale (EPSS) and 20-item Simulation Design Scale (SDS).

Results: The study found significant positive effects on both groups, with noticeable improvements in post-test, retention, and follow-
up test results (P < 0.001). The SBL group showed higher competency levels in nurses (P < 0.001). The Cohen’s d and effect size (r)
for various skills were as follows: clinical performance (0.84767 and 6.39023), critical thinking (0.31017 and 0.15325), professional
attitude (0.85868 and 0.39452), and communication skills (1.55149 and 0.61294). The satisfaction and self-confidence of nurses were
higher in the SBL group (4.53+0.596; 4.47+0.611) compared to the PBL group (4.32+0.689; 4.25+0.632) in all dimensions of SSS (all
P < 0.05). The SBL group also scored high in simulation design and EPSS. However, improvements are needed in fidelity, objectives,
information, and students’ expectations.

Conclusion: SBL and PBL improve nurses’ core competence, satisfaction, and self-confidence. SBL is superior. This study promotes
student-centered education, enhancing surgical nursing professionals’ quality and ensuring future patient safety.
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Introduction

Surgical nursing is a field of work characterized by high risk, intense pressure, and complexity. Surgical nurses are
required to possess extensive professional knowledge, skills, and comprehensive abilities. Both Problem-Based Learning
(PBL) and Simulation-Based Learning (SBL) are student-centered learning methods and focus on cultivating learners’
comprehensive ability. PBL is an inquiry-based approach to learning that promotes students’ engagement and autonomy
by presenting authentic real-world problems." The advantages of PBL include stimulating students’ intrinsic motivation,
nurturing their problem-solving abilities, and fostering collaboration and communication skills. However, there are
certain limitations associated with PBL: it often requires more time to resolve a problem, potentially causing delays in
course progression. Due to the open-ended nature and complexity of the problems presented, students may develop
biased understandings leading to suboptimal solutions. Additionally, students lack the opportunity to actually operate and
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make mistakes in a near-real situation. With the improvement of patients’ legal awareness, nursing students were not
allowed to make mistakes in nursing practice, and even some invasive operations had no hands-on practice opportunities.
The importance of patient safety in healthcare education and practice has prompted much progress in the use of SBL
across various healthcare fields, such as medicine, nursing, and anesthetics.” Regarded as a form of pedagogy, simulation
provides an unparalleled student-centered educational experience, enabling learners to practice essential skills within
simulated clinical scenarios without posing any harm to real patients.”> SBL is an instructional methodology that
replicates real-life scenarios through virtual experiments, simulators, and other technological means. Its advantages
encompass providing an authentic learning environment conducive to personalized instruction while mitigating experi-
mentation risks and enhancing learning outcomes.* However, SBL also entails certain drawbacks such as high technical
costs and a slight disparity in authenticity when compared with actual working environments. Currently, there is no
consensus regarding the optimal learning mode for enhancing the core competence of nursing students. Exploring how to
design learning programs and materials tailored to surgical nursing practice education in order to better address students’
learning needs remains a subject requiring further investigation.

The International Nursing Association for Clinical Simulation and Learning (INACSL) released the standards of best
practice: simulation in 2011 and has consistently updated it since then.” Several studies have demonstrated that these
standards play a crucial role in shaping education planning, research, and faculty development, ultimately leading to
enhanced reliability and consistent clinical presentation.®'® Consistent clinical presentation means a simulated patient
consistently exhibiting uniform clinical manifestations across different scenarios. This implies that regardless of the
circumstances, the symptoms, signs, and progression of the disease displayed by the simulated patient remain constant.
Such consistency aids learners in understanding and identifying specific diseases or conditions. By ensuring consistent
clinical presentations, simulation studies effectively enhance learners’ abilities to observe, analyze, and diagnose while
enabling them to develop appropriate treatment strategies. Nonetheless, the effective implementation and assessment of
standardized SBL warrant further investigation. Firstly, there is a need for more research to explore the integration of
clinical nursing thinking into the design of SBL cases. Secondly, while SBL has been linked to improved academic

performance and learning attitudes in students,'"'

the evaluation criteria used in these studies were incomplete. Thirdly,
there is a scarcity of literature outlining dynamic and continuous evaluation methods for standardizing simulation
programs. As a result, there is a pressing need to enhance the implementation of the international “Standards of Best
Practice: Simulation” (BSPS) to optimize educational outcomes."?

In this study, nursing students were enrolled in college after high school. Undergraduate nursing education in
China is a four-year program, the first year is a university equivalent program, the last two years are a nursing
professional program, and the last year is a clinical internship. Traditional surgical practical courses in our university

adopted the Asian version'*'®

of PBL. In 2018, we adopted SBL in surgical practical curriculum. A common research
practice in the field of simulation teaching involves comparing the effects of baseline and intervention groups. In this
study, two intervention groups were used instead of a traditional baseline group for two reasons: 1) to compare the
effects of two different interventions on study subjects directly, without the need for a traditional baseline group;
and 2) to compare the two intervention methods before and after intervention, with the pre-intervention test serving as
the baseline group.

The SBL instructional approach was shaped using the theoretical framework of the National League for Nursing
(NLN/JSF)'? and SBPS. Our goal was to foster clinical thinking skills in learners by incorporating the nursing procedure
into the design of learning cases. A series of simulated scenarios were created based on the nursing thinking process,
aligning them more closely with real-world nursing practice, and encouraging innovative clinical thinking in students.
Each learner acted in one of the medical team’s roles to complete the holistic care of simulated patients. Each team
completed feedback guided by the facilitator after the training, and then repeated the teamwork nursing process. The
difference between SBL and PBL in our study lies in that firstly, learners are in different learning environments, and
secondly, SBL learning activities are guided feedback based on hands-on practice. The similarity of two methods was
that both were learner-centered educational methods, and both learned in the form of group cooperation.
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Through a comparative analysis of PBL and SBL methods, our aim was to identify the most suitable educational
mode and enhance the effectiveness of surgical nursing practice in our university. Additionally, we explored conditions of
SBPS’ implementation in the undergraduate nursing education in our country.

Methods

Design

Participants

This study mainly compared the effectiveness of PBL and SBL on the pre-, post-, retention, and transfer of nurses’ core
competence in the simulated setting. We enrolled 318 third-year nursing undergraduates from a local university who had
successfully finished all theoretical courses. The study received ethical approval from the Ethics Review Committee of
the Research University (reference number: SYRL2018009). According to a computer-generated randomization list,
students were distributed into with two groups. The inclusion criteria comprised third-year undergraduate nursing
students who had completed all theoretical courses and provided informed consent. On the other hand, we excluded
students who withdrew or dropped out, those pursuing non-nursing professions, and students below the third year of the
4-year curriculum.

Learning Cases

The SBL cases were created using authentic clinical cases combined with nursing procedures, encompassing conditions
such as appendicitis, hemorrhagic shock, multiple injuries, acute pancreatitis, perforation of gastroduodenal ulcer,
epidural hematoma, and open pneumothorax. Each learning case was composed of three sequential scenarios in surgical
nursing. Specifically, the cases selected for learners in this study focused on hemorrhagic shock caused by a ruptured
spleen. Hemorrhagic shock is a typical surgical disease, and the thinking methods, learning modes and nursing operations
involved are representative in the learning of broader curriculums. The study of cases of hemorrhagic shock enables us to
identify the commonality and universality of learning styles, thereby promoting the improvement of learning outcomes.
These studies can be generalized to other courses of study.

Participants from both groups engaged in three sessions, all of which centered around the same case. The first session
involved receiving new hospitalized patients, conducting nursing assessments and analyzing the collected data.
Participants were tasked with identifying nursing diagnoses and prioritizing the primary problem. In the second session,
students formulated a nursing plan and implemented appropriate measures when patients experienced changes in their
condition or required surgical intervention. The third session focused on postoperative and pre-discharge nursing, where
students carried out nursing evaluations and provided health education.

Throughout this series of progressive cases, learners had the opportunity to develop their comprehensive application
of surgical nursing knowledge and enhance their multidimensional thinking abilities.” The capacity for multi-
dimensional thinking refers to an individual’s ability to concurrently consider and analyze diverse dimensions or
perspectives of information, and effectively integrate them for comprehensive cognition and decision-making. This
aptitude empowers individuals to acquire a more comprehensive comprehension of problems, unveil their intrinsic nature
and internal connections, and provide holistic and efficacious solutions. Both sets of participants utilized the seventh
edition of the national planning textbook “Surgical Nursing” during the surgical nursing practice course, which was
specifically designed for third-year undergraduate nursing students. Both groups received an equal number of contact
hours with educators, with the entire educational process spanning 40 class hours.

Students in both groups were divided into smaller groups and taught simultancously by two instructors at different
locations. The PBL group engaged in discussions within the PBL classroom, while the SBL group received training in
a simulated ward as well as the PBL classroom.

One week before the training commenced, students received learning cases, questions, and learning objectives. They
were encouraged to preview the material by consulting relevant resources. The teachers and team members responsible
for organizing SBL/PBL had undergone specific professional training and possess a strong awareness of teamwork and
communication skills. The training was scheduled to take place one month prior to the commencement of the course,
lasting for a duration of 4 weeks. The training program primarily encompasses: (1) cultivating a clear student-centered
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teaching philosophy in order to achieve agreed-upon curriculum objectives; (2) comprehending the characteristics,
learning content, and educational processes associated with each learning style; (3) thorough case preparation and
problem formulation; (4) standardizing terminology; (5) mastering effective communication skills. This is part of the
calibration process to ensure consistency in the intervention approach. Additionally, they collaborated on developing

written, quantifiable learning objectives for the course.

Procedure

Educational Process

The educational process for the PBL group was organized as follows (Figure 1): (a) participants were randomly divided
into groups of 5—6 people, (b) educators assisted groups in setting learning objectives and they were presented with real
and complex “situational” questions designed by the instructors, (c) students engaged in independent learning to explore
the problems, (d) group discussions took place, (¢) students tackled the problems by applying new knowledge, (f)
classroom presentations were made by students, and (g) the tutor leads the students to reflecting on their learning
progress and dynamics in an evaluation phase at the end of each PBL session in the cycle.

To begin with, instructors formulated authentic and intricate questions that were then presented to the students. These
questions required the students to go through a step-by-step process, which involved identifying if a problem existed,
precisely stating the problem, determining the necessary information to understand it, finding resources to gather the
needed information, generating potential solutions, analyzing these solutions, and ultimately presenting their team’s
solutions and results with PPT.

To explore these questions comprehensively, the students worked collaboratively in groups, allowing their knowledge
to evolve continuously and be self- constructed. Group discussions became a valuable platform for understanding the
different perspectives, actively participating in discussions, and collaboratively utilizing the newly acquired knowledge to
address relevant problems.

Subsequently, each group showcased their accomplishments using presentation slides, and the instructor provided
feedback on their achievements and performance. Additionally, the instructor guided the students in reflecting on their
activities, fostering a deeper understanding of the learning process.

The SBL group followed a specific educational process, which consisted of the following steps: (a) participants were
randomly divided into groups of 5—6 people, (b) providing a pre-briefing session, (c¢) conducting simulation training, (d)
facilitating and debriefing the sessions, and (e) evaluating the instructors. The training took place in a surgical room bay
at our institution, designed to replicate an authentic medical setting with patient beds, bedside monitors, and medical
gases. Additionally, the SBL group had access to a high-fidelity simulation system. SBL technicians were responsible for
inputting case information into the patient simulator, running and troubleshooting the cases.

Details of the teaching process for Simulation-Based Learning group and Problem-Based Learning group

Key Steps of learing

One week before class — On the class — After class
1.Inform case 1.Group discussion (30-min) 1.Post-test (The same day)
PBL 2.Assignment problem 2.Classroom presentation(10-min/group) 2.Retention test (Two weeks)
3.Pretest 3.Summary leading by teacher (30-min) 3.Follow-up test (One month)
1.Inform case 1.Prebriefing (10-min) 1.Post-test (The same day)
SBL 2.Pretest 2.Simulation training(15-min/group) 2.Retention test (Two weeks)
3.Debriefing (30-min) 3.Follow-up test (One month)

Figure | Details of the teaching process for Simulation-Based Learning group and Problem-Based Learning group.
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Before the training commenced, participants of the SBL group completed a pre-briefing session, during which
they were briefed about the learning objectives (Table 1), training content, and schedule, and they familiarized
themselves with the simulation setup and the high-fidelity patient simulator. PBL focused on developing students’
comprehensive abilities and critical thinking skills, and students gained knowledge through problem solving.
Different from the former, SBL paid more attention to the transformation of students’ knowledge from theory to
practice in real situations. Through practical training, students could acquire comprehensive abilities such as
knowledge, skills and teamwork ability.

Debriefing

The pretest for each group of students was followed by a discussion session facilitated by a single instructor. For the SBL
group, video-assisted debriefing occurred after both the post-test and retention test. In this process, students watched
videos of their performances and those of other groups. The discussion was structured based on different segments in the
video, and the instructor prompted students to reflect on various aspects, such as communication skills, teamwork, skill
evaluation, and applying knowledge in clinical practice.

On the other hand, for the PBL group, their instructor provided a feedback sheet to each group and asked open
questions to address any existing issues and guide students in their reflection and improvement. The students in the PBL
group engaged in traditional oral problem discussions and group presentations, and they received timely feedback from
their instructor. Unlike the SBL group, the PBL group did not watch any video, nor did they have access to observe their
own or other groups’ performances.

Evaluation
The fundamental skills of the nursing students in the two groups were assessed in four stages: pre-test, post-test, retention
test (two weeks later), and follow-up test (one month later). The evaluator was an experienced instructor with more than
five years of clinical nursing and surgical educational experience at the affiliated hospital. The performance of the
students was evaluated through video replays using KNCCS. The evaluator did not know which group the participants
belonged to or how many training sessions they had completed.

Both groups of participants completed assessments of their satisfaction and self-confidence in learning using SSS
within one week after the follow-up test.

For the SBL group, problems in the simulation training process were assessed using SDS and EPSS within one week
after the follow-up test.

Table | Learning Objectives for Hemorrhagic Shock of the Simulation-Based Learning Group

Simulation Learning Objectives

Scenes

Scenario | 1.Be able to infer the possible clinical diagnosis and causes of patients according to their clinical manifestations and medical history
(2-min) data (knowledge)

2. Evaluate patients systematically, determine existing or potential health problems of patients, identify the first priority problems
and priority nursing measures (clinical thinking)

3.Developing a care Plan for patients with hemorrhagic shock (clinical thinking)

Scenario 2 | .Select appropriate analgesic measures according to the patient’s condition (clinical thinking)

(10-min) 2.Be able to make correct clinical decisions (clinical thinking) according to different stages of patients’ disease changes, take
appropriate nursing measures together with team members (teamwork), correctly perform nursing operations such as intravenous
infusion, oxygen inhalation, and preoperative preparation (technology)

3.Protect patient privacy, respect patients, reflect the professional quality of nursing staff (emotional attitude)

Scenario 3 1.Be able to articulate the patient’s nursing diagnosis (knowledge)

(3-min) 2.Evaluate the effectiveness of nursing interventions through repeated assessment of vital signs and other important indicators

(clinical thinking)
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Pre- Post-, Retention, and Follow-Up Test

In the four-stage test, each team had a two-minute preparation period for equipment setup, followed by 15 minutes of
practice in caring for a high-fidelity patient simulator. The test design utilized the “spacing effect”, meaning that test
sessions were spaced out over time. Both groups of participants underwent a pre-test one week before the course began.
They were required to complete the holistic nursing process for cases of hemorrhagic shock caused by splenic rupture.
Right after the lesson, they took a post-test based on the same case. To assess retention, a follow-up test with the same
case was conducted two weeks after the practice. One month later, in the follow-up test, the two groups completed three
simulated scenarios of acute peritonitis caused by upper digestive tract perforation. During the follow-up test, participants
received no feedback. The aim of this test was to investigate the core competency of nurses in different surgical cases
which assessed by using the Nurses’ Competence Scale.”!

Evaluation Tool

The evaluator used the KNCCS to assess the performance of the students, which consisted of 70 items categorized into 5
subscales: human understanding and communication skills (21 items), professional attitudes (13 items), critical thinking
and evaluation (14 items), general clinical performance (13 items), and specific clinical performance (9 items). Each
subscale adopted a Likert 5-level scale (scores 1 to 5, ranging from “strongly disagree” to “strongly agree”). Potential
scores on this scale ranged from 70 to 350, with a higher score indicating that the evaluator believed the student’s core
competence was stronger. Cronbach’s alpha coefficient (reliability) was high at 0.97, indicating strong internal consis-
tency. Additionally, the content validity index was determined to be 0.88, demonstrating the relevance and representa-
tiveness of the items in measuring the intended construct.

The KNCCS was developed by Lee et al.** Furthermore, the SSS, SDS, and EPSS were jointly compiled by the
American Nursing Alliance and Nordo Corporation, and their synchronization was done by Wang et al.>®> The SSS
comprises 13 items, which form two subscales focusing on satisfaction and self- confidence. The SDS consists of 20
items, organized into five dimensions: target/information, support, problem-solving, feedback, and simulation. EPSS
contains 16 items across 4 dimensions: active learning, cooperation, multiple learning methods, and meeting expecta-
tions. All scales were scored on a Likert 5-scale, ranging from “strongly disagree” to “strongly agree” (scores 1 to 5,
respectively). The Cronbach’s alpha coefficients for SDS, SSS, and EPSS were 0.89, 0.94, and 0.82, respectively,
indicating high internal consistency. Additionally, the content validity index for the scales was 0.88, 0.86, and 0.78,
respectively, indicating the measures effectively captured the intended constructs. The last three scales were completed
by the participants immediately after the follow-up test, and all responses were collected on the spot, achieving a 100%
recovery rate.

Data Collection

All participants were fully briefed about the study’s purpose and provided their informed consent, along with signing
non-disclosure agreements. Students were assured that their participation was voluntary and they could withdraw at any
time without any impact on their academic performance. Notably, no participants chose to withdraw or refuse to
participate in this study. Prior to the pretest, written consent for study involvement and video recordings were obtained.
To ensure accurate observation, dual-position cameras were used to film the reactions and activities of the students during
the study, strategically installed by a technician to allow clear recording even if participants changed their positions
during the operation. The video recordings were securely saved using cloud storage. After completing 40 hours of
practical lessons, the performances of the participants in the pretest, posttest, retention, and follow-up tests were
evaluated by a blinded clinician in a random order.

The protection of subjects’ personal information was a crucial task in utilizing video evaluation for research purposes.
By implementing anonymization, numbering, secure storage, restricted access, compliance measures, informed consent
procedures, and data processing protocols, the personal information of the subjects could be safeguarded to the highest
possible extent. In order to prevent subject identification, sensitive details such as the subject’s face, voice, and other
identifiable information were blurred, obscured or deleted from the video recordings. Each subject was assigned a unique
number instead of using their real name or any personally identifiable information, ensuring their anonymity throughout
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the study. The video data was securely stored with encryption and password protection mechanisms in place to ensure its
confidentiality. Access to this data was strictly limited only to authorized personnel within the research team who
required it for analysis purposes. Prior to commencing the study, detailed informed consent was provided to all
participants outlining how their personal information would be utilized and protected during the research process.
Subjects fully comprehended and agreed that their recorded video data would solely be used for research purposes.
A comprehensive data processing agreement was signed with all members of the research team which explicitly outlined
their responsibilities and obligations when handling video data including protecting personal information privacy rights.
These aforementioned measures were implemented in order to uphold participant privacy regarding personal information
as well as maintain objectivity in relation to research outcomes.

Data Analysis

GraphPad Prism 7.00 software was utilized to perform statistical analysis on the data. The simulated educational evaluation
data exhibited a normal distribution, and the mean + standard deviation (X 4 S) was employed for statistical representation.
To compare the differences in learning satisfaction, self-confidence, and overall scores of surgical nursing between the SBL
group and the PBL group, the two independent samples #-test was employed. Additionally, a two-way mixed factorial
analysis of variance (ANOVA) was utilized to assess the change trend of KNCCS in both groups throughout the learning
process. The intra-group factors consisted of pre-test, post-test, retention, and follow-up tests, while the inter-group factors
were SBL and PBL. The statistical significance level for all dependent measures was set at P < 0.05.

Results

The demographic characteristics of the groups (as shown in Table 2) were comparable. The overall study sample
consisted of 38 males and 280 females, with ages ranging from 21 to 23 years and an average age of 21.53+0.62
years. The two groups had the same number of participants: SBL (n = 159) and PBL (n = 159).

Evaluation of Nurses’ Core Competence

At baseline, there were no significant differences in Nurses’ Core Competences (KNCCS) (Figure 2) between the SBL
group and the PBL group in specific clinical performance (23.714£5.26 vs 23.53+£5.34, P > 0.05), general clinical
performance (36.26+4.05 vs 36.39+6.42, P > 0.05), critical thinking (36.02+5.73 vs 36.18+6.94, P > 0.05), professional
attitude (37.16+4.58 vs 36.32+5.57, P > 0.05), and human understanding and communication skills (70.82+5.38 vs 70.35
+5.57, P > 0.05) (Figure 2). This suggests that both groups had similar competency levels before learning. The scores of
specific clinical performance (31.264+4.83; 27.18+4.97; 29.84+4.53; P < 0.0001), general clinical performance (48.83
+5.91; 45.79+6.14; 47.16+6.23; P < 0.0001), critical thinking (53.21+4.64; 52.19+4.85; 52.96+4.73; P < 0.0001),
professional attitude (46.52+5.36; 45.78+5.85; 46.02+5.53; P < 0.0001), human understanding and communication skills
(87.35+4.21; 85.1944.65; 86.71+4.52; P < 0.0001) for the post-test, retention test, and follow-up test in the SBL group

Table 2 Frequencies and Percentages of Categorical Demographic Variables

(n=318)
PBL (n=159) | SBL (n=159)

Sex, n (%)

Male 38 (11.95) Il (6.92) 27 (16.98)

Female 280 (88.05) 148 (93.08) 132 (83.02)
Year, n (%)

3 158 (99.37) 155 (97.48)

4 1 (0.63) 4 (2.52)
Program, n (%)

Hemorrhagic shock caused by splenic rupture 159 (100) 159 (100)

Perforation of gastroduodenal ulcer 159 (100) 159 (100)
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Figure 2 Comparison of the SBL and PBL groups’ scores on the core competence assessment scale. (A) human understanding and communication skills; (B) professional
attitudes; (C) critical thinking and evaluation; (D) general clinical performance; (E) nurses’ specific clinical performance. *P < 0.05 vs pretest, #P < 0.05 vs PBL, @P < 0.05 vs
posttest.

were significantly higher than those in the PBL group (27.17+4.82, 25.64+4.96, 25.924+4.6; 40.58+4.65, 38.71+4.26,
39.2544.43; 40.67+5.36, 39.64+5.89, 39.11+5.47; 39.84+4.21, 39.2545.63, 38.21+4.57; 81.74+4.36, 80.14+5.42, 80.27
+4.73). The Cohen’s d and effect size (r) specific clinical performance, general clinical performance, critical thinking,
professional attitude, and human understanding and communication skills are 0.84767 and 6.39023, 0.31017 and
0.15325, 0.85868 and 0.39452; 1.55149 and 0.61294, 3.61029 and 0.87474, 3.87875 and 0.8888; 2.50152 and
0.78105, 2.32168 and 0.75827, 2.61059 and 0.79382; 1.32262 and 0.5516, 1.44213 and 0.58487, 1.5396 and 0.60999;
1.30902 and 0.54764, 1.00006 and 0.44723, 1.39207 and 0.57128 for the post-test, retention test, and follow-up test.

In addition to the above findings, it was observed that after two weeks, the SBL group had slightly lower post-test
scores than retention test scores in human comprehension, communication, general clinical presentation, and specific
clinical presentation (P = 0.002, P < 0.0001, P < 0.0001). Additionally, the PBL group exhibited lower retention test
scores compared to the post-test scores in the general clinical performances dimension (Figure 2C, P = 0.0192).
However, no significant interaction between the test and group was found (P > 0.05). The post-test and retention test
scores for specific clinical performance, general clinical performance, critical thinking, professional attitude, human
understanding, and communication skills significantly increased in both the SBL and PBL groups compared to their pre-
test scores (P < 0.0001). Follow-up test scores in each group significantly exceeded their pre-test scores (pre-test vs
follow-up test, P < 0.0001).
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Assessment of Students’ Satisfaction and Self-Confidence

The evaluation of students’ satisfaction and self-confidence revealed that the SBL group outperformed the PBL group in
all aspects of SSS (P < 0.05). Particularly, SBL students achieved the highest average satisfaction scores for instructors
(4.5340.596) and self-confidence in gaining skills and knowledge (4.47+0.611). Compared to the PBL group, the SBL
group showed significantly higher scores about the instructor educational methods, acquired skills and knowledge, and
curriculum content (P < 0.01) (Table 3). There was little difference two groups in the score of the last entry of the scale:
“It is the instructor’s responsibility to tell me what I need to learn of the simulation activity content during class”
(P=0.0490).

Effects of Simulation-Based Learning

In SBL, the average score of each of the five SDS and four EPSS dimensions was relatively high (Tables 4 and 5), among
which, the scores of “guided reflection or feedback™ (4.82+0.31) and “collaboration” (4.53+0.45) were higher and the
scores of “fidelity” (4.43+£0.41) and “high expectations” (4.47+0.42) were relatively low.

Discussion
The aim of this study was to compare the disparities between PBL and SBL in terms of student learning outcomes and
experiences. Through a comparative analysis, we could gain a deeper understanding of the strengths and weaknesses
associated with these two instructional approaches, thereby establishing a robust foundation for educational practice.
Initially, we assessed the efficacy of PBL and SBL in fostering nurses’ core competence, students’ satisfaction, self-
confidence. The findings indicated that both SBL and PBL had positive impacts on enhancing these aspects; however,
SBL outperformed PBL in this regard.

PBL is a methodology in which the starting point is a problem or a problematic situation. The situation enables
students to develop a hypothesis and identify learning needs so that they can better understand the problem and meet the
established learning objectives. On the other hand, SBL relies on simulation technology®* such as virtual reality and

Table 3 Comparison of Satisfaction and Self-Confidence Between Simulation-Based Learning Group (n=159) and Problem-Based
Learning Group of Junior Nursing Students (n=159)

Items SBL Score PBL Score P
x+S) (CE)

Satisfaction with current learning

The teaching methods used in this simulation were helpful and effective. 4.30+0.628 4.13+0.703 0.0236

The simulation provided me with a variety of learning materials and activities to promote my learning 4.23+0.687 4.03+0.693 0.0102

the medical surgical curriculum.

| enjoyed how my instructor taught the simulation. 4.53+0.596 4.32+0.689 0.0039

The teaching materials used in this simulation were motivating and helped me to learn. 4.21+0.704 4.01+0.718 0.0126

The way my instructor(s) taught the simulation was suitable to the way | learn. 4.49+0.637 4.29+0.685 0.0074

Self-confidence in learning

| am confident that | am mastering the content of the simulation activity that my instructors presented 4.19+0.621 3.94+0.762 0.0015

to me.

I am confident that this simulation covered critical content necessary for the mastery of medical 4.35+0.613 4.28+0.638 0.0027

surgical curriculum.

| am confident that | am developing the skills and obtaining the required knowledge from this simulation 4.47+0.611 4.25+0.632 0.0018
to perform necessary tasks in a clinical setting.

My instructors used helpful resources to teach the simulation. 4.29+0.624 4.13+0.635 0.0241
It is my responsibility as the student to learn what | need to know from this simulation activity. 4.31+0.610 4.17+0.624 0.0439
| know how to get help when | do not understand the concepts covered in the simulation. 4.29+0.629 4.11+0.67 0.0154
I know how to use simulation activities to learn critical aspects of these skills. 4.15+0.684 3.98+0.702 0.0295
It is the instructor’s responsibility to tell me what | need to learn of the simulation activity content 3.79+1.024 3.63%1.139 0.0490

during class time.
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Table 4 Evaluation of High Simulation Teaching
Design by Simulation-Based Learning Group of
Junior Nursing Students (n=159)

The Dimension Score (X £5)
Objectives and information 4.45+0.37
Student support 4.50+0.49
Problem solving 4.52+0.46
Guided reflection or feedback 4.82+0.31
Fidelity 4431041

Table 5 Evaluation of the Educational
Practices of High Simulation Teaching by
Simulation-Based Learning Group of Junior
Nursing Students (n=159)

The Dimension Score (X £+ 5)
Active learning 4.51%£0.43
Team collaboration 4.53+0.45
Diverse ways of learning 4.50%0.57
Expected effect on teaching 4.47+0.42

computer-based tools to let students experience, practice, and make decisions in a virtual environment for educational
purposes.”> Simulation education involves utilizing medical simulation technology to create scenarios and patients that
mimic real clinical situations, serving as substitutes for actual patients in educational settings.”® This approach offers
learners a safe environment to acquire clinical knowledge and practice clinical skills without any risk. Nursing students
can integrate their theoretical knowledge and operational skills with clinical challenges through simulation training,
enhancing their capability to handle surgical clinical issues and fostering agile and accurate clinical thinking. This
approach aims to decrease the occurrence of medical accidents and disputes during their future clinical practice.”” Our
research findings indicate that the integration of SBL or PBL into surgical nursing practice courses significantly enhances
the efficiency and learning experience for both groups of students, compared to pre-training conditions. By incorporating
case-based design focused on nursing procedures into the surgical nursing curriculum, participants are provided with
opportunities to engage actively in simulation scenarios, thereby improving their practical abilities through analysis and
resolution of authentic cases. This ultimately equips them with better preparedness to handle diverse complex situations
encountered during clinical work. In small group settings, students collaborate and communicate with each other to
collectively solve problems, fostering the development of teamwork and communication skills while concurrently
enhancing work efficiency and quality in practical applications. Furthermore, interval training sessions facilitate knowl-
edge internalization among students while also encouraging self-reflection on areas for performance improvement.
Importantly, this study reveals a significant increase in learning interest among both groups of students following the
training intervention, consequently promoting greater engagement within the learning process itself. Through self-
directed and collaborative learning approaches employed herein, students acquire improved comprehension and applica-
tion capabilities pertaining to surgical nursing practice.

We found that SBL showed better outcomes than PBL in surgical nursing practical education, may be indicating that
SBL was more effective for practical learning. However, it cannot be proved that the learning effect of SBL is better than
that of PBL in non-practical fields. To enhance student performance, specific practical learning goals, accurate perfor-
mance assessments, informative feedback and repeated practice are essential. The positive results observed in the SBL
group were largely attributed to the standardized SBL approach, which involved a realistic learning environment with
advanced simulation systems, performance evaluation, facilitated support to enhance performance, and repeated simula-
tions to sharpen their skills.
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Firstly, the SBL group employed a high-fidelity simulation system, effectively showcasing physiological and
pathological indicators. This system could replicate real-life scenarios and disease images, enhancing the classroom
learning experience by providing students with a more authentic understanding of diseases.*®

Secondly, in our study, the SBL group utilized video-assisted feedback to stimulate the students’ interests through
visual and auditory senses. By reviewing their performance in the instructional video and receiving intrinsic feedback
from the simulator, students could identify issues from an external perspective regarding their behavior and subconscious
mannerisms, enabling seamless learning.*’ The video playback provided a perspective on their actual performance rather
than their perceived performance during simulated encounters, facilitating the formation of accurate mental representa-
tions and application in different scenarios. On the other hand, the PBL group lacked video playback sessions and relied
on problem-oriented discussions to create a group report, answer questions from the instructor, and then receive
instructions. Interestingly, the test curves for understanding and communication ability, basic nursing ability, and specific
nursing ability showed a decline in the SBL group, and the retention test curves for basic nursing ability in the PBL
group also displayed a downward trend compared to their respective post-test curves. This suggests that it is essential to
practice and reinforce newly acquired skills in order to prevent them from being forgotten and to ensure their successful
transfer to novel contexts. Students develop their own mental representations through continuous experimentation,
failure, and feedback,*® thus, they should be encouraged to enhance their problem-solving competence to improve
knowledge acquisition and retention. According to Zapko et al,'>*'° students in the SBL group demonstrated higher
levels of satisfaction and self-confidence compared to those in the traditional teaching method. In our study, we designed
the SBL approach based on best practices, while prioritizing involvement of students and considering them as the main
focus. Through initiative-probing learning, students were encouraged to convert knowledge into problem-solving
competence, foster interest, optimize learning behavior, and improve efficiency. The learners in our study enjoyed the
simulation-based learning, and gained confidence in mastering the critical content and surgical skills. The structured
debriefing in SBL facilitated positive learning experiences by creating a safe environment for learners to express their
feelings and “de-role”, allowing for more open communication and deeper engagement. The feedback sessions also
promoted meaningful discussions and knowledge sharing, helping learners address concerns and better comprehend the
material. It is worth noting that a few possible suggestions are given for those students unable to participate in the
enhanced learning opportunity provided by simulation-based training: (1) Provide additional learning materials, teaching
materials and guidance to help them bridge gaps in knowledge and skills.(@)Arrange for remedial or retaking opportu-
nities so that they can participate in simulated learning and have a learning experience similar to other students. (3 Have
one-on-one discussions to understand their needs and goals and develop a personalized learning plan to ensure they are
able to gain a full learning experience in surgical care. (®Provide visiting internships, practical projects or other hands-on
learning opportunities to make up for their deficiencies in simulated learning.

It is worth mentioning that the scores of both groups of students on the final item of the satisfaction scale, “What
should be acquired from simulated classroom activities?”, showed relatively lower values (SBL=3.79+1.024, PBL=3.63
+1.139, p=0.0490). This indicates that learners perceive classroom learning activities as a domain where they themselves
should determine what needs to be learned rather than solely relying on teachers’ guidance. Based on these findings, it
can be concluded that future PBL and SBL activities should prioritize fostering learners’ autonomy in determining their
learning content while also incorporating more comprehensive and interconnected materials tailored to meet diverse
learner needs.

In addition, the findings revealed that the ratings for each aspect in SDS and EPSS were relatively high, suggesting
that the SBL approach is logical and effective. The most highly scored dimensions were teamwork and guided reflection
or feedback, followed by active learning and problem solving. This indicates that SBL, as a student-centered active
learning strategy, encourages self-reflection among students, helps identify areas for improvement, and has the potential
to enhance knowledge and skill development in various areas like collaboration, communication, and decision-making.
These findings align with previously reported research.*®*°

The lower “fidelity” score can be attributed to the following factors: Firstly, while the environment and materials were
standardized, students were not involved in the preparation process, leading to potential stress due to unfamiliarity. In the
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future, students should have the opportunity to select the required items from the storage area on their own, based on the
case information provided, and check the name, dosage, model number and expiration date of the items.

Secondly, while advanced simulators can replicate changes in vital signs and show disease progression, they still fall
short in fully mimicking real-life cases, including skin appearance and speech. To enhance learning, students can engage
in case preparation, script creation, and simulator development to reconstruct clinical scenarios tailored to various cases.
This approach fosters a better grasp of learning goals and a more authentic simulation experience.

Thirdly, it was important for relevant staff to run and debug cases program repeatedly, aiming to ensure a smooth and
natural educational process that closely resembles real-life cases, thereby enhancing authenticity. The scores for
“objectives and information” and “high expectation” were slightly lower compared to other aspects, suggesting that
the educational objectives may not fully cater for the learning needs of individual students. This is primarily due to the
high number of students and limited class hours. Students expressed a preference for SBL over PBL, and they wished for
more learning time, which aligns with the findings of Jensen et al.*!

By conducting pre-testing, post-testing, retention, and follow-up evaluations, the study documented the diverse
performance and learning requirements of learners. Based on these data, personalized learning goals were formulated
to cater for individual learners’ needs, resulting in the achievement of their specific educational objectives. Moreover,
exceptional quality instructional videos were created utilizing the flipped classroom approach, enabling students to learn
fundamental surgical nursing techniques at their own pace. Consequently, practical classes moved away from instructor-
centered demonstrations and allowed more time for SBL. This combination of simulation education and the flipped
classroom method optimizes class hours and effectively addresses the challenge of balancing large class capacity with
personalized learning.

PBL and SBL offer benefits as they prioritize students as active participants while instructors serve as guides. By
presenting problem scenarios, these methods foster critical thinking skills and encourage active and exploratory learning
experiences that stimulate student interest in learning while developing their problem-solving abilities.** However, for
surgical nursing which involves acute and serious cases requiring practical skills development; SBL offers a more
immersive learning experience. The highly simulated ward environment along with a simulation system enhances student
engagement by providing pressure-free practice opportunities. Video-assisted briefing improves knowledge retention and
skill acquisition ultimately enhancing overall satisfaction with the learning outcomes.

Compared to SBL, PBL lacks the sense of immersive experience and the opportunity to practice nursing through
teamwork.*> Additionally, PBL also lacks video feedback, posing a challenge for students to directly observe their
training progress. Conversely, SBL has its drawbacks including higher educational costs, the requirement for more
instructors with specific qualifications, and the complexity of designing the learning environment.** However, in the
context of surgical nursing involving acute and critical cases that demand practical skills, SBL provides a more
immersive learning experience. The highly simulated ward environment and simulation system enhance student engage-
ment and facilitate pressure-free practice. Video-assisted briefing improves knowledge and skill retention, ultimately
enhancing learning outcomes and satisfaction. This may be one reason why the learning effect and experience of PBL in
this study were inferior to those of SBL. SBL serves as a supplementary method to traditional teaching rather than
a complete replacement. Both PBL and SBL possess their own strengths and weaknesses; when used together, they can
augment overall learning effectiveness and quality.* In practical scenarios, selecting appropriate learning methods and
tools should be based on specific objectives, content, and student characteristics to provide personalized high-quality
educational experiences. As technology continues to advance, SBL is expected to play an increasingly vital role in
education by contributing considerably to talent development and societal progress. However, while promoting and
implementing SBL it is crucial to leverage its advantages while being mindful of challenges limitations, consistently
striving towards enhancing refining methods order offer students optimal educational services.

The comparative study of PBL and SBL in China holds significant implications for educators, policymakers, and
researchers across different countries and settings. Firstly, it can assist them in determining whether to implement these
models within their own education systems and how to make necessary adjustments and enhancements. Secondly, it can
aid teachers in gaining a better understanding of how to design and implement these models effectively to foster students’
active learning and comprehensive abilities. For students, comprehending the comparison between different educational
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approaches can facilitate their adaptation to diverse learning environments while enhancing their learning outcomes and
capabilities. Moreover, this comparative study offers education researchers an opportunity to delve into the impact of
various educational models on students’ learning outcomes, motivation levels, creativity, etc., thereby providing
a scientific foundation for education reform initiatives and policy formulation. In conclusion, the comparative study of
PBL and SBL in China bears immense significance for individuals across different countries and settings by offering
valuable insights that can contribute towards promoting education reform efforts as well as improving overall educational
quality.

Limitations

There were some limitations in our research. First, the use of a single site somewhat compromised the representativeness
of the findings. Nevertheless, the samples showed relatively high homogeneity, with a large size, and participants were
randomized to SBL or PBL, which still rendered the research results noteworthy. Second, due to a constrained number of
class hours and a large student population, the current implementation of surgical nursing simulation cases was limited to
key diseases, preventing full coverage of all knowledge points. Consequently, further investigation is required to
understand the impact of SBL on comprehensive scores of surgical nursing. Third, these findings may not apply to
students from other countries or cultures, so we need to have further discussions.

Conclusions

The study revealed that both PBL and SBL had positive effects on improvement in nursing students’ core competence
and students’ satisfaction and confidence. The established standards for simulation proved to be suitable for the
educational context and the characteristics of Chinese students. SBL showed a greater improvement in surgical practice
education compared to PBL. It is important to note that these findings may be influenced by specific contexts, and PBL
may still have its advantages in other settings. This study contributes to the promotion of student-centered concepts and
methodologies in surgical nursing education, aiming to improve training quality by enhancing the core competency and
comprehensive abilities of nursing students, ultimately ensuring patient safety.

Moving forward, future research will focus on two main aspects: firstly, integrating SBL with the flipped classroom
approach and utilizing high-quality online resources can address the challenge of accommodating a large number of
students in small class settings in China; secondly, combining SBL with PBL can maximize their respective strengths to
enhance nursing students’ learning effectiveness. Additionally, implementing a simulation educational database will
monitor long-term training outcomes for personalized learning objectives tailored to each individual.

Additional research is necessary to establish whether the observed enhancements during simulated training can be
effectively applied to enhance nursing performance and promote better patient outcomes. Continuous independent
investigation and exploration are vital in determining the applicability of our findings to students from diverse countries
or cultures.
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