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Abstract: High-fidelity patient simulation (HFPS) is widely used in professional training to enhance students’
competence in clinical management. Problem-solving (PS) and clinical reasoning (CR) skills are essential to
developing students in professional competence in safe and effective care. These two skills should be initiated
at the early training. However, little is known about the effects of HFPS on developing PS and CR skills in first
year undergraduate students. Therefore, this pre- and post-experimental study aimed to investigate the effects
of HFPS on development of PS and CR skills in first-year nursing students. The students were required to go
through four sessions, preparation, pre-briefing and orientation, simulation role-playing, and debriefing, for
the HFPS. The study utilized the Problem-Solving Inventory (PSI) and the Nurses Clinical Reasoning Scale
(NCRS) to measure problem-solving and clinical reasoning abilities before and after HFPS. Bivariate analysis,
one-sample t-test, and independent t-test were performed to evaluate the performance of the PS and CR skills
at the two study periods. One hundred eighty-nine students were recruited, with a mean age of 20.56 years,
and 73% were female students. The analytic results showed that the PSI, particularly in domains of Problem-
Solving Confidence (PSC) (p < 0.001) and overall PS (p < 0.001), and the CR (p < 0.001) had significant
improvement after HFPS. The study concluded that HFPS is an effective innovative method to significantly
improve students’ problem-solving and clinical reasoning abilities. Nurse educators play an important role in
providing explicit learning instructions in a simulation guideline that directs and guides students to learn at
each stage of HFPS. Students should take more initiative and engage in their learning through HFPS to enhance
their competence in knowledge and higher intellectual skills for personal and professional developments.

Keywords: high-fidelity patient simulation; problem-solving; clinical reasoning; healthcare
training; nursing education

1. Introduction

In today's healthcare settings, technology has advanced and become more complex. As a result,
healthcare services emphasize evidence-based practice [1-3], and nurses are facing new challenges of
immediate clinical management to provide safer and higher quality of patient care [4,5]. Nurses are
required to be more independent and competent in managing a wide range of complex situations.
Therefore, it is essential to train nursing students to achieve the required competence standard for
complex clinical situations, which includes problem-solving (PS) and clinical reasoning (CR) skills [5-
7]. High-fidelity patient simulation (HFPS) is an innovative and effective methods that provides a
learning environment for students to apply integrated knowledge and psychomotor skills in a
simulated case scenario [8-10]. This real-life learning opportunity allows students to develop higher
intellectual skills, such as PS and CR, for more appropriate clinical decision-making [11]. A HFPS
guideline is essential to e provide clear directions to guide students step by step from preparation to
debriefing after HFPS and enable them to learn more effectively [12]. Students are required to be
engaged in the activity and perform with their learned knowledge and skills [8,10,13]. In the current
nursing curriculum, HFPS is employed in various nursing disciplinary courses and clinical learning
workshops to enhance students” understanding about patients” conditions and related treatment and
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care. A HFPS guideline provides systematic approaches to allow students to engage in their learning
tasks, perform what they have learned, and evaluate how they have performed throughout the
learning process of HFPS. It is necessary to examine the effects of structured HFPS guidelines on PS
and CR abilities.

With the increased complexity of healthcare services, nurses are expected to have greater
accountability and independence to provide appropriate quality of patient care [2]. In current nursing
education, students are required to equip themselves with sophisticated skills and knowledge to
achieve the highest competent standards for better quality and safer patient care [14,15]. It is crucial
to allow students to develop abilities in clinical judgement and decision-making by applying
evidence-based knowledge and skills [16]. Classroom and laboratory learning limit students’
personal experience in performing knowledge and skills through an explicit thinking process to real
situations. This thinking process involves PS and CR, which are essential abilities that facilitate
students to make appropriate decisions considering multiple factors [16,17].

PS is the intellectual and analytic process that finds solutions to problems in specific contexts
[18], while CR is the ability to integrate and apply the learned knowledge and experience, use and
weigh the relevant evidence, and think critically about arguments until the final decision is made
[19]. PS and CR are intertwined and crucial for competent practice and clinical judgements in nursing
practice, embedding a series of critical thinking, integration of knowledge and skills, professional
and personal experiences, and analysis [20,21]. Facing more obligation in clinical judgement and
decision-making, nursing students are trained to manage complex situations using various teaching—
learning modes.

HEFPS is an advanced and innovative teaching-learning method that uses a computerised
manikin with a simulated real-life scenario to allow students to integrate their knowledge and skills
based on their clinical decisions [22]. HFPS has been extensively and favourably used in educational
and clinical training in the past decades to strengthen students’ PS and CR abilities [2,9]. This method
provides a better learning environment for nursing students to practice in simulated diverse clinical
situations [23]. Through HFPS, students practise self-directed learning in preparation and processing
of CR and PS for effective and appropriate decision-making targeting complex and uncertain
situations [20,21]. Students also experience their roles and responsibilities in a simulated clinical
setting and understand more about their strengths and weaknesses so that they can improve
accordingly [23]. In that sense, CR and PS are vital abilities to enhance students’ competence in
clinical performance [19,21]. Moreover, HEPS provides a learning environment for team collaboration
through small group works. Students working in a small group can develop collaborative attributes,
better learning motivation, and higher intellectual skills [24-27]. Therefore, students can interact and
collaborate with their peers to exchange their learning experience, enhancing their competence in
nursing practice and teamwork skills in HFPS. Student learning can also be more dynamic and
definite to incorporate more CR and PS. However, PS has been reported to remain unaffected by
HEFPS among nursing students due to the lack of a systematic educational strategy [2,17]. Hence, a
HFPS guideline with education and management strategies was designed to enhance students’
knowledge acquisition and skill development. This study aimed to examine the effects of a HFPS
guideline on PS and CR skills among undergraduate nursing students.

2. Materials and Methods

2.1. Design

This pre-and post-experimental was conducted at a single tertiary professional training
institution.
2.2. Participants

Students who 1) were in the first-year undergraduate programmes and 2) were aged >18 years
were recruited. Those who 1) had been enrolled in another course with HEPS or 2) have had clinical
placement were excluded to avoid contamination.
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The sample size was calculated to reach a desired power of 0.95 and a type I error of 0.05 with
an effect size of 0.5 using G-Power. The required calculated minimum number of participants was
176 students. The eligible students were requested to join a group at their favourable timeslot. When
the group size reached 8 to 10 students, the research assistant (RA) would inform the educator. The
RA was not involved in the implementation of HEPS.

2.3. A HFPS guideline as the study framework

This study utilized a HFPS guideline provide a systematic approach in four major sessions of
HEPS, including preparation, pre-briefing and orientation, simulation role-playing, and debriefing,
to guide educators and students in the simulated activities. During the pre-briefing, students were
required to read rules and regulations, learning objectives, and learning materials for the HFPS. The
learning materials contained information about the health problem of the simulated patient and its
related medical and nursing care. Additionally, students were introduced to the simulation
environment and equipment before the role-play session. A scenario was designed for the simulation-
based intervention. During the role-play session, students worked in small groups and provided
nursing care based on the health needs of the simulated patient. Finally, in the debriefing, students
were required to reflect on their learning based on their role-playing performance. The educator
served as the facilitator during the HFPS.

2.4. Instruments

2.4.1. Problem-Solving Inventory (PSI)

The PSI developed by Heppner and Petersen [28] is used to measure individuals’ perceptions
regarding their PS abilities and styles in daily life. It consists of 32 items scored on a 6-point Likert
scale, ranging from 1 (strongly agree) to 6 (strongly disagree). The PSI includes three subscales:
Problem-Solving Confidence (PSC) (11 items), Approach-Avoidance Style (AAS) (16 items), and
Personal Control (PC) (5 items). The PSC subscale assesses self-perceived confidence, belief, and self-
assurance in effectively solving problems. Higher scores indicate lower levels of PS confidence. The
AAS subscale measures an individual’s tendency of response to approach or avoid problems. Higher
scores reflect avoidance rather than approaching problems. The PC subscale assesses elements of self-
control on emotions and behaviours. Higher scores indicate a more negative perception of personal
control of problems. The total PSI score ranges from 32 to 192. Lower total PSI scores indicate more
functional PS abilities. The reliability of the subscales and the overall scale was good to very good
with Cronbach’s alpha of PSC, AAS, PC, and overall PS at 0.819, 0.810, 0.710, and 0.892, respectively.

2.4.2. Nurses Clinical Reasoning Scale (NCRS)

The NCRS developed by Liou et al. [29] assesses students” CR competence. This self-reported
tool includes 15 items scored on a five-point Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree). Higher scores indicate higher CR competence. The Cronbach’s alpha of the NCRS
was 0.952, indicating excellent reliability.

2.4.3. Data collection

The RA was responsible for student recruitment by sending emails with the study purpose and
information to all potential students. Once a group was formed, the RA contacted the eligible
students and assigned them into their groups. Students in the intervention group were asked to join
the HFPS using the newly structured HFPS guideline and those in the control group using the
standard HFPS instruction. Two researchers were the facilitators — one in the intervention group and
the other in the control group. Different venues were assigned to avoid contamination. On the day of
HEFPS, the students were divided into three small groups and took turns to provide care for the
simulated patient. While one small group was performing in the simulation, another two small
groups were requested to watch the real-time simulation and write down their comments on the
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performance of the group. Each small group had 20 minutes to perform in the simulation. After the
simulation, debriefing was performed for improvement. Figure 1 illustrates the flow of data collection
and study implementation.

Invitation to potential

l

Explanation of study and signing consent form

allocation

Student recruitment and

A 4
Pre-intervention (Demographics, PSI, and NCRS)

A 4
Receiving HFPS by the same facilitator

Data collection and implementation
of HFPS

Post intervention (PSI and NCRS)

Figure 1. Flow of data collection and study implementation.

4.2 .4. Ethical consideration

Ethical approval (REC2021102) was sought from our Institutional Research Committee.
Informed consent was obtained from the students after the study purpose and procedure were
explained to them. All data related to personal information were kept confidential.

4.2.5. Data analysis

Statistical analyses were performed using IBM SPSS version 26. Descriptive statistics were used
for the demographic variables, including age, sex, study year, and study programme, and the
outcomes of the intervention and control groups were presented separately. A paired t-test was
performed to compare the PS and CR abilities before and after the HFPS. All statistical tests involved
were two-sided, and p-values of <0.05 were considered statistically significant.

3. Results

3.1. Student characteristics

A total of 189 students participated in this RCT without attrition. The mean age was 20.56 years
(standard deviation=3.14). Table 1 shows the detailed demographic characteristics.
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Table 1. Student demographic characteristics.

Overall (n =189)

n %
Gender
Male 51 27
Female 138 73
Age Mean 20.56 + 3.14
18-20 135 714
21-24 35 18.5
25-27 11 5.8
28-30 5 2.6
>30 3 1.6
Programme
HDN 55 29.1
BHSc (5-year programme 118 62.4
BHSc (3-year programme) 16 8.5
Study Year
1 102 54.0
2 87 46.0

3.2. PS and CR abilities of the two groups

Table 2 illustrates the descriptive results of the PS and CR abilities before and after the HFPS.
The descriptive analysis showed that the PS and CR abilities had certain improvements after the
HFPS. The bivariate analysis revealed that only age was negatively associated with the PSC subscale
score (y =-0.161, p = 0.027) and overall PSI score (y =-0.147, p = 0.044).

Table 2. Descriptive results.

Overall (n =189)

Pre After Changes
mean SD mean SD mean SD
PS ability

AAS 51.79 5.66 51.02 8.17 -0.77 8.25

PSC 32.76 495 29.62 6.27 -3.14 5.25

PC 16.50 3.14 16.11 3.40 -0.40 3.53
Overall PS 101.06 10.48 96.75 14.87 -4.31 13.89
NCRS 48.50 8.46 52.79 9.71 4.29 10.52

AAS: approach-avoidance style, PSC: problem-solving confidence, PC: personal control, Overall PS: problem-
solving ability, NCRS: nurses clinical reasoning scale.

3.3. Comparison bewteen two periods

In the paired samples t-test (Table 3), there were significant differences observed in the PSC
subscale score (p < 0.001), overall PSI score (p < 0.001), and NCRS score (p < 0.001) between the two
periods of HFPS.
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Table 3. Comparisons of problem-solving and clinical reasoning abilities between two periods of
high-fidelity patient simulation.

Paired samples t-test

Periods t p 95% CI
AAS 1.29 0.199 -0.41 to 1.96
PSC 8.23 <0.0017*** 2.39 t0 3.90

PC 1.55 0.123 -0.11 to 0.90
Overall PS 4.27 <0.0017*** 2.32 t0 6.30
NCRS -5.61 <0.001*** -5.80 to -2.78

AAS: approach-avoidance style, PSC: problem-solving confidence, PC: personal control, Overall PS: problem-
solving ability, NCRS: nurses clinical reasoning scale. *p < 0.05; **p < 0.01, ***<0.001.

4. Discussion

HEFPS is an innovative teaching-learning method used to develop students’ PS and CR abilities
to enhance their clinical judgement and decision-making skills [2,7,19]. This study revealed that HFPS
effectively enhances the PS and CR abilities in first-year students. Comparing the PS domains and
CR between the two periods, the PSC subscale score (p < 0.001), overall PSI score (p < 0.001), and
NCRS score (p < 0.001) significantly improved. Notably, the HFPS significantly improves students’
PS confidence leading to improve their PS ability and increases their CR ability. The HFPS provides
a good learning and practice environment to students to apply their knowledge and skills to the
simulated patient [9,12,23]. Students have their PS and CR improvement is attributed to the guideline
with four sessions — preparation, pre-briefing and orientation, simulation role-playing, and
debriefing. The guideline provides adequate instruction to facilitate student learning and guidance
to allow students to be engaged in each HFPS session.

In the pre-briefing, students receive related learning materials to prepare and the orientation of
the simulation environment for their role play in the HFPS. Through students’ self-study and
environmental recognition, they were able to increase their knowledge and apply their skills, so they
had more confidence to handle clinical situations. Pre-reading relevant learning materials related to
the simulated patient can foster students’ confidence in PS to cope with problems more effectively
and hence develop their clinical judgement ability [7,9]. Substantial evidence shows that HFPS is a
crucial component in enhancing clinical experience and clinical management skills [16,30]. A case
scenario designed with a specific health problem for the HFPS allows students to experience clinical
practice and patient care. During the role-playing, students are required to be more engaged in the
simulated clinical scenario. Adequate preparation enhances students” awareness and application of
learned knowledge and skills in the simulated clinical situation. It also helps them express high levels
of critical thinking and PS abilities for the provision of safe and appropriate patient care during HFPS
[31]. The simulated patient’s concerns are challenging, and their responses are promising, increasing
their confidence in real clinical practice. Accordingly, the PS and CR abilities of the two groups in
this study improved. HFPS also focuses on teamwork and enables students to provide immediate
management according to the client’s needs and condition [9]. Working in a small group is beneficial
in enhancing knowledge and developing skills, including high intellectual skills, such as
communication, PS, critical thinking, and collaborative skills [24-26]. Since students are required to
work as a team in HFPS, they collaborate with other team members for decision-making and develop
their personal and professional strengths altogether.

During the role-playing and the debriefing, the facilitator plays an important role in engaging
students in learning through the HFPS more effectively [23,30]. The facilitator provides timely
guidance for students to perform and react to problems in various environmental diversions. In the
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debriefing, the facilitator allows students to reflect on their learning and provides appropriate
guidance for more effective clinical judgments and decision-making accordingly [13]. Both self and
peer reflection can further enhance students’ understanding to perform more competently.

Based on the findings of PS and CR improvement through HFPS, the HFPS guideline with
adequate instruction, learning materials, and expected learning outcomes is essential to positively
provide students systematic direction and support so that students achieve PS and CR development
more effectively. Taken together, this study successfully demonstrated the benefits of the structured
HEPS guideline for student learning and skill development, including better preparation to increase
knowledge acquisition and skill application, development of collaborative attributes, and
enhancement of higher intellectual skills, such as PS and CR. Therefore, the structured guideline
should be added to the courses with HFPS in the nursing curriculum. The results also promote the
awareness of nurse educators to design HFPS guidelines and further enhance students” PS and CR
abilities that are crucial for clinical judgement and decision-making, even in junior years.

Strengths and limitations

This study enables a direct comparison of the outcome measures between two stages of HFPS,
providing reliable and accurate evidence of the intervention’s effects. However, the recruitment of
students at a single professional training institution limits the generalisability of the results and the
ability to draw causal inferences. To increase generalisability, a similar study should be conducted in
multiple centres.

5. Conclusions

HFPS has recently emerged as a highly favourable teaching-learning method. The HFPS
guideline in this study provides clear directions for students to prepare and enhance their knowledge
and skills in clinical judgement and decision-making. Additionally, the HFPS guideline significantly
improves PS and CR abilities before and after participating HFPS. Throughout the learning process
of HFPS, students not only apply their knowledge and skills but also increase their awareness and
application of appropriate practice, embedding a series of PS and CR.

This study has significant implications for nursing education. As the use of HFPS continues to
increase in professional training, including nursing, the findings highlight the importance of a HFPS
guideline to improve student learning and competence in practising through HFPS, leading to better
development of PS and CR abilities. Therefore, a HFPS guideline is crucial in enhancing students’
personal and professional development for more appropriate and safer clinical decisions and
judgements.
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