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Abstract

Background: Use of simulation has been identified as an integrative strategy to bridge theory to practice and has been
identified as a need in educating nurses in the future. Use of simulation provides an opportunity for nursing students to
deliberately practice skills needed to be an expert nurse. The purpose of this study was to explore the use of virtual
simulations to improve knowledge transfer of nursing students in one Midwest University.

Methods: This study used a quasi-experimental design with 115 nursing students in one University. All students received
education on topics related to conflict management, priority-setting, and patient safety. The intervention group also
participated in three virtual simulations. To evaluate knowledge transfer, performance on an individual simulation was
evaluated using the Capacity to Rescue Instrument (CRI). Comparisons were made among the two groups using ANOVA.

Results: Total CRI score for the intervention group (m=21.98, SD 4.29) was significantly higher than the score for the
control group (m=20.09, SD 4.05). Therefore, students participating in virtual simulations were able to transfer the
knowledge learned in the classroom better than those not participating in the virtual simulations.

Conclusions: Efforts for providing more opportunities for deliberate practice of critical skills (e.g. communication,
conflict management, priority setting) must be provided. The addition of virtual simulations focused on the deliberate
practice of specified skills improved the students’ performance. Use of a virtual environment may provide greater access
to practice opportunities at a much lower cost than high fidelity simulators.
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1 Introduction

Nurses play an essential role in patient safety, as many nurses provide bedside patient monitoring in the acute care setting.
Nurses perform this monitoring while managing multiple complex technologies where the margin of error is small.
Additionally, nurses engage in communication activities with multiple health care practitioners and must be effective team
members; this includes being an effective leader and follower, depending on the situation I . Enabling nurses to function
well is dependent upon two key areas: 1) appropriate education and training, and 2) the ability to transfer the skill set
learned in the classroom into the actual patient care environment. Knowledge transfer is defined as the ability to access and
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utilize intellectual resources that one has learned in a situation where those resources are relevant ). Transfer of
knowledge and psychomotor skills from classroom to bedside is an important function in nursing.

Ericsson’s theory on the acquisition of expert practice supports the development of nursing skills and the transfer of
knowledge . This framework posits that to acquire expert performance one must engage in deliberate practice activities
focused on improving an aspect of performance (e.g. technical skills, communication skills, priority setting). Although
students can improve skills with experience and often do, it is the engagement in the deliberate practice of skills that allow
them to progress beyond initial proficiency to expertise in practice. Deliberate practice involves highly structured practice
activities, like simulations, that allow students to reflect immediately upon their performance and receive detailed
feedback they can incorporate into future actions. Use of simulation as an integrative strategy to bridge theory to practice
has been identified as a need in educating nurses in the future ©!. For this reason, the purpose of this study was to determine
the impact of virtual reality simulations on knowledge transfer among nursing students.

Literature review

Both medicine and nursing use simulation in both education and training programs in an effort to provide opportunities for
practice in a safe environment. Simulation has been shown to increase patient safety, improve clinical judgment and can be
used to teach/evaluate specific clinical skills ). A significant benefit of using simulation includes its ability to mimic real
life situations without putting patients at risk "%, The benefits of simulation in medical education are well established in
the literature 2. In nursing, a systematic review on the effectiveness of simulation showed that simulation increased the
nursing student’s clinical skills in a majority of the studies reviewed as opposed to other training methods (e.g.
standardized patients, skills lab) 2.

Simulation can help students develop the ability to apply previously learned knowledge in novel situations (knowledge
transfer) when compared to other forms of education ™. A study on advanced life support training using a high-fidelity
mannequin showed physicians who participated in simulations designed to teach them how to be an effective leader in a
cardiac arrest performed better during actual cardiac arrests **!. Simulation also provides opportunities for students and
nurses to engage in deliberate practice using evidence-based guidelines **!. In addition, simulation has shown to improve
student’s level of confidence 78],

Although evidence has proven utilizing the high fidelity simulators in education has been beneficial, the cost of such
simulations (e.g. high-fidelity simulators, space) are substantial. For this reason, other avenues, such as virtual reality
simulation should be considered when appropriate to meet the learning objectives. Second Life (SL), which is an on-ling,
3D multi-user virtual environment (MUVE), has been used in health training such as identifying certain heart sounds,
assessing patients, and engaging in reflective practice. SL supports interactivity such as exploration, role play, simulations,
interactions and experimentation via avatars ™. An avatar is an online manifestation of self in a virtual world designed to
enhance interactions in a virtual space !, Three key benefits have been identified with SL as a learning medium: 1) gives
users the ability to complete tasks that would be difficult to achieve in real world (due to cost or location restraints);
2) have continuing and growing social interaction capabilities, serving as a basis for collaborative education; and 3) can
adapt and grow as user needs change .

Jarmon and colleagues, while examining the nature and process of learning in SL among interdisciplinary graduate
students, identified an improvement of interdisciplinary communication awareness and knowledge through their
experiences in SL ?2. Virtual simulation was compared to human patient simulation (HPS) in a study by Youngblood and
colleagues, in which students were trained in either virtual or HPS environments ?°!. They found that teams trained in
virtual reality achieved the same level of skill improvement as those using a HPS. Conradi and colleagues found
paramedic students using SL for problem-based learning reported the virtual environment more authentic and
collaborative than using paper-based scenarios 4. SL environment allowed for feedback from the ‘patients’ who
increased the benefit of the learning environment. In addition, Andreas and colleagues found that SL augmented face to
face learning and supported collaborative student learning %!,
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Through use of simulation, students gain the appropriate skills and make clinical decisions based on their learning while
avoiding mishaps in patient safety; thus the learner can participate in a highly realistic clinical immersion session in a safe
environment?®!. In a virtual reality simulation (as noted in mannequin based simulations), there is no harm done to patients
if an incorrect procedure or medication is administered. Virtual reality can offer opportunities to teach larger groups of
clinicians in more dynamic environments (e.g. different locations) at a lower cost. Use of virtual reality in education and
training is a promising adjunct to current methodologies. Only a few studies have considered the impact on training using
virtual reality within the nursing profession. Therefore, the purpose of this study was to determine the impact of virtual
reality simulations using SL on knowledge transfer among nursing students.

2 Methods

2.1 Sample and setting

This study used a quasi-experimental design with a convenience sample of senior level nursing students (n=115) in one
Midwestern University from September 2009 to April 2010. Student demographic information was not collected,;
however, the students were primarily recent post-high school completing their final year of a four-year baccalaureate
nursing program. Students would have completed six clinical rotations in the acute care setting prior to their senior year.

The students included in the study were enrolled in two courses throughout the study timeframe: Leadership and
Management and Transition into Professional Practice. The purpose of the Leadership and Management course is to build
on the concepts of team, delegation, motivation, negotiation, problem solving, and leadership from the perspective of the
organization rather than that of an individual; whereas the focus of the Transition into Professional Practice course is to
assist students to synthesize knowledge and skills required of new graduates including refinement of clinical judgment,
problem-solving, priority-setting, time management, and interdisciplinary collaboration and communication. Students are
required to take both courses during their senior year (either during the fall or winter term). Each of the courses uses a
variety of teaching strategies, including lecture, small group discussion, and case studies. The didactic content (and
relevant teaching strategies) were consistent across the two semesters, as the same faculty taught the courses during the
study timeframe. For the purpose of this study, nursing students were assigned to the intervention group if they were taking
the Leadership and Management course in the fall. The control group took the Transition course in the fall (and Leadership
and Management in the winter of 2010). Approval was obtained from the Institutional Review Board prior to study
implementation.

2.2 Control group

Students in the control group received the traditional didactic content. In addition, the control group participated in the
usual role play simulations (n=3), which is part of all undergraduate courses at the University. Content included in the
simulations, which took place in the simulation center at the University, was related to communication and patient safety.
Students participated in these simulations in groups of 12-15, with some playing active roles (e.qg. staff nurse, charge nurse,
nursing assistant, patient/family). The simulations were approximately 30 minutes in length, which included a 15 minute
debriefing session. The debriefing session was conducted by a trained facilitator and included an opportunity for students
to reflect on the experience. All simulations in the simulation center were conducted and debriefed by the simulation
center staff to ensure maximum fidelity of the experience.

2.3 Intervention group

The intervention group also received the traditional didactic content for the two courses. In addition, the students
participated in three virtual simulations which took place on a virtual nursing unit in Second Life. These simulations were
debriefed by the lead faculty for the simulation center, who is also a member of the research team. The nursing unit
consists of three semi-separated rooms, a conference room, and a nursing station 2”2, Each clinical room has two beds and
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is equipped with wall-mounted blood pressure gauges, bed-side cardiac monitors, medical supply cabinets, a sink, a
computer desk, and chairs. The nurse station is equipped with a central desk and computer workspace, crash cart,
medication dispensing unit, x-ray view boxes, and wheelchairs. This layout is similar to what nursing students would find
in an acute care hospital setting and created a more realistic setting for the simulations to occur as opposed to engaging in
role play in a classroom environment.

The intervention group participated in the three simulations during the course of the year—two in the fall and one during
the winter term. Each of the simulations were developed using a five step process for simulation development: (1) key
concept identification, (2) competency and standard mapping, (3) scenario building, (4) debriefing development, and
(5) beta testing and refinement (as needed) of the scenario %\, Using this process for development ensured fidelity and
realism of the scenarios. The researchers who created the scenarios for this study have developed over forty-five
simulations using the process described, spanning topics related to communication, healthcare professional handoffs,
clinical judgment, acute clinical issues (i.e. asthma, heart disease), and patient safety. The focus of the simulations for this
study included: (1) communication/conflict management, (2) priority setting, and (3) problem solving related to a patient
safety issue. A brief overview of each of the simulation scenarios, as well as the expectations from students, is included in
Table 1.

Table 1. Simulation Scenario Overview

Course/Date

Overview
Implemented

Simulation Topic (n) Type of Simulation

Theme: Conflict management situation between the registered nurse
Communication/Conflict and the physician
Management Virtual Reality Expectations: During this exercise students were expected to
(n=62) adequately manage the physician-nurse conflict situation in a
professional manner

Leadership and
Management
(Oct 2009)*

Theme: A situation where a patient was given the wrong medication for
which they were allergic to

Expectations: Students cared for the patient appropriately and the Management
proper channels were followed in coordinating an incident report and (November
dealing with the situation in an appropriate manner. Feedback to the 2009)*
nurse who gave the wrong medication was also required.

Leadership and
Problem Solving/Patient eaaersnip an

Safety Virtual Reality
(n=62)

Theme: Nurse was given a set of patients and he/she had to determine

Priority Setting

(n=62) Virtual Reality

Final Simulation

(incorporated all three High-fidelity
topics) Simulator
(n=115)

which patient to see first and what tasks were appropriate to delegate to
the patient care technician

Expectations: Adequately manage the care of multiple patients and
identify priorities while maintain a healthy working relationship with
one’s co-workers. Students were required to identify and delegate
tasks to the assistive personnel.

Theme: Nurse must choose which patient to see first and remain
focused on the patient showing signs of respiratory depression. When
the nurse speaks with the physician, she (played by the research
assistant) orders the wrong reversal agent, which the nurse must
identify and then work through communication difficulties with the
physician.

Expectations: Nurse must stay focused on the patient, despite attempts
to bring her off task. The nurse must work through the difficult
communication interaction with the physician.

Transition into
Professional
Practice
(February
2010)*

All students
(April 2010)

*Only the intervention group participated in the virtual simulations although content related to the topic was received by both groups (intervention and control)

All students in the intervention group were given an overview of SL during the didactic portion of their fall course. In
addition, students were given a handout that highlighted basic skills needed to use SL (e.g. account set up, avatar creation,
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communication in SL, movement in SL). Students were encouraged to develop their own avatars and explore the world
prior to the simulations, although not a requirement.

Each of the simulations took place on the virtual nursing unit in SL, which was accessed in the campus computer lab.
Students in the intervention group participated in the simulations in groups of 12-15 students. Students who played an
active role in the scenario (either playing the role of a staff nurse, charge nurse, patient/family, or assistive personnel)
logged onto SL and met in the virtual conference room where the facilitator (i.e. a research team member) gave an
overview of the scenario, reminders as to how to communicate and move in SL, and any scenario-specific instructions.
Students were then given an opportunity to practice for a few minutes moving their avatars and using the chat function
before the simulation began.

Students who did not play an active role in the scenario observed the simulation in a separate classroom (SL was projected
on a screen). During subsequent simulations, the students who were observers were asked to play active roles, thus the
majority of students played an active role in one of the scenarios. A facilitator was present in each area to guide the
activity. This included providing note cards (cue cards) in SL, giving the students directions on how to play the role, as
well as some scripting for those playing the patient/family role. Following the conclusion of the scenario, all students
participated in the debriefing session, which included a discussion of the scenario (e.g. ‘What went well?”) and ways to
improve performance in the future (e.g. “How might you have done this differently?”). The total time for each simulation
was approximately 35 minutes (15-20 minutes for the simulation and an additional 15 minutes for debriefing).

2.4 Evaluation of knowledge transfer

At the end of the academic year, all students (intervention and control groups) participated in a mannequin based
simulation to evaluate knowledge transfer, defined as the ability of students to take what is learned in the classroom and
transfer those skills into practice. Nursing students in both the control and intervention group participated in a final
simulation using a high fidelity patient simulator (Laerdal SimMan®). Each nursing student participated in the final
simulation individually, playing the role of the staff nurse. The final simulation (see Table 1), which involved a patient
with respiratory compromise related to over sedation, incorporated all of the key concepts included in the didactic learning
and virtual simulations. Prior to the start of the simulation, students were given instructions as to the purpose of the
scenario. The role of the physician was played by one of the simulation center staff to ensure consistency and fidelity. The
simulation lasted approximately 15 minutes, with an additional 15 minutes of debriefing. To evaluate each student’s
performance, students were evaluated on their performance using an adapted version of the Capacity to Rescue
Instrument 2%,

The original Capacity to Rescue Instrument (CRI) is a 22 item scale used to measure assessments and interventions
completed by a participant in a simulation to evaluate overall performance. The instrument was designed to capture key
elements (assessments, interventions) that are needed to ensure a good outcome for the patient for a specific simulation
scenario. The key elements are based on current evidence-based practices or best practices and are key to the outcome of
the scenario as designed. The original instrument underwent psychometric testing including factor analysis during its
initial development as part of a study to measure rescue behaviors in nurses in a sepsis scenario designed for use with a
high fidelity simulator ?®. The original study used a dichotomous scale to indicate whether or not the nurse performed the
expected assessment or intervention. The nurse participated in a 20 minute sepsis scenario and the CRI was used to
determine his/her overall performance in the scenario. The original scale alpha was 0.69 and the factor analysis identified
two factors; recognition (assessments) and appropriate actions (interventions). Correlations between the CRI and the
simulation patient outcome were 0.78 1,

For the purpose of this study, the modified CRI consisted of 17 items measuring key concepts: communication (n=9),
problem solving (n=4), and priority setting (n=4). As with the original CRI, the items were relevant to the scenario used
and consisted of key assessment and interventions the student needed to perform to support a good patient outcome. The
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higher score indicates a better overall performance in the scenario. All variables were scored as either being complete (2),
partially complete (1), or no action taken (0). For example, the student nurse would receive full credit (2 points) if she
communicated that the patient received an additional dosage of Dilaudid. Partial completion was given if the nurse
mentioned the patient received an additional dose of pain medication (but did not specify Dilaudid); and no action was
marked if the student failed to mention any additional dosage of pain medication.

The CRI items—scored individually—were summed to compute a total performance score. The possible scores can range
from 0-34. The CRI survey was completed for each student by a trained observer. Prior to the evaluation of student
performance, inter-rater reliability among the observers (n=2) was performed using videos of simulation scenarios (n=4).
The observers independently rated each scenario and compared results until > 90% reliability was achieved.

2.5 Statistical analysis

Data were analyzed using the SPSS® (Chicago, IL) version 17.0 for Windows® software. Computations for frequencies,
percentages, means, ranges, and standard deviations were completed. To determine the impact of virtual simulations on
knowledge transfer (i.e. student performance as rated by the CRI), comparisons of means were made between the control
and intervention group using ANOVA. Differences with a p < .05 were considered statistically significant.

3 Results

A total of 115 senior baccalaureate students at one Midwest University were included in the study: 62 students in the
intervention group and 53 students in the control group. An overview of average scores and standard deviations for each of
the items contained in the CRI are included in Table 2. Overall performance was measured as a sum total of each of the
items on the CRI. Total score for the control group, on average, was 20.09 (SD 4.05); average CRI score for the
intervention group was 21.98 (SD 4.29).

Four items addressed the students’ ability to prioritize the care needed by the patient. The student nurse chose the correct
patient, on average, 1.36 (SD 0.94) for the control group and 1.74 (SD 0.68) for the intervention group, respectively.
Despite efforts to distract the nurse by suggesting she take care of another situation on the unit (i.e. another patient vomited
and a physician was requesting her assistance), nurses in both the control (m=1.96, SD 0.19) and intervention group
(m=1.94, SD 0.25) were likely to stay with the patient. When the physician attempted to leave the room, nursing students
in the intervention group were more likely (m=1.47, SD 0.67) to let her leave than in the control group (m=1.34, SD 0.78).
Students in the control group were more likely to stay focused (m=1.62, SD 0.77) on the patient throughout the simulation
than the intervention group (m=1.47, SD 0.84).

Nine items evaluated the student’s ability to communicate effectively during the simulation. When speaking with the
physician regarding the patient’s condition, students, on average, mentioned the additional dose of a narcotic (m=1.79-
1.81, SD 0.47-0.50 for control and intervention group, respectively). Students in the intervention group, on average, were
more likely to communicate the neurologic change (m=1.90, SD 0.39) than the control group (m=1.81, SD 0.52), as well
as the current vital signs (intervention group, m=1.61, SD 0.49; control group, m=1.38, SD 0.56). In addition, the
intervention group of students were more likely to use the standardized handoff tool SBAR (situation, background,
assessment, recommendation) %, as noted by a mean of 1.21 (SD 0.48) as compared to the control group (m=1.06, SD
0.36). In both the control and intervention group, delegation to an additional nurse did not occur often (m=0.30, SD 0.79
for control group; m=0.50, SD 0.86 for intervention group). In subsequent communication with the physician, average
scores on the information communicated included the following: lung sounds (intervention group, m=0.16, SD 0.55;
control group, m=0.19, SD 0.59), history of Congestive Heart Failure (m=0.29, SD0.71, m=0.02, SD 0.14 for intervention
and control group, respectively), identification of Narcan as the right reversal agent (intervention group, m=1.16, SD 1.0;
control group, m=1.25, SD 0.98). In terms of management of the difficulty in communication with the physician, the
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intervention group, on average, was more likely to escalate the situation to the next level (m=0.84, SD 0.93) as compared
to the control group (m=0.64, SD 0.86).

Table 2. Statistics of Performance among the Intervention and Control Group

. Intervention Group (n=62) Control Group (n=53)

Variable :
Mean SD Mean SD Sig

Priority Setting
Nurse sees the correct patient 1.74 0.68 1.36 0.94 0.01
Nurse did not leave the patient 1.94 0.25 1.96 0.19 0.52
Nurse stops physician from leaving the room 1.47 0.67 1.34 0.78 0.35
Nurse remains focused on patient 1.47 0.84 1.62 0.77 0.31
Communication
Nurse communicates additional dose of Dilaudid  1.81 0.47 1.79 0.50 0.88
Nurse communicates patient’s neurological 1.90 0.39 181 0.52 0.28
status
Nurse communicates current vital signs 1.61 0.49 1.38 0.56 <0.02
Nurse communicates using SBAR 1.21 0.48 1.06 0.36 0.06
Nurse delegates tasks to a second nurse 0.50 0.86 0.30 0.79 0.18
Nurse communicates history of CHF 0.29 0.71 0.02 0.14 <0.01
Nurse communicates lung sounds 0.16 0.55 0.19 0.59 0.80
Nurse communicates Narcan is the correct 116 0.99 195 0.98 0.65
reversal agent
Nurse dlscuss.es V\.llth the physician the need to 0.84 0.93 0.64 0.86 024
escalate the situation to the next level
Problem Solving
Nurse requests assistance 181 0.60 1.85 0.53 0.69
Nurse recognizes that a reversal agent is needed 1.66 0.51 1.43 0.69 <0.05
Nurse requests an order form the physician 1.77 0.61 1.64 0.68 0.27
Nurse asks for assistance from a second nurse 0.58 0.92 0.42 0.82 0.31
Total Score 21.98 4.29 20.09 4.05 <0.02

To evaluate the student’s ability to problem-solve, four items were included in the CRI. Students in both the control and
intervention group were equally as likely to request assistance (intervention group, m=1.81, SD 0.60; control group,
m=1.85, SD 0.53). Students nurses in the intervention group were more likely to recognize the need for a reversal (m=1.66,
SD 0.51 for intervention group; m=1.43, SD 0.69 for control group). The students in the intervention group were more
likely to request an order from the physician (= 1.66, SD 0.51) as compared to the control group (m=1.43, SD 0.69). In
terms of asking for assistance from another nurse, both groups were unlikely to ask for assistance from another nurse
(intervention group, m=0.58, SD 0.92; control group, m=0.42, SD 0.82).

Comparison of overall performance between the control and
intervention group

ANOVASs were computed to determine significant variation among overall performance among the intervention and
control group (see Table 2). Students in the intervention group were more likely to perform better in the final individual
simulation than students in the control group [F (1, 113)=5.84, p<0.02]. In review of the individual items evaluated on the
CRI, four items were found to be significantly different between the two groups. Students in the intervention group were
more likely to prioritize correctly by choosing the right patient to see first [F(1, 113)=6.41, p=0.01]. Students in the
intervention group were also more likely to communicate vital sign findings when communicating with the physician
[F(113)=5.75, p<0.02] and the patient’s history of CHF [F(1, 113)=7.49, p<0.01]. Students in the intervention group were
also significantly more likely to recognize the need for a reversal agent than those in the control group [F(1, 113)=4.08,
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p<0.05]. In addition, use of SBAR for communicating patient information was approaching significance, with the
intervention group more likely using the standardized handoff tool than the control group [F(1, 113)=3.59, p=0.06].

4 Discussion

The primary purpose of this study was to identify whether virtual simulation, in addition to the traditional teaching
methods, enhanced the knowledge transfer of content presented to senior nursing students. In order to effectively
comprehend many of the topics taught in the classroom, students must have the opportunity to deliberately “practice’ these
skills in the clinical setting. For the intervention group, deliberate “practice’ occurred through participation in three
content-focused virtual simulations (e.g. priority setting, communication/conflict management, problem solving).
Findings indentified a significant difference between the two groups on overall performance. Specifically, those in the
intervention group performed better in the final simulation, thus providing evidence that they were able to transfer didactic
content into the clinical setting better than those that did not participate in the virtual simulations. This is in line with much
of the literature on simulation ™. Also, this helps in understanding the role virtual simulations may play in future nursing
education. Although the control group received some opportunity to practice skills via traditional simulation, students
participating in virtual simulations performed better. This may be due to the ‘realism’ of the virtual environment and the
ability of students to engage fully in the ‘practice’ session. In virtual reality, their true identify is somewhat anonymous 2!
therefore, students may feel more confident in trying new skills (without fear of repercussion or ridicule from peers).

Although the difference in total score between the two groups was relatively small (approximately 2 points), there is
clinical significance when considering the context of patient care. A two point difference in this study equates to ‘no
action’ to complete a needed intervention. For example, if the nurse “‘did not stay focused on the patient” and instead left
the room to care for another patient, the identification and subsequent treatment of respiratory depression would have been
delayed, which could have resulted in a very negative outcome for the patient. All nursing interventions contribute to
patient safety and effective patient care.

Students in the intervention group were also significantly more likely to identify the correct patient to be seen at the start of
the final simulation (i.e. given three choices, the student successfully identified the most critical patient). In addition, the
intervention group was significantly better at communicating key patient characteristics to the physician in the final
simulation. Specifically, those in the intervention group were significantly better at communicating current vital signs and
the patient’s history of CHF. In addition, this information was more likely to be communicated using the standardized
handoff strategy of SBAR %, The ability of the intervention group in communicating more effectively may be related to
the fact they were able to practice their skills in a very deliberate manner in the virtual simulations. Although
communication was required in the simulations for the control group, it was more generalized and did not require a
specific standardized structure. This finding is in line with Ericsson’s framework which reinforces the need for deliberate
practice of key activities (e.g. standardized handoff) for competency to occur .,

5 Limitations

There are limitations of the study that are noteworthy. The sampling method utilized was convenience sampling, thus
limiting generalizeability beyond the study population. Due to the large number of students who had to be evaluated on an
individual basis, the students were evaluated over a three-week period, thus opportunities for sharing some aspect of the
final simulation existed. This limitation was identified and during the debriefing sessions the researchers addressed this
issue. Students that had prior knowledge of the scenario were identified and their data was not used in the analysis (n=8).
One final limitation includes the inability to determine if the deliberate practice through the use of simulation transfers to
the real world environment. This has been done through in-situ simulations where simulation is physically integrated into
the clinical environment. Further research is needed to observe actual student performance in the clinical environment.
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6 Conclusion

Nursing education throughout history has changed dramatically with the rise of technological advances, such as
high-fidelity mannequins and virtual environments. Research has shown that for mastery of any skill or behavior,
deliberate practice is required . In addition, recommendations from the Carnegie Report include integrating teaching
methods that bridge theory learned in the classroom to actual care of patients in the clinical environment. One of the
teaching strategies recommended to bridge this gap included simulation 2.

Simulation provides a mechanism for ‘deliberate practice’ in a safe, learning environment. Findings of this study revealed
the role virtual simulations can play in providing an opportunity for deliberate practice, and subsequent transfer of
knowledge learned in the classroom into the clinical setting. Efforts for providing more opportunities for deliberate
practice of critical skills (e.g. communication, conflict management, priority setting) must be provided. This can include
low technique simulations in the classroom setting, such as with case studies and role-play activities.

The addition of virtual simulations in this study resulted in improved student performance. Use of a virtual environment
may provide greater access to practice opportunities at a much lower cost than high fidelity simulators. The virtual
environment can provide opportunities for practice of non-technical skills such as clinical judgment, teamwork,
communication, and leadership skills. This methodology provides opportunities for practice anywhere internet access is
available. In practice areas where it is challenging to get staff away from the bedside or it is difficult to get nurses and
physicians together, virtual simulations may provide a viable alternative.
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