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Abstract

Background: In the field of health care, knowledge and clinical reasoning are key with regard to quality and confidence in
decision making. The development of knowledge and clinical reasoning is influenced not only by students’ intrinsic factors but
also by extrinsic factors such as satisfaction with taught content, pedagogic resources and pedagogic methods, and the nature of
the objectives and challenges proposed. Nowadays, professors play therole of learning facilitators rather than simple “lecturers’
and face students as active learners who are capable of attributing individual meanings to their personal goals, challenges, and
experiences to build their own knowledge over time. Innovations in health simulation technologies have led to clinical virtual
simulation. Clinical virtual simulation istherecreation of reality depicted on acomputer screen and involvesreal people operating
simulated systems. It is atype of simulation that places people in a central role through their exercising of motor control skills,
decision skills, and communication skills using virtual patientsin a variety of clinical settings. Clinical virtual simulation can
provide a pedagogical strategy and can act as afacilitator of knowledge retention, clinical reasoning, improved satisfaction with
learning, and finally, improved self-efficacy. However, little is known about its effectiveness with regard to satisfaction,
self-efficacy, knowledge retention, and clinical reasoning.

Objective: This study aimed to evaluate the effect of clinical virtual simulation with regard to knowledge retention, clinical
reasoning, self-efficacy, and satisfaction with the learning experience among nursing students.

Methods: A randomized controlled trial with a pretest and 2 posttests was carried out with Portuguese nursing students (N=42).
The participants, split into 2 groups, had a lesson with the same objectives and timing. The experimental group (n=21) used a
case-based learning approach, with clinical virtual simulator as a resource, whereas the control group (n=21) used the same
case-based learning approach, with recourse to alow-fidelity simulator and a realistic environment. The classes were conducted
by the usua course lecturers. We assessed knowledge and clinical reasoning before the intervention, after the intervention, and
2 months|ater, with atrue or fal se and multiple-choice knowledge test. The students’ levels of learning satisfaction and self-efficacy
were assessed with a Likert scale after the intervention.

Results. The experimental group made more significant improvements in knowledge after the intervention (P=.001; d=1.13)
and 2 months later (P=.02; d=0.75), and it also showed higher levels of learning satisfaction (P<.001; d=1.33). We did not find
statistical differencesin self-efficacy perceptions (P=.9; d=0.054).
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The introduction of clinical virtual smulation in nursing education has the potential to improve knowledge

retention and clinical reasoning in an initial stage and over time, and it increases the satisfaction with the learning experience

among nursing students.

(J Med Internet Res 2019;21(3):€11529) doi: 10.2196/11529
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Introduction

Nursing education

The education of nursing students has always been a challenge
for governments, health educators, health managers, and the
students themselves to ensure the quality and safety of learning
and clinical practice.

Twenty-first century students have grown up using information
and communications technologies (ICT) on aday-to-day basis.
The use of ICT leads to different learning processes and
information structuring processes [1].

Professors and managers should bear in mind that these students
are able to access information in rea time, to use paralel
processes and multitask; in addition, they prefer graphics to
text, they function best when networked, and they need instant
gratification and frequent rewards [2].

These students' ICT skillscall for innovation in the pedagogical
strategies in health education underpinned by a constructivist
paradigm of health education [3]. Nowadays, professors play
the role of learning facilitators rather than simple “lecturers’
and face students as active learners who are capable of
attributing individual meanings to their personal experiences
and building their own knowledge over time. An active and
constructive educational environment based on challenges and
learning objectives will promote deeper learning, emphasizing
understanding and the application of knowledge over
memorization and recall [4-8].

Innovation in simulation technologies has made available
high-fidelity simulators that have supported the change in the
health education paradigm. The use of high-fidelity simulators
has improved the acquisition of knowledge and skills and
strengthened quality and safety in clinical practice [3,9-15].
However, we have been facing challenges with the increasing
cost of simulators, the difficulties of space management, and
the low number of clinical scenarios available.

Clinical Virtual Simulation

Developmentsin digital and virtual technology have eased the
way to recreating reality using virtual patients[16] depicted on
a computer touchscreen (clinical virtual simulation). Clinical
virtual simulation is the recreation of reality depicted on a
computer screen, and it involvesreal people operating simulated
systems. It isatype of simulation that places peoplein acentral
role through the exercising of their decision-making, motor
control, and communication skills [11]. Clinical virtual
simulation uses virtual patients in dynamic and immersive
clinical environments ranging from prehospital environments
to environments in the community (Figures 1 and 2). The
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concept is based on the virtual patient being accessed through
a variety of multimedia, screen-based interactive [17] and
dynamic patient scenarios, which are supported by physiological
algorithms. Clinical virtual simulation increasesinteraction and
feedback [18] and raises both the perception of self-efficacy
and the user’ s satisfaction levels[19]. Theuseof clinical virtual
simulation in the devel opment of nursing competencesimproves
performance[20] and competencesrelated to psychomotor skills
[21], critical thinking [22], clinical skills [23], and decision
making [17].

The latest technological advancesin clinical virtual smulation
have improved realism and dynamic interaction, with the
possibility of thousands of clinical scenarios depicted on a
touchscreen table or on the Web. However, nowadays, little is
known about its effectiveness with regard to students’ learning
satisfaction, self-efficacy, knowledge retention, and clinical
reasoning, especially when using the latest advancesin clinical
virtual simulation.

As professors in the field of health, we are concerned about
students’ learning satisfaction and effective learning outcomes
[13]. This study intended to assess the effectiveness of clinical
virtual simulation in raising levels of learning satisfaction,
self-efficacy, knowledge retention, and clinical reasoning among
nursing students.

Methods

A randomized controlled trial and a prospective and analytical
study was conducted between March and May 2017 with a
pretest and 2 posttests.

Participants and Allocation Process

The participants were volunteer graduation students in the
second year at the Nursing School of Porto in Portugal, enrolled
inthe course* Corporal Body Responses1” (respiratory, cardiac,
and urinary systems). This study was accomplished through an
elective curriculum made available to al students. All the
students enrolled in the course (N=128) were invited by email
to be volunteers in the study. Those who did volunteer were
invited to aninitial meeting at which 56 student volunteerswere
present, all of whom accepted the invitation and gave informed
consent. The volunteers filled out a questionnaire with
sociodemographic and student data (average current course
grade, number of European Credit Transfer System credits
achieved as part of the nursing degree, and average grade
required for admission into the degree course); these data were
used in the randomization process. The anonymization of
students was performed by the assignment of a number with 6
digits chosen by the student, with no possibility of the students
being identified by the researchers.
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The study sample size was determined considering a 1-tailed,
unpairedt test, atype| error of 0.05, astatistical power of 0.80,
and an effect size of d=0.80. Using G* Power3 [24] this study
required atotal of 42 students, 21 per group.

Figure 1. Clinical virtual smulation in hospital environment.

PHYSICAL
EXAM

MONITORING
One week after theinitial meeting (and after the randomization
process), al the 56 volunteer students were invited to another
meeting, which took placeimmediately before theintervention.
At this second meeting, students were invited to do the first
knowledge and clinical reasoning test (assessment before
intervention—A0). Immediately after this, the students were
directed, according to identification number (which only they
were able to identify), to the classroom where they were
informed about which group they had been alocated to.

Both groups received alaboratory class of 45 min, withtheaim
of activating knowledge and devel oping clinical reasoning skills
in the field of the respiratory process in relation to ineffective
airway clearance and hypoxia. With the experimental group, a
case-based learning approach was used, with recourse to a
clinical virtual simulator scenario (Body Interact) facilitated by
the regular subject teacher.

The clinical virtual simulator (Body Interact) presents virtual
patients backed up by a physiological agorithm that recreates
adynamic health condition that responds to user interventions.
The clinical scenario is initiated by a briefing; subsequently,
the user can interact with the virtual patient through dialogues,
monitoring the physiological parameters, observation and
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Studentswere all ocated to each group through asimplerandom
allocation using IBM SPSS Statistics version 24.

INTERVENTION || MEDICATION

physical examination, the prescription and/or anaysis of
complementary examinations, and the prescription of
intervention and/or pharmacological treatment. The responses
to and the development of the clinical case are dynamic and
conditional on the decisions taken. The closure of the clinical
case is determined either by the successful resolution of the
scenario or by the amount of time that has elapsed (as defined
by the user). Immediately after the smulation ends, adifferential
diagnosis interface is presented. After the simulation has
concluded, the ssimulator provides a debriefing tool whereby 3
categories of information can be analyzed: the s mulation report,
the simulation timeline, and the performance report. In the
simulation report, the correct differential diagnosis and the
option chosen by the user are presented. All the actions carried
out and the hemodynamic consequences are presented on the
timeline together with al the complementary diagnosis
examinations that were requested. In the simulation report,
performance scores are given for 3 categories of information:
physical examination, diagnosis, and therapeutic activities. In
each 1 of these categories, the decisions made and their
appropriacy are presented, as well as the best decision, on the
basis of the evidence. The debriefing tool aso provides the
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scientific references that support the clinical scenario and its

Figure2. Clinica virtual simulation in environments in the community.
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DIALOGUE RECORDS

The control group received a laboratory class of 45 min, with
the same aim, using the same case-based |earning approach but
making use of a low-fidelity simulator and a redlistic
environment (pedagogical strategies that were already used in
the nursing school), guided throughout by the regular subject
teacher. For both groups, there was a simulation pedagogical
strategy of briefing (5 min), simulation (20 min), and debriefing
(20 min), with the same structure and contents.

Immediately after the end of the intervention (the laboratory
class), al the studentswere invited to asecond test (assessment
after intervention—A1), and 2 months later, they were invited
again to athird test (assessment follow-up—A2).

Inall the knowledge assessments, we used the sametrue or false
and multiple-choicetest, which had been devel oped by the usual
course lecturers. These knowledge assessments were based on
features intrinsically related to the clinical reasoning applied
within the specific scenario. In the assessment immediately after
theintervention with both groups, we al so assessed the students’
satisfaction levels with the simulation, and their genera
perception of self-efficacy.

The assessment of student satisfaction was conducted using a
Portuguese version [25] of the Learner Satisfaction with
Simulation Tool [19], a 10-point Likert scale. The assessment
of their perception of self-efficacy was conducted with a
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Portuguese version [26] of the General Self-efficacy Scale[27],
a 5-point Likert scale. The Cronbach alpha coefficients of the
scales have been illustrated in Table 1.

Data Analysis

We performed the Kolmogorov-Smirnov test with the Lilliefors
correction to check for the normality assumption. We obtained
statistically nonsignificant results for both groups in the 3
variables under study, meaning that the normality assumption
was met.

The main variable under study (the development of knowledge
and clinical reasoning) was obtained by the difference between
the assessment before and after the intervention. Positive values
reveal improvement between the 2 assessments.

To compare both groups in the relevant variables under study,
we used an unpaired t student to compare averages.

When the homogeneity of variances assumption was violated,
the Wel ch correction was used.

A multivariate analysis of variance (MANOVA) was performed
to compare the 2 groups across the 3 measurement points.

The results were considered statistically significant for P<.05,
and regarding effect size measures, Cohen criteria (1988) [29]
were considered to rank the size of the magnitude effect (Cohen
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d: 0.2—smal, 0.5—medium, and 0.8—large; partial
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Eta-squared: 0.02—small, 0.13—medium, and 0.26—Ilarge).

Table 1. Cronbach apha coefficients for the original, for the Portuguese versions, for this study’s sample of the Learner Satisfaction with Simulation

Tool, and for the General Self-efficacy Scale.

Scales Original version, Portuguese version Study sample
Cronbach alpha Cronbach apha Correlationitem-itemtotal Cronbachapha Correlation item-item total
Learner Satisfactionwith Simulas .952 .969 .633-.823 970 .660-.910
tion Tool
The General Self-Efficacy Scale .860 .760 .290-.530 .882 527-.726

(average for 25 language ver-
sions) [28]

Thisstudy was approved by the ethics committee of the Nursing
School of Porto with the number 2017/1. This randomized
controlled trial does not possess a tria identifier as it is not
legally required in the context of the study.

Results

A total of 42 students from the second year of a degree course
participated in this study (n=21 in the experimental group and

Figure 3. Flow diagram of sample randomization and allocation process.

n=21inthe control group). The average age of the studentswas
19.9 (SD 1.99) years, and 95% (40/42) of the students were
females. The flow diagram (Figure 3) represents the
randomi zation and all ocation process. Table 2 showstheresults
of the variables under analysis.
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» Mot meeting mmclusion criteria (n=0)

. J
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» Oither reazons (n=0)
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» Did not recetve zllocated mtervention
(Missing the class; n=3)

¥
Lost to follow-up (missing the class; n=2)

Dizcontinued intervention {(n=0)

h 4
Anzlvzed (n=21)

http://www.jmir.org/2019/3/e11529/

XSL-FO

RenderX

L J

Allpcated to mtervention group (n=28)

» Recerved allocated mtervention (n=24)

» Did not receive allocated mtervention
(Missing the class; n=4)

¥
Lost to follow-up (mizssing the class; n=3)

Discontinued intervention (n=07

Analvzed (n=21)

JMed Internet Res 2019 | vol. 21 |iss. 3| e11529 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Means of sample characteristics and study variables and SDs.
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Study variables Control group Experimental group
Sex, n

Female 19 21

Mae 2 0
Age, mean (SD) 20.29 (2.19) 19.29 (0.46)
Mean entry grade to the degree course, mean (SD) 15.54 (1.46) 15.97 (0.85)
European Credit Transfer System credits on the degree course, mean (SD) 87.29 (6.90) 86.86 (5.41)
Degree course mean grade so far, mean (SD) 13.21 (0.67) 13.42 (0.99)
Self-efficacy perception, mean (SD) 30.14 (4.29) 30.38 (4.57)
Learning Satisfaction, mean (SD) 7.47 (1.58) 9.04 (0.55)
Knowledge assessment before intervention (A0), mean (SD) 9.87 (2.24) 10.15 (1.27)
Knowledge assessment after intervention (A1), mean (SD) 10.51 (1.89) 12.47 (1.57)
Knowledge assessment follow-up (2 months; A2), mean (SD) 10.55 (1.81) 11.93 (1.84)

Knowledge Retention and L earning Satisfaction

The results of the students' t tests showed the existence of
statistically significant differencesin knowledge retention after
the intervention (t,,=—3.656; P=.001; d=1.13), knowledge
retention 2 months later (t,5=—2.439; P=.02; d=0.75), and in
learning satisfaction (t,,=—4.309; P<.001; d=1.33). The students
in the experimental group presented better outcomes in
knowledge retention and learning satisfaction than studentsin
the control group. The values of the Cohen d reinforce the
magnitude effect of the intervention.

The MANOVA result was significant for time (PFillai Trace;
F,30=13.4, P<.001, partial eta squared=.407) and for the
interaction term time x group (F,39=4.45, P=.02, partial eta
squared=.186), indicating that there are differences in the
students' levels of knowledge across time and that those
differences are group dependent. Differences among moments
were tested through a Bonferroni test, and significant results
were observed for AO-A1 (P<.001), for AO-A2 (P=.02) but not
for A1-A2 (P>.99; AO—assessment before intervention,
Al—assessment after i ntervention, A2—assessment follow-up).
Regarding comparisons of the different groups across time,
significant differences were observed for AO-A1 (P<.001), for
AO0-A2 (P=.01), but not for A1-A2 (P=.75). No significant
differenceswere obtained for the control group (A0-Al: P=.44,
A0-A2: P=.99, A1-A2: P>.99).

Self-Efficacy Perception

In self-efficacy perception, the results did not show statistical
differences between the groups: t,,=—0.174, P=.9, d=0.054.

Statistically significant results were also found for the overall
effect of the group at the 3 measurement points: F; 4,=10.2,
P=.003, partial eta squared=.204. These results indicate that
20.4% of students’ scores across the 3 measurement points are
explained by the group to which the students were assigned.

http://www.jmir.org/2019/3/e11529/

Discussion

Principal Findings

This paper indicates that clinical virtual simulation improves
knowledge retention and initial clinical reasoning over time (2
months) and improves student satisfaction with learning, without
influencing the perception of general efficiency. Clinical virtual
simulation enabled a 20.4% improvement in students
knowledge retention and clinical reasoning in the context of the
study. This study showed that clinical virtual simulation is a
pedagogical strategy that, combined with other strategies such
as briefing, simulation, and debriefing, improves both initial
knowledge retention and knowledge retention over time. Clinical
virtual smulation also raises the level of satisfaction with the
learning experience among nursing students. These resultsrevesl
the fit of clinical virtual simulation with the new generation’s
expectations and ways of learning. The effect of the use of
clinical virtual smulation asapedagogical strategy inimproving
knowledge retention and clinica reasoning and students
satisfaction levels showed a match with the features of
twenty-first century nursing students. The twenty-first century
nursing students had already shown high levels of usefulness,
ease, and intention to use clinical virtual simulation [30]. In
addition, this paper now indicatesthat the use of clinical virtual
simulation can improve knowledge retention, clinical reasoning,
and satisfaction with learning.

Theseresults arein line with the results of other studies, where
the authors found that levels of knowledge [31-33] and
satisfaction [14] with thelearning processimprove with the use
of virtual simulation.

Clinical virtual smulation brings together such strategies as
gaming and problem-based learning, using an interactive and
dynamic 3-dimensional technology that encourages active and
critical action-based learning.

We did not find any differences in the self-efficacy perception
of the students using this strategy. This is in line with the
theoretical construct of Bandura's [34] self-efficacy theory, in
which the self-efficacy perception results from the interaction
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of different variables over time, and in this study, there was
only 1 intervention with 1 class.

Clinical Virtual Simulation in Nursing Education

Clinical virtual simulation is a complementary pedagogical
strategy that provides the opportunity to improve clinical
reasoning skillsin students through exposure to alarge number
of clinical scenarios. The use of clinical virtual simulation asa
pedagogical strategy should be integrated and coordinated with
other pedagogical strategiesin classes [35,36] and with other
resources, such as high-, medium-, and low-tech simulatorsin
use in our simulation labs to maximize the development of
cognitive, affective, and psychomotor skills in the students.

Thisstudy isin linewith thewritings of Berman and colleagues
[17]. Clinical virtual simulation is an interactive learning
strategy that captures students intrinsic motivations and
satisfaction, and it isfocused on the application of foundational
knowledge oriented toward a clinical learning challenge that
recreates clinical scenarios with which students will be
confronted in future clinica contexts. It dlows a
competency-based education and assessment that consequently
enablesadeep level of learning and the development of clinical
expertise. Clinical virtual simulation can contribute toward
reducing clinical error and improving the safety and quality of
health care.

Clinical virtual simulation responds to the difficulties of
managing laboratorial space, enabling teaching institutions to
expand the number of clinical scenarios available for student
training. Clinical virtual simulation makes training in the
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classroom context feasible and broadens the availability of
scenarios in the Web environment, a feature that, in our
experience, enables a tremendous increase in the number of
studentsreceiving individual training and a significant reduction
in the costs of simulation use per student.

As limitations of this study, we identified the fact that it was
only carried out in a single context, with second-year nursing
students, and on a single course with content related only to the
respiratory process. We also judge that the follow-up time was
too short to fully evaluate the knowledge retention over time.

In light of these promising results, we suggest the replication
of this study with a multicentric and prospective design on
different health science courses.

Conclusions

Clinical virtual simulation is a pedagogical strategy that
contributesto theimprovement of knowledgeretentioninitially
and over time and increases the students’ satisfaction.

This paper reveals the impact of clinical virtual ssmulation use
in nursing education and helps professorsin the field of health
to be aware of its pedagogical utility and appropriacy.

These results show the potential of clinical virtual simulation
to be an effective pedagogical strategy to build an educational
environment that supports the development of clinical
competences in the next generation of care providers,
contributing toward improvements in the safety and quality of
health care.

Thisstudy was supported by European Regional Devel opment Fund through the operation POCI-01-0145-FEDER-023342 funded
by the Programa Operacional Competitividade e Internacionalizacdo-COM PETE2020 and by Portuguese National Fundsthrough

Fundacdo para a Ciéncia e a Tecnologia.

Conflictsof Interest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH checklist (V 1.6.1).

[PDE File (Adobe PDF File), 24MB-Multimedia Appendix 1]

References

1.  Prensky M. Digital natives, digital immigrants part 2: do they really think differently? On the Horizon 2001 Nov;9(6):1-6

[EREE Full text] [doi: 10.1108/10748120110424843)]

2. Prensky M. Digital natives, digital immigrantspart 1. Onthe Horizon 2001 Sep;9(5):1-6. [doi: 10.1108/10748120110424816]

3. Heimann C, Prado C, de Moraes RR, Vida G, Liberal D, OliveiraG, et a. [Acquiring nursing knowledge through the
constructivist method]. Rev Esc Enferm USP 2013 Aug;47(4):997-1000 [FREE Full text] [doi:
10.1590/S0080-623420130000400032] [Medline: 24310702]

4.  Chi MT. Active-constructive-interactive: aconceptual framework for differentiating learning activities. Top Cogn Sci 2009
Jan;1(1):73-105 [FREE Full text] [doi: 10.1111/j.1756-8765.2008.01005.x] [Medline: 25164801]

5. Georg C, Zary N. Web-based virtua patientsin nursing education: development and validation of theory-anchored design
and activity models. JMed Internet Res 2014 Apr 10;16(4):€105 [FREE Full text] [doi: 10.2196/jmir.2556] [Medline:

24727709

http://www.jmir.org/2019/3/e11529/

JMed Internet Res 2019 | vol. 21 | iss. 3|€11529 | p. 7
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v21i3e11529_app1.pdf&filename=3026b7a91519d58e29f7d2f9b215b8af.pdf
https://jmir.org/api/download?alt_name=jmir_v21i3e11529_app1.pdf&filename=3026b7a91519d58e29f7d2f9b215b8af.pdf
https://www.emeraldinsight.com/doi/pdfplus/10.1108/10748120110424843
http://dx.doi.org/10.1108/10748120110424843
http://dx.doi.org/10.1108/10748120110424816
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0080-62342013000400997&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/S0080-623420130000400032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24310702&dopt=Abstract
https://doi.org/10.1111/j.1756-8765.2008.01005.x
http://dx.doi.org/10.1111/j.1756-8765.2008.01005.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25164801&dopt=Abstract
http://www.jmir.org/2014/4/e105/
http://dx.doi.org/10.2196/jmir.2556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24727709&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Padilha et al

6. Pennaforte T, MoussaA, Loye N, Charlin B, Audétat MC. Exploring a new simulation approach to improve clinical
reasoning teaching and assessment: randomized trial protocol. IMIR Res Protoc 2016 Feb 17;5(1):€26 [FREE Full text]
[doi: 10.2196/resprot.4938] [Medline: 26888076]

7.  Liaw SY, Chan SW, Chen FG, Hooi SC, Siau C. Comparison of virtual patient simulation with manneguin-based simulation
for improving clinical performancesin assessing and managing clinical deterioration: randomized controlled trial. JMed
Internet Res 2014 Sep 17;16(9):e214 [FREE Full text] [doi: 10.2196/jmir.3322] [Medline: 25230684]

8. Hegel, Kononowicz AA, Adler M. A clinical reasoning tool for virtual patients: design-based research study. IMIR Med
Educ 2017 Nov 02;3(2):e21 [FREE Full text] [doi: 10.2196/mededu.8100] [Medline: 29097355]

9.  Kneebone R. Evaluating clinical simulations for learning procedural skills: a theory-based approach. Acad Med 2005
Jun;80(6):549-553. [doi: 10.1097/00001888-200506000-00006] [Medline: 15917357]

10. Lapkin S, Fernandez R, Levett-Jones T, Bellchambers H. The effectiveness of using human patient simulation manikins
in the teaching of clinical reasoning skillsto undergraduate nursing students: a systematic review. JBI Libr Syst Rev
2010;8(16):661-694. [doi: 10.1016/j.ecns.2010.05.005] [Medline: 27820553]

11. McGaghie WC, Issenberg SB, Petrusa ER, Scalese RJ. A critical review of simulation-based medical education research:
2003-2009. Med Educ 2010 Jan;44(1):50-63. [doi: 10.1111/].1365-2923.2009.03547.X] [Medline: 20078756]

12.  YuanHB, WilliamsBA, Fang JB. The contribution of high-fidelity simulation to nursing students confidence and competence:
asystematic review. Int Nurs Rev 2012 Mar;59(1):26-33 [FREE Full text] [doi: 10.1111/j.1466-7657.2011.00964.X]

13. Meakim C, Boese T, Decker S, Franklin AE, Gloe D, Lioce L, et al. Standards of Best Practice: Simulation Standard I:
Terminology. Clin Simul Nurs 2013 Jun;9(6):S3-S11. [doi: 10.1016/j.ecns.2013.04.001]

14. BatistaR, MartinsJ, PereiraM, Mazzo A. [High-Fidelity Simulation in the Nursing Degree: gains perceived by students).
Rev Enf Ref 2014 Mar 15;4(1):135-144 [FREE Full text] [doi: 10.12707/R11113169] [Medline: 22153054]

15. Pinar G, Knight C, Gaioso V, Watts P, Dailey K, Britt S, et al. The effects of high fidelity simulation on nursing students
perceptions and self-efficacy of obstetric skills. Int Arch Nurs Health Care 2015 Dec 31;1(1):1-7. [doi:
10.23937/2469-5823/1510008]

16. Lopreiato JO. Agency for Healthcare Research and Quality. Rockville, MD; 2016. Healthcare Simulation Dictionary
URL :https.//www.ahrg.gov/sites/defaul t/fil es/wysiwyg/profess onal S/quality-pati ent-saf ety/pati ent-saf ety-resources/research/
simulation_dictionary/sim-dictionary.pdf [accessed 2019-02-11] [WebCite Cache ID 766yeNPXG]

17. Berman NB, Durning SJ, Fischer MR, Huwendiek S, TriolaMM. Therole for virtual patients in the future of medical
education. Acad Med 2016 Dec;91(9):1217-1222. [doi: 10.1097/ACM.0000000000001146] [Medline; 26959224]

18. Chang KK, ChungJ, Wong T. Learning intravenous cannulation: acomparison of the conventional method and the CathSim
Intravenous Training System. J Clin Nurs 2002 Jan;11(1):73-78. [Medline: 11845758]

19. RohYS, LeeW, Chung H, Park Y. The effects of simulation-based resuscitation training on nurses self-efficacy and
satisfaction. Nurse Educ Today 2013 Feb;33(2):123-128. [doi: 10.1016/j.nedt.2011.11.008] [Medline: 22153054]

20. Tsai SL, Cha S, HsiehL, LinS, Taur F, Sung W, et a. The use of virtua reality computer ssmulation in learning Port-A
cath injection. Adv Health Sci Educ Theory Pract 2008 Mar;13(1):71-87. [doi: 10.1007/s10459-006-9025-3] [Medline:
16944000]

21. Wilson-SandsC, Brahn P, Graves K. Theeffect of instructional method on cardiopulmonary resuscitation skill performance:
acomparison between instructor-led basic life support and computer-based basic life support with voice-activated manikin.
JNurses Prof Dev 2015;31(5):E1-E7. [doi: 10.1097/NND.0000000000000203] [Medline: 26381346]

22. Johnson D, Flagg A, Dremsa T. Effects of using human patient simulator versus a CD-ROM on |learning the management
of patients exposed to chemical agents. USArmy Med Dep J 2010:9-16. [Medline: 21181669]

23. Liaw SY,Wong L, Chan S, Ho J, Mordiffi S,Ang S, et al. Designing and evaluating an interactive multimedia web-based
simulation for devel oping nurses competenciesin acute nursing care: randomized controlled trial. JMed Internet Res 2015
Jan 12;17(1):e5-10 [FREE Full text] [doi: 10.2196/jmir.3853] [Medline: 25583029]

24. Faul F, Erdfelder E, Lang AG, Buchner A. G* Power 3: aflexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods 2007 May;39(2):175-191. [Medline: 17695343]

25. Duarte H. Perception of learning, satisfaction and self-efficacy of nursing students on high fidelity simulation. In: Leiria
School of Health. Leiria: Polytechnic Ingtitute of Leiria; 2015.

26. NunesR, Schwarzer R, Jerusalém M. Perceived General Self-Efficacy Scale. Berlin University: Health Psychology; 1999.
URL :http://userpage.fu-berlin.de/~heslth/selfscal.htm

27. Schwarzer R, Jerusalém M. Generalized self-eEfficacy scale. In: Measuresin Health Psychology: A User's Portfolio. Casual
and Control Beliefs. Windsor, England: NFER-NEL SON; 1995:A.

28. Scholz U, Gutiérrez DofiaB, Sud S, Schwarzer R. Isgenera sdlf-efficacy auniversal construct? Eur J Psychol Assess 2002
Sep;18(3):242-251. [doi: 10.1027//1015-5759.18.3.242)

29. Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, NJ: Lawrence Erlbaum Associates; 1988.

30. PadilhaJM, Machado P, Ribeiro A, Ramos J. Clinical virtual smulation in nursing education. Clin Simul Nurs 2018
Feb;15:13-18 [FREE Full text] [doi: 10.1016/j.ecns.2017.09.005]

31. Tschannen D, Aebersold M, McLaughlin E, Bowen J, Fairchild J. Use of virtual simulations for improving knowledge
transfer among baccalaureate nursing students. J Nurs Educ Pract 2012 May 13;2(3):15-24. [doi: 10.5430/jnep.v2n3pl5]

http://www.jmir.org/2019/3/e11529/ JMed Internet Res 2019 | vol. 21 | iss. 3| e11529 | p. 8

(page number not for citation purposes)


http://www.researchprotocols.org/2016/1/e26/
http://dx.doi.org/10.2196/resprot.4938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26888076&dopt=Abstract
http://www.jmir.org/2014/9/e214/
http://dx.doi.org/10.2196/jmir.3322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25230684&dopt=Abstract
http://mededu.jmir.org/2017/2/e21/
http://dx.doi.org/10.2196/mededu.8100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29097355&dopt=Abstract
http://dx.doi.org/10.1097/00001888-200506000-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15917357&dopt=Abstract
http://dx.doi.org/10.1016/j.ecns.2010.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27820553&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2923.2009.03547.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20078756&dopt=Abstract
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1466-7657.2011.00964.x
http://dx.doi.org/10.1111/j.1466-7657.2011.00964.x
http://dx.doi.org/10.1016/j.ecns.2013.04.001
https://www.researchgate.net/publication/263859429_Simulacao_de_Alta-Fidelidade_no_Curso_de_Enfermagem_ganhos_percebidos_pelos_estudantes
http://dx.doi.org/10.12707/RIII13169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22153054&dopt=Abstract
http://dx.doi.org/10.23937/2469-5823/1510008
https://www.ahrq.gov/sites/default/files/wysiwyg/professionals/quality-patient-safety/patient-safety-resources/research/simulation_dictionary/sim-dictionary.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/professionals/quality-patient-safety/patient-safety-resources/research/simulation_dictionary/sim-dictionary.pdf
http://www.webcitation.org/
                                            766yeNPXG
http://dx.doi.org/10.1097/ACM.0000000000001146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26959224&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11845758&dopt=Abstract
http://dx.doi.org/10.1016/j.nedt.2011.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22153054&dopt=Abstract
http://dx.doi.org/10.1007/s10459-006-9025-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16944000&dopt=Abstract
http://dx.doi.org/10.1097/NND.0000000000000203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26381346&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21181669&dopt=Abstract
http://www.jmir.org/2015/1/e5/
http://dx.doi.org/10.2196/jmir.3853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25583029&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17695343&dopt=Abstract
http://userpage.fu-berlin.de/~health/selfscal.htm
http://dx.doi.org/10.1027//1015-5759.18.3.242
https://doi.org/10.1016/j.ecns.2017.09.005
http://dx.doi.org/10.1016/j.ecns.2017.09.005
http://dx.doi.org/10.5430/jnep.v2n3p15
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Padilha et al

32.

33.

35.

36.

Sperl-Hillen J, O'Connor PJ, Ekstrom HL, Rush WA, Asche SE, Fernandes OD, et a. Educating resident physicians using
virtual case-based simulation improves diabetes management: a randomized controlled trial. Acad Med 2014
Dec;89(12):1664-1673 [FREE Full text] [doi: 10.1097/ACM.0000000000000406] [Medline: 25006707]

Tiffany JM, Hoglund B. Using virtual simulation to teach inclusivity: acase study. Clin Simul Nurs 2016 Apr;12(4):115-122.
[doi: 10.1016/j.ecns.2015.11.003]

BanduraA. Social Foundations of Thought and Action: A Social Cognitive Theory. Englewood Cliff, NJ: Prentice-Hall;
1986:A.

Berman N, Fall LH, Smith S, Levine D, Maloney CG, Potts M, et a. Integration Strategies for Using Virtual Patientsin
Clinical Clerkships. Acad Med 2009;84(7):942-949. [doi: 10.1097/ACM.0b013e3181a3c668] [Medline: 19550193]
Huwendiek S, Duncker C, Reichert F, De Leng BA, Dolmans D, van der Vleuten CP, et al. Learner preferences regarding
integrating, sequencing and aligning virtual patients with other activitiesin the undergraduate medical curriculum: A focus
group study. Med Teach 2013 Nov;35(11):920-929. [doi: 10.3109/0142159X.2013.826790] [Medline: 24003850]

Abbreviations

ICT: information and communications technologies
MANOVA: multivariate analysis of variance

Edited by G Eysenbach; submitted 10.07.18; peer-reviewed by P Sousa, M Triola; comments to author 14.10.18; revised version
received 21.12.18; accepted 03.01.19; published 18.03.19

Please cite as:

Padilha JM, Machado PP, Ribeiro A, Ramos J, Costa P

Clinical Virtual Smulation in Nursing Education: Randomized Controlled Trial
J Med Internet Res 2019;21(3):€11529

URL: http://Mmww.jmir.org/2019/3/€11529/

doi: 10.2196/11529

PMID: 30882355

©Jost Miguel Padilha, Paulo Puga Machado, Ana Ribeiro, Jos¢ Ramos, Patricio Costa. Originally published in the Journal of
Medical Internet Research (http://www.jmir.org), 18.03.2019. This is an open-access article distributed under the terms of the
Creative CommonsAttribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is
properly cited. The complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis
copyright and license information must be included.

http://www.jmir.org/2019/3/e11529/ JMed Internet Res 2019 | vol. 21 | iss. 3| e11529 | p. 9

RenderX

(page number not for citation purposes)


http://Insights.ovid.com/pubmed?pmid=25006707
http://dx.doi.org/10.1097/ACM.0000000000000406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25006707&dopt=Abstract
http://dx.doi.org/10.1016/j.ecns.2015.11.003
http://dx.doi.org/10.1097/ACM.0b013e3181a8c668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19550193&dopt=Abstract
http://dx.doi.org/10.3109/0142159X.2013.826790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24003850&dopt=Abstract
http://www.jmir.org/2019/3/e11529/
http://dx.doi.org/10.2196/11529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30882355&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

