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Editorial on the Research Topic

Healthcare Simulation and Online Learning

Healthcare simulation, delivered in multiple formats inclusive of online learning, has become more
important than ever with the changing perceptions among both healthcare professionals and
patients about how healthcare training should be conducted, and the central focus on patient
safety and clinical competence. The idea of a research topic on healthcare simulation and
online learning was first mooted following the inaugural conference of the Malaysian Society
for Simulation in Healthcare (MaSSH) in March 2018, seriously pursued after the second
MaSSH Conference in July 2019, and submitted to Frontiers in Surgery in 2020. However, in
2020 the COVID-19 pandemic struck, hence lending more weight to virtual simulation-based
training, as well as swinging the pendulum of teaching and learning in all fields towards the
online platform. We were therefore curious to know how this has impacted healthcare training
in various localities globally. In fact, it was pertinent to reflect on strategies that were emerging
due to the COVID-19 pandemic.

An editorial team consisting of individuals from different countries was assembled. The team
moved through the task and communicated online managing the different time zones, an
approach that reflected the theme of this special issue. The research topic was open to all
scholars and clinicians, and submissions from numerous professions were received. A total of
32 manuscript submissions were submitted, out of which 15 were finally accepted, hence the
work is now available as an eBook. As of 14 May 2022, the number of online views has
exceeded 33,900 inclusive of North America, United Kingdom, Europe, and Asia, clearly
demonstrating the popularity and global interest in the topic [Healthcare Simulation and
Online Learning | Frontiers Research Topic (frontiersin.org)].

The response to this research topic has been an eye opener, as seen from the statistics presented
earlier. Even though we have received a record number of submissions and online views, what is
especially encouraging has been the diversity of the submissions. This diversity is in the form of
article content, and the geographical regions from where the submissions have arisen, mirroring
the diverse backgrounds of the guest editors of this research topic. It is heartening to note that
many submissions have come from the Asian continent, which is a step in the right direction
to make the topic more inclusive. This is also likely to have a spin off effect for the other
journals in the Frontiers stable.
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To illustrate this point, in terms of geographical distribution
there were eight articles from Asia, four from Europe and one
each from the United States, Brazil and Australia. In terms of
article content, topics ranged from healthcare education to
patient education and technology in simulation. To highlight a
few, Valentim and co-authors looked at the value of online
educational strategies for educating healthcare workers on the
specific issues which impacted the health of prisoners in
Brazil’s correctional system. Mohamad et al looked at how
ontology could be used to explore the process of virtual reality
(VR) simulator development and utilization. Mockrezecki and
co-authors incorporated pharmacy faculty for training final
year medical students, a classic example of interprofessional
education (IPE), showcasing the benefits of learning together
and sharing perspectives in order to understand and
consolidate teamwork. The principle of building awareness of
others’ roles, specialty knowledge and contribution to patient
care was explored through a pilot study, which demonstrated
that through simulation role-play, medical students’
prescribing skills improved significantly with pharmacist-led
education. This represents a solid foundation for expanding
such an approach to larger groups and highlights its potential
to be formally included into future curricula. Another
perspective was the utilization of simulation-based education
(SBE) in conducting a low-fidelity low-cost in-situ neonatal
resuscitation program (Pong et al). The approach was well
received by major stakeholders, leading to funding of this type
of training, which is well suited to low resource settings. From
not knowing whether we would get enough articles for this
research topic, to having the pleasure of such a broad tapestry
of articles to review, has been a profoundly enriching
experience. This reflects the growing uptake and broad
applicability of contemporary technologies in health
professions education and clinical training.

The sophisticated technologies described within this
collection of publications are testament to the current trend
in healthcare education. SBE through VR-based training
(VRT) was the theme of two publications under this research
topic (Mohamad et al, Favier et al), whilst another group
described the use of augmented reality (AR) (Cofano et al) in
a prospective case series that involved telementoring,
hologram and 3D reconstruction in spinal surgery. The use of
AR and VR was propagated during the pandemic that
imposed huge limitations and obstacles to face-to-face
physical classroom teaching-learning activities throughout
2020–2022. Adapting educational materials and adopting
online or blended approaches to maintain training and
certification during these clinically challenging times was
imperative to ensure a sustainable workforce across the globe.
Mohamad et al highlighted the development of VRT
according to an effective ontology design, offering a different
and useful perspective and direction for those wishing to
incorporate VRT into the healthcare domain. The authors
proposed a solid knowledge base be established to enable a
comprehensive strategy for the development of VRT
specifically the design of future VR applications especially in
the healthcare domain.
Frontiers in Surgery | www.frontiersin.org 26
Haptic technology in VRT improved the way in which
surgical training could be delivered and was seen as a game-
changer in surgical-based training, now and for decades to
come (Favier et al). The introduction of haptics in VRT
produced more immersive training opportunities in many
surgical-based fields, compared with traditional training
methods. Previously, most surgical training was conducted on
patients, leaving very little room for error. The introduction of
haptic technology in VRT allowed trainees to hone their
surgical skills more quickly through repetitive, flexible and
individualized training without fear of making mistakes,
potentially shortening the learning curve of a surgeon.

During the COVID-19 pandemic, clinical teaching and the
usual classroom-based continuing-medical-education (CME)
sessions were significantly disrupted. Medical students in most
countries could not access clinical areas such as wards,
operating theatres, and emergency rooms, leading most
clinician-educators to turn to online teaching approaches
through telesimulation and video-based learning. Even though
students still preferred the face-to-face approach (Saiboon
et al), remote online learning became the lifeline to clinical
teaching through an online CME approach (Schulte et al). For
simple cognitive learning, like teaching disaster response
medicine to preclinical undergraduate medical students, an
asynchronous approach was successfully implemented through
the e-learning in teaching emergency disaster response
(ELITE DR) module (Saiboon et al). This module allowed
flexibility for students to access the teaching material at any
time from any place. Skills based teaching as in performing
focused assessment with sonography in trauma (FAST) was
conducted successfully through the self-instructional-video
(SIV) approach (Isa et al). The authors demonstrated that SIV
teaching was not inferior to face-to-face classroom teaching.
In fact, training of a more complex surgical procedure like
sinus surgery was successfully conducted online using a
combination of telesimulation, web-conferencing and task
trainer (using 3-D printed sinus models) together with remote
supervision and feedback from the subject matter expert
(Suzuki et al). Apart from simple cognitive and psychomotor
skills training, interactive video usage also promoted teaching
of higher order thinking and teamwork, and enhanced the
perception of authenticity during online training (Musa et al).

Another important point to emphasize in relation to online
video-based learning was the benefit of preparatory
educational video material to be viewed before the actual
teaching session. This exposure promoted students’ curiosity
level and correlated positively with subsequent learning and
understanding of the topic (Ho et al). In addition, educational
videos played a vital role in patient education by reducing
preoperative anxiety among parents and their children who
were scheduled for surgery (Härter et al).

In summary, it has been a rewarding journey indeed for all
four guest editors of this research topic. The project has
reaffirmed our belief in simulation as a universally accepted
educational modality; the included articles are proof that
simulation is adaptable to online platforms and applies across
geographical boundaries. Newer cutting-edge technologies
2022 | Volume 9 | Article 944020
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offer added and flexible dimensions to the learning experience
which, going forward, are likely to be adopted as a matter of
routine, judging by the rapidity of development of
applications for these modalities in SBE. The beginning has
been great; it is now time to carry the journey forward where,
based on the level of interest, an entire Frontiers journal on
simulation and online learning may emerge, reflected by the
level of interest from this current endeavour.
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Simulation-based education (SBE) is increasingly used as an education tool to improve

learning for healthcare providers. In newborn care practice, SBE is used in the Neonatal

Resuscitation Program (NRP) and training in procedural skills. The NRP is a mandatory

course in Malaysia for all house officers (interns) and medical officers (residents) during

their pediatric rotation. Almost 30,000 of NRP providers have been trained over the last 5

years. The recent establishment of the Allied Healthcare Center of Excellence (AHCoE),

an organization dedicated to promoting SBE, and Malaysian Society for Simulation in

Healthcare (MaSSH) aims to enhance the integration of SBE into the healthcare training

curriculum and set up a local healthcare simulation educator training program. Our

experience in implementing SBE necessitated that we made several important choices.

As there was no strong evidence to favor high-fidelity over low-fidelity simulation, and

because simulation centers can be very costly to set up with limited resources, we

chose SBE mainly in the form of low-fidelity and in situ simulation. We also identified

an important developmental goal to train Malaysian instructors on structured debriefing,

a critical activity for learning in SBE. Currently, debriefing is often carried out in our centers

at an ad hoc basis because of time limitation and the lack of personnel trained. Finally,

we aim to implement SBE further in Malaysia, with two axes: (1) the credentialing and

recertification of physicians and nurses, and (2) the education of lay caregivers of high-risk

infants before discharge from the neonatal intensive care unit.

Keywords: simulation-based training, low-fidelity simulation, procedural skills, lay caregivers, debriefing, neonatal

resuscitation, in situ simulation, interprofessional team

INTRODUCTION

In the past 10 years, simulation-based education (SBE) has been increasingly used as an educational
tool to improve learning for healthcare providers. SBE is defined as an array of structured activities
that represent actual or potential situations in education and practice. These activities allow
participants to develop or enhance their knowledge, skills and attitudes, or to analyze and respond
to realistic situations in a simulated environment (1, 2). Realistic scenarios in SBE aim to achieve
“suspended disbelief” among trainees by replicating real-life situations with high fidelity (3). The
anesthesia community first adopted SBE formedical training by usingmanikins in basic life support
training (4, 5). Successful use of SBE has been reported subsequently in other specialties (e.g.,
emergency medicine, pediatrics, obstetrics and gynecology) (6–10). When SBE is implemented by
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experienced healthcare educators, it allows learning from
mistakes, safe experimentation, deliberate practice, and
standardized assessment of competency (11). With the
increasingly higher number of medical graduates produced
in countries such as Malaysia, there is as such, a declining
opportunity for real-life neonatal resuscitation experiences
for trainees1. Consequently, a new paradigm shift from the
traditional “see one, do one, teach one” situations to using
medical simulation in learning new skills and achieving
competency has emerged.

This review discusses the application of simulation in
teaching neonatal resuscitation and procedural skills as the
core perspective in the development and promotion of SBE in
neonatal practice in Malaysia.

THE INTRODUCTION AND DEVELOPMENT
OF A NATIONAL NRP

In September 1996, the Department of Pediatrics of the Universiti
Kebangsaan Malaysia (UKM), the Ministry of Health (MOH) of
Malaysia and the Perinatal Society of Malaysia (PSM), officially
introduced the Neonatal Resuscitation Program (NRP) in this
country (12). To ensure a successful dissemination of the
program nationwide, the NRP textbook, instructors’ manual and
test questions were translated into the local Malay language
before the Malaysian NRP was launched. Professor Ronald
Bloom from the USA was invited to Kuala Lumpur in 1996
to train the first batch of six core NRP instructors. These six
instructors trained another 31 doctors and 6 nurses from all
of the 13 states in Malaysia. Textbooks, instructor manuals,
test questions, and manikins were then distributed to these
core instructors for them to initiate the NRP training in their
respective home states.

Dissemination of the NRP in Malaysia during the first 2 years
was very encouraging. Of the first batch of 37 core instructors,
35 (94.6%) carried out training courses in their respective home
states. This resulted in 513 new instructors and 2,256 providers
who were trained and certified among health personnel from all
over the country (13). Currently, there are 576 active instructors
in Malaysia and a total of 29,152 NRP providers trained over
the last 5 years (Table 1). The PSM is a professional non-
governmental organization (NGO) that has taken the initiative
to monitor the teaching activities of the NRP instructors as well
as being engaged in the re-certification of providers (personal
communication with Dr. See KC, director of NRP and affiliated
to PSM).

This being a joint-venture effort by an NGO and the
university, backed by a government agency (the MOH of
Malaysia), showed that it is possible to successfully develop
a locally customized NRP based on the original educational
materials from an external source, in this case, the American
Academy of Pediatrics. With the Malaysian NRP, it is
encouraging to note that this SBE program goes in tandem

1Government to resolve issue of housemen placement. Available online at:

https://www.nst.com.my/news/nation/2018/06/378286/government-resolve-

issue-housemen-placement (accessed June 19, 2020).

with the improvement of health indicators of this country. The
birth asphyxia-related mortality rate has declined to less than
one in a million; perinatal mortality rate (PMR) and early
neonatal mortality rate (NMR), have declined and stabilized to
about eight and four in 1,000 live births, respectively, despite a
rising preterm birth rate which doubled in 2013 and 2014. The
Malaysian NRP is adjudged to have a positive impact on perinatal
and neonatal care of this country (14). For the continuity of
this quality improvement intervention, the NRP is a mandatory
course funded by the government for all the pediatric house
officers and medical officers in Malaysian public and teaching
hospitals (15).

INTEGRATING SBE IN THE NRP TRAINING

The earlier versions of NRP training consisted of didactic
lectures, videos and skill stations, at which trainees practiced
procedural skills on manikins. With this approach, the retention
of knowledge and skills among the trainees reportedly lasted
for only 6 months (16). The latest version of NRP integrated
SBE with emphasis on team performance and behaviors during
neonatal resuscitation. It utilizes a multiple learning approach,
i.e., online testing, online case-based simulations, practical case-
based simulation and debriefing which focus on key behaviors
such as communication, critical leadership, and team-work skills
(12). Some groups further showed significant improvement in
confidence and performance levels among the learners who
had a combined traditional and simulation based NRP course
compared with the traditional alone. There was apparent
improved teamwork and technical skills among the team
members in high-fidelity simulation neonatal resuscitation in
the delivery suites (17–20). Of note, a study reported reduction
in the incidence of hypoxic-ischemic encephalopathy from 37.3
to 13.6 per 10,000 births after a simulation-based training for
the perinatal team (21). This highlights the potential benefit of
simulation-based training on patient outcomes. Similarly, the
Malaysian NRP is deemed to positively impact perinatal-neonatal
health outcomes of this country. The Malaysian NRP follows
closely the updated versions of its original predecessor.

HIGH-FIDELITY SIMULATION VS.
LOW-FIDELITY SIMULATION

Fidelity is the principle of simulating a situation to realistically
imitate true physiological realism. High-fidelity simulation
(HFS), defined as simulation experiences that are extremely
realistic and provide high level of interactivity and realism for
the learner using technically sophisticated and computerized
simulators manikins, has been used to enhance resuscitation
education. On the other hand, low-fidelity simulation (LFS) is
defined as simulation training that does not need to be controlled
or programmed externally for the learner to participate; examples
include case studies, role playing, or task trainers used to support
students or professionals in learning a clinical situation or
practice (2). The context of high- or low-fidelity may be viewed
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TABLE 1 | NRP-trained providers in relation to Malaysian annual live birth, perinatal mortality, and neonatal mortality rates during two different decades.

Year Number of

trained

providersβ

Annual live

birth∧

Perinatal

mortality rate+

(per 1,000 live

birth)

Neonatal

mortality rate+

(per 1,000 live

birth)

Asphyxia

mortality rate+

(per 1,000,000

live birth)

Preterm

delivery#

(Percentage of

total deliveries)

1996* 198 544,302 9.1 6.0 na na

1997* 1,567 540,486 9.0 6.0 na na

1998* 2,064 524,696 7.9 5.2 na na

1999* 1,940 521,870 7.3 4.5 na na

2010 na 491,239 7.7 4.3 4.4 8.1

2011 na 511,594 7.6 4.2 4.0 10.4

2012 na 508,774 7.3 4.0 1.9 11.3

2013 na 503,914 7.3 4.0 2.3 22.1

2014 na 511,865 7.2 3.9 2.0 21.9

2015 na 521,136 7.7 4.3 1.5 12.4

2016 4,362 508,203 8.3 4.2 1.1 11.7

2017 5,906 508,685 8.7 4.4 0.8 8.9

NRP, Neonatal Resuscitation Program; na, not available.
*Data from Boo et al. (14).
βFrom the database of the Perinatal Society of Malaysia.
∧Data from the Department of Statistics, Malaysia2.
+Data from the Ministry of Health, Malaysia3.
#Data from the National Obstetrics Registry, Malaysia4.

critically as simulation environments may also influence the
learning and behavior change of the student.

Residents trained with high-fidelity simulators in neonatal

resuscitation performed better in written test scores and a
shorter duration taken to achieve successful intubation (22).

However, there was no difference between the high- and low-
fidelity training in terms of NRP performance score and the

resuscitation duration. A randomized trial further demonstrated
that there was no significant difference in the performance
scores between low-fidelity and high-fidelity in NRP
training (23).

Based on these, there is no strong evidence as yet to
recommend the use of HFS over LFS. The cost of HFS may be
overbearing to many centers in the developing world. There are
only a few institutions in Malaysia that have the resources and
are equipped with high-fidelity simulators. In a recent survey
conducted informally through a neonatal simulation network
in Malaysia, only five out of 32 (15.6%) hospitals run HFS.
These centers are SBE-dedicated establishments such as the
Allied Healthcare Center of Excellence (AHCoE), and several
academic teaching hospitals. Those centers that do not run HFS
quoted financial constraint as the main obstacle and more than
three-quarter would like to have HFS made available with the
opinion that this modality may enhance outcomes. Even so,
it is important to emphasize that low-fidelity training can be

2Department of StatisticsMalaysia Official Portal. Available online at: https://www.

dosm.gov.my (accessed December 30, 2020).
3Petunjuk Kesihatan. Malaysia Ministry of Health. Available online at: https://

www.moh.gov.my/index.php/pages/view/58 (accessed December 30, 2020).
4National Obstetrics Registry Annual Report. National Obstetrics Registry

Malaysia. Available online at: http://www.acrm.org.my/nor/ (accessed December

30, 2020).

as effective as HFS and the focus should be on the learning
objectives and choosing a simulation modality that best
meets those needs. The majority of Malaysian centers are
still opting for low-fidelity manikins in their resuscitation
training programs.

IN SITU SIMULATION IN THE TRAINING OF
PROVIDERS

Recently, in situ simulation has become a popular form of SBE.
In contrast to a dedicated simulation center, in situ simulation is
held in the actual patient care setting in an effort to achieve a high
level of fidelity and realism; for example, in theNICU, ambulance,
small aircraft, or catheterization lab. This training is valuable to
assess, troubleshoot, or develop new system processes (2).

It allows team members to train in handling rare complex
events, to evaluate their team dynamics, and to assess the hospital
and departmental policies/procedures in real locations and in real
time. It may help to reveal latent safety issues in their actual work
environment for potential quality improvement (24–26).

A study has shown significant improvements in teamwork and
technical skills of staff members in initial neonatal resuscitation
in the labor room after an in situ session. The median
technical score and the median team score were significantly
higher for the scenarios run, with a significant reduction
in the number of hazardous events and an improvement
in achieving the targeted heart rate (20). Furthermore, an
unannounced mock drill in an in situ simulation was reported
to improve the observance and performance of adopted best
practices and self-confidence among residents during neonatal
resuscitation (27).
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As the cost of setting up is relatively cheaper compared to
that of a simulation center, in situ simulation is an attractive SBE
model for Malaysia and other developing countries. In a recent
poll of 32 Malaysian hospitals, almost 80% stated that SBE for
newborn care providers was delivered in situ at the neonatal ward
or NICU. Only six centers run their simulation in a simulation
center (unpublished data).

PROCEDURAL SKILLS TRAINING

In neonatal practice, an important component of training is
in procedural skills. This is essential in achieving competency
prior to performing on the real patient especially when dealing
with risky procedures (28–30). In recent years, unlike in
resuscitation training programs, HFS has proved to be an
effective tool in teaching the skills of airway management,
and served as an assessment tool for competency in
airway management among pediatric residents (31). Some
researchers have shown that using an infant chest tube
insertion model that they created, there is a significant
improvement in skill scores, knowledge and confidence after
SBE together with retention of skills even after 1 month
(32). Moreover, the Accreditation Council for Graduate
Medical Education (ACGME) has accepted competence level of
trainees on certain procedural skills such as intraosseous and
umbilical catheter placement which are done in a simulated
setting (33).

Currently, the procedural training for medical
and nursing students, pediatric residency trainees in
Malaysia infrequently utilizes manikins. A few simulation
centers in the country are in the process of organizing
bootcamps/workshops for procedure skill training,
especially for those in pediatric residency programs.
The COVID-19 pandemic is also making many teaching
institutions to re-strategize in investing more heavily in
SBE, obtaining high-fidelity manikins and task trainers even
for assessments.

INTER-PROFESSIONAL TEAM TRAINING

Neonatology is a very good example of crisis resource
management (CRM) where obstetricians, neonatologists,
midwives, neonatal nurses work together to provide the best
possible care for the baby, usually in stressful situations.
Moreover, with the exposure to CRM, there was an overall
improved trainees’ self-perception, which directly led to an
improvement in the time taken to initiate critical steps in
pediatric resuscitation (pulse check, calling for help, setting
intravenous access and placement of chest leads) (34, 35).
The above studies suggest that CRM training in SBE may be
effective in promoting the behaviors that affect the outcomes
in resuscitation.

The latest version of NRP has included emphasis on CRM by
incorporating the 10 key behavioral skills and team performance
into the revised syllabus (36). Local unpublished data indicated
that almost half of the 32 Malaysian NICUs surveyed, run

interprofessional team (IPT) training. Even so, up to three
quarter of these centers still carried out SBE separately for a
particular profession only, for example a NRP provider training
course may be entirely subscribed by nurses. Although we are
moving toward promoting more IPT in SBE, in many situations
there may be a need to cater to a particular category of healthcare
professional because of an overwhelming response. In some
cultures, the lack of assertiveness in communicating may be an
impediment to IPT training. Hence, there may be some necessary
modifications to cater to the local context to enhance team
involvement in the training for CRM.

DEBRIEFING

Debriefing is considered to be a crucial component of SBE.
The learners will have the opportunity to recover from the
stressful scenarios, make sense of the simulation activities, reflect
and evaluate their performance to change the way they think
and practice to consolidate their learning. A systematic review
revealed that simulation with debriefing has a favorable effect on
learning outcomes when compared with no intervention (37).

Neither video-assisted nor oral debriefing solely conferred
any extra benefit. There was, however, significant improvement
in the NRP performance scores in both groups after debriefing
(38). A personal observation by the first author of this article,
was that nurses in Malaysia were generally less communicative
during the SBE sessions he conducted. Video-assisted debriefing
may be useful in such situations, with trained simulation
educators playing back the video to highlight some essential
learning points.

In a recent local survey, only slightly more than half of the 32
centers hold a debriefing session after each SBE. Time limitation
is also a factor in carrying out debriefing especially in centers
that are busy with a heavy workload and lacking in staff. Of the
13 NICUs that organized “train-the-trainer” simulation educator
course, only six hold a debriefer course. Effective debriefing
needs simulation educators who have the skills and knowledge in
conducting debriefing, such as those who are CertifiedHealthcare
Simulation Educatorr (CHSEr). Some reports indicated that
structured debriefing after handling the management of cardiac
arrest, accelerated the return of spontaneous circulation and
improved neurologic outcome of real patients (39, 40). As such,
there is immense potential of debriefing as a useful educational
and quality improvement tool. There are currently three CHSEr

trainers in Malaysia who plan to hold more local courses that
focus on the training to perform structured debriefing.

SBE IN THE TRAINING OF PROFESSIONAL
AND LAY PROVIDERS

The use of simulation-based training has been widely adopted
in the USA, with 81% among the respondents of the
Neonatal-Perinatal Medicine fellowship programs reportedly
used simulation (41).

Simulation-based training/assessment is gradually
incorporated into the pediatric residency training programs
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in Malaysia, as trainees are required to undergo successfully and

be certified as providers in NRP and Pediatric Advanced Life

Support (PALS), respectively.
In family-centered care, the involvement of parents or the

caregiver is crucial before a high-risk neonate is discharged from

the NICU5. The transition from NICU to home often results in

much anxiety to the family. SBE may mitigate such a stressful

period. Scenarios mimicking clinical conditions

5The Eight Principles of Patient-Centered Care Oneview. Available online at:

https://www.oneviewhealthcare.com/the-eight-principles-of-patient-centered-

care/ (accessed September 16, 2020).

involving the infant can be simulated using various models
and manikins. Family members are then encouraged to
participate in multiple simulation sessions paced accordingly
over a period of time, with them attending to various scenarios
which include life-threatening conditions (42). With SBE,
caregivers are more confident and prepared to handle emergency
situations and resuscitation. Consequently, they feel more ready
and confident in creating a safer environment for their infant
(43). In Malaysia, more than half of the surveyed NICUs have
healthcare providers entrusted to routinely educate caregivers
regarding infant care and safety when at home (local unpublished
data). Before discharge, important topics relating to responses to

FIGURE 1 | Basic life support simulation training for lay caregivers of infants before discharge from the NICU. The step-by-step instruction when encountering an

unresponsive infant includes, (A) listen for breathing, (B) perform chest compression, (C) give rescue breaths. In an infant suspected of choking, (D) opening mouth to

look for and clear any foreign objects, (E) perform back blows. Written informed consent was obtained from the individual for the publication of any potentially

identifiable images included in this article.
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common emergencies and basic life support are relayed utilizing
simulation with the appropriate models andmanikins (Figure 1).

RECENT DEVELOPMENTS AND
ADDRESSING CHALLENGES IN SBE

The SBE is faced with challenges that include limited resources
and the lack of qualified or trained instructors. Trained
healthcare simulation educators are mostly based in the
university and tertiary referral hospitals. Recently, the UKM
Medical Center in Kuala Lumpur has become a pacesetter
when it became an authorized international training center
for the AHA-sanctioned resuscitation programs. There is
an increasing need for universities to lead in setting up
simulation centers for training and assessment of competencies
in resuscitation and procedural skills. A survey on the
academic healthcare institutions in Malaysia identified the
common challenges as financial support, insufficient of trained
faculty and lack of available facilities. Most faculty staff had
attended technical training, but there was still little training
and development courses for educators opting for this career
advancement pathway. Utilization of resources was also limited
for research (44).

The AHCoE is an institution that originated as a not-for-

profit organization. It was set up with a grant from the Malaysian
Federal Government to create a regional shared network of

educators dedicated to improve patient care6. Established in

March 2010, the mission of the center includes effective
integration of SBE. The establishment of the Malaysian Society

for Simulation in Healthcare (MaSSH) signifies the country’s
further commitment to advance healthcare simulation training.

The MaSSH was founded in 2016 and recently the society has

collaborated with other healthcare simulation societies across the
region, including the Society for Simulation in Healthcare (SSH)

and Pan Asia Simulation Society in Healthcare (PASSH)7. In the

pipeline is initiating the certification of healthcare simulation

educators in Malaysia to ensure the provision of high-quality

SBE. For a start, the SSH has just established a center for CHSE

exam in Kuala Lumpur in 2020.
Collaborative efforts with NGOs also saw three neonatal

emergency simulation (NESim), “train-the-trainers” workshops
being organized by the MOH and PSM. NESim is a one-
day simulation workshop with the participants handling real
life neonatal emergency conditions and learning to perform
optimally in stressful circumstances using manikins. The
workshop comprised of interactive lectures and group learning
activities, which include simulation scenarios and debriefing. A
total of 54 participants were trained so far and these trainers were

6Allied Healthcare Center of Excellence. Available online at: https://ahcoe.my/

(accessed June 22, 2020).
7About Us -MaSSH. Available online at: https://massh.org.my/about-us/ (accessed

June 22, 2020).

then to carry out training of their own staff in their respective
hospitals. The AHCoE is also in the process of developing
a Neonatal Simulation Educator (Train-the-Trainer) course
in collaboration with the MaSSH. A mentorship program is

also planned to guide the novice simulation educator who
just qualified.

CONCLUSION

Collaboration between the university and NGO created the
impetus to initiate the NRP in Malaysia. Positive healthcare
outcomes were seen consequently with major stakeholders
commenced funding of simulation-based training in neonatal
resuscitation, utilizing low-fidelity and in situ simulation for
newborn care providers. SBE is increasingly becoming a tool for
assessment of competency and a requirement for credentialing in
specialist board registration and practice recertification.
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Background:While performing surgeries in the OR, surgeons and assistants often need

to access several information regarding surgical planning and/or procedures related

to the surgery itself, or the accessory equipment to perform certain operations. The

accessibility of this information often relies on the physical presence of technical and

medical specialists in the OR, which is increasingly difficult due to the number of

limitations imposed by the COVID emergency to avoid overcrowded environments or

external personnel. Here, we analyze several scenarios where we equippedOR personnel

with augmented reality (AR) glasses, allowing a remote specialist to guide OR operations

through voice and ad-hoc visuals, superimposed to the field of view of the operator

wearing them.

Methods: This study is a preliminary case series of prospective collected data about

the use of AR-assistance in spine surgery from January to July 2020. The technology

has been used on a cohort of 12 patients affected by degenerative lumbar spine disease

with lumbar sciatica co-morbidities. Surgeons and OR specialists were equipped with

AR devices, customized with P2P videoconference commercial apps, or customized

holographic apps. The devices were tested during surgeries for lumbar arthrodesis in a

multicenter experience involving author’s Institutions.

Findings: A total number of 12 lumbar arthrodesis have been performed while

using the described AR technology, with application spanning from telementoring (3),

teaching (2), surgical planning superimposition and interaction with the hologram using

a custom application for Microsoft hololens (1). Surgeons wearing the AR goggles

reported a positive feedback as for the ergonomy, wearability and comfort during the

procedure; being able to visualize a 3D reconstruction during surgery was perceived as

a straightforward benefit, allowing to speed-up procedures, thus limiting post-operational

complications. The possibility of remotely interacting with a specialist on the glasses was

a potent added value during COVID emergency, due to limited access of non-resident

personnel in the OR.
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Interpretation: By allowing surgeons to overlay digital medical content on actual

surroundings, augmented reality surgery can be exploited easily in multiple scenarios

by adapting commercially available or custom-made apps to several use cases. The

possibility to observe directly the operatory theater through the eyes of the surgeon

might be a game-changer, giving the chance to unexperienced surgeons to be virtually

at the site of the operation, or allowing a remote experienced operator to guide wisely

the unexperienced surgeon during a procedure.

Keywords: augmented reality, telementoring and surgery, spine surgery, hologram 3D display, remote assistance,

COVID emergency, AR surgery, remote proctor

INTRODUCTION

The challenges of learning, planning and performing procedures
in spine surgery have been enriched by the recent development
of new technological tools and instrumentations, able to
assist surgeons and reducing surgical invasiveness (Minimally-
Invasive Surgery, MIS) but maintaining a valuable profile
of safety (1–5). One of the most promising applications
of advancements in visual/haptic display technologies and
computational power is represented by augmented reality (AR)
(6), an emerging technological field. After the developments and
further drops of prices for the Virtual Reality (VR) headsets,
few companies have started the development of AR glasses. First
commercial AR headsets available on market were the Epson
Moverio BT-200, allowing imaging superimposition thanks to
an integrated camera and tracking systems. The advantage of
this system, now updated and evolved with better sensors,
is to be able to interface with Unity, a game engine that
can be used to create custom tools for 3D visualization and
tracking and that became popular thanks to VR and gaming
industry. Also, the possibility of stereoscopic vision allows
projection of three-dimensional objects on the user eyesight;
superimposition of digital content to the real field of view
creates a digital hologram, which can be informative of the
observed reality.

While performing surgeries in the operating room (OR),
surgeons and assistants often need to access several information
regarding surgical planning and/or procedures related to the
surgery itself, or the accessory equipment to perform a wide
spectrum of operations (7). Furthermore, as known, the shape
and timing of surgical learning curve for surgeons strictly
relies on the possibility to physically access the OR and learn
procedures from other experienced colleagues in a space/time-
dependent and limited manner; all these processes could be eased
by AR.

Interactions with such digital objects were something
considered science fiction, as seen in movies projecting us in
the future; nevertheless, recently Microsoft implemented this
technology with the “hololens,” an AR visor with a tracking
system able to recognize hand motion thus allowing interactions
with holograms. Most likely this technology will access the
general consumer market within the next 10 years. Our group
has already large experience with mixed reality, having worked

on one of the first large-scale setups for AR interactions “CAVE”
(8), which was at the basis of the idea of engineering a portable
system projecting hologram to assist neurosurgery.

Generating 3D models from medical images does not imply
similar challenges compared to electron micrographs (8–12)
(segmentation of the latter type requires knowledge from the
user of the observed image, and generation of masks could take
longer, although semi-automated or fully automated techniques
can speed up the process) (12). On the contrary, medical images
such as CT scans or MRI are often black and white images, that
could be easily binarized and hence used to generate directly a
three-dimensional object. Here, we propose to use techniques
used for segmentation of microscopy images to clinical medical
images, in order to generate 3D dimensional models that could
be used as holograms to be projected on stereoscopic AR
glasses, allowing the visualization of models with integrated
surgical planning.

Another practical case for the use of the AR was to face
the number of limitations imposed by the COVID emergency.
Indeed, during months of hard lockdown, until recently, access
to OR was limited, with strict regulations regarding personnel
allowed to enter surgical theater. For several procedures,
external experts or consultants were needed to assist for specific
procedure, like setting up special equipment, or assist during
surgery for the implant of new devices. Since access to the OR
was not free to specialists, AR came in handy by allowing these
experts to pilot these particular operations directly.

In this paper several scenarios of AR-assisted spinal
procedures are presented, in order to show and describe all the
potential benefits and caveats in the processes of mentoring,
coaching and assistance to the surgical staff. We were able
to demonstrate how AR is beneficial during special surgical
procedures. The flexibility and easiness to use of the software
platformmakes the system suitable for multiple devices; AR have
the potential to make this setup a standard equipment in the OR,
such as surgical scissors and scalpels.

METHODS

This study is a preliminary case series of prospective collected
data about the use of AR-assistance in spine surgery from January
to July 2020. The technology has been used during surgeries
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for lumbar arthrodesis in a multicenter experience involving
author’s Institutions.

COHORT

We selected a cohort of 12 patients that required lumbar
arthrodesis surgery for degenerative lumbar spine disease.

IMAGING AND 3D RECONSTRUCTION

CT Scans used to classify and plan surgery were acquired
carefully using a z spacing allowing smooth 3D reconstructions
without visible artifacts during the renderings. Image
segmentations and 3D reconstructions were obtained either
using a pipeline developed for electron microscopy stacks at
nanometer resolution (11, 13) or with the Horos software,
available for free.

AUGMENTED REALITY HEADSETS

In order to visualize digital content, or participate to an
interactive session using augmented reality (AR), we took
advantage of four different state of the art AR goggles: the Epson
BT-300 and BT-350, both allowing HD projection, with a 5
MPx camera on board, and the Vuzix Blade, also allowing HD
projection (Figure 1). The latter is equipped though with a 8Mpx
camera on board, allowing higher resolution video streaming,
which is then better suited to visualize surgical details provided
by the first operator. All these systems are wearable with ease,
and can be used with TeamPilot app, allowing to send the audio-
video stream to a remote user running the TeamViewer app on
a pc, smartphone or tablet (Figure 1). Remote users can take
snapshots and create visual clues such as arrows or doodles on a
still frame that can be visualized on the eye of the user wearing the
goggles (Supplementary Video 1). Despite the use of different
headsets, powered by different head-mounted display (HMD)
technology, all of them were running the same software tool (see
next section Software Tools). This allowed us to assess the use

FIGURE 1 | Graphical representation of AR information flow between OR and remote users. Top panel: key personnel in the OR (i.e., physician, technical specialists,

surgeons) wearing AR goggles equipped with software for digital content superimposition (Unity custom tool) and/or video streaming and interaction (e.g., Teamviewer

Pilot) from the OR. Goggles models from the left: Microsoft Hololens, Vuzix Blade, Epson BT-350, Epson BT-300. Bottom panel: personnel outside the OR can

visualize the video streaming from goggles equipped with Teamviewer Pilot via TeamViewer app on laptops, tablets or smartphones.
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of the technique, rather than the headset technology per se. For
one case we have used Microsoft Hololens 1, which are equipped
with a 8MPx camera and HD stereoscopic projection. To take full
advantage of the stereoscopic view of the system, we developed a
custom-made app using Unity.

SOFTWARE TOOLS

TeamViewer pilot is a cross platform remote assistance software
that was developed and enhanced for the purpose of exploiting
AR and AI features combined (Figure 1). Key personnel wearing
the AR goggles operate with TeamViewer Pilot at one end,
interacting with other users equipped with a TeamViewer
remote client at another one, running on a laptop or tablet.
Both software applications require fast connections in order to
perform relatively smooth. As part of the routinely preparations
of the OR, it is recommended to check on any updates that may
occur to the OR access link to its Internet Service Provider (ISP)
to limit the occurrence of technical issues during the operation.
A dedicated connection link is also desired. Our setup has tested
an average bandwidth and delay values of 60 Mbps downstream,
90 Mbps upstream and a ping value of 50ms. Other parameters
that need to be adjusted within the TeamViewer software involves
hardware acceleration options in the case of systems with weak
GPUs. TeamViewer will automatically attempt to optimize its
performance based on balancing between connection and image
quality. This can be solely controlled by the enduser as well.

Another in-house Unity-based software tool customized
specifically for the HoloLens goggles is the Holosurgery app. This
piece of software holds features that enable more convenient
input methods such as hand gestures and voice commands.
Summoning optimized pre-processed imaging data such as 3D
models of a patient’s spine is achieved with simple key vocal
inputs, e.g., “Show 3D Model.” In addition, the 3D model is
manipulated using hands and fingers motions and that achieves
re-scaling, movement, and rotating of the 3D model. There is
also more complex geometry operations such arbitrarily clipping
planes which neatly visualizes a clipped region of interest within
the displayed 3D model.

All three state of the art software tools along with the
implemented AR goggles empowers the OR staff to perform
normally in non-normal and challenging times similarly in the
case of global pandemics.

SYSTEM USABILITY SCALE

System Usability Scale is an industry standard used to give a
gross but reliable evaluation of the usability of a product. It is
a questionnaire that can be customized to a certain extent, based
on individual needs. Each answer requires an answer on a scale
from 1 (strongly disagree) to 5 (strongly agree). A 9 questions
questionnaire reported in Table 1 was administered to n = 5
expert who have used to devices in the OR.

TABLE 1 | System usability scale (SUS).

System usability scale (SUS) N (1–5)

I think I would like to use the Augmented Reality (AR) system frequently

I found the AR application unnecessarily complex

I think that I would need technical support for using AR goggles

I like using the AR interface

I think that most people would learn to use this system quickly

I felt very confident using the AR system

I needed to train a lot before I could use the AR system

The information provided by the interfact was clear and helpful

I felt is difficult to interact and control the system

CASE STUDIES

Telementoring
AR goggles allowed to stream videos and transmit still images
from the surgical field to different specialists (Figure 2).
Processes of supervision and coaching have been performed
to verify the possibility of an effective and interactive remote-
assistance in the OR without requiring a physical presence.
The use of AR googles goes beyond simple video-conferencing,
since remote users can interact with the video stream and make
drawings or create arrows that the user wearing the device can
visualize live. This gives the possibility to not only give audio,
but also visual clues to the operator in the OR. AR goggles have
been used also to face physical limitations during the COVID
emergency to allow OR technicians and technical consultants
from spinal devices companies supervise—before and during the
procedures—surgeons, nurses, and neurophysiologists without
accessing the OR (Figure 3). Spinal instrumented procedures
require specific surgical instruments, both for the positioning
of implants (e.g., screws, rods, or cages) and to allow surgeons
to approach the spinal canal and/or during the decompressive
step (Figure 3). Neuronavigation could be used to improve the
accuracy of screw positioning if compared with the free-hand
technique (14). Furthermore, intraoperative neuromonitoring
during spinal procedures has become one of the most important
tools to preserve the integrity of the nervous structures, especially
for MIS techniques (15).

Surgical Planning
Surgeons had the possibility to get a live visualization of the
CT reconstruction and of the planned trajectories (Figure 2) (7)
of the screws while maintaining the view on the surgical field.
Moreover, Microsoft hololens allow interactions with gesture by
hand tracking, which allows to keep the surgical theater sterile.

Teaching
The ability to obtain an ergonomic live-sharing of surgeons
view, together with the possibility to overlay images or videos
offered the opportunity to involve a group of young residents and
medical students for a remote step-by-step interactive learning of
the surgical procedure (Figures 2, 3).
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FIGURE 2 | Visualization of intra-operative 3D-model planning (A–D). Surgical planning of screws positioning for lumbar spine fusion is shown (A), with 3D

reconstructed model highlighting the screws’ entry points (B). Surgeon wore smart glass during surgery (C,D) and, with augmented reality, was able to see the 3D

model wherever He preferred into the space (E). The enhanced videoconference function with smart glasses’ screen sharing allowed participants to see through the

eyes of the surgeon and communicate with him (F).

FIGURE 3 | Remote operative Room setup with Epson smart glasses (A–G). Remote vision of the operative room showing neuromonitoring electrodes positioning

(A,B,D) and enhanced videoconference function that allowed to avoid the physical presence of specialists consultants in the OR (A–D). Remote vision of patient

positioning and instrumentation setting in the OR using enhanced videoconference function (E–G).
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RESULTS

A total number of 12 lumbar arthrodesis have been performed
while using the described AR technology. Five cases of Lateral
Lumbar Interbody Fusion (LLIF) and 7 Transforaminal Lumbar
Interbody Fusion (TLIF) were performed with posteriore
screwing through Standard (5 pts, PT) or Cortical Bone
Trajectory (2 pts, CBT). Intraoperative neuromonitoring was
used in all the cases. Neuronavigation was used in two
TLIF procedures.

Telementoring
In three cases (2 CBT-TLIF, 1 LLIF) surgical procedures have
been shared through enhanced videoconferences among three
experienced surgeons. The surgeon in the OR discussed the case
while showing the screw entry-point and the trajectory, with
the aid of the fluoroscopy and neuromonitoring. In the LLIF
case, the discussion about the procedure involved the lateral
positioning, the trans-psoas approach and the cage placement.
In seven cases (5 LLIF and 2 TLIF procedures) the positioning
of neuromonitoring electrodes on patients skin and the wires
connection to the central monitoring platform and display
was made by surgeons wearing AR goggles with the remote
assistance from specialized technicians. Similarly, the remote
assistance allowed the surgeon to set neuronavigation in two
cases. In all the procedures, companies ensured a live support for
nurses assisting surgeons with regard to the devices and surgical
instrumentations needed.

Surgical Planning
In three cases AR goggles allowed the surgeon to access to the
surgical planning of patients that underwent CBT fixation in real
time while maintaining the view on the operator field.

Teaching
In two cases (1 LLIF, 1 TLIF) a group of four residents belonging
to their first year of the Residency program and two medical
students got access to the procedure with a remote connection,
with the possibility to interact with the surgeons. Surgeries were
performed in a step-by-step manner.

No complications potentially linked to the use of AR were
registered, such as malfunction of the neuromonitoring and of
the neuronavigation system, or infections. Surgeons reported a
positive feedback as for the ergonomy, wearability and comfort
during the procedure, as confirmed by the results shown on the
graphs in Figure 4 after SUS questionnaires.

INTERPRETATION

AR represents the possibility to create a useful and real-
time interaction between multiple environments and/or
images/videos of interest (16). AR systems have been conceived
and developed during the last decades and their applications
for medicine have been described for different specialties such
as neurosurgery, radiotherapy, orthopedics or plastic surgery.
First examples of application and implementation of AR in
neurosurgery were described by Roberts et al. in 1986 which

FIGURE 4 | Violin plots of quantification of the SUS questionnaire (Table 1) on

a Likert scale (1 corresponding to “strongly disagree,” and 5 to “strongly

agree”). Black dashed line represents the median, the gray dashed lines

represents the quartiles, and width of the violin corresponds to the number of

points at a certain height. The top graph are the scores from individual

questions. Bottom graph is an average from “positive” (green) or “negative”

(red) questions. ***p < 0.01, unpaired t-test.

proposed the projection of CT images in a surgical microscope.
In 1998 the same principles were used to project vascular
structures with fluoroscopy while in 2002 AR was applied in a
neurosurgical endoscope (17).

In this case series a simple, ergonomic and successful
use of AR goggles is presented. In addition, the unfortunate
conjunction with the COVID-19 pandemic has led to the chance
of facing physical restrictions adding further applications of
this technology.

These tools, indeed, allow surgeons to view images and
use apps anywhere and anytime they like overlaying digital
content on their real field of view. Moreover, images, videos
or screens shared by other devices could be watched on these
see-through lenses, through an enhanced videoconference app
(Supplementary Video 1). Considering this last feature, different
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preliminary applications of EPSON ECC in surgery have already
been described and the idea of telementoring with augmented
reality took place. Recently, Roja-Munoz et al. published their
experience with the STAR (System for Telementoring with
Augmented Reality) system, analyzing different results of two
different groups that performed leg fasciotomies. Participants
were unexperienced surgeons (surgical residents and medical
students) and were divided into two different groups: the former
receiving remote instructions provided by an expert surgeon,
directly on their field of view, using the STAR system; the latter
receiving no external guidance beyond initial consultation of the
Advanced Surgical Skills for Exposure in Trauma course manual.
Results showed fewer mistakes and better performances among
mentees belonging to the group that received guidance trough
the STAR system (18).

Another important advantage offered by this AR system,
is the real-time visual feedback of the operative field that
allows the mentor to provide a better coaching, as reported
in other previous papers (19, 20). Davis et al. described an
interesting experience using the Virtual Interactive Presence
and Augmented Reality (VIPAR) system that allows a remote
surgeon to communicate visual and verbal information in
real time to a local surgeon performing a procedure; namely
neurosurgeons based in Birmingham, Alabama, successfully
assisted neurosurgeons in Ho Chi Minh City, Vietnam, in
fifteen cases of endoscopic third ventriculostomy with choroid
plexus coagulation. Neurosurgeons using the system reported a
good feedback and concluded it was useful for safer procedures
compared to standard operations (21). In this experience, the use
of AR goggles allowed remote surgeons to follow and discuss the
procedures in their crucial steps, during the approach and the
device positioning phase.

These examples could represent a starting point to
better investigate the potential development of AR for the
teaching/supervision of surgical techniques, reducing the need
for physical presence of experienced surgeon and consequently
its related constraints on time and budgets.

The remote mentoring could also be considered to coordinate
the setting up of the operative room for newer procedures
or to help surgeons with the use of new instrumentations,
even when specialist consultants could not physically
enter the operative room. It is well-known that many
traditional neurosurgical procedures often required the use
of intraoperative neuromonitoring (IONM) in order to
guarantee the best result, both in terms of extent of resection
and neurological safeguarding. With the advent of new
emerging minimal invasive techniques for spinal degenerative
disease (e.g., CBT or LLIF), this need has spread further.
Consequently, the great spread of the use of these techniques
has increased the need for IONM (15, 22), with an augmented
request for specialist consultants and technicians helping
surgeons during the operative room set up. Thus, the other
advantages of using an AR device described in this series
was represented by the remote interaction between specialist
consultants, surgeons and nurses, allowing the right setting
of the operative room, even when advanced instrumentations
are used.

Finally, and as already mentioned, although the remote
mentoring and specialist counseling with the AR seemed, until
few months ago, only a window on the future of the operative
rooms and surgical activities, the recent dramatic experience of
lockdown due to COVID-19 pandemic spread has changed the
perspective, making it an everyday tool for the OR.

Another important application of AR for surgery is
represented by its role in surgical planning. In this series
CBT planning was visualized by the surgeon while maintaining
the view on the surgical field and obtaining a real time feedback
of the planned screw entry points. During the past few decades,
several tools have been developed to improve pre-operative
surgical planning both for spine and cranial surgery (7, 23).

The 3D printing era brought most surgical fields to an
advanced new level, where even minimal differences from
standard anatomy are detected, helping surgeons during the
pre-operative planning and during the procedure, and then,
leading to a customized surgical management. Nowadays, the so-
called image guidance surgery is widely used in different surgical
specialties (e.g., plastic free flap surgery, colon-rectal surgery)
but recently, due to reached high accuracy, have been widely
implemented in neurosurgery for cranial, spinal and skull base
procedures (24). Penner et al. described their experiences with
3D model for surgical planning of cortical bone trajectory (CBT)
screws positioning (7). Creating a customized spine CT scan-
based 3D model, indeed, significantly improved the accuracy
of screws positioning with the free hands technique, compared
with the standard technique (7). The proposed methodology
shares various similarities with virtual reality systems for surgical
simulation, popularized in last two decades, and nowadays
routinely employed for training specific interventions involving
specific skills and eye-hand coordination (25).

To this end, systems incorporating haptic feedback for
realistic rendering of contact forces experienced during
the interaction with tissues are considered of fundamental
importance for speeding up the learning curve (26). On the
other side, according to the surgical specialty considered,
these systems can make trainees deal with various complex
hazards, rarely occurring in practice in OR, but potentially very
dangerous if not carefully faced. This is especially the case of
specialties involving drilling or burring, like mastoidectomy (27),
orthognathic (28) and dental implantation (29), and orthopedic
surgery (30).

For these tasks, haptic rendering is required to provide
realistic forces and torques created by the complex interactions
between the surgical tools and tissues involving tool
penetration, tissue removal, rotational speed and vibrations
(31). The accurate simulation of these interactions is
technically challenging, since the frequency requirement
for providing an adequate real time haptic feedback
is above 500Hz, corresponding to the generation of a
force/torque sample every 2ms, and the haptic simulation
needs to be synchronized with visual rendering and other
physical simulations eventually involving fluids and soft
tissues (32).

Apart of these considerations, the proposed system can be
used for gathering data related to surgical tool trajectories that
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can be used for fitting haptic models describing the tool-tissue
dynamics that can be derived through contact models (33) or
more modern machine learning methods (34). This represents
a challenging and interesting research avenue that we plan to
explore in the future.

Masciatelli et al. and Cabrilo et al. firstly described the
application of AR in neurovascular surgery showing optimized
workflow by providing essential anatomical information (35,
36). In another study by Cabrilo et al., virtual segmentations
of the patient’s vessels, the aneurysms, the aneurysms necks,
were injected into the eyepiece of the operating microscope
(37). The EPSON smart glasses could represent an innovative
tool in order to integrate the production of pre-operative 3D
model with the augmented reality. Once prepared, indeed, the
virtual 3D model object could be loaded on the smart glasses;
then, it could be scaled and positioned everywhere inside the
surgeon’s field of view. This way, the need to looking away
from the operative field could be reduced and the neurosurgeon
could be facilitated by the immediate availability of the patient’s
3D model.

Resident training in surgical specialties is based on the
apprenticeship model developed by Dr. William Halsted in 1980s
and the training paradigm of “see one, do one, teach one”
have been the pivotal concept until nowadays (38). Different
authors have underlined the growing importance of introducing
simulation into residents’ formations and skills assessment (39).
According to this picture, integrating AR into resident education
could represent a renovation of the aforementioned educational
model (16).

The operating theater has been the main classroom for many
surgeons and is well-known that acquisition of surgical skills
requires repeated occasions for hands-on practice. However, the
limited number of people that can access to the OR and the large
number of residents that need to learn surgical procedures often
represent an issue, especially for small surgical centers and less
developed countries.

Thus, the application of new technologies to increase
residents’ exposure to surgical procedures could play a key role
for the learning curve. Thanks to its integrated camera and the
previous described videoconference function, the EPSON glasses
gives to the surgeon the possibility to record all the procedure
and to create a live streaming that could be shared with residents
and medical students, reducing the need for physical presence in
the operative room. Moreover, the possibility to watch the pre-
operative planning and reconstructed 3D models superimposed
on the surgical field through the EPSON glasses, provide a double
advantage; on one hand, indeed, surgeon has the possibility to see
the model without taking eyes off of the operative field, while on
the other hand, the simultaneous view of the real surgical field
and of the 3D model could improve and speed up the residents’
learning process.

Henssen et al. reported interesting results with their
experience with AR comparing two different methods to study
neuroanatomy; the classic method of studying cross sections of
the brain and the one based on an AR-based neuroanatomy
learning app (40). Hence, AR could represent a great instrument
to improve education, especially in that fields of surgery that are

particularly challenging. In neurosurgery, for example, surgeons
constantly have to face with small anatomical corridors and
critical neural and vascular structures that often lie within
millimeters of their surgical instruments.

Understanding the true usability of the system, in order to
assess whether it is not merely a technical exercise but rather
a potential “everyday use tool” was key to us. In order to
quantify how specialists perceived the use of the devices in the
OR, they filled a SUS questionnaire (Table 1) and rated each
question from 1 to 5, using a Likert scale where 1 correspond
to “strongly disagree,” and 5 to “strongly agree” (Figure 4).
SUS questionnaires are commonly used to rate usability of
hardware or software setups (41), and their use to rate mixed
reality applications is common (10). From the top violin plots
we noticed a bimodal trend, around the values 4 and 2, by
looking at the scores from individual questions (Top graph).
Since the bimodal trend seemed to correspond to questions with
a rather “positive” or “negative” meaning, we visually divided
them into green (positive) and red (negative). Indeed, the positive
questions (Bottom graph), related to a likeness and appreciation
of the application and the devices, had higher score (around the
“agree” side of the graph), while the negative questions, related
to a general dislike, discomfort or unease in using the system
had a general lower score (“disagree”). This semi-quantitative
assessment indicated a propension of the physicians in willing to
use the system as it is.

Therefore, providing a precise and reliable 3D virtual and
interactive environment, AR may become an extremely valuable
tool for education of neurosurgical procedures, due to their
intricate and complex nature.
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Introduction: Teaching disaster response medicine (DRM) to medical students requires

considerable resources. We evaluate the effectiveness of e-learning in teaching

emergency disaster response (ELITE-DR), a novel initiative, in educatingmedical students

of the cognitive aspect of DRM.

Methods: A prospective cross-sectional study among pre-clinical year medical students

was carried out to determine their knowledge on DRM and perception regarding the

ELITE-DR initiative using a validated online questionnaire. A three-part self-learning

video covering the principles and medical management of DRM were distributed before

answering the questionnaire served as the training.

Results: A total of 168 students participated in the study. Their overall knowledge

showed a significant increase in between pre-and-post-interventions. Recall and

simple decision-making knowledge aspects were better than complex decision-making

knowledge. It appeared that participants assimilate knowledge better from visual

rather than audio stimuli. Participants with high perception-scores demonstrated better

knowledge-scores. However, e-learning was not preferred as a substitute for face-to-face

(F2F) teaching.

Conclusion: ELITE-DR shows promise in teaching DRM. Simple recall and

comprehension levels of knowledge were well-served through this technique. However,

for more complex decision-making knowledge, a different approach might be

required. ELITE-DR offers flexibility, accessibility, and personalized learning. The content

presentation is improved by using several different visual stimuli. This approach is useful

for cognitive aspect learning, but it should not replace standard F2F teaching.

Keywords: education training, e-learning, disaster medicine, medical students, self-learning video

INTRODUCTION

Globally, disaster medicine is inadequately represented in the undergraduate medical curriculum
(1). Even though more medical schools have incorporated disaster medicine into their curriculum
lately, it is believed that medical undergraduates still do not possess adequate knowledge and
skill in this area (2). Teaching disaster response medicine (DRM) to undergraduate (UG) medical
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students is challenging, and not all medical schools include DRM
as part of their curriculum (3–5). DRM teaching has many facets
or components. Apart from knowledge, there are elements of
planning, decision-making (both clinical and operative), simple
or complex treatment strategies, clinical procedures, protocols,
etc. (6–8). These are usually taught at the post-graduate level or as
a subspecialty (9). However, as the recent COVID-19 pandemic
has shown, UG education of disaster medicine is vital and should
include some basic knowledge, simple procedures, and basic
decision-making elements.

Disaster response is traditionally delivered using face-to-
face (F2F) training, simulation, and role play (10, 11). This
is a challenge for many academic institutions, as simulation
role-play requires significant teaching manpower (12). Other
difficulties include restrictions on teaching time within the 5-
or 6-year curriculum (12, 13), difficulty gathering students in a
single, suitable educational setting, and lack of direct access to
experts (10).

In 2020, the COVID-19 pandemic has highlighted the
difficulties in delivering UG curricula, especially for DRM (14–
17). In Malaysia, as many parts of the world, this difficulty
is brought about the government-imposed limitation to social
interaction with the introduction of the Movement Control
Order Act (18) that included suspending primary, secondary,
and tertiary education. Since the majority of activities in
DRM teaching involve gathering and close interactions, the
implementation of the Movement Control Order Act posed a
greater challenge to teaching DRM to UG medical students,
as traditional methods of teaching become prohibited during
the pandemic. Faced with these challenges, e-learning has been
suggested as a promising alternative instead of traditional F2F
methods (19–21).

In our institution, the Emergency Medicine module is taught
in Year-5 over 1 credit hour (1 credit-hour= 40 notional hours).
Presently DRM, which is part of this module, is taught in the
form of face-to-face classroom method with field simulation
exercise. This study attempts to experiment with deliverance
of the cognitive aspect of teaching and learning contents of
DRM as an online learning rather than face-to-face among the
undergraduates in the pre-clinical years (Year-1 and Year-2),
who are not normally students of this module. This study, e-
learning in teaching emergency disaster response (ELITE DR),
focused only on the cognitive aspect of DRM, uses a one-way
asynchronous online video teaching. As outcomes of the study,
we set out to evaluate the effectiveness of this novel initiative
and the medical students’ perception of it. The hypothesis was
that the cognitive aspect of DRM could be taught effectively and
acceptably using the ELITE-DR approach.

METHODOLOGY

Study Design
This was a prospective, cross-sectional, interventional study
involving pre-clinical year students at Faculty of Medicine

Abbreviations: DRM, disaster response medicine; ELITE DR, e-learning in

teaching emergency disaster response; F2F, face-to-face; PS, perception score; SLV,

self-learning-video; UG, undergraduate.

Universiti Kebangsaan Malaysia (UKM), looking at pre- and
post-intervention outcomes. Enrolment for the study was
performed using convenience sampling. Pre-clinical yearmedical
students, from the first and second year of the program, were
invited to participate in this study since DRM was not part
of the pre-clinical year curriculum. Therefore, it removed the
bias of doing this intervention by excluding students who had
prior exposure to disaster management teaching or training.
To further minimize potential confounders such as referring
to other printed or online materials and discussion among the
participants, it was emphasized to the participants that the
marks in the questionnaires would not affect their curriculum
assessment. This was to alleviate further stress among the
participants and to promote compliance with the methodology.
Each participant was required to watch a set of the self-learning-
video (SLV) completely at least once.

The study was conducted between 2nd April 2019 and 31st
March 2020. Approval was obtained from the Medical Research
and Ethics Committee of UKM and funding was provided by the
Faculty of Medicine as a Fundamental Research grant (approval
number FF-2019-087).

Development of the Self Learning Video
(SLV)
The SLV consisted of three video lectures of 8–10min
duration to maintain participants’ focus and attention. The
three videos covered the Principles of DRM and Disaster
Medical management were covered. The video was developed
using the Screencast-O-Matic application (version 0.2.2.3,
Screencast-O-Matic, Seattle, WA, USA) as there were no
available videos from the internet that adequately cover the
principles of DRM. The Principles of DRM include definition,
classification, phases, aims, activation process, and staging, while
DisasterMedical management topics included: decontamination,
triage, treatment, and transport. Screenshots from the videos
showing the activation process, principles of disaster response
(CoSCADTTT), disaster stages and triage are shown in
Figures 1A–D.

The SLV content was validated by a panels of local emergency
physicians who specialized in disaster medicine. They viewed the
SLVs several times and made valuable remarks that contributed
to the validity of the video. The recommended changes were
made to the videos following comments from the panelists,
and the process repeated until all panelists were satisfied
with its content and arrangement. The study materials were
then uploaded onto an online platform that was accessible to
all participants.

Questionnaire Development
The study collected quantitative data which included the
participants’ knowledge and perceptions. Respondents were
invited to answer a self-administered questionnaire. Twenty
questions assessed knowledge, while 26 questions assessed
perceptions. Questions assessing knowledge were divided into
principles and medical management of DRM. The knowledge-
based questions were multiple-choice questions with a single
best answer, and each question carried one (1) mark. The 26
items on the perceptions comprised the self-gain, presentability,
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FIGURE 1 | Continued

Frontiers in Public Health | www.frontiersin.org 3 April 2021 | Volume 9 | Article 62817828

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Saiboon et al. E-Learning in Teaching Disaster Response (ELITE-DR)

FIGURE 1 | (A–D) Screen-shots from the ELITE-DR video. (A) Activation process of disaster response, (B) all-hazards principles of disaster response, (C) stages of

disaster activation, and (D) triage process.

and e-learning in the medical curriculum. These questions were
developed by a group of three expert panels from among the
local emergency physicians who specialized in DRM. The Delphi
technique was used to develop the questionnaires. All questions
were validated by expert panels of DRM to ensure those questions
are clinically relevance. Further validation of the questionnaire
was performed with a group of medical students from another
institution that was not involved in this study.

Self-gain referred to the elements of that bring direct benefits
to the participants and their preference, such as knowledge
gained, flexibility, personalized learning, usefulness, ease of
use, and familiarity of using online material or application in
completing their task. In terms of presentability, the participants’
preference for the SLV was evaluated. For e-learning in teaching
DRM, those elements such as the use of e-learning as a
standard teaching modality, substituting standard teaching with
SLV, and recommendation of the SLV to fellow students
were covered.

Perception was measured by using a 4-point Likert scale
instrument. Participants were asked to rank their agreeability to
the statements given based on a 4-graded scale. Marks were given
for each scale from−2 for strongly disagree;−1 for disagree;+1
for agree; and +2 for strongly agree. The total score was then
calculated and divided by the number of participants to give the
perception score (PS). The mean PS score was used to categorize
the perception of the participants ranging from strongly disagree
to strongly agree according to the scale shown in Table 1.

Study Protocol
The SLVs and the validated questionnaire were given to the
eligible participants after briefing and consenting. A pre-test
questionnaire was given to establish the baseline DRMknowledge
among the participants. Each participant then received the three-
part SLVs via web-links as below:

TABLE 1 | Perception’s score (PS) scale.

PS Agreeability

<-1 to −2 Strongly disagree

<0 to −1 Disagree

0 to +1 Agree

> +1 to +2 Strongly agree

(Part 1) https://youtu.be/DAdVnFLozww
(Part 2) https://youtu.be/ySWylU-1xmI
(Part 3) https://youtu.be/3LiH0kS2brs.

The participants were given 7 consecutive days of
access to the SLVs from the pre-test date. None of the
participants received any teaching from facilitators during
the learning session, as the intention was to simulate a self-
instructional, unsupervised learning situation. Participants
were strictly advised against referring to other resources
of DRM either through printed materials or online or
to discuss with each other in order to limit the potential
confounding factors.

Post-intervention assessment (post-test) on knowledge
and perception was conducted using a self-administered
questionnaire after the participants had completed their
dedicated 7 consecutive days of learning. A flow diagram
detailing the study is given in Figure 2.

Statistical Analysis
There were 274 medical students in the pre-clinical years in the
Faculty of Medicine UKM. Using the Krejcie and Morgan table
(22), it was considered that a minimum of 155 participants was
required to achieve a statistical power of 80% at a confidence
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FIGURE 2 | Study flow diagram.

interval of 95%. For the internal consistency measurement of the
questionnaire, Cronbach’s alpha score was 0.83.

Statistical analyses were performed using Minitab Statistical
Software (version 19, Pennsylvania State University, PA, USA).
Demographic characteristics of the participants were obtained
by descriptive analysis. Data were summarized using mean
and standard deviation for continuous variables, frequency,
and percentages for categorical variables. The 99% confidence
interval was calculated for the mean scores. A paired t-test was
used to assess the mean differences between the two groups
(knowledge between pre- and post-test), and one-way ANOVA
was used to compare the PS achieve among the four groups
of PS. All differences were considered statistically significant
if p < 0.01.

RESULTS

From a total of 274 undergraduate medical students in the pre-
clinical year eligible for this study, 261 participants consented
and were enrolled into the study. Thirteen were excluded
from the study, 12 were because they had attended a disaster
response medicine course prior this and one declined to
participate. A total of 93 participants did not complete the
study; a final total of 168 participants completed the study
(Figure 3).

Of the 168 participants, the majority were females from the
first year (N = 135; 80.4%). Most of the participants (86.3%)
watched the SLVs only once. The demographic details of the
participants are shown in Table 2.
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FIGURE 3 | CONSORT flowchart of the study on E-Learning in Teaching Emergency Disaster Response (ELITE DR).

Table 3 shows the pre- and post-test data for knowledge on
the principles, and medical management of DRM and their
respective sub-components. The mean pre- and post-test marks
for knowledge of DRM were 6.99 ± 2.65 and 13.31 ± 5.21,
respectively (p < 0.001). On sub-analysis there was significant
improvement in knowledge on the principles and medical
management of DRM (p < 0.001).

The medical management components like triage and
decontamination also significantly improved between pre- and
post-test (all p < 0.001) but not in the areas of treatment and
transport with p= 0.029 and p= 0.180, respectively.

Table 4 shows the responses and mean score on perception
for self-gain. Self-gain questions revealed that the participants
“strongly agree” that e-learning is highly flexible, useful, easy to
handle, and improved their knowledge. However, for familiarity
with e-learning, such as finding the technique easier to use
for revision, and allowing them to accomplish more work, the
participants only scored “agree.”

Table 5 displays the result and mean score on SLV
Presentability. The majority of the participants agreed or strongly
agreed with the eye-catching visual stimuli of the videos (PS =

+1.05 to +1.27). Animation, highlighted and enlarged words,
and pictures were the preferred visual stimuli and helped
participants retain facts (PS = +1.27). The participants scored
“agree” (PS=+0.77 to+0.83) for audio stimuli, e.g., music, that
had been incorporated in the videos.

Table 6 shows the result and mean score on perception of
the e-learning medical curriculum. Most of the participants
would strongly recommend this video to others to enhance
their learning ability of DRM (PS = +1.26 to +1.38). Most
of the participants “agree” that DRM taught through e-
learning, should be incorporated into the medical curriculum
(PS = +0.71 to +0.99) in the form of adjunct material
(PS = +1.12). However, they “disagree” (PS = −0.36) that
DRM through e-learning could, or should, completely replace
F2F sessions.
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TABLE 2 | Demographic data of the participants.

Demographic data of the participants

Gender Frequency (N = 168) Percentage (%)

Male 33 19.6

Female 135 80.4

Year

1 120 71.4

2 48 28.6

Race

Malay 96 57.1

Chinese 30 17.9

Indian 25 14.9

Others 17 10.1

Frequency of watching the SLP

1 145 86.3

2–4 22 13.1

>4 1 0.6

TABLE 3 | The mean score on pre-test and post-test for overall Knowledge,

Principles, and Medical Management of Disaster Response.

Knowledge scores

Pre-test

(N = 168)

Post-test

(N = 168)

p-value

Knowledge on Disaster

Response (overall)/20

6.99 ± 2.65 13.31 ± 5.21 <0.001

Knowledge on Principles of

Disaster Response/9

2.91 ± 1.43 6.24 ± 2.53 <0.001

I. Definition

II. Classification

III. Phases

IV. Stage

V. Activation

VI. Command and control

VII. Safety

0.37 ± 0.48

0.1 ± 0.3

0.59 ± 0.49

1.1 ± 0.82

0.06 ± 0.23

0.26 ± 0.54

0.18 ± 0.38

0.76 ± 0.43

0.43 ± 0.5

0.88 ± 0.33

1.64 ± 0.68

0.67 ± 0.47

1.37 ± 0.79

0.68 ± 0.47

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Knowledge on Medical

Management of Disaster

Response/11

4.08 ± 1.97 7.06 ± 3.05 <0.001

I. Decontamination

II. Triage

III. Treatment

IV. Transport

0.01 ± 0.08

2.78 ± 1.58

0.46 ± 0.49

0.58 ± 0.49

0.7 ± 0.46

5.39 ± 2.22

0.58 ± 0.49

0.65 ± 0.47

<0.001

<0.001

0.029

0.18

Analysis of participants’ knowledge and their PS revealed that
those who graded higher PS could obtained a better knowledge
score. One-way ANOVA analysis also revealed a significant
difference between the PS groups’ knowledge score (p < 0.001)
as shown in Table 7.

DISCUSSION

This study has demonstrated that a novel e-learning package
can successfully be used to teach DRM to UG medical
students. Previous studies have been shown that e-learning

can be as effective as F2F teaching when it comes to
understanding knowledge aspects such as simple recall
and comprehension (23–26). In contrast to the higher
levels of learning outline in the Bloom’s taxonomy, such as
analysis, application, synthesis, and assessment, recall, and
comprehension levels of learning are particularly well-served
by e-learning. The participants, however, did not score well
for medical management aspects, especially for the treatment
and transport components. This was expected because the
participants were pre-clinical students, and these subjects
would have been unfamiliar to them where a deeper clinical
understanding, further appraisal, and decision-making skills
were required.

Feedback and debriefing have been shown to be important
to enhance understanding in these areas (27). We may
improve these skills if the feedback can be provided while
viewing the video. An e-learning video platform that can
assess the participants’ understanding and collect their
immediate feedback (28), such as ED-Puzzle or Common
Ground (CG) scholar, may be one approach to this. The
CG scholar platform has been shown to support critical
thinking and promote a higher-order of thinking skills (29).
It incorporates active knowledge production, ubiquitous
learning, and recursive feedback, which involved receiving
and giving reviews from peers and instructors to allow
learners to reflect on their work. Our study used Screencast-
O-Matic, a one-way directed video application that could
not provide or create these higher-order thinking skills for
the participants.

Participants did particularly well on the triage topic. This
could be related to the structured algorithm, which was available
in the video and hence required only simple decision-making
(lower-order thinking). The structured algorithm directed
the participants to follow the signs or symptoms elicited
before deciding.

Perceptions were categorized according to the PS scale
in Table 1. In self-gain, the participants agreed on most
of the learning items, especially those involving knowledge
improvement, flexibility, personalization, usefulness, and ease of
handling. They found e-learning easier to use and convenient.
Having a flexible and personalized e-learning environment
is important to encourage an active and inclusive learning
environment (30). However, in terms of familiarity, such as
revising using digital materials alone or using technologies
in accomplishing more work, the PS score was much lower.
Therefore, while participants find e-learning helpful, they need
to be familiarized with e-learning tools, especially when searching
for new data or knowledge.

Limitations in the familiarity with usage of digital technology
can lead to difficulties for students to accomplish their goals.
Consequently, the effort they need to invest to generate the
expected outcomes tends to be higher than that of students
better familiarized with online technologies (31). In terms of
presentability, the participants awarded high scores for visual
inputs compared to audio inputs. This is coherent with a previous
study where visual computer-based learning did not show any
significant difference with or without an auditory narrative (32).
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TABLE 4 | Result and mean score on perception for self-gain.

Self-gain (N = 168)

Strongly disagree

(-2)

Disagree

(−1)

Agree

(+1)

Strongly agree

(+2)

Mean PS

(a + b + c + d)/

168
n a n b n c n d

Knowledge of disaster response has

improved

1 −2 1 −1 95 +95 71 +142 +1.36

Content of the e-learning useful in my

career

0 0 2 −2 95 +95 71 +142 +1.40

Able to watch at own pace 2 −4 6 −6 84 +84 76 +152 +1.35

I can learn at home, at work, at

college, library or café (i.e., mobile)

2 −4 2 −2 81 +81 83 +166 +1.43

The knowledge presented in the

e-learning is easy to understand

1 −2 2 −4 101 +101 62 +124 +1.31

Easier to revise electronic educational

materials than printed material

7 −14 25 +25 95 +95 41 +82 +0.86

E-learning technologies allow

accomplishing more work

4 −8 12 −12 117 +117 35 +70 +0.99

E-learning provides better learning

opportunities (i.e.: accessibility to all

without physical attendance)

3 −6 15 −15 101 +101 49 +98 +1.06

E-learning improves the quality of my

studies

1 −2 4 −4 112 +112 51 +102 +1.24

N = total number of respondents.

n = total respondent to each Likert Scale.

a = n × (−2); b = n × (−1); c = n × (+1); d = n × (+2).

a, b, c, d = the total score for each category of Likert scale.

TABLE 5 | Result and mean score on SLV presentability.

SLV presentability (N = 168)

Strongly disagree

(−2)

Disagree

(−1)

Agree

(+1)

Strongly agree

(+2)

Mean PS

(a + b + c + d)/

168
n a n b n c n d

The animation used able to sustain

my focus

2 −4 11 −11 119 +119 36 +72 +1.05

The pictures used able to catch my

attention

1 −2 11 −11 121 +121 35 +70 +1.06

The music helped to sustain my

attention

2 −4 21 −21 126 +126 19 +38 +0.83

The music uplift my mood 3 −6 24 −24 123 +123 18 +36 +0.77

The bolded words attract my

attention

2 −4 5 −5 105 +105 56 +112 +1.24

The enlarged words attract my

attention

1 −2 3 −3 101 +101 63 +126 +1.26

The animation, pictures, and visual

stimulus help me to remember the

content better

2 −4 3 −3 105 +105 58 +116 +1.27

N = total number of respondents.

n = total respondent to each Likert Scale.

a = n × (−2); b = n × (−1); c = n × (+1); d = n × (+2).

a, b, c, d = the total score for each category of Likert scale.
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TABLE 6 | Result and mean score on perception for e-learning in the medical curriculum.

E-learning in the medical curriculum (N = 168)

Strongly disagree

(-2)

Disagree

(−1)

Agree

(+1)

Strongly agree

(+2)

Mean PS

(a + b + c + d)/

168
n a n b n c n d

Incorporate e-learning in the current

medical curricular

2 −4 17 −17 110 +110 39 +78 +0.99

Medical curricular can be taught

through e-learning

7 −14 31 −31 96 +96 34 +68 +0.71

E-learning should act as a

supplementary to the F2F teaching

2 −4 9 −9 113 +113 44 +88 +1.12

E-learning substitute F2F lecture 42 −84 58 −58 55 +55 13 +26 −0.36

Recommend video to other medical

students

1 −2 0 0 101 +101 66 +132 +1.38

Recommend the video for general

public viewing

1 −2 6 −6 100 +100 61 +122 +1.27

Recommend this video to

non-medical students

1 −2 6 −6 103 +103 58 +116 +1.26

Recommend this video to

post-graduate students

1 −2 1 −1 109 +109 57 +114 +1.31

Recommend this video to general

practitioners

1 −2 3 −3 107 +107 57 +114 +1.29

Would not recommend this video to

be put on YouTube for free access

44 −88 68 −68 40 +40 16 +32 −0.5

N = total number of respondents.

n = total respondent to each Likert Scale.

a = n × (−2); b = n × (−1); c = n × (+1); d = n × (+2).

a, b, c, d = the total score for each category of Likert scale.

It appeared that visual stimuli were preferred to audio stimuli for
factual learning and knowledge retention.

In terms of e-learning incorporation in the DRM, the
participants agreed with most of the statements, except the
statement that e-learning could replace F2F teaching totally.
Presumably, this is because, in F2F teaching, students receive not
just visual stimuli but also audio, emotional, tactile, and feedback
stimuli that make a more immersive, powerful, and retentive
learning experience. Furthermore, psychomotor skills could not
be adequately covered with e-learning. However, participants
agreed that e-learning is greatly beneficial, but not up to the level
of replacing the current format of DRM teaching.

It is interesting to note that most of our participants in this
study were females as shown in Table 2. This is generally due
to there are more female students in medical school throughout
Malaysia with a ratio of about 60:40 (female:male) (33). Another
reason why there were more female participants was due to larger
dropout rate amongmale participants (48%, n= 30) as compared
to females (36%, n= 76) who did not complete the study.

STUDY LIMITATIONS

The number of questions in the questionnaires is relatively
low and might not be adequate in assessing some topics.
Nevertheless, our study gives a general idea of the capability of
video teaching in acquiring factual knowledge and decision

TABLE 7 | One-way ANOVA for the mean total score in four groups PS Strongly

Agree, Agree, Disagree, and Strongly Disagree in Self-gain.

Sample Sample size Total score mean Standard

deviation

p-value

Strongly agree 136 14.25 4.81 p < 0.001

Agree 30 11.77 5.33

Disagree 2 7.5 0.71

Strongly disagree 0 0 0

making in DRM. Future studies may target decision-
making topics with more emphasis on assessing higher-order
thinking skills.

This study did not explore or evaluate the psychomotor skills
that students would usually perform during F2F simulation
exercises of DRM, including Airway, Breathing, Circulation,
and Immobilization procedures. These include standard first aid
procedures (bleeding and wound management, splinting, and
bandaging), invasive procedural skills (airway and ventilation
management, intravenous cannulation), carrying and lifting of
victims, etc. Generally, an online platform always has difficulties
in teaching and assessing procedural skills. A further study
in assessing teaching and learning procedural skills could be
conducted in the future.
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We did not evaluate the relative time spent by the participants
in watching the three videos. This might help reveal whether
the duration of the video watching relates to the effectiveness of
learning and knowledge retention.

The videos in our study do not have “closed-captioning”
since we felt that all the important facts have been spelled out
in the videos. However, having closed captioning might have
had positive influence on the participants’ understanding. This
will constitute further improvement in our future educational
material or research using video for e-learning. Another
limitation of our video was the lack of features for printing key
points or summary from the video. Providing the viewers the
ability to print key points or a summary of the videos might help
in learning. This feature allows key frames of the segment to be
converted to textual annotation using segmental encoding and
decoding deep learning models (34).

The study also did not compare synchronous (real-time
interaction using any online application like Zoom, Microsoft
Teams, etc.) with asynchronous teaching (not real-time
interaction) of DRM. This study employed an asynchronous
one-way video teaching rather than synchronous e-learning
with feedback incorporated. Future research should explore the
impact of synchronous and asynchronous e-learning with and
without incorporated feedback to determine the best way of
delivering DRM to UG medical students.

Our study did not compare with the other technique of
disaster response medicine teaching because most of the time
this subject were taught using a classroom medium either as a
face-to-face immersive simulation, table-top exercise or hybrid
simulation of approach combining e-learning with classroom
immersive simulation. Therefore, we felt it was not appropriate
to compare our study that utilize a full asynchronous online
approach with the current established methods. Furthermore, we
did not evaluate the psychomotor skills in our study.

Finally, this study did not incorporate debriefing even though
debriefing is a very powerful learning tool because debriefing
was not suitable for an asynchronous methods of teaching.
Furthermore, debriefing after watching the video would disrupt
the findings of the study. We wanted to determine the effect
of a pure asynchronous online teaching on disaster response
medicine topics. However, in the future study, we are going to
include the element of debriefing with the synchronous mode
of teaching.

CONCLUSION

Our study revealed that ELITE-DR, a novel e-learning platform
is beneficial in teaching-learning of emergency DRM among
UG medical students. Recall of knowledge comprehension
and simple analysis-application for basic decision-making was

particularly well-served through ELITE-DR, whereas complex
decision-making knowledge aspects such as treatment and
transport decisions were likely to require a different approach,
perhaps one that incorporates feedback. Higher flexibility,
usefulness, ease of access, and personalized learning were some
of the benefits that make e-learning an acceptable approach

for DRM teaching. In e-learning, UG students preferred visual
stimuli compared to audio stimuli. The majority of UG students
agreed that e-learning could provide as an adjunct but should not
replace F2F teaching.
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This prospective, randomized, cross-over study compared the performance of the novel

Flexible Tip BougieTM (FTB) with a conventional bougie as an intubation aid in a simulated

difficult airway manikin model among anaesthesiology trainees with regards of first

pass success rate, time to intubation, number of attempts and ease of use. Sixty-two

anesthesiology trainees, novice to the usage of FTB, participated in this study. Following

a video demonstration, each participant performed endotracheal intubation on a manikin

standardized to a difficult airway view. Each participant performed direct laryngoscopy

and intubated themanikin using a conventional bougie and FTB, at least 1 day in between

devices, in a randomized order. The first pass success rate was significantly higher with

FTB (98.4%) compared to conventional bougie (85.5%), p = 0.008. The median time

to intubation was significantly faster when using FTB, median = 32.0 s [Interquartile

range (IQR): 23.8–41.3 s] compared to when using conventional bougie, median= 41.5 s

(IQR: 31.8–69.5 s), p < 0.001. The FTB required significantly less intubation attempts

compared to conventional bougie, p= 0.024. The overall ease of use, scored on a Likert

scale from 1 to 5, was significantly higher in the FTB (4.26 ± 0.53) compared to the

conventional bougie (3.19 ± 0.83), p < 0.001. This simulated difficult airway manikin

study finding suggested that FTB is a useful adjunct for difficult airway intubation. The

FTB offered a higher first pass success rate with a faster time to intubation and less

required attempts.

Keywords: anesthesiology trainee, bougie, difficult intubation, direct laryngoscopy, flexible tip bougie, simulation

INTRODUCTION

Tracheal intubation is an essential skill that must be acquired by an anesthesiologist. While the
incidence of difficult intubations was stated to be 6–11%, a failed intubation which is a more
serious problem, varies in different settings (1). It can be ≈1 in 2,000 for elective cases, ≈1 in
300 during rapid sequence induction for the obstetric cases, and about ≈1 in 50–100 in the
emergency department, intensive care unit and pre-hospital setting (2). Various strategies currently
employed to manage difficult intubation ranges from simple adjuncts, such as the bougie, to the
more sophisticated devices, like the videolaryngoscope. According to the Malaysia National Audit
on Anesthetic Airway Management (2015), bougie was the second most preferred (24.8%) airway
adjunct of choice in a difficult airway event, following the videolaryngoscope (44.6%) (3).
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FIGURE 1 | The conventional bougie (Portex®, coude tip, 15 F) (A) shown in

comparison to The Flexible tip bougieTM in neutral (B) and in anterior flexion

(C).

The use of a bougie, a simpler and cheaper device compared
to the videolaryngoscope, first described by Macintosh in 1949,
may increase the first pass success (FPS) of an endotracheal
tube (ETT) placement by 78–100%, especially in poor laryngeal
view (4, 5). The bougie (Figure 1A) is commonly about 15 F
in diameter and 70 cm in length with the tip angled at 30◦

to facilitate its navigation toward an anteriorly located larynx
(6). Successful endotracheal intubation with the bougie involves
its insertion into the trachea, followed by sliding the ETT via
the Seldinger technique (7). Common difficulties in bougie-
assisted intubation are the inability to insert the bougie past the
hypopharynx (14.8%), the inability to pass the ETT over the
bougie (6.8%) and esophageal intubation (4.5%) (8). The bougie
can also bend in the hypopharynx during the attempt to direct
it anteriorly.

The Flexible Tip BougieTM (FTB) by Construct Medical
(Australia) (Figure 1B) has a mid-shaft slider which can be used
to angle the tip anteriorly (Figure 1C) and posteriorly, thereby
facilitating placement through the vocal cords. This flexibility
may facilitate maneuvering the bougie past the hypopharynx as
compared to the conventional bougie that has the tip fixed at 30◦.
The smooth silicon tip of the bougie also minimizes the risk of
tracheal trauma during intubation, which is an advantage when
dealing with a larynx with a very anterior view.

In this study, we evaluated the performance of the FTB in a
simulated difficult airway model in comparison to a conventional
bougie when used by anesthesiology trainees in terms of FPS,
time needed for intubation and number of attempts for both
types of bougie.

MATERIALS AND METHODS

This prospective, randomized, cross-over simulation study
was approved by the Research Committee of Department
of Anaesthesiology & Intensive Care, Universiti Kebangsaan

Malaysia Medical Center (UKMMC) and theMedical Research &
Ethics Committee, UKMMC (code no: FF-2019-356). Following
approval and written consent, 62 anesthesiology trainees in
UKMMC participated in this study. All participants had ample
experience using the conventional bougie. Any participant who
had prior experience with FTB were excluded from this study.
Data on the participants’ gender, years of clinical experience and
the year of postgraduate anesthesia training were collected.

A video demonstration on intubation with FTB, slightly
<2min duration, produced by the manufacturer was shown
to the participants who were then allowed to familiarize
themselves in maneuvering the tip of bougie before proceeding to
performance testing. There was no practice intubation with the
bougie prior to the performance testing. The airway simulation
model used was the Laerdal R© Airway Management Trainer,
which was simulated to a “Difficult view” (9). The “Difficult
view” was achieved by application of a hard cervical collar on
the manikin and verified by the same investigator to be a partial
glottis opening of ∼20%. This mimics a Grade 2b Cormack-
Lehane glottis view which is similar to an anterior larynx seen
during laryngoscopy.

All participants were provided with standardized equipment,
which were a 7.5mm ETT, a Macintosh laryngoscope blade
size 4, a bag valve mask device and a 10ml syringe. Each
participant performed direct laryngoscopy and intubated the
manikin using a conventional bougie (Portex R© Single Use Bougie
coude tip, 15 F) and FTB in a randomized order determined
by chance picking of binary numbers. Following intubation, the
ETT was ventilated with the bag valve mask device and successful
intubation was confirmed by lung inflation. At least a period of 1
day was observed before the participants attempted intubation
using the other type of bougie. Any participant who did not
return for the second placement test were considered as dropouts.

The primary outcome was the FPS rate, which was defined
as successful placement of the ETT in the trachea on the
participant’s first attempt at laryngoscopy. The attempt was
considered unsuccessful if there was no lung inflation or removal
of the ETT with the bougie from the manikin. A failed intubation
was defined as either failed three attempts of lung ventilation
through the ETT or after 3min of procedure, whichever occurred
earlier. Any occurrence of esophageal intubation, which was
insertion of the ETT into the esophagus resulting in stomach
inflation were also recorded.

The secondary outcome was the time required for a successful
tracheal intubation. The time to successfully intubate, measured
to one decimal point using a stopwatch, was taken from the
moment when the laryngoscope blade enters the mouth and ends
with lung inflation with bag mask ventilation. After completion
of intubation with both types of bougie, the participants were
asked to complete a survey to assess the overall ease of intubation
with both techniques in this simulated airway. The trainees were
asked to score according to a five-point Likert scale of 1 (very
difficult) to 5 (very easy) on the ease of passing both types
of bougies through the hypopharynx, sliding the ETT over the
bougie and maneuvering the flexible tip slider.

From a previous study, the FPS rate in utilizing conventional
bougie in a simulated difficult airway was 75% (10). In this
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prospective crossover study, by setting the α = 0.05 with the β

= 0.80 and using Statulator©, the sample size required was 62
participants to detect a 20% difference of FPS between bougies
types (11).

All statistical analyses were performed with the statistical
package for social science (SPPS) statistical software (ver26,
NY: IBM Corp). The data was analyzed in three phases.
Firstly, descriptive statistics were computed for all variables

TABLE 1 | Demographic data, clinical experience, and year of postgraduate

anesthesia training.

Parameters (n = 62)

Gender

Female 37 (59.7%)

Male 25 (40.3%)

Anesthesia clinical experiences (years) 6 (IQR: 5–7)

Year of postgraduate anesthesia training

Year 1 9 (14.6%)

Year 2 15 (24.2%)

Year 3 20 (32.2%)

Year 4 and above 18 (29.0%)

Data presented as number (percentage), or median (interquartile range), as appropriate.

of interest. The normal distribution of data was tested using
the Kolmogorov-Smirnov test. McNemar’s test was used to
determine whether the FPS rate was different between the
two types of bougies. Due to distribution characteristics, non-
parametric statistics were used, namely Wilcoxon Signed-rank
test to determine the difference between times to intubation.
Fisher exact test was used to analyze the association of attempts
when using both bougies. The ease of use perceived by
the participants was analyzed with paired t-test. Data were
presented as median with interquartile range (IQR), number with
percentage (%), or mean with standard deviation, as appropriate.

RESULTS

A total of 62 anesthesiology trainees in UKMMC participated in
this study with a median of 6 years (IQR: 5–7) clinical experience
in anesthesia (Table 1). There was no dropout.

The FPS rate when using FTB and conventional bogie was
98.4 and 85.5%, respectively. A total of eight participants who did
not achieve FPS when using conventional bougie were successful
on the first intubation attempt when FTB was used. An exact
McNemar test determined that the change in the proportion of
FPS was statistically significant (p= 0.008) as seen in Table 2.

Table 3 showed the comparison of FPS, intubation attempts,
time to intubation, failed intubation and esophageal intubation.

TABLE 2 | The change of first pass success (FPS) when using Flexible Tip BougieTM Values expressed in number.

Flexible tip bougieTM

FPS* Not FPS Total

Conventional bougie FPS 53 0 53

Not FPS 8 1 9

Total 61 1 (n = 62)

*McNemar, p = 0.008.

TABLE 3 | Comparison of first pass success (FPS), intubation attempts, time to intubation, failed intubation, esophageal intubation, and ease of use for each type of

bougie.

Flexible tip

bougieTM
Conventional bougie p-value

No. of intubation attempts 0.024

1 (FPS) 61 (98.4%) 53 (85.5%) 0.008

2 1 (1.6%) 6 (9.7%)

3 0 (0.0%) 3 (4.8%)

Time to intubation, sec 32.0 (23.8–41.3) 41.5 (31.8–69.5) <0.001

Failed intubation 0 (0.0%) 1 (1.6%) NS

Esophageal intubation 0 (0.0%) 5 (8.1%) NS

Ease of use 4.26 (± 0.53) 3.19 (± 0.83) <0.001

Ease of bougie passing

hypopharynx

4.47 (± 0.59) 3.48 (± 1.04) <0.001

Ease of ETT passing over bougie 4.56 (± 0.74) 4.08 (± 0.91) 0.002

Data presented as median (interquartile range) or number (percentage) as appropriate.

p < 0.05 is significant, NS, Not statistically significant.
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FIGURE 2 | Time to successful intubation (sec) of conventional bougie and Flexible Tip BougieTM. Values expressed in seconds (sec).

One participant (1.6%) was considered to have failed intubation
as a duration of 181 s was taken with the conventional bougie.
This participant took three attempts with the conventional
bougie but was able to achieve FPS with FTB. Five participants
(8.1%) intubated the esophagus when using the conventional
bougie, whilst none occurred with the FTB. This finding was not
statistically significant.

Figure 2 showed the time to successful intubation for
both types of bougies. Four participants required more than
120 s to intubate when using conventional bougie due to the
difficulty in laryngoscopy to achieve satisfactory glottic view
prior to attempting intubation followed by further difficulty in
manipulating the conventional bougie through the hypopharynx.
These four participants had a range of 3 to 9 years of experience
in anesthesia.

Reliability test was performed on the data of the ease of each
type of bougie usage and a Cronbach’s alpha of more than 0.7
was accepted as a reliable cut-off point. Overall, the participants
perceived that FTB was easier to use with a mean score of 4.26
± 0.53 compared to 3.19 ± 0.83 for the conventional bougie
(p < 0.001) as seen in Table 3. The FTB was deemed easier to
pass through the hypopharynx with a mean score of 4.47 ± 0.59
compared to the conventional bougie, which had a mean score
of 3.48 ± 1.04. Passing of an ETT over the bougie was perceived
as relatively easy in both the FTB and conventional bougie, with
a mean score of 4.56 ± 0.74 and 4.08 ± 0.91, respectively. The
participants perceived that it was easy to maneuver the slider of
FTB, with a mean of 4.16± 0.81.

DISCUSSION

As the incidence of difficult and failed intubation varies, this
study was conducted using a standardized simulated model (2).
Despite the low technology level involved in our study, the
manikin was prepared to provide the fidelity akin to difficult

airway view of a real patient, thus avoiding the issue of patient
safety (12). The FPS is often promoted as the goal of intubation
because as the number of attempts increases, the incidence of
adverse events such as aspiration, hypoxemia and esophageal
intubation will likely increase considerably (13). Furthermore,
the principles of securing the airway safely, accurately, and
swiftly is of utmost importance for intubation, an aerosol-
generating procedure, during the Covid-19 pandemic (14).
Repeated intubation attempts would increase the exposure and
infection risk to the anesthesiologists and other healthcare
workers involved. Our study found a higher FPS rate when
using the FTB as an intubation adjunct compared to the
conventional bougie in a simulated difficult airway manikin.
Similarly, Báczek found novice paramedics had a higher FPS
rate with the FTB compared to the conventional bougie during
cardiopulmonary resuscitation simulation (15). Additionally, in
our cross-over study, the exact McNemar test found the change
in the proportion of FPS was statistically significant in favor of
the FTB.

We reported a statistically significant shorter time to a
successful intubation by 9.1 s with lesser number of attempts
required when the trainees used FTB compared to conventional
bougie as an intubation aid. A recent simulation study with
cervical immobilization compared the use of FTB and standard
bougie also reported a faster duration of to a successful intubation
with the FTB, 37 vs. 46 s (p < 0.001) (16). Another manikin
study evaluated the usage of the two bougies for intubation
during cardiopulmonary resuscitation and reported a statistically
shorter intubation time (21.4 s) with the FTB compared to the
gum elastic bougie (25.7 s), p < 0.001 (15). The shorter time
to intubation suggested that the flexibility of the FTB produced
better and faster steering than the conventional bougie to achieve
a successful intubation.

The FTB was perceived as easier to be used compared to
the conventional bougie amongst our trainees. Ruetzler et al.
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also reported that the FTB was easier to use in difficult
intubation situations especially in scenarios that involve limited
cervical movement (16). The curve of the FTB resembles
the anatomical airway curvature, thus facilitating its insertion
into the hypopharynx region. This curvature can further be
manipulated to swivel using the slider tab which provides
further anterior and posterior movement of the tip and along
with rotation, producing a 360◦ rotation aiding intubation,
as reported in a case series (17). The FTB also has a bright
phosphorous coating on its tip to enhance the bougie tip visibility
to the intubator.

The findings of this study should be considered with a certain
limitation. The high success rate could be attributed to the study
being done among anesthesiology trainees that have plenty of
clinical experience in intubation despite their novice experience
to the FTB. Even though the result should not be generalized
to physicians of different levels of experience, this study had
provided a promising ground that the skill of the FTB usage can
be learnt rapidly.

CONCLUSION

This simulated difficult airway manikin study finding suggested
that FTB is a useful adjunct for difficult airway intubation. The
FTB offered a higher FPS rate with a faster time to intubation and
less required attempts.
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Objective: Audio-visual interventions have been used to provide relevant patient

information to reduce pre-operative anxiety in children. The aim of the study was to

investigate whether self-reported state anxiety in children could be reduced by presenting

a child-friendly educational video on the day of surgery.

Methods: A prospective, single-blinded, two-armed, randomized controlled study was

designed with three measurement time points including 90 children (6–17 years) and

their parents. In the intervention group (IG), the children and their parents were shown a

child-friendly video explaining the perioperative procedures that would be applied during

the hospital stay, in addition to receiving standard information. In the control group (CG),

children and parents received standard information provided by the nursing staff. The

primary outcome was any change in the children’s pre-operative state anxiety levels, as

measured by the State-Trait Operation Anxiety Inventory (STOA). A secondary outcome

was patient satisfaction regarding the received information.

Results: Anxiety was significantly reduced in both groups after receiving either the

intervention plus standard information or the standard information only. No significant

difference in anxiety reduction was observed between the IG and the CG. However, the

children and parents in the IG reported fewer worries than those in the CG.

Conclusion: A child-friendly, educational video can be an additional tool for providing

patient information and reducing pre-operative anxiety in children and their parents.

Further studies should focus on the timing of the intervention and on age- and

developmentally appropriate information formats and contents to address children’s

pre-operative anxiety.

Clinical Trial Registration: Patient Anxiety Reduction in Children by Using Simple

Explanation Videos, ID: NCT0441377; www.clinicaltrials.gov, Data Sharing Statement:

Deidentified individual participant data will not be made available.

Keywords: anxiety, children, surgery, patient information, audio-visual intervention, RCT
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INTRODUCTION

The presence of pre-operative anxiety in children and their
parents before surgical interventions is clinically relevant to
perioperative care. Surgery and hospitalization are stressful
situations (1), and anxiety can negatively impact perioperative
care and the patient’s behaviors and ability to adjust to the
hospital setting (2).

Previous studies have shown that high pre-operative anxiety
states have a negative impact on post-operative pain experience
(3) and increase post-operative anxiety levels in children (4, 5).

Self-reported state and trait anxiety evaluations are often used
to assess patients’ anxiety before surgery (6). State anxiety can
be defined as an emotional reaction in response to a perceived
threat that occurs at a specific point in time and with varying
intensity, comprised of both affective and cognitive components
of the current emotional state. Trait anxiety describes general
feelings of worries and discomfort (7).

The experience of parental pre-operative anxiety regarding
their child’s operation is also an important issue that can
affect the perioperative care setting (8, 9). Parental anxiety has
been associated with distress and problematic behaviors in the
child during and after hospitalization. Furthermore, unanswered
questions and missing information regarding the operation can
increase parental anxiety (8).

Children and their parents wish to be informed regarding the
surgical intervention, anesthesia, potential pain problems, and
other procedures they may undergo during the hospitalization
period (10–13). The adaptation of information to meet the needs
of children should focus on optimizing the timing, format, and
content of the information being presented (14).

Various non-pharmacological interventions have shown that
the provision of specific patient information can reduce
pre-operative anxiety in children before an elective surgical
procedure (15, 16). Research has increasingly focused on
exploring the effects of audio-visual (17) and technology-based
(18) interventions, particularly digital intervention programs.

A previous study concluded that the information presented
in videos should be short and precise (17). Kain et al. showed
that providing procedural information is sufficient to allow
children to cope with the expected stress associated with the
surgical intervention (19). Although evidence-based studies
are important for pediatric pre-operative preparation, to our
knowledge, no trials have focused on the effects of using
an educational video with a laying technique (20). In this
educational video new scenes are wiped in or out with two hands
explaining complex information in a short and simple manner
about hospital and care standards.

The questions under research were as follows:

1. Can a child-friendly, educational video reduce children’s pre-
operative state anxiety before elective surgery compared with
the standard information procedure?

Abbreviations: STOA, State-Trait Operation Anxiety Inventory; TAU, Treatment-

as-usual; IG, Intervention group; CG, Control group; t1, timepoint 1, before

intervention; t2, timepoint 2, after intervention; t3, timepoint 3, after surgery.

2. Does the use of such a video increase the reported patient
satisfaction of the children and parents compared with the
standard information procedure?

We expected that self-reported, pre-operative, state anxiety of
children would decrease after the video intervention in addition
to receiving standard information compared with children who
received only the standard information procedure. Furthermore,
we expected an increase in patient satisfaction among children
and their parents whowere shown the video compared with those
who received standard information.

METHODS

Trial Design
The present study was conducted as a prospective intervention
study with three measurement time points using a randomized-
controlled design that included 90 participants. Data were
collected from November 2019 until April 2020 at three primary
care centers. The sources of information were children and their
parents. Enrollment was conducted, as shown in Figure 1.

Families were randomized either to the intervention (IG,
n = 45) or control arms (CG, n = 45). The children and
parents included in the IGwere shown a child-friendly, animated,
educational video (see below), in addition to receiving standard
information regarding the hospital stay. Standard information
regarding the hospital stay was provided to all groups by the
nursing staff.

Questionnaires were answered by both the child and one
parent (mother or father) on the day of surgery, both before
administering the intervention (t1) and directly after the
intervention but before surgery (t2), and 1 day after surgery (t3).

Participants
Children aged 6–17 years who were undergoing elective surgery
were eligible for inclusion. All patients agreed to participate and
were randomly allocated to one of the study groups (Figure 1).
All participants received treatment as allocated. The surgical
interventions were divided into body regions: chest, abdomen,
extremities (including head and neck), anal region, or spine.
Sufficient German language skills to understand the video were
required for both the child and parents for inclusion.

Exclusion criteria included children with chronic illnesses,
mental disorders, and the use of regular medication to avoid
conflicting effects with regard to anxiety levels.

Randomization
The randomization procedure was conducted as a written
document (randomization table). Randomization was carried out
on the day of the operation after assessing study eligibility by
a member of the study team. Child and parent were informed
that there were two groups, one of which they were randomly
assigned. After being informed about the study, both received
standard information procedure (TAU). The control group then
completed the second questionnaire. The video group filled
out the second questionnaire only after they had seen the
educational video.
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FIGURE 1 | Consort 2010 flow diagram of the study.

Intervention
Intervention Group: Educational Video
On the day of surgery, before undergoing the standard
information procedure [treatment as usual (TAU), see below], the
IG participants and their parents were shown a short, educational
video with animated laying technique. The animated laying
technique is used in the educational video of this study. The
technique is characterized by illustrations that is placed in or out
of the screen by two hands. The illustrations show information in
a simple and short way in <4min. This simplicity should lead to
complex information being conveyed in a playful, animated way
and in visual language. This should help children to get access
to the procedures that will expect them in their hospital stay.
The video was presented on a handheld tablet in the patient,
holding, or examination room. The video contained information
regarding the procedures the child was likely to encounter during
the hospital stay, which was presented in a child-friendly way.
This information included the medical procedures that would
occur before and after surgery and the procedures that would
be encountered during post-operative care (seeAppendix). After
viewing the video, questions about the information contained in
the video could be asked of a member of the study team, who was
present during the entire video viewing process.

Control Group: Treatment-As-Usual
On the day of surgery, participants in the CG received the
standard information procedure (TAU), which was provided
by the nursing staff and varied in form, length, and timing.
The information provided at each center was identical. If
sufficient time was available, the patients could visit the surgical
ward. The nursing staff explained the procedures before the
operation, including the application of pre-medication and post-
operative care.

Outcomes and Instruments
Primary Outcome
The primary outcome of this study was the self-reported pre-
operative state anxiety levels in children undergoing elective
surgery as measured at t1 and t2 using the State-Trait Operation
Anxiety Inventory (STOA) (2). The STOA is a psychometric
questionnaire used to evaluate a patient’s subjective fear of
surgery. The questionnaire measures both state and trait anxiety.
State anxiety can be further divided into cognitive and affective
components using different subscales. Anxiety cognition is
typically activated before the start of the operation, whereas the
affective component increases strongly immediately before the
stressful event, followed by a significant decrease (2). Parallel to
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the children’s self-report, the parent self-report was assessed. For
adults, the STOA has already been validated (2). For children
and adolescents, psychometric analyses were conducted within
this study (Cronbach’s α, factor analysis), which confirm good
reliability and factorial validity (e.g., α = 0.91 for children’s and
parents state anxiety at t1, manuscript in preparation).

Secondary Outcome
The secondary outcome measured was patient satisfaction with
the received information, as rated by both the children and their
parents. A study-specific questionnaire comprising eight items
was adapted (21). It was used in former studies to evaluate patient
satisfaction regarding the information obtained before a medical
procedure. The selection was made on aspects of face validity
and item content. We used one item (Table 4, item 3) from the
usefulness scale of patient information material (USE) and two
items from the scale’s preliminary item pool (Table 4, item 4 and
5). The other items were developed according to the objectives of
the study. The questionnaire hasn’t been used in a similar patient
population. It was given to the children and their parents in both
groups the day after surgery (t3).

Ethics
Approval was obtained from the Ethics Committee of the
Hamburg Medical Association (Number PV6045). A written
consent form was signed by study participants and their
parents before study entry. The study was registered at https://
clinicaltrials.gov/ under the ID: NCT04413773.

Statistical Methods
Student’s t-test and Chi-square-test were used to analyze
sociodemographic data. The prediction of surgery anxiety was
analyzed using a longitudinal, mixed model (22). A priori power
calculations were based on the assumption that the study would
detect 3-point differences for state anxiety scores between the IG
and the CG after the intervention, resulting in a sample size of 45
participants for each group (80% power; α < 0.05, two-tailed).
A t-test was used for independent samples to measure child
and parent satisfaction. Missing data were treated using the Full
Information Maximum Likelihood method (FIML). Statistical
analysis was performed using SPSS Statistics 26.

RESULTS

Participants
The demographic and clinical information of the participants
is shown in Table 1. No significant differences were observed
between the IG and the CG in terms of age, gender, education,
language, clinic setting, the number of previous operations, the
number or type of surgeries performed on the extremities or time.

Course of Anxiety Over Time
The descriptive distribution of operation-associated anxiety from
t1 to t2 and t3 for both groups is demonstrated in Table 2.
Children in both groups reported reduced state anxiety from t1 to
t2, with anxiety scores shifting from amean (M) of 10.5 [standard

deviation (SD)= 7.12] to 9.6 (SD = 6.86), respectively, in the IG
and from 9.4 (SD= 6.23) to 8.0 (SD= 6.46) in the CG.

State anxiety decreased significantly compared with trait
anxiety, especially at t3. Self- and parent-reported anxiety levels
demonstrated similar but not identical patterns, with children
rating state anxiety higher than trait anxiety.

Anxiety values tended to be in the lower range of the scale
(slightly) and to decrease over time. Parents assessed their state
and trait anxiety levels regarding their children’s operations
similarly but reported lower levels of state anxiety than trait
anxiety after the operation.

In addition, no significant differences in the cognitive and
affective components of state anxiety were observed between the
IG and CG in children (not depicted).

Effect of the Video
Table 3 shows the test of the hypothesis using the longitudinal,
mixed model. The control variables that were considered
included age, gender, native speaker, previous surgery, region
of surgery and time (t1-3). The numbers represent the mean
anxiety values for each respective STOA scale, showing a starting
constant value and the changes associated with the predictor-
specific components. In the longitudinal multilevel analysis, a
separate regression equation for the dependent variable over time
is calculated first for each individual case (level 1) (22). Intercepts
are the initial values at t1, slopes are the rates of change per year.
The intercepts and slopes of all cases can now in turn be taken
as variables and analyzed via (level 2) regression equations again.
The mean values of the intercepts and slopes are referred to as
fixed effects or regression coefficients, respectively. As shown in
the table, state anxiety, as measured using the self-reported STOA
scale, can be optimally predicted by starting with a constant value
of 3.2 anxiety points, plus the age of each participant multiplied
by 0.6. Each predictor-specific component is associated with an
additional adjustment, such as the reduction of 2.9 anxiety points
for boys or the addition of 3.1 anxiety points for non-native
speakers. The interaction between the difference in anxiety scores
between time t1 and t2 and the group, as shown on the lower
part of Table 3, indicated no significant effect on the change
in self-reported pre-operative state anxiety in children between
before and after the intervention for the IG compared with the
CG (M = 0.3, SE = 0.74, not significant). However, significant
reductions in both state and trait anxiety were observed for both
groups between t1 and t2 and between t1 and t3 in both the
patient- and parent-reported surveys.

Patient Satisfaction
The results of the patient satisfaction evaluation regarding the
received information are shown in Table 4. In total, children
and parents rated their satisfaction equally high but showed no
significant group differences. In one item (Table 4, Item 4), both
children and parents rated their reduction in worry with the
received information as being significantly higher (children p =

0.01; parents p= 0.004) in the IG than in the CG (b).
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TABLE 1 | Sample description.

Variable Control group (n = 45) Intervention group (n = 45) Total sample (n = 90) Test statistic p

Age in years M (SD) 12.63 (2.23) 12.37 (2.72) 12.50 (2.48) t = −0.489 0.626

Gender n (%) χ2
= 0.400 0.527

Female 21 (47) 24 (53) 45 (50)

Male 24 (53) 21 (47) 45 (50)

Education (n) χ2
= 12.129 0.096

Elementary school 6 8 14

Middle school 0 4 4

High school 22 14 36

Other 17 19 36

Mother tongue German n (%) χ2
= 2.000 0.157

No 5 (11) 10 (22) 15 (17)

Yes 40 (89) 35 (78) 75 (83)

Clinic n (%) χ2
= 4.320 0.115

Primary care center 1 18 (40) 18 (40) 36 (40)

Primary care center 2 23 (51) 27 (60) 50 (56)

Primary care center 3 4 (9) 0 (0) 4 (4)

Pre-operation n (%) χ2
= 0.179 0.673

No 25 (56) 23 (51) 48 (53)

Yes 20 (44) 22 (49) 42 (47)

Surgery on extremities n (%) χ2
= 1.538 0.215

No 5 (11) 10 (22) 15 (17)

Yes 40 (89) 35 (78) 75 (83)

Type of surgery (n)

Minor 16 13 29

Medium 25 24 49

Major 3 8 11

No data 1 0 1

The variable “Pre-operation” indicates if the child was previously operated or not.

TABLE 2 | Distribution of surgery anxiety before (t1) and after (t2) intervention, and after surgery (t3).

CG IG

n M SD n M SD

Self-report STOA-State t1 44 9.4 6.23 45 10.5 7.12

t2 40 8.0 6.46 44 9.6 6.86

t3 38 6.2 6.64 43 5.7 5.74

STOA-Trait t1 44 12.1 8.71 45 13.6 11.26

t2 40 9.9 9.20 44 11.1 11.99

t3 40 9.3 8.72 43 11.0 11.21

Parent report STOA-State t1 43 10.7 5.90 40 9.6 6.43

t2 40 9.1 5.83 39 8.2 5.72

t3 39 3.5 4.09 36 4.1 4.55

STOA-Trait t1 43 20.1 10.47 40 20.7 10.85

t2 40 17.6 10.26 39 16.8 9.80

t3 39 16.4 8.70 36 16.1 7.95

State anxiety is assessed with 10 items. The resulting score has a range from 0 to 30 with higher values indicating higher state anxiety. Children and parents respond to a 4-point rating

scale (0 = not at all, 1 = somewhat, 2 =moderately so, 3 = very much so, Cronbach’s alpha = 0.90), which describes the intensity of their momentary experienced anxiety. Trait anxiety

consists of 20 items. The resulting score has a range from 0 to 60 with higher values indicating higher trait anxiety. Under the instruction “When I think about operations and anesthesia

in general, I worry that...” patients should indicate the frequency of occurrence of such fears based on a 4-point Likert scale (e.g., “...one can still feel something of the operation despite

the anesthesia”; “...pain occurs after the operation”) on 0–3 (0 = almost never, 1 = sometimes, 2 = often, 3 = almost always, Cronbach’s alpha = 0.92).

Frontiers in Pediatrics | www.frontiersin.org 5 May 2021 | Volume 9 | Article 64023647

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Härter et al. Pre-operative Anxiety and Educational Video

TABLE 3 | Prediction of surgery anxiety before (t1), after (t2) intervention, and after surgery (t3).

Self-report Self-report Parent report Parent report

State-anxiety Trait-anxiety State-anxiety Trait-anxiety

Effect SE Effect SE Effect SE Effect SE

Fixed effects

Constant 3.23 3.65 −6.38 5.69 10.05 3.73 21.96 6.26

Age in years 0.57* 0.26 1.32** 0.41 −0.08 0.27 −0.25 0.45

Gender (boys) −2.91* 1.30 −3.11 2.04 0.98 1.33 1.15 2.22

Native speaker (no) 3.09 1.76 6.28* 2.74 4.37* 1.75 4.65 2.94

Previous surgeries (yes) −1.99 1.29 −0.85 2.02 −0.98 1.30 −2.31 2.15

Surgery region (extremities) 1.29 1.73 3.67 2.72 1.24 1.72 1.26 2.87

Time

t1-t2 −1.30* 0.54 −2.14*** 0.57 −1.24*** 0.33 −2.15** 0.81

t1-t3 −3.06** 0.94 −2.24* 1.09 −6.74*** 0.94 −3.38* 1.30

Group (video) 0.91 1.35 1.31 1.05 −1.18 0.33 0.55 2.34

Time × group (video)

t1-t2 × group 0.29 0.74 −0.50 0.79 0.22 0.47 −1.66 1.15

t1-t3 × group −1.95 1.30 −0.68 1.51 1.81 1.36 −0.93 1.88

Model fit (BIC) 1514.5 1639.2 1336.6 1587.6

Longitudinal Mixed Model, n = 90 children, Raw scores of the State-Trait Operation Anxiety Inventory, BIC, Bayesian Information Criterion, *p≤ 0.05, **p≤ 0.01, ***p≤ 0.001.

TABLE 4 | Subjective evaluation of intervention.

Item Self-report Parent-report

CG (TAU) IG (Video) CG (TAU) IG (Video)

M SD M SD p M SD M SD p

Patient information

1. All questions answered 3.3 0.82 3.3 0.87 0.984 3.4 0.74 3.3 0.88 0.798

2. Easy to understand 3.25 0.87 3.50 0.86 0.209 3.38 1.00 3.73 0.45 0.073

3. Worries reduced 2.33 1.10 3.02 1.20 0.010** 2.78 1.07 3.46 0.73 0.004**

4. Uncertain 1.08 1.08 1.38 1.46 0.306 0.59 0.91 0.97 1.44 0.191

5. Has caused anxiety 0.79 0.85 1.00 1.15 0.394 0.72 1.20 0.28 0.65 0.070

6. Were correct 2.97 1.19 3.06 1.26 0.773 3.25 0.88 3.17 1.14 0.768

7. Overall satisfied 3.29 0.94 3.19 1.14 0.691 3.38 0.91 3.14 1.03 0.345

8. Total evaluation 8.11 1.33 8.14 1.96 0.933 8.16 1.75 8.68 1.36 0.188

Video

9. Easy to understand 3.74 0.95 3.96 0.20

10. Visually appealing 3.57 0.78 3.73 0.53

11. Total satisfaction 3.43 0.98 3.58 0.58

12. Total evaluation Video 1–10 8.44 2.21 9.04 1.18

Item 1 and 12 can be rated on a 1 to 10-point scale to evaluate the general satisfaction with the obtained patient information. Standardized items with a 5-point response scale derived

from previous studies (21) (0 = strongly disagree, 1 = disagree, 2 = neither agree nor disagree, 3 = agree, 4 = strongly agree). The IG filled out four additional items for evaluating the

quality and satisfaction of the video.

**p <= 0.01.

DISCUSSION

The purpose of this study was to evaluate whether a child-

friendly, educational video with a laying technique could reduce

pre-operative anxiety in children undergoing elective surgery

compared with the standard information procedure (CG). To our
knowledge, this study also represents the first time that the STOA

has been used to measure children’s self-reported anxiety levels
before elective surgery.

In contrast to previous research (1, 16, 23–26), no significant
effects were found in the reduction of pre-operative anxiety
among children following the addition of a video to TAU before
surgery compared with TAU alone. Both the children and their
parents reported their anxiety using a validated questionnaire
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(STOA). The measurement of state and trait anxiety at three
different time points allowed us to comprehensively investigate
the development of anxiety over the perioperative time. Although
we were unable to identify significant differences between the
groups, significant reductions in pre-operative state anxiety were
observed at t2 compared to t1 for the children in both groups (IG
and CG). The depicted course of anxiety levels shows coherence
with a stressful situation, with higher state anxiety before the
surgical intervention (7). Trait anxiety remained the same over
the course of the three measurement time points, confirming the
results reported by previous studies indicating that trait anxiety
follows a constant course, representing a stable, consistent
personality characteristic (1, 7).We failed to identify any decrease
in the pre-operative state (and trait) anxiety in parents regarding
their children’s operations from t1 to t2. Fernandes et al. reported
similar non-significant group differences (16). Interestingly, high
anxiety scores in parents have been shown to predict their
children’s anxiety scores (5, 26–29).

Recent studies have used the modified Yale Pre-operative
Anxiety Scale (mYPAS) as the gold standard for themeasurement
of observer-rated child anxiety, although some limitations
associated with observer bias have been noted (30–32).
Compared with this and other questionnaires that have been
applied to measure anxiety, the STOA appears to represent a
good alternative. It can measure the self-reported anxiety of
both children and their parents, can be used to distinguish state
from trait anxiety, and includes both cognitive and emotional
subscales. With remark the STOA is a validated questionnaire
used in a previous study only with adults (2).

In this study, the time point for the intervention was chosen
as the day of surgery, which was also the timing used to provide
the standard information procedure. However, the day of the
operation, particularly the period shortly before the induction of
anesthesia, is particularly stressful for the child (33). The existing
anxiety level might strongly influence the ability of the children
to cognitively process procedural information in a short period
of time. This may affect the ability of this information to reduce
anxiety levels in highly stressful situations (18). Other studies
have indicated that significant reductions in anxiety could be
achieved when presenting the pre-operative program at least 1
day prior to surgery (28, 34).

Child’s age has been identified as an important variable in
the prediction of the child’s pre-operative anxiety level (19).
In the present study, older children reported higher anxiety
levels than younger children. Younger children might have felt
more responsive to the video because of the simple format, the
child-friendly language, and illustrations. Older children may
have reported more anxiety because the information regarding
the expected medical procedures was not age-appropriate and
sufficiently detailed (14). Recent research has successfully used
interventions based on video distraction, such as cartoons (30)
and streaming video clips (31), during anesthesia induction.
Among the younger children the video might have functioned
more as a distraction rather than as a source of information and
thereby explains the better response in children.

Boys reported lower anxiety values than girls in the present
study, which agrees with prior results among children suggesting

that gender is an important predictor of anxiety before surgery
(16, 35).

This study used an informational education method, in
which procedural information was mediated using a peer-
modeling concept. Batuman et al., using mYPAS scores, showed
significantly reduced anxiety scores in the IG compared with
the CG when using a role-playing model. Peer-modeling videos
can assist children to cope with an upcoming event through the
observation of a child peer in a similar situation (1, 16, 23, 25).

The video did not provide detailed information regarding any
surgical procedures, and the children may not have felt directly
addressed because the video did not reflect their personal medical
situation. Previously, others have stated that information should
include procedural information regarding the events that will
occur and sensory information regarding what children might
expect, including the sensation of pain (20, 25).

Children and parents in the IG watched the educational
video in the patient, holding, or examination room. The use of
settings in which the children and their parents feel familiar and
comfortablemight impact the effectiveness of video interventions
presented prior to hospitalization and surgery (36). Wakimizu
et al. reported significant differences when an intervention group
was presented with a pre-operative video and complementary
booklet prior to hospitalization and additional at home compared
with a control group that received the same pre-operative video
only before hospitalization (36).

The standard care procedure already resulted in anxiety
reduction, as reported by both children and parents, which may
also account for the non-significant difference observed between
the IG and the CG. Children’s hospitals typically provide family-
centered and age-appropriate information (37). The hospital staff
is trained to communicate child-friendly information regarding
the operation and the hospital stay and to involve parents in
the operative setting. Personal contact between hospital staff and
patients appears to be very effective in reducing children’s anxiety
(38). However, time and well-trained personal are not always
freely available in clinical practice, and additional technology-
based programs might be helpful for the implementation of
standardized patient information (39).

In addition to objective measures of anxiety, a subjective
evaluation regarding various aspects of the video was performed.
Both, the children and their parents in the IG reported significant
reductions in their worries compared with those in the CG.
A short educational video may be a useful tool for informing
children and parents regarding operational procedures and
preparing them adequately for the upcoming surgery, as both
children and their parents desire comprehensive information
regarding perioperative procedures (10).

Important limitations of the present study should be
considered. The information mediated by the educational video
might have been insufficient due to the short time period before
surgery. The content and format of the patient information
used in this trial were not adapted to each child’s age- and
developmentally related concerns and fears. Furthermore, the
questionnaire measuring child and parent satisfaction has not
been validated in the study’s target group. Three items have been
selected from the original scale with regard to the study purposes.
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Considering that the children answered the STOA at t3, it
is possible that the children were influenced by medication like
painkillers when answering the questions regarding their surgical
anxiety and thus reported less anxiety. In addition, procedures for
which hospital admission was required after the operation of the
child could have influenced the post-operative anxiety and pain
level of the child. As this was not the main focus of this study, we
did not collect this data. Unfortunatly we didn’t register the time
of the medical counseling in both groups, which could have been
an important factor in a busy unit.

The educational video could have been implemented as a
supplementary and patient-orientated source of information
in the pre-operative medical educations about anesthesia and
surgery. A possible opportunity in our study and a possible
outlook for further studies could be to provide a link so that
children and parents could view the video at home or at a time
of their choosing before surgery. In addition they would have the
possibility to ask questions about the educational video and its
content in the pre-operative medical information visit.

No pre-test has been performed to investigate the effects of
an educational video on children with regard to pre-operative
anxiety levels.

CONCLUSION

Pre-operative anxiety is an important component of pediatric
surgery. In this study we couldn’t find an effect for the self-
reported pre-operative anxiety with a video as an additional
measure to the standard procedure. The optimization of well-
chosen, pre-operative, educational programs remains necessary
in terms of the timing before surgery, format, and content
of the program. The STOA has been demonstrated to be a
reliable and factorially valid measurement instrument for the
parallel assessment of both state and trait anxiety among children
and their parents. Further studies should include smaller age
groups to test which types of media and intervention methods
might be used to address the levels of anxiety experienced
among children prior to surgery. Aside from influencing anxiety,
audio-visual programs, available in a variety of languages could
improve pediatric surgical care regardless of patient’s origin and
language barriers.

SUMMARY

This randomized controlled trial shows the effects of an
educational video on the pre-operative anxiety of children
and parents.
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APPENDIX

The 3-min child-friendly educational video explains the
procedures in a hospital, when an injury happens, from the
perspective of a young boy (peer-modeling). It shows how
patients are getting prepared by the nursing staff and how
they enter the operating room accompanied by a nurse and a
parent. Furthermore, the video explains to whom patients can
refer to if they need analgesic drugs during their hospital stay.
The illustration appears on a flat and white screen with soft
background music. This video uses a format so-called hand
lay-style, where new scenes are wiped in or out with two hands.
Videos like this visualize and simplify abstract and complex
information in a short and simple way (40).
Video can be found under:
https://www.uke.de/kliniken-institute/kliniken/kinderchirurgie/
aufnahme/index.html

Frontiers in Pediatrics | www.frontiersin.org 10 May 2021 | Volume 9 | Article 64023652

https://www.uke.de/kliniken-institute/kliniken/kinderchirurgie/aufnahme/index.html
https://www.uke.de/kliniken-institute/kliniken/kinderchirurgie/aufnahme/index.html
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


REVIEW
published: 09 July 2021

doi: 10.3389/fmed.2021.698855

Frontiers in Medicine | www.frontiersin.org 1 July 2021 | Volume 8 | Article 698855

Edited by:

Michelle A. Kelly,

Curtin University, Australia

Reviewed by:

Ehab Seed Ahmed,

Inaya Medical Colleges, Saudi Arabia

Kamal Badr,

Sudan University of Science and

Technology, South Sudan

*Correspondence:

Mohd Yazid Bajuri

yb@ppukm.ukm.edu.my

Specialty section:

This article was submitted to

Family Medicine and Primary Care,

a section of the journal

Frontiers in Medicine

Received: 22 April 2021

Accepted: 14 June 2021

Published: 09 July 2021

Citation:

Mohamad UH, Ahmad MN,

Benferdia Y, Shapi’i A and Bajuri MY

(2021) An Overview of Ontologies in

Virtual Reality-Based Training for

Healthcare Domain.

Front. Med. 8:698855.

doi: 10.3389/fmed.2021.698855

An Overview of Ontologies in Virtual
Reality-Based Training for Healthcare
Domain
Ummul Hanan Mohamad 1, Mohammad Nazir Ahmad 1, Youcef Benferdia 1,

Azrulhizam Shapi’i 2 and Mohd Yazid Bajuri 3*

1 Institute of IR4.0, Universiti Kebangsaan Malaysia, Bangi, Malaysia, 2 Faculty of Information Science & Technology, Universiti

Kebangsaan Malaysia, Bangi, Malaysia, 3Department of Orthopaedics and Traumatology, Faculty of Medicine, Universiti

Kebangsaan Malaysia, Kuala Lumpur, Malaysia

Virtual reality (VR) is one of the state-of-the-art technological applications in the healthcare

domain. One major aspect of VR applications in this domain includes virtual reality-based

training (VRT), which simplifies the complicated visualization process of diagnosis,

treatment, disease analysis, and prevention. However, not much is known on how well

the domain knowledge is shared and considered in the development of VRT applications.

A pertinent mechanism, known as ontology, has acted as an enabler toward making the

domain knowledge more explicit. Hence, this paper presents an overview to reveal the

basic concepts and explores the extent to which ontologies are used in VRT development

for medical education and training in the healthcare domain. From this overview, a base

of knowledge for VRT development is proposed to initiate a comprehensive strategy in

creating an effective ontology design for VRT applications in the healthcare domain.

Keywords: knowledge representation, ontology engineering, domain knowledge, virtual reality, medical education

and training

INTRODUCTION

Virtual reality is a technology advancement that creates an immersive, virtual environment to
allow users to interact and visualize the real world in a virtual form (1) through multiple sensory
channels (2). As mentioned by Ajmera and Gonen (3), VR is commonly composed of three main
components; art, audio and mechanics. The first component, art, describes the environment where
users see, interact with objects and the animated surroundings in VR. Audio, on the other hand,
provides some level of immersiveness and reality-like feeling during the real-time simulation of
the VR. Meanwhile, mechanics is the main part of the VR that facilitates user interaction with the
created virtual events.

In the healthcare domain, VR-based training often involves the use of VR headsets,
instrumented clothing such as haptic gloves or tracking suits, along medical instruments. So
far, a few VRTs in the healthcare domain have been developed to provide an alternative
channel for medical education and training for healthcare personnel. Among them are virtual
surgery for ophthalmology, laparoscopic, endoscopic procedures (4), anatomy dissection (5),
emergency simulation (6), and many other procedural trainings (7). Hence, the need and
scope for VRT in the healthcare domain are limitless. VRT in the healthcare domain is an
interactive, immersive use of VR technology for medical education and training purposes,
to provide a real-time simulation of an actual setting (8) related to the healthcare domain.
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FIGURE 1 | The scope of ontology review in VRT.

One of the perks of having VRT in the healthcare domain is that it
provides a progressive way to train healthcare personnel in a safe,
controlled environment (9) while reducing the potential risks
that exist when the training is performed on the actual patients
(10). However, the development of VRT in its current state
is time-consuming and complicated due to certain limitations
such as accessibility, cost of virtual tools, perception of the VR
technology and usability (11). Elaboration on these limitations
under the ontological perspective will be further discussed
in section Literature Review. Moreover, the knowledge from
developing one VRT in the healthcare domain is rarely used to
speed up the development of another VRT (12). Hence, there is a
need to tackle this limitation to expand VRT development in the
healthcare domain by understanding how the knowledge on this
can be shared and reused across other VRT training activities.

One of the well-known mechanisms suitable for capturing
knowledge and making it explicit for seamless sharing of
information in a domain of interest is ontology (13, 14). Some
studies have investigated the use of ontologies in the intersection
of Ontology Engineering and virtual reality (15). However, the
use of ontologies, specifically VRT, is not well-captured and is
missing all the aspects and evidence that we are interested in.
For example, how ontology has been used in VRT to manage the
learning scenario, users’ behavior, and interaction inside VR is
not something that has been distinctly established. Therefore, this
paper represents the field of ontology and gives an overview of the
recent research in the field, in the context of medical education
and training. The research questions of this paper are focused
on finding the existing types of ontologies, the methodologies for
building ontologies and defining the purpose of these ontologies
for VRT in healthcare.

Figure 1 depicts the scope of this study. By demonstrating
this, the focus is illuminated toward understanding the ontologies
that currently exist to support VRT in medical education and
training, what are the missing elements in the existing ontologies
and what is yet to be explored in VRT in the healthcare domain
from an ontological perspective.

The rest of the paper is structured as follows. Section
Literature Review includes the general applications of VRT, issues
in VRT development, ontology classification and the role of
ontology in VRT development based on the context of healthcare.
In section Methodology, we present the existing ontologies
developed for VRT in the healthcare domain, providing an
ontological perspective to be discussed in section Ontologies
Application in VRT in Healthcare Domain. Then, section
Discussion concludes the work with potential future directions.

LITERATURE REVIEW

In general, Zhou et al. (16) mentioned that the role of VR in
medical education and training can be classified into two types;
VR as a teaching tool or VR as a learning environment. VR as
a teaching tool can be defined as “a visualization tool that uses
VR technologies to engaging users to learn spatially complex
topics” (17). Meanwhile, VR as a learning environment simulates
complex objects in virtual form to facilitate better understanding
and visualization.

General Applications of Virtual Reality in
Healthcare
The virtual reality-based applications in the field of healthcare
are growing tremendously with the advancement in technology,
especially now, in the era of the fourth industrial revolution. In
general, these applications fall into the following categories.

Virtual Surgery
VR simulations are now progressively being used for numerous
surgical practices such as in ophthalmology, laparoscopic,
endoscopic, and even cataract surgery procedures. The main
purpose is to allow surgeons, regardless of their expertise level,
to rehearse and practice complex surgical procedures using
virtual reality before attempting the procedures on a patient.
Previously, these types of training exercises were often performed
during real surgery through observations and then, under the
supervision of senior surgeons (18). Hence, when there are good
training alternatives such as through VRT, this opens bigger
opportunities for surgeons to enhance their surgery skills, with
less need to practice on real patients. With realistic haptic
feedback, surgeons can assess their performance. In agreement,
a study by Thomsen et al. (19) revealed that the operating room
performance improves when surgeons undergo VRT training.

Anatomy Dissection
Another essential virtual reality-based training in healthcare is
anatomy dissection. Using VR, the anatomy of important organs
such as the ear, bone, and others can be visualized and explored
up to the level of intricate details that will help facilitate accurate
dissection skills among surgeons. According to Jang et al. (5), VR-
based training is more sustainable compared to human cadavers
in long term. To accentuate the enormous potential of using
VR in anatomy dissection, virtual training is now shaped to
allow active manipulation of the 3D structures rather than just
passive viewing. To add, VRT in anatomy dissection has reported
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a significant increase in the overall confidence among surgeons
post-VRT training (20).

Disease Management
The use of virtual reality is also expanded to training in disease
management. One important example is the VRT to train
healthcare professionals that work with patients suffering from
mental diseases. As mental diseases are not the type that impacts
patients physically, it can be quite challenging to diagnose and
provide accurate treatments and interventions. Through VR,
physicians can experience what happens inside the mind of a
patient with schizophrenia (21). The possibility of having VRT
for this purpose eventually will carve a bigger path for the
expansion of many VRT developments in the healthcare domain.

Emergency Simulation
A medical emergency is one of the most important training
types for any healthcare professional. Hence, it only seems fitting
that virtual reality technology is also adopted to develop VRT
for emergency simulation. This type of training is important
to ensure that healthcare personnel can respond immediately
and effectively during any medical crisis. Using VR, simulations
of any probable events can also be created. McGrath et al. (6)
highlighted that having VR training for emergency simulations
is beneficial in a way that it provides an environment that
overcomes the issues of limited clinical training hours while
allowing trainers to focus on improving their skills and training.

Procedural Trainings
Virtual reality is also applied in healthcare for procedural
and communication training (21). To add, this becomes
more important especially during the pandemic crisis of
COVID-19 disease outbreak, when it is not possible to perform
training in normal ways. Procedural training using VR may
include the common medical standard operating procedures
(SOPs), clinician-patient communication and more. A study by
Sowndararajan et al. (22) mentioned that the immersiveness
capability of VR training resulted in better compliance of the
healthcare personnel toward the procedures. This is because they
can efficiently remember complex procedures. In other words,
VRT for procedural training can facilitate healthcare practitioner
competencies and minimize unnecessary errors.

Limitations in Developing VRT in
Healthcare
The healthcare domain is complex. Hence, implementing VR
for medical education and training is quite a trivial task. Many
adopters in the healthcare field have encountered problems at
different phases within VRT development.

Firstly, as in many other domains, the development of VRT
in healthcare is often limited by the difficulty to maintain
a standardized vocabulary (23). This happens often due to
the involvement of stakeholders of varying competencies and
skills. For example, both subject matter experts (SMEs) and
technological developers have their understanding of the central
concepts. As a result, the same word may mean different things
in different contexts or different words used in different domains

could mean the same thing (24). This gap contributes toward
complicating the development of VRTs for the healthcare domain
(25). Until now, VRT remains expensive, complicated and time-
consuming (26).

Secondly, there is a high rate of failure in VRT development
in the healthcare domain (27). One of the reasons behind this is
the lack of adequate information exchange and communication
that supports the whole development process. So far, there are
no clear and comprehensive guidelines on how to develop VRT
for healthcare. Additionally, the VRT knowledge areas are also
not explored in-depth. Although there is a basic workflow on
VR development, many VRTs in healthcare are developed in-silo,
for the certain specialization of skills and therefore, are non-
reusable for the development of another VRT within the same
domain (28).

Thirdly, the healthcare domain is a field rich in terminologies
(29). Yet, the rapid accumulation of these various terminologies,
taxonomies, tools, and applications has led to amore complicated
situation of unsynchronised knowledge (30). This situation
hinders the efficiency to capture, represent and structure
the explicit knowledge in the healthcare domain, making it
difficult to set up VRT with good system interoperability (31).
Moreover, Burgun et al. (30) any missing knowledge or wrong
understanding of the domain can negatively impact the VRT
efficiency as alternative training channels. Therefore, it is best to
provide explicit knowledge using a well-established mechanism
such as ontology.

Fourthly, Zahabi and Razak (8) also mentioned that VRT
should also consider user’s capabilities, performance and needs
to be effective. Often, the development of VRT is majorly focused
on fulfilling the technical aspect. When this happens, many VRT
users fail to achieve the learning benefits (32). Hence, the design
of VRT needs to consider the users’ requirements, which can be
effectively captured using ontology.

Fifthly, the development of any VR-based training in
healthcare must be driven by a well-defined methodology (12).
Up till now, there is yet to be any consensus on the best
methodology (33) that can be adopted into the healthcare
context. The lifecycle of VR development activities needs
to be supported with domain knowledge (34) due to the
presence of the healthcare’s knowledge-intensive tasks and the
healthcare’s domain complexity involving many stakeholders.
So far, according to Gibaud et al. (35), most of the adopted
methodologies for the development of VR-related healthcare
modules have not been based on well-established methodologies,
instead, they have occupied an ad-hoc approach. Therefore, it
is crucial to find or to have the right methodology to ease the
development of VRT in healthcare (36). This can be done by
incorporating domain engineering into the lifecycle of the VR
methodologies as a way forward.

Ontology Classification and Roles in
Healthcare
Gruber (37) defined ontology as “a formal and explicit
specification of a conceptualization.” In general, there are
four types of ontologies, as shown in Figure 2. A top-level
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FIGURE 2 | The classification of ontology.

ontology is a general-purpose concept that is common across
all domains. It is also known as an upper ontology. According
to Hoehndorf (38), top-level ontology essentially provides rich
definitions that can be applied across multiple domains. Hence,
top-level ontology serves as a general foundation for a more
elaborated ontology such as domain ontology. Usage of top-level
ontology is important as it facilitates reusability, interoperability
and much more. Meanwhile, domain ontology is a controlled
vocabulary that represents concepts in a specific domain. Task
ontology, on the other hand, is a detailed specification that
describes the activity-related task. Application ontology describes
specific applications.

Other than that, an ontology may also be categorized into a
lightweight ontology or a heavyweight ontology. According to
Corcho (39), a lightweight ontology is an ontology that describes
the relationships between concepts in general associations.
Whereas, a heavyweight ontology is an ontology enriched
with axioms for semantic interpretation (40). A lightweight
ontology is often informal and less expressive as compared to a
heavyweight ontology (14).

Another way to classify ontology is based on the ontology
motivation, either endurant or perdurant. Colomb and Ahmad
(41) define an endurant as an entity that exists timelessly. All
of its parts exist at the same time. Meanwhile, a perdurant is
an entity that happens in time. If it has parts, it has temporal
parts that happen at different times. A domain ontology can be
designed to cover endurants and/or perdurants, depending on
the domain characteristics and the purpose of ontology to be
designed. For example, the domain of interlocking institutional
worlds (IWs) such as the one explained by Colomb and Ahmad
(41) is perdurant-centric and endurant is considered as a second-
class object. Both perdurants and endurants are needed for
modeling any kind of domain ontologies under domain IWs
characteristics. In short, the endurant-based ontology describes
the structural aspect of the domain while the perdurant-based
ontology involves the dynamic (process) element of the domain.

Role of Ontology in the Development of VRT in

Healthcare
The main benefit of using an ontology for VRT in healthcare is to
show explicit knowledge in the domain to drive an effective VRT
development. A simple example is depicted by (42) who used
ontology in biomedicine. The ontology enabled access to domain

knowledge, thereby providing a way to verify data consistency
and to facilitate integrative analyses over biomedical data.

The healthcare domain is also filled with abundant knowledge
that is heterogeneous in nature. Hence, ontology plays a role
in providing a structured, common vocabulary that reflects
the domain (43). This is important as VRT often involves VR
designers and domain experts with different skill competencies
and understanding. Hence, ontology can help to bridge the
communication gap between the different players of VRT using
common (shared) knowledge.

According to Tudorache (32), another main purpose that
ontology carries is to enable seamless information sharing
and reuse of knowledge between people and software agents,
on a domain of interest. This allows the knowledge to be
computationally useful and therefore, affects the interoperability
of the systems.

To summarize, the role of ontology in the development of
VRT in healthcare are:

• depict explicit knowledge in the domain to allow effective VRT
development in medical education and training

• enable access to the domain knowledge for verification of
data consistency

• provide a structured, common vocabulary that facilitates good
systems interoperability

• allow knowledge sharing between different players of VRT

Table 1 demonstrates the characteristics of the existing training
in the healthcare domain, the advantages of using virtual reality-
based training, and highlights the benefits of applying ontology
in VRT development in healthcare.

METHODOLOGY

This study reviewed papers focusing on the intersections between
virtual reality-based training in the health domain that uses
an ontology engineering approach. The initial selection criteria
included papers that are journal articles, published from 2015
onwards, and which highlighted the use of ontology in virtual
reality-based training in the healthcare domain. However, it
was discovered that there are a very low number of papers
that met these strict criteria. Hence, the criteria were revised
to include:

• Peer-reviewed manuscripts (journal articles,
proceedings, books);

• Published from 2010 onwards; AND
• Discussed the use of ontology in virtual reality-based training

in the healthcare domain

From the review, we are to reveal in Table 2:

• the classification of the existing ontology in VRT in the
healthcare domain;

• the VRT problems that have been addressed using the
ontology-driven approach;

• the languages used in the ontology-driven VRT;
• whether the existing ontologies in VRT in the healthcare

domain can be reused.
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TABLE 1 | Characteristics of existing training in medical education and training, and the potential benefits gained from applying ontologies for VRT development.

Characteristics of existing

training

Advantages of using VRT Benefits of applying ontology in

VRT

Restrained by time, sometimes

hindered by situations and

unavoidable circumstances such as

pandemic, emergencies, lack of staff

Allows for training to be done at the

time of convenience

Enables sharing and reuse of

knowledge to develop other VRTs in

medical and education training

Many sub-domains: hence, it is

labor-intensive to conduct repeated

training

Can be made to allow learning of

procedures by other sub-domains

Capture common knowledge that

exists across sub-domains

Training is limited to availability,

especially when conducted on the

real patients

Can simulate any probable situation

to which practitioners can act upon

Provides facilitated integrative

analyses and validation of data

consistency to simulate a virtual

training environment

Inadequate infrastructure such as

tools to practice (cadavers, sutures,

consumables, etc.)

Allows for repeated use of tools to

practice (virtual patients, 3D simulated

organs, virtual medical tools)

Structure the communication

between different players of VRT to

provide good system interoperability

Visualization in training is restricted to

what the practitioners can see

Enables deeper and more detailed

visualizations, up to the molecular

level

Capture explicit knowledge in the

healthcare domain for effective VRT

development

Some training is depended on the

patient’s consent (in which many

patients tend to refuse, such as

episiotomy repair)

No consent needed from patients

since procedural training is simulated

in the virtual environment

Provides facilitated integrative

analyses and validation of data

consistency to simulate a virtual

training environment

Training often comes with a risk to

both practitioners and patients

(exposure to disease or potential

infection)

Minimizes unnecessary risk to both

parties

Enable seamless information sharing

and reuse

ONTOLOGIES APPLICATION IN VRT IN
HEALTHCARE DOMAIN

Ontology for the Virtual Human Patients
(MV-SYDIME)
The lack of experts and inadequate training conditions prevent
the progressive learning and training of novice learners in
medical diagnostics. This can potentially lead to a higher
occurrence of false diagnoses (44). Practicing medical diagnostics
is important for learners in healthcare to confidently decide,
confirm and explain their diagnosis. Hence, this paper discussed
developing a virtual patient. However, the human body is
very complex to model entirely. Hence, in this study, they
used MV-SYDIME ontology to capture the knowledge of the
virtual human patients and represent the pathological concepts
(see Figure 3) to ensure good interoperability among the
systems involved.

Ontology for Virtual Doctor System (VDS)
Patients usually wait for hours to see the doctor. Hence,
this study focused on designing an avatar that resembles
a real human doctor to interact with the patients. This
avatar, or the virtual doctor, will perform the initial diagnosis
to classify patients based on how critical their cases are.
The nature of the knowledge that exists in this kind of
situation is not only abundant but also heterogeneous. To
effectively deal with this, Fujita et al. (45) used ontology
to build the probabilistic model of the VDS system.

The model can perform medical diagnosis based on the
doctor’s knowledge and experience and then, sort the
patient cases according to the generated weight (high,
medium, low, not-simple etc.). Two types of ontologies,
Physical Ontology (PhO) and Mental Ontology (MeO) are
aligned and represented on Medical Ontology as shown in
Figure 4. Both ontologies are independent of each other.
The medical ontology represents the conceptual view of the
medical diagnosis and the specialization is according to the
doctor’s experiences.

Ontology for Dentistry Structure
Dentistry anatomy is an area of important knowledge in which
a dentist needs to be very well-versed. Hence, a study by Dias
et al. (46) utilized virtual reality-based training to elevate the
visualization of a dental structure as part of the learning process.
The advanced VR system incorporates ontology as shown in
Figure 5, to provide a semantic description of knowledge to
the virtual 3D dental structures. Endurant ontology was used
in the development process. However, the authors’ paper did
not mention the used tool and methodology for designing their
ontology, other than indicating the use of an RDF file. This
language enabled the semantic description and aggregation of
multimedia contents as a 3D model. The VRT was evaluated by
ten professionals in dentistry, to which all users believed that the
system can be used as a training tool to support teaching dentistry
structure and content.
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TABLE 2 | Overview of the ontology applications for VRT development in the healthcare domain.

Category of

healthcare

services

Ontology Purpose of

ontology

Classification

of ontology

Language Tool Methodology Reuse

ontology

References

Medical diagnosis Ontology

of virtual

human

patient

(MV-

SYDIME)

Ontology to

capture the

knowledge of the

virtual human

patients

Domain,

Endurant,

Heavyweight

- Protégé

2000

- /(SVDIME) (44)

Medical diagnosis Ontology

for virtual

doctor

system

(VDS)

Ontology to:

1. Explicitly derive

knowledge related

to all real patients

including physical

and mental view

2. Identify the right

query/ decision

based on the

previous diagnosis

gathered from a

professional

doctor

Domain,

Endurant,

Heavyweight

OWL - - × (45)

Dental treatment Ontology

for

dentistry

structure

Ontology to

provide a semantic

description of

knowledge and

content about the

dentistry domain

for VRT

Domain,

Endurant,

Heavyweight

RDF - - × (46)

Surgery

procedures

ONTO-

MAMA

ontology

Ontology to:

1. To represent

domain

knowledge related

to anatomy part

2. To extend

guided surgical

training for either

students or health

professionals in

terms of mastering

core needle

biopsy procedures

Domain,

Endurant,

Heavyweight

OWL, RDF Protégé

(version

4.1)

Methontology × (47)

Dental treatment Ontology

for

therapeutic

interventions

simulation

in fixed

prosthodontics

(VirDent)

Ontology to drive

the protocols for

preparation of

teeth for

all-ceramic crowns

Domain,

Heavyweight,

Endurant

OWL DL, UML Protégé Noy and

McGuiness

/(DOLCE) (48)

Rehabilitation/Disease

Management

VEULMoR

ontology

Ontology to share

a common

understanding and

facilitate the

design of a virtual

environment

Domain,

Heavyweight,

Perdurant

OWL, UML Protégé Methontology × (49)

(-) not mentioned; (/) yes; (×) no.
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FIGURE 3 | The ontology fragment of virtual human [Source: Monthe et al. (44)].

Ontology and 3D Graphic Model of the
Female Breast Anatomy (OntoMAMA)
Artificial intelligence and virtual reality have shown their
potential to be used in medical training and simulations.
Yet, organizing the knowledge of complex human anatomy
and complicated medical procedures requires well-known
mechanisms as themain guidance to develop goodVRTmodules.
This study discussed the use of an ontology to express the
vocabulary of the female breast anatomy in a virtual reality
environment. As depicted in Figure 6, ONTO-MAMA ontology
is a useful reference to provide guided surgical training for
trainees to master core needle biopsy procedures. Klavdianos
et al. (47) used the Methontology method and the Protégé tool
in ONTO-MAMA ontology design. The OWL language was
chosen to represent the domain knowledge related to the selected
anatomy parts.

Ontology for Therapeutic Interventions
Simulation in Fixed Prosthodontics
(VirDent)
Prosthodontics is one branch of dentistry that deals with
the restoration of missing teeth using prostheses. One of the
procedures in prosthodontics includes teeth crowning. Teeth
crowning comes with many restoration options; however, all-
ceramic restoration is one of the most biocompatible restorations
available. Nonetheless, it is not widely used because the procedure
is delicate and requires high precision skills. Any misstep in
all-ceramic restoration may lead to adverse effects such as pulp
inflammation. In 2011, Bogdan described e-learning, a virtual
reality-based system called VirDent. The sole purpose of the
VirDent system is to help dentistry students learn how to prepare
fixed teeth prosthodontics for ceramic crowns. To formally

FIGURE 4 | The ontology fragment of virtual doctor system [Source: Fujita

et al. (45)].

construct a knowledge base and synchronize the knowledge for
the VirDent system architecture, a domain ontology is established
using the OWL language and Protégé tools (see Figure 7).

VEULMoR Ontology
Even as VRT began to expand to many subdomains of healthcare,
the design of VR-based training remains a trivial task. A study
by Ramírez-Fernández et al. (49) focused on the issues faced in
designing VR for upper limb motor rehabilitation. They argued
that the available approaches to designing VR are insufficient,
as no considerations are made to understand the knowledge
in the domain, hence it is difficult to maintain a standardized
vocabulary. A simpler mechanism to capture all this knowledge
and represent it in a common language is required. Ramírez-
Fernández et al. (49) designed the VEULMoR ontology (see
Figure 8) to make it easier to design a virtual environment
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for upper limb motor rehabilitation using VR. The ontology
can capture distinct aspects of the domain such as stroke-
survivor, characteristic motor rehabilitation, interaction devices,
and others.

DISCUSSION

As depicted in section Methodology, VRT development in
healthcare that occupies the ontology engineering approach is

FIGURE 5 | The ontology fragment of dentistry structure [Source: Dias et al.

(46)].

not discussed extensively in the available scholarly literature.
It indirectly suggests that the potential of using ontology
in VRT development has not been fully explored nor given
much attention.

From the overview, it can be learned that the ontology
was mainly used to represent the common knowledge in the
healthcare domain; however, each type of knowledge is very
specific and suits specialized VRTs. However, the ontology is
sufficient to bridge the communication problems between the
SMEs (subject matter experts) and the technology experts (VR
developer, 3D designer, etc).

Most of the ontology classification in healthcare VRTs can
be narrowed down to domain ontology, as the main purpose is
to explicitly capture the domain knowledge. Additionally, the
existing ontology mostly falls under the heavyweight ontology
category. This is consistent with the need for VRTs in healthcare,
which requires formal standardization and expressiveness.
However, heavyweight ontology uses lots of computational
power and memory, hence utilizing considerable resources
for understanding the specifications and maintaining the
interoperability of the system (14). Sometimes, this becomes the
limiting factor that deters further growth of VRT in healthcare.

Additionally, perdurant knowledge is not heavily considered
in many ontology designs for VRT in healthcare. As shown in
Table 2, many ontology developments in the healthcare domain
tend to favor object-oriented ontologies (structural aspect), also
known as endurant ontologies. Endurant knowledge represents
the structural elements within the domain, while perdurant
knowledge involves the dynamic elements of the domain.
Since the healthcare domain is often flexible and dynamic, the
perdurant design of ontology should not be neglected.

The language used for ontology design in many VRTs
in healthcare is mostly OWL. Generally, OWL can be
quite intimidating for non-expert users as it has a steep
learning curve (50). To add to this, the current ontology
editors, such as Protégé, offer an intimidating interface

FIGURE 6 | The ontology fragment of ONTO-MAMA [Source: Klavdianos et al. (47)].
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FIGURE 7 | The ontology fragment of VirDent [Source: Klavdianos et al. (47)].

for ontology development. Therefore, to encourage the
adoption of ontologies in VRT development in the healthcare
domain, the ontology design needs to be enhanced
with developer-friendly tools and languages such as the
UML-based ones.

The overview also denoted that a majority of the research
did not disclose or explain the methodology used for the
ontology design for VRTs in healthcare. Only two researchers
mentioned the use of Methontology (47, 49), and another
research by Bogdan (48) referred to the basic ontology
development guideline (51). Additionally, the methodology
in the literature also failed to discuss how the ontology
engineering methodologies are blended or incorporated

into VR methodology development. We argue that for
healthcare purposes and context, establishing a generic
ontology development methodology tailored to the domain-
specific context is worthy since most ontology development
methodologies are not designed for the general purpose of the
domain (35). Moreover, there is also no consensus on the best
ontology development methodologies so far (33).

Nonetheless, this carved the path toward having more
research opportunities that would be able to establish on
integrating or incorporating ontologies into VR development
methodologies. For example, using ontology to design
virtual environment for usability (52), interfaces (53) and
applications (54).
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FIGURE 8 | The ontology fragment of VEULMoR [Source: Ramírez-Fernández et al. (49)].

The overview also depicted that ontology reuse across a
given domain is not a consolidated practice. Enacting reuse of
ontology in practice is difficult due to the heterogeneity in the
conceptualization, the difficulty to select the suitable ontology
to reuse, the struggle to extract the subset of ontology to reuse
and maintaining the extracted subset as the source to which
the ontology evolves. Yet, reusability is one of the important
characteristics of a good ontology. Reusability of the ontology
can drastically minimize the time and labor needed for building
up new learning scenario models. As a result, the ontology
promisingly speeds up the development of VRT processes while
reducing the cost at the same time. Hence, the current situation
needs to adopt advanced usage of the ontology engineering
approach, such as the utilization of upper-level ontologies that
can govern reusability.

The importance of a well-designed ontology for VRT can
easily be explained using a “map” analogy. Ontology captures
all the knowledge within a map. A world map contains all the
knowledge of the “world.” Yet, it is only meaningful if it is used
for a certain interest or purpose. For example, the map in the
Waze application, the map in navigation systems or the map
in any GIS application uses the same map, but the interest and
purpose are different. Hence, ontology in VRT is important to
capture the whole knowledge within the domain to facilitate
the different uses and to make it meaningful. So far, we have
identified the limitations to the current ontology design for VRTs
in healthcare through this overview. To have an ontology for
VRT that can be utilized on the same page, we need a common
framework that can govern its development and its utilization
purpose. Therefore, an ontology engineering approach such as
adopting the right upper ontology system can play an important

role. Choosing the right ontology language that enables two-way
transformation (e.g., OWL-UML vice versa) and is familiar to all
stakeholders is also essential.

Nevertheless, for each existing VRT, ontology has shown huge
potential in capturing, representing and sharing the knowledge
within a complex domain such as healthcare. However, most of
the existing ontologies are used in the implementation phases of
VRT development life cycles. This causes the role of ontology
to be insufficient. An ontology needs to be integrated earlier in
the VRT development life cycle. Only then, the ontology can
seamlessly share the common knowledge between the people
and the system. Without an ontology, the resulting VRTs are
often poor with a lack of relatedness, immersiveness, and
being user-centered.

Healthcare is a knowledge-intensive domain. And many
aspects of healthcare need explicit knowledge. Therefore, when
we want to transfer this knowledge into the VR world, there
is a need for a clear reference on these knowledge structures
and controlled vocabularies. In this sense, an ontology can
become the reference model. However, looking at the current
progress of ontology for VRT development, it is not based on
well-designed ontologies. Therefore, in Figure 9, we proposed
a base of knowledge for VRT in healthcare to assist the VRT
development in healthcare through an ontological approach.

The bases of knowledge for VRT in healthcare are divided
into four, which are, VRT fundamentals, VRT devices, VRT
development life cycle, and VRT management. In the scope
of VRT for healthcare, the training models often involve
interactions between virtual objects and virtual environments to
achieve immersiveness and are often aided by the relevant VR
devices. VRT development life cycles involve six phases, which
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FIGURE 9 | Proposed linkage of ontology and base of knowledge for VRT development in healthcare.

are assignment, analysis, creation, testing, implementation, and
operation. The existing ontologies are mostly integrated into the
later phases of VRT development.

To increase the adoption of an ontology, consideration
to involve the use of the ontology in the earlier phases is
recommended. This can be done through the involvement of
the domain experts in different stages of the VRT development
process, for them to provide the necessary inputs and
feedback (55).

Additionally, having ontology in VRT development will
mitigate for better VRT management. This includes the
management of assessment, control, risk, configuration, and
information. An ontology represents the common knowledge
that is applicable and understood by both technical developers
and domain experts, as well as ease of systems interoperability.

The healthcare domain is complex due to the massive
“knowledge-intensive” tasks. The training, in the traditional
sense, involves many procedures, regulations, rules, and
processes that need to be followed strictly. Therefore, translating
these traditional training aspects into VR-based training can
be quite a tedious task. Looking at the possibility whereby
every single procedure needs to be converted into a VR-based
procedure (regardless of being semi or fully immersive), we need
to have explicit knowledge and its intended meaning to realize
the possibilities. All the knowledge must be well-represented,
accurate and applicable to the intended community. Without
an ontology mechanism, it will not be easy to support VRT
development in healthcare.

Another missing aspect in the current VRTs in the healthcare
domain is the lack of discussion on how far the learning theories
or educational models have been integrated to support the

development of VRT. The overview depicted little evidence on
any theories being applied for the development of the VRTs in
healthcare. This is in agreement with a study by Zhou et al.
(16). They suggested that the design of VR-based educational
applications should also consider pedagogical models, apart from
focusing on the technical perspectives of VR, to achieve the
learning benefits.

Chimalakonda and Nori (56) also argued that most
educational technologies today lack the support of strong
instructional design knowledge. Yet, this limitation can easily
be addressed through the use of ontology. Ontology can help
decode the knowledge of the domain, represent it explicitly,
and make the knowledge interpretable for machine processing.
This will eventually open more doors of opportunity for further
exploration and expansion of VRT in healthcare.

CONCLUSION

This review contributes to a holistic examination of the primary
studies relevant to the topic of ontology-engineering in virtual
reality-based training in healthcare, spanning the last decade.
The findings provide a comprehensive understanding of and
shed new lights on (1) the existing state of VRT development
in healthcare supported by ontologies, (2) the contribution that
ontologies make to the current VRTs in healthcare, (3) the state of
ontology design for VRT development in healthcare, (4) and the
limitations to the available ontologies in terms of reusability and
future expansion of VRT in healthcare. From the overview, the
adoption of ontology in the development of VRTs in healthcare
is still at an infancy stage. This is based on the lack of scientific
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research and through analysis and literature on how ontology
could be used in the development process of VRT in a variety
of healthcare disciplines.

Despite the low number of scholarly papers discussing
ontological perspectives of VRT in healthcare, the ontology
engineering approach has begun to garner a great deal of
attention, as it is one of the most pertinent mechanisms that can
address the issues that deter the VRTs development in healthcare.
Moreover, the reusability of the existing ontologies is low, to
map concepts to concepts within the VRTs in healthcare. A
comprehensive strategy to create an effective ontology for VRT
in healthcare may include (1) tackling the base of knowledge for
VRT in healthcare, (2) improving the ontology design through
consideration of requirements from various stakeholders and
adopting advanced ontology design principles such as the upper
ontologies system, (3) identifying well-defined learning theories
or models to strengthen the foundations, and (4) becoming part
of the solution to VRT limitations.

There are two important bodies of knowledge (BOK) that
this paper can spark further directions in, in terms of research
opportunities. Firstly, how can we improve existing ontologies
for supporting VRT from the lens of ontology engineering? By
answering this question, the researcher would be able to make
contributions to the BOK of ontology engineering, BOK-OE in
short. For instance, new knowledge can be added to the BOK-OE
such as a new approach on ontology design, new guidelines, new

strategy, new knowledge from lessons learned in the healthcare
domain context, new ontology development methodologies,
and more. Secondly, how fundamental, or practical problems
in BOK-VRT can be solved using ontology-based solutions?
By answering this question, the researcher would be able to
make contributions to the BOK-VRT. For example, fundamental
issues concerning VRTmanagement and evolution (see Figure 9)
can be resolved by having an ontological approach as
a solution.
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Simulation is an essential component of healthcare education as it enables educators

to replicate clinical scenarios in a controlled learning environment. Simulation has

traditionally been conducted in-person through the use of manikins, however, the

COVID-19 pandemic has challenged the practice of manikin simulation. Social distance

constraints were enforced during the pandemic to reduce the potential spread of the

virus and as a result, many educators and students were denied physical access to

their universities’ simulation facilities. Healthcare educators sought remote alternatives to

manikin simulation and many resorted to instructional videos to educate their learners.

While the use of videos increases safety, passively watching videos lacks interactivity

which is an important component of simulation learning. In response to these challenges,

we developed an interactive video simulation software that uses educators’ existing video

content to conduct a simulation remotely, thereby promoting safety during the pandemic

while also meeting the interactivity standards of best practice for healthcare simulation. In

this paper, we compare the interactive video simulation to the current practice of watching

non-interactive video of a simulation using the same content. We found that interactivity

promotes higher order learning, increases teamwork and enhances the perception of

authenticity. Additionally, the majority of participants demonstrated positive reception

of the interactive simulation. The simulation software provides the safety desired of

a remote simulation during the pandemic while also engaging students in interactive

learning experiences.

Keywords: healthcare simulation, interactivity, video, engagement (involvement), teamwork, authenticity, remote

learning, nursing

1. INTRODUCTION

Nurse education technology and strategies are constantly changing, leading researchers in
nursing education to identify the best ways to teach learners. Knowledge acquisition and learner
engagement are requisite skills of nursing education (1, 2) and simulation has proven to be a
very important strategy to achieve these skills (3). Simulation facilitates learning and promotes
patient safety; it affords nursing students the opportunity to experience realistic replications of
clinical cases and practice their skills without impacting the condition of a live patient (4). The
use of simulation increases students’ self-efficacy which is indicative of competence in the clinical
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setting (5). Additionally, repetition is an important component
of learning nursing skills (6). Unlike actual clinical cases,
simulation experiences can be infinitely repeated under the same
or similar conditions.

Simulations are traditionally conducted using a manikin, a
lifelike patient simulator that represents the whole or partial
human body (7). Other simulationmethods include standardized
patients (SPs) and virtual simulations. SPs are human actors
trained to play the role of a patient in a scenario, and virtual
simulation allows students to apply knowledge and practice
skills in a virtual recreation of reality (7). Traditional manikin
simulation is a well-recognized nursing education strategy,
however, it has limitations regarding visual fidelity (8), cost
(1), and now safety. Manikin simulation requires students to
interact directly with themanikin while an instructor oversees the
simulation; therefore, students and instructors need to be present
concurrently within the same space. Due to the cost of manikins
and space restrictions, typically students enter the simulation
in small groups. The restrictions enforced in response to the
COVID-19 pandemic have made it difficult for nurse educators
to safely conduct manikin simulations due to limited space,
high manikin costs, and safety. Many schools of nursing have
grappled with identifying quality clinical substitutions that could
be experienced remotely. Nurse educators need the flexibility to
be creative without space constraints (2).

In many healthcare educational institutions, educators
adopted virtual technologies to continue providing simulation
to students during the pandemic. Commercialized virtual
simulation programs, such as Second Life (9), vSim (10), and
Shadow Health (11), have been one virtual option. Second
Life enables students and instructors to interact as avatars
within a virtual world that depicts clinical environments. In
Second Life, educators develop the virtual environment and
simulation experience themselves, empowering them to design
the most effective simulation experience for their learners.
Second Life has been shown to promote positive learning
outcomes in nursing education and to particularly impact
students’ collaboration and engagement (12). In a study by Beyer-
Berjot et al. (13), Second Life was used by surgical educators
to develop a comprehensive simulation when other virtual
simulation options did not encompass all components of the
curriculum. Second Life has demonstrated to be a beneficial
tool for healthcare educators, however, it is complex. While
development may be feasible for some educators, others need
to hire developers to create their simulation or rent another
user’s virtual environment. In vSim and Shadow Health, students
assess digital standardized patients in pre-developed simulations.
Students have responded positively to the use of these virtual
simulations and recommend their use (14), but the rigidity of
the systems presents limitations to educators who are unable
to modify or expand on the lessons. Telesimulation is another
remote learning option that has recently been more widely
adopted by nursing educators. Telesimulation refers to the
use of telecommunication technologies to provide simulation
experiences to learners in a distant location, typically where
immediate access to the simulation facility is unavailable (15). In
a telesimulation model developed by Naik et al. (16), students

learn COVID-19 ventilator management by viewing a tutorial
video and then joining a telesimulation session hosted by their
instructor via a video conferencing application. Students in the
telesimulation watch as the instructor performs ventilation on
a manikin according to their instruction. This method of using
video content to conduct remote simulation works as a low-
cost replacement to in-person simulation and has been used by
many educators during the pandemic. In our study, we used this
method for control. Virtual platforms, such as Microsoft Teams,
have also been used to support remote educational activities as
well as facilitate collaboration and cultivate a sense of community
during the pandemic (17).

Like many other schools of nursing, we had to pivot to ensure
our learners met the expected curricular outcomes while learning
in a remote environment. We recorded exemplar videos of a
nurse instructor performing scenarios in a simulation laboratory
and showed the videos to students remotely. The exemplar
videos demonstrated the ideal conduct of the scenarios which
students would have performed themselves if they had access to
the simulation facility. The use of simulation videos, however,
played a role as a mediocre replacement to in-person simulation
activities. Interactivity is an essential component of healthcare
simulation (18) and passively watching simulation videos without
interactivity does not satisfy the standards of best practice for
healthcare simulation (19). To resolve this issue, we developed
an Interactive Video Simulation (IVS) software that converts a
simulation video into an interactive experience using educators’
existing video content. After we developed the IVS, we evaluated
the validity of our software as a remote alternative to traditional
simulation. We asked the following research questions:

Q1: Does interaction with the simulation system promote
higher order learning?

Q2: Does teamwork promote higher order learning compared
to individual work?

Q3: Does interaction with the simulation system increase the
perception of authenticity?

Q4: Does the order of participation affect perceptions of
the simulation?

2. MATERIALS AND METHODS

2.1. Study Design and Procedure
This section describes the design and procedure of the study as
approved by the Institutional Review Board (IRB). In a mixed
design study (between participants, and within participants)
nursing students were split into teams of two participants at a
time and were asked to participate in two different simulations:
an interactive (INT) simulation, and a video (VID) simulation.
The schedule was pre-allocated without prior knowledge about
the students. All participants experienced both modalities with
a unique scenario each time, but in a different order. The
two scenarios (Stroke and Chest Pain) were included in both
simulations. Participants were exposed to each of the simulations
once and participated in both scenarios. For example, if a
student viewed the Stroke scenario in the VID simulation, they
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FIGURE 1 | This diagram shows the setup of the interactive simulation and video simulation used in this experiment. (A) For the INT simulation, the facilitator shared

the content-controlled screen to the students via Zoom. (B) For the VID simulation, students watched the non-interactive video content.

would view the Chest Pain scenario in the INT simulation and
vice versa.

2.1.1. INT Simulation Condition

Setup

The INT simulation was delivered through the use of the IVS
simulation software that we developed. The facilitator ran the
software on their computer using two screens: one that displayed
a dashboard of buttons to control the simulation, and one
that displayed the simulation content. From a remote location,
the facilitator shared the screen displaying the simulation
content with the students over Zoom. The screen displaying
the dashboard of buttons was not visible to the students. The
facilitator used these buttons to control the simulation content
viewed by the students on the other screen. The students
connected to Zoom from a computer in their classroom, where
they watched the simulation content shared by the facilitator.
The setup for the INT simulation is shown in Figure 1A.

Procedure

Students reviewed the Scenario, Background, Assessment,
and Recommendation (SBAR) for 3 min and then had 4 min
to complete the pre-questionnaire. After completing the pre-
questionnaire, students participated in the INT simulation for 20
min. The facilitator asked the students to describe their nursing
care interventions in the order they would perform them, and
as a team, students described the steps of their patient care. For
each step described by the students, the facilitator played the
corresponding video clip on the shared screen showing a nurse
performing the step. If the step described was not available as one

of the video clips or was not appropriate, the facilitator displayed
a message saying “This option is not available” or “This option
is not appropriate,” respectively. The facilitator also displayed lab
images (EKG, CT, lab results), vital signs and the SBAR as needed
by the students. By the end of the simulation, the students had
made the decisions for the patient’s care and watched videos of a
nurse delivering care to the patient. The IVS software generated
automated logs of the teams’ answers during their simulation.
Since the video clips displayed were the ones described by the
students, it is possible that the students did not view all of the
video clips. After the simulation, students had 4 min to complete
an individual post-questionnaire and 5 min to complete a survey.
Participants were then debriefed by the facilitator for 10min.

2.1.2. VID Simulation Condition

Setup

Students watched a non-interactive exemplar video in a
classroom. The video depicted a nurse performing interventions
to care for a patient in the given scenario. The video was a
concatenation of all the video clips that we recorded for the
scenario. The facilitator played the video for the students and
remained in the classroom with the students for the duration
of the simulation, though the facilitator did not need to control
any aspect of the simulation. The setup for the VID simulation is
shown in Figure 1B.

Procedure

Students reviewed the SBAR for 3 min and then were given
4 min to complete the pre-questionnaire. Then, the students
watched the exemplar video for either the chest pain or stroke
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scenario without interruption. Students watched as the nurse
in the video provided the ideal sequence of care without their
input. After watching the video, students were given 4 min to
complete an individual post-questionnaire, and following the
post-questionnaire, students discussed with each other and had 8
min to complete a team questionnaire. Students were then given
5min to complete a survey. Lastly, students were debriefed by the
facilitator for 10min.

2.2. Software Design and Development
The IVS software is intended to be used by healthcare instructors
to engage students in virtual simulations. We developed the
IVS software in Unity (20) using the language C#. The software
requires two screens: one screen displays a dashboard of the
simulation controls for use by the instructor, and on the other
screen the students view the simulation. The simulation content
(videos, images, vital signs, and the SBAR) is imported into the
software, and for each piece of content, the software creates
a button which the instructor uses to control its display. To
generate these buttons, the software retrieves information from
databases that identify the button specifications. The instructor
has the ability to enter the databases and make modifications to
customize the software as needed by editing CSV files. To create
the video and image buttons, the CSV files take data such as a
button label, the associated file name and the order of the button
on the screen as input.

The software is designed to separate the controls from the
content to hide the options from the students while allowing
the content to be shared over a video conferencing application,
such as Zoom or WebEx. The frame rate of the videos is
30 fps but could be reduced depending on the connection of
the video conferencing application. The instructor can share
the content-controlled screen to the students over the video
conferencing application while the other screen remains visible
and accessible only to the instructor. During the simulation as
students describe the steps of their nursing care, the instructor
uses the button controls to display the content depicting those
steps, simulating the students’ delivery of the patient care. The
software maintains a log of data identifying which buttons were
pressed and what information was displayed throughout the
simulation. The instructor can later review the log file to see the
students’ sequence of steps and the amount of time they required
to decide each subsequent step. This technology can be used both
in groups and with individual students.

2.3. Multimedia Content
For this study, we recorded a series of video clips that depicted
a nurse at an American university performing two simulation
scenarios. In one scenario, the nurse assesses a stroke patient and
in the other scenario, the nurse determines the cause of a patient’s
chest pain and intervenes. Each video clip that we recorded shows
the nurse performing an individual step in the scenario. There
were 40 video clips in total, each in the MP4 format, with a frame
rate of 30 fps and resolution of 1,920 × 1,080. Eighteen of the
videos were for the stroke scenario and 22 were for the chest
pain scenario.

The content for the INT condition included the video clips,
images, and vital signs and an SBAR as text. For the VID
condition, the video clips were concatenated back-to-back to
form one exemplar video for each scenario. The clips were
ordered so that the nursing steps would be shown in the ideal
sequence. The length of the video for the stroke scenario was 15
min, 10 s, and the length of the video for the chest pain scenario
was 16min, 9 s.

2.4. Healthcare Scenarios
We chose two different patient care scenarios to conduct this
study. The scenarios are part of the curriculum for the university’s
nursing program. Both patient scenarios required students to
not only implement basic patient safety into their care, but also
specific care or protocols that are necessary for positive patient
outcomes for the different diagnoses. The scenarios involved the
care of a stroke patient and a chest pain patient.

2.4.1. Stroke Scenario

The first scenario was nursing care of a patient named Vera
Real with a cerebral vascular accident (CVA) or stroke. Along
with completing patient safety interventions, the students were
challenged to perform a comprehensive neurological assessment,
identify hypertensive crisis, and administer appropriate
prescribed medication. The scenario also included options to
review laboratory data, review radiology data and also update the
admitting provider as part of the simulation.

2.4.2. Chest Pain Patient

The second scenario was a patient named Anne Marie with
complaints of chest pain and anxiety. This scenario challenged
the students to determine if the chest pain was cardiac related
or anxiety related and to intervene as appropriate. Safety
interventions (hand hygiene, patient identification, and room
safety) were also necessary for successful completion of the
simulation. The students had options to administer oxygen,
cardiac medications, and/or anxiety medication. This scenario
had options for the students to review laboratory data, review an
electrocardiogram (EKG), and contact the admitting provider.

2.5. Participants
The participants of this study consisted of 36 undergraduate
nursing students at an American university. Of the 36 students,
32 identified as female, 3 as male, and 1 participant did not
identify as either. In terms of ethnicity, 19 students identified
as white, 12 as Hispanic or Latino, 3 as Asian, 1 as Black,
and 1 as both Asian and Latino. All students had previous
simulation experience. Thirty-four students had experience
using mannequins and 32 students had experience with virtual
simulations. All students were in at least their fourth semester
of the nursing program. Two participants had incomplete data:
one participant was missing a pre-questionnaire and team
questionnaire and the other participant was missing a team
questionnaire. These participants were excluded from tests that
required the missing data.
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TABLE 1 | Self-assessment teamwork tool for students (scale from 1 to 7).

SATTS1: Role Each team member had a clear role.

SATTS2: Plan A plan for treatment was communicated to the team.

SATTS3:

Communication

When team members received instructions they closed

the communication loop.

SATTS4:

Instructions

Instructions and verbal communications were directed.

SATTS5: Overview An overview of the situation was maintained.

SATTS6:

Suggestions

Suggestions were invited from within the team when

problem-solving.

SATTS7: Assistance Team members offered assistance to one other.

SATTS8: Situational

info

Situational information was verbalized.

SATTS9: Teamwork Overall teamwork.

TABLE 2 | Virtual patient evaluation questions (scale from 1 to 5).

While working on this case…

VPE1: Decisions I felt I had to make the same decisions a nurse would

make in real life.

VPE2: Nursing care I felt as if I were the nurse caring for this patient.

VPE3: Gathering info I was actively engaged in gathering the information (e.g.,

history questions, physical exams, lab tests) I needed to

characterize the patient’s problem.

VPE4: Revising

image

I was actively engaged in revising my initial image of the

patient’s problem as new information became available.

VPE5: Summarizing

problem

I was actively engaged in creating a short summary of

the patient’s problem using medical terms.

VPE6: Nursing

priorities

I was actively engaged in thinking about which findings

supported or refuted my nursing priorities.

2.6. Measures
During the study, participants completed pre-, post- and team
questionnaires which all included the question: After reviewing
the SBAR, outline your nursing care in the order you would
perform them and without omitting the basics (e.g., start with
introducing yourself to the patient). The pre-questionnaire was
asked before the simulation and the post-questionnaire was asked
after the simulation. The team questionnaire was asked following
the post-questionnaire and was completed only by the VID
condition. Team responses for the INT condition were collected
from the data logs that were generated automatically by the
IVS software during the simulation. The data logs for the INT
condition and the team questionnaires for the VID condition
were considered equivalent measures of team learning in our data
analysis. The pre- and post-questionnaires were submitted as free
text, as was the team questionnaire for the VID condition.

At the end of the study, participants completed a survey that
measured two aspects: perception of teamwork and perception of
the authenticity of the encounter. We used questions from the
Self-Assessment Teamwork Tool for Students (SATTS) shown
in Table 1 (21). These questions were included in Factor 1:
Teamwork Coordination and Communication, and Factor 2:
Information Sharing and Support, of the SATTS questionnaire.
Participants answered the SATTS questions on a Likert scale from
“poor” (1) to “excellent” (7). We also measured the authenticity
of the simulations using questions from the Virtual Patient

Evaluation (VPE) shown in Table 2 (22). These questions were
included in Factor I: Authenticity of Patient Encounter and
the Consultation, and Factor II: Cognitive Strategies in the
Consultation, of the original VPE questionnaire. As the original
questions in Factor I were intended for medical students, we
modified the questions to be applicable to nursing students.
Participants answered the VPE questions using a Likert scale
from “strongly disagree” (1) to “strongly agree” (5).

In the last question of the survey, we asked participants
which simulation technology they preferred, either video or
interactive, and why. Participants also could optionally provide
any comments about the technology they used.

3. RESULTS

The data was not normally distributed and therefore we needed
to use non-parametric statistical tests (23, 24). The Mann-
Whitney U-test was used for analyzing data between subjects
and the Wilcoxon signed-rank test was used for analyzing data
within subjects.

3.1. Learning
To gauge participants’ learning, we analyzed the data of the
pre-, post- and team questionnaires. We downloaded and
prepared the questionnaire data for analysis, and then sorted
participants’ responses into categories using components of the
Quality and Safety Education for Nurses (QSEN) competencies
(25): assessment (A), intervention medication (IM), intervention
communication (IC), evaluation (E), and safety (S). We assessed
participants’ learning at the level of these categories. The data
was analyzed by comparing participants’ responses to the correct
sequence of videos. As many videos included more than one step,
participants received credit if they identified the main significant
step performed in the video. The post-questionnaire and team
questionnaire were differentiated by the fact that participants
completed the team questionnaire with their partners and the
post-questionnaire individually. To reflect this differentiation, we
will refer to the team questionnaire as the team response and
the post-questionnaire as the individual response in this section
and following sections. The data was analyzed for the scenarios
separately as each scenario incorporated a different sequence
of steps.

3.1.1. Scenario 1: Chest Pain

In the chest pain scenario, we found that interactivity overall had
a positive effect on students’ learning. We calculated students’
team learning gains by subtracting their pre-questionnaire scores
from their team response scores and compared the mean gains
for the INT and VID conditions. The team learning gains were
greater for the INT condition than the VID condition in the A
(p < 0.001) and E (p= 0.039) categories, and in the IM category,
a trend (p= 0.059) suggested the same results. In the IC category,
the team learning gains were greater for the VID condition than
the INT condition (p = 0.001): the mean for the VID condition
was positive (M = 0.83) while the mean for the INT condition
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FIGURE 2 | This graph compares the mean gains in participants’ scores between the pre-questionnaire and the team response (team minus pre) for the INT and VID

conditions. The results are shown for (A) the chest pain scenario and (B) the stroke scenario. *p ≤ 0.05; ***p ≤ 0.001. See details in Table 3.

TABLE 3 | This table shows the data for the mean gains in participants’ scores between the pre-questionnaire and team response (team questionnaire).

Team learning gains for chest pain scenario

Category W p Effect size Condition Mean SD

Assessment 0.5 <0.001 −0.99
INT 5.83 1.17

VID 1.00 1.95

Intervention medication 16 0.059 −0.56
INT 3.33 0.52

VID 1.75 1.82

Evaluation 15 0.039 −0.58
INT 2.33 0.52

VID 1.25 1.14

Intervention communication 67 0.001 0.86
INT −0.17 0.41

VID 0.83 0.39

Safety 38 0.87 0.056
INT 0.17 0.41

VID 0.33 0.99

Team learning gains for stroke scenario

Category W p Effect size Condition Mean SD

Assessment 24.5 0.58 −0.18
INT 0.50 0.84

VID 0.20 2.20

Intervention medication 12.5 0.039 −0.58
INT 1.00 0.63

VID 0.30 0.48

Evaluation – – –
INT 0.33 0.52

VID 0.00 0.00

Intervention communication 28.00 0.87 -0.067
INT −0.17 1.17

VID -0.30 1.16

Safety 20.5 0.32 −0.32
INT 1.00 1.27

VID 0.00 2.06

The statistical test for Evaluation in the stroke scenario could not be conducted because the variance of the means was equal to zero. This data is represented as graphs in Figure 2.
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FIGURE 3 | This graph compares participants’ mean scores for the individual response (post-questionnaire) and the team response (team questionnaire). The results

are shown for the (A) INT condition in the chest pain scenario, (B) VID condition in the chest pain scenario, (C) INT condition in the stroke scenario, and (D) VID

condition in the stroke scenario. *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001. See details in Tables 4, 5.

was negative (M =−0.17). The results for team learning gains in
the chest pain scenario are shown in Figure 2A and Table 3.

We compared students’ scores for the team response and
individual response to determine the effect of teamwork on
learning, and we found that teamwork had a positive impact
on students’ learning. For the INT condition, the team response
scores were higher than the individual response scores in the A
(p < 0.001), IM (p < 0.001), and E (p < 0.001) categories, and
in the S category, a trend suggested the same results (p = 0.059).
The results for the INT condition’s team response and individual
response scores in the chest pain scenario are shown in Figure 3A
and Table 4. For the VID condition, the team response scores
were higher than the individual response scores for the IM
(p = 0.013), E (p = 0.011), and IC (p = 0.024) categories, and
a trend in the S category suggested the same results (p = 0.097).
The results for the VID condition’s team response and individual
response scores in the chest pain scenario are shown in Figure 3B
and Table 4.

3.1.2. Scenario 2: Stroke

For the stroke scenario, we found that interactivity promoted
students’ learning in the IM category. We compared students’
team learning gains (team minus pre) and found that in the IM
category, the gains were greater for the INT condition than the

VID condition (p = 0.039). The results for the team learning
gains in the stroke scenario are shown in Figure 2B and Table 3.

We found that the effect of teamwork on students’ learning
for the stroke scenario was mixed. For the INT condition, the
team response scores were higher than the individual response
scores in the A category (p = 0.027), however, in the IC and S
categories, the individual response scores were higher than the
team response scores (IC: p= 0.007; S: p= 0.015). The results for
the INT condition’s team response and individual response scores
in the stroke scenario are shown in Figure 3C and Table 5. For
the VID condition, the individual response scores were higher
than the team response scores in the IC category (p = 0.007).
The results for the VID condition’s team response and individual
response scores are shown in Figure 3D and Table 5.

3.2. Survey
The following results describe participants’ perceptions
of teamwork and authenticity of the simulation. This
data was collected through the SATTS and VPE
questionnaires, respectively.

3.2.1. Self-Assessment Teamwork Tool for Students

(SATTS)

Results indicated that participants were more engaged in
teamwork in the INT condition than the VID condition. We
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TABLE 4 | This table shows the data for participants’ mean scores for the individual response (post-questionnaire) and team response (team questionnaire) for the INT

and VID conditions in the chest pain scenario.

INT chest pain scenario

Category W p Effect size Answer type Mean SD

Assessment 0 <0.001 −1.00
Team 8.67 0.97

Individual 2.61 1.20

Intervention medication 0 <0.001 −1.00
Team 3.11 0.32

Individual 1.28 1.18

Evaluation 0 <0.001 −1.00
Team 2.89 0.32

Individual 1.06 0.80

Intervention communication 8 0.30 −0.43
Team 1.11 0.32

Individual 0.94 0.54

Safety 10 0.059 −0.64
Team 1.44 0.51

Individual 1.06 0.87

VID chest pain scenario

Category W p Effect size Answer type Mean SD

Assessment 13.5 0.17 −0.51
Team 3.44 1.76

Individual 2.89 1.97

Intervention medication 13.5 0.013 −0.74
Team 2.22 1.59

Individual 1.06 1.39

Evaluation 10 0.011 −0.78
Team 1.78 0.94

Individual 1.00 0.97

Intervention communication 13 0.024 −0.67
Team 1.78 0.43

Individual 1.33 0.69

Safety 6 0.097 −0.67
Team 1.33 0.69

Individual 0.94 0.87

This data is represented as graphs in Figures 3A,B.

found that students who participated in the INT condition after
the VID condition scored the INT condition higher on the
SATTS questionnaire than students who participated in the INT
condition first; the difference was statistically significant for all
questions on the SATTS questionnaire except SATTS2 (Plan),
which suggested a trend (p = 0.091), and SATTS8 (Situational
info), which was not statistically significant (p = 0.11). The
results for SATTS scores for the order of participation in the INT
condition are shown in Figure 4A and Table 6. Students who
participated in the VID condition after the INT condition scored
the VID condition lower in SATTS2 (Plan) than students who
participated in the VID condition first (p = 0.029). For SATTS9
(Teamwork), a trend suggested the same results (p = 0.08). The
results for SATTS scores for the order of participation in the VID
condition are shown in Figure 4B and Table 6.

3.2.2. Virtual Patient Evaluation (VPE)

Participants perceived the INT condition to be more authentic
than the VID condition. Students who participated in the VID

condition after the INT condition scored the VID condition
lower than students who participated in the VID condition first
for all questions in the VPE questionnaire except for VPE3
(Gathering info) and VPE6 (Nursing priorities), which suggested
trends (VPE3: p = 0.081; VPE6: p = 0.053). The results for
VPE scores for the order of participation in the VID condition
as shown in Figure 5 and Table 7. We did not find statistically
significant results in the VPE scores for order of participation
in the INT condition. In another statistical test, we found
that students scored the INT condition higher than the VID
condition on VPE3 (Gathering info) and VPE5 (Summarizing
problem), regardless of the order of their participation; the
difference was statistically significant for all questions on the VPE
questionnaire except VPE6 (Nursing priorities), which suggested
a trend (p = 0.084), and VPE2 (Nursing care), which was not
statistically significant (p = 0.11). The results for VPE scores
without accounting for the order of participation are shown in
Figure 6 andTable 8. Lastly, we found that students’ average VPE
scores were higher for the INT condition (M = 4.24, SD= 0.918)
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TABLE 5 | This table shows the data for participants’ mean scores for the individual response (post-questionnaire) and team response (team questionnaire) for the INT

and VID conditions in the chest pain scenario.

INT stroke scenario

Category W p Effect size Answer type Mean SD

Assessment 17 0.027 −0.68
Team 4.56 1.82

Individual 3.44 1.79

Intervention medication 22.5 0.63 −0.18
Team 1.56 0.71

Individual 1.44 0.78

Evaluation 9 0.18 −0.50
Team 0.44 0.51

Individual 0.22 0.43

Intervention communication 78 0.001 1.00
Team 0.56 0.71

Individual 1.39 0.61

Safety 91 0.015 0.73
Team 1.22 1.44

Individual 2.17 0.79

VID stroke scenario

Category W p Effect size Answer type Mean SD

Assessment 58 0.14 0.49
Team 2.50 2.31

Individual 3.38 2.06

Intervention medication 12 0.82 0.14
Team 0.75 0.86

Individual 0.81 0.91

Evaluation – – –
Team 0 –

Individual 0 –

Intervention communication 45 0.007 1.00
Team 0.75 0.86

Individual 1.50 0.63

Safety 36 0.12 0.60
Team 1.38 1.78

Individual 2.13 1.26

For the VID condition in the stroke scenario, the statistical test for the evaluation category could not be conducted because the variance of the means was equal to zero. This data is

represented as graphs in Figures 3C,D.

FIGURE 4 | This graph compares the mean SATTS scores for order of participation in the (A) INT condition and (B) VID condition. *p ≤ 0.05; **p ≤ 0.01. See details

in Table 6.
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TABLE 6 | This table compares the mean SATTS scores for order of participation in the INT and VID conditions.

SATTS scores for the order of participation in the INT condition

Category W p Effect size Condition Mean SD

SATTS1: Role 76 0.032 −0.42
INT first 5.00 2.10

INT after VID 6.29 1.20

SATTS2: Plan 90.5 0.091 −0.31
INT first 5.55 1.97

INT after VID 6.50 1.10

SATTS3: Communication 55 0.003 −0.58
INT first 4.91 1.92

INT after VID 6.42 1.18

SATTS4: Instructions 68.5 0.012 −0.48
INT first 5.46 1.75

INT after VID 6.50 1.10

SATTS5: Overview 80.5 0.04 −0.39
INT first 6.00 0.78

INT after VID 6.38 1.31

SATTS6: Suggestions 79.5 0.032 −0.40
INT first 5.73 1.42

INT after VID 6.54 1.02

SATTS7: Assistance 79.5 0.02 −0.40
INT first 5.82 1.78

INT after VID 6.71 0.86

SATTS8: Situational info 92 0.11 −0.30
INT first 6.09 0.94

INT after VID 6.42 1.14

SATTS9: Teamwork 89 0.04 −0.33
INT first 6.18 1.25

INT after VID 6.71 1.04

SATTS scores for the order of participation in the VID condition

Category W p Effect size Condition Mean SD

SATTS1: Role 103 0.15 −0.29
VID first 6.21 1.10

VID After INT 5.67 1.16

SATTS2: Plan 82.5 0.029 −0.43
VID first 6.29 1.08

VID After INT 5.33 1.72

SATTS3: Communication 103.5 0.16 −0.28
VID first 6.08 1.10

VID after INT 5.33 1.61

SATTS4: Instructions 101.5 0.13 −0.30
VID first 6.25 1.07

VID after INT 5.67 1.37

SATTS5: Overview 113.5 0.28 −0.21
VID first 6.29 0.96

VID after INT 5.83 1.40

SATTS6: Suggestions 139 0.87 −0.035
VID first 6.00 1.14

VID after INT 5.92 1.24

SATTS7: Assistance 123.5 0.46 −0.14
VID first 6.38 0.88

VID after INT 6.00 1.41

SATTS8: Situational info 101.5 0.12 −0.30
VID first 6.50 0.89

VID after INT 6.08 0.90

SATTS9: Teamwork 98.5 0.08 −0.32
VID first 6.63 0.71

VID after INT 6.00 1.41

The data is represented as graphs in Figure 4.
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FIGURE 5 | This graph compares the mean VPE scores of participants who were exposed to the VID condition first and those were exposed after the INT condition.

*p ≤ 0.05; **p ≤ 0.01. See details in Table 7.

TABLE 7 | This table compares the mean VPE scores of participants who were exposed to the VID condition first and those were exposed after the INT condition.

Category W p Effect size Condition Mean SD

VPE1: Decisions 64.5 0.005 −0.55
VID first 4.46 0.72

VID after INT 3.33 1.23

VPE2: Nursing care 86.5 0.049 −0.40
VID first 3.42 1.50

VID after INT 2.33 1.23

VPE3: Gathering info 94 0.081 −0.35
VID first 4.08 1.21

VID after INT 3.42 1.24

VPE4: Revising image 83 0.022 −0.42
VID first 4.58 0.72

VID after INT 3.75 1.22

VPE5: Summarizing problem 82 0.031 −0.43
VID first 4.17 0.96

VID after INT 3.33 1.07

VPE6: Nursing priorities 90 0.053 −0.38
VID first 4.42 0.78

VID after INT 3.75 1.06

The data is represented as a graph in Figure 5.

than the VID condition (M = 3.90, SD = 0.959). These results
were statistically significant (W= 299.500, p= 0.029).

3.3. Qualitative Feedback
Out of the 36 participants, 23 participants preferred the INT
condition, 11 participants preferred the VID condition, and
2 participants did not specify a preference. Seven participants
preferred the INT condition because it was more engaging
than the VID condition. Three participants mentioned that they
preferred the INT condition because they had input in the
sequence of steps. Three participants mentioned that it was
helpful to receive feedback about their patient care decisions.
Two participants preferred the INT condition because it required
more critical thinking than the VID condition.

Out of the 11 participants that preferred the VID condition,
three mentioned that it was unclear how to use the INT
simulation technology. Two participants mentioned that the
videos played in the INT condition were lagging. Two
participants mentioned that they preferred to watch the nurse
perform the full scenario in the correct sequence of steps.

4. DISCUSSION

The QSEN approach to categorizing the data allowed the
researchers to identify deep learning through systems thinking
and critical thinking (26). Critical thinking is identified using
the QSEN categories and completing the nursing process (27).
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FIGURE 6 | This graph compares the mean VPE scores for the INT and VID conditions. *p ≤ 0.05. See details in Table 8.

TABLE 8 | This table compares the mean VPE scores for the INT and VID conditions, regardless of order of participation.

Category W p Effect size Condition Mean SD

VPE1: Decisions 115 0.42 0.21
INT 4.20 1.16

VID 4.09 1.07

VPE2: Nursing care 122.5 0.11 0.43
INT 3.60 1.48

VID 3.09 1.50

VPE3: Gathering info 135.5 0.025 0.59
INT 4.37 0.91

VID 3.86 1.26

VPE4: Revising image 76.5 0.35 0.28
INT 4.46 1.07

VID 4.29 0.99

VPE5: Summarizing problem 143.5 0.046 0.51
INT 4.29 1.05

VID 3.89 1.08

VPE6: Nursing priorities 90 0.084 0.50
INT 4.51 0.82

VID 4.20 0.93

The data is represented as a graph in Figure 6.

Using consensus, we ranked the QSEN competencies based on
the nature of the scenarios. The A, IM, and E competencies were
ascribed greater weight since they required decision-making
opportunities to interpret data, select correct medication
and evaluate patient changes. We determined that the A, IM,
and E categories constitute higher order learning and the IC and
S categories constitute lower order learning. Additionally, the
chest pain and stroke scenarios had differences in their levels
of complexity, which is important to note when evaluating the
results. The chest pain scenario required students to make more
decisions and challenged them to determine the cause of the
patient’s pain and intervene appropriately, while the focus of the
stroke scenario was the neurological assessment, which required

fewer decisions and interventions. We evaluated whether the
complexity of the scenario influenced the effects of interactivity.

Learning and Interactivity

We observed that higher order learning is promoted more
through interactive simulation than non-interactive simulation.
In our study, statistically significant results in the higher order
learning categories showed that between the pre-questionnaire
and team response, students had greater learning gains in the
INT condition than the VID condition. IC was the only category
for which students’ scores were higher in the VID than the INT
condition; in fact, the gains for the INT condition in this category
were negative. We designed the interactivity to be focused on
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decisions as opposed to the manikin’s responses for both the
INT group and the VID group. By design of the intervention,
communication was not supported during the care of the patient
which might have created a situation where the students did not
expect to get a response from the manikin and therefore did
not engage in purposeful communication. We believe that this
resulted in the decline of students’ scores in the IC category. It is
also interesting to note that the participants in the VID condition
had watched the full solution to the scenario prior to responding
to the questionnaires while students in the INT condition had
no prior exposure to the solution. Despite this, participants in
the INT condition overall demonstrated more significant higher
order learning than those in the VID condition. This further
demonstrates that interactivity promotes higher order learning
more than non-interactivity. These results support our first
research question (Q1).

Learning and Teamwork

Teamwork was shown to have a positive impact on students’
higher order learning, but on lower order learning teamwork had
a lesser impact. In our results, there were statistically significant
differences for all three higher order learning categories between
students’ individual and team response scores, with the team
response scores being higher. However, in the stroke scenario,
we found that for the lower order learning categories (IC and S),
individual work produced higher scores than teamwork. These
results answer our second research question (Q2).

Perception of Authenticity

Interaction with the simulation system was shown to
greatly increase perceptions of authenticity. Participants felt
more actively engaged in gathering information (VPE3) and
summarizing the problem (VPE5) in the INT condition than
the VID condition. A trend also suggested that participants
may have felt more actively engaged in thinking about
nursing priorities (VPE6) in the INT condition than the
VID condition. Additionally, participants’ mean scores in the
VPE questionnaire were overall higher for the INT condition
than the VID condition. With the added interactive component,
the simulation experience was perceived as largely more
authentic than without interactivity. These results support our
third research question (Q3).

Order of Participation

We found that the order of participation in the INT and
VID conditions affected students’ perceptions of the simulation.
Students who experienced the VID simulation before the INT
simulation perceived teamwork and authenticity in the INT
simulation as greater than students who were exposed to the
INT simulation first. Similarly, when students were exposed to
the INT simulation before the VID simulation, they perceived
teamwork and authenticity in the VID simulation to be lower
than students who were exposed to the VID simulation first.
Participants compared their initial simulation experience to
their subsequent experience, which may suggest that the VID
simulation comparatively generated a lesser sense of teamwork
and perception of authenticity than the INT simulation. With

these results, we found that the order of participation does affect
perceptions of the simulation: students perceive both teamwork
and authenticity to be highest when they are exposed to the VID
simulation first and then the INT simulation. This supports our
fourth research question (Q4).

Based on these results, we recommend that non-interactive
video simulation is supplemented with interactive simulation.
To promote higher order learning, we recommend that complex
scenarios are used with teamwork activity. To promote lower
order learning, we recommend that simple scenarios and are
used with individual activity. The non-interactive simulation
should be conducted before the interactive simulation to
increase perceptions of teamwork and authenticity. This will
enable comprehensive learning of both higher order and lower
order knowledge and increase students’ perceptions of the
simulation experience.

The IVS software has demonstrated to be a valid remote
simulation technology. The technology embraces three
pedagogically sound strategies in simulation education: (1)
The participant observer role, (2) teamwork, and (3) productive
failure (PF). There is work to support the use of participant
observers in simulation and evidence to suggest that learning
outcomes such as clinical judgement, insight, and conceptual
thinking can be achieved by viewing a simulation (28). Likewise,
team-based learning has been used with much success in courses
such as health assessment and with simulation (29). Team-based
learning has been found to develop nursing students’ teamwork
and collaborative skills as they interact with one another (30).
The IVS technology harnesses the power of remote availability
and teamwork to enhance critical thinking skills. At various
points in the simulation, the video is paused and students choose
their next steps without being given options; in essence allowing
the student to think critically before choosing the next action
without showing them the answer. Showing the answer during
the simulation can inadvertently make the activity easier or
harder than necessary before giving the students the opportunity
to think. Palominos et al. (31) established the concept of PF, an
approach to simulation learning that emphasizes the educational
value of making mistakes in a non-threatening environment.
The premise of PF is to allow learners to make errors and then
follow their error experiences with opportunities to identify
the correct solution. By completing the pre-questionnaire prior
to the simulations, students gained exposure to the SBAR and
were able to plan their patient care interventions ahead of time.
This allowed the students to attempt the solution despite the
possibility of errors and prepared them to reconsidered their
interventions at later points in the simulations, thus facilitating
their learning. The INT condition implemented a reinforced
PF strategy: in the simulation, students needed to rethink their
decisions before communicating their steps to the facilitator.
The INT condition promoted greater learning in the higher
order categories and this may be attributed to the reinforced PF
strategy. Additionally, in both conditions, the students had the
opportunity to collaborate in pairs before finalizing their answers
to the scenarios. The design of the study allowed students to
make mistakes and then guided them to identify their errors
before being debriefed by the facilitator.
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During the pandemic, healthcare students’ exposure to
training has been maintained largely through video-based
resources (32). The IVS software engages students in interactive
simulation experiences remotely and while using educators’
existing video content. By making simulation content more
interactive, we are extending existing resources, allowing for the
development of critical thinking and decision-making. The IVS
technology allows for greater accessibility for students and faculty
in remote environment.

4.1. Limitations
A notable feature of the software is that it allows instructors
to upload their own content and customize the simulation to
their preferences. For this study, the software development was
focused on the functionality and display of the simulation, and
as a result, the graphical user interface (GUI) for uploading
content was not fully developed. This did not affect the execution
of the study as the dashboard of control buttons and the
students’ video display were fully developed. Also, since the
INT simulation was conducted over Zoom, the frame rate
of the videos was reduced, causing lagging at times. Some
participants noted this in their surveys, saying that it negatively
affected their simulation experience. The INT simulation was also
controlled by the facilitator, making students’ interaction with
the software indirect. Additionally, the study was designed to
evaluate students’ implementation of patient care and knowledge
of protocols and did not evaluate communication skills. The
simulation videos showed the nurse communicating with a
manikin rather than an actual patient, with the patient’s dialogue
being displayed as captions in the videos, and in the INT
condition, the interaction occurred between the student and
simulation system and did not involve the patient. As a result,
the study design was not optimal for students’ learning of IC
competencies. Lastly, in a typical simulation, the debrief would
be longer than 10 min but due to limitations of scheduling and
timing the debrief was shortened. Ideally, more time should be
allocated for the debrief but the reduced debrief time did not
affect the results of the study.

4.2. Future Work
We are planning to further develop the software’s GUI to improve
the usability and customizability of the software for educators.
Additionally, streaming the videos over Zoom caused lagging and
choppiness that negatively affected some students’ experiences
during the simulation. We intend to develop the software so
that it is not dependent on Zoom; rather, the videos could be
stored locally on students’ computers instead of being streamed
over a video conferencing application. This would eliminate the
problem of lagging, providing a better simulation experience to
students. We also intend to develop features that will eliminate
the need for a facilitator to mediate the simulation for students,
allowing the students to interact with the software directly and
independently if desired.

4.2.1. Automated After-Action Review

Debrief is essential to the development of students’ skills in
healthcare simulation. In a debrief, the facilitator guides learners

to reflect on their performance in a discussion that examines
various aspects of the simulation exercise. After-action review
(AAR) is a structured methodology for debriefing that was
initially developed by the U.S. Army but has been adopted
in healthcare simulation (33). As we further develop the IVS
software, we intend to create an automated AAR in which the
system would provide feedback at the end of the simulation to
indicate where students’ actions were correct or incorrect. The
automated AAR can be used to guide the facilitator’s debrief
and provide students the option to practice simulation exercises
independently with standardized feedback.

5. CONCLUSION

Through the COVID-19 pandemic, it became apparent that
traditional manikin simulation has limitations, namely those of
safety and flexibility. As a replacement for manikin simulation,
many nursing educators resorted to videos to teach their
learners remotely; however, without interactivity, the simulation
does not meet the interactivity standards of best practice for
healthcare simulation. By comparing the INT condition to
the VID condition, we evaluated the effect of interactivity
on students’ learning and perceptions of the simulation. We
found that interactive simulation promotes students’ learning
and is perceived as largely more authentic than non-interactive
simulation. We also found that higher level learning is
promoted more through teamwork while lower level learning is
promoted more through individual work. Lastly, we found that
students’ order of participation in interactive and non-interactive
simulation affects their perceptions of the experience; perceptions
of teamwork and authenticity are increased when students
participate in non-interactive simulation before interactive
simulation, though this also indicates that students perceive
teamwork and authenticity to be comparatively better in
the interactive simulation than the non-interactive simulation.
Given these findings, we recommend that non-interactive
simulation is supplemented by interactive simulation to promote
comprehensive learning and increase students’ perceptions of
the experience. We recommend that educators use teamwork
for complex scenarios to promote higher level learning, and
individual work for simple scenarios to promote lower level
learning. Future research into remote simulation options should
strive to limit dependence on facilitators and other platforms,
allowing students to practice scenarios independently and with
a standardized after action review.
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INTRODUCTION

Over the last 20 years, surgical simulation has evolved tremendously from bench models to “high-
fidelity” virtual reality surgical simulators. The main objective of these simulators is to acquire the
technical skills to be transferred to the operating room without any risk for patients. In this intent,
both simulator and the progression of the simulation training process (1) must be validated and
follow the standards (2). Nevertheless, a facet of surgical simulation lacks a deep consideration: the
haptic feedback, which is essential in most surgical procedures, is rarely assessed and the place of
haptic fidelity is unclear (3). Then, how can we determine the place of haptic fidelity in surgical
simulation training?
FIDELITY AND SIMULATION IN SURGERY

The definition of “fidelity” in healthcare simulation remains a major matter of debate. Fidelity is, in
essence, a multifactorial concept (4). It refers to sensory resemblance (auditory, visual, tactile) as
well as functional resemblance and, therefore, depends on the context and learning objectives. In
surgical simulation, fidelity has too often been reduced to “face validity” (i.e., the simulator “looks
like” the reality) and even more reduced to visual resemblance. The underlying concepts of “face
validity”—i.e., the perception of the user which contributes to simulator credibility, adhesion to it,
and enhance information retention and transfer to practice—are relevant but a visual resemblance
(closeness to the shape and color of the anatomical structures) is not sufficient to assess a surgical
simulator. This is why “face validity” is not part of the Standards for Educational and Psychological
Tests and Manuals (2) even if it continues to be wrongly used.

In fact, Paige and Morin (4) defined three dimensions of fidelity and proposed a “fidelity matrix”
based on the following:

1. physical (or engineering) fidelity (of the equipment and environment);
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2. psychological fidelity, which ensures that the trainee is
engaged in the simulation. It characterizes the extent to
which events and scenarios reflect real situations and the
extent to which the simulator provides realistic responses to
the actions of the learners; and

3. conceptual fidelity, which ensures that the scenario makes
sense and corresponds to the human conceptual mode of
thinking, such as problem solving or decision-making.

Each dimension is independent and has to be adapted to the
context and task to be simulated. Following these concepts,
Hamstra et al. (5) proposed to distinguish the “physical
resemblance” from the “functional task alignment” (FTA) (i.e.,
how much a simulator functions like the reality in response to
the actions of a user). They advocated that the conception and
design of simulators should follow the FTA analysis to
functionally represent a patient in response to the physical
action of the task, rather than seeking to achieve a physical
resemblance. Following this definition, the simulator fidelity is
achieved when the simulator functional parts are in congruence
with the learning objectives.
TOWARD A BETTER EVALUATION OF
HAPTIC FIDELITY IN SURGICAL
SIMULATION

One of the components of the physical resemblance is the haptic
fidelity (i.e., the perception by touch and proprioception). Haptic
skills are crucial to learning surgery: it is of utmost importance
for a surgeon to learn how to handle tissues safely, how to “feel”
the dissection plan, and how to palpate a tumor. These haptic
skills are essential for a safe use of surgical instruments, spatial
representation, understanding of tumor relationships and limits,
and evaluation of surgical risks at each step of a procedure. In
surgery, the risk of a regular training with a simulator lacking
realistic haptic rendering is to provide a negative transfer in the
operating theater, where the learner might apply dangerous
forces which is possibly difficult to untrain later (6). Therefore,
the haptic fidelity assessment of surgical simulators is essential
and should be taken into consideration from the beginning of the
design of the simulators, according to the simulated tasks (in
agreement with FTA). For example, to simulate a realistic
neurovascular dissection, the simulated tissues should be
adequately adherent to each other and have a consistent
physical behavior to experience which forces should be applied
on anatomical structures. Haptic feedback is all the more
important in endoscopic surgery (7), in which surgeons are
proceeding without directly seeing their hands, only with the
visual support of a two-dimensional display, and in which
haptic feedback provides crucial information for decision-
making and movement planning. Thus, the study of haptics is
of growing interest especially for virtual reality surgical
simulation which deals with the same issues (8). It was shown
that haptic feedback may play an important role in motor
skills acquisition (9), but haptic skills are difficult to teach in
Frontiers in Oncology | www.frontiersin.org 283
an objective and standardized manner. Therefore, research
on procedural simulation should focus on biomechanical
characterization of the tissues to be simulated, to select suitable
syntheticmaterials for physical simulators and improve the haptic
feedback of virtual reality simulators. Most virtual reality systems
provide force feedback only for anatomical structures that have
been segmented and assigned properties, but such biomechanical
data are often missing (3).

A recent review of the literature (8) highlighted “the
inconsistency and paucity of current evidence with regard to
haptics and its validity and evidence of its value in [surgical]
training”. Few authors actually measured the applied forces or the
precision of movements during surgical procedures which give
quantitative parameters that could be used for haptics application
(10–12). Moreover, these well-designed studies are often published
in biomedical engineering journals and may be poorly disseminated
within the medical community. Finally, the assessment of haptic
fidelity on surgical simulators is often qualitative, provided by users
or designers, and usually compared to “reality” using binary
questionnaires or Likert-type scales. As an illustration, Chan et al.
(13), who conducted a very substantial work on modeling and
virtual rendering for temporal bone surgery simulation, evaluated
the “high-fidelity” on visual appearance (comparison with videos)
only rather than on objective parameters (such as the amount of
bone removed or the applied forces). We believe that this approach
is insufficient to create and validate “high-fidelity” haptic procedural
simulators. It is indeed with a better knowledge of the
biomechanical characteristics and through the objective evaluation
of these parameters that the evaluation of haptic fidelity would be
more relevant than questionnaires specific to each simulator
designer/evaluator.
DEFINING HAPTIC FIDELITY LEVELS
ADAPTED TO SURGICAL TASKS

The FTA theory (5) highlights the need to think about the objectives
of the learners before designing a simulator. Thus, we advocate for a
more robust method of classification of the level of fidelity, in
accordance with the learning objectives (FTA-based approach).

The first step is to define which level of haptic fidelity is required
according to the surgical skill to learn. Indeed, basic technical skills
(e.g., navigation with an endoscope) do not always require high
haptic fidelity levels, in contrast to some advanced skills (e.g.,
neurovascular dissection). We propose to define three levels of
haptic fidelity (Figure 1). Simulators with a low haptic accuracy
level (i) could be used to learn basic manipulations of surgical
materials or instruments and to increase the eye-hand coordination.
Simulators with a medium haptic accuracy level (ii) could be used to
become familiar with the surgical procedures (e.g., learning
procedure steps). Finally, high haptic accuracy simulators (iii)
may help in the acquisition of fine technical skills like tumor
dissection. This distinction might help in undertaking a
preliminary reflection on the essential aspects of the task to be
simulated to choose the appropriate level offidelity, before designing
any training device or create a surgical curriculum.
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The second step is to provide guidance on the haptic fidelity
assessment. The experiment of Batteau et al. (14) showed that
haptic recall consistency (i.e., how consistently a haptic
experience can be recalled) can vary widely among individuals
and may be independent of experience. This finding suggests that
the method of using “expert” opinion to fine-tune haptic
feedback in surgical simulators may be insufficiently reliable, as
it depends on the ability of the experts to accurately recall and
compare haptic events. In all other domains of training by
simulation, efficacy and learning transfer can be assessed using
Kirkpatrick’s pyramid model (15). Haptic rendering fidelity
could then be adequately assessed according to a similar
scheme in order to determine the value and level of a
simulator, using three grades of accuracy: a) not proven
accuracy, absence of assessment of the simulator haptic
feedback; b) subjective accuracy, favorable opinion on the
haptic accuracy provided by a panel of experts; and c)
objective accuracy, proof of the haptic rendering accuracy
through biomechanical measurements. According to Mahvash
et al. (16) and, more recently, Lelevé et al. (17), biomechanical
measurements and objective tests may include at least:

1. tissue basic physical (texture, shape, volume, weight,
temperature) and mechanical properties (compressive,
tensile, bending, or shear properties) measurements.
Frontiers in Oncology | www.frontiersin.org 384
These properties can easily be assessed by calibrated testing
for both soft (18) and hard tissues (19). For instance,
erroneous elastic properties of soft tissues could lead to an
inadequate manipulation of tumors next to neurovascular
structures leading to injuries; and

2. characterization of the tissue response to different surgical
actions (scissor cutting, drilling, peeling, biting, twisting,
etc.). This can be done by measuring forces applied on
tissues with surgical instruments commonly used in the
operating room (20–22). For instance, a synthetic plastic
device perfectly mimicking a bone tissue as for mechanical
resistance to compression might behave unrealistically with
other actions like drilling (the plastic might melt with the
drilling overheating) or twisting (with unrealistic fracture
line, due to the orientation of resistance spans).

Assessing haptic rendering accuracy is an absolute requirement
for simulators to be used for surgical training certification—a
process by which individuals are recognized (or certified) as
having demonstrated some level of knowledge and skill in some
domain (2). This certification is already the norm in aviation where
pilots must have accumulated a specific number of hours of flight
training with validated simulators. This is not routinely done in
surgery, but the society attitude toward surgical training will
certainly lead to the requirement of an objective proof of the skills
FIGURE 1 | Proposed levels of haptic fidelity and corresponding skills to learn.
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of the surgeon before being allowed to work with patients. Haptic
fidelity can be the game changer of the decade.
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17. Lelevé A, McDaniel T, Rossa C. Haptic Training Simulation. Front Virtual
Real (2020) 1:3. doi: 10.3389/frvir.2020.00003

18. Griffin M, Premakumar Y, Seifalian A, Butler PE, Szarko M. Biomechanical
Characterization of Human Soft Tissues Using Indentation and Tensile
Testing. J Vis Exp (2016) 118):e54872. doi: 10.3791/54872

19. Favier V, Gallet P, Ferry O, Jehl J-P. Spherical Depth-Sensing
Nanoindentation of Human Anterior Skull Base Bones: Establishment of a
Test Protocol. J Mech Behav Biomed Mater (2020) 110:103954. doi: 10.1016/
j.jmbbm.2020.103954

20. Joice P, Ross PD, Wang D, Abel EW, White PS. Measurement of Osteotomy
Force During Endoscopic Sinus Surgery. Allergy Rhinol (Providence) (2012) 3
(2):ar.2012.3.0032. doi: 10.2500/ar.2012.3.0032

21. Favier V, Zemiti N, Caravaca Mora O, Subsol G, Captier G, Lebrun R, et al.
Geometric and Mechanical Evaluation of 3D-Printing Materials for Skull Base
Anatomical Education and Endoscopic Surgery Simulation - A First Step to
Create Reliable Customized Simulators. PloS One (2017) 12(12):e0189486.
doi: 10.1371/journal.pone.0189486

22. Barrie J, Russell L, Hood AJ, Jayne DG, Neville A, Culmer PR. An In Vivo
Analysis of Safe Laparoscopic Grasping Thresholds for Colorectal Surgery.
Surg Endosc (2018) 32(10):4244–50. doi: 10.1007/s00464-018-6172-6

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Favier, Subsol, Duraes, Captier and Gallet. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
August 2021 | Volume 11 | Article 713343

https://doi.org/10.1097/SLA.0000000000004650
https://doi.org/10.21053/ceo.2018.01627
https://doi.org/10.1016/j.ecns.2013.01.001
https://doi.org/10.1016/j.ecns.2013.01.001
https://doi.org/10.1097/ACM.0000000000000130
https://doi.org/10.1097/01.sla.0000149301.60553.1e
https://doi.org/10.1109/MCG.2004.1274062
https://doi.org/10.1016/j.jsurg.2019.09.006
https://doi.org/10.1109/TBME.2012.2193127
https://doi.org/10.1109/TBME.2012.2193127
https://doi.org/10.3109/10929088.2013.839744
https://doi.org/10.1109/LRA.2020.3013891
https://doi.org/10.1080/24699322.2016.1189966
https://doi.org/10.1080/24699322.2016.1189966
https://doi.org/10.1109/MCG.2004.1274061
https://doi.org/10.3389/frvir.2020.00003
https://doi.org/10.3791/54872
https://doi.org/10.1016/j.jmbbm.2020.103954
https://doi.org/10.1016/j.jmbbm.2020.103954
https://doi.org/10.2500/ar.2012.3.0032
https://doi.org/10.1371/journal.pone.0189486
https://doi.org/10.1007/s00464-018-6172-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


ORIGINAL RESEARCH
published: 17 August 2021

doi: 10.3389/fsurg.2021.698774

Frontiers in Surgery | www.frontiersin.org 1 August 2021 | Volume 8 | Article 698774

Edited by:

Hakan Kulacoglu,

Ankara Hernia Center, Turkey

Reviewed by:

Ulf Kessler,

Hirslanden Clinique Cecil, Switzerland

Kamarul Aryffin Baharuddin,

Universiti Sains Malaysia

(USM), Malaysia

*Correspondence:

Ismail Mohd Saiboon

fadzmail69@yahoo.com.my

Specialty section:

This article was submitted to

Visceral Surgery,

a section of the journal

Frontiers in Surgery

Received: 22 April 2021

Accepted: 23 July 2021

Published: 17 August 2021

Citation:

Isa MH, Lim K, Jaafar MJ and Mohd

Saiboon I (2021) The Effectiveness of

Self-Instructional Video vs. Classroom

Teaching Method on Focused

Assessment With Sonography in

Trauma Among House Officers in

University Hospital.

Front. Surg. 8:698774.

doi: 10.3389/fsurg.2021.698774

The Effectiveness of
Self-Instructional Video vs.
Classroom Teaching Method on
Focused Assessment With
Sonography in Trauma Among House
Officers in University Hospital
Mohd Hisham Isa 1, Kristina Lim 2, Mohd Johar Jaafar 1 and Ismail Mohd Saiboon 1*

1Department of Emergency Medicine, Faculty of Medicine, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia,
2 Emergency and Trauma Department, Hospital Raja Permaisuri Bainun, Ipoh, Malaysia

Background: The aim of this study was to compare the effectiveness of

self-instructional-video (SIV) and classroom training method (CTM) in learning

Focus-Assessment with Sonography-in-Trauma (FAST) among house officers (HO).

Method: A randomized controlled study involving house officers working in the university

hospital in Malaysia was conducted where participants were randomized into SIV group

(intervention) and CTM group (control). Each group had to undergo a 4 h hands-on

training. The intervention group has undergone self-training using the video material

without any facilitation while the control group received lecture and hands-on training

with facilitators. Participants’ performance was assessed using a validated Objective

Structured Clinical Examination checklist for landmark identification and interpretation

of images generated. Learning preference and confidence level were also assessed.

Result: A total of 33 HO were enrolled in this study. Marks obtained in image acquisition

by the intervention and control were 25.3 (SD = 5.3) and 25.6 (SD = 2.3) p > 0.05,

respectively. While in image interpretation, the mean score for the intervention and control

group was 10.3 (SD 1.7) and 9.8 (SD = 1.7) p > 0.05, respectively. Overall performance

assessment, showed the intervention group obtained 35.6 (SD = 5.9) compared to

control 35.3 (SD = 3.4), p > 0.05. Based on pre-specified determinant these scores

difference falls within the 10% of non-inferiority margin. The absolute difference between

both groups was 0.3 (CI = −3.75 to 3.21, p = 0.871), which proves non-inferiority but

not superiority. In terms of learning preference and confidence to perform FAST, most of

the participants preferred the control group approach.

Conclusion: The SIV method is as effective as the CTM for learning FAST among

the house officers and served as an alternative to classroom teaching. However,
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this technique needs improvement in promoting their confidence and preference.

Perhaps incorporating a feedback session after going through the SIV would improve

the confidence.

Keywords: focused assessment with sonography in trauma, education, self-directed learning, simulation, self-

instructional video

INTRODUCTION

Focused Assessment with Sonography in Trauma (FAST) is a
protocol used to detect hemoperitoneum and hemopericardium
using ultrasonography in trauma cases (1). It has long been
used as an adjunct in primary survey and even adapted in the
Advanced Trauma Life Support (ATLS) algorithm since 2007
(2, 3). Although ultrasonography is not the gold standard for
diagnosing intra-abdominal injury, it became popular due to its
portability, ease of use and capability to be performed repeatedly
without concerns of radiation exposure (4, 5). FAST is routinely
done for trauma cases in the emergency department (1, 5).

Currently most ultrasound courses are conducted face-to-
face in a classroom with hands-on practice. The classroom
teaching method (CTM) requires a qualified instructor to deliver
a didactic classroom session followed by hands-on training using
patients with findings or simulated patients without findings.
Incorporating simulation as a teaching modality is the way by
which health educators can bridge the existing gaps (6). An
ultrasound simulator may be used to conduct such training, but
it is expensive. FAST usually requires long hours of training
and is not easy to arrange for a large crowd, especially when
time and resources are limited. Besides that, participants may
be pressured to keep up with their peers’ pace in a classroom
teaching since it is usually done only once (7, 8). Hence
some might find it challenging to fully benefit from classroom
learning, especially when it involves participants from different
educational backgrounds and experiences such as doctors from
different specialities, nurses and paramedics. Lack of a clinical
instructor to teach the skill is also another problem (9). Due to the
increasing need for healthcare professional manpower, the ratio
of instructor to trainees has increased, placing more burden on
the instructor in terms of time and responsibility (10).

There are newer teaching modalities that has been proposed
such as incorporating the use of video-assisted learning through
self-instructional video (SIV) with ultrasound simulators for
hands-on training to teach sonographic skills (7, 8). The impact
of this method is not limited to reducing the need for the
instructor’s presence, but also enabling participants to review the
video for learning at their own time and pace, allowing a more
relaxed learning environment (10, 11). Hence, participants do
not have to worry about keeping up with the instructor’s or the
other participants’ pace during the lecture (7, 12). The impact is
enhanced during the COVID-19 pandemic, when it is harder to
conduct a classroom training course due to strict measures laid
down by the authorities in line with lockdowns or Movement
Control Orders (13). SIV is also gaining better acceptance as a
tool for learning sonographic skills as evidenced by the use of
videos in online courses. The technology is readily available and

can be easily accessed and viewed from gadgets such as laptops
and smartphones (14, 15).

Several studies have been conducted to evaluate the
effectiveness of SIV in teaching clinical procedures where the
main benefit lies in its flexibility (8, 10). The module is also easily
repeatable and can compensate for the lack of instructor and time
(8, 12). A previous study showed that an animated video can be
an effective teaching tool (16). SIV has been used to teach senior
doctors or specialists of certain specialties such as anaesthesiology
and pediatric emergency medicine (8, 17). However, teaching
sonographic procedures such as FAST via SIV to junior house
officers or doctors has not been thoroughly investigated. In our
study, we aim to evaluate the effectiveness of teaching FAST using
SIV compared with face-to-face CTM among house officers.
It is hoped that more healthcare professionals can be trained
effectively to perform FAST using SIV.

METHODS

We conducted a prospective randomized interventional study
in a university hospital in Kuala Lumpur, Malaysia from 1st
June 2019 to 30th January 2020. We enrolled house officers
from various departments in the hospital except from the
emergency department. None of them had undergone formal
training for FAST or abdominal ultrasonography. In this study
we developed a self-directed-learning-package (SDLP) for FAST
and evaluated the effectiveness of the FAST SDLP in terms
of confidence and preference using a validated questionnaire.
Psychomotor skills were evaluated using Objective Structured
Clinical Examination (OSCE).

The Intervention
Development of Self-Directed Learning Package
The SDLP consists of a video lecture and a self-instructional
video (SIV). The video lecture introduces the ultrasound
machine, learning objectives, knobology, and the ultrasound
probes. The SIV, on the other hand, shows the psychomotor
skills involved in performing FAST, and interpretation of the
images. These videos were developed by a team from our
department of emergency medicine. The videos were then edited
using VideoPad Video Editor V10.04 (NCH Software, Canberra
Australia). Simulation of the FAST was performed on a simulated
patient. The same content was also prepared in PowerPoint slides
for the classroom learning group. Both learning material were
validated by senior lecturers and emergency physicians from
the university hospital who are trainers for the FAST course in
emergency medicine faculty.
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Assessment Tools
The questionnaire evaluates the participants’ socio-demography,
confidence in performing FAST, and preference of learning FAST.
For the confidence, a 5-point Likert scale was used whereas a
close ended question was for the preferences. The content of
the questionnaire was validated by senior emergency physicians.
Internal consistency reliability testing was done using statistical
analysis and the alpha score obtained for our questionnaire was
0.75. The OSCE checklist used for assessing the participants’
proficiency in performing FAST was created based on standard
FAST protocol. It was reviewed and validated by an expert panel
comprising of two emergency physicians.

Participant Enrolment
An invitation to participate in this study was forwarded to all
house officers (n = 235) in HCTM from 6 departments (internal
medicine, surgery, orthopedic, pediatric, and anaesthesiology).
Those that agreed to join the study were given instructions via
email on how to proceed with the study. Those who undergone
formal ultrasound training for FAST or abdominal ultrasound or
who did not give consent were excluded. Selected participants
were then randomized into two parallel groups: the SIV group
(intervention) and, the CTMgroup (control). The randomization
was done using table of random numbers. Allocation of the
participants into the 2 groups was done via a sealed envelope by
the investigator (LK).

Study Protocol
Participants in the intervention group was given the video on
FAST after they were assigned to their smaller groups. They were
advised to go through the video from the beginning until the end
at least once before they proceed with hands-on training. They
were allocated 4 h in the training room to learn and practice using
the video given on all five simulated patients for that day. There
were no facilitators assigned to guide the intervention group
participants. The intervention duration was decided based on our
literature review and actual courses conducted for FAST (4, 18).

Meanwhile, the control group received a lecture delivered by
an emergency medicine resident, followed by hands-on training
on 5 simulated patients. Image acquisition and interpretation
were guided by facilitators. The participants must perform on all
5 simulated patients. The total time allocated for teaching and
practice was 4 h.

Assessment was done on the same day as the practice using the
validated OSCE and questionnaire. Two stations were prepared.
Station 1 was to test their ability to obtain the four images
in FAST (the hepatorenal view, splenorenal view, pelvic view,
and subxiphoid view) while station 2 was to test their ability
to interpret the FAST images (normal and abnormal). The test
was performed on the same stimulated patients that were used
for the hands-on training. The assessors were blinded from the
teaching method that the participants received. Each station was
allocated 10min for the participants to complete their tasks.
Upon completion of the OSCE, the participants were given
a post-test questionnaire to complete and allowed home. The
participants on the first day were strongly advised not to share
any information with their peers that were attending the next

day. Participants for both days were mixed of the intervention
and control groups.

Outcome Measurement
The primary outcome measures were the ability of the
participants to obtain the four images in FAST, and their ability
to interpret the images with normal and abnormal findings.
Both outcomes were measured based on the OSCE checklist.
Secondary outcome measures were the participants’ learning
preference and the confidence level to perform FAST. The scores
were based on a five-point Likert scale. The maximum score for
the OSCE was 32 marks, whereas for image acquisition it was
14 marks.

Sample Size
The sample size was calculated based on the non-inferiority trials
with continuous variables (Sealed Envelope Ltd, 2012), using a
significance level of 5%, power of 90%, standard deviation, σ

of 9.3 and a non-inferiority limit δ of 10%. This gave a sample
size of 15 per arm. In order to adjust for an estimated dropout
rate of 20%, we aimed to recruit 18 participants per arm. The
standard deviation was based on results from a previous study on
video-based learning (12). The non-inferiority limit was based on
similar studies (8, 12).

Calibration of Assessors
The OSCE assessors comprised emergency physicians and senior
emergency medicine residents trained and certified to perform
FAST in their daily practice. They were invited to join the inter-
rater calibration session conducted prior to the assessment. The
examiners were briefed on the study objective, their roles and
the OSCE checklist. After the briefing, they were shown images
and video clips of other medical interns performing FAST and
asked to evaluate the videos based on the checklist given. Upon
completion, the results and crucial steps were discussed to clear
any confusion and ensure unanimity among their evaluation
during data collection. The intra-class correlation (ICC) score
calculated for all five assessors was 0.69 with confidence interval
set at 95%.

Statistical Analysis
Statistical analysis was carried out using Statistical Packages
for Social Science (SPSS), version 22.0 (IBM Armonk, NY).
The data obtained from the questionnaire were analyzed using
descriptive statistics. Mann Whitney U-test was applied for
questions with the Likert scale. We defined a p-value of <0.05
as statistically significant. Normality of the variable distributions
was determined using Shapiro-Wilk test. Descriptive analyses
were done on the OSCE results and expressed as mean and
standard deviation. The scores from both groups were compared
using independent Students t-test and MannWhitney U-test. To
determine the non-inferiority of the video intervention group,
the results were plotted in a graph to compare the upper bound
of the confidence interval to the non-inferiority margin. The
non-inferiority margin was set at 10% based on previous studies
to compare classroom-based learning with video-based learning
(8, 12).
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FIGURE 1 | Study flow chart according to CONSORT guidelines.

TABLE 1 | Baseline characteristics of participants from both groups.

Variable SIV group

(N = 16)

CTM group

(N = 17)

p-value

n (%) n (%)

Gender

Male

Female

8 (50)

8 (50)

6 (35)

11 (65)

0.491

Work experience

1st year HO

2nd year HO

10 (63)

6 (37)

15 (88)

2 (12)

0.118

Prior experience with video learning

Yes

No

15 (94)

1 (6)

12 (71)

5 (29)

0.175

Prior exposure to ultrasound training

Yes

NO

2 (13)

14 (87)

2 (12)

15 (88)

1.000

SIV, self-instructional video; CTM, conventional training method; HO, House-officer.

RESULTS

Out of 235 potential recruits, 38 house officers volunteered
to participate. Only 33 were enrolled based on inclusion and
exclusion criteria of this study. Sixteen were in the intervention
and 17 in the control groups (Figure 1). The participants were
between 25 and 35 years of age. Four out of 33 participants (12%)
had prior exposure to ultrasound courses covering obstetric
ultrasound and vascular access but did not fulfill the exclusion
criteria. None of our participants had prior learning on FAST
or prior experience performing FAST. There were no significant
demographic differences between these two groups with the p >

0.05 as shown in Table 1.

TABLE 2 | Assessment of OSCE results after intervention.

SIV group

(n = 16)

CTM group

(n = 17)

p-valueb Mean score

difference

Mean Station 1a

performing FAST

(SD)

[Total marks 31]

25.3 (5.3) 25.6 (2.3) 0.845 0.3

Mean Station 2a

interpret images (SD)

[Total marks 14]

10.3 (1.7) 9.8 (1.7) 0.359 0.5

Mean Total OSCE

scorea (SD)

[Total marks 45]

35.6 (5.9) 35.3 (3.4) 0.871 0.3

SIV, self-instructional video; CTM, conventional training method; OSCE, objective

structured clinical examination; FAST, focused assessment with sonography in trauma.
aData reported as mean score (standard deviation).
bP-value is reported with 95% confidence interval.

For FAST performance in image acquisition (Table 2), the
control group mean score was 25.6 (SD = 2.3) while the
intervention group scored 25.3 (SD = 5.3). However, there was
no significant difference between groups (p > 0.05). In image
interpretation, the intervention group mean score was 10.3 (SD
= 1.7) and 9.8 (SD = 1.7) for the control with no statistically
significant difference (p > 0.05). Total mean scores for the
intervention and control groups were 35.6 (SD = 5.9) and 35.3
(SD = 3.4), respectively. The absolute difference between the
mean score of the two groups was 0.3 (CI = −3.75 to 3.21,
p = 0.871), hence according to Figure 2, it only proves non-
inferiority but not superiority between the two groups.

In terms of learning method preference, 22 (67%)
participants favored the control group. The details of
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FIGURE 2 | Mean-score difference graph demonstrating that the 10%

confidence interval (CI) mean score of the control group is between −3.53 and

3.53 (dotted line). The absolute difference of the mean score between both

groups is negative −0.3 (gray bullet). The intervention group mean score CI is

between −3.75 and 3.21 (continuous line). The upper bound of CI is within the

10% difference margin. This shows the non-inferiority of the OSCE score of

the intervention group compared to control.

findings in the control and intervention groups are shown in
Table 3.

All participants in the control group were confidence to
perform FAST as compared to only 9 (56%) in the intervention
group. In the control group, the majority (15, 88%) were
confident to interpret the images obtained while performing
FAST, whereas only 6 (38%) in the intervention group expressed
confidence. The differences in confidence to perform FAST and
to interpret images between the two groups were statistically
significant (p < 0.05) (Table 3).

All participants (100%) in the control group and 12 (75%)
in the intervention group were willing to perform FAST on real
patients, however this difference was not statistically significant
(p > 0.05) (Table 3).

DISCUSSION

Video learning has been used in various medical fields to teach
clinical procedures and impart knowledge with good outcomes
(19, 20). Our findings reaffirm previous reports. In this study,
the intervention group showed similar efficacy compared to the
control group for learning FAST. This leads us to conclude that
SIV made it possible for house officers to learn FAST, indicated
by non-inferior marks on their performance as compared to
the control group. The OSCE score in both learning groups
was within the 10% difference margin pre-specified before the
intervention. In fact, the marks in the intervention group were
higher than the control group, although the difference was not
statistically significant. The comparable OSCE results between
these two groups shows that, despite a shorter course duration
and the absence of on-site instructor guidance, the intervention
group was still capable of performing within the allocated time.

Our evidence is in keeping with results obtained from various
studies that compared traditional classroom learning with video
learning of sonographic skills (21, 22), indicating that it is
possible for medical instructors to incorporate video learning

TABLE 3 | Summary of response from participants regarding their confidence

level and preferred learning method.

SIV group

(n = 16) n

(%)

CTM

group

(n = 17)

n (%)

p-value

Preferred learning methodc

Classroom

Video

Both

Not applicable a

12 (80)

2 (13)

1 (7)

1

10 (84)

1 (8)

1 (8)

5

1.000

Possibility to learn skills through videoc

Yes

No

15 (94)

0 b

14 (82)

3 (19)

0.229

My knowledge level on FAST is adequate after trainingd

Disagree

Neutral

Agree

Strongly agree

0

5 (31)

11 (69)

0

0

2 (12)

9 (53)

6 (35)

0.014

I am confident in performing FAST after trainingd

Disagree

Neutral

Agree

Strongly agree

1 (6)

6 (38)

8 (50)

1 (6)

0

0

11 (65)

6 (35)

0.002

I am confident in interpreting images obtained in FASTd

Disagree

Neutral

Agree

Strongly agree

2 (13)

8 (50)

5 (31)

1 (6)

0

2 (12)

10 (59)

5 (29)

0.002

I will perform FAST on real patientsd

Disagree

Neutral

Agree

Strongly agree

0

4 (25)

7 (44)

5 (31)

0

0

8 (47)

9 (53)

0.720

a5 participants did not answer this question because they never had video learning and

1 missing data, these 6 samples were not included in the analysis.
b1 missing data.
cFisher Exact test.
dMann Whitney U-test.

into their curriculum. Many studies have clearly demonstrated
that modern teaching techniques facilitate training and student
achievement (23, 24). Students are given more responsibility to
ensure their learning is complete and they share the instructors’
burden. They are provided the opportunity to do this at their
own pace and in the environment of their choice (10, 12).
This is beneficial especially for house officers with long working
hours and inflexible schedules. A study by Woodham et al. (25)
reported that both trainees and tutors felt that video learning
delayed the learning process. Conversely, in our study, the
two groups underwent learning within the same time frame
and produced similar results, which means that SIV does not
necessarily prolong the learning process.

In the survey among our participants, 82% stated their
preference for CTM over SIV although they had prior experience
with video learning for other skills during their undergraduate
years. Even among our intervention SIV group, 75% participants
still preferred CTM. Interestingly, 92% of those with video
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learning experience agreed that it is possible to learn skills using
SIV although the majority preferred CTM.

Based on these findings, we present three important points.
Firstly, SIV is ubiquitous (26). This is implied from the
widespread availability of the internet, hence all information
and resources are easily accessible through gadgets such as
computers and smartphones. Our participants were house
officers who are mostly in their late twenties, hence they
are most likely to be familiar with the use of the internet
to gain information, being digital natives. Furthermore, many
medical universities have embedded video learning or e-learning
into their curriculum (14). Our participants were likely to
have been exposed to these alternative learning methods as
medical undergraduates.

Secondly, performing FAST is a complex learning procedure.
Despite that, SIV was capable of imparting psychomotor skills
to the participants as shown by the marks obtained, which were
better than the control group albeit statistically insignificant. This
evidence was previously supported by the advantage of SIV in
teaching the complex skills of endotracheal intubation among
medical students (27).

Thirdly despite being receptive to video learning, most
participants prefer CTM for gaining new skills. Soon et al. (8)
postulated that their participants favored CTM because they were
mostly of older age with a median of 7 years’ work experience.
The actual age range was, however, not stated. Interestingly, our
findings were different from theirs. Our participants were of
a younger age with only 1–2 years’ work experience, yet their
preference was CTM. We attributed this finding to the lack of
confidence in SIV.

Based on our questionnaire results, the intervention group
was less confident in performing FAST and interpreting the
images as compared to the control group. However, we did not
reveal the assessment outcome of both groups to the participants.
We did not explore the possibility of them changing their
perception if they had known the primary outcome of this study.
Similarly, we did not explore the reason why our participants
preferred classroom learning over video learning. We postulated
that it might be due to lack of feedback from an instructor,
making the intervention group participants unsure if they were
performing correctly. Students often use feedback they received
in order to guide further learning direction and effort, especially
from their tutors or instructors (28). As other authors have
observed, the use of feedback correlates positively with exam
scores (29). Sekiguchi et al. (11) also emphasized the importance
of hands-on training with supervision because their participants
scored lower than expected prior to training with supervision.
This differs from the findings in other studies. Soon et al. (8)
reported that the comfort level was similar in both intervention
arms post-test. Back et al. (7), reported a significant increase
in confidence score after ultrasound video tutorial. However,
their study did not have a comparison arm. We looked into the
literature for other obstacles that might be the reason for our
participants’ preference for CTM over SIV. In a qualitative study
on teaching clinical skills to nurses, students highlighted the need
to talk to a tutor or instructor especially when learning a new skill
(29, 30).

Video learning is largely dependent on the students
themselves. They need to analyze and extract information
from the video themselves, which may make the learning process
more challenging compared to classroom learning by a tutor
(29, 30). Overall, most participants in our study were receptive
toward video learning and agreed that video was a good learning
tool especially for skills and procedures. There are weaknesses
in video learning, including the need for customization to
suit students’ needs (31). For example, our video had visual
and audio prompts, and labeling on the images, but no closed
captioning. The use of closed captioningmight improve audience
understanding of the content.

The strength of our study is the full utilization of the video
material to test its effectiveness. Participants were not given any
other guidance to learn FAST until after the data collection was
completed. We standardized the learning conditions between
the intervention and control groups, including the learning
material, time for learning the material given, the venue, and
the ultrasound scanner, in order to allow a fair comparison. We
selected participants who are not skilled in performing FAST in
order to get a homogenous sample. This allowed us to better
evaluate the effect of the learning methods used with fewer
confounding factors.

Limitations
There were several limitations in this study. Firstly, the
participants’ satisfaction level, perception of SIV for training
of sonographic skills, and their reasons for preference for the
learning method, were all not explored. A mixed methods study
might reveal a better understanding of the participants’ response.
Further study to glean such information will enable medical
instructors to better cater for students’ needs. Secondly, the
small sample size was contributed by difficulties in enrolment
of house officers into the study. We found the majority
of them had already learned FAST through on-job-training.
Another contributing factor was the limited time available
among house officers and the inflexibility of their work
schedule. Future studies with a larger sample size are needed to
provide a more generalizable interpretation of results. Finally,
this study used an asynchronous non-feedback video teaching
approach, therefore participants could not air or voice their
queries or concern.

CONCLUSION

Our study showed that SIV is as effective as face-to-face
classroom method in teaching house officers to perform FAST.
However, this learning tool needs improvement in order to
promote house officers’ confidence and preference. Perhaps the
inclusion of a feedback session after going through the SIV
would help improve their confidence in performing FAST and
interpreting the images.
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1. INTRODUCTION

The Brazilian prison system has a history of shortcomings related to lack of investments and
infrastructure, leading to severe consequences for the entire prison population, such as problems
related to fundamental guarantees of human rights, the lack of health care, and the rise in
criminality rates (1–3). With almost the third-largest prison population (4), Brazil accumulates
critical issues such as overcrowding, high internal violence indexes, and disease spread (5–7). Data
from January to June 2019, from the National Survey of the Penitentiary Information System
(Infopen)—Brazil’s system of statistical information regarding correctional facilities, published by
the National Penitentiary Department (8)—pointed out that the Brazilian prison population was
752,277. Thus, 31,742 people had some condition, 8,523 were HIV-positive, 6,920 had syphilis,
9,113 had tuberculosis, and 7,186 had other diseases.

We present a set of factors that characterize the population deprived of liberty as a vulnerable
group to Sexually Transmitted Infections (STIs) (9). Among those that most affect this highly
invisible population, Syphilis, HIV, and Tuberculosis are most prominent due to their fast spread
and the challenges for diagnosing and accessing treatment (10–12). Yet, in this discouraging
spectrum, hope still lingers. It is represented by public policies that genuinely serve such a
population and human education aiming to develop its potential fully, including individuals who
permeate the prison system in its totality, both those deprived of their liberty and professionals who
work there.

Brazilian Prison System, we find such diseases, as mentioned above, quite often. Nevertheless,
we believe this scenario can be changed. We believe in a scenario where those conditions can be
efficiently avoided and their dissemination rate reduced. We consider that the development of
educational resources is a strategy toward human education in health, both for professionals and
the community in general. Our investment in education and training strategies is based on studies
that indicate the need for educational measures to prevent and promote health care for people
deprived of their liberty (13, 14). Taking into account that, besides the high prevalence of these
infections in the prison system, we also face knowledge deficits on the subject, misperceptions, and
peculiar conditions of imprisonment, which result in at-risk behaviors.
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At the core of our observation, the first problem question
arises: can a technology-based educational activity train
professionals for syphilis and other STIs demands within the
prison system? As an answer, we have established the first goal:
constructing a data report through an object that combines the
two previously mentioned strategies. Thus, (1) a public policy
that emphasizes the Virtual Learning Environment of the Unified
Health System (AVASUS, in Portuguese: Ambiente Virtual de
Aprendizagem do Sistema Único de Saúde) and (2) the course on
“Health care of Persons Deprived of Liberty” (15). AVASUS is a
virtual learning space for healthcare professionals, students, and
general society to enhance SUS training, management, and care.
As for the course “Health care of Persons Deprived of Liberty”
(ASPPL, in Portuguese: Atenção à Saúde da Pessoa Privada de
Liberdade), its learning objectives are characterizing the prison
population and introducing the central public policies aimed
at this population, with substantial reflections for primary care
practitioners. Together, these two resources develop skills that
allow for comprehensive care for the person deprived of liberty.

Based on universality, equity and integrity, the ASPPL self-
instructional course encompasses the legal and historical contexts
of health care of the Brazilian prison population. Its 30-h
workload is organized into four units. It focuses on the national
prison assistance scenario, the main problems, and specific needs
that affect incarcerated people, and the attributions of the Family
Health Strategy team—ESF, in Portuguese: Estratégia de Saúde
da Família—as to the welcoming and care of people deprived of
liberty. The course methodology is based on a proposal of active
learning through Problem-Based Learning, simulating real-life
situations to stimulate the student’s motivation to search for
solutions as a starting point for acquiring and integrating new
knowledge. In addition to problems, several resources are used,
such as texts, animations, interactive timelines, infographics,
videos, and games. Thus, it presents a training structure for health
professionals to get to know and work in the Brazilian prison
system and for the general population to get acquainted with the
reality of the penitentiary system, chiefly actions developed in
this context.

With the perspective of providing the appropriate content
for health professionals and the general population, the course
syllabus was produced by a team composed of experts in
the field of knowledge and with great practical experience,
selected through public notice and submitted to training
specific. In the production process, the course was subjected
to moments of quality assessment: (a) Technical-scientific
assessment; (b) Pedagogical assessment; (c) Brazilian Association
of Technical Standards (ABNT, in Portuguese: Associação
Brasileira de Normas Técnicas) assessment (standardization)
and Portuguese language; (d) Instructional design assessment;
(e) Communication assessment; (f) Final evaluation of content
writer. AVASUS’ pedagogical team accompanies the content
writer throughout the course’s preparation process until its
completion and availability on the platform, ensuring the balance
of educational content for access by the target audience.

Then, a second question emerges: with the data of this
course participants, is it feasible to measure or map trained
professionals for the healthcare demands in the Brazilian prison

system in Brazil? The data report we present to answer such
question purposes to perform a descriptive analysis of ASPPL’s
data and provide a repository containing the set of participants’
data so that the scientific community may contribute with
further research. This repository contributes to the definition of
scenarios that enable assessing the quality of health care in the
Brazilian prison system and visualizing essential characteristics,
such as profile and geographic location, related to the participants
who took the course and to the health care facilities. In addition,
it allows crossover with epidemiological data on STIs, enabling
the analysis of the subject’s causal relationship. Finally, the study
of this dataset can also help adopt preventive measures that
consequently contribute to a decrease in the transmission rate
of STIs.

2. MATERIALS AND METHODS

2.1. Data Acquisition
The original data of the ASPPL course participants were extracted
from AVASUS (15). Since course enrollment is continuously
available, data collection comprises from the course’s start date to
the day of data collection, 06/07/2018 to 05/25/2021, respectively.
Initially, the dataset is composed of 14 attributes and 4,861
instances. The attributes, except the unique identifier of the
instances (id), correspond to the personal information of the
course participants. These are as follows: gender; Brazilian
Occupational Classification (CBO, in Portuguese: Classificação
Brasileira de Ocupações); participant’s occupation through CBO;
occupation declared by the participant; course completion
percentage; evaluation of the course in free text and on a
satisfaction level scale ranging from 1 to 5; geographic location
(Municipality and State); employment relationship(s); type(s) of
health establishment(s), and whether these are linked or not to
the prison system. Attribute types vary, i.e., they are multivalued,
and 11 of them have missing values.

2.2. Data Processing
Original data was pre-processed through the pipeline described
below. In addition, an organized version of the dataset suitable
for exploratory data analysis by the scientific community was
created. The executed pipeline for data processing, supported by
the Python programming language and classical libraries from
the data science field, is composed of the following steps: (i)
data retrieval and standardization; (ii) treatment of missing data;
(iii) data transformation; and (iv) feature selection. The new
dataset, formatted as a comma-separated values (.csv) file named
“asppl-dataset.csv,” comprises 33 attributes and 4,861 instances.
A detailed description of the dataset is available for public
consultation at the repository (available at: https://zenodo.org/
record/5095518#.YO3gshNueLo).

In the pipeline’s first stage, data recovery and standardization
(i), work focused on the recovery of missing data on the “gender”
and type(s) of health establishment(s) attributes. In the original
dataset, 36.65% (1,782) of the instances did not have values
referring to participants’ gender. After consulting the database of
the Permanent Integration System of Education Strategies of the
Ministry of Health of Brazil, Sabiá, developed by LAIS/UFRN,
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FIGURE 1 | “asppl-dataset.csv” analysis of repository data. (A) Number of participants who completed the course. (B) Number of participants by Gender. (C)

Number of occupations of the participants. (D) Number of health facilities where participants work. HF01, Health Center/Primary Unit; HF02, General Hospital; HF03,

Specialty Clinic/Center; HF04, Health Center; HF05, Health Management Center; HF06, Specialized hospital; HF07, Prompt service; HF08, Polyclinic; HF09,

Psychosocial care center; HF10, Isolated office.
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approximately 99.44% (1,772) of missing data on the “sex”
attribute were retrieved. Continued the recovery process, the
instances of the attribute “type(s) of work establishment(s)”
to which there was no relevant data were 61.16% retrieved
through the National Registry of Health Establishments (CNES,
in Portuguese: Cadastro Nacional de Estabelecimentos de Saúde)
(16). In standardization, data conventions were created for the
following attributes: gender, CBO, State, and employment(s).

For handling the missing data (step ii), missing values of the
gender, CBO, and region attributes (see step iii) were replaced.
For missing data values of the gender attribute, the term “Not
Informed” was assigned, as it was impossible to retrieve the
data in step (i) of the pipeline. As per the section 1, the ASPPL
course is also open to healthcare students and society in general.
That is, anyone, with or without professional registration, can
take the course. With this premise in mind, the term “General
Population” was assigned to the values absent in the CBO. For
missing values for the region attribute, the term “Not Informed”
was assigned. The missing values for other attributes were kept to
preserve the originality and coherence of instances.

A series of data (pipeline step iii) was replaced and
transformed through mappings on secondary sources based
on specific attributes from the original dataset. Besides,
new relevant attributes were added to the “asppl-dataset.csv”
dataset. For the CBO attribute, the numeric code entered by
each participant when enrolling in the course was converted
into a text that describes the corresponding profession (17).
New attributes were also created to store data referring to
participants who registered more than one employment and
health establishment to avoid loss of information. Furthermore, a
new corresponding attribute was created for each employment
record (based on CBO) and establishment (based on CNES).
According to Brazil’s political-administrative and regional
division (18) and the attribute referring to the participant’s
State (Federative Unit, UF), the region attribute was set

up. It allows grouping participants into one of the five
major regions of Brazil: North, Northeast, Midwest, Southeast,
and South.

Conversely, the declared occupation attribute was removed
to avoid redundancy and conflicts (pipeline step iv) between
official data, registered in the Government database, and informal
data. Such data can be consulted through CBO, to which
the course participant has also added. Further, to promote
more transparency to this pre-processing data stage, we shall
indicate the main weakness of the dataset: within the scope
of “General Population,” it is possible to create labels, such
as “healthcare students” or other occupations. However, due
to the technology’s limitation, it is not mandatory to declare
one’s profession.

3. DESCRIPTIVE ANALYSIS

The data were analyzed for all 4,861 ASPPL course participants,
as available in the “asppl-dataset.csv” dataset, with the aid
of the Python programming language. In this pilot study,
we mainly analyzed the profile, geographic location, and
percentage of course completion of participants. Based on
the latter, a total of 3,085 (63.46%) people have completed
the course, and 1,776 (36.54%) are currently taking it. Of
these, 229 (4.71%) participants attended more than 50% of the
program, and 1,547 (31.83%) less than 50%, as depicted in
Figure 1A. Out of the group of participants who completed
the course, 92.93% (2867) provided an evaluation, ascribing
a score from 0 to 5, related to the degree of satisfaction.
Therefore, the arithmetic mean of the course evaluations is
approximately 4.92, with a 0.38 standard deviation and median
equal to 5.0.

Regarding participants’ gender, a predominance of
females was detected, with a total of 3,585 (73.8%) women

FIGURE 2 | Analysis of participants by region.
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participants, as shown in Figure 1B. On the other hand,
males are 1,266 (26%) participants. Lastly, those who did
not provide gender information and did not have their
data retrieved, then called “Not informed,” add up to
10 (0.2%).

We nominally and quantitatively list the first 10
target items to synthesize the occupations and health
establishments of the participants who most frequent the
course. Figure 1C shows the most frequent occupations.
Likewise, we present commercial establishments in Figure 1D.
According to the guidelines established by the Ministry
of Health, in Brazil, health establishments are categorized
by level of care (primary, secondary, and tertiary). Hence,
based on these data available in “asppl-dataset.csv,” it
is possible to group health establishments and analyze
which level of care have trained professionals who meet
the health care demands for dealing with STIs in the
prison system.

For a clearer view of the geographic distribution of course
participants, Figure 2 depicts a synthesis of participants by
Brazilian region. The course attracted entries from participants
from all five of Brazil’s regions and their states. In addition
to Brazil, it was identified that the ASPPL course had a
total of 16 (0.3%) participants residing in other countries.
A total of 6.9% (335) of the participants did not inform
their place of residence. As for Brazil, it can be observed
that the Northeast is the region with the most participants,
with a total of 1,559 (32.1%), followed by the Southeast
region, with 1,402 (28.8%), South region, 841 (17.3%),
Midwest, 369 (7.6%), and the North region, with 339 (7%).
Figure 2 reveals the number of participants who completed the
course by region.
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Background: Prescribing is a core skillset for medical officers. Prescribing errors or

deficiencies can lead to patient harm and increased healthcare costs. There is an

undefined role for pharmacist-led education to final year medical students to improve

prescribing skills.

Aim: Assess if pharmacist-led education on prescription writing improves the quality

and safety of final year medical students’ prescribing skills.

Method:

Participants and Intervention: Final year medical students were randomised into

tutorial (TG) or non-tutorial groups (NTG) and assessed pre- and post- intervention. TG

received education by a clinical pharmacist and pharmacy educator using case-based

learning. NTG received no additional training as per usual practice. Following the

pre-test, all students completed a 3-week tertiary hospital medical ward placement.

Students completed the post-test following placement and after the TG participated in

the intervention.

Student Assessment: Assessment included writing Schedule 4 (S4, prescription

only), Schedule 8 (S8, controlled drug), S4 streamline (S4SL), and Mixed case (S4 and

S8) prescriptions.

Results: At baseline, there were no significant differences between TG and NTG for

overall scores or proportion of passes. Post intervention scores significantly improved

in TG (p = 0.012) whereas scores significantly decreased in the NTG (p = 0.004). The

overall proportion of passes was significantly higher in the TG than NTG (p < 0.001).

Conclusion: Education by a clinical pharmacist improved short-term prescribing skills

of final year medical students in this study. Students learning primarily experientially

from peers and rotational supervisors showed decreased prescribing skills. We propose

pharmacist-led education on prescription writing should be further evaluated in larger

studies across more student cohorts and for longer periods of follow up time to clarify

whether such an educational model could be included in future medical school curricula.

Keywords: pharmacist, medical education, medical students, prescribing skills, drug prescriptions, prescriptions,

drug legislation
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INTRODUCTION

Medications are the most common health intervention
worldwide (1). In Australia, almost 300 million prescriptions are
covered by the Government per year under the Pharmaceutical
Benefit Scheme (PBS) or Repatriation Pharmaceutical Benefit
Scheme (2). If medication prescriptions are documented
incorrectly or unclearly, this may lead to substantial patient
harm (1, 3). Pharmacists are specifically educated and trained in
the many aspects of safe and legal prescribing. This structured
education means pharmacists are well-placed to provide
education to future and current prescribers.

In 1994, the World Health Organization (WHO) published
the Guide to Good Prescribing (GGP), where in 2001 the
Teacher’s Guide to Good Prescribing followed. The GGP is a
6-step model for rational prescribing aimed at undergraduate
medical students and their teachers. Many places around the
world have based their medical student or graduate learning
and teaching on this model, including; the Netherlands, Canada,
Spain, and Turkey (9). The National Prescribing Service (NPS)
in Australia online modules on prescribing standards were
developed based on the GGP. This web-based interactive
prescribing module outlines competencies required to prescribe
medicines (10). The NPSmodule is not compulsory in Australian
medical school curriculum, however it must be completed
by medical interns prior to working in a Queensland Health
facility. Many online modules do not individually assess each
legal component of a prescription or allow for interaction
with an educator. The relative and potentially significant role
of subsequent experiential learning is neither captured nor
clarified. The UK have developed a compulsory online national
Prescribing Safety Assessment (PSA) for final-year medical
students based on a similar framework (10-step) (9). The
differences in the delivery of medical education within and
between European countries could impact students results on the
PSA, thus supporting EACPT suggestion to create a uniform core
curriculum for European medical schools (7).

In Australia, medical officers can prescribe once registered by
the Australian Health Practitioner Regulation Agency and are
bound by the Medical Board of Australia’s Code of Practice (4).
The Australian Medical Council sets standards for assessment
and accreditation of primary medical programs. The Graduate
Outcome Statement stipulates that upon entry into professional
practice medical practitioners should prescribe medications
safely and effectively (5, 6). The Medical Board of Australia’s
Code of Practice simply states that doctors must comply with
State and Territory legislation (4). Frameworks for attainment
of these regulatory requirements are somewhat implied though
still unclear, including education for safe and legal prescription
writing within medical degree programs for future medical
practitioners to write prescriptions compliant with Australian
legislation (5). Similarly, in most European countries, junior
doctors are expected to have the baseline knowledge and skills
as learnt in medical school in order to write prescriptions
effectively and safely (7). The European Association of Clinical
Pharmacology and Therapeutics (EACPT) aims to promote
high professional standards in prescribing medications (8).

However, like Australia, the methods of how this is achieved
is unclear.

Interns and junior doctors write the highest proportion of
medication prescriptions in hospital settings globally and it
is therefore highly desirable for them to become proficient
prescribers (3, 7, 11, 12). However, prescriptions written by
medical interns may not be of high quality and may contain
errors due to a multitude of factors (3, 7, 11–15). Prescribers in
Australia must understand and follow the legal requirements of
a prescription using state and territory guidelines; for example,
in Queensland, the Health Drugs (and Poisons) Regulation
(HDPR), 1996. There is potential jurisdictional incongruence
however, as the Australian Curriculum framework for Junior
Doctors only stipulates that junior doctors must document a
medication prescription accurately (16). The framework implies
but does not outline core competencies to safely prescribe, nor
does it stipulate the need to adhere to local legal requirements.

It is essential we provide medical graduates with the skills
needed to write a safe and legal prescription effectively prior
to graduating. This study aims to assess if a pharmacist-led
education session on prescription writing for final year medical
students improves their subsequent short-term prescribing skills
regarding safety and legality requirements.

METHODS

Participants
All James Cook University (JCU) final year (sixth year) medical
students in third term (June 18th to August 24th, 2018) at
Townsville University Hospital (TUH)were invited to participate
(N = 33). Medical students at other JCU medical student
training sites, from other universities, or in years one to five
were excluded. Other students from terms one, two and four
were excluded due to time constraints of the study. Final
year medical students were recruited as they are anticipated to
transition into their internship within the next year, at which
time they will apply medication prescribing skillsets. Therefore,
it is predicted they would be more engaged in the content given
approaching requirements for its application. All participants
provided written informed consent and were advised they could
withdraw at any time. Participants were randomly allocated
into either non-tutorial group (NTG/control, standard education
provided via university) or tutorial group (TG, provided an
additional education session by a pharmacist). Randomisation
was performed using Microsoft Excel randomisation tool.

The overarching research design and participant flow diagram
is presented in Figure 1.

Intervention
One month after orientation week, participants in the TG
received one 1.5-h structured education session delivered
by a clinical pharmacist and pharmacy educator. Session
content included legal and safety requirements of writing
prescriptions. Resources were demonstrated to the students,
including HDPR 1996, PBS, Australian Medicines Handbook,
Therapeutic guidelines andMonthly Index ofMedical Specialties.
The education format was case-based learning (CBL) which
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FIGURE 1 | Research design and participant flow. N. B. Students in the TG (n = 7) and NTG (n = 2) were lost to follow-up due to placement requirements.

provided students with an opportunity to learn relevant material
and apply knowledge in different situations (17). During the
session, students were given sample questions to practice writing
scripts and encouraged to engage with the educators.

Control
Participants in the NTG completed the pre- and post-
questionnaires but were provided with no additional prescribing
education, by a pharmacist or otherwise, as per the standard
educational practice employed for their medical ward rotation.
Both groups were likely to receive prescribing mentoring during
their medical ward rotation by supervising medical staff. Neither
the TG nor NTG were encouraged by the educating pharmacists
to seek further information on prescription writing. The TGwere
not provided with hard-copy materials outside of the education
session. Students may have undertaken their own self-directed
learning; however, this variability was not assessed in this study.

Student Assessment
Four types of cases generating five medication prescriptions
were assessed. Cases were: Schedule 4 (S4), prescription only
medication; Schedule 8 (S8), controlled drug; Schedule 4
streamline (S4SL); and a combined S4 and S8 case (mixed case
where students were required to write two prescriptions). During
the development phase of the assessment, each case was reviewed
by pharmacy staff and an early career prescribing medical officer
to determine the appropriateness. Different cases were used in
the pre- and post-test, however both with the same types of cases
generating five medication prescriptions.

Each prescription was assessed against compliance to 17 types
of errors (see Appendix 1). However, the total score using the 17
legal and safety criteria for all four cases together was 70. The data
collection tool allowed all errors to be identified and more than
one error accounted for per case. The two educating pharmacists

independently assessed the prescriptions and, where necessary,
discussed to arrive at consensus for final marks.

Statistical Analysis
Two levels of analyses were performed. One level looked at the
number of errors on each prescription type (case). The other
assessed an overall pass or fail of the entire case. For example,
a student may receive a total mark of 66 out of 70, but if the
prescription doesn’t contain all the legal requirements according
to the HDPR, in this study it was considered a fail for that case.
The rationale for this type of assessment is that a pharmacist
cannot legally dispense the prescription.

Data was collated in Microsoft Excel and imported to IBM
SPSS Statistics (Version 25, IBM Corporation) for statistical
analysis. An independent samples t-test was used to compare
the overall change scores. Mann–Whitney U-tests were used to
compare change scores for individual cases (the variables were
not normally distributed so non-parametric tests were used) and
to compare the overall number of cases passed. Mann–Whitney
U-tests were also used to investigate differences in number of
cases passed, post-test compared to pre-test, between the TG and
NTG. Paired t-tests were used to analyse differences between
pre-test total score and post-test total score within each group.

Ethics
Townsville Hospital and Health Service Human Research and
Ethics Committee approved this study (HREC/18/QTHS/142)
and it was endorsed by the JCU Townsville Ethics Committee.
Site Specific Approval was granted to conduct the study at TUH
with final-year medical school students from JCU. The College of
Medicine at JCU and Medical Placement coordinators at TUH
provided approval and support for this study. All final year
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medical students (from terms one to four in 2018) were provided
the opportunity to receive the education session after the pilot
study was completed, meeting ethical standards of TUH HREC.

RESULTS

There were no significant differences at baseline for the scores or
proportion of passes between TG and NTG.

TABLE 1 | Mean and standard deviation of pre- and post-test scores for NTG and

TG.

Pre- Post- Difference P-value

NTG 61.8 ± 5.2 58.0 ± 5.3 −3.8 ± 4.7 0.012

TG 61.2 ± 6.0 66.6 ± 4.0 5.5 ± 4.5 0.004

TABLE 2 | Mean individual case scores pre- and post-test for the TG and NTG.

Case Group Pre-test

(mean ± sd)

Post-test

(mean ± sd)

Mann–

Whitney

U-statistic

p-value

S4 TG 9.90 ± 1.10 10.80 ± 0.42 20.0 0.002

NTG 10.21 ± 0.98 9.64 ± 0.75

S8 TG 18.05 ± 2.52 19.90 ± 1.79 17.0 0.002

NTG 17.96 ± 1.65 17.14 ± 2.03

S4SL TG 10.50 ± 0.97 11.20 ± 0.79 21.5 0.004

NTG 10.71 ± 1.14 9.64 ± 1.08

Mixed TG 22.70 ± 2.31 24.70 ± 1.95 22.5 0.008

NTG 22.69 ± 2.90 21.54 ± 2.30

Total TG 61.15 ± 5.99 66.60 ± 4.01 T-test:

t = 4.775,

df = 21

<0.001

NTG 61.85 ± 5.18 58.00 ± 5.32

Pre-test characteristics showed 25 students were aged 22–25
years and 6 students were over the age of 26, compared to 19
and three, respectively, post-test (two student did not answer
both pre- and post-test). Three students had trained or worked
in a health profession prior to their medical degree. One of these
students was randomised to TG, and the other two were lost
to follow-up.

Overall Score
Students in the TG performed better overall in the post-test
compared the NTG. Paired t-tests demonstrated the TG group
significantly improved their score from pre- to post-test whereas
the NTG overall score significantly decreased (Table 1).

Individual Case Scores
The mean individual case scores for all prescription types
significantly improved in the TG, while NTG scores significantly
decreased (Table 2).

Pass vs. Fail
A Mann–Whitney U-test showed a significantly greater number
of cases passed overall in the TG compared to the NTG (p <

0.001). Out of a possible 5, the average number of passes post-test
was 2.7 (range 0–5) in the TG and 0 in the NTG. Comparing the
number of cases passed between TG and NTG found a significant
difference pre- to post-test (p < 0.001), with an average increase
of 1.6 passes for TG and average decrease of 1.3 passes for NTG
(Figure 2).

Error Types
Common errors included: prescriber’s qualifications not
documented, no streamline code, no units on the drug strength,
the formulation of the medication not clear, quantity not written
in words and items not numbered for S8 case and items not on
separate scripts for the mixed case.

FIGURE 2 | Pre- and Post-test passes for students, assessing the change between TG and NTG.
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DISCUSSION

This study investigated if prescribing skills of final year
medical students changed following a structured pharmacist-
led education intervention. Those randomised to receive the
educational intervention significantly improved their prescribing
skills whereas those randomised to standard medical ward
rotation training were observed to exhibit significantly worsened
prescribing skills. The change in scores between the randomised
groups were consistent regardless of comparing overall or
individual case scores. It is likely that improvements in the
intervention group (TG) were due to the prescribing-specific
education provided by the pharmacists. The apparent decrease in
skills in the control group (NTG) was concerning and potentially
a result of inconsistent prescribing-specific experiential teaching
and learning. Previous studies have demonstrated that instilling
poor skills and habits amongst medical students early in their
clinical development is avoidable with appropriate training by
informed educators (18, 19).

The salient result of this study is the pass/fail rate representing
the number of students’ cases which complied with all legal
and safety requirements. The overall number of cases passed
was significantly more in the TG compared to the NTG.
We extrapolate that an increased number of legal and safe
prescriptions may reduce future adverse events and costs to
the health sector, though assessment of such medium-long
term impacts was not possible in this pilot study. In a fourth-
year medical students’ response to Newby et al., they believe
that positive habits in prescription writing would form with
pharmacist-led education being established as a longitudinal
theme, revised and regularly updated (20).

Prescribing errors relating to legal and safety requirements of
a prescription are common, occurring at a rate of four to five
per patient on paper-based prescriptions (1). Increased education
on prescription writing for medical students may decrease the
number of errors and therefore decrease these adverse events,
improving patient outcomes (14). Many of the errors identified
in this study originated from lack of knowledge and familiarity
around legal requirements of prescriptions in Queensland. For
example, requesting a 7-day supply of a controlled drug in
the questionnaire assessed knowledge of safety specifically for a
Queensland regulatory context. Whilst the PBS allows 14 days
supply under federal regulation; students were required to supply
a quantity lasting 7 days and those whose scripts reflected the PBS
quantity were marked down. Our reasoning was that safe script
writing must be a component taught with the legal requirements
of prescribing within the specific local jurisdiction in which it is
hierarchically applied.

There is no global standard for prescriptions as per the WHO
GGT (21). However, it states the most important requirement
is for the prescription to be clear and legible. Furthermore, it
is the legal duty of a prescriber to produce an unambiguous
prescription (21). All the prescriptions assessed in this study were
legible. Good legibility was anticipated as the assessments were
performed in a controlled environment without outside stimuli
or time pressures that heuristically may otherwise influence
student handwriting abilities.

Most students in this study sat an additional education
session during their medical rotation through the palliative
care centre. This education consisted of a specialist practicing
physician educating students specifically on “controlled drug”
prescription writing. Comparing educators was not the purpose
of this study. However, a number of articles have demonstrated
pharmacists have a positive influence on prescribing behaviours
of prescribers (18, 19, 21, 22). Given that all students, except
one, received this education from a prescribing physician it is
unlikely to represent a confounder to our findings. Further,
given that we observed superior prescribing skillset performance
only amongst the group randomised to receive pharmacist-led
education, we conclude the pharmacist-led education on script
writing was effective in an additive compared to the alternative
model of physician education. It has previously been observed
that physicians in the role of educators may at times overlook
some required knowledge and skills (18, 19). We hypothesise that
students potentially felt more comfortable asking a pharmacist
questions rather than a senior colleague to spare criticism or
judgement given the traditionally hierarchical nature of medical
workforce structures. Tittle et al. identified that students highly
regarded pharmacists as teachers, finding them knowledgeable
and approachable (22). The findings in this study support Tittle
et al.’s conclusions.

Newby et al. also found that pharmacist-led education to
medical students had a positive influence on their learning
(3). Interprofessional learning creates an environment similar
to professional practice which may prepare students for the
holistic care provided to patients in a team-based scenario.
A clinical pharmacist presented the education session using
CBL. CBL offers an ideal opportunity to learn relevant
material and apply knowledge in different situations. Our
results demonstrate CBL and establishing a relationship with
pharmacists allowed the TG to learn during the intervention,
apply their knowledge and develop further during the
subsequent 3-week placement, leading to improved results
at post-test.

Engraining positive prescribing habits and teaching students
through CBL on the legal and safety requirements of prescription
writing during their final year of medical school may encourage
short-term retention of knowledge as students’ progress toward
their intern year. Further research using the same students
in a yearlong follow-up period will be required to confirm
this hypothesis and begin to explore medium- and longer-
term impacts. The engaging format used by the clinical
pharmacist was another strength of this study. The session
was formatted to be interactive, avoiding long learning
segments and encouraging students to participate in practice
prescription writing. Using the research design of a randomised
controlled trial and having a control group to compare
the pre- and post-results reduced bias and was a strength
of this study. Limitations of this study were that it was
only performed at a single site, using a small cohort of
students, with one education session. The characteristics
of those not recruited were not collected and assessment
marking was not blinded due to time constraints and
available pharmacists. A larger cohort and consistent student
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follow-up will be necessary to corroborate the study results,
including delivery by multiple different pharmacist educators
with sufficient powering to overcome confounding effects.
Blinded marking of the assessment should be used in future
studies to remove the risk of bias in the measurement of
the outcome.

Future studies should address these limitations and follow-up
students in their intern year to assess retention and application
of knowledge in real world settings. For example, one model
may be to conduct the intervention in a simulated clinical
environment mimicking a real-life ward setting to replicate
factors that contribute to prescribing errors. We propose future
investigation and research should incorporate clinical knowledge
into assessment, as this can greatly influence a student’s and
subsequent prescriber’s ability to generate effective, appropriate
and safe prescriptions.

CONCLUSIONS

This study demonstrates that education to final year medical
students by a clinical pharmacist on the legal and safety factors
of prescriptions is beneficial in terms of their prescribing
skills over a short time frame. We propose pharmacist-
led education models be further studied and investigated
to assess potential for incorporation into medical school
curricula. Further improvement may be needed in the future on
standards put forth on prescription writing by such institutions
as the Australian Medical Council and Medical Board of
Australia. Elaboration should be made on what, and how,
teaching is delivered and assessed and a requirement to have
handwritten prescriptions compliant with local legislation. We
postulate that proximity of education to the intern year aids
retention of knowledge, as students may be more interested
in the education sessions, knowing they will use the skills
the following year. Results showing poor prescribing skills
acquired solely from standard ward rotation experiential and
peer learning (NTG) suggests that experienced prescribers
may also benefit from future pharmacist-led prescribing
educational models.
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APPENDICES

Appendix 1: All possible errors identified on a prescription.

1. Patient factors

• Name
• Address
• [Additional to above] Date of birth on a controlled drug

prescription

2. Prescriber factors

• Name
• Qualifications
• Signature
• NOTE: The place of practice address was already pre-

printed on the prescription copy

3. Drug factors

• Name of drug
• Strength of drug (with unit e.g., mg)
• Clear directions for a pharmacist to dispense and a patient

to understand

• Quantity in figures
• Quantity in words and figures (for a controlled drug)
• Indication in repeats box (either crossed

out/nil/0 or a number generally coinciding with
PBS written)

• Streamline if required

4. Legal factors

• Date the script was written
• If two controlled drugs on one prescription, each drug is

numbered
• If two controlled drugs on one prescription, a line under the

last item
• Where a drug from another case is written on the safe

prescription as another case, it must still be legal (eg.
schedule 4 prescriptions only together, not written with a
schedule 8 medication)

5. Safety factors (variable not calculated into error types but
noted)

• Clear and legible
• No ambiguity
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1Department of Surgery–Otorhinolaryngology Head and Neck Surgery, Central Adelaide Local Health Network and the
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Objective: Traditionally, cadaveric courses have been an important tool in surgical

education for Functional Endoscopic Sinus Surgery (FESS). The recent COVID-19

pandemic, however, has had a significant global impact on such courses due to its

travel restrictions, social distancing regulations, and infection risk. Here, we report

the world-first remote (Functional Endoscopic Sinus Surgery) FESS training course

between Japan and Australia, utilizing novel 3D-printed sinus models. We examined the

feasibility and educational effect of the course conducted entirely remotely with encrypted

telemedicine software.

Methods: Three otolaryngologists in Hokkaido, Japan, were trained to perform frontal

sinus dissections on novel 3D sinus models of increasing difficulty, by two rhinologists

located in Adelaide, South Australia. The advanced manufactured sinus models were 3D

printed from the Computed tomography (CT) scans of patients with chronic rhinosinusitis.

Using Zoom and the Quintree telemedicine platform, the surgeons in Adelaide first

lectured the Japanese surgeons on the Building Block Concept for a three Dimensional

understanding of the frontal recess. They in real time directly supervised the surgeons as

they planned and then performed the frontal sinus dissections. The Japanese surgeons

were asked to complete a questionnaire pertaining to their experience and the time taken

to perform the frontal dissection was recorded. The course was streamed to over 200

otolaryngologists worldwide.

Results: All dissectors completed five frontal sinusotomies. The time to identify the

frontal sinus drainage pathway (FSDP) significantly reduced from 1,292 ± 672 to 321 ±

267 s (p = 0.02), despite an increase in the difficulty of the frontal recess anatomy. Image

analysis revealed the volume of FSDP was improved (2.36 ± 0.00 to 9.70 ± 1.49ml,

p = 0.014). Questionnaires showed the course’s general benefit was 95.47 ± 5.13 in

dissectors and 89.24 ± 15.75 in audiences.
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Conclusion: The combination of telemedicine software, web-conferencing technology,

standardized 3D sinus models, and expert supervision, provides excellent training

outcomes for surgeons in circumstances when classical surgical workshops cannot

be realized.

Keywords: surgical training, functional endoscopic sinus surgery (FESS), 3D printer, building block concept, frontal

sinusotomy, social distancing regulation

INTRODUCTION

Functional Endoscopic Sinus Surgery (FESS) is the standard
surgical procedure for chronic rhinosinusitis (1). To guarantee
safe and consistent surgical outcomes of FESS, a clear and
complete understanding of the three dimensional (3D) anatomy
of paranasal sinuses is required (2). The frontal sinus is the
most complicated and difficult of all sinuses and has a significant
anatomical variation (2–4). As the frontal sinus is adjacent to
critical structures such as the orbit and skull base, the risk of
complications is higher compared to other sinuses. The Building
Block Concept (BBC) has been proposed as an excellent tool for
surgeons to preoperatively understand the anatomy of the frontal
sinus (5). It allows the surgeon to identify each cell in the frontal
recess as well as the frontal sinus drainage pathway (FSDP),
thereby facilitating a structured surgical approach to this region.

Besides a clear understanding of the anatomy, surgical
technique has to be taught, practiced and acquired to achieve
consistent and safe outcomes. Along with literature, textbooks,
and training in theater, surgical training courses are the mainstay
of teaching surgery. Traditionally, courses and workshops are
conducted in person with cadaveric specimens. This is associated
with significant direct costs from the cadaveric material and
indirect costs from travel and time away from one’s surgical
practice. Cadaveric specimens also carry an infection risk and
may have undergone previous sinonasal surgery and have
unpredictable sinus anatomy which can all affect the training
experience. The recent COVID- 19 pandemic has had a
significant global impact on the ability to conduct such courses
due to its restrictions on travel, social distancing regulations, and
the infection risk.

Recent advanced 3D printing techniques permit the creation
of 3D sinus models based on Computed tomography (CT) scans

TABLE 1 | Anatomical characteristics of the advanced manufactured 3D sinus models used in the course.

Training round Model Anterior cells Posterior cells Medial cells AP-diameter (mm) Difficulty grade FSDP

Round 1 Model 2 Lt ANC, SAFC BE, SBC 10.9 2 AM

Round 2 Model 2 Rt ANC,SAFC BE, SBC 8.2 2 PL

Round 3 Model 6 Rt ANC, SAFC BE, SBFC 12.8 3 AM

Round 4 Model 8 Lt ANC, SAFC BE FSC 6.6 4 AM

Round 5 Model 8 Rt ANC, SAFC BE, SBFC FSC 7.5 4 AM

Lt, left; Rt, right; ANC, agger nasi cell; SAFC, supra agger frontal cell; BE, bulla ethmoidalis; SBC, supra bulla cell; SBFC, supra bulla frontal cell; FSC, frontal septal cell; AP-diameter,

anterior-posterior-diameter; FSDP, frontal sinus drainage pathway; AM, anterior-medial; PL, posterior-lateral.

of the paranasal sinuses. As the quality of the printing materials
used, continues to improve, the tactile, “real-life” feel of the
tissues make such models attractive alternatives to cadavers.
Furthermore, they have the advantage of predictable anatomy
and the lack of human tissue means that these courses can be
outside of cadaveric facilities.

Here, we report the world-first remote FESS training course
between Japan and Australia, utilizing the novel 3D sinus models
in combination with telemedicine software enabling a real time
supervision of step-by-step dissections. We also examined the
educational effect of the remote surgical training system.

MATERIALS AND METHODS

3D Sinus Model
Three advanced manufactured 3D sinus models were used in
the course (Fusetech, Adelaide, South Australia, Table 1). The
models were printed from the axial CT scans of patients with
chronic rhinosinusitis who had later undergone surgery by the
senior authors. Currently, eight different models (Model 1 to
Model 8) are available, all of differing degrees of complexity.
Prior to the course, three of the models (Model 2, Model 6,
and Model 8) were chosen by the Adelaide team based on
their differing degrees of frontal sinus anatomy complexity as
outlined in the international consensus papers by Wormald
et al. international frontal sinus anatomy classification (1, 2).
These models were printed and shipped to Japan from Australia,
prior to the course. The exact same models were prepared in
Adelaide for demonstration by the instructors. Because only
the 3D sinus models were used in this study, ethical approval
for this study was waived by the ethical board of Hokkaido
University Hospital.
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Surgical Stations
Three surgical training station were prepared in the conference
room of the Department of Otolaryngology-Head and Neck
Surgery, Hokkaido University, Japan. Each station was equipped
with endoscope and sinus surgical equipment provided by Karl
Storz (Tuttlingen, Germany), a microdebrider (Medtronic,
Jacksonville USA), Telepacks (Karl Storz, Tuttlingen, Germany),
a Fusion image guidance system (Medtronic, Jacksonville
USA), and a windows PC. The endoscope monitor was
connected to the USB port of each window PC through
two conversion cables (DVI to HDMI and HDMI to
USB). The three endoscopic images during dissection were
simultaneously shared with 2 rhinologists based in Adelaide,
Australia, on an encrypted telemedicine platform, Quintree
(Michigan, USA).

Surgical Training
Prior to dissecting three Japanese surgeons were trained by
the Adelaide Rhinologists AJP and PJW to assess the frontal
recess anatomy and evaluate the FDSP using the computerized
Scopis “Building Block Software” (Stryker, Michigan, USA). The
Japanese surgeons were then asked to plan and conduct the
frontal sinus dissection for the left side of Model 2, beginning
with uncinectomy, followed by resections of the anterior wall
of ANC, identification of FSDP, and resection of all cells in
the frontal recess. Sharing the three endoscopic views, the
instructors in Adelaide directly supervised the dissectors in
Japan performing the surgical procedures and gave them real-
time feedback and instruction using the Quintree platform.
Following completion of their first dissection, the participating
surgeons watched the instructors perform the dissection on
the exact same 3D sinus model (the left side of Model 2)
in Australia. At the end of the model dissection a video-
recording of the actual real-life surgery of the patient from
whom the model had been printed was shown. This process
was repeated for each of the remaining four dissections with
increasing frontal recess complexity on each dissection (right
side of Model 2, right side of Model 6, and left and right
sides of Model 8, Table 1). All the dissectors conducted the
dissection of the same models. As a next step the endoscopic
modified Lothrop procedure (EMLP, frontal drillout) was
conducted by the participating surgeons using model 2, following
the demonstration of the procedure by the instructors. The
course was broadcasted worldwide to over 200 otolaryngologists’
personal computers using the web-conferencing platform Zoom
(California, USA). Social distancing of all involved was possible
and enforced.

The Time to Identify FSDP
During the course, the time to identify the FSDP was measured.
It was defined as the time interval from starting the resection
of the anterior wall of ANC until the insertion of the tip of a
malleable sinus probe or suction curette into the FSDP. The time
was standardized as a relative value to the time taken for the
instructors in Adelaide to perform the same dissection.

Measurement of Volume of FSDP in the
Models Before and After the Training
CT examinations of the 3D sinus models before and after the
training were performed using a 16-slice multidetector-row CT
scanner (Hitachi, Tokyo, Japan) with collimation of 0.63mm at
120 kV and 200mA or less and a rotation time of 1.0 s. Coronal
and sagittal multiplanar reconstruction (MPR) images were
obtained from the axial images. 3D computed graphic images
of FSPD were created, and the volume of FSDP from the level
of the superior edge of 3D sinus models to the level of the floor
of ANC was quantified by 3D image analysis system, SYNAPSE
VINCENT (Fujifilm, Tokyo, Japan, Supplementary Figure 1).
For model 2 (EMLP plus bilateral FSDP), the total volume of
bilateral FSDP was calculated and compared before and after the
surgeries. For model 6 and 8 frontal sinusotomy without frontal
drillout was performed and the volume of each side of FSDP were
compared before and after the frontal sinusotomy.

Questionnaires for the Trainers and
Audiences
During the course, subjective data was collected from the three
dissectors using a visual-analog (VAS) scale. The data included
(1) subjective difficulty of the surgeries during the frontal
sinusotomy, (2) subjective completeness of frontal sinusotomy,
and (3) confidence in performing a frontal sinusotomy in general.

After the course, a questionnaire survey was performed
on dissectors and audiences, to evaluate the usefulness of
instruction, the quality of the telemedicine platform, and the
educational value. Each response was converted to the VAS
score (0–100).

Statistical Analysis
All data is expressed as themean± Standard Deviation (SD). The
continuous variables were compared with a two-tailed Student’s
t-test. P-values of <0.05 were considered statistically significant.
All analyses were performed using the JMP R© 11 (SAS Institute
Inc., Cary, NC, USA).

RESULTS

Course and Dissectors
The course was held over 2 days in February 2021 in
the conference room of the Department of Otolaryngology-
Head and Neck Surgery, Hokkaido University, in Japan. The
experience years of the Japanese Otolaryngologists was 9.7
± 7.6 years. Two were officially certified board members of
the Japanese Otolaryngology Society, and the other was an
otolaryngology registrar yet certified. None of them were trained
rhinologists. Their operative experience in performing FESS and
frontal sinusotomies was 101.7 ± 60.1 and 21.7 ± 18.9 sides,
respectively. The registrar had no experience in performing
frontal sinusotomies before the course. None of the three
dissectors had performed a frontal drillout before. All dissectors
performed five frontal sinusotomies and one frontal drillout
under the supervision and real-time feedback by the instructors
in Adelaide (Figure 1 and Supplementary Video 1).
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FIGURE 1 | The remote endoscopic surgery training course was conducted between Hokkaido, Japan, and Adelaide, Australia, and broadcasted worldwide. The

course was held over 2 days in February 2021. Three otolaryngologists in Hokkaido were trained to perform frontal sinus dissections on 3D sinus models printed from

CT scans of patients. Two rhinologists based in Adelaide, 8,000-km away from Hokkaido, simultaneously viewed the surgeries and provided real-time feedback using

a telemedicine platform, Quintree. The course was also broadcast worldwide to over 200 otolaryngologists’ personal computers.

The Remote Endoscopic Surgery Training
Course Was Objectively and Subjectively
Beneficial in Improving the Dissectors’
Skills
To evaluate the educational impact of the course, we examined
how long it took for the dissectors to identify the FSDP. The
duration from starting to resect the anterior wall of ANC to
identify and insert a malleable probe or frontal sinus curette
into the FSDP was measured. In the first round, the dissectors
needed 1,292 ± 672 s to identify the FSDP. As the course
proceeded, the time to identify FSDP decreased and to 321 ±

267 s at the final side despite the most complexity anatomy
(Figure 2A, p = 0.017). The time was also expressed as relative
time to the instructor’s demonstration. The relative time also has
significantly shortened (from 4.77± 2.48-fold at the first round to
1.71± 1.42-fold, p= 0.034, Figure 2B), even though the difficulty
of anatomies has increased (Figure 2).

The CT images of 3D sinus models before and after the
training were taken and the volume of FSDP was calculated and
compared. Image analysis showed the volume of FSDP increased
significantly after the frontal sinusotomy (Model 6 Rt; 1.20 ±

0.00ml vs. 5.53 ± 0.29ml, p = 0.002, Model 8 Lt; 1.39 ± 0.00ml
vs. 4.59 ± 0.93ml, p = 0.027, and Model 8 Rt; 0.83 ± 0.00ml
vs. 3.82± 0.61ml, p= 0.014, Figures 3A,B). The total volume of
bilateral FSDP after frontal drillout was significantly improved

from 2.36 ± 0.00 to 9.70 ± 1.49ml postoperatively (Model 2,
p= 0.014, Figures 3C,D).

The subjective difficulty of surgeries perceived by the
dissectors during the dissections did not significantly change
throughout the course (the first dissection; 78.60 ± 20.45, the
last dissection; 65.91 ± 9.47, p = 0.53, Figure 2C) despite
an increase in the difficulty of preoperative comprehension
of the anatomies (Supplementary Figure 2). The subjective
completeness of frontal sinusotomy was quickly increased and
reached the plateau (Figure 2D). The confidence to perform
a frontal sinusotomy in significantly increased throughout the
course (before the course; 8.39 ± 9.17, after the course; 63.88 ±

12.29, p= 0.025, Figure 2E).

The Remote Endoscopic Surgery Training
Course Is Beneficial Not Only for
Dissectors but Also for Audiences Away
From the Training Room
The questionnaires were answered by the three dissectors (100%)
and 79 of the 200 audience members (38.73%). The course’s
perceived general benefit to improve surgical skills was 95.47 ±

5.13 in the dissectors and 89.24 ± 15.75 in the audience (0: not
at all to 100: extremely beneficial). The usefulness of instruction
provided by the Adelaide supervisors was 96.97 ± 5.25 in the
dissectors and 82.26 ± 15.73 in the audience (0: never to 100:
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FIGURE 2 | The remote endoscopic surgery training course was objectively and subjectively beneficial in improving the dissectors’ surgical techniques. (A) The time

to identify the FSDP. It was defined as the time interval from starting to resect the anterior wall of ANC to identify and insert a ball probe tip to FSDP at the height of the

top of ANC. P-values for indicated comparisons were determined by t-test. *p < 0.05. (B) The relative time to identify the FSDP to the instructor’s demonstration.

P-values for indicated comparisons were determined by t-test. *p < 0.05. (C) The subjective difficulty of the surgeries that the dissectors were perceiving during the

dissection. (D) The subjective completeness of frontal sinusotomy during the dissection. (E) The confidence for frontal sinusotomy in general before, during, and after

the course. P-values for indicated comparisons were determined by t-test. *p < 0.05.
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FIGURE 3 | The volume of FSDP before and after the frontal sinusotomies and the frontal drill out. (A) 3D computed graphic images of right FSDP in the model 6

before and after the sinusotomies. (B) The volume of FSDP in 3D sinus models was significantly improved after the frontal sinusotomies than before the procedure.

P-values for indicated comparisons were determined by t-test. *p < 0.05, **p < 0.01. (C) 3D computed graphic images of bilateral FSDP in the 3D sinus models

before and after the frontal drillout (the model 2). (D) The total volume of bilateral FSDPs was also significantly improved after the frontal drillout. P-values for indicated

comparisons were determined by t-test. *p < 0.05.

excellent). Subjective distance from Adelaide (How far they felt
from the Adelaide team) was 18.13 ± 2.40 in the dissectors
and 35.90 ± 16.31 in the audience, respectively (0: felt as if the
instructors were in the training room in Hokkaido to 100: far
away). The dependency on the language translation provided
by the first author for those who couldn’t understand English
was 91.96 ± 2.40 in the dissector and 85.90 ± 16.31 in the
audience (0: completely independent to 100: perfect dependent)
(Figure 4).

We also evaluated how the dissectors perceived the models.
The surgical likeness of the model to the tissue feel anatomy of a
real sinonasal cavity was 66.72 ± 15.04 in the dissectors (0: not

at all to 100: completely reproduced). Similarly, the audience was
asked how realistic the anatomy of the 3D sinus models looked
compared to typical endoscopic sinonasal anatomy that they are
accustomed to seeing in their practice. The reproduction of the
3D sinus model watched on the monitor was 75.32± 18.12 in the
audiences (0: not at all to 100: completely reproduced). Obviously
the tissue feel of the 3D sinus models could not be commented on
by the non-dissecting audience members.

The perceived necessity of needing to use cadavers for similar
surgical training after participating in this course was 25.24 ±

19.21 in the dissectors and 51.28± 23.31 in the audiences (0: not
at all to 100: absolutely necessary) (Figure 4).
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FIGURE 4 | The result of questionnaire from the dissectors and the audiences on educational benefits of the remote FESS training course. A questionnaire survey was

performed on dissectors and audiences, including the following topic; the general benefit of the course to improve the surgical skills (0: not at all to 100: extremely

beneficial), the usefulness of instructions from Adelaide (0: not at all to 100: excellent), subjective distance from Adelaide (0: felt as if they were in Hokkaido to 100: far

away), the dependency on the translation between English and Japanese (0: completely independent to 100: perfect dependent), the reproducibility of the 3D sinus

models to the real nasal cavity and paranasal sinuses (0: not at all to 100: completely reproduced, for dissectors only), the reproducibility of the 3D sinus models to the

real nasal cavity and paranasal sinuses when watched on monitors (0: not at all to 100: completely reproduced, for audiences only), the necessity of using cadavers

for the similar surgical training (0: not at all to 100: essential), the quality of the communication by Quintree (0: terrible to 100: very good), and the educational effect of

watching the three surgeries with same anatomies at the same time by Quintree (0: terrible to 100: very good). Data were gathered by visual-analog scale and

expressed as the mean ± SD.

The quality of the telemedicine platform provided byQuintree
was as high as 73.42 ± 16.57 (0: terrible to 100: very
good). The educational value to the non-dissecting audience of
simultaneously watching the three surgeons performing the same
surgery on three identical frontal sinus models was 76.27 ±

22.11 (0: terrible to 100: very good) with 84.81% of the audience
considering the educational effect of the three simultaneous
dissections as higher compared to watch only one dissection
(Figure 4).

DISCUSSION

This study documents, for the first time, the feasibility of
performing a remote endoscopic sinus surgical course using non-
cadaveric advanced material 3D sinus models in conjunction
with an encrypted telemedicine platform. Post-course evaluation
demonstrated that in addition to such a course being possible,
it objectively and subjectively improved surgeon’s frontal sinus
surgical skill in terms of efficiency and completeness of
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dissection. Participants and observers described a degree of post-
course satisfaction in terms of learning opportunity.

With advanced in 3D printing technology and manufacturing
many 3D organmodels have been developed for surgical training,
including temporal bone (6–8), paranasal sinuses (9–12), skull
base (9, 13–16), kidney, renal pelvis, and ureter (17), mandibular
(9), aorta (18), and heart (19). In addition, some models
successfully reproduce the organs with pre-existing pathology
such as cerebral aneurysms (20, 21) and basilar invagination
(22). Studies assessing the use of 3D printed models for surgical
training have generally supported their benefits for surgical
education (23) and recently in the field of veterinary medicine,
Kelly reported the use of 3D models to teach students surgical
anatomy remotely (24). Several additional small studies assessing
remote training for surgical skills have also been reported. These
generally involve the teaching of basic surgical skills using box
trainers such as peg transfer, knot tying, and suturing techniques
under laparoscopy (25, 26). Recently a course utilizing remote
guidance of actual endovascular surgery using augmented reality
(AR), has also been published (27). To our knowledge, our study
is the first remote course to assess the utility of using 3D-printed
models for a complex surgical procedure in human basedmodels.

3D sinus models hold several advantages over cadavers
in surgical training. There is no risk of infectivity from the
specimens, the courses can be held outside of designated
anatomical institutions required for housing cadavers, and there
is an elimination of the ethical issues that would accompany the
transmission of cadaveric pictures on a telemedicine platform.
Furthermore, such models are much cheaper than cadavers,
∼1/10 of the cost, meaning that course costs can be kept lower,
and candidates can have the opportunity to dissect more frontal
sinuses during a course than they have historically been able to
do with cadaver.

Another major advantage of using advance material 3D sinus
models over cadavers is the ability to print standardized anatomy,
that allows both instructors and students to teach and learn in
a predictable and graduated fashion as we saw in this course.
From an instructor’s perspective, pre-existing knowledge of the
anatomy is likely to translate into more effective and efficient
teaching. From a student’s perspective, the student can gain
knowledge, familiarity and confidence from performing more
simple frontal sinus dissections before attempting more difficult
ones. Furthermore, they can also learn from watching surgery
performed by the expert’s on exactly the same anatomy.

The successful completion of this course by all three surgeons
validates the initial objective of this study, which was to see if it
was possible to use encrypted telemedicine software to remotely
teach and observe sinus surgery in a structured environment.
Furthermore, it confirmed that surgery as complex as frontal
recess dissection, could be taught in a step-wise and structured
manner, using the building block concept, to surgeons of differing
levels of sinus surgical experience, including a trainee that
had never performed a sinus procedure prior. Of even greater
significance, and further supporting this way of teaching, was
the objective evidence that despite an increase in the difficulty of
frontal sinus anatomy, surgical time and complete of dissection
both improved as the course went on.

The results from the feedback questionnaire obtained from
both the dissectors and the general audience confirmed the high
level of satisfaction the participants obtained from attending the
course. In terms of the specific questions of the questionnaire,
the physical distance between the delegates and instructors did
not pose a problem due to the clear instruction of the instructors
facilitated by the innovative telemedicine technology utilized.
There was a general consensus that the 3D sinus models were
a suitable alternative to the cadaveric models particularly from
the dissectors who were able to directly work with the model.
A distinct advantage of the 3D sinus model as outlined by the
responses of both the dissectors and the general audience, was the
predictability and reproducibility of the model when compared
to cadaveric specimens. The importance of well-performed
translation was identified by over half of the Japanese audience
as a significant factor contributing to their satisfaction with the
course. This is obviously of critical importance when the native
language of the delegates is not that of the remote instructors.

In addition to the high level of delegate and audience
satisfaction from the course, both instructors (AJP and PJW)
also reported high level of satisfaction with the ease of which
they were able to teach (data not shown). Using the Quintree
telemedicine platform they were able to visualize the endoscopic
images of all three candidates on the same screen simultaneously,
and so were in direct contact with each of the candidates for
their duration of their dissection. This allowed them to tailor the
extent and level of their instruction to the need of the candidate.
This is not possible with one-on-one supervision required during
face-face in person courses.

The obvious limitations of this study include the small
number of dissecting surgeons assessed and the varying surgical
experience of the dissectors and the audience. We recognize that
this has the protentional to create bias in some of the responses
evaluating the utility of the course. With this said, the primary
aim of the course was to assess whether we could address the
issues of conducting educational surgical courses, posed by the
COVID-19 pandemic. With the promising results obtained from
the feedback from this course, we plan to conduct a much larger
course with more surgical dissectors whereby factors such as the
relationship of surgical experience to learning benefit from such
courses can be more adequately assessed.

CONCLUSION

To the best of our knowledge, this is the first study to report
on a remotely conducted FESS training course using advanced
3D sinus models with different grades of complexity. This study
demonstrated that remote courses and the use of non-cadaveric
material may provide a suitable alternative to the traditional
cadaveric/in person courses. This is particularly relevant in the
current environment of the COVID-19 pandemic.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Surgery | www.frontiersin.org 8 October 2021 | Volume 8 | Article 746837115

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Suzuki et al. Remote FESS Training With 3D-Models

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.
Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

MS, EV, and PW designed the project. AH and AP supervised the
project. MS, EV, and KO set up the course. PW andAP supervised
the training. KM and YN analyzed CT images. MS, EV, and AP
wrote the draft. All authors provided feedback on themanuscript.

FUNDING

This study was supported by JSPS KAKENHI Grant Number
18KK0444, Itoiyaku Gakuzyutsu Zaidan, and Suginome Kinen
Kai for MS.

ACKNOWLEDGMENTS

We are thankful to Dr. Aya Honma, Dr. Akira Nakazono,
Dr. Shogo Kimura, Shizuka Sugawara, Yuka Masuta, Yumiko

Kimura, and Minoru Ishida, for their support in the surgical
training course. We appreciate Prof. Adam Folbe for his
providing the Quintree platform.We are grateful to the members
of the CAST committee at the Hokkaido University Hospital
for their support. We are also thankful to Medtronic, KARL
STORZ, Stryker, and Neilmed for their providing and setting up
the surgical equipment, endoscopes, the Building Block software,
and the web-conferencing platform.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsurg.
2021.746837/full#supplementary-material

Supplementary Figure 1 | Measurement of the volume of the frontal sinus

drainage pathway. (A) 3D sinus models used in the course. The anatomy is

identical to that of humans as they are printed from the axial CT scans of patients

with chronic rhinosinusitis. The materials mimic human tissue found in the nasal

cavity and sinuses. (B–D) CT images of the 3D sinus models were acquired before

and after the dissection. 3D computed graphic images of FSPD (sky blue) were

created by a 3D image analysis system, SYNAPSE VINCENT with different

transparency of the 3D sinus models from 0% (B) to 100% (D). The volume of

FSDP from the level of the superior edge of 3D sinus models to the level of the

floor of ANC was quantified.

Supplementary Figure 2 | Subjective difficulty of preoperative comprehension of

anatomies of frontal recess in each difficulty grade. The subjective difficulty of

prediction of FSDP with the Building Block Concept was increased with the higher

difficulty grade. P-values for indicated comparisons were determined by t-test.
∗p < 0.05, ∗∗p < 0.01.
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experience with routine clinical use of 3d technologies in surgical planning for

pediatric patients with complex congenital heart disease. Diagn Interv Radiol.

(2021) 27:488–96. doi: 10.5152/dir.2021.20163

20. Mashiko T, Kaneko N, Konno T, Otani K, Nagayama R, Watanabe E. Training

in cerebral aneurysm clipping using self-made 3-dimensional models. J Surg

Educ. (2017) 74:681–9. doi: 10.1016/j.jsurg.2016.12.010

21. Nagassa RG, McMenamin PG, Adams JW, Quayle MR, Rosenfeld

JV. Advanced 3d printed model of middle cerebral artery

aneurysms for neurosurgery simulation. 3D Print Med. (2019)

5:11. doi: 10.1186/s41205-019-0048-9

22. Narayanan V, Narayanan P, Rajagopalan R, Karuppiah R, Rahman ZA,

Wormald PJ, et al. Endoscopic skull base training using 3d printed models

with pre-existing pathology. Eur Arch Otorhinolaryngol. (2015) 272:753–

7. doi: 10.1007/s00405-014-3300-3

23. Langridge B, Momin S, Coumbe B, Woin E, Griffin M, Butler P. Systematic

review of the use of 3-dimensional printing in surgical teaching and

assessment. J Surg Educ. (2018) 75:209–21. doi: 10.1016/j.jsurg.2017.06.033

24. Thieman Mankin KM, Cornell K, Peycke L, Dickerson V, Scallan E.

Adaptation of a hands-on veterinary surgical training course from a

traditionally taught laboratory to a remotely taught laboratory during a global

pandemic. Vet Surg. (2021) 50:494–506. doi: 10.1111/vsu.13584

25. Quaranto BR, Lamb M, Traversone J, Hu J, Lukan J, Cooper C, et al.

Development of an interactive remote basic surgical skills mini-curriculum

for medical students during the covid-19 pandemic. Surg Innov. (2021)

28:220–5. doi: 10.1177/15533506211003548

26. Sloth SB, Jensen RD, Seyer-Hansen M, Christensen MK, De Win G.

Remote training in laparoscopy: a randomized trial comparing home-based

self-regulated training to centralized instructor-regulated training. Surg

Endosc. (2021) 7:1–12. doi: 10.1007/s00464-021-08429-7

27. Hassan AE, Desai SK, Georgiadis AL, TekleWG. Augmented reality enhanced

tele-proctoring platform to intraoperatively support a neuro-endovascular

surgery fellow. Interv Neuroradiol. (2021). doi: 10.1177/15910199211035304

Conflict of Interest: MS: receiving royalties from Igakushoin. PW: consultant for

Fusetec, Neilmed and receiving royalties from Medtronic, Fusetec, and Integra.

Shareholder for Chitogel. AP: consultant for Fusetec, Medtronic, Tissium, and

ENT technologies. Shareholder for Chitogel and Speakers Bureau for Sequiris.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Suzuki, Vyskocil, Ogi, Matoba, Nakamaru, Homma, Wormald

and Psaltis. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org 10 October 2021 | Volume 8 | Article 746837117

https://doi.org/10.5152/dir.2021.20163
https://doi.org/10.1016/j.jsurg.2016.12.010
https://doi.org/10.1186/s41205-019-0048-9
https://doi.org/10.1007/s00405-014-3300-3
https://doi.org/10.1016/j.jsurg.2017.06.033
https://doi.org/10.1111/vsu.13584
https://doi.org/10.1177/15533506211003548
https://doi.org/10.1007/s00464-021-08429-7
https://doi.org/10.1177/15910199211035304
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


ORIGINAL RESEARCH
published: 05 November 2021

doi: 10.3389/fmed.2021.772956

Frontiers in Medicine | www.frontiersin.org 1 November 2021 | Volume 8 | Article 772956

Edited by:

Ismail Mohd Saiboon,

National University of

Malaysia, Malaysia

Reviewed by:

Jaroslav Kacetl,

University of Hradec Králové, Czechia

Nurhanis Syazni Roslan,

Universiti Sains Malaysia Health

Campus, Malaysia

*Correspondence:

Jann-Yuan Wang

jywang@ntu.edu.tw

Rey-Heng Hu

rhhu@ntu.edu.tw

Po-Huang Lee

pohuang1115@ntu.edu.tw

Specialty section:

This article was submitted to

Healthcare Professions Education,

a section of the journal

Frontiers in Medicine

Received: 09 September 2021

Accepted: 12 October 2021

Published: 05 November 2021

Citation:

Ho C-M, Yeh C-C, Wang J-Y, Hu R-H

and Lee P-H (2021) Curiosity in Online

Video Concept Learning and

Short-Term Outcomes in Blended

Medical Education.

Front. Med. 8:772956.

doi: 10.3389/fmed.2021.772956

Curiosity in Online Video Concept
Learning and Short-Term Outcomes
in Blended Medical Education
Cheng-Maw Ho 1,2, Chi-Chuan Yeh 1,3, Jann-Yuan Wang 2,4,5*, Rey-Heng Hu 1,2* and

Po-Huang Lee 1,2,6*

1Department of Surgery, National Taiwan University Hospital, Taipei, Taiwan, 2 School of Medicine, College of Medicine,

National Taiwan University, Taipei, Taiwan, 3Department of Medical Education, National Taiwan University Hospital, Taipei,
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Background: A student’s level of curiosity in a subject after learning about it through

online videos has not been addressed well in the medical education field. The purpose

of this study, therefore, was to investigate online learning’s effect on the stimulation

of curiosity and short-term learning outcomes in a blended framework of precision

medical education.

Methods: A mixed-methods research design was used. During the 2020 academic

year, all fifth-year medical students who, prior to class, viewed 6 video clips that

presented 6 core concepts were invited to complete a survey and self-reflection on

their learning process to assess their level of curiosity in each concept. For each

group of medical students, teaching assistants helped collect anonymous survey data

and summative assessment scores representing the students’ learning outcomes.

Video-viewing patterns, attained through an action log transformation, were also coded

for analysis. Mann–Whitney U and Kruskal–Wallis tests were employed to compare

differences between groups, and multiple linear regression was used to select the factors

affecting learning outcomes. Qualitative data were content-coded through a descriptive

approach using thematic analysis.

Results: Of 142 medical students, 136 watched the online videos, 124 responded to

the questionnaires, and 92 provided comments. Students’ curiosity levels after learning

about each concept through online videos significantly correlated with the degree

to which a concept was learned. Medical students spent a median of 1.6 h online,

and pause frequency correlated with curiosity in certain concepts. Aroused curiosity

was associated with short-term learning outcomes in inconsistent effect sizes and

directions. Students’ feedback revealed various dimensions of curiosity, including novelty

acknowledgment, recognition of an information gap, and information-seeking requests.

Conclusions: Curiosity can be induced through online video learning platforms and has

a role in short-term learning outcomes in medical education.

Keywords: online video learning, curiosity, concept, learning outcome, medical education
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INTRODUCTION

Curiosity can be broadly defined as the desire to acquire
new knowledge and new sensory experiences, which motivates
exploratory behavior (1–3). An individual’s degree of curiosity
varies according to their personality traits (2) and can be
independently induced; for example, two people might be
drawn to different aspects of the same stimulus (2, 3). In
the medical education field, studies in cognitive psychology
and education have suggested that common instructional
practices may inadvertently suppress curiosity by conflating
haste with efficiency, neglecting negative emotions, promoting
overconfidence, and using teaching approaches that encourage
passive learning (4). Attributes of the instructor that contribute to
the development of a student’s curiosity include patience, a habit
of inquiry, emotional candor, intellectual humility, transparency,
and recognition of the benefits of learning from peers (4).
Specific educational strategies that can support curiosity in both
classroom and clinical settings include the mindful pacing of
teaching, modeling effective control of emotions, confronting
uncertainty and overconfidence, using inquiry-based learning,
helping students see familiar situations as novel, simultaneously
contemplating multiple perspectives, and maximizing the value
of small-group discussions (4).

THEORETICAL BACKGROUND AND
IMPORTANCE OF CURIOSITY IN MEDICAL
EDUCATION

George Loewenstein described curiosity as “a cognitive induced
deprivation that arises from the perception of a gap in knowledge
and understanding” (2). Epistemic curiosity is “the desire
for knowledge that motivates individuals to learn new ideas,
eliminate information gaps, and solve intellectual problems”
(5). The development of deliberate, focused, and sustained
epistemic curiosity should, therefore, be a core element of
teaching and learning in medical education (6). Moreover,
calls for self-reflection, critical thinking, and teamwork are
meaningless in the absence of curiosity (4). Kidd and Hayden
expanded information gap theory by proposing that studying
the motivation behind information-seeking behavior in its
ethological context is more productive than defining curiosity
itself (7). This conceptualization indicates that online video
learning using a threshold concept strategy (8) presents various
opportunities formedical students to develop epistemic curiosity.

Although the importance of curiosity in medical education
was perceived and critically reminded in literature for a
long time (4, 9–12), relevant evidence was accumulated
sluggishly. Stenernszus et al. found that trait curiosity (individual
characteristic) is relatively stable across a 4-year undergraduate
program of medical education whereas there is more variability
in state curiosity (arousal of curiosity by the educational context),
which is consistently lower than trait curiosity in each year (13).
Medical students’ state curiosity may not be optimally supported
in the environment of medical education (13). Richards et al.
demonstrated that students with high levels of trait curiosity

tended to use learning strategies that promoted understanding
rather than memorization (14). The need to evoke curiosity
in medical education is highlighted, especially in the current
setting of teaching which relies heavily on online learning and
online videomaterials have become an integral part of instruction
at universities.

We previously explored the possibility of practicing precision
medical education based on cognitive load theory and the
theory of multimedia learning (15–19). We summarized that
implementing precision medical education in the blended
medical education is feasible and online video learning is an
ideal platform for balancing the dilemma between increasing
cognitive load of class content and practice of precision
medical education (15). In addition, inverse concept change
was frequently documented among participants and students’
feedback of online video learning experiences revealed aroused
study interest and motivation (15). These observations were
subtle signs of aroused curiosity which trigger us for further
study. Therefore, we hypothesized that this instructional design
could stimulate students’ curiosity for online video learning
of these concepts. This study examined students’ levels of
curiosity arousal after online video learning and investigated the
association of curiosity with short-term learning outcomes.

METHODS

Research Type, Context, and Participants
This study involved a survey using cross-sectional mixed-
methods study design (20). The survey consisted of
questionnaires (quantitative part) and free comments (if
any, qualitative part) (Supplementary Table 1). The qualitative
component of this study was embedded to enhance a largely
quantitative study (Figure 1A) (21). This embedded mixing
facilitates quantitative and qualitative analyses to complement
each other (21). Clinical teaching on the subject of acute liver
failure is a section of a core compulsory course (including 23
sections) for surgery students in their first clinical (fifth) year (8).
Almost all students were between 23 and 24 years of age, with few
post-baccalaureate students in every school year. Each course
section consists of a 1-h class, with 22–24 medical students
enrolled in each round. Six rounds of teaching are conducted in 1
academic year at National Taiwan University Hospital. Between
September 2020 and May 2021, 142 fifth-year medical students
took the compulsory core course on surgery, and they were
invited to participate in this survey. The Institutional Review
Board of National Taiwan University Hospital approved this
study as an exempt protocol (201809078W and 202006048W).
Participation in the survey was considered implied consent from
the participants.

The curriculum development committee assigned HCM to
develop the curriculum for the acute liver failure section. HCM
summarized 6 threshold concepts of acute liver failure according
to the educational goals of the curriculum development
committee and incorporated them into the course design and
practice (8). A blended course section of acute liver failure was
initiated and practiced beginning in 2018 (8, 15).
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FIGURE 1 | Study design (A) and participants (B).

The course content was divided into two stages: pre-class
online video learning and face-to-face classroom instruction.
When redesigning the classic course into a blended one,
consideration was specifically given to dividing the learning
materials in a manner such that they would retain a stimulating
effect and be integrated at the end of the learning journey. The
instructional methods for the online video portion of the course
were based on the coherence (excluding extraneous material) and
segmenting (message is presented in user-paced segments rather
than as a continuous unit) principles of Mayer’s multimedia
learning (18, 19).

Previously, a 10-min online video for pre-class learning was
developed to minimize the extraneous load by removing non-
essential content, breaking content into smaller segments, and
enabling learners to control the pace (15). In the 2020–2021
academic year, one 10-min online video was remade into 6 video
clips, each lasting<2min, for six individual concepts. A title with
a short summary of each concept was added to arouse interest
and curiosity. The clinical teacher (HCM) selected and uploaded
the updated review literature to the webpage to make available
optional additional reading. A list of chart numbers was provided
on the intranet for a real-world clinical case analysis.

At the beginning of the surgery course, students were
instructed to watch the online videos explaining the core

concepts before the face-to-face class. Subsequently, they were
free to respond to an online questionnaire (Supplementary

Table 1) in the university intranet (22). Changes in the
understanding of concepts were rated on a 5-point Likert scale
(“totally changed,” “largely changed,” “changed and unchanged in
equal measure,” “mostly unchanged,” and “totally unchanged”).
The following categories were evaluated: curiosity induced in
individual concepts; concepts that motivated medical students to
learn more; concepts requiring further clarification during face-
to-face classes; loading, difficulty, and satisfaction of online video
learning prior to class; class style (teaching method) expectations
for the upcoming face-to-face class; and comments or questions.

The survey listed the four class styles: complete and
thorough introduction (subsequently referred to as thorough),
concept orientation to stimulate study interest (concept),
discussions between the teacher and students creating a learning
experience (discussion), and self-learning and class presentations
(presentation) (15). The teacher developed the face-to-face
class style for each round of students based on the survey
responses (15).

The outcome measurements in this study consisted of two
summative assessments. The first was a written exam [total
possible score: 100marks (points)] taken at the end of the surgery
course round, which included 3 points for a short essay question
concerning the acute liver failure section. The second assessment
was a clinical case-based analysis (total possible score: 100 marks
that contribute to grade point average for the section course)
that was submitted online prior to the completion of the surgery
course. The clinical teacher (HCM) graded the medical students’
work after they completed the surgery course.

Online Learning Activities and Patterns of
Online Video-Viewing Behaviors
Cumulative website page views, webpage visit/browsing
durations, and action logs of video viewing for each medical
student were documented anonymously in the management
platform at the end of the school year. The action logs of video
viewing were transformed into visualization plots containing
intensity (defined as peak times of viewing with a duration
lasting more than 2 s), extensity (completeness, categorized as
1 of 3 types: viewing <50%, 50–90%, or more than 90% of the
video), and pause frequency (the number of times the video
was paused). HCM and WJY independently performed pattern
coding and eventually reached consensus.

Data Collection
For each round of students, administrative teaching assistant
(SKW) helped collect anonymous survey data before the class.

Demographic data, scores, and online activities, including
action logs of the online video viewing, total webpage view
counts, and webpage visit durations, were anonymously collected
at the end of the school year by administrative teaching assistants.

Qualitative Data Analysis
Student comments were independently content-coded through
a descriptive approach using thematic analysis (8, 15, 23) by
HCM and WJY, who eventually reached consensus. Codes
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corresponding to learning experiences were previously developed
by a team comprising a surgeon specialist (HCM), an experienced
medical education specialist (YCC), and an administrative
researcher (WJY) (15). Regular meetings were held to discuss
and resolve all coding discrepancies and to combine codes (15).
According to the survey responses in each round of students,
the teacher in charge (HCM) answered questions posed by
students, validated the codes that reflected their opinions through
anonymous discussions in class, and adjusted the class style (15).

At the end of the school year, identified themes were combined
and compared to generate a final set representing the range
of student feedback on the online video learning process. The
research questions were to identify clues of induced curiosity,
learning interests, and self-reported learning outcomes, in order
to complement the quantitative analysis. Each student comment
could include several codes across various categories (general,
infrastructure, curiosity, learning outcome, and miscellaneous).

Quantitative Data Analysis
Quantitative data were expressed as means, medians, or
percentages, where appropriate. Scores were compared using
Student’s t test. Non-parametric tests were employed to compare
group differences other than scores. The Mann–Whitney U
and the Kruskal–Wallis tests were employed to compare the
differences in continuous variables among quantitative outcome
variables for 2 and 3 groups, respectively. Kendall’s tau coefficient
was used to measure the ordinal association between 2 measured
quantities. The multiple general linear regression model with a
backward elimination method was used to select potential factors
associated with the assessment scores. A two-sided P < 0.05
was considered statistically significant. Statistical analyses were
performed using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Demographics and Curiosity Spectrum
Of the 136 fifth-year medical students (136/142, 95.8%) who
participated in the online video learning, 124 (124/136, 91.2%)
completed the survey and were enrolled in the study (Figure 1B).
These participants were predominantly male (75%), felt “just
fine” about the work load and difficulty of online video learning
(82.3 and 90.3%), were satisfied with online learning (91.9%),
and provided comments (74.2%; Table 1). More than half of
the participants preferred a class style of “through” (55.6%).
Participants spent an average of 1.6 h [interquartile range (IQR),
3720.5-8634.8 s] watching the videos, and the median number
of webpage visits was 194.5 (144.5–263.8). The summative
assessment results of short-term learning outcomes indicated an
average score of 87.9 ± 12.4 for the clinical case-based analysis
and 2.4± 0.9 for the essay question.

Half of the participants (63/124, 50.8%) reported curiosity in
only 1 concept after online video learning, and 59 participants
expressed curiosity for 2–6 concepts (Figure 2). Two participants
did not report feeling curious about any concept. Focused
(only 1 concept) and diverse (more than 1 concepts) curiosity
did not significantly differ when compared between genders,
groups, durations of time spent online, perceptions of loading,

perceptions of difficulty, perceptions of satisfaction with video
learning, class preferences, whether comments were provided,
and learning assessments but did significantly differ for
accumulated webpage view counts [focused vs. diverse: 172.0
(134.0–246.0) and 201.0 (179.0–291.0); Table 1].

Online Video-Viewing Patterns
The intensity, extensity, and pause frequency of online video-
viewing patterns for 6 concepts among 124 participants are
shown in Figure 3. Most participants watched more than 90% of
the 6 online videos. The median values for the intensity pattern
were between 50 and 90% for the six videos. Total pauses when
viewing online videos for concepts 1 −6 were 22, 16, 16, 21, 10,
and 10, respectively (Figure 3). Statistically, the patterns between
the 6 online videos clips were nonsignificant in terms of intensity
(P = 0.082), extensity (P = 0.626), and pause frequency (P =

0.239, Kruskal–Wallis test).

Correlation of Curiosity With Other
Parameters
Table 2 displays the correlation of curiosity with other
parameters in 6 core concepts. Positive significant correlations
between the “most learnt” concepts and their specific curiosities
were noted for all 6 concepts. Other self-reported parameters
positively correlated with specific curiosities were noted for
“expect more” (concept 4) and “teach more” (concept 4) and
negatively for “agree with previous understanding” (concept 2
and concept 3; Table 2A). For objective video-viewing patterns,
curiosity significantly correlated with extensity (concept 3) and
pause frequency (concept 5; Table 2B). Borderline significance
was noted in pause frequency for concepts 1 and 4 (P = 0.061
and P = 0.072).

Factors Associated With Short-Term
Learning Outcomes in Multivariable
Analysis
Table 3 displays the adjusted factors associated with short-term
learning outcomes determined through summative assessments.
Male gender, concepts that agreed with previous understanding
(C1), concepts that aroused curiosity (C1, C4, C6), concepts that
“were learnt most” (C5), and concepts that agreed with video
watching patterns of extensity (C2, C6) and pause frequency
(C1, C6), and providing comments were significantly associated
with essay assessment scores. Concepts that agreed with previous
understanding (C3), aroused curiosity (C1, C3), were learnt most
(C1), and were associated with a request for more teaching
(C3, C4) significantly correlated with case analysis assessment
scores (Table 3). Specific curiosities for concepts 1, 4, and 6
and concepts 1 and 3 were significantly associated with scores
for the essay question and case-based analysis, respectively. The
effect of specific curiosities on short-term learning outcomes,
however, was not positively associated for all factors. Factors
related to concept 6 (curiosity, extensity, and pause frequency)
were positively associated with essay scores. Factors related to
concept 3 (curiosity, agreement with previous understanding,
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TABLE 1 | Characteristics of Participants Taking Surveys (Mann–Whitney U or chi-square test).

All,

n = 124*

Focused curiosity,

n = 63

Diverse curiosity,

n = 59

P

Gender 0.684

Male (%) 93 (75) 48 (76.1) 43 (72.9)

Female (%) 31 (25) 15 (23.8) 16 (27.1)

Group 0.284

Semester 1 1 19 12 6

2 23 12 11

3 23 14 9

Semester 2 4 20 6 14

5 22 10 11

6 17 9 8

Webpage view counts, median (IQR) 194.5 (144.5–263.8) 172.0 (134.0–246.0) 201.0 (179.0–291.0) 0.031

Visit durations (sec), median (IQR) 5602.5

(3720.5–8634.8)

5597.0

(2767.0–9738.0)

5705.0

(3638.0–8616.0)

0.612

Subjective

Loading of online video learning 0.254

Heavy (%) 8 (6.5) 3 (4.8) 5 (8.5)

Just fine (%) 102 (82.3) 55 (87.3) 45 (76.3)

Light (%) 13 (10.5) 5 (7.9) 8 (13.6)

Difficulty 0.478

Hard (%) 3 (2.4) 2 (3.2) 1 (1.7)

Just fine (%) 113 (90.3) 59 (93.7) 52 (88.1)

Easy (%) 7 (5.6) 2 (3.2) 5 (8.5)

Satisfaction 0.570

Satisfied (%) 114 (91.9) 58 (92.1) 55 (93.2)

So so (%) 9 (7.3) 5 (7.9) 3 (5.1)

Class style preference 0.146

Through (%) 69 (55.6) 31 (49.2) 36 (61.0)

Concept (%) 36 (29.0) 21 (33.3) 15 (25.4)

Discussion (%) 18 (14.5) 11 (17.5) 7 (11.9)

Providing comments (%) 92 (74.2) 46 (73.0) 45 (76.3) 0.835

Overall assessment

Objective scores

Case analysis, mean (SD) 87.9/100 (12.4) 89.1 (4.5) 86.4 (16.8) 0.226∧

Essay question, mean (SD) 2.4/3 (0.9) 2.5 (0.9) 2.3 (0.9) 0.484∧

*2 participants did not complete the survey item on curiosity.
∧Student’s t test.

IQR, interquartile range; SD, standard deviation.

most learnt, and request for more teaching) were associated with
case analysis scores.

Student Feedback
Table 4 presents students’ feedback after online video learning.
Most common comments were coded in the category of
“appreciation of considerate lesson preparation or course
framework” followed by “general gratitude” and “good learning
efficiency and self-reported outcome.” In the dimension of
curiosity, “novelty” and inducing “interest and/or curiosity” were
cited frequently. Although participants sensed an information
gap after online video learning and asked for specific content,
they were satisfied that the online video learning process was

concise and clear. Some participants strongly recommended
applying this framework to other courses.

DISCUSSION

This study revealed 4 major findings. First, students spent
a median of 1.6 h engaged in online activities, and most
were satisfied with online video learning. Second, self-reported
curiosity was individually associated with the most learnt
concept, and pause frequency correlated with curiosity in certain
concepts. Third, curiosity about studied concepts following
the online video learning suggested various effects of variable
sizes and directions on short-term learning outcomes. Finally,
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FIGURE 2 | Number of concepts that aroused curiosity in participants.

interpretation of the students’ feedback reflected that the online
video learning process cultivated curiosity.

Balance of Information Gap and Cultivating
Curiosity in Medical Education
We observed aroused curiosity in the current study of online
video learning, which could be explained by information gap
theory. Besides, epistemic curiosity is useful to learn new
ideas and solve intellectual problems, which were probed
by quantitative questionnaires (Supplementary Table 1) and
summative assessments, respectively. Loewenstein et al. (24)
found that epistemic curiosity was greatest when participants
had partial knowledge of a particular subject rather than no
knowledge or full knowledge, a finding supported by Litman et al.
(25) and Kang et al. (26). However, methods of managing the
knowledge gap and potential consequences of varying degrees
of gaps in knowledge (For example, a great knowledge gap may
induce a loss of overall interest, and a gap that is too narrow
may trigger satiety) require further investigation. Moreover, the
instructional content designer must adjust the cognitive loads of
online videos while simultaneously producing the most efficient
learning environment.

Curiosity, Learning Motivation, and
Learning Outcomes
Our study demonstrated that curiosity impacted short-term
learning outcomes, with various effect sizes and directions,
and led to an increased understanding of the role that certain
intellectual, emotional, behavioral, physical, and social factors
have in the student learning process and social development.
The underlying causes and explanations that aroused curiosity
to C1 was associated with scores of both essay and case base
analysis were not clear. It may be attributed to the question
selection or something different (e.g., a new concept to the
students) as compared to other topics. Further study is needed
to figure out the root cause. Nonetheless, we showed that sparkle
curiosity was associated with the short-term learning outcome.
A wide variety of studies on learning have revealed connections

between non-cognitive factors or skills (e.g., motivation, interest,
curiosity, responsibility, determination, perseverance, attitude,
work habits, self-regulation, and social skills) and cognitive
learning results (e.g., improved academic performance, test
scores, information recall, and skill acquisition) (27). The impacts
of these non-cognitive factors may be modified and diluted in an
adult learning setting, especially that of medical education. Four
dimensions of measurement (fear, assumptions, technology, and
environment) for curiosity inhibitors, proposed by Hamilton in
the Curiosity Code Index (28), can likely be applied to assess
people working in clinical medical education.

Curiosity Online vs. Offline
We surveyed the extent of curiosity aroused in students just after
they participated in the online video learning process. Sanjay
analogized curiosity as the hunger of the brain, finding it, thus, to
be a main element of a student’s learning process (29). To spark
curiosity through the online platform and develop expertise,
Sanjay proposed helping students enter a state of mind conducive
to questioning by assigning projects or asking questions online
and then taking advantage of face-to-face class time by coaching
and fine tuning. Our blended design is consistent with Sanjay’s
strategy and may also apply to other subjects, as one participant
commented (Table 4).

Curiosity in Blended Learning
Blended learning is an educational process of the thoughtful
integration of classroom face-to-face learning experiences with
online learning experiences (30). Blended learning appears to
be more effective than or at least as effective as non-blended
instruction for knowledge acquisition in health professions (31,
32). When designed well, blended learning courses in medicine
can facilitate students to improve themselves in self-learning,
understanding, and problem solving, ultimately enhancing their
learning efficiency (33–35). A potential pitfall of blended learning
is the isolated nature of e-learning if the student interacts on
an individual basis with the computer and not with a peer
group, which can be overcome in part by online engagement
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FIGURE 3 | Pre-class online video-viewing patterns (intensity, extensity, pause). (Upper X axis) Intensity (viewing times): Each blue line represents a case. Arrow shows

the direction of cumulative cases. (Y axis, orange) Extensity (content completeness of video watching): 0, <50%; 1, 50–90%; 2, more than 90%. (Y axis, gray) Pause

frequency during online video learning in each case. (Lower X axis): case number for extensity and pause frequency. Arrow shows the direction of cumulative cases.

through webinars and discussion boards (36). Moreover, the
amount of work for the developers of the courses was much
more than expected in the beginning and quite a big difference
may exist in applying the concepts as proposed by different
persons teaching the same course (36). Students may not be
used to the new educational concepts and the success of a
blended learning heavily relies on self-study phase of the students
(37). In our study, 55.6% students preferred the through class
style and hypothetically more students would prefer the concept
style rather than thorough which is more spoon-fed. This
observation might probably be associated with an overloaded
and exhausting curriculum and time table, and the norm of
transmitting knowledge and skills by teachers in Asian education
culture (38). However, the online component is constantly being
enhanced as new media technologies become available (36). The
spread of blended learning during the COVID-19 pandemic has
forced its widespread adoption and demonstrated its benefits to a

large constituency (36). It is likely that it will remain a mainstay
of healthcare education in the future (36). Clinical educators
and instructional designers are encouraged to creatively cultivate
curiosity into the blended learning approach by applyingmultiple
strategies (39, 40).

Limitations
Applying no strict curiosity scales of measurement [e.g.,
epistemic curiosity vs. perceptual curiosity (3) or intellectual
interest vs. information deprivation of Litman’s Epistemic
Curiosity Scale] (5) in the surveys limited this study. Whether
these scales, along with a number of other non-cognitive
factors, can be objectively assessed for medical students who
are inundated with extensive medical knowledge is unclear.
One participant’s feedback stated that “The survey is too long
and reductant. Please be as concise as possible.” We conducted
educational studies to help medical students improve their
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TABLE 2 | Kendall’s Tau-B correlation coefficient of curiosity with other parameters.

Curious

concept

Most learnt

concept

P Expect more P Teach more P Concept agreed with

previous thought

P

(A) Self-reported factors

C1 31 0.478 <0.001 0.114 0.205 0.013 0.886 0.013 0.882

C2 61 0.344 <0.001 0.063 0.488 0.081 0.371 −0.205 0.013

C3 58 0.405 <0.001 0.069 0.446 −0.069 0.445 −0.187 0.026

C4 52 0.292 0.001 0.200 0.027 0.240 0.008 −0.118 0.154

C5 47 0.216 0.017 0.145 0.107 0.091 0.312 −0.059 0.479

C6 37 0.508 <0.001 −0.028 0.755 0.078 0.389 −0.112 0.179

Curious Intensity P Extensity P Pause P

(B) Objective video-viewing pattern

C1 31 0.060 0.468 −0.028 0.753 −0.166 0.061

C2 61 0.119 0.147 −0.005 0.952 0.111 0.215

C3 58 −0.001 0.990 0.177 0.047 −0.053 0.559

C4 52 0.019 0.813 0.038 0.673 0.162 0.072

C5 47 0.109 0.180 0.022 0.803 0.237 0.008

C6 37 −0.010 0.905 −0.091 0.310 0.066 0.466

TABLE 3 | Variables associated with summative assessment of learning outcomes in multivariable general linear regression using backward selection.

Essay question scores Coefficient Standard error P Case-based analysis scores Coefficient Standard error P

Male gender −0.438 0.174 0.013

Agree with previous understanding Agree with previous understanding

C1 0.285 0.099 0.005 C3 −2.606 1.216 0.034

C5 −0.120 0.066 0.072

Difficulty 0.315 0.184 0.091

Curiosity Curiosity

C1 −0.534 0.199 0.009 C1 7.233 2.963 0.016

C4 −0.332 0.167 0.049 C3 −4.890 2.439 0.047

C6 0.437 0.200 0.031

Most learnt Most learnt

C5 0.358 0.165 0.032 C1 −8.705 2.798 0.002

Provide comments 0.409 0.177 0.022 C3 4.738 2.629 0.074

Online video watching pattern Teach more

Extensity C3 −4.808 2.309 0.040

C2 −0.486 0.208 0.021 C4 5.447 2.276 0.018

C6 0.390 0.161 0.017

Pause frequency

C1 −0.380 0.166 0.024

C6 0.591 0.292 0.045

learning efficiency but did not intend to add to the loading
burden. The effect of teaching in class was not controlled during
the analysis, which was a possible confounder. Although the
survey response was anonymous to the educators to minimize
vulnerability issue between the participants, the study results
might be biased by induced positive response. Through this

study, we determined the role of cultivating curiosity in short-
term learning outcomes in medical education. Additional work
is needed to repeat this survey to get more respondents from
classes of other topics. Expansion on the difference in using this
approach to teach medical vs. other health care students are
worthwhile. Further studies are required to validate our results.
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TABLE 4 | Students’ feedback.

Coding category The number of code Typical remarks and codes

General gratitude 26 Terrific and thank you. (general)

Infrastructure-wise

Appreciate considerate lesson preparation or

course framework

49 Perfect pre-class framework arrangement which prepares us for advanced learning in

in-person class without overloading us. (framework, load)

Pre-class loading concern 9 Adequate amounts of content and sparkle learning interest. (load, interest)

Curiosity-wise

Novel feeling and enjoyable reflection 7 The framework design is very novel and considerate for students. Topics are interesting! I

enjoyed this style of learning key concepts and inductive learning which induce learning

interests and enhance learning efficiency. (framework, interest, novel, efficiency)

Inducing interests and curiosity 8 Wonderful videos that remind us the important concepts and induce our curiosity!

(curiosity)

Concise and clear 16 Concise content with depth; grab the key points in a short time without distraction; great

innovation! (concise, novel)

Query for specific contents (information gap) 13 Understandable talking! I am interested in the pathophysiology part after the online

video-learning but feel that the content can be involved more and want to know more

about relevant clinical management guidelines. I expect clearer explanations in in-person

class! (narration, query)

Learning outcome

Learn a lot and good learning efficiency 19 Easily absorbable and effective learning! (efficiency)

Miscellaneous

Suggesting modifications 7 Thanks for kind consideration in preparing the course. May add an overview introduction

to integrate the video pieces. (framework, modification)

Suggest other courses imitation 2 I feel this teaching module is great! Apply this framework to other courses would benefit

medical students a lot! (framework, imitation)

Good narration 3 Beautiful and clear narration! (narration)

CONCLUSIONS

Curiosity can be stimulated through pre-class online video
learning in medical education. Such learning may induce medical
students to further examine, either online or offline, other
concepts about which information gaps were perceived through
the learning process. As widespread applications of online
technology are recruited for learning, the shifting role of in-
person contacts would be toward coaching and mentoring in the
future (41).

Aroused curiosity after online learning was associated with
short-term learning outcomes in a blended framework of
precision medical education. Curiosity also correlated with some
features of the learning process, such as the most learnt concepts
and watching pauses. Creating a “procuriosity” culture within
the learning environment would foster learning efficiency and
promote enjoyable learning experiences in medical education.
Further investigation is required to determine the effect of this
feature on long-term knowledge retention and to guide clinical
career choices and development.
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Background: The Coronavirus Disease-2019 (COVID-19) pandemic accelerated

digitalization in medical education. Continuing medical education (CME) as a substantial

component of this system was relevantly affected. Here, we present the results of an

online survey highlighting the impact on and the role of online CME.

Methods: An online survey of 44 questions was completed by users of a German online

CME platform receiving an invitation via newsletter. CME habits, requirements, personal

perception, and impact of the pandemic were inquired. Standard statistical methods

were applied.

Results: A total of 2,961 responders took the survey with 2,949 completed surveys

included in the final analysis. Most contributions originated from Germany, Austria, and

Switzerland. Physicians accounted for 78.3% (57.5% hospital doctors) of responses

followed by midwives (7.3%) and paramedics (5.7%). Participating physicians were

mainly board-certified specialists (69%; 55.75% hospital specialists, 13.25% specialists

in private practice). Frequent online lectures at regular intervals (77.8%) and combined

face-to-face and online CME (55.9%) were favored. A duration of 1–2 h was found ideal

(57.5%). Technical issues were less a major concern since the pandemic.

Conclusion: A shift from face-to-face toward online CME events was expectedly

detected since the outbreak. Online CME was accelerated and promoted by the

pandemic. According to the perception of users, the CME system appears to have

reacted adequately to meet their demand but does not replace human interaction.

Keywords: COVID-19, continuing medical education, online education, medical education, survey, online teaching
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INTRODUCTION

Digitalization in healthcare had been pursued for the last
decade and lies mainly in the hands of governments and
healthcare systems (1). Digitalization has obviously moved into
focus around the globe since the Coronavirus Disease-2019
(COVID-19) pandemic. Medical education also had to adapt to
the implications of the pandemic and corresponding political
measures. Prior to the outbreak of COVID-19, digital medical
education was some kind of modern luxury and technical
achievement in selected countries. Due to COVID-19, the
digitalization of medical education was forced to move forward
at an unprecedented pace, developing from a nice-to-have luxury
to an absolutely essential tool (2–9).

No doubt, that the pandemic has raised the value of
such platforms and educational formats, as physical presence
is not required. Not only board-certified specialists but also
trainees and medical students had to abandon well-established
and familiar educational practices (10). Teachers and students,
lecturers, and attendees were confronted by these facts similarly.
The impact of the pandemic on in-hospital medical training and
CME has already been picked up by recent literature, highlighting
the processes and possibilities at hand (4, 9, 11).

MEDIZIN TO GO is a free of charge German continuing
medical education (CME) platform offering online multi-
specialty live educational lectures with approved medical
certification and medical board CME accreditation since 2012
(Table 1). Thus, not only does it offer online medical lectures
on relevant and up-to-date topics but also medical professionals
are given the opportunity to obtain required continuing medical
certification relevant for their practice without having to attend
face-to-face lectures and conferences. Notably, a total of 250
CME accreditation points are mandatory for German board-
certified physicians every 5 years. The main goal of the
platform is to adequately prepare residents for board exams.
However, the format also attracts medical students, experienced
physicians, and related healthcare professions, such as midwives,
nurses, physical therapists, or paramedics. MEDIZIN TO GO
is independent of any industrial influence, medical society, or
other stakeholders.

Continuing medical education plays a major role in
maintaining up-to-date medical care. With CME being the sole
mandatory source of education for German physicians after
board certification, a significant impact of the pandemic and
precautionary measures, such as social distancing, was to be
expected. Being active since 2012, MEDIZIN TO GO with its
wide reach (over 20,000 registered users) offered the possibility
to analyze the perception of users concerning online CME in
general during a broad time window, in addition to changes

determined by the pandemic.
To better understand the specific impact of the pandemic

on German CME, we conducted a platform-wide online survey.
This survey investigated the role of online CME among German-
speaking healthcare professionals. Additional focus was laid
upon the impact of the COVID-19 pandemic on the perception
of participants of CME in general and the online form in
particular. Furthermore, the expectations and requirements of

the participants regarding online medical education, in general,
were highlighted. One of the main concerns of the authors was
not only how to further improve CME especially adapted to the
COVID-19 pandemic but also for the return of peacetime. Several
publications described the impact of COVID-19 on medical
education (2, 9, 12, 13); however, only very few formats or
platforms allow a direct comparison before and after the onset
of the pandemic. Only few published data on this topic exist for
the German healthcare system (11, 14, 15).

METHODS

Study Setup, Survey Design, Validation,
and Distribution
A questionnaire consisting of 44 questions was drafted to
assess many aspects of online continuing medical education
among German-speaking medical professionals and to further
evaluate the impact of the COVID-19 pandemic (In the German
language; translated version of the survey can be found as a
Supplementary Material). The research goal was to investigate
and record the impact of the first year of the pandemic on
online continuing medical education through the acquisition of
qualitative data.

Two experienced academic healthcare professionals with prior
experience with healthcare surveys and online CME [SR (16) and
TS] arranged the initial draft of the survey. KJ with a degree in
education (Diplom Pädagogin) undertook further improvements
and assisted with the final version of the survey. The design
and internal validation stage was conducted during the second
half of November 2020 in accordance with the existing literature
(17, 18). A face validity index (FVI) of at least 0.83 was considered
acceptable (19). External validation was conducted in a two-
step approach. Pretesting was performed on a small sample of
board-certified healthcare professionals (N = 12) followed by
pilot testing on a larger cohort. The calculated S-FVIs were
0.98 and 0.91 based on the average method (S-FVI/Ave) and
the universal agreement method (S-FVI/UA), respectively. The
estimated completion rate according to SurveyMonkey was at
62%. Given that recently published surveys among healthcare
professionals presented response rates between 3 and 5% when
calculated using the distribution platforms (excluding social
media) and had completion rates at about 70%, this study was
intended to reach at least comparable response and completion
rates (20, 21).

The final questionnaire was prepared and distributed using
the online platform SurveyMonkey (https://www.surveymonkey.
com, SurveyMonkey Inc., San Mateo, CA, USA) and was
opened to responders on December 1, 2020. The survey was
promoted during online lectures, and invitations were sent via
E-mail to all 21,007 members of the platform with a newsletter
subscription (the targeted population; sample frameN = 21,007).
Additionally, a web link to the survey was continuously displayed
on the website of the platforms (News) for a total of 5 consecutive
weeks. Participants receiving the survey were encouraged to
inform colleagues by disseminating the web link via social
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TABLE 1 | Online continuing medical education on MEDIZIN TO GO (November 2020).

Format Specialty Online Since Online Events/Year Event Duration Additional events

GYN TO GO Gynecology, Obstetrics,

Endocrinology and Senology

09/2011 45 early morning events* and 45 late

night events + additional events

45min. 4–5 Weekend events*/year (4 h)

NOW TO GO Emergency Medicine 01/2017 45 early morning events and 45 late

night events + additional events

45min. 4–5 Weekend events/year (3 h)

OU TO GO Orthopaedics and Trauma Surgery 03/2020 48 early morning events and 48 late

night events

45min. No

PAED TO GO Pediatrics 10/2020 24 late night events + additional

events

50min. Weekend Events

AINS TO GO Anesthesiology, Intensive Care

Medicine, Emergency and Pain

Medicine

03/2020 11 events 3 hrs. No

NCH TO GO Neurosurgery 09/2020 21 late-night events + additional

events

45min. Weekend Events

Distribution of currently active medical specialties with past online CME live events on MEDIZIN TO GO at the time the survey was conducted. Other specialties only offering live events

after the survey was conducted are not listed.

*Online live lectures consisting of a 45-min lecture, with a subsequent live discussion round. Weekend events consisted of multiple lectures related to a selected main topic with live

discussion. GYN TO GO, NOW TO GO, OU TO GO, PAED TO GO, and NCH TO GO offer this type of CME. AINS TO GO events are similar to formerly described weekend events. CME

certification by the corresponding German medical board requires 45-min events for one CME accreditation point.

media and other means of interpersonal communication. Data
evaluation was started on January 17, 2021.

General Educational and Demographic
Data
Responders were asked to provide information regarding their
age, gender, country of origin, and the medical profession.
Type of practice (e.g., hospital and private practice) and level
of education/experience were inquired in physicians. Sources
of CME, number of face-to-face events per year, concerns
regarding online education, having attended online sessions,
and at what frequency per year were surveyed to better assess
the role of online CME. Furthermore, the importance of
non-profit sponsoring free and free of charge education, the
importance of active participation in discussions, anonymity,
video functions, duration of each session, and further technical
issues were inquired.

Participants were also requested to describe the ideal form of
education and corresponding characteristics within the margins
of multiple-choice and numeric scale answers. Additional free-
text answers and comments were allowed to better display
the improvement suggestions of responders beyond the rigid
margins of questions with distinct answer options.

Online Continuing Medical Education and
COVID-19
Besides general educational and demographic data, the
questionnaire was intended to capture the impact of the
pandemic on the educational behavior of responders. The
number of face-to-face and online educational sessions per
year was inquired before and since the pandemic to better
understand the demand for online lectures. This is related to
online medical education per se and to this specific platform.
Moreover, concerns about using online services before and since
the pandemic.

Platform Specific Questions
A part of the survey was designed to allow members of the
platform with previous experience with its online services to
provide anonymous feedback and evaluate technical and content-
related issues. Corresponding data were excluded from analysis,
as these do not add relevant value to this study.

Data Analysis
Anonymized data analysis was performed utilizing SPSS 25.0
for Mac (IBM Corp. Released 2017. IBM SPSS Statistics for
Mac, Version 25.0. Armonk, NY: IBM Corp.). Prior to data
analysis, free text passages were thoroughly reviewed for typing
and form errors with possible impact on software analysis and
were properly aligned. Numerical scale answers (0–100 and 0–
10) were used to identify four groups of responders depending
on the individual perception of the issues investigated in this
survey and listed above. As such, groups were classified as minor
(<25 or <2.5), low intermediate (25 to <50 or 2.5 to <5), high
intermediate (50 to <75 or 5 to <7.5), and major (75–100 or
7.5–10) for any aspect investigated.

Univariate analysis was performed to identify possible
significant differences, when applicable. The Fisher exact test and
the chi-square test were used to analyze categorical variables,
and the Student t-test to analyze continuous variables. A power
analysis was not required, due to the descriptive character of the
survey without pursuing a specific hypothesis.

Ethical Approval and Data Protection
The study design was conducted in accordance with the
declaration of Helsinki. Ethical review and approval were not
required for this study in accordance with the local legislation and
institutional requirements. The survey included a preliminary
introduction regarding the nature of the study and an opt-
out option asking to formally agree with the participation in
this survey. Data protection/privacy policy was clearly provided
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by the survey platform, it applies to all data recorded using
this survey (https://www.surveymonkey.com/mp/legal/privacy-
policy/). The study adhered to the 2016 version of the General
Data Protection Regulation (GDPR) applicable in Europe since
2018 (https://gdpr-info.eu/). Data with potential personal data
protection risk were planned to be deleted from all files and
platforms after the final data analysis.

The translated full-version questionnaire, such as multiple
choice and free text options, is shown in Supplementary Data.

RESULTS

Participating Healthcare Professionals
Two thousand nine hundred and sixty-one questionnaires were
returned, 2,949 were properly completed and included in the
final analysis. Responders from the three main German-speaking
countries (Germany, Switzerland, and Austria), the Netherlands,
other European countries, and from outside Europe contributed
to the partially global outreach of this project, which was
mainly aimed to reachGerman-speaking healthcare professionals
(Survey in the German language). A completion rate of 99.6%
(2,949/2,961) was realized, as almost every initiated survey was
adequately completed. As some questions were only intended for
specific user groups, being not filled out by other groups was
not acknowledged as an incompletion. The estimated completion
rate calculated by the software was 62%. A response rate could
not be accurately calculated based on the method of distribution
utilized for this survey also including social media. In light
of formerly performed worldwide surveys among healthcare
professionals, the response rate for this survey was slightly higher
at 14% (2,961/21,007 newsletter subscribers) (20, 21).

Most contributions originated from Germany, followed by
Austria, Switzerland, and the Netherlands (86.88, 3.39, 1.63,
and 0.20%). Responders from other European countries and
countries outside Europe accounted for 4.24 and 3.66% of
answered surveys. The median age was 40 years (range 17–
80). Total 71.4% of responders were female healthcare personnel
(27.8% male and 0.1% diverse). Physicians accounted for 78.3%
(57.5% hospital doctors, 17.3% private practice employees,
17.2% private practice owners, and 8.0% other employments)
of responses followed by midwives (7.3%) and paramedics
(5.7%). On closer analysis, participating physicians were
mainly board-certified specialists (in total 69% of responding
doctors; 55.7% hospital specialists, 13.3% specialists in private
practice). Total 3.2% were department heads, 17.2% attending
specialists/consultants, and 31% residents/trainees. Figure 1

demonstrates the distribution of healthcare professions.

Continuing Medical Education and
COVID-19
A relevant part of the survey was intended to highlight the impact
of the pandemic on CME, online CME in particular. When asked
about the number of yearly visited face-to-face CME events, a
shift toward online CME was clearly visible (Figure 2). When
only 38.9% of responders stated visiting <5 face-to-face events
per year before, 90.8% reported doing so since the pandemic,
and 46% reported using online CME before compared to 91%

since COVID-19. On a closer analysis, 87.3% reported using
online CME more frequently since the pandemic compared
to 1.6% less frequently and 11.1% unchanged. Overall, 87.8%
of participants used MEDIZIN TO GO for online CME since
COVID-19 (60.5% before). Analyzing the number of visited
online CME events, 35.3% visited 5–10 or >10 before, opposed
to 75.1% since the outbreak (43.6 vs. 68.1% for MEDIZIN TO
GO). Major concerns regarding online CME before and since
the pandemic were also inquired. More than half the participants
stated no concerns either before or since the pandemic (50.1 and
60%). Major concerns identified by participants were time and
technical issues (19.5 and 28.3% vs. 18.0 and 16.1%). Therefore,
technical issues seemed to be less of a problem since the outbreak
(Figure 3).

The majority of participants stated having no concerns
regarding online CME before and since the pandemic. Major
concerns identified by the survey were technical and time issues.
Technical issues seem to have declined since the pandemic.

General Perception of Respondents of
(Online) Continuing Medical Education
Participants identified online and face-to-face lectures
as the main source of continuing education. However,
journals, websites, books, and colleagues were also chosen
as corresponding educational references (Figure 4). Free-text
answers also named apps, guidelines, departmental journal
clubs, and podcasts were considered as additional means of
education. Participants were in favor of frequent online lectures
at regular intervals (77.8%) and combined face-to-face and
online educational formats also known as blended learning
(55.9%). In addition, lectures followed by discussion rounds
(48.3%) or combined lectures with expert discussions (43.5%)
were identified as more suitable for online lectures than sole
expert discussions (8.2%). Responding professionals found a
duration of 1–2 h ideal (57.5%) compared to <1 h or 2–3 h (40.1
and 2.4%). Evening sessions were generally preferred by 73.1% of
answers (15.6%morning and 11.3% weekend) andmost attended
online CME by oneself (83.6%; 4.8% in a group, 11.6% both).

To further assess how ideal online CME should be composed,
the survey offered numeric scale questions (0 as not important-
−10 as most important) to evaluate the importance of specific
composition and content-related parameters. Free of charge and
sponsoring free (i.e., not related or sponsored by the Industry)
online CME was of high intermediate importance for users
(average points on 0–10 scale: 7.4 ± 2.5/10 and 7.4 ± 2.9/10).
Being independent of national medical societies was less an
issue (4.3 ± 3.1/10). Having a possibility for live discussions
after lectures were also of high intermediate (5.1 ± 2.9/10)
interest. Interestingly, it was reported to be even less important
to be able to discuss anonymously (4.6 ± 3.2/10). The lecturer
being visible by webcam was also only of low intermediate
relevance (4.9 ± 3.3/10; Figure 5). Participants were inquired to
rate the relevance of online CME content-related specifications.
Basic clinical knowledge in form of a structured curriculum
and content being evidence based was of high intermediate
value (7.1 ± 2.5/10 and 6.8 ± 2.5/10). Special and advanced
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FIGURE 1 | Healthcare professions of participants and occupation of physicians. (A) The majority of responders were physicians (78.3%) followed by midwives and

paramedics. (B) Most physicians were hospital employees.

content seemed more important than basic content (7.8 ±

1.9/10). Online CME being some kind of an expert discussion
round/meet the experts was of lower interest but remained high
intermediate (5.7 ± 2.5/10). Attending online CME in form
of online conferences or congresses was of comparable high
intermediate interest (5.7 ± 3.0/10). Participants were satisfied
with MEDIZIN TO GO as a CME platform at an average of 88%
(average percentage on 0–100% scale: 0 not satisfied at all-−100%
fully satisfied).

The certification process to acquire CME points (in Germany
obligatory for specialist physicians; 250 points per 5 years) was
reported to be utilized in 74% of responses (note that 78.3% of
participants were physicians).

Overall, the majority of participants would recommend online
CME (9.2 ± 1.4/10). To further capture the respondents’
expectation of future CME (i.e., after the pandemic), two specific
questions on this topic were inquired. Total 87% of participants
would prefer the availability of online CME to be similar to
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FIGURE 2 | Reported shift in medical education due to COVID-19. (A) Number of attended face-to-face events (percentage). (B) Attendance of online events

(percentage). (A) A shift away from face-to-face events for continuing medical education was expectedly detected since the outbreak. (B) Also, a shift toward online

events can be documented.

COVID times, while only 13% stated that it should be less
available after the pandemic. When asked what respondents
would rather attend for CME, 30% picked only online, 14% only
face-to-face, and 56% a combination of both face-to-face and
online CME formats.

DISCUSSION

The COVID-19 pandemic has forced medical societies and
educational institutions to develop and implement new strategies
to minimize close inter-personal contacts. This has substantially
supported digital online education. This survey addressed the
perception of participants of past and present CME; online CME,

in particular, inquired expectations of future CME and offered a
somewhat realistic presentation of the impact of the pandemic
on CME.

Pros and Contras of Online (Continuing
Medical) Education in General
The obvious advantages of online education are being easy
to access without requiring physical attendance. Lecturers are
therefore able to contribute and present their content globally.
Thus, making lectures available for attendees who otherwise
would only be able to take part having to travel far distances. One
major advantage during the pandemic was and still is limiting the
risk of being infected.
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FIGURE 3 | Concerns of responders regarding online CME.

FIGURE 4 | Sources of continuing medical education (percentage). Most responses identified online and face-to-face events as the main source of continuing medical

education. Percentages were calculated for a question with multiple answer options.

Frontiers in Medicine | www.frontiersin.org 7 November 2021 | Volume 8 | Article 773806134

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Schulte et al. COVID-19 and CME

FIGURE 5 | Expectations of participants of continuing medical education. Participants strongly prefer continuing medical education to be free of charge and

independent from industrial influence. Other content-related issues were less relevant.

The disadvantages of online courses on the other hand are the
lack of direct personal interaction. In cases of large groups, face-
to-face interaction during lectures is an important feedback tool
for both lecturer and trainee. Without, valuable communication
is unfortunately lost. In addition, online education carries
the risk of diminishing discussions with peers. There is a
substantial psychological impact of isolation. Online platforms
cannot provide direct interaction with a patient and are highly
dependent on technical requirements. The issue of licensing and
credits in online education is yet to be uniformly defined. The
lack of hands-on activities in sole online educational events is a
relevant problem andmakes a combination of traditional face-to-
face learning with online formats (Blended learning) a necessity.
However, several digital surgical skill-training resources are on
their way from development to everyday tools, such as virtual
reality trainers, simulation models, video games, surgical videos,
and smartphone applications (22).

Results of The Multinational Survey
General and Demographic Data
The relevance of this topic was clearly highlighted by the
number of participants and the high completion rate. With a
total of 2,949 completed surveys included in the final analysis,
this study represents the largest pool of responders (In the
German language) related to this matter until this day. The age

of participants (median 40 years) adequately represented the
targeted group. The range (17–80 years) also demonstrated that
very young (to be) and elderly (retired) healthcare professionals
could be reached by this survey and relate to online CME.
Given that physicians require CME certification on a regular
basis (in Germany 250 CME points per 5 years), the main group
of responders was physicians (78%). Notably, midwives and
paramedics each contributed to more than 5% of participations
(7.3 and 5.7%), also demonstrating the profession-independent
relevance of CME. Female healthcare professionals provided over
70% of responses. This might be explained by the fact that
gynecology and obstetrics (GYN TO GO) had been established
over 10 years ago and attracts almost 2,000 attendees per live
online lecture today. The high percentage of board-certified
physicians can be related to CME certification being obligatory
for specialists (voluntary for trainees/residents) at least in
Germany but might also underline the quality and clinical
relevance of the offered online CME lectures.

COVID-19 and Online CME
A major part of the composition of the survey was intended
to detect the impact of COVID-19 on CME in general and
the view of the participants of and attitude toward online
CME in particular. The expected shift away from face-to-face
toward online CME could be distinctly observed and is mainly
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a result of social distancing, political measures and infection
risk minimization. This was detected in general and specifically
for MEDIZIN TO GO as a platform. A relevant subjective
concern of both participants and lecturers regarding online CME
was of technical nature. On the one hand, this should raise
interest in improving technical knowledge in both groups. On
the other hand, the results of our study showed that before the
pandemic technical concerns had been evaluated much higher
than during the pandemic (Figure 3). This might mirror users
having realized that technical boundaries are not as present as
they expected them to be. In addition, this might represent the
fast technical advancement probably resulting in easier access
and user-friendly applications.

Formats Like MEDIZIN TO GO and The Future of CME
Finding a suitable solution to keep medical education up and
running during the pandemic is one challenge. However, an
even greater one is how to setup education after the pandemic.
Will continuing medical education return to old habits? It
might be possible to develop and adopt novel educational
systems reasonable during the pandemic but also in the long
run afterward, especially as it is realistic that pandemics might
repeatedly occur in the future and that recipients of CME
might have settled with current possibilities or even prefer
the change (2). The current wave of digitalization shall push
medical education into a real digital transformation (11, 14, 15,
23). The current crisis should be recognized as an opportunity
for medical education to permanently adopt and implement
digitalization using modern online formats and maybe combined
(Blended learning) events after the pandemic. Of course, online
courses cannot and should not generally replace face-to-face
in-classroom teaching. Both formats can perfectly complement
each other for better results. Participants clearly highlighted the
importance of evidence-based content, free of charge education,
having the possibility for live discussion, and that they would
preferably attend events reoccurring on a regular basis rather
than sole sporadic lectures and also combined face-to-face and
online events rather than one single format (56% of responses).
The demand for online CME events was obviously demonstrated
by the survey, also with regard to The Future of CME. Total 87%
of participants expect the availability of online CME to remain as
high after COVID-19. Online courses as offered byMEDIZINTO
GO are held live, free of charge, non-profit, and are independent
of industrial influence (Table 1). Due to the simple and easy
access, standard technical requirements, and open number of
participants, such platforms offer a virtual lecture hall for live
lectures utilizing well-known lecturers and reaching attendees
independent from physical, regional, and financial boundaries.
In addition, discussion can be joined anonymously, allowing
reluctant attendees to actively participate. The live character with
room for live discussions is a substantial advantage compared to
widespread-recorded online educational material and is one step
closer to real human interaction but finally cannot replace it.

Limitations
The results of this survey are limited by the number of
participants, their medical profession, level of education, and

intentionally by the subjective statements of single individuals.
While the majority of questions were designed as multiple choice,
the free text could be submitted in various subsections of the
survey hence the total amount of information provided might
be hardly comparable. Although the study design focused on the
potential for the data collected to be representative, answers are
subject to bias. Since more than two thousand German-speaking
healthcare professionals and medical students participated, this
survey is subject to individual variations among participants,
their personal circumstances, working and educational routine
and individual aversion to uncertainty might have heavily
influenced their answers. However, it has to be considered that
in pragmatic qualitative studies with an inductive approach
(exploring the characteristics of a problem, not of the subjects),
representativeness is not the priority (24). This was precisely the
intention of this survey: simply to document the perceptions of
CME pre- and during COVID-19 among users of a single online
platform (MEDIZIN TO GO) and to help improve CME for
upcoming generations and for post-COVID-19.

CONCLUSION

Continuing medical education is a major part of healthcare and
medical education. Digitalization was accelerated by the COVID-
19 pandemic. Fortunately, digital and online CME platforms
already existed and bridged the gap until some kind of universal
adaptation settled and adequate online CME became abundant.
Users have specific requirements, value human interaction, and
are in favor of combined face-to-face and online CME events
(Blended learning) defining the way for and The Future of
CME development.
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Introduction: A Malaysian Higher Education Provider has applied technology as part of

its pedagogical approach, in alignment with Education 4. 0. The use of simulation, which

aligns with the principles of Education 4.0, employs digital technologies and supports

learning by bridging the classroom and the clinical areas. We reported the effectiveness of

learning in our program that utilizes multimodal pedagogy, including interactive lectures,

pre-recorded video lectures, simulation, and hands-on supervised clinical sessions, using

the program’s cumulative assessment data.

Methodology: This program evaluation was based on Kirkpatrick’s framework.

End-points for learning (Kirkpatrick level 2) were analyzed based on improved overall

post-test theoretical and clinical assessment performance. Quantitative data analysis of

theoretical pre-test, theoretical post-test, clinical assessment, and post-test scores was

performed to compare cohorts.

Results: The performance of 19 trainees, over six cohorts from 2012 to 2019,

were analyzed. All our trainees had equal opportunities to learn using the multimodal

pedagogy, including a simulator. The analysis of pre- and post-theoretical test scores

showed a significant improvement in themean scores (pre-test 48.7% (± SD 9), post-test

64.1% (± SD11.5); p ≤ 0.001). Overall, 19 out of 21 trainees completed the clinical

assessment and case presentation satisfactorily

Conclusion: The Kirkpatrick framework served as a useful framework to perform the

evaluation of the TEE program. The significant improvement in post-test scores, when

compared with pre-test scores, suggested that the program is effective with regard

to learning. As part of a multimodal pedagogy, simulation has proven to be an added

value to our training program, and this was reflected by the improvement in the clinical

assessment scores when compared to the pre-test scores. This result aligned with the

concept of technology-enhanced learning in Education 4.0, where simulation in TEE

training is applicable in the Malaysian context.

Keywords: simulation as pedagogical tool, simulation in TEE, Kirkpatrick’s framework for program evaluation,

education 4.0, technology-enhanced learning
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INTRODUCTION

Education 4.0 is the revolution that focuses on smart technology,
including advanced medical devices, artificial intelligence,
and robotics, that has given impact to current perioperative
cardiothoracic surgical care. Transesophageal echocardiography
(TEE) is a high technology device utilized in cardiothoracic
surgery to inform the diagnosis and clinical management of
patients with diverse pathologies (1). In performing peri-
operative TEE, training is necessary to ensure minimal
competencies are achieved to provide better clinical outcomes
for patients. Due to limited patient access and high-risk patient
groups, the use of simulation in TEE training assists the
development of the practitioners’ competence while maintaining
patient safety (2).

Technological advancement transforms teaching and learning
strategies in advanced or specialty training (3, 4). In our center,
we have applied the principles of education 4.0 in introducing
technology and simulation when developing a curriculum for
Perioperative Transesophageal Echocardiography.

The use of simulation, which aligns with the principles
of Education 4.0, employs digital technologies and supports
learning by bridging the classroom and the clinical areas (2, 5).
The features of Education 4.0, including personalized learning,
learning tools customized to the learner’s choice, project-
based learning, hands-on and experiential learning, formative
and workplace-based assessment, learners’ feedback in shaping
the curriculum, and independent learning while the teacher
facilitates, are all applicable to our TEE program. This is because
learners are provided with multiple learning tools to be adaptive
to the mentioned features, such as lectures, simulation-based
learning tasks, hands-on experience on real patients in the
clinical workplace, and trainee evaluation of the program that
advises improvement measures. Simulation offers an opportunity
for deliberate practice in preparation for hands-on learning
in the clinical setting. Knowledge and skills (cognitive and
psychomotor) were developed by repetitive and focused training
in an alternative safe environment without compromising trainee
safety and patient care in the busy and high-risk clinical setting.

The purpose of this study was to measure the effectiveness
of a postgraduate TEE training program in Malaysia using the
Kirkpatrick Evaluation Model (6). In this study, TEE simulation
was used by novice TEE users to learn cognitive and psychomotor
skills. We report the effectiveness of learning in our program that
utilizes multimodal pedagogy, including interactive lectures, pre-
recorded video lectures, simulation, and hands-on supervised
clinical sessions, using the program’s cumulative assessment data.
The Kirkpatrick model was chosen due to its practicality in
program evaluation since the information analyzed can be used
to improve learners’ reaction, learning, behavioral changes, and
impact on the institution (6).

RESEARCH OBJECTIVE

This study aimed to measure the effectiveness of the TEE training
curriculum, which included simulation-assisted learning, in

a postgraduate TEE training program in Malaysia using the
Kirkpatrick evaluation model.

Research Question
This study mainly asked, what is the effectiveness of the TEE
training curriculum, which includes simulation-assisted learning,
in a postgraduate TEE training program in Malaysia using the
Kirkpatrick education model?

Study Rationale
The rationale of this study was to improve the effectiveness of the
program based on Kirkpatrick’s evaluation model (Kirkpatrick
level 2: learning).

METHODOLOGY

Program Description
This program focused on the basic understanding of TEE
and its peri-operative applications in cardiothoracic surgical
care. This includes the basic understandings of applied
ultrasound principles, knobology, clinical indications
for TEE, the value of TEE in various clinical situations,
understanding standard TEE images, and interpretation of
various clinical conditions using TEE over a duration of 7months
to 2 years.

The training was divided into two parts. The first part
comprised sessions that include the theoretical knowledge,
cognitive and psychomotor skills to acquire and perform
semi-quantitative analysis of 20 tomographic views in (i) a
simulator and on (ii) 25 patients in Institut Jantung Negara
(IJN). Upon achieving satisfactory knowledge and skills in a
structured assessment, trainees then proceed to the second
part of the program. The second part required trainees to
perform and document TEE examination reports on 150
patients at their own institution, over a period of 6 to
18 months.

Trainees’ knowledge and skills were assessed at four different
points throughout the program, strategies summarized in
Figure 1. Despite each cohort having the chance of being
asked different questions at each assessment session, the
domains to be examined and examination methods remained
constant for each cohort. Program assessors are internationally
certified TEE practitioners and trainers who actively perform
perioperative TEE.

Theoretical knowledge and cognitive skills were assessed at
the beginning of the program, as a multiple-choice questions
pre-test, and at the end of part 1 via multiple-choice questions
post-test and incorporated in the clinical assessment. The
100 post-test MCQs may differ amongst the cohorts, as the
question bank consists of 1500 vetted questions that are
blueprinted to the course outcomes. The psychomotor skills
were assessed at the end of part 1. At the end of the
program, trainees’ knowledge, cognitive and psychomotor skills
were assessed based on the submitted logbook and a case
presentation session. In the case presentation session, trainees
were expected to present four cases from their logbooks
based on a pre-determined criterion (adult valvular surgery,
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FIGURE 1 | Assessment strategies.

coronary arterial bypass surgery, combined surgery, and pediatric
surgery) supported by its prerecorded relevant echocardiography
video loops. The loops were recorded to demonstrate the
trainees’ understanding of the pathology and their cognitive and
psychomotor skills to obtain the relevant views. The question-
and-answer session during the presentation assesses the trainees’
theoretical understanding.

The pieces of evidence collected from these assessments
support that the trainees have achieved the learning outcomes
of the program and will be used to measure the effectiveness
of the program based on Kirkpatrick Level 2. The description
of the program, which includes teaching and learning activities,
strategies, and assessment, is summarized in Table 1.

The program was evaluated before each intake in accordance
with institutional and licensing regulations. Improvements were
made according to the trainee, trainer, and other stakeholders’
feedback. The simulation was integrated into the curriculum
for the second cohort in 2012, based on the feedback from
Cohort 1, for improvement of cognitive and psychomotor skills.
Changes that were made by applying simulation principles, that

include feedback, deliberate practice, and independent learning,

were the major contributing factors to learning. A checklist of
the 20 tomographic images to be acquired was provided to the

trainees, to facilitate image recognition, as shown in Figure 2.

The second change made was to improvise the checklist to
guide the image acquisition of the 20 tomographic views in
2013 for the third cohort. Contents of the checklist include the

thematic image of the tomographic views with the appropriate

probe position and angulation, as shown in Figure 3. The third

change introduced was to include the element of time in the

learning outcome of all 20 views, wherein acquisition was made

within 20 mins for all 20 basic views for the fourth cohort in
2016, as shown in Figure 4. The time limit chosen was based

on recorded time to image acquisition of the previous batches

both on the simulator and patients. The fourth change was to

provide personalized on-demand coaching to acquire optimal

image within 2min for the same cohort while trainees learn on
the TEE simulator.

Study Sample
The study sample included anesthesiologists, cardiothoracic
anesthesiologists, cardiologists, and intensivists
who enrolled in the Perioperative Transesophageal
Echocardiography program at Institut Jantung
Negara from 2012 to 2019. Sampling was universal,
as all participant’s performances were included in
the analysis.

The rationale for universal sampling is perioperative
TEE is a niche area focusing on the perioperative care of
cardiac patients, and the pool for potential participants
is small, to begin with. In addition, the limited number
of learners enrolled in the program was also limited by
our aim to maintain an optimal trainer: trainee ratio and
procedure: trainee ratio to ensure each learner receives an equal
learning opportunity.

The heterogeneity and possible differences between trainees
on joining the program are expected of professionals and
adult learners. However, all enrolled trainees fulfilled the
minimum program entry requirement of being licensed
physicians enrolled or completed their specialty training
program. Their baseline knowledge and cognitive skills
reflecting prior learning are assessed using the theoretical
pre-test upon entry. Their psychomotor skills were
not assessed.

Outcome Measures
The outcomes studied were based on the Kirkpatrick program
evaluation framework, learning (Kirkpatrick level 2) (6). Overall
learning was defined as improved theoretical post-test results
and clinical assessment performance for all trainees. Cohort
learning, to compare the learning effects of pedagogical
interventions, was defined as improved theoretical post-
test results, clinical assessment, and case presentation scores
between cohorts.

Data Analysis
Retrospective data were analyzed using IBM SPSS version 27
(IBM Corp, Armonk, NY, USA). Paired sample t-tests were used
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TABLE 1 | Summary of teaching and learning activities and strategies and assessment.

Domains Details Learning activities Study duration (h) Assessment strategies

Cognitive Part 1

Learning outcomes

1. Theoretical knowledge Lectures (didactic and

interactive)

40 100 SBA (MCQ)

2. Cognitive skills:

diagnostic skills

Lectures (interactive);

Simulation

Psychomotor Learning outcomes

3. Technical skills:

3.1. Probe & equipment

handling

3.2. Image acquisition

3.3. Image interpretation

3.4. Image storage

&retrieval

3.5. Reporting

and documentation

Simulation

Clinical placement with

patient under supervision, to

apply the theory, cognitive

and psychomotor skills, into

appropriate clinical decision

making

14 Self-assessment

Clinical assessment

Cognitive, Learning outcomes 42

psychomotor and

affective

4. Non-technical skills:

4.1. Teamwork

4.2. Communication

4.3. Situational awareness

4.4. Recognizing limitations

Clinical placement with real

patients under supervision,

to apply the cognitive and

psychomotor skills in clinical

environment

Clinical assessment

Cognitive Part 2

Learning outcomes

1. Cognitive skills:

diagnostic skills

Psychomotor Learning outcomes

2. Technical skills:

2.1. Probe & equipment

handling

2.2. Image acquisition

2.3. Image interpretation

2.4. Image storage

&retrieval

2.5. Reporting

and documentation

Clinical placement with real

patient in respective

institution to apply theory,

cognitive and psychomotor

skills, into clinical decision

making in the real clinical

environment.

809 Log book;

Case presentation

Cognitive, Learning outcomes

psychomotor and

affective

3. Non-technical skills:

3.1. Teamwork

3.2. Communication

3.3. Situational awareness

3.4. Recognizing limitations

SBA, Single best answer; MCQ, Multiple Choice Questions.

to compare means where data was normally distributed, for all
cohorts. When comparing means between cohorts, no statistical
analysis was performed due to the small sample size.

RESULTS

The performance of 19 trainees, over six cohorts from Cohort
2/2012 to 8/2019 were analyzed. Trainees from Cohort 1 were
excluded from the analysis as they were the pilot group for the

program and had different pedagogy and assessment time points.

All trainees analyzed had equal opportunities learning using
the multimodal pedagogy, including a simulator. The summary
of trainee scores for all assessment components is shown in
Table 2.

The performances of 19 trainees were analyzed for

the theory assessment component. The analysis of pre-
and post- theoretical test scores showed a significant

improvement in the mean scores (pre-test 48.7 % (±
SD 9), post-test 64.1% (± SD 11.5); p ≤ 0.001), shown in
Figure 5.
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FIGURE 2 | A checklist to guide the image acquisition of the 20 tomographic views in Cohort 2/2012.

Overall, 19 out of 21 trainees completed the clinical
assessment. The means for each change in program delivery
improvements were 66% (introduction of checklist with probe

position and angulation) and 67.2% (time as part of learning

outcome and personalized on-demand coaching) respectively
compared to the original program delivery method of 59.5%.
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DISCUSSION

Curriculum integration in simulation-based healthcare
education allows education providers to perform a goal-
directed evaluation of student learning and supports sustained
use of its technology (3). When the technology became available,
its use was piloted in our program and was formally integrated
into the curriculum based on learner feedback for the second
cohort. There was an improvement in the mean clinical
performance scores (59 and 67.8%) in the cohorts pre- and
post-integration of simulation. This is supported by Vega (7).
where the effectiveness of simulation training is enhanced
by verbal cues, training sequences (evidenced by the use of
checklist), visual cueing from the checklist, and feedback from
high fidelity simulator.

The use of simulation in education has been implemented in
other TEE training programs. Simulation technology has been
available for many decades and has been shown to improve
learning and patient outcomes in many fields (8). TEE simulation
has been used to train cognitive, psychomotor, and affective
domains that increase performance. The simulation is also
capable of reducing incidences of human error and increasing the
standards and quality of patient care. This supports the findings
in our program, where trainees were able to demonstrate the
20 tomographic image acquisition within 20min by practicing
with simulation, aided by a holistic checklist and personalized
coaching and feedback.

The significant improvement of the theoretical post-test, when
compared to the pre-test, shows that learning occurred during
the program. Though the best method would be to include a
comparison of pre- and post-simulation clinical performance,
this was neither feasible nor safe in our setting. Nazerian et al.
agreed to evaluate the ability of emergency physicians (EPs) to
obtain and maintain skills in performing TEE to aid resuscitation
after a course with clinical training in the cardiac surgical theater
(1). Therefore, training on a simulator improves competency
and reduces errors and harm to patients. Training using the
simulation for TEE experiencemay improve proficiency, learning
speed, increase trainees’ comfort, and increase performance while
performing the procedure in clinical practice after completion
of the study. In this study, the program allocated 14 h for TEE
simulation training for trainees to practice before placement in
the clinical environment. The TEE simulator created a dynamic
environment in which trainees can improve their abilities in
critical thinking, decision making, and clinical judgment. Within
the structure of simulation, trainees focus on psychomotor
components to master the TEE probe manipulation skills to
obtain images by using TEE technology. A variety of TEE

simulator models has been incorporated into our curriculum
to enhance the efficiency of teaching and evaluate proficiency
in TEE.

Incorporating simulation, either as a pedagogical or

assessment tool, was also documented by two programs that

train physicians in focused cardiac ultrasound for the emergency
setting. The first program focused on training residents in French

cardiology, anesthesiology, and emergency medicine setting (9).
The investigators described a three-stage training program,

which included didactic lectures in an e-learning platform, free
access to a TTE simulator with on-demand experts for one
day, followed by placement in the echocardiography laboratory
where the trainees perform focused TTE in 10 consecutive
patients. The third stage was self-training in image analysis in
an online platform. All trainees underwent a pre-test evaluation
using TEE simulators, using the same criteria as the post-test
evaluation and end of stage 2 assessment. Trainees’ cognitive
(ability to interpret images) and practical skills were assessed
using simulators at the end of the first stage and with real
patients during the second stage. The time to image acquisition
was recorded. TEE examinations were recorded and assessed by
two blinded assessors. Image quality, visualization of structures,
image stability, and interpretability of the TEE examinations
were the criteria being scored. The final evaluation was an
interpretation of 20 video clips of the TEE examination. The
results of this study showed significant improvement in practical
and interpretive skills of trainees at the end of echocardiography
laboratory placement. The main difference with our program
is their pre-test assessment strategy using simulation, where
baseline image acquisition skills were recorded and compared
to after training, and the images were recorded and scored by 2
different assessors. This allows tracking of trainees’ performance,
and the program would be able to identify trainees’ learning
curves and areas for improvement.

In another study in North America, Beraud et al. (10)
also designed and implemented a focused TTE curriculum, for
critical care medicine fellows. The training consisted of weekly
lectures and 15-h of one-on-one bedside ultrasound scanning
instructions in the ICU by a cardiologist instructor. Trainees
then performed, recorded, and reported TEE examinations,
which were assessed by the cardiologist instructor. Feedback
was provided regarding image quality and interpretation. At
the end of 1 year, trainees were assessed using the recording
of their last three examinations and using a simulator. The
results show significant improvement in the scanning and
diagnostic abilities of the fellows. This shows that simulation,
when combined with real patient experience can be an effective
tool for learning echocardiography.

The significant improvement of the theoretical post-test
and practical clinical shows that learning occurred during
the program. Though the best method would be to compare
pre- and post-clinical performance, this was neither feasible
nor safe in our setting. Therefore, theoretical components,
especially related to diagnosis were incorporated in the clinical
performance assessment.

The advancement of technology has been changing
significantly, especially in cardiovascular and thoracic services
as well as in the education industry. These technological
advancements, along with changing expectations regarding
training hours, patient safety, and limited patient encounters,
have supported the paradigm of incorporating technology in
providing education (3). Integrating simulation as a pedagogical
tool is the best approach to link theoretical knowledge,
workplace-based learning, and clinical practice (4). The TEE
simulator as an advanced technology plays an important
role in helping trainees become active learners. Learning and
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FIGURE 3 | Contents of the checklist include the thematic image of the tomographic views with the appropriate probe position and angulation.

mastery are evidenced in our program with the improvement
in theoretical post-tests, compared to pre-test, ability to
acquire, interpret and report images in real patients in the
authentic clinical setting (11). The TEE simulator technology

has created new and diverse methods for conducting these
processes, supported the trainees in multiple ways. Technology
integration is the use of technology tools in general content
areas in education to allow trainees to apply TEE simulator
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FIGURE 4 | The element of time in the learning outcome of all 20 views: acquisition within 20min for the fourth cohort in 2016.

and technology skills to learning and problem solving, critical
thinking, decision making, and clinical judgment (12).

Kirkpatrick’s framework for program evaluation was chosen,
as it provided a clear taxonomy for decision-making (13). We

chose it for its simplicity and helped us focus on the learners: their
reactions, learning, behavioral change, and system-level impact.
We chose to focus on learning at this point as we wanted to learn
the immediate effects of our educational interventions.
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TABLE 2 | Summary of assessment scores of all the trainees, with changes in pedagogy.

Cohort Year Changes Number of

trainees

Mean theory

scores (%, ±SD)

Changes in

scores

(post-test-

pre-test)

Mean clinical

assessment

scores (%, ±SD)

Mean

logbook

scores (%)

Mean case

presentation

score (%, ±SD)

Pre-test Post-test

1 2012 - 2 - 74.5 - 59.5 (12.73) 100 80 90.00)

2 2012 Simulation

and

checklist

3 45.3 55.3 +10 68.7 (11.02) 100 64.5 (3.54)

3 2014 Checklist

with probe

position and

angulation

2 49.5 57.5 +8 66.0 (22.62) 100 69

4 2016 Time +

coaching

2 62.0 68.5 +6.5 75.5 (7,78) 100 78

5 2016 - 2 48.0 60.5 +12.5 65.5 (0.71) 100 63.5 (0.71)

6 2017 - 3 50.0 66.3 +16.3 61.0 (6.56) 100 75.5 (4.77)

7 2018 - 4 44.5 69.25 +24.75 70.0 (14.14) 100 83 (15.56)

8 2019 - 3 47.3 76.0 +28.7 Not applicable 100 Not applicable

FIGURE 5 | Chart showing improvement in post-tests mean scores across cohorts.

Our study has a few limitations. Our sample size was very
limited. Asmentioned previously, this was due to the limited pool
of learners as this is a very niche learning area, as well as due to
our aim to ensure that opportunities for learning were constant
and equal for all learners.

We were also not able to provide direct supervision
of the first 50 TEE performance and interpretation, as
recommended by the 2013 consensus statement of the American
Society of Echocardiography and the Society of Cardiovascular
Anesthesiologists basic TEE training requirement (14) due to the
limited number of patients in our center and our learners are only
allowed to be in our institution for one month.

The significant improvement measured in the theoretical
post-test and clinical assessment shows that learning occurred

during the program. Though the best method would be to
compare pre- and post-simulation clinical performance, this was
neither feasible nor safe in our setting. Therefore, theoretical
components, especially related to diagnosis were incorporated in
the clinical performance assessment.

Another limitation was we were not able to cross-check self-
directed learning TEE findings in part 2, as trainees were in
their own institutions, and it was not feasible to record all
TEE examination findings due to potential patient confidentiality
issues and unavailability of assigned trainers in the respective
centers. When crosscheck was available, it was due to chance,
rather than, designed in the curriculum.

Despite these limitations along with the results only showing
statistical significance in the theory components, the experiences
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reported by the trainees that were paired with their performance
had provided meaningful feedback for program improvement to
support learning.

FUTURE RECOMMENDATIONS

Performance of TEE requires the psychomotor ability to
obtain interpretable echocardiography images and simulation
is an effective tool for learning psychomotor skills by novices.
The COVID-19 pandemic opens other opportunities for the
application of technology into online and distant learning. This
can be facilitated with a learning management system and a
virtual learning environment. Integrating a learningmanagement
system that supports word processing documents, audio and
video streaming into our program would facilitate multiple
teaching, learning, and assessment activities: access to lectures,
remote case presentations, remote preceptors and facilitators,
and theoretical and virtual live cases for assessments. Though the
advantages of online learning have been highlighted in numerous
studies, items to be integrated into the LMS must be carefully
selected. Items that can be selected are videos, online discussions,
and case presentation items. Novel items that can be included
are remote clinical teaching and assessment. The LMS can also
be used to track trainee performance on the simulators. This
would facilitate trainers and trainees to decide trainee readiness
for practice in real patients.

CONCLUSION

Integrating a TEE simulator as a pedagogical tool for our
postgraduate TEE training program has proven to be effective
in supporting learning theoretical knowledge and clinical
competency in perioperative cardiac surgical TEE amongst
our trainees.

The TEE Simulator was helpful in providing a bridge from
theory to the clinical environment by supporting trainees’
cognitive and psychomotor skills.

The Kirkpatrick framework served as a useful framework
to evaluate the effectiveness of this training program. The
significant improvement in post-test scores, when compared
with pre-test scores, suggested that the program is effective
with regards to learning. Simulation, as part of a multimodal
pedagogy, has added value to our training program, and this
was reflected by improvement in the clinical assessment scores
when compared to the pre-test scores. This result aligned
with the concept of technology-enhanced learning in Education
4.0, where simulation in TEE training is applicable in the
Malaysian context.
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