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Purpose: The aim of the present study was to evaluate the feasibility, acceptability, and 
utility of synchronous online screen-based simulation (SBS) in anesthesia education.
Methods: The investigational cohort consisted of 12 second-year nurse anesthesia students 
enrolled in a Doctor of Nursing Practice (DNP) program. Pairs of students worked with 
a single instructor online using the same SBS employing a cloud-based peer-to-peer platform 
and high-fidelity software involving a graphical avatar. During each session, the instructor 
initially manipulated the avatar through the software scenario with educational pauses to 
communicate learning content. Thereafter, students proceeded through the same SBS by 
stating their desired actions, which were then implemented by the instructor. At the conclu-
sion of each session, students were evaluated by an integrated software scoring system, and 
thereafter they completed a questionnaire rating their distance SBS experience.
Results: Synchronous online SBS was performed in this manner without difficulty; it was 
accepted by students as a valuable adjunct to their in-person mannequin-based simulation 
(MBS) training; and it was perceived as a useful addition to their anesthesia education. 
Students identified significant value in the isolation of the cognitive component of learning 
by this teaching methodology. Lack of haptic learning, however, also was seen as 
a disadvantage of SBS compared to MBS. Students’ criticisms of SBS were largely unrelated 
to use of this technique with synchronous online education, but rather related to general 
limitations associated with SBS technology. There was a positive correlation between the 
students’ mean post-SBS rating and the automated SBS score (r = 0.832).
Conclusion: Synchronous online SBS can effectively supplement MBS in an anesthesia 
training program. Its major perceived advantage appears to be an ability to isolate and reinforce 
appropriate cognitive skills related to intraoperative care including crisis management. 
Students who had higher mean post-SBS ratings also had higher automated SBS scores.
Keywords: simulation, anesthesia, distance education, screen-based, crisis management

Introduction
Simulation represents a critical technique in the field of anesthesia both for educational 
and evaluative purposes.1–4 The most common anesthesia simulations involve face-to- 
face activities employing task trainers, “in-situ simulation” in actual operating rooms, 
and computer-driven electromechanical mannequins in mock operating rooms.5 In 
recent years, screen-based simulation (SBS) using digital technology to represent 
patient scenarios on visual display units has played an escalating role in anesthesia 
education.6–8

SBS constitutes the overlap of high-fidelity simulation with computer-based 
learning.2 In a manner similar to recreational computer games, SBS in anesthesia 
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education presents hypothetical patient scenarios using 
kinetic graphical images and supplemental text.7 Users inter-
act with these scenarios via standard computer interface 
devices including keyboards, joysticks, touchpads, or 
mouse controls, and choose dialogue and management 
options from selection menus.9,10 SBS has been increasingly 
utilized in academic anesthesia largely due to its affordabil-
ity, availability, simplicity, repeatability, and scorability.2,8

In comparison with mannequin-based simulation 
(MBS), SBS has a number of advantages.8,-11 It is cost- 
effective and considerably less resource and personnel 
dependent.12 Mannequin simulators and mock operating 
rooms are expensive to purchase and house, and MBS 
sessions frequently monopolize several individuals for 
the management of teaching scenarios.8 Furthermore, mul-
tiple studies have shown that SBS improves cognitive 
skills in anesthesia trainees.9,13,14 Until recently, however, 
SBS in anesthesia exclusively has involved self-directed, 
asynchronous activities without instructor involvement.8,15

Despite the fact that both self-directed, asynchronous 
SBS and asynchronous or synchronous distance (online) 
education in anesthesia are common, no published data 
exists concerning the use of instructor-directed, synchro-
nous SBS in anesthesia distance education.8 Essentially, 
while synchronous online learning occurs frequently in 
medicine including anesthesia16 – partially due to its abil-
ity to reach large groups of individuals seamlessly, its 
potential for flexible scheduling, and its lack of need for 
institutional buildings and infrastructure – the use of simu-
lation for this purpose (ie synchronous online SBS) repre-
sents a unique form of medical instruction that is relatively 
uncommon.8 This novel method of teaching brings 
together distance education, synchronicity, and SBS, and 
in so doing, it may maximize the advantages of each of 
these elements and permit group educational experiences 
that maintain social distancing, a desirable feature in the 
current pandemic environment.

The present study examines the feasibility, acceptabil-
ity, and utility of synchronous SBS as a method of teach-
ing in anesthesia. Specifically, it attempts to address 
whether student satisfaction and/or achievement of educa-
tional goals with instructor-led training using SBS at 
a distance are comparable to the student acceptance and 
pedagogic value that characterizes in-person MBS. In 
addition, while competency assessment in anesthesia lar-
gely has involved task trainers and MBS, assessment of 
critical thinking skills using SBS has been employed in the 
anesthesia resident selection process17 and for purposes of 

maintenance of anesthesia board certification.3 In this con-
text, many anesthesia SBS platforms have integrated scor-
ing systems (with instantaneous quantitative evaluation 
functions) that allow the learners’ decision-making pro-
cesses to be captured and tracked for evaluative purposes 
and to provide effective feedback, a quality important to 
successful teaching strategies.9,10,13,18 The present study 
also seeks to understand whether such automated scoring 
can assist in identifying those students who perceive max-
imum value in synchronous online SBS.

Methods
The study complied with the Declaration of Helsinki and it 
received approval by the Oregon Health & Science 
University (OHSU) Institutional Review Board. Twelve 
nurse anesthesia students (7 women and 5 men, ages 28– 
45 years) who had completed 17 months of the Doctor of 
Nursing Practice (DNP) nurse anesthesia program (NAP) 
and were enrolled in their Anesthesia and Co-existing 
Disease course constituted the research cohort. At this 
point in their 36-month curriculum, students had com-
pleted the traditional didactic NAP courses as well as 
approximately 550 clinical hours.

One week prior to the study, the SBS exercise was 
explained in detail to the entire cohort – including the 
fact that non-participation in the study would not be asso-
ciated with any adverse academic consequences – and 
written consent was obtained from all participants. All 
SBS sessions were conducted using a secure, high- 
quality, reliable, cloud-based team collaboration applica-
tion that allows videoconferencing, text messaging, and 
whiteboarding (www.webex.com). Each session involved 
two students and one instructor, and the same instructor 
conducted all SBS sessions. Six sessions (to accommodate 
the cohort of twelve students) were completed over two 
consecutive days. Each session lasted approximately two 
hours. This study constituted the first experience for all 
students with screen-based anesthesia simulation: no stu-
dent had previous exposure to this technology.

SBS sessions used Anesthesia SimSTAT (“SimSTAT”) 
software18 – a high fidelity, avatar-based system developed 
by the American Society of Anesthesiologists – that repli-
cates an intraoperative adverse event (AE) in real time. 
The specific SBS scenario utilized in this study involved 
the onset of a hypercarbic AE in a patient undergoing 
a laparoscopic appendectomy. The general appearance of 
the SBS screen with this scenario is shown in Figure 1.

https://doi.org/10.2147/AMEP.S323569                                                                                                                                                                                                                                

DovePress                                                                                                                               

Advances in Medical Education and Practice 2021:12 946

Swerdlow et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.webex.com
https://www.dovepress.com
https://www.dovepress.com


At the start of each session, the instructor introduced 
the technology, and thereafter manipulated the program 
avatar through the software scenario with scripted educa-
tional pauses to communicate learning content. Because 
the SBS software scenario was run in real time, use of 
a “pause” option was essential to allow for such instructor- 
led teaching opportunities. A small portion of the scripted 
instructor session for this scenario with a pause to teach 
important anesthesia considerations is shown in Figure 2. 
Examples of these considerations included best practice 
diagnostic algorithms and interventions for increasing 
hypercarbia, increased intra-abdominal pressures, and ele-
vated airway pressures during laparoscopic surgery.

During the initial instructor led SBS, students were 
asked to apply a specific cognitive template for diagnosis 
and management of adverse intraoperative events. This 
mental framework was developed by one of the authors 
based on well-defined principles of anesthesia crisis man-
agement and the role of differential diagnoses in perio-
perative dynamic decision making.19,20 The template had 
been introduced and practiced during the students’ didactic 
instruction and consisted of consecutive generic instruc-
tions guiding students how to construct their responses to 
intraoperative AEs. It involved the sequential appraisal of 
the likelihood of an AE being artifact, responding gener-
ically to the AE, outlining the broad differential diagnosis 
(DDX) of the AE, and then narrowing the DDX predicated 
on the presence of coexisting AEs, situational data, and 

a consideration of events immediately preceding the AE, 
and then responding specifically to the most likely AE or 
AEs. In essence, this template directed students to shrink 
the list of likely conditions and adjust epistemic confi-
dences in order to optimally respond to a great variety of 
intraoperative problems in real time (Figures 3 and 4).

Following the instructor’s teaching simulation con-
ducted with selected pauses, students working in pairs 

Figure 1 Screen-based simulation screen appearance. Real time dynamic graphics are used to depict operating room events. Dialogue options (readable and audible) allow 
the user’s avatar to communicate in this environment. All anesthesia devices are interactive. Excerpted with permission from Anesthesia SimSTAT – Appendectomy course 
from the American Society of Anesthesiologists. Information related to the course can be requested from ASA, 1061 American Lane Schaumburg, IL 60173–4973 or online 
at www.asahq.org.

Figure 2 Example of script for instructor’s screen-based simulation session. The 
screen-based simulation scenario was paused to allow discussion of important 
anesthesia considerations. 
Abbreviation: SBS, screen-based simulation.
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proceeded consecutively through the same SBS by verb-
ally directing the instructor’s avatar manipulations: the 
students chose avatar actions and communicated them to 
the instructor, who then directed the avatar accordingly. 
This latter student-led process, unlike the instructor ses-
sion, was without pauses or interruptions.

At the end of each SimSTAT session, the students’ 
performances were tracked via an integrated scoring sys-
tem that involved component and overall ratings. 
Component ratings were based on the user’s actions (or 
inactions) in specific domains that included 
Professionalism, Medical Knowledge, Systems-based 
Practice, Interpersonal and Communication Skills, and 
Patient care. In this manner, the integrated scoring system 
assessed the students’ strengths and weaknesses and iden-
tified areas for improvement. Both component scores and 
overall scores were reviewed with each pair of students. 
An example of a SimSTAT automated scoring is shown in 
Figure 5.

After concluding their SBS exercise, students com-
pleted a post-SBS questionnaire (Table 1) in which they 

were asked to evaluate their distance SBS experience 
using quantitative 5-point Likert scales (with 5 indicating 
strong agreement and 1 indicating strong disagreement) 
and qualitative responses. This data reflected the students’ 
perceived educational usefulness and physiological fidelity 
of their experiences. The questionnaire asked students to 
compare SBS at a distance with their other anesthesia- 
related simulation experiences (in-person MBS), and it 
provided insight on process improvement as well as learn-
ing gains.

Analysis
Quantitative answers were averaged for each Likert-scale 
response on the questionnaire, both according to question 
and according to each individual student. Students’ mean 
post-SBS ratings were compared with their overall auto-
mated SBS scores using a Pearson’s correlation test to 
address the question of whether there was an association 
between students’ perceptions of the educational value of 
the SBS exercise and the results of their SBS numerical 
assessments. Responses to open-ended inquiries (including 

Figure 3 Cognitive template for diagnosis and management of an intraoperative adverse event. 
Abbreviations: AE, adverse event; DDX, differential diagnosis.
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Figure 4 Application of cognitive template to hypercarbia in screen-based simulation. 
Abbreviations: AE, adverse event; ABG, arterial blood gas; DDX, differential diagnosis; CO2, carbon dioxide; FiCO2, fractional inspired concentration of carbon dioxide.
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why or why not questions and suggestions for process 
improvement) were merged to create themes related to 
the feasibility, acceptability, and utility of the educational 
experience for students.

Results
Feasibility
Synchronous online SBS using a reliable, cloud-based 
team collaboration application and high-fidelity software 
involving a graphical avatar (SimSTAT) was feasible when 
performed in the manner detailed above with pairs of 
students and one instructor. All SBS sessions were com-
pleted approximately in the time allocated (2 hours), 
which included adequate time for both the instructor and 
student sessions, and for analysis of student performances 
based on the automated SBS rating system. Overall, para-
meters integral to the feasibility of instructor led-SBS 
sessions included willingness of student participation, 
a high-quality, reliable cloud-based collaboration applica-
tion, high fidelity SBS software, low faculty: student ratio, 
and adequate time allocation for the SBS sessions. Despite 
the relatively small size of this cohort, it should be noted 
that the instructor time burden involved roughly 14 hours 

over two consecutive days (dedicated to exercise perfor-
mance) plus additional time for event preparation. This 
workload had the potential for inducing instructor fatigue 
and thereby negatively impacting the exercise, and the 
number of students engaged in the exercise per day (6) 
likely represents a maximum workable figure for a single 
instructor for this length of simulation.

Acceptability
Students perceived significant educational value in syn-
chronous online SBS. The mean response (standard devia-
tion) to the statement “The SimSTAT exercise was 
a valuable educational experience” was 4.3 (0.8) on 
a scale of 1–5 (see above) (Table 1). Furthermore, the 
mean responses to all of the other questionnaire elements – 
wherein students were provided with statements of specific 
potential positive attributes of the experience and asked to 
disagree or agree – ranged from 3.5 (0.8) to 4.4 (0.7). 
Notably, all students desired to add SimSTAT to their 
curriculum as a “learning adjunct,” with a mean Likert- 
scale score of 3.9 (1.1) in response to the statement “I 
would like more SimSTAT exercises incorporated into the 
nurse anesthesia educational curriculum.”

Figure 5 Example of automated screen-based simulation scoring. Several rating categories are shown as examples (Systems-based Practice, Professionalism, Interpersonal 
and Communication Skills, and Patient Care). Excerpted with permission from Anesthesia SimSTAT – Appendectomy course from the American Society of Anesthesiologists. 
Information related to the course can be requested from ASA, 1061 American Lane Schaumburg, IL 60173–4973 or online at www.asahq.org.
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A common theme related to educational value was 
student appreciation of the isolation of the cognitive com-
ponent of learning by the synchronous online SBS without 
needing to focus on technical skills. Compared with their 
MBS experience, students commented that they “had more 
time to think through why (they were) performing inter-
ventions.” An additional common theme related to the 
value of the pause option in teaching: “SimSTAT was 
a very valuable experience. First, the experience was 
great with the stops and discussing what we would do 
and answering questions about the case.” Also, “… it 
was great to be able to stop along the way, have discus-
sions about a particular point of patient management, and 
get real time feedback.” Overall, the instructor-led session 
with educational pauses was perceived as having major 
value. In addition, the pause option reduced stress for 
students. Other factors related to reducing the stress of 
online synchronous SBS in this study (wherein students 
rated SimSTAT only slightly less stressful than in-person 
simulation with a mean score of 3.7 (0.9)) included the 
lack of need to focus on technical skills, a limitation on 
sensory input, and the inability to multitask (both latter 
factors adversely affecting the SimSTAT fidelity rating – 
see below).

In general, students found the exercise easy to perform 
(mean score 3.8 (1.1)) only because they did not need to 

learn the specifics of software manipulation: “it was 
a matter of communicating the intervention to the instruc-
tor.” Otherwise, they perceived the software platform to be 
“cumbersome with a significant learning curve” and “not 
intuitive.”

In so far as fidelity was concerned, the students were 
critical of multiple aspects of the software performance 
including inability to multitask (a repetitive student obser-
vation), the fact that only one character could speak simul-
taneously, limited decision-making options including 
dialogue choices, and lack of the entire panoply of distrac-
tions that occurs in an operating room (music, instrument 
noise, voices, relative darkness during laparoscopy, etc.). 
Likely for this reason, the Likert-scale response to the 
statement “SimSTAT accurately reproduced a real intrao-
perative environment as well or better than in-person simu-
lation,” had the lowest mean value (3.1 (1.0)).

On the other hand, specifically considering fidelity 
related to the anesthesia machine and monitor, the students 
agreed that synchronous online SimSTAT fidelity was super-
ior to their in-person MBS experiences. “The simulation in 
the lab sometimes lacks the congruent monitor reflection of 
patient’s status (especially ventilator settings).” Several stu-
dents commented that they could better trust physiologic data 
generated in the SBS compared with similar data during 
MBS. Student responses to the statement “SimSTAT 

Table 1 Post-Screen-Based Simulation Questionnaire Content. Relative agreement with statements was evaluated using a 5-point 
Likert scale.

Statement Mean Score (SD)

The SimSTAT exercise was a valuable educational experience. 4.3 (0.8)

The SimSTAT exercise was easy to perform. 3.8 (1.1)

The SimSTAT exercise was less stressful than in-person simulation. 3.7 (0.9)

As a result of my SimSTAT experience, I gained knowledge concerning a general approach to management of 

intraoperative adverse events.

4.3 (0.5)

As a result of my SimSTAT experience, I gained knowledge of how to manage specific intraoperative adverse 

events.

4.4 (0.7)

SimSTAT accurately reproduced a real intraoperative environment as well or better than in-person simulation. 3.1 (1.0)

SimSTAT accurately reproduced adverse physiologic changes as well or better than in-person simulation. 4.1 (0.7)

SimSTAT taught the proper real-time cognitive response to adverse physiologic changes in the operating room as 
well or better than in-person simulation.

4.3 (0.6)

As an overall learning experience, the SimSTAT experience was as effective or better than in-person simulation. 3.5 (0.8)

I would like more SimSTAT exercises incorporated into the nurse anesthesia educational curriculum. 3.9 (1.1)

Abbreviation: SD, standard deviation.
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accurately reproduced adverse physiologic changes as well 
or better than in-person simulation” generally reflected this 
opinion, and the mean Likert-scale response associated with 
this statement was 4.1 (0.7).

Utility
Students agreed that synchronous online SBS has utility. 
They perceived this utility as supplemental to rather than 
as a substitute for in-person simulation: “This is a good 
tool, but it … should complement in-person sim not 
replace (it).” The cohort stressed the value of learning 
best practice cognitive approaches to intraoperative issues 
as the outstanding value of this methodology. For this 
reason, they desired “… more regular SimSTAT events 
(during the course of their education) with real time 
debriefing and discussion throughout the case.” In addi-
tion, however, a common theme was the fact that in-person 
simulation was essential to teach technical aspects of 
anesthesia care, because their “job is a tactile job,” and 
as such, requires a “physical sim lab.”

Students strongly believed that their SimSTAT experi-
ence assisted them in the acquisition of knowledge related 
to the management of intraoperative AEs (mean score of 
4.3 (0.5)). In the context of this learning objective, 
a common theme referenced the AE template “reinforc-
(ing) the broad outline to approaching adverse events 
(artifact, generic response, broad DDX, narrow DDX, 
overlap, intervention, etc.).” The response to the statement 
“SimSTAT taught the proper real-time cognitive response 
to physiologic changes in the operating room as well as or 
better than in-person simulation” was associated with 
a similarly high Likert-scale score (4.3 (0.6)).

In addition, 75% of students (n=9) replied that the 
exercise reinforced the importance of early communication 
with the surgical team and calling for help at appropriately 
early times (responses evaluated by automated SBS scor-
ing). With respect to specific management strategies, stu-
dents learned the cardinal importance of prioritizing 
therapeutic interventions, treating critical electrolyte dis-
orders early, and requesting timely desufflation of 
a pneumoperitoneum with conversion to laparotomy dur-
ing a laparoscopic procedure in patients with worsening 
hypercarbia and hemodynamic instability.

I feel this truly cemented all of the steps and why and how we 
perform them for this specific scenario. Rather than reading 
a list of steps, this put it all together in a way lecture cannot. 

Even though ease of performance was maximized (and stress 
minimized) by instructor-mediated student manipulation of 
the SBS, 58% of students (n=7) commented on both a delay 
in response due to this approach and a desire to perform the 
simulations directly – without an instructor intermediary: 
“Have the learners be the program users.” Students noted 
that they would be amenable to learning the technology 
needed to achieve this latter level of performance, especially 
if provided with a software tutorial prior to the exercise. 
Additional suggested improvements related to a desire to 
utilize the pause option without forfeiting their view of the 
operating room environment (a feature of SimSTAT), 
a desire to employ additional AE scenarios, and a request 
to practice asynchronously on their own (necessitating learn-
ing the intricacies of software use). The latter two options can 
be useful strategies to reinforce important themes in success-
ful anesthesia crisis management.

SBS Automated Scoring
The range of SBS automated scoring of student perfor-
mances was 51% - 71%. All simulated SBS scenarios 
ended in successful virtual patient resuscitation. These 
numbers and outcomes compare very favorably with initial 
NAP faculty attempts with the same SimSTAT program 
(who uniformly achieved scores < 50% during their first 
encounters with this system and who uniformly failed to 
resuscitate their patients during these initial attempts) – 
a finding that likely relates in part to the fact that students, 
unlike NAP faculty members, were not required to be 
proficient with the software since they worked through 
an instructor interface.

A Pearson’s correlation test was performed to assess 
the relationship between the students’ mean post-SBS rat-
ings and the automated SBS scores. The students per-
formed the SBS exercise in pairs, and one automated 
SBS score was generated for each pair. Therefore, the 
mean post-SBS rating for each student pair was calculated 
and used in the analysis. There was a positive correlation 
between the students’ mean post-SBS ratings and their 
SimSTAT automated SBS scores (r = 0.832). Visual ana-
lysis of the scatterplot was consistent with this finding. In 
this small sample of nurse anesthesia students, it appears 
that students who had higher mean post-SBS ratings also 
had higher SBS automated scores.

Discussion
Anesthesia training programs’ needs for synchronous 
online simulation have changed in the era of coronavirus 
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disease 2019 (COVID-19). Mandatory social isolation pre-
cipitated in response to the viral pandemic has radically 
altered the dynamics of anesthesia education – much as it 
has altered the options for all traditional educational 
forums21 – and online distance teaching has assumed 
a major role in substituting for former in-person curricular 
activities.22,23 This same social pressure has motivated the 
use of distance anesthesia education using SBS to fill gaps 
in educational programs formerly employing solely face-to 
-face techniques such as MBS.8

The current prospective, small-scale study considered 
the use of synchronous online SBS as part of an existing 
course in the OHSU DNP NAP. This study demonstrates 
that such distance teaching is feasible, is accepted by 
students as a valuable educational addition to their curri-
culum, and is perceived by students as having significant 
utility as an adjunct to in-person MBS. A major advantage 
of SBS in this setting appears to be its ability to focus on 
cognitive processes without distraction and to teach 
aspects of critical thinking involved in the delivery of 
anesthesia care. This is undoubtedly true of in-person 
SBS as well, but the fact that such focus can be maintained 
with online learning is critical to the usefulness of this 
teaching methodology.

These critical thinking skills lie at the heart of effective 
crisis resource management and teaching them represents 
a major objective for simulation in anesthesia.7,24 

Cognitive exercises to accomplish this task appear to be 
precisely the elements of anesthesia simulation that can be 
best replicated using synchronous online SBS. Crises are 
intrinsic to the practice of anesthesiology, and the ability to 
use diagnostic algorithms to interpret and appropriately 
react to adverse events is essential for rapid and successful 
resolution of perioperative adverse events.19 Furthermore, 
SBS is ideal for teaching anesthesia trainees to employ 
metacognition – learners can understand and appreciate 
how they think and recognize when they do or do not 
understand a concept. Such metacomprehension is a key 
element of efficient, successful learning25 and ultimately 
may allow anesthesia professionals to modulate their own 
thinking and thereby improve patient safety.26

In this study, a cognitive template for management of 
intraoperative AEs was taught synchronously during the 
initial instructor cycle using the framework of the SBS 
scenario to provide the skeletal elements for discussion 
(Figure 3). This template provided a sequential approach 
to diagnosis and management of common crises by 
considering:

● The likelihood of an AE being artifact
● The appropriate generic response to the AE
● The broad DDX of the AE
● A narrowed DDX predicated on the presence of 

coexisting AEs, situational parameters, and 
a consideration of events immediately preceding the 
AE

● The appropriate specific response to the likely cause 
of the AE

During the SimSTAT exercise, the specific AE addressed 
in this manner involved increasing hypercarbia in the set-
ting of new hypoxemia and worsening hyperpyrexia dur-
ing general anesthesia for an emergent laparoscopic 
appendectomy. Students reproducibly found the synchro-
nous online SBS platform to be an effective method to 
practice and reinforce the appropriate application of this 
template to the AE (Figure 4) and to demonstrate the 
utility of this cognitive approach to intraoperative crisis 
management.

In general, many of the positive educational attributes 
of SBS appear to apply to use of synchronous online SBS 
at a distance. A number of studies have shown that SBS 
improves both cognitive and psychomotor skills in 
anesthesia trainees.8,9,13,22 These skills include utilization 
of cognitive aids,27 a process reinforced by SimSTAT and 
evaluated in the automatic SBS rating reviewed synchro-
nously with students at the end of their exercise. SBS also 
has been shown to improve teamwork skills.11,28 This 
finding is crucial in anesthesia since good teamwork, 
including effective communication and leadership, allows 
for successful management of intraoperative adverse 
events.27 In this context, it is noteworthy that multiple 
students commented that the need for early communica-
tion with colleagues (summoning help) and the surgical 
team was reinforced by this online synchronous SBS. 
Such teamwork and communication skills are fundamen-
tal elements of effective perioperative crisis 
management.27

Similarly, many of the broad limitations of SBS appear 
to apply to synchronous online SBS. Foremost among 
these limitations is the inability of any form of SBS to 
provide tactile learning. Unlike virtual reality technology, 
SBS has no haptic component, and as such, teaching is 
relegated to “thinking processes” rather than “doing pro-
cesses.” In addition, students noted limitations to the fide-
lity of the SBS offered by SimSTAT, an example of state- 
of-the-art anesthesia software designed for simulation 
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purposes. These shortcomings included the inability to 
multitask (a repetitive student observation), the fact that 
only one character could speak simultaneously, limited 
decision-making options including dialogue choices, and 
lack of the entire panoply of distractions that occurs in an 
operating room. Predominantly due to its relative inability 
to teach motor skills and some of the specific fidelity 
problems associated with the SimSTAT platform, rather 
than the distance component of the exercise or its synchro-
nous nature, students favored the option of synchronous 
online SBS as a useful adjunct rather than as a replacement 
for MBS. They viewed its utility predominantly in terms 
of instructor-facilitated teaching of critical thinking skills 
and training for real-time cognitive responses to patient 
care scenarios including intraoperative crisis management.

While SimSTAT’s fidelity clearly has its limitations, stu-
dents recognized its sophistication (including an ability to 
reproduce some physiologic responses superior to MBS). 
They also appreciated its steep learning curve. As a result of 
the latter fact, the study design chose a technique wherein 
students first synchronously viewed an instructor-performed 
session, and then verbally directed the actions of the instructor 
as the latter individual interacted directly with the software 
avatar. The major advantage of this method was that it allowed 
students who previously have not encountered the simulation 
software to use it relatively effortlessly – students did not need 
to master the complex program prior to the SBS. However, 
this option also reduced students’ interaction with the simula-
tion (since they worked via the instructor to control the avatar), 
and thereby may have compromised experiential learning – 
particularly in comparison with MBS. Several students com-
mented on this specific drawback, and while utilizing an 
instructor interface reduced stress and allowed students to 
focus on non-technical aspects of the SBS, it also limited the 
potential learning associated with exercise. Future studies may 
provide an opportunity for asynchronous software mastery in 
advance of the synchronous exercise (for example, with an 
online tutorial), and thereafter employ a technique wherein the 
instructor first runs the entire avatar-based scenario with 
selected pauses for teaching (in the same manner as the current 
study), but then students manipulate the software directly 
thereafter (rather than via the instructor).

At the conclusion of their exercises, feedback on student 
performances was provided both by the instructor and by an 
integrated software scoring system. One of the determinants 
of students’ perceptions of educational quality is their suc-
cess in the academic process.29 Therefore, we conjectured 
that those students who scored higher using the software’s 

automated system would be more likely to perceive increased 
value in the SBS exercise. We expected to see a correlation 
between these two parameters, and indeed, there was 
a positive correlation between the students’ mean post-SBS 
rating and their automated SBS score (r = 0.832). Visual 
analysis of the scatterplot of these variables was consistent 
with this finding. As such, it is possible that a SBS automated 
system such as the one employed in this study may assist in 
identifying those students who will obtain maximum benefit 
from this educational technology. A study utilizing a larger 
cohort and allowing students to perform the SBS exercise 
individually, rather than in pairs, may better address this 
possibility.

Limitations
The results of this investigation need to be interpreted in the 
context of its small scale. The study cohort consisted of only 
12 students. As such, despite the fact that the post-SBS 
responses were consistent and reflected the acceptability 
and utility of online synchronous SBS in this setting, the 
current findings need to be confirmed by studies involving 
larger numbers of participants. A similar limitation applies to 
the study’s finding of a positive correlation between the 
students’ mean post-SBS rating and their automated SBS 
score. Furthermore, the SBS software (SimSTAT) employed 
in this study was designed specifically for asynchronous, 
individual learner use without group participation and with-
out an instructor intermediary. As such, the study results may 
not be generalizable to independent learners or even learner 
groups employing the software directly in the manner for 
which it was designed to function. Another limitation of this 
investigation includes the fact that students performed this 
simulation in pairs, rather than individually – largely due to 
time constraints (although, in addition, working with 
a partner likely reduced the stress level associated with this 
novel and unfamiliar endeavor). In addition, the cognitive 
template that provided an organizational framework for 
teaching management of perioperative AEs in this study, 
while founded upon well-established principles of anesthesia 
crisis management, previously has not been validated.

Conclusion
Online synchronous SBS may provide a partial solution to 
the need for continued simulation teaching during the 
COVID-19 crisis that mandates social distancing.8 

Furthermore, even before the current viral pandemic ends, 
as simulation centers reopen with initial relaxation of quar-
antine restrictions, continued mandated physical distancing 
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between learners may restrict the full reinstitution of MBS. 
High demands on MBS in the emerging post-COVID-19 era 
undoubtedly will complicate and limit the use of that mod-
ality in many training programs. For this reason, especially 
given the feasibility, acceptability, and educational utility of 
this technique demonstrated by the current prospective, 
small-scale study, online synchronous SBS may provide an 
attractive method of distance teaching. As a result, and 
especially with the prospect of repeat pandemics in the 
foreseeable future, distance education involving SBS soft-
ware platforms of increasingly high fidelity likely will 
become integral parts of future anesthesia training programs.
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