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Abstract: Screen-based simulation (SBS) using digital technology has been demon-
strated to improve the cognitive and psychomotor skills of anesthesia trainees. As
a method of education and evaluation, this form of simulation offers multiple advan-
tages related to cost, availability, simplicity, repeatability, and scorability. Online use of
SBS with software employing standard cloud-based peer-to-peer platforms allows for
instruction at a distance of important anesthesia-related critical thinking skills including
crisis management. Despite the fact that there are no studies concerning the application
of SBS in anesthesia distance education, this form of instruction has increased as
a result of quarantine measures associated with the coronavirus-2 pandemic that have
disrupted traditional in-person mannequin-based simulation, and its usage likely will
continue through the post-pandemic era for multiple reasons. Several options exist for
asynchronous and synchronous teaching of anesthesia skills at a distance with SBS, and
there are useful techniques that can assist in achieving these educational goals with this
process.
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Introduction

Simulation is employed in anesthesia both for educational and assessment
purposes.' Part or partial task trainers (eg airway trainers), “in-situ simulation”
utilizing actual operating rooms, and computer-driven electromechanical manne-
quins in mock operating rooms (mannequin-based simulation (MBS)) have become
integral parts of anesthesia training programs, and it has been shown that high-
fidelity MBS training improves second-time simulated crisis management skills. >
In recent years, screen-based simulation (SBS) using digital technology — also
termed “virtual simulation” — has played an increasing role in anesthesia education,
and even relatively low-fidelity SBS has proven effective in teaching skills related
to appropriate responses to intraoperative adverse events.* In order to address
specific issues related to SBS in anesthesia pedagogy, a review of the pertinent
literature was performed. Data bases associated with the Stanford Lane Medical
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Library were searched using phrases including “anesthesia education,” “anaesthesia
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education,” “anesthesia training,” “anaesthesia training,” “screen-based simula-
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tion,” “virtual simulation,” “computer simulation,” “computer-based simulation,”
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“web-based simulation,” “simulated crises,” and “distance education,” and approxi-
mately 150 articles were considered with dates of publication ranging from 1980 to

2020.
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What is SBS, and How Do We
Classify Screen-Based Simulators

Used in Anesthesia Education?
With designs similar to popular computer games, SBS in
anesthesia education presents hypothetical patient scenar-
ios in the form of dynamic graphical images and supple-
mental text. Users interact with these scenarios via
keyboards, joysticks, touchpads, or mouse controls and
choose actions from pre-determined selection menus.’
This process differs from virtual reality learning that
involves a head-mounted display with immersion into an
adaptive and fully interactive environment.® SBS in this
context can be classified in terms of its simulated physiol-
ogy and its goal.”®

Physiologic responses by such SBS programs are either
script-controlled — wherein commands (scripts) are asso-
ciated with specific physiologic responses — or model-
controlled, with responses generated by mathematical
models within the software. Screen-based simulators in
anesthesia can be classified further by their purpose. The
primary goal of most such SBS is the development of
cognitive skills, but a few screen-based simulators are
designed to foster psychomotor skills (see iLarynx™
below).”® For example, Anesoft Anesthesia Simulator®
is a screen-based simulator with a model-controlled phy-
siologic response to improve cognitive performance.”’

What are the Benefits of SBS in

Anesthesia Education?

SBS offers a number of advantages for anesthesia education
when compared with MBS.” It is cost-effective — especially
when the associated technology is scaled — and considerably
less resource and personnel dependent, although instructors
remain a crucial part of many formalized distance education
options in anesthesia involving SBS (see below)."
Mannequin simulators and mock operating rooms are expen-
sive to purchase and house, and MBS sessions require multi-
ple individuals for the management of teaching scenarios.
These considerations, and the overlapping demands of
a multitude of trainees with complex time schedules com-
peting for identical resources, complicate and limit the use
of MBS in many training programs — especially during
periods of high demand, as undoubtedly will occur in the
post-coronavirus disease of 2019 (COVID-19) era. Also,
even before the current viral pandemic ends — when simula-
tion centers reopen with initial relaxation of quarantine
restrictions — mandated physical distancing between learners

will restrict the full reinstitution of MBS. On the other hand,
once appropriate software platforms are acquired in suffi-
cient quantity (often a significant and potentially limiting up-
front cost), SBS requires only a personal computer, and
therefore is portable, allowing the user to practice in any
location and at any time.’ Scenarios are easily repeatable
and promote deliberate practice for maximum educational
value. Furthermore, these programs are standardized and
include automated scoring (with instantaneous scalable eva-
luation) that allows the learners’ decision-making processes
to be captured and tracked to provide effective
feedback.™'" This built-in scoring feature of SBS systems
also may be beneficial for training programs with compe-
tency-based educational curricula.

Multiple studies have shown that SBS improves both
cognitive and psychomotor skills in anesthesia trainees.
Specifically, this phenomenon has been demonstrated with
performing fiberoptic intubation (iLarynx™'?), understanding
(Gas Man®"), utilizing

Support algorithms (Anesoft

anesthetic  pharmacokinetics
Advanced Cardiac Life
ACLS®™'*), managing intraoperative malignant hyperthermia
(Leiden Anaesthesia Simulator’), and identifying anesthesia
Virtual
). Furthermore, several studies suggest that

machine  errors  (Transparent Anesthesia

Machine®™"
SBS may be comparable to MBS for fostering anesthesia-
related cognitive skill sets. For example, almost two decades
ago, relatively low fidelity SBS involving an early model-
controlled screen-based simulator (Anesthesia Simulator
Consultant developed by Schwid and O’Donnell'®'”) was
demonstrated to be as effective as high-fidelity MBS in
teaching anesthesia residents competence in crisis
management.” Likewise, a study of nurse anesthesia students
showed no significant difference between times to recogni-
tion of anaphylaxis after training with MBS versus SBS
(Anesoft Anesthesia®).!! Somewhat unexpectedly, SBS
also has been shown to be effective in improving teamwork
skills.'"®'® This latter finding is particularly important in
anesthesia since behavioral abilities — such as effective com-
munication and leadership — are critical for successful man-

agement of intraoperative adverse events.'%>

What is the Educational Value of
Fidelity in SBS?

The importance of fidelity in anesthesia simulation teach-
ing is less than intuitive. Studies involving SBS in aviation
show that training with higher fidelity simulation does not

necessarily translate as better pilot performance.”*>2’ As
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noted above, a randomized controlled study demonstrated
that low fidelity SBS was comparable to higher fidelity
MBS in
anaphylaxis.” On the other hand, if an anesthesia simulator

teaching anesthesia residents to manage
does not accurately recreate perioperative experiences,
trainees may develop a false notion of what to expect
during real-life circumstances.” In addition, to the extent
that SBS does not reproduce a real-world scenario, trai-
nees’ attitudes and approaches to clinical problems do not
mirror their normal behavior.> Possibly for these latter
reasons, no studies have compared educational outcomes
following use of different anesthesia SBS platforms with

different levels of fidelity.

Is Anesthesia Distance Education
Using SBS Efficacious?

In general, online distance learning — asynchronous and
synchronous — has become increasingly popular due to its
ability to reach large groups of individuals seamlessly,
flexible scheduling, and its lack of need for institutional
buildings and infrastructure (and corresponding lower
costs).”® Within the field of anesthesia education, clinical
competence of providers in remote or difficult-terrain loca-
tions has been upgraded using online learning programs.’
In addition, distance education has become an integral
component of many nurse anesthesia programs and often
involves a synchronous, collaborative learning process.*”
To date, however, there has been no published information
concerning use of SBS in anesthesia distance education. Until
recently, SBS in this setting has largely involved self-directed,
asynchronous activities without instructor involvement that
allows for maximum flexibility of location and timing of
learning, and captures the benefits of scenario repeatability
and automated feedback.’! In contrast, instructor-facilitated,
distance learning with SBS in anesthesia has not been widely
employed. This state of affairs has changed with COVID-19.
Mandatory social isolation precipitated in response to the viral
pandemic radically altered the dynamics of anesthesia educa-
tion — much as it has altered the options for all traditional
educational forums — and online distance teaching has
assumed a major role in substituting for former in-person
curricular activities. This same social pressure has motivated
the use of anesthesia distance education using SBS to fill gaps
in educational programs formerly employing solely MBS.
Essentially three options exist for instructor-facilitated
distance anesthesia education involving SBS: (1) students
can perform simulations asynchronously, and then review

their experiences — either asynchronously or synchronously —
with an instructor using standard cloud-based peer-to-peer
software platforms such as Zoom®, WebEx®™, Slack®, and
Microsoft® Teams; (2) using the same cloud-based plat-
forms, students can synchronously view (and potentially
verbally direct either individually or in small groups) the
actions of an instructor as the latter individual performs the
SBS; or (3) instruction may employ a hybrid of (1) and (2).
The apparent advantages of option 2 include cost (only the
instructor’s version of the SBS software must be purchased)
and the fact that students do not need to devote time and
energy to master the precise workings of increasingly com-
plex software platforms (eg SimSTAT®™, a high fidelity,
avatar-based VS system developed by the American
Society of Anesthesiologists, has a substantial learning
curve). Despite these considerations, however, this latter
option does not allow for significant student interactivity
and thereby markedly compromises the experiential aspects
of learning. Alternatively, option 3 (a hybrid option) offers
both an opportunity for instructor-guided teaching and for
“hands-on” student engagement in the SBS exercise, and
students with a background in gaming may have enhanced
cognitive performance that facilitates their grasp of complex
software.*

During all of these options for teaching anesthesia with
online SBS exercises, several techniques may assist in
achieving educational goals. Because many of the applic-
able SBS software scenarios run in real time, use of
a “pause” option is often essential to allow for instructor-
led teaching opportunities. During these pauses, key issues
related to pathophysiology, cognitive algorithms used in
clinical diagnosis, and patient management techniques can
be outlined and discussed. Paused instruction also may
employ multiple audiovisual documents including computer
screenshots taken from the SBS, and standard PowerPoint
displays. Repeated pausing, however, may be problematic
insofar as these actions interrupt the overall flow of the
screen-based scenario, and jeopardize losing the “big pic-
ture” to achieve specific teaching objectives. Ideally, the
scenario can be run repeatedly — once with multiple pauses,
and other times with fewer (or no) interruptions.

Despite these techniques, given its relative novelty, it
is unclear if student satisfaction and/or achievement of
educational goals (eg successful simulated crisis manage-
ment) with training using SBS at a distance are compar-
able to the student acceptance and pedagogic value that
characterizes either face-to-face SBS or MBS. In addi-
tion, many anesthesia SBS platforms have integrated
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scoring systems, and the validity of these and other eva-
luative functions of SBS in this setting has yet to be
determined. Also, although SBS in both traditional and
distance education may possess visual and audio fidelity,
its lack of haptic realism involving both tactile and kines-
thetic feedback remains an inherent technological limita-
tion compared with MBS or virtual reality learning.*® It is
clear, however, that anesthesia education at a distance has
multiple advantages that make it attractive in some
instances, and that asynchronous and synchronous SBS
as part of such distance education may diminish the need
for and associated cost of extensive in-person MBS. As
a result, and especially with the likelihood of repeat pan-
demics in the future, distance education involving SBS
software platforms of increasingly high fidelity is likely to
become integral part of future anesthesia training pro-
grams. As a result, and especially with the likelihood of
repeat pandemics in the future, distance education invol-
ving SBS software platforms of increasingly high fidelity
is likely to become an integral part of future anesthesia
training programs.
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