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Anesthesiology has a long history of developing and 
implementing innovations in education, and most anes-

thesiologists are educators in some capacity. Anesthesiologists 
teach fellows, residents, and medical students. They also edu-
cate patients, peers, and colleagues in anesthesiology and 
other disciplines. Despite the pervasive nature of teaching 
and learning in this specialty, few anesthesiologists have for-
mal training in how to effectively educate. Many anesthesi-
ologists often teach the way they were taught and learn the 
way they learned in the past. Applying current evidence in 
education is likely to change the way many teach and learn.1

Accordingly, in this review, we discuss current evidence 
in education, provide recommendations of how the evi-
dence might be applied to teaching and learning in anes-
thesiology, and suggest areas of future educational research. 
More specifically, educators across multiple disciplines have 
moved away from passive, lecture-based presentations to 
more active learning through techniques such as the flipped 
classroom, peer teaching, and educational games. In order 
to improve actual knowledge retention, as opposed to mass 
learning or blocking, evidence suggests that the more effec-
tive techniques may be spaced learning, interleaving, and 
retrieval practice. To combat noncompliance due to knowl-
edge and memory errors in clinical crises, cognitive aids have 
proven to be a critical component of anesthesiology training. 
E-learning provides platforms to enable flexible utilization 
of these knowledge acquisition, retention, and assistance 
techniques on a daily basis to optimize learning. In addition 
to the acquisition and retention of knowledge, practicing 
anesthesiology also entails manual dexterity and workflow 

management. Thus, the techniques, theory, and metrics for 
teaching procedural skills are of the utmost importance. 
Additionally, teaching and assessing clinical performance 
and professionalism through role modeling and role play are 
becoming a more recognized need in our field. Finally, expe-
riential learning through simulation and objective structured 
clinical examinations is becoming more prominent in the 
form of both education and summative assessment.

Although this review is organized based on the teach-
ing of (1) knowledge, (2) skills, and (3) professionalism, we 
recognize there is substantial overlap between these topics. 
This review is meant to be used as a primer on educational 
methods in anesthesiology for any clinician who aspires to 
be a better teacher. It is written in a module-based format 
so that the reader can easily navigate through the review and 
integrate the material. Figure 1 provides a tool that can be 
used to guide the instructional needs of your learners. For 
those interested in a specific topic, the references included 
in this review may serve as a more detailed resource.

teaching Knowledge
One goal in anesthesiology education is to help learners 
acquire, retain, recall, and apply knowledge (table 1). The 
volume of medical knowledge continues to rapidly expand. 
Unfortunately, without repetition, knowledge is forgotten 
quickly after learning. Implementation of the evidence from 
cognitive science and healthcare education research offers 
the promise of making lessons “stickier” with improved 
knowledge retention.2–7
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Active Learning

Medical education is frequently delivered passively through 
teacher-centered delivery of lectures. Learners memorize 
facts, recite them for examinations, and then often forget the 

majority of the information. Active learning describes an 

approach to learning, not a singular educational method.8,9 

This approach involves learner-centered education in 

which learners apply knowledge and solve problems in the 

Fig. 1. bringing novel educational methods to your learners. this review suggests many novel ways in which educational research and 
innovation can make a difference to your learners. each blue circle contains different goals for your learning environment. Ways in which one 
may utilize novel educational interventions to reach these goals are described in the corresponding boxes.

table 1. educational Methodologies based on Domains of Utilization

Domain

Knowledge Skills Professionalism

Method Description Method Description Method Description

Active learning Learners participating,  
problem solving

Direct observation Provide feedback role modeling Learners emulate teachers

Spaced learning Spread study over time Spaced learning Spread practice over time Personal reflection repeated reflection on personal 
practice and skills

Interleaving Mix up study or skill practice Simulation/experiential 
learning

Hands-on practice of 
skills

Simulation/experiential 
learning

Interactive practice of 
professionalism

retrieval practice test it to really know and 
remember it

retrieval practice test it to demonstrate 
application of skill

role playing Gain perspective of others

cognitive aids tools to help perform tasks     

e-learning Internet-based     

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/4/908/460906/20191000_0-00033.pdf by guest on 13 M
arch 2024



Review ARticle

910 Anesthesiology 2019; 131:908–28 Martinelli et al.

classroom. Although active learning has been demonstrated 
to be effective in many areas of science education,8,10,11 
more work needs to be done to determine its benefit in 
graduate medical education.

There is a variety of active learning methodologies, 
which all share some basic principles. First, control shifts 
from teacher to learner as the teacher takes on the role 
of a facilitator or coach, and the students assume owner-
ship for their education. Another key component is that 

learners actively participate during classroom time by 
applying knowledge they are learning through higher- 
order thinking and problem solving. One advanced 
model of active learning is the Master Adaptive Learner. 
In this model, learners work actively through an iterative 
cycle of planning, learning, assessing, and adjusting as they 
master concepts or skills (fig. 2).12 This process is heavily 
reliant on application of critical thinking and reflection 
in each phase. The goal of all active learning approaches 

Fig. 2. the Master Adaptive Learning model is an advanced model of active learning. the learner works through an iterative cycle of planning, 
learning, assessing, and adjusting as they master skills or concepts. the skills needed to be a successful learner are listed in each cog below 
the respective phase headings within the learner. the interactivity of the cogs represent that the learner must engage in all of these areas to 
develop successfully through a continuous and dynamic process. reprinted with permission from cutrer et al. (2017).12
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is to increase knowledge retention so that learners will 
be better equipped to apply that knowledge to solve new 
problems they encounter in the future. In addition, the 
teacher is better able to recognize and correct knowledge 
gaps as the learners are working through problems.

Flipped Classroom. The flipped classroom is one educational 
method that utilizes active learning techniques. Traditionally, 
classroom time was used for teacher-centered lecture-
based learning in which the teacher passively transferred 
factual information to learners. Learners then applied that 
information to solve problems independently on their own 
time as homework. Flipped classroom reverses this process. 
Learners obtain foundational knowledge before coming 
to class through “homework.” Although multiple formats 
can be utilized (reading assignments, electronic modules, 
videocasts, etc.), a brief, 15 to 20 min video is the most 
common format for the “homework” component. (Table 2 
provides some examples of educational resources that can 
be used for preclass homework for anesthesiology learners.) 
Learners then spend in-class time using that foundational 
knowledge for problem solving through active learning.

There are many proposed benefits of flipped classroom. 
It allows flexibility in the time, place, and pace in which 
learners obtain foundational knowledge. It promotes team-
work, which also helps hold learners accountable to each 
other for being prepared for in-class sessions. By observing 
how learners solve problems, facilitators can identify and 
correct knowledge gaps in real time.13

There have been a number of studies assessing flipped 
classroom in healthcare education. Utilization of flipped 
classroom has led to knowledge gain in pharmacy educa-
tion.14–16 A recent systematic review of flipped classroom 
in medical education found that learners preferred flipped 
classroom, but there were mixed results regarding the ben-
efit of flipped classroom in knowledge and skill gain. Most 
studies in the review were performed with medical stu-
dent learners.17 Since this review, there have been several 
additional studies published in graduate medical education, 
again with mixed results. One study showed that within a 
group of internal medicine residents learning about qual-
ity improvement, there was a preference for flipped class-
room, and it was found to increase knowledge acquisition.18 
However, another study with emergency medicine resi-
dents utilizing flipped classroom was equivocal with respect 
to knowledge acquisition.19 A large multiinstitutional 
study with residents preparing for the American Board of 
Anesthesiology  (ABA;  Raleigh, North Carolina) BASIC 
Exam found that anesthesiology residents preferred flipped 
classroom to traditional lectures. Although there was not 
a significant improvement in immediate knowledge gain, 
testing done 4 months after learning demonstrated a signif-
icant improvement in knowledge retention in flipped class-
room group compared to traditional lectures.20

Much of the work assessing the benefit of flipped class-
room utilized multiple-choice tests for knowledge assess-
ment. Most multiple-choice questions assess the “knows” 
level of Miller’s pyramid, in which the learner demonstrates 

table 2. Sampling of educational tools Specific to Anesthesiology Learners

tool Brief Description examples*

e-learning environment Web-based learning community that contains 
 educational content (peer-reviewed and non- 
peer-reviewed) for learners and educators

•   Anesthesia toolbox
•  Open Anesthesia
•  Learnly
•  Meded Portal
•  twitter

Web-based simulation Virtual interactive learning environments for learners of 
all levels

•  bronchoscopy Simulator (thoracicAnesthesia.com)
•  toronto General Hospital Department of Anesthesia Perioperative  

Interactive education
•   SimStAt (ASA and cAe Healthcare)

Question banks Web-based multiple choice questions utilized for 
 continuing medical education and board preparation

•  MOcA Minute Questions
•  true Learn
•  the Pass Machine

traditional lectures traditional slide-based expert in-person delivered 
lectures

•  ASA annual conference
•  Specialty society conferences
•  Departmental grand rounds

Podcasts and videocasts Audio and/or video recorded lectures utilized for 
 independent learning at all levels

•  the Pass Machine
•  Audio Digest
•  Accrac
•  Youtube channels

Accrac, Anesthesia and critical care reviews and commentary; ASA, American Society of Anesthesiologists; cAe, canadian Aviation electronics;  MOcA, Maintenance of certification 
in Anesthesiology. 
*this is not a comprehensive list of all available resources within each tool category, nor does this serve as an endorsement of any of the provided examples.
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knowledge of factual information. Some may reach the 
“knows how” level, in which the learner demonstrates 
knowledge of factual information and also how to interpret 
and apply that information (fig. 3).21,22 As one of the goals 
of flipped classroom is to foster better problem-solving skills 
and improve knowledge application, multiple-choice ques-
tions may not be the best assessment tool.23 Gillispie et al. 
demonstrated a stronger benefit of flipped classroom in an 
obstetrics and gynecology medical student clerkship when 
assessing with an Objective Structured Clinical Exam com-
pared to multiple-choice questions.24 Future work assessing 
the use of flipped classroom for anesthesiology residents may 
therefore benefit from testing with Objective Structured 
Clinical Exams in addition to multiple-choice questions.

Peer Teaching. Peer teaching is a learning environment in 
which learners are taught by their peers. Technically, the 
learners and teachers in this scenario should be at the 
same level of training. Similarly, near-peer teaching occurs 
when learners are taught by other learners who have more 
experience or education (e.g., residents teaching medical 
students). These near-peer teachers have less experience 
and knowledge than faculty and typically have little to no 
formal education in teaching methodology.

Peer teaching and near-peer teaching have many sug-
gested benefits. First, in this era of competing priorities and 
time limitations, the teaching burden is shifted away from 
faculty. Second, peer teachers often benefit both from their 
own mastery of the content and gaining early exposure to 
teaching opportunities. This method also fosters teamwork 
skills that may enable peer teachers and learners to more 
easily identify their strengths and weaknesses.25 In addition, 
faculty may succumb to the “curse of knowledge” in which 
they assume that learners have a stronger knowledge base 

than they actually do. As peers may be better equipped to 
put themselves in the position of the learner, they may have 
an advantage in teaching a new concept.

Peer teaching can be utilized in a large group learning 
environment, facilitated by a faculty member.26 The fac-
ulty poses a question, case, or problem to the learners. This 
can be done with an audience response system or through 
open-ended questions. Learners are given a short amount 
of time to think through the answer individually. They then 
organize into pairs, or small groups if this method is mod-
ified to “think-group-share,” to discuss their answers and 
further problem-solve. The entire group of learners then 
reconvenes to review the possible solutions to the problem 
under the direction of the faculty leader.

Peer teaching has a long history of utilization in anesthe-
siology with hands-on experience in the perioperative envi-
ronments such as the operating room. For instance, senior 
residents often mentor and teach junior residents, while 
both senior and junior residents teach medical students.

Although, to our knowledge, there is no recent work on 
peer teaching in graduate medical education, several stud-
ies have investigated this method with medical students. A 
review of undergraduate medical education found some 
evidence that peer teachers gained greater mastery of subject 
matter. Although learning gains were not always demon-
strated, neither was there evidence of detrimental effects to 
the peer teachers’ learning.25 Gregory et al. demonstrated that 
both preparation for teaching and the actual act of teaching 
increased peer teachers’ knowledge gain and retention in 
medical students who were peer teachers compared to those 
who did not peer teach.27 Peer teachers felt they benefited 
through the gained mentoring experience, engagement with 
and learning from learners, and an increased motivation to 
study.28 In addition, it was shown that peer teaching was as 
effective as faculty-led learning. This was thought to be due 
to the cognitive and social congruencies that peer teachers 
shared with their learners.25

Educational Games. Educational games are gaining 
popularity in the medical education community. These can 
be categorized as simulation, virtual environments, social 
and cooperative play, or alternative reality.29 For the purpose 
of this review, we will only discuss educational games that 
fit into the social and cooperative play category, as these are 
a form of active learning. Educational games have preset 
rules and include an element of competition. A variety of 
board games and TV gameshows have been adapted for 
medical education including Jeopardy, Monopoly, Hollywood 
Squares, and Snakes and Ladders.

Proposed benefits of educational games include the stim-
ulation of higher levels of thinking, a fun and exciting edu-
cational environment that reduces stress and anxiety, and an 
increase in knowledge retention.29 However, a Cochrane 
review was unable to determine a knowledge benefit from 
game-based learning and concluded that more studies are 

Fig. 3. Miller’s Pyramid of Assessment. the face of the pyramid 
demonstrates varying levels of assessment, which progress in 
their ability to demonstrate competence moving from the base 
to the peak. the desired goal is for learners to reach the “DOeS” 
level. the side of the pyramid breaks down the educational 
domains in which our learners must gain competence. Adapted 
from Mehay (2012).22
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needed.30 There have been a few studies done with medical 
students and one in continuing medical education that have 
not shown an increase in knowledge gain from game-based 
learning.31–33 However, participants in all of these studies 
preferred game-based learning.31–33 There is one report in 
graduate medical education literature on the use of an adap-
tation of the game show Jeopardy for teaching general surgery 
residents. Although there was demonstration of knowledge 
acquisition and retention compared to pretest knowledge, 
there was no comparison group utilized in this study.34

Optimizing Knowledge retention

Three evidence-based methods of teaching and learn-
ing that facilitate long-term retention of knowledge 
include spaced learning, interleaving, and retrieval prac-
tice. Although the benefits of these strategies have mainly 
focused on improved knowledge acquisition and retention, 
evidence is growing that they also may be applied to attain-
ment of psychomotor skills.35,36

Spaced Learning. Repetition is a successful strategy for 
learning. When repetitive study is spaced out over an extended 
period of time, it is referred to as “distributed” or “spaced.” 
The “spacing effect” describes the finding that when an equal 
amount of cumulative study or practice time is spaced out 
between sessions with an intervening time gap, knowledge 
acquisition and long-term knowledge retention are better 
than if sessions of the same material are massed together. An 
initially short, and then expanding, interstudy time interval 
may be optimal. A longer interstudy interval is generally 
associated with improved long-term retention, but the time 
between studying should not be so long that the learner 
forgets what they previously learned.37–39 Spaced education 
has been used to improve knowledge retention in healthcare 
education including graduate medical education.40–45

Many learners utilize massed learning or “cramming” 
and have experienced the short-term benefit of passing 
their examinations. Massing “works” when the information 
to be learned is not difficult and testing is in the near future. 
However, the more time spent in a single session, the less 
effective that time becomes, and massed learning leads to 
poor knowledge retention.

Examples of using spaced learning in anesthesiology 
include (1) distributing rotations throughout a multiyear 
curriculum rather than massing them together (e.g., pediat-
ric anesthesia, critical care medicine, and cardiac anesthesia), 
(2) teaching a topic (e.g., neonatal resuscitation, mechan-
ical ventilation management, or cardiac physiology) in 
shorter sessions and distributing teaching sessions over time, 
(3) utilizing mobile devices to deliver spaced repetition 
of information to learners (e.g., emails, text messages, and 
questions), and (4) encouraging learners to start studying 
early and often, and utilizing initially short time intervals 
between repetitions of a specific topic and then expanding 
the time intervals between repetitions.

Interleaving. “Blocking,” which is typically preferred by 
learners, refers to the repetitive studying of information 
in one topic or category completely before going on to 
another, or practicing one skill at a time toward mastery 
before practicing another. Interleaving is a process where 
students mix, or interleave, the study or practice of several 
related concepts or skills. An example would be when 
learners are tasked to understand and retain knowledge 
about anesthetic pharmacokinetics in infants, adults, and the 
elderly. If applying the interleaving technique, they might 
go back and forth (i.e., utilizing comparison and contrast) 
between studying about different anesthetics in each of 
the age groups. This is opposed to a blocking technique 
in which they would limit their reading and studying of 
pharmacokinetics to one age group until obtaining mastery 
of the concepts before going on to another age group. A 
learner utilizing interleaving to help master the skill of 
transesophageal echocardiography would mix up their 
study and skill practice. They might work on acquiring 
images on the simulator and on patients while also reading 
about physics and hemodynamic calculations. This would 
be opposed to blocking, in which they focus only on 
image acquisition during their first rotation and then later 
learn about physics and hemodynamic calculations on 
their second rotation. Medical school curricula are now 
frequently mixed or interleaved. Separate but related topics 
are interleaved together such as cardiac anatomy, cardiac 
physiology, and cardiac pharmacology rather than presenting 
all anatomy topics until completion, then physiology, and 
finally pharmacology in a similar blocked format.

Content understanding and memory/retention for 
information learned through interleaving are better than 
through massed practice.46,47 However, interleaving feels 
slower and less efficient to the learner. Massing is often 
preferred over interleaving, even when the learner is con-
fronted with evidence from personal performance measures 
that demonstrate better retention and ability to transfer 
knowledge to other contexts with interleaving.48,49

Interleaving the study of separate but related topics can 
help the learner see similarities and differences between 
ideas or concepts, creating connections between related 
parts. It also takes advantage of the spacing effect by dis-
tributing learning. Cognitive psychology has provided evi-
dence for the benefits of mixing up categories of topics 
during learning, and interleaving has been used to improve 
learning in mathematics, radiology, and neuroanatomy.47,50,51

The optimal timing and patterns for interleaving may 
vary between learners, and determination of such requires 
further investigation. While there is an educational advan-
tage to switching between categories of information, 
switching too often or spending too little time on any one 
idea may be detrimental. Interleaving appears to be most 
beneficial when the category discrimination is difficult; that 
is, differences between presented materials (cases, disease 
pathophysiology, and images) are difficult to distinguish 
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from each other, and interleaving provides the opportunity 
for observing differences by comparison and contrast.49,52

An example of interleaving in clinical practice is a 
month-long rotation in the Clinical Anesthesia 3 year of 
training called “Transition to Practice” in which a resident 
is not on a specific subspecialty for an extended period of 
time such as pediatrics for 1 month or cardiac for 1 month, 
but instead the subspecialty case type and the learning 
experiences vary day to day and possibly patient to patient. 
The resident may one day be doing predominantly pedi-
atrics, the next day doing predominantly ambulatory, the 
next thoracic, etc. This format mixes up the study of related 
concepts and skills.

Retrieval Practice. Cognitive science suggests that we take 
information (audio, visual) into our limited short-term 
memory, encode that information into our “unlimited” 
long-term memory, and then retrieve it from long-term 
memory when needed. The act of retrieving a memory 
changes it, making it easier to retrieve again later, and 
increases long-term retention.53,54 One example of this 
is the long-term retention of phone numbers that you 
regularly recall from memory as opposed to those you look 
up and enter from a contact list. Retrieval practice is the 
act of calling information to mind that has previously been 
encoded or learned rather than rereading or rehearing it.

Test-enhanced learning refers to the use of retrieval prac-
tice through testing as a way to enhance retention of knowl-
edge.55,56 The “testing effect” refers to the use of retrieval as 
a powerful learning tool. A direct benefit of testing is that 
recalling previously learned information enhances the abil-
ity to recall information in the future. When information is 
recalled from memory during low- or no-stakes testing by 
doing questions and receiving feedback, retention is bet-
ter than if the material is simply restudied over and over 
again.57,58

The benefit of retrieval practice in health professions 
education has recently been reviewed.57 The first stud-
ies assessing the positive effect of formative assessment on 
learning outcomes in medical education were published 
within the last decade, and most studies since that time have 
compared retrieval practice with the passive learning strat-
egy of restudy.58,59 However, the benefits of testing relative 
to active learning strategies, such as concept mapping and 
case-based learning, have been demonstrated.60,61 In a recent 
systematic review, retrieval practice demonstrated consis-
tent and strong effects across learners in various health pro-
fessions and for various learner outcomes. Moreover, the 
effectiveness of retrieval practice extended beyond knowl-
edge assessed by examinations to clinical applications.57

Ideally, tests used to enhance learning should be com-
posed of questions related to the topic previously studied, 
repeated, and spaced over time; should utilize questions that 
require production of information rather than just recog-
nition; and should include feedback with correct responses 

and rationale.46,57 Tests that require generation of infor-
mation (e.g., short answer) as opposed to recognizing and 
selecting a response from information provided (e.g., multi-
ple choice) and that require more effortful recall appear to 
have a greater benefit on knowledge retention. Repeated 
testing that is spaced over time allows the learner to take 
advantage of feedback and practice to correct errors.62 
Feedback enhances the benefits of testing; although testing 
alone improves retention, feedback should be provided to 
help the learner close the gap between what they desire to 
learn and what they actually learned. Interestingly, delayed 
feedback may be more beneficial than immediate feed-
back.63 When the test taker is conditioned by instantaneous 
feedback to expect the certainty of continual correction, 
it may reduce the likelihood they will engage in effort-
ful recall.63 The efficacy of repeated testing seems to be 
greater the more complicated the subject being studied. It 
is apparent that repeated testing promotes learning in ways 
that restudying cannot.64,65 Moreover, there is a small but 
growing body of evidence that those who learn founda-
tional information using retrieval practice are more likely 
to transfer their knowledge to novel situations than those 
who learned the foundational information by repeatedly 
studying it.64,66,67

Posttests are commonly administered immediately after 
learning sessions such as with online education or active 
learning didactics. However, recall is relatively easy immedi-
ately after study, and the level of performance immediately 
after learning is not a good indicator of future retention. 
Electronic flash cards with questions, question-generat-
ing applications, questions delivered to learners via mobile 
devices, and utilization of question banks that include feed-
back are examples of ways to utilize formative retrieval 
practice via testing. The ABA Maintenance of Certification 
in Anesthesiology Minute is an example of a program that 
uses both retrieval practice and spaced learning via quizzing 
(table 2). These principles might be applied beyond using 
test questions to enhance learning and knowledge retention 
to other forms of retrieval practice such as oral examina-
tions, peer teaching, and even psychomotor skills such as 
cardiopulmonary resuscitation.68

After initial encoding of information, if a learner prepar-
ing for the ABA In-Training Examination used questions 
from a question bank to encourage retrieval of knowledge 
from memory and chose to mix questions from various 
topics rather than answering all questions on a specific topic 
before moving on to another, this would be an example of 
interleaving and retrieval practice.

cognitive Aids

In 1924, an article was published that called for routine 
training on, and use of, cognitive aids during intraopera-
tive emergencies.69 In recent years, multiple institutions 
and national organizations have promoted the use of cog-
nitive aids for perioperative emergencies, leading to the 
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development and publication of several emergency man-
uals.70 One article defined cognitive aids as “tools created 
to guide users while they are performing a task, or group 
of tasks, with the goal of reducing errors and omissions and 
increasing the speed and fluidity of performance.”71 In the 
broadest sense, anything that acts as a memory aid for the 
clinician could be considered a cognitive aid. Specifically, 
within the domain of anesthesia, critical care, and periop-
erative medicine, the focus of research has centered around 
checklists.71–73 The characteristics of an optimal cognitive 
aid are accurate and reliable clinical content, a user-friendly 
design that includes human factors assessment, and iterative 
assessment and improvement of the aid itself using simula-
tion or clinical use.72,74 With the advent of the smartphone 
also came the question of the best format for a cognitive 
aid: paper versus electronic.72,73 Taken together, there can 
be a complex taxonomy of cognitive aid and end user, 
which can range from “static parallel checklists” where one 
operator reads and performs all tasks on the checklist (e.g., 
anesthesia machine checkout) to dynamic clinical check-
lists in which one or more team members uses a tool that 
involves branching logic and clinical decision-making (e.g., 
management of pulseless arrest and return of spontaneous 
circulation).71,75–78

The research concerning the effect of cognitive aids 
within anesthesia, critical care, and perioperative care has 
been extensive. Numerous prospective randomized con-
trolled trials have evaluated the effect of cognitive aids on 
the technical performance of individuals or teams. Most 
trials concerning perioperative and in-hospital emergencies 
have demonstrated a positive effect for completing actions 
considered to be best practice, or standard of care, for a given 
situation.76–82 However, some have noted that the cognitive 
aid can inhibit performance by being a distraction,83 which 
is most commonly the case when cognitive aids are used 
without appropriate education on the tool prior to use.84 
Beyond crisis situations, a number of trials have shown 
improved adherence to accepted care guidelines when using 
cognitive aids in simulated nonacute perioperative situations, 
such as applying guidelines for preoperative cardiac evalu-
ation, assessment of patients on anticoagulants for regional 
anesthesia, and compatibility in blood transfusions.85–87 
Furthermore, improvement in technical performance and 
nontechnical skills (including teamwork and communi-
cation) have been shown to be improved with the use of 
checklists in the operating room.88 In summary, evidence has 
resulted in numerous statements calling for increased train-
ing and implementation of cognitive aids in health care.73,89,90

Much remains to be done, however, to include routine 
education on the use of cognitive aids in most training curric-
ula. For instance, while simulation experiences are included 
as a program requirement, training on routine use of cog-
nitive aids is not included in the Accreditation Council for 
Graduate Medical Education (ACGME) Common Program 
Requirements or the Anesthesiology Milestones,91,92 even 

though the science shows clear benefit. Recent research has 
shown that brief operating room–based team simulations 
can increase familiarity with and likelihood to use cogni-
tive aids.93 Furthermore, recent data have demonstrated that 
targeted education and implementation efforts, including 
structured use during simulation, are highly associated with 
self-reported use of cognitive aids in actual crisis situa-
tions.94,95 This is particularly important because studies have 
shown that strict adherence to practice guidelines and com-
pletion of all checklist items are associated with improved 
clinical outcomes.96,97 It is encouraging that national societ-
ies and major journals are publishing cognitive aids and rec-
ommending their routine use for managing critical events.

Nonetheless, more is needed. In order to have a truly 
ideal cognitive aid, not only must the tool itself have the 
three qualities listed above, but also there must be repeated 
familiarization and practice with the cognitive aid within 
the team environment, and the aid must be accessible 
within the context of education and clinical practice.72,74 
Cognitive aids should be utilized when testing learners 
on scenarios such as malignant hyperthermia, anaphylaxis, 
or cardiac arrest. Based on current evidence, it is recom-
mended that routine education be provided on the use of 
cognitive aids and that cognitive aids be referred to during 
the management of a life-threatening event, whether sim-
ulated or real. Given the current state of the evidence, it 
is incumbent upon policy makers, program directors, and 
faculty educators to make routine education on, and use of, 
cognitive aids a reality.98

e-learning

E-learning is defined as learning utilizing electronic tech-
nologies to access internet or intranet-based resources out-
side of a traditional classroom.99,100 In practice, e-learning 
includes any digital content taught and distributed physi-
cally or online, such as web-based tutorials, virtual patients, 
and discussion boards.99,101

The advantages of e-learning in medical education are 
clear. E-learning offers greater flexibility in terms of time 
and accessibility.99,100,102,103 As long as the learning out-
comes of e-learning are comparable to other methods, 
the flexibility e-learning provides makes it particularly 
appealing to graduate medical education, as it can help 
relieve faculty constraints and allocate limited resources 
more efficiently.102

In their meta-analysis on the effects of e-learning in the 
health professions, Cook et al. found that e-learning is asso-
ciated with large positive effects compared to no interven-
tion on all learning outcomes, including knowledge, skills, 
behaviors, and patient effects. Compared with traditional 
noninternet instructional formats, e-learning has posi-
tive effects on all educational outcomes as well, although 
the effects are heterogeneous and marginal.99 More 
recent studies in primary care and surgical education also 
reported predominantly positive learner perceptions and 
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improvement in knowledge and skills as a result of engage-
ment in e-learning compared to traditional methods.100,103 
Evidence of the effects of e-learning on long-term knowl-
edge retention are scarce and yet to be validated.100,102

Despite the general positive impacts on e-learning found 
in the literature, it is important to understand how and when 
to use e-learning to leverage its educational value.104 Access 
to digital content alone is not sufficient for in-depth learn-
ing.102 The technology should be used in an appropriate 
context, targeted to the goal of the curriculum, adapted to 
the needs of the specific audience, and adhering to principles 
of educational psychology.102,104,105 Good educators should 
play active roles as content curators and technology adap-
tors to evaluate and select the appropriate content materials 
and technology tools.106 Low learner participation rate also 
appears to be an issue in some e-learning courses, which 
points to the importance of incorporating compliance mea-
sures into implementation.102 In order to maximize the 
benefits of e-learning, including increased engagement and 
self-directedness, focused and immediate feedback, repeated 
opportunities for improvement, and clear emphasis on areas 
in need of improvement should be provided to learners.102 
The incorporation of spaced education and blending self-
paced e-learning with in-class instruction have also proven 
to be successful in improving learning in medical educa-
tion.100,102 (Table 2 contains examples of e-learning environ-
ments utilized for anesthesiology education.)

teaching Procedural Skills
Technical skills related to the practice of anesthesiology 
are numerous and require competence with a wide range 
of techniques and equipment (table  1). The ACGME 
Milestones92 are focused on performance of arterial lines, 
central lines, and regional anesthetics (central and neurax-
ial). Point-of-care ultrasound and transesophageal echo-
cardiography (TEE) have also emerged as valuable skills 
in the armamentarium of practicing anesthesiologists. 
Both the ACGME and ABA have recognized the impor-
tance of training residents in these skill sets and have set 
forward expectations for skills acquisition (ACGME) 
and subsequent verification of basic working knowledge 
in these areas (ABA). In addition to TEE and transtho-
racic echocardiography, lung ultrasound, and imaging of 
the inferior vena cava including the Focused Assessment 
with Sonography for Trauma and Focused Assessed 
Transthoracic Exam are growing in popularity.107,108

Teaching procedural skills in anesthesiology is challeng-
ing due to the complex interplay of knowledge, manual 
dexterity, and workflow elements, all of which need to 
be learned and applied in concert. Despite the synergy of 
training in all these areas simultaneously, most training pro-
grams focus solely on manual dexterity. Additionally, skills 
application is episodic in nature, resulting in loss of facil-
ity and requiring reacquisition of skills through repeated 
training.109 Furthermore, verification of proficiency relies 

on the assumption that participation in a fixed number 
of procedures will result in uniform learner proficiency; 
best evidence suggests that this approach is fundamentally 
flawed.110,111 Finally, there are few validated instruments 
for procedural skills assessment; most are simple checklists. 
There is a need for validated instruments that compare the 
performance of the trainee not only against a list of steps, 
but also against objective target metrics of experts in order 
to verify competence.112–115

techniques Utilized

Direct Observation. The most common approach to teaching 
procedural skills involves direct observation of skills by senior 
physicians, which is best facilitated by feedback (table 1). 
There are a variety of suggested approaches to providing 
feedback, including real-time, delayed, or video-based 
techniques.116–118 While immediate feedback to improve an 
element of performance may be provided effectively during 
the procedure, summative feedback (feedback on overall 
performance) should be provided later to avoid distraction 
and increasing cognitive load on the learner.119,120 Checklists 
of required elements can also be incorporated into review 
sessions to enhance the feedback quality to learners.121,122

Simulation. Partial task training has become a mainstay 
of procedural training (table 1). It is highly effective as a 
teaching modality and allows for low-stakes training of 
invasive procedures.123–126 Task training may be done with 
either high- or low-fidelity models.126,127 Low-fidelity 
models are useful for novices,128,129 but higher-fidelity 
models are often required to engage experienced learners 
and to assess communication skills and procedural team 
dynamics.130 Hybrid approaches, incorporating both live 
actors and procedural trainers, have also been successful in 
teaching communication and procedures simultaneously.131 
Task-trainer–based learning is most effective when 
supervised by an experienced educator who can provide 
feedback to improve performance.121,122 Limitations of task 
trainers can include availability of adequate resources to 
train learners simultaneously, expense, and availability of 
teaching staff. Incorporation of small group teaching, use of 
low-fidelity models where appropriate, inexpensive three-
dimensional printing of models,126,132 and peer teaching133 
can ameliorate some of these issues. Virtual reality and 
augmented reality, where additional visual cues are overlaid 
on the physical environment to enhance learning, are both 
popular and proving increasingly effective as a technique for 
teaching procedural skills.134–140

Live models and virtual reality simulators represent the 
dominant methods of teaching TEE and point-of-care ultra-
sound, supplemented by live patient encounters. Live models 
can help with teaching image acquisition skills for transtho-
racic echocardiography and lung ultrasound but are typically 
limited to healthy volunteers and thus cannot demonstrate 
complicating medical issues or show abnormal anatomy. 
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They also require set teaching times, based upon live models’ 
availability, and therefore result in limited exposures for learn-
ers. In contrast, simulators can be made available on flexible 
schedules and programed to show abnormal findings.141,142

theory-grounded Approaches to Skills training

Mastery Learning with Deliberate Practice. Mastery learning 
entails achievement of a high set standard for all learners 
regardless of the time and effort required to achieve these 
levels.143 If learners do not achieve these goals, they must 
retrain until they do so without limitations of time on training; 
standards are typically set by experts with consideration for 
best evidence and data.144 Deliberate practice is the pursuit 
of techniques known to augment performance above rote 
repetition. It is characterized by a desire of the learner to focus 
on the task and build on existing knowledge to formulate 
discrete goals requiring little instruction. Immediate 
feedback and performance data should also be provided 
as part of this process.145 Deliberate practice and reflection 
with mentorship allow for more rapid and comprehensive 
acquisition of skills and knowledge. Mastery learning and 
deliberate practice are synergistic approaches and represent 
the ideal framework to apply to simulation-based technical 
skills teaching.143 Mastery learning is superior to conventional 
techniques in terms of the degree of technical skill attained 
and compliance with required steps to ensure safety and 
reduce complications.146–148 A recent best evidence review 
of five basic anesthesiology procedures (provision of general 
anesthesia, airway management, spinal anesthesia, epidural 
anesthesia, and central line placement) suggests enhanced 
patient outcomes and decreased complications with mastery-
based learning, but mixed outcomes in terms of long-term 
retention and skill transfer.149 Mastery learning concepts are 
also being applied to point-of-care ultrasound training in 
anesthesiology, which will be discussed in detail later.111

Workflow and Communication Skills. Workflow and 
communication skills have been increasingly recognized as 
important to ensure that learners can practically apply skills 
in the clinical environment. Traditionally taught through 
the “hands-on” approach in the clinical environment, they 
should be included as part of teaching in the simulated 
environment in order to ensure consistent and safe skills 
performance.150,151

Cognitive Load and Task Complexity. Cognitive load theory 
suggests that, as working memory has limited capacity, more 
complex tasks take up increased amounts of that working 
memory. The more working memory required to complete 
a task, the more difficult it becomes to learn or accomplish at 
a consistently high level.120 Learner, patient, and supervisor 
features are associated with different types of cognitive load 
during procedural skills training.118–120,152,153 Optimizing 
factors impacting cognitive load (such as reducing fatigue 

and enhancing supervision and feedback) can improve 
initial learning.118 Repetitive simulation-based learning can 
reduce cognitive load and improve performance.152,153

Transferability. Making sure that skills are transferrable to 
the clinical realm requires different strategies than initial 
skill training. While skills are initially learned better by 
reducing variability and providing feedback, they also need 
to be practiced in situations with higher variability.119 Thus, 
a curriculum with graduated complexity is advisable.142,153

Spaced Learning. The spacing effect applies not only 
to knowledge retention but also to psychomotor skill 
development, as skills predictably decay over time if not 
reinforced. Students will lose technical skills between 6 
and 12 weeks after training without further practice.109 It is 
unclear what training interval will keep trainees from losing 
skills, but more frequent training results in more rapid skills 
acquisition.154 Distributed practice over time has been used 
to improve learning of surgical and resuscitative skills.35,155,156 
Both knowledge and skill acquisition are dependent on 
memory consolidation, and spacing allows this to occur.157 
The repetitive practice of several separate but related skills, 
as opposed to practicing one skill at a time until “mastery,” 
may also improve the learning of psychomotor skills.158

Retrieval Practice. The principle of retrieval practice can be 
applied to psychomotor skills and procedures that are retrieved 
from memory.159 However, it is important to emphasize that 
retrieval practice is based on the initial encoding or learning 
of the information prior to testing. Repeated testing such as 
an Objective Structured Clinical Exam may produce more 
favorable skills retention than repeated practice.36 In general, 
the type of retrieval that is practiced during learning should 
be a good match for the way in which the information will 
need to be retrieved and used in the future whether that 
is a written test, oral examination, mannequin simulation 
scenario, or standardized patient encounter (Objective 
Structured Clinical Exam).

Metrics for tee and Point-of-care Ultrasound

TEE and point-of-care ultrasound represent excellent 
examples of how innovative learning programs and met-
rics should be rigorously applied and assessed to gauge 
progress toward mastery. For live model sessions, metrics 
are typically limited to checklists of task completion, assess-
ment of quality of images obtained, or time spent acquiring 
images. While useful, they do not convey the entire range 
of skills required. Simulation-based metrics include the total 
path length taken to achieve the image, numbers of starts 
and stops, and latency/processing delay before beginning 
probe motion.160 Multiple studies in TEE and transthoracic 
echocardiography training have demonstrated similar pat-
terns of progression across a range of learner cohorts and 
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disciplines.112,113,161 The growing ability to compare images 
of learners to those of experts quantitatively enhances the 
objectivity of image quality assessment and eliminates the 
need for human raters.115

Integrated teaching and testing paradigms have been 
essential to the assessment of skills, knowledge, and work-
flow for point-of-care ultrasound and TEE.107,142,161–163 
Most incorporate multimodal elements of live workshops, 
simulation, online flipped classroom, and classroom-based 
learning. Testing takes the form of written exams, checklists, 
and analysis of simulator based motion data.142,160–162 Similar 
to other areas, Objective Structured Clinical Exam–type 
exams focused on demonstrating skills, workflow, interpre-
tation of images, and diagnoses are proving useful to assess 
ability of learners to apply these skills.163,164

The key question of transferability to the clinical set-
ting for TEE and point-of-care ultrasound skills has been 
addressed via several approaches. Assessment of image qual-
ity and exam time in live patients at the end of a simu-
lator-based course showed moderate quality images for 
trainees completing the course.112,113 Another approach 
involved course participants completing exams overread 
by experts, which suggested improvement in patient-level 
outcomes following the course.165 A more recent approach 
integrated a novel informatics-based solution to compare 
basic reports generated by trainees to elements of more 
complex reports generated by experts and showed excel-
lent agreement following course completion.114 While 
more work needs to be done, these studies suggest that 
skills learned outside the clinical arena can be transferred to 
point-of-care ultrasound or TEE in live patients.

teaching Professionalism
The ACGME requires programs to provide instruction and 
assessment in professionalism, which is more challenging than 
imparting knowledge and evaluating technical and clinical 
skills.166–168 One major educational challenge is the lack of uni-
versal agreement on the definition of, and criteria for, medical 
professionalism.167,169,170 Professionalism can be conceptualized 
differently based on virtues, personal attributes, behaviors, and 
identity formation processes.171–174 Some see professionalism 
as a unidimensional entity while others view it as a con-
struct that encompasses everything a doctor needs to fulfill 
the job.171 Some think that professionalism is a commitment 
to lifelong self-directed learning for improvement, demon-
strating compassion and respect to patients, yet some frame 
professionalism under a legal and regulatory model.171,172 It is 
a concept in flux.175 Professionalism is essentially unteachable 
from the perspective of those who define professionalism as 
an attitude.167,168 The mainstay for teaching and assessing med-
ical professionalism has focused on professionalism as compe-
tencies that can be observed and described by behaviors, traits, 
and roles.167,172,174 According to the ACGME milestone frame-
work, professionalism competencies involve strong interper-
sonal and communication skills as well as commitment to, and 

care of, others and oneself, which are separated from the med-
ical knowledge competency.176 Nonetheless, some scholars 
believe that specialty expertise, including medical knowledge 
and clinical skills, is a key component of professionalism and 
that it is artificial to differentiate between medical knowledge 
and professionalism.168

Another challenge in teaching professionalism is the dif-
ficulty in standardizing a formal curriculum, as much of 
professionalism is learned through “hidden curricula,” the 
informal curricula that cultivate alternative norms, values, 
attitudes, and domains of learning.169,170,172,177 Sometimes 
formal and hidden curricula contradict each other and 
create confusion, misunderstanding, and even cynicism in 
learners.172 Diversity in the perception of professionalism 
due to generational and cultural differences also add to the 
challenge in the design, implementation, and evaluation of a 
curriculum.172 In their 2013 systematic review, Birden et al. 
identified over 200 papers describing methods to teach pro-
fessionalism, but few studies reported evaluation data.167 The 
most commonly adopted strategies in teaching profession-
alism were role modeling and guided personal reflections.167

role Play

Role play, a form of active learning, can be used to teach 
communication and professionalism. In role play, the learn-
ers act as themselves or a scripted character, typically a 
patient or clinician. The amount of detail involved in the 
script that the learner follows can vary. The role can be 
entirely scripted, improvised based on a brief description, 
or somewhere in between.178 Using the concept broadly, 
role play can be viewed as a form of simulation in which 
the learners play themselves in a scenario with a standard-
ized actor. However, for our purposes, the definition will 
be more specific to the replacement of standardized actors, 
allowing learners to experience the perspectives of other 
team members (e.g., surgeon, nurse, patient) while simulta-
neously decreasing the resource utilization of the learning 
experience by reducing the need for standardized actors.

To our knowledge, there are no data supporting role 
play in graduate medical education. It is suggested that role 
play can increase learners’ awareness of their usage of body 
language, teach empathy, and provide insight into personal 
communication skills, fears, and emotions.179 A study done 
with medical students comparing the use of standardized 
patients to the use of learners playing the role of the patient 
found that both methods improved learners’ communica-
tion skills, but learners felt they had a better understanding 
of the patient perspective when they had the opportunity 
to play the patient themselves.180

There may be some stigma associated with the idea of 
role play in medical education. One study showed that prior 
to participating in a role play exercise, only 77% of med-
ical students thought it would provide insight into their, 
and others’, behaviors and allow them the opportunity to 
practice skills. The remaining students expressed feelings of 
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anxiety, fear, intimidation, and embarrassment. However, 
after participating in role play, 99% of these students 
thought it was helpful in allowing them to practice their 
skills in a safe environment with immediate feedback.178 In 
order to provide a nonthreatening environment, it is critical 
to clarify the learning objectives in advance both to define 
ground rules and to allow for adequate time for preparation 
and role play.181 It is also recommended to actively include 
all learners in the role play exercise. This can be done by 
breaking into groups of three in which one person is the 
doctor, one the patient or other health professional, and the 
third an observer whose role is to provide feedback.182

Assessment

The assessment of professionalism as a complex, multi-
dimensional construct entails a combination of tools171 
(table 1). In their systematic review, Wilkinson et al. iden-
tified nine categories of assessment tools that have been 
used separately or jointly, including (1) observed clinical 
encounters, (2) collated views of coworkers, (3) records of 
incidents of unprofessionalism, (4) critical incident reports, 
(5) simulation, (6) paper-based tests, (7) patients’ opinions, 
(8) global views of supervisors, and (9) self-administrated 
rating scales.171 More recent techniques, such as the use of 
simulated data and situational judgment tests, may also be 
useful to assess and teach professionalism, especially if the 
concept is defined by observable behaviors.183,184

There is recognition of the importance of professionalism 
teaching within anesthesiology, but research has been lim-
ited.185,186 Some programs have focused on curricular devel-
opment, while others aimed to promote enhanced feedback 
to reinforce professional behavior.185,187,188 Further research 
in graduate medical education is needed in this domain.

experiential learning: Knowledge, Skills, and 
Professionalism
Anesthesiologists have been using mannequin-based simu-
lators in nonpatient care settings to enhance knowledge and 
skills of learners for decades.189,190 Since simulated clinical 
experience is a core requirement for anesthesiology resi-
dency training programs, many anesthesiologists are familiar 
with the benefits of learning novel concepts, or solidifying 
previously learned skills, in a low-stakes environment like a 
simulation center.91 Traditionally, residency programs focused 
their simulation-based educational efforts on the core com-
petency areas of medical knowledge, patient care, and proce-
dural skills, by teaching basic anesthesia principles, responses 
to anesthesia-related emergencies (e.g., crisis resource man-
agement), and “trouble-shooting” common anesthetic 
issues.191 However, simulation-based Objective Structured 
Clinical Exams are uniquely designed to provide both for-
mative and summative assessment of all core competency 
areas including professionalism, interpersonal and commu-
nication skills, and practice-based learning and improvement.

An Objective Structured Clinical Exam consists of a 
series of brief stations or clinical scenarios, where a vari-
ety of technical and nontechnical tasks are completed. 
Examiners either complete an objective checklist of behav-
iors or provide a global rating score to evaluate examinees 
based upon observing their performances within each indi-
vidual station. With evaluations from a variety of skill areas, 
completed by different examiners at each station, Objective 
Structured Clinical Exams provide a comprehensive eval-
uation of an examinee.192 The use of Objective Structured 
Clinical Exams in “high-stakes” situations (e.g., board cer-
tification) for anesthesiologists has been occurring for sev-
eral years. In the United Kingdom, the Royal College of 
Anaesthetists  (London) delivers an Objective Structured 
Clinical Exam of 17 brief stations where examinees are 
evaluated in a variety of skill areas such as history taking, 
physical examinations, x-ray film interpretation, electrocar-
diogram interpretation, resuscitation, and safety checks of 
anesthesia equipment.193 Alternatively, the Israeli Board of 
Anesthesiology (Jerusalem) delivers an Objective Structured 
Clinical Exam for board certification where examinees are 
exposed to five longer mannequin-based scenarios focusing 
on trauma and crisis management, resuscitation, mechani-
cal ventilation, and regional anesthesia.194 The ABA recently 
implemented an Objective Structured Clinical Exam as 
part of the APPLIED examination.195 The ABA recognized 
that the written and oral examinations assessed lower lev-
els of competence and they were not assessing higher level 
competencies required in clinical practice such as commu-
nication, professionalism, and certain technical skills.196

High-stakes implications and summative assessments 
are not the only use of an Objective Structured Clinical 
Exam. Rather, an Objective Structured Clinical Exam can 
provide formative feedback to learners, educators, and an 
educational program as a whole (e.g., residency program).197 
For instance, an anesthesiology department may decide to 
implement a new teaching module into their educational 
program on an emerging topic relevant to clinical practice 
(e.g., point-of-care ultrasound). In order for the department 
to evaluate the effectiveness of implementing the program, 
an Objective Structured Clinical Exam could be adminis-
tered to assess examinees’ performance of the skills taught 
in the program. The result from the Objective Structured 
Clinical Exam would then give feedback to learners regard-
ing their personal deficits, educators on areas to focus their 
training, and the department regarding resource utiliza-
tion and overall efficacy of the training program. Objective 
Structured Clinical Exams may also play a role in evalu-
ating ACGME subcompetency milestone achievement.92 
Evidence is emerging that a resident’s performance in an 
Objective Structured Clinical Exam is associated with 
both their experience level and performance on standard 
clinical evaluations.198 As a result, an Objective Structured 
Clinical Exam could be used as an alternative option to 
assess competence on certain milestones that are either 
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hard to capture (e.g., “Patient Care 5 – Crisis Management” 
when there is a moral imperative for the most competent 
physicians to intervene in the crisis) or those in which an 
opportunity for assessment is infrequent or unpredictable 
(e.g., “Professionalism 2 – Honesty, Integrity, and Ethical 
Behavior” when an opportunity to evaluate a resident 
addressing an ethical issue may not arise).

As part of the ABA Maintenance of Certification in 
Anesthesiology process, board-certified anesthesiologists 
have been participating in simulation courses to satisfy 
a portion of Part IV of Maintenance of Certification in 
Anesthesiology 2.0. During Maintenance of Certification 
in Anesthesiology simulation courses, anesthesiologists par-
ticipate in high-fidelity scenarios focusing on management 
of difficult patient care situations, with emphasis placed 
on teamwork and communication.199 The course allows 
anesthesiologists to reflect on their experiences and sub-
sequently propose practice improvement plans. Follow-up 
evaluations from the simulation course demonstrate that 
greater than 90% of participants successfully implement 
some or all of the planned practice improvements.200 
One drawback of the Maintenance of Certification in 
Anesthesiology simulation program is the logistical chal-
lenge presented to anesthesiologists regarding the need to 
take time from their practice to travel to simulation centers. 
However, in the summer of 2017, the American Society 
of Anesthesiologists and Canadian Aviation Electronics 
Healthcare released a novel suite of screen-based high-fi-
delity simulation scenarios known as Anesthesia SimSTAT 
(table  2). The simulation scenarios are computer-based 
and set in a gaming environment with the same goal of 
improving performance in managing anesthesia-related 
emergencies. The scenarios allow the anesthesiologist to 
interact with realistic diagnostic and monitoring equip-
ment in a virtual three-dimensional operating room. Upon 
completion of the scenarios, anesthesiologists are provided 
with data-based feedback on their performance, identifica-
tion of strengths, and opportunities for improvement.

Simulation is also being used to address burnout, which 
is a significant area of concern for anesthesiologists.201 
However, instead of using simulation to train anesthesiolo-
gists regarding burnout, nonmedical persons involved in the 
social support of anesthesia providers are being educated 
on the tasks, expectations, and stressors anesthesiologists are 
exposed to in an attempt to enhance understanding.202 The 
simulation exercises consist of hands-on activities (e.g., use 
of a task trainer to learn how to perform a procedure such 
as an epidural) and observation and debriefing of a high- 
fidelity simulation of a critical event in the operating room. 
As a result of these experiences, anesthesiologists may have 
an improved ability to communicate with their social sup-
port persons regarding their daily activities, which may lead 
to improved social relatedness and subsequently enhanced 
wellness of providers.

evidence-based education in Anesthesiology: 
challenges and Future
Many educational theories  and methods have been stud-
ied outside of graduate medical education. However, there 
are major differences between students outside of gradu-
ate medical education and anesthesiology residents.11 Most 
students utilize a classroom-based learning environment in 
which they are expected to prepare ahead of time. They 
often have dedicated study time, and their primary role is 
that of a learner with minimal other responsibilities. Our 
residents learn on the job while taking care of patients, 
which is their primary role. Study time is limited due to 
clinical duties. Additionally, whereas most students are eval-
uated through frequent formal testing, our resident learners 
undergo less frequent, but higher-stakes, examinations.203

Although there is great need for additional educational 
research in graduate medical education, it is inherently 
challenging. Although it is often critiqued in the same way 
that one might critically assess basic science research, it 
is intrinsically different. Sample sizes are often small, due 
to the size of residency programs. It is difficult to control 
for confounding variables in a learning environment, and 
there may be disagreement on which variables are import-
ant.11 Additionally, learner randomization may be uneth-
ical or impractical.204 Our definitive goal is to improve 
residents’ application of knowledge, problem solving, and 
ultimately patient care;12 but it can be difficult to assess 
these endpoints. It is often logistically easiest to utilize 
instruments comprised of multiple-choice exams; these 
questions will not be successful in assessing the higher lev-
els of Miller’s pyramid21 or application of adaptive learning 
principles.12

Multiinstitutional educational studies in anesthesiology 
are needed to help develop and evaluate evidence that will 
optimize learning of knowledge, skills, and attitudes/profes-
sionalism in this specialty in the future.

conclusions

Although there are many ways to educate our anesthesiol-
ogy learners, we have presented techniques with variable 
levels of demonstrated efficacy in medical education (fig. 1). 
Education is an ever-evolving field. Anesthesiologists must 
continue to develop and implement innovative approaches 
for their residents’ education. It is vitally important to assess 
and validate educational methodologies in order to provide 
evidence-based best practices for teaching knowledge, skills, 
and professionalism to anesthesiology learners. Figure  1 
provides suggestions on how to incorporate some of these 
novel educational methods at your institution.
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