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method were established, checklist items and clinical

scenarios used in the study, and item descriptions and

performance grading.

Introduction

Applying learning theories1–3 and competency assessment4–6

of nontechnical and technical skills7,8 cannot be accom-

plished using only traditional examinations,9–12 including

objective structured clinical examinations (OSCEs) and

multiple-choice questions. These examinations fail to

capture the uncertainty that will be encountered in some

clinical scenarios. Problem solving in the operating room

requires knowledge and experience.10 Current evaluations

(including simulation-based assessments) typically measure

basic knowledge and performance rather than competency

in the complex tasks of acute care.13 This is why it is

important to develop better methods to measure acute care

clinical performance. Simulation could be used to measure

advanced nontechnical cognitive diagnostic and therapeutic

management skills and the ability to integrate knowledge,

judgment, communication, and teamwork into the simu-

lated practice setting.

In this article, we follow the definition of anesthesia

nontechnical skills (ANTS).14–18 These ANTS include task

management, teamwork, situation awareness, and decision

making. Technical skills are those that are not ANTS: basic
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Abstract

Background Problem solving in a clinical context
requires knowledge and experience, and most
traditional examinations for learners do not capture
skills that are required in some situations where there is
uncertainty about the proper course of action.

Objective We sought to evaluate anesthesiology
residents for deficiencies in cognitive performance
within and across 3 clinical domains (operating room,
trauma, and cardiac resuscitation) using simulation-
based assessment.

Methods Individual basic knowledge and cognitive
performance in each simulation-based scenario were
assessed in 47 residents using a 15- to 29-item scenario-
specific checklist. For every scenario and item we
calculated group error scenario rate (frequency) and
individual (resident) item success. For all analyses, alpha
was designated as 0.05.

Results Postgraduate year (PGY)-3 and PGY-4 residents’
cognitive items error rates were higher and success rates
lower compared to basic and technical performance in
each domain tested (P , .05). In the trauma and
resuscitation scenarios, the cognitive error rate by PGY-4
residents was fairly high (0.29–0.5) and their cognitive
success rate was low (0.5–0.68). The most common
cognitive errors were anchoring, availability bias,
premature closure, and confirmation bias.

Conclusions Simulation-based assessment can
differentiate between higher-order (cognitive) and
lower-order (basic and technical) skills expected of
relatively experienced (PGY-3 and PGY-4) anesthesiology
residents. Simulation-based assessments can also
highlight areas of relative strength and weakness in a
resident group, and this information can be used to
guide curricular modifications to address deficiencies in
tasks requiring higher-order processing and cognition.
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and technical knowledge (gathering information, prepara-

tion, and working with protocols and checklists)11,19–23 and

psychomotor skills (spatial perception, eye-hand coordi-

nation).8 The ANTS can also be divided into cognitive skills

(decision making, planning, strategy, risk assessment,

situation awareness) and interpersonal affective skills

(teamwork, communication, leadership). Both are neces-

sary for safe and effective performance24,25 and represent 2

legs in the skills triangle with psychomotor skills being the

third leg (F I G U R E 1).7,8 The ANTS concept was designed

using methods of task analysis similar to the model used for

pilots.15,26 ANTS include the main nontechnical skills

(cognitive and affective) associated with good anesthetic

practice11,19,27 that should be specifically taught and evalu-

ated in all anesthesiology training programs.28–30 Cognitive

errors are thought process errors that lead to incorrect

diagnoses or treatments. Understanding and correcting

cognitive errors31 cannot be overemphasized (a table of

ranked cognitive errors is provided as online supplemental

material). A goal for each resident within an anesthesiology

training program should be to explore, define, and pinpoint

his or her own cognitive errors, and the program should plan

an education strategy designed to decrease these errors.

To accomplish this goal, we used a well-established

simulation-based assessment design that integrates OSCE

modalities into assessment of anesthesiology residents.32–35

This method of testing knowledge and exploring cognition by

discussion interrogation during simulated scenarios was

developed by the Israeli Board of Anaesthesiology Examina-

tion Committee.33,34 Using scenarios similar to those devel-

oped in Israel provided an opportunity for direct comparison

of trainees in American and non-American residencies36,37 and

exploring the portability of such scenarios.

Our primary aim was to evaluate the deficiencies in

cognitive performance according to error rates and

performance grades within and across different clinical

domains, and between postgraduate year (PGY) levels.

Based on our previous work,32 we hypothesized that we

would uncover some deficiencies in knowledge and skills,

and that there would be fewer higher-order cognitive

deficiencies in graduating compared with starting PGY

residents.

Methods

Assessment Model

We followed an evaluation model that integrates assess-

ment of lower-level knowledge and basic skill learning with

What was known

Traditional assessment is not suited for measuring skills in uncertain
situations that require higher-order cognitive processing.

What is new

Simulation-based assessment differentiated between higher-order
(cognitive) and lower-order (basic and technical) skills in relatively
experienced anesthesiology residents.

Limitations

Single-institution study and limited sample reduce generalizability.

Bottom line

Gaps in anesthesia nontechnical skills (ANTS) can be addressed at the
level of the individual trainees or, for recurring themes, should inform
curriculum development.

F I G U R E 1 Affective, Cognitive, and Psychomotor

Skills Evaluated During Each Stage of

a Scenario

Affective (interacting) skills: (a) receiving information, (b) responding,
(c) valuing, (d) organizing, and (e) commitment (see the affective circle);
cognitive (thinking) skills: (a) basic knowledge, (b) comprehension, (c)
application, (d) analysis, (e) evaluation, and (f) creation (see the cognitive
circle); psychomotor (doing) skills: (a) technical information (spatial
perception, guided response, eye-hand coordination), (b) no supervision,
(c) technical complexity and adaptation, and (d) origination (see the
psychomotor circle).

ANTS: combination of anesthesia-nontechnical skills (affective and
cognitive skills).
Stage 1: In this stage of each scenario we evaluated basic and technical
knowledge, receiving information, and responding (lower skill level is
represented by the shaded areas) with affective skills (see the area
enclosed in the triangle and the affective circle); stage 2: In this stage of
each scenario we evaluated mainly cognitive skills (see the cognitive
circle).
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assessment of higher levels of attitude, skills, behavior, and

cognition.21 That model integrates Miller’s 4 progressive

capabilities: understanding (knows), application (knows

how), integration (shows how), and practice (does).23

Knowledge is the base of this framework and action or

doing is at the top.

To accomplish this we used an established simulation

design that integrated OSCE modalities into the assessment

process for anesthesiology residents (F I G U R E 1).32–35 In the

first stage of each scenario we evaluated basic and technical

knowledge (lower skill level)23 with affective skills.8 In the

second stage we evaluated mainly cognitive skills.8

Scenarios

Two similar but not identical scenarios were used in each of

3 clinical domains (cardiac resuscitation, trauma manage-

ment, intraoperative crisis management) in a simulated

environment. These 6 scenarios were originally developed

and used by the Israeli Board of Anaesthesiology Exami-

nation Committee.32–36 Faculty members in the Department

of Anesthesiology at the University of Florida, assisted by

educational experts (an assistant dean for medical educa-

tion and an assistant professor of medical education),

translated and adapted the material and methods with

adherence to scenario protocol, language, and assessment

tools.

Assessment Tools

Individual performance in each scenario was assessed using

a 15- to 29-item scenario-specific checklist. Applicable

items of the checklist differed by scenario, and thus a

different number of total items was applied to each

scenario. The checklist included evaluation of basic

knowledge and cognition. In the first stage (10 to

15 minutes), the examinee handled a simulated case while

the examiner followed the preset evaluation checklist and

observed passively. In the second stage (10 to 15 minutes),

the examinee was asked and scored about the rationale

behind actions (or inactions) in the immediately preceding

scenario. All questions, such as asking for clarifications,

were handled and presented to the examinees in a similar

fashion and were dependent on the examinee’s perfor-

mance in the first stage; they were intended to explore the

reasoning and logic behind the examinee’s ANTS perfor-

mance. Basic knowledge checklist items were scored as

done or not done. Criteria for a well-performed task were

provided to the evaluators to standardize the measure of

quality. All checklist items were weighted equally (provided

as online supplemental material). The evaluation checklist

was in a Yes/No format to minimize bias38,39 and included

only checklist items scored in a binary format (done/not

done). This checklist scores performance using the

item-based Angoff method,38,39 which relies on experts who

examine the content of each question (item) and then

predict how many minimally qualified candidates would, in

a binary format, answer the item correctly.

Participants

A total of 47 PGY-2 through PGY-4 residents participated

80 times in the simulation assessment. After obtaining

informed consent, each resident received oral instruction and

printed materials explaining the study objectives (of evalu-

ating teaching or learning errors), and assurance that results

were confidential and had no impact on their residency

program evaluations. All residents had prior orientation to

the high-fidelity Human Patient Simulator as part of their

curriculum. Practice and assessment of clinical skills in a

simulator environment was not novel to the participants.

Study Protocol

Each resident performed 1 or 2 different scenarios from 1

or 2 clinical domains (provided as online supplemental

material). The only reason not to limit the study to 1

scenario per resident was to overcome the difficulty in

resident availability.

Assessors

All residents were evaluated in real time (not via video) by

the same experienced evaluator (A.S.), who was part of the

original Israeli Examination Committee responsible for

developing the OSCE component of the examination33,34

and had participated as an examiner in Israel. This

evaluator had no clinical interaction with the residents

during the study period and was blinded to the residents’

PGY level. The assessor followed the original Israeli

examination instructions.33,34

Scoring

Each item in the assigned scenario was scored as 1 or 0 (ie,

correct or incorrect, respectively). Proportions of items

performed satisfactorily in each scenario were calculated.

Error rates were calculated as the rate at which the

examinees did not perform items.

The study received approval by the University of

Florida Institutional Review Board. Informed consent was

obtained from all examinees.

Calculations

For every item in each scenario, the following parameters

were calculated as previously described32,34,35 and compared

between PGY groups:

& Group (PGY) error rate: The ratio of total errors

made in a scenario by a certain PGY group to the

total number of items answered by all residents in

that PGY group for that scenario.
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& Item performance grade: Ratio of residents who

performed an item satisfactorily in a scenario to the

total number of residents who managed the same

scenario.

& Individual (resident) success rate: Ratio of items

answered satisfactorily to the total number of items

in a scenario.

Group error rate gives information about how much error

examinees in a certain PGY level make for a specific

scenario whereas item performance grade gives information

about the performance of examinees for each item and

hence the difficulty level of the item.

Statistical Analysis

Individual success rates are presented as mean 6 SD;

grouped error rates are presented as ratios of errors for

each scenario within a clinical domain for each PGY level.

We tested whether individual success rates were signifi-

cantly different between scenarios within each domain

using t tests and Kruskal-Wallis tests. An equivalence test

was conducted between scenarios in each domain.40 Group

error rates for nontechnical and technical items were

compared for each scenario within each PGY by using a 2-

proportional z-test. Scenarios within each domain and PGY

level were similarly compared for error rates.

Linear mixed models were used to compare individual

success and error rates between PGY groups. PGY level,

domain, and scenario were considered fixed effects and

identification of the resident was considered a random

effect in order to adjust for correlations among obser-

vations from the same subject. The Kenward-Roger

method was used to calculate the denominator degrees of

freedom due to the unbalanced study design. The Tukey-

Kramer method was used to adjust for multiple com-

parisons. For all analyses, alpha was designated as 0.05.

Data were analyzed using SAS 9.3 (SAS Institute Inc,

Cary, NC).

Cognitive Errors Analysis

All items tested in each scenario script were evaluated,

concentrating on the grouped error rates . 0.7 by the

graduating PGY-4 group during the first (noncognitive)

stage and the second (cognitive) stage. We then related the

deficiencies we observed to a list from a recent publication

that identified important cognitive errors in anesthesiology

practice.31

Results

Eighty examinations were conducted over 4 months with

47 different residents: 18 PGY-2, 13 PGY-3, and 16 PGY-

4. Fifteen residents were tested on only 1 scenario, 29

(randomly on the basis of availability) were tested on 2

scenarios from 2 domains, and 3 were tested on 3 scenarios

from 3 domains.

The T A B L E presents the distribution of residents in

each scenario within each domain by their PGY level and

number of items tested (15 to 29 items) in each scenario.

There were no significant differences in the ratio of

cognitive to noncognitive items between or within domains.

F I G U R E 2 presents the error rate for each scenario

within each domain by PGY level. The error rate for the

cognitive items was higher for all residents than the

noncognitive within each domain and for most scenarios.

There were no significant differences in error rates

between the pair (scenario 1 versus 2) in resuscitation or

operating room (OR) domains for all items (P 5 .14 or P 5

.44, respectively) within any of the PGY levels, whereas the

difference in error rates was significant for trauma scenario

1 versus 2 (P 5 .001) for PGY-2 versus PGY-4 residents.

When we investigated differences in error rates for

noncognitive or cognitive items, a significant difference

within pairs of scenarios (error rates in scenario 1 versus 2)

was found only in the OR among PGY-3 residents tested

for cognitive performance and in trauma for PGY-2 and

PGY-4 residents for noncognitive performance.

F I G U R E 3 presents the success rate for residents in each

scenario within each domain by residents’ PGY level. The

success rate was lower for the cognitive items than the

noncognitive items for at least 1 of the scenarios within

resuscitation and trauma among PGY-2 and PGY-4

residents. The cognitive success rates by PGY-4 residents

were 0.5–0.68, and significantly lower than the noncogni-

tive success rate for resuscitation and trauma.

Difference in overall (all items) success rates between

the 2 scenarios within a clinical domain was significant

only for trauma. A difference between the 2 scenarios was

significant for cognitive success rates only among PGY-3

residents for the OR (P 5 .02) and for noncognitive

performance among PGY-4 residents for trauma (P 5 .02).

A list of items tested with performance grades , 0.6 for

each item among the PGY-4 group and the error in each

item related to known possible cognitive errors is provided

as online supplemental material.31 The most common

cognitive errors observed in the resuscitation scenarios

were availability bias (choosing a diagnosis because it is in

the forefront of your mind due to an emotionally charged

memory of a bad experience) and premature closure

(accepting a diagnosis prematurely, or failure to consider

reasonable differential of possibilities); the most common

cognitive errors in the trauma scenarios were anchoring

(focusing on a single issue at the expense of understanding

the whole situation) and premature closure; and the most

common cognitive errors in the OR scenarios were

anchoring, availability bias, premature closure, and
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confirmation bias (seeking or acknowledging only infor-

mation that confirms the desired or suspected diagnosis).

Discussion

For PGY-3 and PGY-4 residents the error rates were higher

and success rates lower for the cognitive items compared

with the noncognitive items in each domain tested. The

most common cognitive errors in all 3 domains were

ranked within top cognitive errors (anchoring, availability

bias, premature closure, confirmation bias).31

Similar cognitive errors were also found in other US

programs,31 and our findings are similar to the results of a

preliminary study that showed higher error rates in clinical

domains with more cognitive or advanced knowledge

items.41 Also, when comparing the results of OSCE

scenarios previously used with non-US graduating resi-

dents32 to those in our program we observed comparable

error rates, performance grades, and pass rates for the

US and non-US (Israeli) graduating PGY-4 equivalent

residents.

Our findings indicate that even graduating (PGY-4)

residents remain challenged by advanced cognitive pro-

cesses, probably because of training (teaching and learning)

challenges. Because cognitive qualities of comprehension,

application, analysis, evaluation, and decision making are

highly important and at the top of necessary clinical skills

or competence or performance (as a higher-order skill

rather than knowledge retention),23 our main findings are

important and very different from our hypothesis.

When tested in scenarios designed to evaluate cognitive

performance, PGY-4 resident performance was most

deficient in higher-order items in resuscitation and trauma

but not in the OR scenarios. However, even in better-

performed OR scenarios we still found significant cognitive

errors; again, the most common higher errors were

anchoring, availability bias, premature closure, and con-

firmation bias. These advanced ANTS items are higher-

order decisions, such as choice of actions and interventions

or comprehensive differential diagnosis, not basic knowl-

edge of treatment.

We based our examination on testing for Minimal

Requirement Task Performance (used in the OSCE34,35),

and almost half or more of the tasks are basic knowledge

and technical skills (47% in OR, 61% in trauma, and 68%

in resuscitation scenarios; T A B L E). It appears that although

a smaller number of the tasks and items were advanced or

applied knowledge and skills, this type of task was more

problematic (and had higher error rates) for residents in

each PGY.

The definition of performance in anesthesia varies

dramatically—from vague (vigilance, data interpretation,
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plan formulation, and implementation42) to very technical,

organized, and detailed (gathering information, equipment

preuse preparation and check, induction technique, intra-

operative checks, postoperative management, airway as-

sessment).13,19 Some investigators evaluate performance in

anesthesia by separating basic (gathering information)

or technical knowledge (initiating and working with

protocols, reviewing checklists) from the cognitive and

behavioral or affective (decision making and team inter-

action) aspects.43,44 This separation is based on strong

analogies to performance during management of critical

events in aviation.44 It is important to measure these 2

aspects of skilled performance separately in managing

crisis situations: basic technical actions from appropriate

crisis solving and management ANTS behaviors.

These nontechnical skills are highly important, and

should be looked for.23

To achieve performance at a high level for both

noncognitive and cognitive skills, learning objectives and

curriculum or teaching should be adjusted to address the

deficiencies identified. There are still many questions

regarding which errors are most important to address and

F I G U R E 2 Error Rate for All Cognitive/Noncognitive Items According to the Specific Scenario and

Postgraduate Year (PGY)

F I G U R E 3 Grouped Success Rates for All Items According to the Specific Scenario and Postgraduate Year (PGY)
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which adjustment learning strategies are most appropriate

and effective in anesthesiology.45–53

Study Limitations

Our study has several limitations. The study was conducted

at a single institution, we did not perform a comprehensive

calculation of sample size, and a limited sample of residents

was used, limiting generalizability. This study is also limited

in its ability to differentiate learning (by the residents) from

teaching (according to a systematic curriculum). Despite a

consensus that anesthesia acute care skills should be taught

systematically and perhaps using simulation,28 these skills are

taught sporadically rather than systematically. If they had

been taught systematically, it would highlight a very different

problem and suggest a problem with the teaching methods.

We did not consider the more advanced clinical year as

the sole indicator of competence. The simulation-based

format of our practical examination tested the upper level

of competence—the ‘‘does’’ stage of Miller’s model of

medical competence.23

We do not have a very good understanding of how cues

in the simulated environment affect decision making and

problem solving. Thus, what we are witnessing may in part

be due to the limitations of using simulation for summative

assessment. For example, residents often perform relatively

well in resuscitation scenarios because the cues received in

the simulated environment are often clear-cut (eg, arrhyth-

mia on monitor) and the treatment follows well-known

algorithmic approaches (eg, Advanced Cardiovascular Life

Support). Scenarios that are less clear-cut (eg, evolving

hypertension or hypotension) may depend on multiple cues

from various sources with varying degrees of fidelity.

Conclusion

A cognitive and noncognitive simulation-based skills

assessment that included ANTS–identified areas of strength

and weakness can be used to guide an anesthesiology

residency curriculum. Such ANTS deficiencies need to be

addressed in any training program. Gaps identified during

debriefing can be used to adjust learning, and gaps that are

recurring themes should inform curriculum development.
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