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’ What are “Nontechnical Skills” (NTS)?

NTS are theAQ1 social, personal, and cognitive abilities that complement
technical skills.1 Historically, these skill sets fell under the category of
“soft skills,” which did not interest health care professionals because they
were not considered quantitative, rigorous, or reproducible. Conse-
quently, these skills were not consistently taught to new learners, were
not explicitly developed, and were tacitly adopted into practice. By
contrast, psychologists have long appreciated that many of these “human
factor skills” enhance workers’ performance and minimize error rates.2

Although there is no definitive list of essential NTS, many authors have
utilized several frameworks, including:
� Crew Resource Management (CRM).
� Anesthesia Non-Technical Skills (ANTS).
� Emotional Intelligence (EI).
� Team Cognition: knowledge, skills, and attitudes (KSA).
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Despite the multiple approaches, the overlap of skills between each NTS
methodology is substantial (Fig. 1). As a result, the level of overlap in each
framework leads to the simultaneous development of the others. In this paper,
we will chronicle the emergence and development of NTS, their utilization in
the health care field, the various approaches for implementing NTS training
in an acute care medicine curriculum, and future goals and challenges.

NTS: A Historical Perspective

The aviation industry was the first to recognize the significant impact of
NTS on safety over 40 years ago. The advent of the cockpit voice recorder
led to the recognition that communication and human error were the root
causes in a series of commercial aviation accidents. In the Tenerife crash of
1977 (Fig. 2), miscommunication between 2 crews and the control tower
resulted in 2 jumbo jets crashing into each other on an active runway,
resulting in the loss of 583 lives. In 1989, a crash in Kegworth, United
Kingdom, killed 47 passengers when the crew inadvertently shut down the
wrong engine mid-flight. The recordings from cockpit voice recorders
showed that conversations in the cockpit before accidents were rife with
poor team coordination, communication breakdowns, inattentiveness, poor
decision-making, and a dearth of leadership. Further, evaluations of black
box recordings from aviation accidents have shown that over 70% of
accidents have resulted from pilot error.3,4

The alarming realization that pervasive nontechnical failures were the
leading cause of accidents and deaths led the aviation industry to develop a
reliable and valid list of NTS for good airmanship. The approach was a
“bottom-up” design that first sought to elicit data (eg, tacit components of
good aviation skills) and then build these data into a framework. The
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Figure 1. Schematic depiction of the substantial overlap in skills between the various approaches
used to develop nontechnical skills. ANTS indicates anesthesia Non-Technical Skill; CRM, crisis
resource management; KSA, knowledge, skills, and attitudes.
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Directorate General of Civil Aviation developed the Non-Technical Skills
(NOTECHS) program to assess pilots’ NTS performance to help minimize
pilot error and increase aviation safety. NTS are now considered essential
attributes for pilots2 and have become hardwired into aviation training in
CRM.5 CRMdescribes itself as “a management system whichmakes optimum
use of all available resources—equipment, procedures, and people—to
promote safety and enhance efficiency of flight deck operations.”6 Today,
CRM has led to a decrease in nontechnical pilot errors. Other industries,
including the armed forces, prisons, nuclear power, chemical manufacturing,
emergency services, and health care, have followed suit and adopted similar
training mechanisms.

Anesthesiology, surgery, and aviation share work environments that
are complex, dynamic, and stressful. Critical events occur at a nexus that
involves multiple participants under intense pressure and time con-
straints. For example, patients undergoing anesthesia and surgery and
passengers flying on commercial airlines entrust their lives to anesthesia
and surgical team members and airplane crews, respectively. Similarly,
human error, as in aviation, is the most common cause of anesthesiology-
related complications for patients in the perioperative process.7,8

The NTS Movement

NTS in Health Care Human factors not primarily related to clinical
knowledge or technical skills play a major role in >80% of anesthesiology-
related complications. In response, an assessment and training method for
NTS, specifically ANTS, has been designed specifically for the field of
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Figure 2. Aviation accidents such as the Tenerife crash triggered reflections on safety and
nontechnical skills in anesthesiology and surgery some 40 years ago. Photograph reprinted with the
permission of photographer/crash survivor David Y. Alexander, from his book “Never Wait for the
Fire Truck.”
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anesthesiology.7,9 A growing body of literature underscores the point that
technical skills are necessary, but not sufficient by themselves to maintain
high levels of performances or a high-reliability organization. Gaba10 has
pointed out that “the issue of patient safety is no longer a hidden epidemic.”
To address this NTS gap head-on, the United Kingdom has assimilated
NTS training programs and competencies into its medical practice.
Physicians practicing in the United Kingdom go through a “revalidation
process,” which includes an assessment of communication, teamwork, and
leadership skills, as defined by the General Medical Council in their “Good
Medical Practice” document. Mandatory courses addressing team leader-
ship and resource management have been integrated into the postgraduate
training path, and the emphasis on human factors’ impact in resuscitation
practice has been introduced into the obligatory advanced life support
courses.

Team Cognition in Health Care As the aviation industry adopted the
principles of CRM, psychologist Eduardo Salas applied a similar focus in
health care. He found that medical teams are at a significant disadvantage
because of the infrequency with which they work together, their task
interdependency, and the absolute mutual reliance required to perform
their shared goals.11 For a team to be successful, efficient, and overcome
these obstacles, he found, the members had to manifest a certain composite
of KSA. A team that reliably demonstrates KSA has high team cognition,
which shifts the emphasis from the individual to the team (Fig. 3).

Team cognition occurs when team members functionally interact
while working interdependently to achieve a shared goal. There has
been a shift from skills demonstrated by the individual practitioner to
those manifested by the team. This team-centric approach stems from
the functional role structure, the short team life span, high skill
differentiation, rotating leadership structure, and low temporal
stability.13 To counter these disadvantages, teams had to become aware
of these handicaps and practice team KSA training. Improving team
cognition through training activities improves clinical performance,
organizational efficiency, hospital culture, and most importantly patient
outcomes.14–16 The US Department of Defense and the Agency for
Healthcare Research and Quality sponsored this new emphasis on
teamwork and partnered with author Eduardo Salas in developing a
streamlined version of Team Cognition known as Team Strategies and
Tools to Enhance Performance and Patient Safety (TeamSTEPPS).12

EI in Health Care
IQ and technical skills are important, but emotional intelligence is the
sine qua non of leadership.

—Daniel Goleman
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More than 2 decades ago, Goleman17 argued that every successful
leader shares the common fundamentals of EI, despite the many
different leadership styles. EI combines the ability to focus both on
oneself and on others.18 Leaders with high levels of EI are able to
maintain both self-awareness (eg, awareness of sensory impressions or
emotional states) and self-control. Goleman found that high levels of EI
create group cultures rich in information sharing, trust, learning, and
healthy risk-taking behaviors.19 Not surprisingly, when a surgeon or an
anesthesiologist lacks EI, the deficit can have a major impact on the
mood and team dynamics in the operating room.

Further, effective leadership is less about mastering social skills than
about developing a genuine interest in individuals on whom you rely for
support, according to Goleman. This skill interconnects with the last
component of EI, social control, which collectively refers to the social skill
of building relationships and rapport. Social intelligence can be broken
down into cognitive empathy (ie, understanding something from
someone else’s perspective) and emotional empathy (ie, feeling what
someone else feels).18 Empathy, whether cognitive or emotional, reflects
an individual’s ability to make connections with others and effectively
inspire them.20 In the high-pressure environment of the perioperative
service, the ability of surgeons, operating room nurses, technicians, and
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Figure 3. TeamSTEPPS is based on the premise of Team Cognition, which teaches 4 fundamental
skills: communication, leadership, situation monitoring, and mutual support. The team-related
outcome and the 4 skills are mutually connected by the bidirectional arrows. The patient care team,
seen encircling these skills, is accountable for exemplifying them as a unit. Original figure from King
et al12 and the US Agency for Healthcare Research and Quality. TeamSTEPPS indicates Team
Strategies and Tools to Enhance Performance and Patient Safety.
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anesthesiologists to work together significantly impacts the success of the
team and patient outcomes.

EI and resilience are now recognized as necessary individual skill sets
to create conditions for optimal clinical care and efficient systems.21 For
anesthesia health care providers, patient care demands are 24/7, each
member possesses a unique skill set that is required for the team’s
success, and teams have high member fluidity and lower temporal
stability. Therefore, anesthesia health care providers need to be trained
in common core skills that allow them to seamlessly interact with each
other in an ad hoc manner. Health care teams need to establish a
collaborative leadership (or complex adaptive leadership) structure that
permits various members to orchestrate decisions and take over roles on
the basis of the needs of the team.22 In the operating room environment,
a shared and dynamic leadership structure between the anesthesiologist
and surgeon can affect clinical decisions to operate on patients, the
management of physiological crises, and the needs of the surgical team.

Health care training systems have traditionally focused on teaching
and assessing specific clinical and technical skills. Currently, in almost all
health systems, acute care physicians, such as anesthesiologists and
surgeons, are promoted after residency training mainly on the basis of
these technical and knowledge-based competences. Yet, a rigorous
scientific education is not the only component necessary for a successful
career in acute care medicine.23,24 With the increasing complexity of
modern health care systems and the concomitant increase in handoffs
and multidisciplinary teams, communication and coordination are more
essential than ever.

The literature from both surgery and anesthesiology indicates that
EI, adaptive coordination, and resilience are characteristics that allow
acute care physicians to perform optimally under stressful circumstances.
Individuals who possess and improve these attributes are more likely to
be successful in their specialties.21 Physicians need these emotional skills
to successfully navigate stressful situations, maintain resilience during
long shifts, and work within fluid team structures (Fig. 4). Managing this
complexity has an impact on the outcome of the patient and the general
welfare of the individual and team.

Anesthesia Crisis Resource Management (ACRM) In the 1990s,
Gaba and colleagues from Stanford, CA, adapted the concepts and
interventions essential to aviation’s CRM for anesthesia and created
ACRM.25 Much like Salas’ work with team cognition, ACRM prioritizes
teamwork over individual performance and concomitantly places the
team’s focus on the patient. This philosophical approach utilizes
simulation-based training (SBT) to expose gaps in performance and to
identify opportunities for developing better practice habits. ACRM
directly challenges the notion that anesthesiologists can tacitly develop
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skills in crisis management using only abstract scientific lessons and
routine daily OR cases AQ2.

The emergence of SBT allowed learners new and old to manage
infrequent or critical events. Gaba approaches ACRM by breaking down
theories surrounding patient safety and dynamic events, cataloguing critical
events with appropriate responses, and improving methods of debriefing
new learners on their behaviors and performance. ACRM training,
supplemented with SBT and cognitive aids (http://emergencymanual.
stanford.edu), equips physicians with the technical and psychological skills
to address difficult aspects of anesthesiology such as complexity, time
pressure, risk, dynamism, and uncertainty.26 Use of SBT has grown
exponentially in the field of anesthesiology, to the extent that anesthesi-
ologists can satisfy a significant proportion of their recertification require-
ments with a full-day ACRM course. ACRM has highlighted the advent and
expansion of cognitive aids, which better equip practitioners to handle
critical events using algorithms, an approach that has proven successful in
aviation and other high-reliability organizations.

The Development of ANTS Anesthesiologists in the United State
were among the first to adapt the aviation CRM approach for anesthetic
training. This platform originated in Gaba’s and Salas’ work with ACRM27

and TeamSTEPPS.12 At around the same time in the United Kingdom, it
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Figure 4. One of the attributes that helps acute care physicians cope in stressful situations is
emotional intelligence. Drawing by Steven D. Boggs.

Nontechnical Skills ’ 7

www.anesthesiaclinics.com

AIA : IAC_D_18_00015

Copyright r 2018 Wolters Kluwer Health, Inc. All rights reserved.
This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

http://emergencymanual.stanford.edu
http://emergencymanual.stanford.edu


was recognized that a more robust methodology for measuring anesthetists’
NTS was needed. There, a team of anesthetists and psychologists
developed an ANTS system based on the NOTECHS framework used in
aviation.28 The NOTECHS system is used to select crew members by
assessing cognitive and social skills.

The ANTS skills framework is divided into 4 categories, which are
further subdivided into elements. These categories and elements are
supported by behavioral markers to facilitate the application and
assessments of these skills:
� Task management: planning and preparing, prioritizing, providing,

and maintaining standards, identifying and utilizing resources.
� Teamwork: coordinating activities with team members, exchanging

information, using authority and assertiveness, assessing capabilities,
supporting others.

� Situational awareness: gathering information, recognizing and under-
standing, anticipating.

� Decision-making: identifying options, balancing risks, selecting op-
tions, re-evaluating.

Further, ANTS training incorporates aspects of both emotional and
social intelligence:
� Cognitive or mental skills (eg, situation awareness, risk assessment,

decision-making, adaptability).
� Social or interpersonal skills (eg, communication, leadership, team-

work).7,9

Intuitively, individuals who possess both an inner focus (self-awareness/
self-control) and an outer focus (social awareness/social control) are better able
to visualize and anticipate events with a broader perspective (ie, vision, strategy,
disruptions).18 Numerous advancements in anesthetic safety have occurred
over the past decade. The focus on social and cognitive skills has been
invaluable in improving safety, and ANTS has provided the essential tools.

The Multidisciplinary Development of NTS in the Operating
Room Helmreich3 suggested a model of operating room performance
focusing on the entire operative team rather than on individual
anesthesiologists’ mental processes (Fig. 5). After the creation of the
ANTS system, an NTS taxonomy and behavioral rating tools were
adopted and tailored by other health care providers, including surgeons
(Nontechnical Skills for Surgeons: NOTSS) (www.abdn.ac.uk/iprc/notss/),
nurse practitioners (SPLINTS), and anesthesia assistants (A-ANTS).28–30

The main components of these models are strikingly similar to those of
ANTS7:
� Team input factors.
� Team performance function.
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� Team, individual, and organizational outcomes.
� Identification and analysis of factors affecting overall team perform-

ance.

Half of the analyzed team performance functions are nontechnical
tasks such as forming and maintaining a team, leadership, communica-
tion, decision-making, managing workload, and maintaining situational
awareness. This model considers anesthesiologists’ performance as part
of the broader team working in the operating room, highlighting the fact
that anesthetists do not work independently. Again, the overlap among
the frameworks suggests that collaboration lies at the heart of any team
dynamics in the operating room.

Teaching NTS

Teaching ANTS Flin et al1 developed a reliable and comprehensive
ANTS-based assessment tool that maintains content validity and can be
used to measure NTS, including situational awareness, teamwork, task
management, and decision-making. The ANTS system provides resi-
dents and faculty with a language for evaluating the “behavioral aspects”
of clinical performance. This tool was validated through literature
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Figure 5. An anesthesia setup at the Inselspital, Bern University Hospital, for an open intervention
in a patient suffering from a thoracic aortic aneurysm. ANTS training can help deal with the
complexity of intraoperative anesthesia. Photograph by Markus M. Luedi. ANTS indicates Anesthesia
Non-Technical Skill.
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reviews, comparison with other existing metrics, theoretical modeling,
cognitive task analysis, and expert analysis that proceeded through
iterative workshops.31 Today, ANTS has been tested in both the clinical
and simulation environments.7,29,32,33

Giordano and colleagues at the University of Florida in Gainesville
developed a unique resident rotation that placed each senior resident
into a managerial role in an operating room suite. The resident—who
was in charge of a 20-OR suite and individually responsible for 2 to 3
operating rooms—was evaluated daily by both the charge nurse and the
supervising anesthesiologist using Flin’s ANTS tool. Each night, the
resident had reading assignments that addressed different aspects of
NTS, EI, and OR management logistics. At the conclusion of each day,
the resident, charge nurse, and attending gathered for a debriefing. The
Gainesville study results, presented by Cole et al,34 further validated the
ANTS tool and showed that NTS could be embedded in a curriculum.

The ANTS framework creates a context and taxonomy for previously
ill-defined and imprecise skills. With ANTS, health care educators can look
at specific behaviors during performance reviews and minimize the use of
personal judgments about character and motivations. This framework also
provides a systematic approach for assessing these skills, debriefing new
learners on their behaviors, and teaching better clinical approaches. At a
very basic level, this system creates a common language or lexicon that can
be used to communicate more meaningfully in the educational arena.

Teaching Team Cognition: KSA Many departments are either
inadequately staffed or uncomfortable placing a new learner into a
clinical leadership or a managerial role. Instead, they opt to implement
SBT to address NTS education. As discussed previously, Team Cognition
training focuses on the KSAs needed for a team to function efficiently
and successfully. It redirects the focus of training in NTS from individual
outcomes to team outcomes, with groups of individuals training together
as teams to improve performance. These team-based exercises highlight
how teamwork is perceived, reinforced, and valued in the organization.

The 3 competency categories listed in KSAs each address a unique
component of team training. All teams must share a mental model of the
goals for the event on hand, and have the Knowledge and understanding of
the roles and responsibilities of each member. Teams must have behavioral
Skills that incorporate team monitoring, information exchange, leadership,
and backup behaviors. Finally, team member Attitudes must foster team-
based orientation and nurture mutual trust. In short, Team Cognition
reflects how individuals within a team think, feel, and act.

In a series of educational publications, Giordano et al developed
facsimiles of various clinical scenarios.35,36 These instructional activities
were highly regarded by new learners because they were able to
simultaneously work on team training activities and diagnose and manage
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critical care-related events during SBT. The overall team training strategy
used to transfer the educational material is not limited to SBT; other modes
of content delivery can include demonstrations (eg, videos, live actors) or
information-sharing resources (eg, lectures, articles, online modules). The
use of >1 instructional strategy (information, demonstration, practice) is
more likely to be effective because it is applicable to multiple learner styles
and incorporates passive and active learning strategies.37,38

Teaching NTS Peer-to-Peer To foster the development of EI, adaptive
coordination, and resilience throughout one’s career, Loup and AQ3Luedi39

suggest the use of peer reviews in addition to the regular feedback process.
These 2 coaching strategies take place at different levels. Unlike feedback,
which is generally hierarchical, peer review is a horizontal assessment from a
co-worker with similar knowledge and expertise.39 Crucial for the develop-
ment of a successful peer review process, the organizational culture must
support the growth of EI. At the individual level, Goleman et al AQ419 believes
that peer-to-peer development requires a passion for work itself, a self-
deprecating sense of humor, a thirst for constructive criticism, comfort with
ambiguity and change, maintenance of optimism in the face of failure, an
ability to develop others, and sensitivity to cross-cultural differences.

Challenges and Future Directions

Despite the aviation industry’s overall success in reducing pilot error,
there is much more work to be done in both the airline industry and acute
care medicine. As an example, the inability to cope with fatigue and stress
led a psychologically disturbed junior pilot to intentionally crash an Airbus
A320-211 into the Alps in 2015.23 This is a dramatic illustration of the
catastrophic impact of a failure because of human factors in a high-reliability
industry, where the imperfections of a single technically well-trained “dark
horse” can be hidden from leadership and the team.23 In health care crisis
situations, technical and nontechnical performance decreases.33 Therefore,
the goal is to bolster both the technical performance and NTS performance
of all health care providers and this includes anesthesia specialists.

There is evidence indicating that tacit instruction established in
medical school education leads students to adopt behaviors that hinder
fellowship and collaboration.40 This weakness has not been addressed in
any medical educational training or postgraduate career development
course.40 A joint initiative by the Accreditation Council for Graduate
Medical Education (ACGME) and the American Board of Anesthesiology
(ABA) seeks to close this gap by measuring outcomes of general medical
education, depicting specific anesthesiology competences that should be
attained during residency.12,41

As physicians are pressured to drive hospital-wide changes to
improve value-based care by providing better clinical outcomes with
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greater efficiency, they will invariably need strong clinical leadership
skills.42–45 These leadership skills mirror NTS, and lead to better quality
clinical outcomes by improving team behaviors and skills.16,46,47 The cost
of not developing leadership skills, EI, and team cognition at early stages
in training is much greater than temporarily losing an anesthesia
provider in the operating room.

It will take a while until NTS are systematically applied in daily practice
and technical and NTS are considered of equal importance for new
learners. The assessment of NTS needs to be not just standardized but also
specifically tailored for each specialty. Further, these frameworks need to be
validated, reproducible, and translatable to specific work environments.
Training and familiarity with the principles of NTS should start as early as
possible in postgraduate training, if not during medical school. This will
help minimize resistance caused by unfamiliar NTS concepts, avoid the
adoption of negative behaviors early in a clinical career, and maximize the
opportunity for integrating NTS in the workforce.

Introducing an ANTS assessment tool into the educational and clinical
curriculum will be challenging. Anesthesiology and surgery departments
are constantly required to balance service and educational commitments,
and moving trainees from a primary clinical role to an educational or an
experiential role carries an expense along with a risk. There are 3
fundamental attributes that must be incorporated to successfully make this
change: leadership, a culture of safety, and robust process improvement.24

For anesthesiologists, these concepts are nothing new.
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