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Can Aviation-Based Team Training Elicit Sustainable
Behavioral Change?
Harry C. Sax, MD; Patrick Browne, BMil; Raymond J. Mayewski, MD; Robert J. Panzer, MD;
Kathleen C. Hittner, MD; Rebecca L. Burke, RN, MS; Sandra Coletta, MBA

Objective: To quantify effects of aviation-based crew
resource management training on patient safety–related
behaviors and perceived personal empowerment.

Design: Prospective study of checklist use, error self-
reporting, and a 10-point safety empowerment survey af-
ter participation in a crew resource management train-
ing intervention.

Setting: Seven hundred twenty-two–bed university hos-
pital; 247-bed affiliated community hospital.

Participants: There were 857 participants, the major-
ity of whom were nurses (50%), followed by ancillary per-
sonnel (28%) and physicians (22%).

Main Outcome Measures: Preoperative checklist use
over time; number and type of entries on a Web-based
incident reporting system; and measurement of degree
of empowerment (1-5 scale) on a 10-point survey of safety
attitudes and actions given prior to, immediately after,
and a minimum of 2 months after training.

Results: Since 2003, 10 courses trained 857 participants
in multiple disciplines. Preoperative checklist use rose (75%
in 2003, 86% in 2004, 94% in 2005, 98% in 2006, and 100%
in 2007). Self-initiated reports increased from 709 per quar-
ter in 2002 to 1481 per quarter in 2008. The percentage of
reports related to environment as opposed to actual events
increased from 15.9% prior to training to 20.3% subse-
quently (P� .01). Perceived self-empowerment, creating
a culture of safety, rose by an average of 0.5 point in all 10
realms immediately posttraining (mean [SD] rating, 3.0
[0.07] vs 3.5 [0.05]; P� .05). This was maintained after a
minimum of 2 months. There was a trend toward a hier-
archical effect with participants less comfortable confront-
ing incompetence in a physician (mean [SD] rating, 3.1
[0.8]) than in nurses or technicians (mean [SD] rating, 3.4
[0.7] for both) (P�.05).

Conclusions: Crew resource management programs can
influence personal behaviors and empowerment. Ef-
fects may take years to be ingrained into the culture.
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In flying Ihave learned that carelessness andover-
confidence are usually far more dangerous than
deliberately accepted risks.

Wilbur Wright in a letter to his father, September
1900

Aviation in itself is not inherently dangerous.
But to an even greater degree than the sea, it
is terribly unforgiving of any carelessness, in-
capacity or neglect.

Captain A. G. Lamplugh, British Aviation In-
surance Group, London, circa early 1930s.

Josie’s death was not the fault of one doctor,
or one nurse, or one misplaced decimal point;
it was the result of a total breakdown in the
system.

Sorelle King, mother of 18-month-old Josie
King, who died at Johns Hopkins Hospital from

medical error while recovering from burns

P ATIENT SAFETY IS NOW A CEN-
tral theme in American medi-
cine. Brought to light by the
Institute of Medicine report
To Err Is Human: Building a

Safer Health System,1 health care provid-
ers, hospitals, the government, and insur-
ers have searched for answers to address
issues leading to an unsafe environment
for patients. Drawing on many of the
analogies between medicine and avia-
tion, programs have been developed based
on aviation crew resource management
(CRM) interventions.2-4 Developed in the
late 1970s after the collision of two 747
airliners on a foggy runway in Tenerife,
CRM focuses on both human and sys-
tems issues, improving communication, er-
ror management, and work culture.5 Al-
though aviation accidents continue to
occur, the overall rate of incidents has de-
clined and commercial aviation is now the
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safest form of transportation on a per-mile basis. Over
the last decade, medical institutions have contracted for
CRM training for their staff, usually beginning in high-
risk areas such as the emergency department, obstetrics/
gynecology, and surgery.6,7 Because a successful pro-
gram means that incidents do not happen, it is difficult to
quantify objectively the effect of this training. We report
on the results of a multidisciplinary CRM program insti-
tuted at both a tertiary care academic medical center and
a medical school–affiliated community hospital. End points
include checklist adoption and use, self-reporting of er-
rors and unsafe conditions, and perception of personal and
institutional empowerment to create a culture of safety.

METHODS

Beginning in 2001, Strong Memorial Hospital, the University
of Rochester’s 722-bed teaching hospital, initiated multiple pa-
tient safety initiatives with the support of its malpractice car-
rier, MCIC Vermont. Since 2003, these included a regularly
scheduled 6-hour course “Lessons from the Cockpit,” devel-
oped in consort by the chief medical officer, chief safety offi-
cer, nurses, anesthesiologists, a surgeon/general aviation pi-
lot, and Indelta Learning Systems, LLC, an educational training
company familiar with applying CRM concepts to nonavia-
tion industries, such as refining and shipping . The course was
multidisciplinary and highly interactive, using videos, team-

building exercises, and open forums. To encourage and sup-
port attendance, there was no cost to the participant; physi-
cians received Continuing Medical Education credits and a 5%
discount on their malpractice premiums, and nurses and an-
cillary personnel received Certified Nurse Educator units as well
as compensatory time. The course was held on a Saturday to
avoid work conflicts.

A perioperative checklist was developed by the head nurse
for cardiac surgery (Figure 1). It was modeled on preflight
aviation checklists and designed to encourage team participa-
tion by listing all participants, as well as trapping “killer items,”
including site and side, perioperative antibiotics, deep venous
thrombosis prophylaxis, and �-blockade. Checklists were posted
in each operating room and compliance monitored by the cir-
culating nurse. During the initial rollout, there were no spe-
cific mandates for use, to assess whether training and aware-
ness alone would change behavior.

Prior to institution of CRM training, Strong Memorial Hos-
pital participated in a Web-based incident reporting system.
Using a series of pull-down menus, any employee could re-
port patient-related incidents as well as rate their severity from
1 (unsafe condition) to 9 (patient death). Reports were sent to
an outside agency to encourage self-disclosure. Events of se-
verity rated 7 or higher triggered an alert to hospital adminis-
tration to institute prompt follow-up. Administration empha-
sized that self-reporting was to be used in a nonpunitive manner
and reporting was viewed favorably during any root cause analy-
sis discussions. This program was reviewed during the CRM
course and comparisons drawn with the Aviation Safety Re-
porting System administered by NASA (http://asrs.arc.nasa
.gov) to encourage participation in the hospital program. The
number of reports was monitored over time, including the per-
centage of level 1 or 2 reports (unsafe condition/near miss), sug-
gesting an awareness of the safety culture.

In 2005, one of us (H.C.S.) relocated to Providence, Rhode
Island, and continued the program at The Miriam Hospital, a
247-bed community-based teaching hospital associated with
The Warren Alpert Medical School of Brown University. Courses
were open to any practitioner associated with Lifespan (the par-
ent enterprise). A 10-point survey of empowerment (Table)
was developed and administered immediately before (n=276),
immediately after (n=242), and a minimum of 2 months post-
course (n=140).

Checklist use and self-reporting numbers are presented over
time. Comparison of report distribution before and after inter-
vention was calculated via �2 with Yates correction. For the em-
powerment survey, results are given as mean (SD) as deter-
mined by the Tukey Honestly Significant Difference procedure,
maintaining �=.05.

RESULTS

In Rochester, New York, from 2003 through 2006, the
course was held 6 times, training a total of 509 partici-
pants. In Providence, 349 people were trained during 4
courses. Some participants repeated the course on a yearly
basis as a component of recurrency training, but this was
not required. A small group of businessmen from local
industries (Kodak, Bausch & Lomb, Xerox) also at-
tended at the behest of the Greater Rochester Quality
Council. In Providence, members of several hospital
boards and major safety committees attended. The ma-
jority of participants were nurses (50%), followed by an-
cillary personnel (28%) and physicians (22%).

Checklists were placed in all operating rooms and their
use was monitored by the circulating nurse. Not surpris-

Perioperative Checklist

ALL ITEMS
MUST BE

CONFIRMED
BY 2

TEAM MEMBERS

Red Not
Confirmed

Green
Confirmed

Patient Position:

PROCEDURE:

Date of Birth: Med. Rec. #:

Patient’s name:

Date

Weight:

1. Patient Identification

 TWO identifiers

2. Allergies

3. Consent signed

5. Site verification

6. Antibiotics given∗

7. DVT prophylaxis∗

8. Beta-blockers∗

9. Implants/Special Equipment

10. Surgical pause

∗ If indicated

4. History & Physical

 signed within 7 days

SURGEONS

ANESTHESIA

CIRCULATOR

SCRUB

OTHER

Figure 1. Operating room checklist “whiteboard.” When the patient enters
the room, white slider bars cover the green, exposing the red. As each step
is completed, the slider is moved to the left, exposing the green. DVT
indicates deep venous thrombosis.
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ingly, there was initial resistance because surgeons saw
the checklists as speed bumps that hindered flow. The
circulating nurse was then empowered to start the check-
list process and the scrub nurse was instructed not to hand
up the knife until the checklist was completed. Hospital
administration and all clinical chiefs were broadly sup-
portive of this process and any physician who was un-
willing to participate was counseled. Use increased over
time and many physicians became more supportive when
the checklist caught an error, such as antibiotics not given
or a specific piece of equipment not being available prior
to the start of the case. Consistent checklist use rose from
75% in 2002 to 100% in 2007 and beyond (Figure 2).

Self-reporting of incidents rose from 709 per quarter
in 2002 to 1481 per quarter in 2008 (Figure 3). There
was an increase in willingness to report unsafe condi-
tions or near misses (15.9% in 2002 and 2003 vs 20.3%
in 2004 through 2008; P� .01). Nurses filed the major-
ity of reports, followed by physicians and pharmacists.

During the period of 2005 to 2007, the course engen-
dered an immediate training effect with significant in-
creases in all 10 surveyed areas. The ease of confronting
incompetence in others (questions 5-7) was lowest on
entry into the course. Although significant improve-
ment in empowerment occurred in all areas, a clear hi-
erarchy was seen in perceived comfort in confronting in-
competence in various specialties (mean [SD] rating,
confronting a technician, 3.7 [0.8]; nurse, 3.3 [0.7]; and
physician, 3.1 [0.7]). At a minimum of 2 months, all cat-
egories were maintained, with further empowerment in
the realm of leadership (mean rating, precourse, 3.0; im-
mediately postcourse, 3.4; and 2 months postcourse, 3.6;
P� .05).

COMMENT

The institution of aviation-based CRM training altered
behaviors, with acceptance of perioperative checklists and
an increase in self-reporting, including reporting more
unsafe conditions and near misses. The changes in per-
sonal empowerment toward patient safety actions were

maintained, although there was less confidence in con-
fronting those in higher positions.

The science of human error acknowledges the com-
plex interaction of personal performance with systems
factors and it is difficult to isolate the effect of a CRM
program on overall behavior and safety. Strong Memo-
rial Hospital and The Miriam Hospital/Lifespan, like many
institutions that have emphasized patient safety, have mul-
tiple ongoing programs. These include executive safety
walk rounds, risk management symposia, signage
throughout the hospital addressing safety and commu-
nication issues, and buy-in from chairs of all the clinical
departments. The commitment of the institution in pro-
viding these courses, as well as their multidisciplinary
mix, helps break down barriers and encourage the elu-
sive “culture of safety.” A successful institution holds in-
dividuals responsible for recklessness but encourages

Table. Survey of Empowermenta

How comfortable are you in:

Mean (SD)

Precourse
Immediately
Postcourse

Minimum 2 mo
Postcourse

Knowing institution committed to safety 3.4 (0.1) 3.6 (0.6)b 3.7 (0.6)b

Knowing institution committed to breaking down communication barriers 2.8 (1.1) 3.5 (0.6)b 3.4 (0.7)b

Identifying and eliminating barriers to communication 3.1 (0.8) 3.5 (0.6)b 3.4 (0.7)b

Communicating that, in your opinion, an error is about to occur 3.0 (0.8) 3.4 (0.6)b 3.6 (0.6)b

Effectively confronting mistakes/incompetence in a technician 2.8 (1.0) 3.7 (0.8)b 3.4 (0.7)b

Effectively confronting mistakes/incompetence in a nurse 2.8 (0.9) 3.3 (0.7)b 3.4 (0.7)b

Effectively confronting mistakes/incompetence in a physician 2.8 (0.9) 3.2 (0.7)b 3.1 (0.8)b

Taking on a leadership role in a team setting 3.0 (0.8) 3.4 (0.7)b 3.6 (0.7)c

Developing a checklist for a critical process 3.0 (0.8) 3.4 (0.7)b 3.5 (0.6)b

Knowing the concepts learned today will be applied long-term 3.3 (0.8) 3.5 (0.7)b 3.5 (0.6)b

aTen-point survey of empowerment completed prior to, immediately after, and a minimum of 2 months after course completion (Rhode Island courses).
Participants were asked to rate on a 1 to 5 scale “How comfortable are you. . .?”

bP� .05 vs precourse.
cP� .05 vs precourse and immediately postcourse.
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Figure 2. Checklist use over time at Strong Memorial Hospital. Beginning in
2004, the scrub nurse was instructed not to hand up the knife until the
checklist was completed.
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counseling and redesign for errors related to systems.8

Institution of the “Just Culture” into medicine will re-
quire a new level of trust and openness that has not been
encouraged or supported under the current training and
practice patterns.9

Like aviation, improvements in outcomes due to CRM
training take time. Various end points can be followed,
but some of the most obvious (lawsuits, unexpected death)
are of such low frequency that statistical significance for
an individual institution may not be met. It may well be
that reduction in the more frequent, but costly, inci-
dents, such as wound infection, deep venous thrombo-
sis, or perioperative cardiac event will be the most easily
measured. Along this line, a new Institute for Health-
care Improvement campaign “5 Million Lives”10 has been
promulgated to recognize the magnitude of patients in-
jured, but not killed, by medical error. The Centers for
Medicare and Medicaid Services and other carriers have
announced they will not pay for treatment of certain pre-
ventable complications. Many of these (wrong side sur-
gery, deep venous thrombosis due to lack of prophy-
laxis) can be prevented by the adherence to checklists
and protocols. Another less tangible measure would be
employee turnover. Although economics always play an
issue in staff leaving an institution, exit interviews sug-
gest that the work environment plays a large role. Em-
ployees who feel empowered and valued as a part of the
team are more likely to remain actively engaged.11 Both
Strong Memorial Hospital and The Miriam Hospital have
achieved Magnet Designation for nursing, suggesting a
workforce committed to professional development and
management emphasis on multidisciplinary communi-
cation with a willingness to report and act on unsafe
conditions.12

Motivating physicians to engage in self-examination
and personal growth can be challenging. Medicine fa-
vors individuals who have succeeded in a competitive,
“solo” environment, not being rewarded for good com-
munication skills and team dynamics.13 In a study of pi-
lots and physicians, Sexton et al14 showed that pilots were
least likely to deny the effects of fatigue on performance
(26% for pilots vs 70% of a group of consultant sur-
geons in Europe). Even greater disparities were seen in
perception of teamwork, with 73% of surgeons, but only
25% of nurses or anesthesiologists, reporting high lev-
els of teamwork in the operating room.

This lack of awareness and a long-standing individu-
alist attitude make institution of new programs diffi-
cult. Initial introduction of CRM into the aviation envi-
ronment met with similar resistance. Over the last 3
decades, however, CRM has been integrated into the cul-
ture and personnel are evaluated and rewarded on their
ability to participate as a team. Although pilots and medi-
cal providers are similar in many respects, the more rapid
assimilation into aviation is one of self-preservation (“The
pilot is the first to arrive at the scene of a fatal aviation
accident”).15 With the greater diversification of medical
student demographics, and the addition of patient safety
to medical and nursing school curriculums, future gen-
erations of providers will likely view the skills taught by
CRM training as an expected component of their pro-
fessional lives.

The use of checklists has been helpful in compliance
with the Medicare Surgical Care Improvement Project cri-
teria including documenting prophylactic antibiotic dos-
ing and timing, deep venous thrombosis prophylaxis, and
�-blockade use. In addition to public reporting compar-
ing hospitals, compliance will have a direct effect on pay
for performance calculations and will provide financial
incentive for adoption. Checklist use has gained addi-
tional support with the World Health Organization ini-
tiative Safe Surgery Saves Lives (www.who.int/patientsafety
/safesurgery/en/index.html). A basic perioperative checklist
has been developed with 3 components: “sign in”; “time
out”; and “sign out.” The use encourages communica-
tions and collaboration among all team members and aids
compliance with best practices for prophylactic antibiot-
ics and site and side confirmation. Use of this checklist
has caught errors before they reached the patient.16

Other indirect measures of successful systems change
would be reductions in the observed to expected ratio
for morbidity and mortality in standardized databases such
as the National Surgical Quality Improvement Project,
Society of Thoracic Surgeons Cardiac Database, or trauma
registries. We also view an increase in self-reporting as
a positive response and noted an increase in the slope of
numbers of reports after institution of CRM training. Al-
though this may be a normal response to the institution
of a self-reporting program, the initial growth prior to
training was slow.

Our study has several weaknesses. The measure of out-
comes, such as self-reporting, could be influenced by other
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Figure 3. Reports of incidents at Strong Memorial Hospital over time. This includes all levels of severity.
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safety initiatives. The survey was locally developed and
was not validated. Survey participation, even though done
at the course, was only 80%, with 40% at 2 months post-
training. Individuals were not tracked longitudinally and
the groups were heterogeneous. Any study with imme-
diate surveys before and after will show a training effect.
Grogan et al17 also confirmed an immediate favorable re-
sponse to CRM training in 489 participants; however,
there was no long-term follow-up. Our long-term fol-
low-up was only a minimum of 2 months, and we are
currently collecting 1-year data. The majority of partici-
pants were nurses, making broad application to the effect
on physicians less conclusive. Subgroup analysis was not
possible because of this fact.

It would also be naive to believe that surgeons will
blindly accept dictums from management to follow spe-
cific protocols, although there may be a Hawthorne effect
if they are aware of monitoring. Buy-in and support from
management is critical, yet surgeons do not become be-
lievers until the checklist catches an unsafe condition or
makes available equipment that expedites the proce-
dure. In successful organizations, there needs to be a
cheerleader, usually a well-respected physician who both
“talks the talk” and “walks the walk.” Safety must be fore-
most during meetings of the hospital board,18 and a sys-
tems approach to morbidity and mortality conferences,
including multiple disciplines, sets the tone for collabo-
ration. The importance of support by malpractice carri-
ers in the form of premium rebates and a buy-in from
top management cannot be understated.19

In summary, the introduction of CRM training, com-
bined with other initiatives, enhances personal commit-
ment to patient safety and appears to alter behaviors rela-
tive to checklist use and self-reporting. Participants become
aware of, and empowered, by these tools. Leadership of in-
stitutions must strive to foster the elusive “culture of safety”
by creating an environment that focuses on systems is-
sues as opposed to individual blame, maintains personal
accountability, and encourages open communication in a
supportive environment across all disciplines.8,14 Trag-
edies like that of Josie King do not have to occur.
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