International Journal of Business and Social Science

Vol. 3 No. 2 [Special Issue – January 2012]

The Effects of Aviation Error Management Training on Perioperative Safety Attitudes
Jeffrey L. LaPoint, EdD
Assistant Professor of Aeronautics
Embry-Riddle Aeronautical University
&
US Airways, Flight Crew Training Instructor
Abstract
Preventable errors in American hospitals result in the deaths of thousands of patients each year. Studies suggest
that the present need for a medical cultural transformation closely parallels that of the aviation community in the
1970s. Aviation crew resource management (CRM) training, based on effective communication and teamwork
skills, may translate to healthcare through error management training. This quasi-experimental, quantitative study
observed operating room attitudes about safety and medical errors among perioperative personnel at a major US
hospital following an aviation-based team-intervention training program. Study results suggest a correlation
between the CRM intervention and post-intervention changes in perioperative safety attitudes.
INTRODUCTION

A 1999 Institute of Medicine (IOM) report, To Err is Human: Building a Safer Health System, revealed that
medical error causes as many as 98,000 American deaths each year (Kohn, Corrigan, & Donaldson, 2000).
Despite this indictment, few procedural or training changes have occurred since the publication of the IOM report
(American Institutes for Research, 2009; Wachter & Shojania, 2004). Notwithstanding the highly publicized IOM
medical error report, medical errors resulting in death continue to occur. Although modern medicine utilizes
advanced technology and upgraded equipment, safety studies show that from 2005 through 2007 more than
913,000 patient safety incidents resulted in 97,755 in-hospital deaths at a cost of over $6.9 billion (HealthGrades,
2009, p. 2). During this period, 2.26 percent of the study’s 38 million acute care population experienced one or
more medical errors resulting in a one-in-ten chance of dying (p. 4). A cultural safety transformation is necessary
to avoid placing blame on individual medical providers and to focus on the root cause of medical error: the
complex healthcare system in which humans function (Rosenthal & Sutcliffe, 2002).
As early as 1994 the medical community began evaluating best practices from the aviation industry as a possible
avenue for reducing errors that occur in operating rooms and trauma situations (Thomas, Sherwood, & Helmreich,
2003). Improved attitudes towards safety and effective communication and teamwork skills are aviation successes
that may translate to healthcare through error management training. The need for a medical cultural
transformation in 2010 closely parallels that of the aviation community in the 1970s (Higdon, 2005), when the
National Transportation Safety Board (NTSB) began noting that even highly skilled professional pilots could
become involved in aviation disasters (Diehl, 1991). The National Aeronautics and Space Administration (NASA)
responded by studying ways to teach workload management and judgment skills to pilots.
NASA researchers Cooper, White, and Lauber (1980) used the term crew resource management (CRM) to
explain pilot error as caused by poor communication, leadership, and decision-making skills between individuals.
While a direct causal relationship between CRM and reduced accidents has not been conclusively determined,
studies do indicate CRM training has a positive effect on attitudes toward safety (Diehl, 1991; Helmreich, Merritt,
& Wilhelm, 1999). Various organizations have begun to offer aviation-based CRM programs to medical facilities
in an attempt to change existing safety cultures and attitudes, much like the successful FAA-mandated CRM
training in aviation (Preston, 2007; Safer Healthcare, 2009). Researchers caution that for CRM training to be
effective, it must be translated to include behavioral markers specific to each high-risk industry (Pizzi, Goldfarb,
& Nash, 2001).
The parallels between aviation and medicine are striking: Both professions consist of highly trained individuals
who are confident in their abilities, and who go about their profession with little or no supervision (Hamman,
2004). While these characteristics make the work enjoyable for most (Sexton, Thomas, & Helmreich, 2000) it
also creates a difficult environment to nurture teambuilding (Thomas, Sherwood, et al., 2003). The similar work
environment does make it possible, and even practical, to translate aviation-based CRM into the safety practices
of medicine. Although safety is a primary concern for both groups, its scope is different.
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Aviation accidents can result in large numbers of fatalities, public outcry, and a rapid response by federal
agencies; while medical errors kill thousands of Americans one at a time with little publicity and no standardized
reporting mechanism (Helmreich, 2000). Wachter and Shojania (2004) describe medical procedures and aircraft
operations as being divided into the “sharp” operational end of a chisel, and the “blunt” end which is the process
(p. 43). Accidents can be caused by, and are often blamed on, the sharp side or human element, but are more often
the result of administrators who fail to implement procedural changes to the blunt, or systems end (Wachter &
Shojania). In addition to systemic problems in medicine, resistance to change exists as a result of group dynamics,
paradoxes of power (Person, 2004), and individual attitudes toward safety (Thomas, Sexton, & Helmreich, 2003).
The airline captain of the 1970s was the single source of authority in the aircraft. Similarly, in present day, the
physician is in command in the operating room (Hamman, 2004). Changing safety attitudes of medical
professionals may be as difficult as that experienced by the airline industry. In particular, perceptions regarding
infallibility and disclosure of errors are two attitudes readily measurable in both professions. For example, a study
in 2000 found that 56% of surgical residents stated they performed well despite feeling fatigued, analogous to
pilot responses in pre-CRM surveys (Pizzi et al., 2001; Sexton et al., 2000). Data indicate that organizational,
cultural, and individual attitudes may explain the fundamental differences between nurses’ and doctors’
perceptions of authority and responsibility, much like the fundamental differences between pilots and flight
attendants prior to CRM training (Thomas, Sexton, et al., 2003).
METHODOLOGY

Purpose
The purpose of this quasi-experimental, quantitative study was to observe the impact of aviation-based CRM
training on the safety attitudes of perioperative (surgical) personnel. The non-random assignment and pre-existing
nature of the participants negated the ability to conduct a true experimental study (Creswell, 2002). The study’s
design of pretest-intervention-posttest closely followed the non-equivalent-groups design of a quasi-experimental
research study. Additionally, the goal of this study was to identify nontechnical cognitive and social skills, known
as behavioral markers, which may mitigate medical errors caused by high workload, dynamic environment, and
inadequate team communication.
The design of this study centered on evidence-based aviation CRM successes: communication, briefings and
debriefings, assertion and advocacy, situational awareness, and effective decision-making skills (Klampfer, 2001).
These behavioral markers were then presented to the study population in the form of intervention training. The
intervention was based on the requirements of the population, and tested whether or not the intervention resulted
in a measurable change in safety attitude and culture. The research questions related to this study are as follows:
R1. What is the effect of implementing an aviation-based CRM model intervention on perioperative error
reporting and patient safety attitudes?
R2. What is the effect of implementing an aviation-based CRM model intervention on unit-level
perioperative teamwork and communication attitudes?
R3. What is the effect of implementing an aviation-based CRM model intervention on perioperative
organizational-level safety culture attitudes?
Participants
The study population, or sampling frame, consisted of approximately 900 perioperative staff at a major
Midwestern United States hospital which employs approximately 4,000 people. The perioperative operational
definition refers to the preoperative, intra-operative, and postoperative phases of surgery. Of this group, all
received invitations to participate; however, a large percentage was unavailable as a natural result of schedule
requirements or other conflicts. To achieve a power of .80, with a medium effect size, at alpha of .05, a minimum
sample of 30 participants was desired (Cohen, 1988). The resulting intervention group, or sample, consisted of
approximately 100 surgeons, anesthesia providers, nurses, and technicians who were directly involved in the
surgery phase of patient care at the study hospital. This study excluded approximately 3,000 allied health
professionals and hospital support staff who were without direct perioperative patient contact, and those who
choose not to participate in the study. The study received verbal commitment from senior facility administrators
and physician-nurse leaders who encouraged staff to actively participate in this research. With respect to the
facility administrator’s implicit support, extreme care was taken to ensure the voluntary nature of the study, and
each person’s right of non-participation.
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Survey Instrument
The survey instrument (Appendix) is a product of the U.S. Department of Health and Human Services (DHHS)
and the Agency for Healthcare Research and Quality (AHRQ). The survey, Hospital Survey on Patient Safety
Culture was appropriate for the proposed study in that it was designed for “assessing the safety culture of a
hospital as a whole, or for specific units within hospitals” (Sorra & Nieva, 2004, p. iii). The survey was originally
intended to reveal safety attitudes at all department levels such as security and other support staff, managers, and
medical personnel; however, this study intervention group contained only staff with direct patient contact in the
perioperative environment. The survey’s reliability and validity was established during the AHRQ design phase
based on more than 7,000 Veteran’s Health Administration (VHA) participants at more than 200 hospitals “as
well as the factor structure of the survey through exploratory and confirmatory factor analyses” (Sorra & Nieva,
2004, p. 2). Additionally, the survey is in the public domain, so that the instrument is readily available for use in
correlating results or in subsequent research.
Procedure
This study utilized a quasi-experimental quantitative method of research to examine the effects of an intervention
of aviation-based CRM on the safety attitudes of perioperative personnel. The study consisted of participants first
completing a preintervention survey, which measured perioperative teamwork and communication attitudes,
perioperative error reporting and patient safety attitudes, and perioperative organizational-level safety culture
attitudes. Next, the participants attended intervention training, consisting of 4-hour core skills workshops. The
core skills, or behavioral marker training, consisted of communication, briefing and debriefing, assertion,
verifying, situational awareness, and improved decision making. Intervention content mirrored the main
categories as measured in the survey and described by the behavioral markers. Finally, after a period of
approximately 30 days, the study participants completed a post-intervention survey. Data collection and analysis
followed, comparing the two survey results.
Limitations
A limitation of the quasi-experimental design used, in which the researcher used existing groups, includes less
precise understanding of the dependent variable differences that were discovered (Salkind, 2003). Additionally,
the perioperative study population was preexisting by the nature of their duties, and randomly assigning groups by
the researcher would have been impractical. In the case of the present study, safety attitude changes observed in
the examination of survey responses may be in part attributed to the study’s mortality rate. Problems identified in
the literature related to this design include effects of maturation, mortality, instrumentation, and regression
(Cooper & Schindler, 2003; Creswell, 2002). When these factors are properly addressed the quasi-experimental
design is often preferred when engaged in research of ethical, moral, and practical issues, and may be adequate to
establish causality (Gay, 1987; Salkind, 2003). Although these factors may be seen as having a limited effect on
these survey results, participant dropout rate, or mortality, may have influenced survey results even if the
intervention did not. Absent a control group, the attrition rate may have contributed to the significant findings
obtained, including the shift of positive attitudes noted in the post surveys. Another limitation of this study may
be whether or not the sample adequately represents the population. For example, some physicians spend a
majority of their time seeing patients in an out-patient setting, but have privileges at hospitals. Physicians in this
category may not have the opportunity to experience the safety culture that evolves at an institution; therefore,
every attempt was made to exclude them from the sample.
RESULTS

Hypotheses Organization
To examine differences on variables by dimensions, three hypotheses were categorized into three sections:
differences on Outcome measures related to research question 1 (Frequency of Event reporting, Overall
perceptions, Patient safety grade, and Number of events reported); Unit-level Safety Culture dimensions related to
research question 2 (Supervisor/manager expectations and actions promoting safety, Organization learning,
Teamwork within the Hospital Units, and Communication Openness, Feedback and communication, Nonpunitive
response to errors, Staffing, and Hospital management support for patient safety); and Hospital-wide Safety
Culture dimensions related to research question 3 (Hospital management support, Teamwork across hospital units,
and Hospital Hand-offs/transitions). After each data analysis, a decision was made to either reject or fail to reject
the null hypothesis for each of the dimension variables.
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Rejecting the null hypothesis for the dimension variables would mean significant evidence exists to suggest a
correlation between the CRM intervention training, and the change in safety attitude for that dimension variable.
Failing to reject the null hypothesis for the dimension variables presented means the data analysis did not indicate
a significant association or difference in safety attitude after CRM intervention training.
Composite scores
To further examine the hypotheses, composite scores were computed after reverse coding particular survey
questions. Frequency of event reporting is comprised of the average of questions D1-D3; Overall perceptions of
safety is the average of A10, A15, A17, and A18; Supervisor/manager expectations and actions promoting safety
is the average of B1-B4; Organization learning is the average of A6, A9, and A13; Teamwork within the hospital
units is the average of A1, A3, A4, and A11; Communication openness is the average of C2, C4, and C6;
Feedback and communication is the average of C1, C3, and C5; Nonpunitive response to errors is the average of
A8, A12, and A16; Staffing is the average of A2, A5, A7, and A14; Hospital management support for patient
safety is the average of F1, F8, and F9; Teamwork across hospital units is the average of F2, F4, F6, and F10;
Hospital hand-offs and transitions was comprised of the average of F3, F5, F7, and F11.
Hypothesis 1, Related to Research Question 1
The first hypothesis considered the effect of implementing an aviation-based CRM model intervention on
perioperative error reporting and patient safety attitudes. The null hypothesis states: The implementation of an
aviation-based CRM model intervention will have no effect on improving perioperative error reporting and
patient safety attitudes. Four Outcome measures (Frequency of Event reporting, Overall perceptions of Safety,
Patient safety grade, and Number of events reported) were examined for differences by group (pretest vs.
posttest). A composite scores analysis was used which resulted in data presented in Figure 1.
Figure 1. Outcome measures—Hypothesis 1.

Figure 1. Outcome measures—Hypothesis 1
The increase of positive responses in Outcome measures indicates a change in respondents’ attitude regarding
both error reporting and perceptions of patient safety; however, the composite results are not supported by the
individual component data analysis which follows. While the composite results reflected in Figure 1 are useful in
indicating broad trends, a more detailed analysis is necessary to accept or reject the null hypothesis. A doubly
multivariate (pretest-posttest) MANOVA and three ANOVAs examined differences on Outcome Measures, which
consisted of Frequency of event reporting, Overall perceptions of safety, and Grade by group. The assumptions of
these tests were met by examining Box’s M and the Levene tests. The MANOVA was not statistically significant,
F (3, 104) = 1.26, ns (Eta=.035, power=.329). Table 1 shows the univariate ANOVAs, where no differences on
these variables by group were noted thereby supporting the null hypothesis.
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Table 1: ANOVAs on Frequency of Outcome Measure Items by Group
Source
Group

Error

Dependent Variable
Frequency of event reporting
Overall perceptions of safety

df
1

F
2.134

Sig.
.147

Eta
.020

Power
.305

Safety grade
Frequency of event reporting
Overall perceptions of safety

1
1
106
106

.375
2.250
(.686)
(.574)

.383
.137

.004
.021

.093
.318

Safety grade

106

(.582)

Note. Numbers in parentheses represent mean square errors.

To assess the relationship between group and Number of events, the fourth Outcome measure, a chi-square was
conducted and did not reveal any statistical relationship, X2 (4) = 3.68, p = .452. Review of the data provides
insufficient evidence to reject the null hypothesis, meaning the analysis failed to detect any association or
difference among the variables. This supports the hypothesis that implementation of an aviation-based CRM
model intervention will have no effect on improving perioperative error reporting and patient safety attitudes.
Hypothesis 2, Related to Research Question 2
The second hypothesis considered the effect of implementing an aviation-based CRM model intervention on
perioperative unit-level safety culture. The null hypothesis states: The implementation of an aviation-based CRM
model intervention will have no effect on improving unit-level perioperative teamwork and communication
attitudes. Seven aspects of safety culture (Supervisor/manager expectations and actions promoting safety,
Organization learning, Teamwork within the hospital units, and Communication openness, Feedback and
communication, Nonpunitive response to errors, and Staffing) were measured by group (pretest vs. posttest).
Figure 2 shows that the composite Unit-level safety culture average percent of positive responses increased in
each of the seven safety dimensions. There were significant positive changes (> 20%) after the CRM intervention
training in Supervisor expectations ( 24%), and Communication openness (20%); and some positive change noted
in Teamwork within units (17%), and Nonpunitive response to error (16%). Comparative analysis of Unit-level
safety culture showed little change after intervention training in Organizational learning, Feedback and
communication about error, and Staffing, however remained consistent with the univariate described next.
Figure 2. Unit-Level Safety Culture—Hypothesis 2.

Figure 2. Unit-Level Safety Culture—Hypothesis 2.
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A doubly multivariate (pretest-posttest) MANOVA and seven ANOVAs examined differences on these variables
by group. The assumptions of these tests were examined with Box’s M (which was significant; however, this is
not uncommon in real data), and the Levene tests which were all nonsignificant. The MANOVA was statistically
significant, F (7, 114) = 2.94, p < .007 (Eta=.153, power=.919). Table 2 shows the univariate ANOVAs, where
significant differences (< .05) were found on Supervisor expectations promoting patient safety, Teamwork within
units, Communication openness, Nonpunitive response to error culture variables, and marginally in Staffing.
These results correspond with the behavioral markers targeted by the intervention training, and demonstrate a
change in safety attitude as measured by the AHRQ survey.
Table 2: ANOVAs on Unit-level Safety Culture variables by Group
Dependent Variable
Source
Group

Expectations promoting
patient safety
Organizational learning
Teamwork within units
Communication/openness

Error

Feedback communication
about errors
Nonpunitive response to
error
Staffing
Expectations promoting
patient safety
Organizational learning
Teamwork within units
Communication/openness
Feedback communication
about errors
Nonpunitive response to
error
Staffing

df

F

Sig.

Eta

Power

1

8.710

.004

.068

.833

1

.545

.462

.005

.113

1

4.089

.045

.033

.518

1

8.906

.003

.069

.841

1

.118

.732

.001

.063

1

11.257

.001

.086

.914

1

3.714

.056

.030

.481

120

(.514)

120

(.381)

120

(.448)

120

(.553)

120

(.518)

120

(.648)

120
(.414)
Note. Numbers in parentheses represent mean square errors.

Review of these data indicates that sufficient differences and associations were detected between the variables to
reject the null hypothesis. Therefore, the data fails to support the hypothesis that implementation of an aviationbased CRM model intervention will have no effect on improving unit-level perioperative teamwork and
communication attitudes.
Hypothesis 3, Related to Research Question 3
The third hypothesis considered the effect of implementing an aviation-based CRM model intervention on
hospital, or organizational-level aspects of safety culture. The null hypothesis states: The implementation of an
aviation-based CRM model intervention will have no effect on improving perioperative organizational-level
safety culture attitudes. Three hospital-level (organizational) aspects of safety culture were examined by group
(pretest vs. posttest). Figure 3 shows composite Hospital-level safety culture average percent of positive responses
for each of three safety dimensions.There was some positive change noted after the CRM intervention training:
Management support for patient safety (13%), Teamwork across hospital units (10%), and Hospital hand-offs and
transitions (9%). Comparative analysis remained consistent to the extent that Management support and Hospital
hand-offs (transitions) supported the univariate analysis. The Teamwork across units dimension does not.
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Figure 3. Hospital-wide safety culture—Hypothesis 3.

A doubly multivariate (pretest-posttest) MANOVA and seven ANOVAs examined differences on the three safety
culture dimensions variables by group. The assumptions of these tests were examined with Box’s M and the
Levene tests were all nonsignificant. The MANOVA was not statistically significant, F (3, 131) = 2.15, ns
(Eta=.047, power=.538). Table 3 shows the univariate ANOVAs, where differences were found on Management
support and Hand-offs by group.
Table 3: ANOVAs on Hospital-level Safety Culture Scores by Group
Source
Group

Dependent Variable
df
Hospital mgt support for patient safety
1
Teamwork across hospital units
1
Hospital hand-offs
1
Error
Hospital mgt support for patient safety
133
Teamwork across hospital units
133
Hospital hand-offs
133
Note. Numbers in parentheses represent mean square errors.

F
4.690
.002
4.003
(.590)
(.178)
(.430)

Sig.
.032
.966
.047

Eta
.034
.000
.029

Power
.575
.050
.511

The analysis detected no difference in the Teamwork dimension thereby supporting the null hypothesis although
there remains sufficient data between the two remaining dimensions to reject the null hypothesis. Therefore, the
data fails to either support or reject the hypothesis that implementation of an aviation-based CRM model
intervention will have no effect on improving perioperative organizational-level safety culture attitudes.
Additional Data
Although included as part of the four Outcome composite dimensions contained in research question 1, Events
Reported and Patient Safety Grades are discussed separately here. Events reported, (AHRQ item G1), reflects how
many patient safety error reports the respondent submitted in the previous 12 months. Additionally, the survey
instrument permits participants to grade their facility’s overall safety (AHRQ item E1). Figure 4 shows the preand post-intervention results with no significant differences noted. These data are inconclusive due to insufficient
evidence of correlation between the intervention training and the tendency to report, or not report, errors. The
effect of mortality and how extreme-scoring study participants who dropped out affect the reported shift is also of
concern.
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Figure 4. Number of events reported.

Figure 5 represents the frequency of response by overall patient grade prior to and following the CRM
intervention.
Figure 5. Overall patient safety grade.

Review of these data indicates a decrease in frequency of response from the poor and acceptable grades toward
the good grade. In particular, the shift of response in the good category from 35% to a post-intervention frequency
of 52% indicates a possible correlation between the CRM intervention training and a change in overall patient
safety grade. However, the shift toward positive responses could also be the result of participants who provided
negative responses dropping out, while the attitudes of those who participated remained the same. These data are
listed separately here as a result of the cumulative, qualitative nature of this survey question.

Summary
The mixed results of the analysis may be explained by the nature of the hypothesis as compared to the data
gathered. The research question asks if the CRM intervention will have an effect on the safety culture at the
hospital-level. While the intervention syllabus addresses factors such as teamwork, and elements of teamwork
such as leadership, roles and responsibilities as well as resource management, there was no component of
intervention that involved hospital management directly. Indeed, the participants were not of senior management
position, and this may have influenced perceptions and responses regarding the Teamwork across hospital units
dimension.
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Likewise, the study hospital management’s implied consent of the intervention training may have influenced data
on the remaining two dimensions. Analysis of the data indicates sufficient change to warrant further research;
however, the intervention and participants may need to be adjusted to address these concerns.
CONCLUSION

The premise of CRM is to recognize that human error may never be completely eliminated; however, team
members can be taught to manage threats and errors that present hazards. A major concern of medical industry is
a leadership structure that currently permits medical errors to remain unacceptably high. A goal of this study was
to provide research data which may contribute to the “strong leadership, specification of goals and mechanisms
for tracking progress, and an adequate knowledge base” recommended by the 1999 IOM report (Kohn et al.,
2000, p. 69). The medical profession’s training and leadership may benefit from CRM training programs that have
resulted from aviation’s lessons learned (Kuhn & Youngberg, 2002). Studying the behavioral markers, or
benchmarks, that effectively translate CRM to safer attitudes enhances the body of leadership knowledge. The
resulting knowledge may be applied to a particular medical profession and then participants surveyed to measure
safety attitudes.
After examining post-intervention data of this study, results suggest that targeted aviation-based behavioral
markers applied through CRM training result in a positive change in most of the safety attitudes of perioperative
personnel surveyed. While this may not result in a direct reduction of error, comparative CRM programs in
aviation have resulted in error mitigation over time (Diehl, 1991). However, the cultural transformation cannot
consist of CRM training alone; the organization’s leadership must endorse the new belief system in order to
change the very “ideological underpinnings of the culture” (Rosenthal & Sutcliffe, 2002, p. 97). The results of this
research study may help healthcare leaders institute the training and cultural changes that are lacking, to make
safety paramount, and to truly create an organizational culture of safety (American Institutes for Research, 2009).
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