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Objective: This review provides the state of crew resource management (CRM)
training evaluations since the E. Salas, C. S. Burke, C. A. Bowers, and K. A. Wilson
(2001) review and extends it to areas beyond aviation cockpits. Some critical evalua-
tion needs in CRM training are also covered. Background : Because of the purported
success of CRM training in aviation, other high-consequence domains have begun
to implement CRM training for their workforces. However, the true impact of CRM
training in aviation and these other domains has yet to be determined. Method: Using
D. L. Kirkpatrick's (1976) framework for evaluating training (i.e., reactions, learning,
behavior, and organizational impact), we reviewed 28 published accounts of CRM
training to determine its effectiveness within aviation, medicine, offshore oil produc-
tion and maintenance , shipping/maritime, and nuclear power domains. Results: Find-
ings indicate that CRM training generally produced positive reactions from trainees;
however, the impact of training on learning and behavioral changes suggest mixed
results across and within domains. Furthermore, and as was found by Salas, Burke,
et al. in 2001, we cannot ascertain whether CRM has had an impact on the organiza-
tion's bottom line (i.e., safety). Conclusion : Based on the results, there are several
critical needs that the CRM training community must address before CRM training can
have the desired impact on safety: a mandate, access to data, and resources. Applica-
tion : As CRM training expands to organizations beyond aviation, it is critical that its
impact be understood such that it can be improved and achieve the intended results.

INTRODUCTION

Commercial and military aviation have been
utilizing crew resource management (CRM) train-
ing for more than 2 decades. CRM is an instruc-
tional strategy that trains crews to effectively use
all of their available resources (i.e., people, equip-
ment, and information; Helmreich, Merritt, &
Wilhelm, 1999). CRM training has been defined
as a set of "instructional strategies designed to im-
prove teamwork in the cockpit by applying well-
tested training tools (e.g., performance measures,
exercises, feedback mechanisms) and appropriate
training methods (e.g., simulators, lectures, vi-
deos) targeted at specific content (i.e., teamwork
knowledge, skills, and attitudes)" (Salas, Prince,
et al., 1999, p. 163). So, CRM training can take

many shapes and forms, but it can be conceptual-
ized as a team training strategy focused on im-
proving crew coordination and performance.

Despite its long history and touted success
within aviation, some have begun to argue that the
true impact of CRM training on aviation safety is
still not understood (Salas, Burke, Bowers, & Wil-
son, 2001). Salas, Burke, et al. (2001) conducted
a comprehensive review of studies published
between 1983 and 1999 that evaluated the effec-
tiveness of CRM training for flight crews within
the commercial and military aviation domains.
The review identified 58 studies suggesting that
the data are encouraging, but the picture is not as
clear as it should be after 20 years of implemen-
tation. CRM training was found to generally pro-
duce (a) positive reactions (i.e., affective and
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utility based), (b) enhanced learning (primarily
measured through attitude change), and (c) desired
behavior change in the cockpit. However, because
of a lack of studies that have systematically (and
directly) tested the effects of CRM training, its im-
pact on safety was unable to be determined. Re-
cently, other researchers drawing from the same
studies reported similar results (see Edkins, 2002;
O'Connor, Flin, Fletcher, & Hemsley, 2002, 2003).

CRM training became mandatory for military
flight crews in the early 1990s, and although a
majority of commercial airlines were voluntarily
implementing CRM training, it dia not become
mandatory for commercial flight crews until 1998.
As noted, the conclusion remains that the impact
of CRM training is not understood as well as it
should be after 20 years. In fact, recent work indi-
cates that the number of accidents involving a
breakdown of CRM as a causal factor has re-
mained fairly consistent over time despite the pres-
ence of CRM training. Specifically, Wiegmann
and Shappell (2000) examined a breakdown of
the factors contributing to U.S. Navy and Marine
Corps accidents and found that in approximately
60% of the accidents between 1991 and 2000, a
CRM failure in the cockpit was a factor. Similar-
ly, an examination of aviation accidents during
1991 and 2000 indicated that approximately 41 %
of Part 121 (i.e., aircraft conducting domestic
commercial or flag operations) and 23% of Part
135 (i.e., aircraft conducting commuter or on-
demand operations) accidents involve a break-
down in CRM by the flight crew (Wiegmann &
Shappell, 2001).

The full impact of CRM training on safety
cannot yet be ascertained. Despite this, it is inter-
esting that other domains have begun to imple-
ment CRM training. For example, the medical
community has implemented CRM training in
the operating room, emergency room, and inten-
sive care units . Other communities, such as nu-
clear power and offshore oil production, have also
implemented CRM training for employees. There-
fore, the purpose of our paper is threefold. First,
we provide an update to the review by Salas,
Burke, et al. (2001). We do this by analyzing the
state of aviation CRM training evaluations that
looked at the impact of CRM training on flight
crews since 1999. Second, we extend the Salas,
Burke, et al. (2001) review to include CRM train-
ing efforts in aviation areas beyond the cockpit
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(i.e., maintenance, air traffic control) and in do-
mains outside aviation (e.g., medical, offshore oil
production). Finally, we conclude with several
critical CRM training evaluation needs.

AN UPDATE AND EXTENSION

A comprehensive review was conducted to un-
cover studies published within the aviation do-
main since the Salas, Burke, et at. (2001) review
as well as studies outside the aviation domain that
have evaluated CRM training. In an effort to iden-
tify these studies, numerous databases were
searched (e.g., EBSCOhost, Medline, Psychlnfo,
Science Direct) using terms such as resource
management, crew resource management train-
ing, crisis resource management, and aircrew
coordination training. In addition, the references
of each identified article were examined to iden-
tify any research that was not uncovered as a part
of our search efforts. To be included within the cur-
rent critical review, the paper must have present-
ed the findings of a study evaluating the impact
of CRM training on trainees' reactions, learning,
or behaviors and/or its impact on the organiza-
tion (see Table 1).

Although the names of the CRM training pro-
grams in domains outside of aviation sometimes
differed (e.g., CRM training in health care is com-
monly referred to as crisis resource management
training), we included those studies that we deter-
mined have the same underlying meaning (i.e.,
trained and evaluated CRM skills). Our extend-
ed effort found evaluation evidence in the areas
of aviation maintenance, medicine (especially
anesthesiology), and offshore oil production and
maintenance. We are aware that other domains,
such as fire service and railroad transportation,
have also been implementing CRM training; how-
ever, no published empirical evidence regarding
the evaluation of these programs was found.

Similar to the Salas, Burke, et al. (2001) effort,
the current critical review employs the extended
Kirkpatrick (1976) typology (see Kraiger, Ford,
& Salas, 1993) as the evaluation typology guid-
ing the analysis. Within this typology, the lowest
level, reactions, examines trainees' affective feel-
ings toward the program (i.e., did they like it?)
and the utility of the program (i.e., is it viewed
as worthwhile?). Learning is the second level of
the typology and relates to the knowledge (i.e.,
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principles, facts, and skills) understood and
acquired by trainees. In addition, learning is mea-
sured in terms of a desired change in trainees'
attitudes toward CRM. The next level, behaviors,
assesses whether the knowledge learned during
the training is transferred into actual behaviors on
the job or in a simulation. Finally, the highest
level of Kirkpatrick's (1976) typology is the im-
pact of training on the organization. Evaluating
training at this level determines whether the train-
ing had an impact on the goals of the organization
(e.g., improved safety, error reduction, increased
productivity). Each of these levels can be incor-
porated into a training evaluation program by itself
or in combination with one or more of the other
levels. A recent study by O'Connor et al. (2002)
investigated the typical methods used to evaluate
CRM training's effectiveness in the UK's aviation
industry. Their research found that 69% evaluated
training in terms of reactions, 21% measured learn-
ing in terms of attitudes, 36% measured learning
in terms of knowledge tests, 53% measured behav-
iors, and 33% evaluated the training's impact on
the organization. These numbers are relatively
consistent with what is published in the literature,
as we will present next.

FINDINGS

Based on the literature available that met our
search criteria, we identified 28 new studies that
evaluated the effectiveness of a CRM training pro-
gram administered as a part of the research (see
Table 1). Table I provides a description of each
study as well as the findings. The 28 identified
studies broke down by the following domains:
commercial aviation (2 studies), military aviation
(7 studies), medicine (11 studies), offshore oil
production and maintenance (1 study), aviation
maintenance (3 studies), shipping/maritime navi-
gators (2 studies), nuclear (1 study), and air traffic
control (1 study). Using the same framework used
in the previous review, we followed Kirkpatrick's
(1976) training evaluation typology for organiz-
ing the results of the analyzed studies. We should
note that although all of these papers stated that
a CRM training program had been implemented,
many of them did not specifically state the CRM
skills that were taught. As such, this makes it
difficult to truly know why a particular CRM train-
ing program was a success or why it was not.
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Do Trainees Like CRM Training?
Reactions Evidence

Of the 28 studies available in the literature, 13
(46%) evaluated CRM training at the reactions
level (i.e., attitudes), or the lowest level of Kirk-
patrick's (1976) typology. Collection of data at
this level seeks to determine if trainees liked the
training and if they found it useful. Of these 13
studies, 5 collected data solely at the reactions
level. A majority of these data was collected using
self-report surveys, including the Cockpit Man-
agement Attitudes Questionnaire (CMAQ; Helm-
reich, 1984) or modified versions for the respective
communities (e.g., operating room management
attitudes questionnaire). Similar to the Salas,
Burke, et al. (2001) review, all of these studies
found positive reactions toward the training from
participants. For example, trainees reported that
training was enjoyable (O'Donnell, Fletcher,
Dixon, & Palmer, 1998), that it suspended disbe-
lief (Small et al., 1999) and that they believed it
to be useful to them (Kurrek & Fish, 1996). This
information suggests that training was liked and
will be useful to participants on the job, but it is
minimally informative as to whether trainees
learned from the training, whether they applied
what they learned, or whether the training im-
proved organizational outcomes. These findings
will be addressed in the next few sections.

Do Trainees Learn From CRM Training?
Learning Evidence

Of the 28 studies, 12 (43%) were found to have
evaluated CRM training at the learning level.
Furthermore, 40 of those 12 studies were a part of
a multilevel evaluation study. Data collected at this
level include not only whether trainees learned the
knowledge, skills, and attitudes (KSAs) taught
but also the extent to which the training led to a
desired change in trainees ' attitudes (i.e., positive
change toward CRM). Learning evidence was
found in eight communities ( i.e., medical, aviation
maintenance, military and commercial aviation,
nuclear, air traffic control, maritime, and offshore
oil production), and the results were not consis-
tent. The 2 studies that collected data solely at the
learning level found that changes in attitudes
toward CRM concepts improved. For example,
Fonne and Fredriksen (1995) found that changes
in trainees' attitudes were overall very positive
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and that they were now more likely to change
their behaviors, such as informing other crew
members of personal stress and reducing aircraft
speed in adverse weather conditions. Whereas
the 2 studies that examined only learning evi-
dence indicated a positive change in attitudes,
studies that conducted multilevel evaluations
(including learning evidence) indicated more
mixed results. Specifics on these multilevel stud-
ies and others will be discussed in a later section.

Do Trainees Apply the Learned CRM
Behaviors ? Behavioral Evidence

Behavioral evidence was collected in 16 of the
28 studies obtained (57%). Of these, 8 collected
data solely at the behavioral level of Kirkpatrick's
(1976) typology. Behavioral evidence provides
an assessment of whether the KSAs learned in
training transfer to actual behaviors on the job or
in a simulated environment. Behavioral data were
collected for nearly all of the 16 studies through
simulation observations. Unlike the consistently
positive results found by those studies that looked
solely at reactions or learning, the results were
not as conclusive for the studies that examined
only behaviors. Half of those 8 studies suggest
mixed results - both positive and negative trans-
fer of behaviors were found. For example, Gaba,
Howard, Fish, Smith, and Sowb (2001) and Gaba
et al. (1998) found that although teams on average
performed better than individuals, approximately
one quarter of trained teams scored below the
minimally acceptable level. Additionally, in 1
training program, some skills were observed to
transfer (e.g., communication) whereas others
were not (e.g., leadership; Jacobsen et al., 2001).
The authors argued that the increased communi-
cations were attributable to a lack of leadership,
requiring the team to communicate more in order
to solve the problem. Similarly, research by Null-
meyer, Spiker, Wilson, and Deen (2003) suggests
that CRM training leads to positive behaviors
during some tasks (i.e., planning) and less-than-
positive behaviors in others (i.e., mission execu-
tion). Although mixed results were found for
some studies, 4 also found positive results (e.g.,
Goeters, 2002; Thompson, Tourville, Spiker, &
Nullmeyer, 1999). More research is needed to
determine why this may be the case. Potential rea-
sons for these inconsistencies are examined later,
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when we take a closer look at CRM training in the
medical community.

Are the Organizations Safer?
Results/Organizational Impact Evidence

Similar to findings of the Salas, Burke, et al.
(2001) review, the number of evaluations con-
ducted at this level was small. Specifically, evi-
dence of the impact of CRM training on the
organization was examined in 5 of the 28 studies
(18%)_analyzed (see Table 1). Data collected at
this level (considered the highest level of evalu-
ation) provide evidence of the impact of training
on the safety of the organization. Only 1 of the 5
studies examined organizational results in isola-
tion (i.e., Byrdorf, 1998, as cited in O'Connor et
al., 2003). The remaining studies looked at orga-
nizational results in combination with other levels
of Kirkpatrick's (1976) typology. The results of
these and other multilevel evaluations will be dis-
cussed in the next section. The 1 study that inves-
tigated solely organizational results found that
following CRM training, there was a reduction in
the number of nautical and machinery casualties
and insurance premiums. This study (and others
discussed later) indicates a positive effect of
CRM training; however, given the low occurrence
of accidents in many of these domains and the
difficulty in collecting these data (e.g., time, re-
sources), we caution researchers when conclud-
ing that CRM training alone led to these changes.
Potential effects of extraneous variables may
have also had an influence.

Multilevel Evaluation Evidence

Surprisingly, 12 of the 28 studies (43%) evalu-
ated training using multiple levels of Kirkpatrick's
(1976) typology. This is similar to the findings by
Salas, Burke, et al. (2001) in which 41% of the
studies reviewed examined training at multiple
levels. The most common multilevel study looked
at the reactions and learning of trainees (4 stud-
ies) - the two lowest levels of Kirkpatrick's
(1976) typology. The remaining studies evaluated
training at various levels - specifically, reactions
and behavior (Ellis & Hughes, 1999); learning
and behavior (Harrington & Kello, 1992, as cited
in O'Connor et al., 2003; Morey et al., 2002);
reactions, learning, and behavior (Howard, Gaba,
Fish, Yang, & Sarnquist, 1992); behavior and
organizational impact (Grubb & Morey, 2003);
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learning, behavior, and organizational impact
(Taylor & Thomas, 2003), and reactions, learning,
behavior, and organizational impact (Taylor, 2000;
Taylor, Robertson, Peck, & Stelly, 1993). The
dispersion of multilevel studies across domains
was fairly consistent: medical community (3
studies), commercial aviation (I study), aviation
maintenance (3 studies), military aviation (2 stud-
ies), air traffic control (I study), nuclear( I study),
and offshore oil production (1 study). Somewhat
disappointingly, the aviation community (com-
mercial and military) decreased the percentage of
multilevel studies it has conducted since the
Salas, Burke, et al. (2001) review (33% vs. 41 %).

When taking a closer look at the results of the
multilevel evaluations published in the literature,
we found inconsistent results indicating only par-
tial support for the effects of CRM training. Of the
12 studies, 4 found positive results at all levels
evaluated , whereas the remaining 8 found mixed
results . What we mean by this is that within the
same study, both positive and negative or neutral
results were found (e.g., positive reactions but neg-
ative behavior transfer). We discuss the results of
several of these studies next.

As previously stated, four studies found posi-
tive outcomes across all levels evaluated. For
example, Grubb, Crossland, and Katz (2002) and
Grubb and Morey (2003) found that there was an
increase in CRM-related behaviors (e.g., cross-
monitoring, information exchange) and also a
decrease in the number of aircraft accidents.
Harrington and Kello (1992, as cited in O'Connor
et al., 2003) examined learning and behavioral
changes of nuclear control room personnel. They
found that attitudes toward CRM were more pos-
itive following training and that trainees showed
an increased recognition of CRM concepts (e.g.,
communication, coordination) on the job. We
should mention, however, that the information
contained within much of the research discussed
here did not provide detailed information per-
taining to the robustness of the methodologies
used (e.g., what was trained, how it was trained,
number of participants). Therefore, we must "take
a leap of faith" in suggesting that there is a con-
nection among CRM training, learning, and per-
formance.

In all but one of the remaining multilevel eval-
uations, reactions to training were positive, indi-
cating that trainees liked training. Despite these
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favorable reactions, results of learning or behav-
ioral changes were not as clear cut. For example,
some research found that although trainees report-
ed positive attitudes towards the training, the
behaviors did not transfer to a simulated envi-
ronment (Howard et al., 1992) or errors were ob-
served during simulations (Ellis & Hughes, 1999),
suggesting that the training was not as successful
as anticipated. In another study, reactions were
positive but there was no indication of learning,
and trained groups received scores similar to those
of nontrained groups (i.e., neutral results). The two
studies that evaluated training at all four levels
found that trainees enjoyed the training (reac-
tions), attitudes toward CRM concepts were more
positive (learning), learned behaviors were trans-
ferred to the work environment (behavior), and
ground damage incidents were reduced (organi-
zational impact; Taylor, 2000; Taylor et al., 1993).
However, even these studies showed that the pos-
itjve attitudes toward CRM declined when not
supported by management following training
(Taylor, 2000) and that behaviors regressed to-
ward pretraining levels (Taylor et al., 1993). As
a final example of these mixed results, Taylor and
Thomas (2003) found that even though trainees
learned from training and transferred learned
behaviors to the job (e.g., improved written com-
munications), positive behaviors shifted toward
pretraining levels in the months following train-
ing. This indicates that training did not have a
lasting effect on trainees.

The studies discussed here reinforce the need
to conduct multilevel evaluations so that a com-
plete picture can be obtained of CRM training's
effectiveness and to provide support for recom-
mendations for recurrent CRM training. These
findings reinforce the notion that positive attitudes
do not necessarily lead to learning and learning
does not necessarily result in a behavioral change
(Alliger, Tannenbaum, Bennett, & Traver, 1997).
The inconsistencies of results found in the studies
discussed in this section suggest the value of eval-
uating training at multiple levels to truly under-
stand whether or not CRM training was effective.

Post Hoc Studies

Our review also uncovered six post hoc studies
that examined the effectiveness of CRM training.
These studies did not actually set out to evaluate
CRM training; rather, the researchers examined
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the impact of a previously administered CRM
training program on participants' reactions, learn-
ing, and performance (none of these studies
looked at the organizational impact; see Table 2).
Overall, the findings of these studies were simi-
lar to those discussed previously: Reactions were
positive (e.g., Small, 1998) and performance
improved (e.g., Fisher, Phillips, & Mather, 2000).
Another study examined how culture affects CRM
training (Davis, Bryant, Liu, Tedrow, & Say,
2003). These researchers compared hgplogeneous
and heterogeneous cultural teams and found that
American teams performed better than Chinese
teams (e.g., more decisions , fewer communication
errors) and that both American and Chinese homo-
geneous teams communicated more frequently
than did heterogeneous teams . In a final study,
Karp, Condit, and Nullmeyer (1999, 2000) found
some less-than-positive results. They examined
trainees ' reactions and learning to CRM training
for single-seat pilots, who must interact with team
members outside the cockpit. Their results indi-
cate that attitudes toward CRM were negative and
that trainees found it difficult to see the relevance
of CRM training to their operations. The results of
the latter two studies emphasize the importance-
of adapting the training to the audience, whether
multicultural or distributed.

Summary of Evidence

The Salas, Burke, et al. review (2001) suggest-
ed that CRM training in the aviation community
led to positive attitudes, learning, behavioral
changes on the job, and (potentially) safety in or-
ganizations, although the results were not quite
that clear. When an examination of the impact of
CRM training in all communities is made (as in
the current effort), the results are even less clear.
Although we did not uncover any study that sug-
gests CRM training does not work, approximately
half of the studies indicated mixed results, leading
us to question its effectiveness (see next section).
In addition, the amount of detailed information
regarding the training (e.g., skills trained, length
of training) is often limited within the published
literature. This makes it difficult to assess the qual-
ity and suitability of the training program.

Overall, it appears that CRM training has had a
positive impact on attitudes in numerous domains,
as indicated by the 13 studies that evaluated
trainees' reactions. As to whether learning took
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place during training, those studies that examined
trainees' attitude changes suggest that learning

did occur for the most part. Six of eight studies
indicated positive changes in attitudes towards
CRM. However, studies that looked at actual
learning of trained competencies indicated some
inconsistencies. Three of five studies examining
trainees' knowledge following training showed
mixed results (all found positive as well as neg-
ative or neutral results). For the remaining two
studies, one indicated neutral outcomes, whereas
the other found negative outcomes. Likewise,
behavioral evidence across communities suggests
inconsistencies as well. Of those studies examin-
ing solely behavioral evidence, half indicated pos-
itive results and the remaining half indicated
mixed results. When behavioral evidence was col-
lected in conjunction with additional levels, the
data suggest that three of eight studies found either
negative or mixed results. The remaining five stud-
ies found positive changes in behaviors. Finally,
three of the five studies that evaluated training at
the organizational level did suggest that CRM
training had a positive impact on safety in terms of
reduced errors or incidents. Two studies indicat-
ed neutral (no change) or mixed results follow-
ing training. Given the difficulty of evaluating
training at this level (e.g., criterion measures are
difficult to identify and it is hard to control the in-
fluence of extraneous variables), it cannot be said
with certainty that CRM training led to the posi-
tive results. See Table 3 for a breakdown of which
studies found positive, negative, or mixed results.

The variability of much of these results leads
us to argue (again) for the need to evaluate CRM
training at multiple levels. This is necessary be-
cause data from just one level provides a rather
limited picture of the true impact of CRM training
on trainees and the organization. More specifi-
cally, although reaction data is worthwhile in that
it provides a picture of whether trainees liked the
training and found it useful, it does not indicate
whether the trainees learned the competencies
trained. Furthermore, we would argue that just be-
cause trainees learned the competencies or had a
positive change in attitudes, it does not signify
a behavioral change on the job. Finally, a change
in trainees' behaviors will not necessarily lead to
a change in the safety of the organization. By col-
lecting evidence at multiple levels, researchers
can begin to get a clearer picture as to where CRM

text continues on page 408
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training was a success and where it might have
gone wrong so that they can correct it in the future.

CRM TRAINING IN HEALTH CARE

As about half of the new studies examined
evaluated CRM training in the health care com-
munity, we wanted to further analyze these to
determine their effectiveness. Of the 11 studies
conducted in the health care community, 8 eval-
uated training at only one level, namely reactions
or behaviors. The remaining 3 studies used a mul-
tilevel approach to evaluating training. Overall,
the 7 studies that collected reactions data suggest
that the training was realistic (e.g., Halamek et al.,
2000) and was seen as having a benefit (e.g.,
Holzman et al., 1995). Only 2 of!! studies looked
at learning evidence and were a part of multilevel
evaluations. One study that examined trainees'
learning found positive results in that trainees' at-
titudes toward teamwork improved, as did the
demonstration of teamwork behaviors on the job
(Morey et al., 2002). The second study showed
that whereas residents improved their knowledge,
expert anesthesiologists did not; however, this
may be attributable to ceiling effects (Howard et.
a!.,1992). Trainees from this study also performed
poorly in a simulated environment (e.g., poor
communication and coordination). These findings
occurred despite the positive reactions to the train-
ing reported by trainees.

The evidence reported for the remaining four
studies that examined trainees' transfer of the
learned behaviors to the job or simulated envi-
ronment also provides only partial support for the
effectiveness of CRM training. For example,
i Garth, Christensen, Jacobsen, Jensen, and Ording
(2001) found that although trainees were able to
diagnose the emergency in a simulation, less than
half carried out their intentions to hyperventilate
the patient. In another study, although trainees
showed a high awareness and communicated fre-
quently, they had a difficult time diagnosing the
problem, and no team member took the lead or
delegated tasks (Jacobsen et al., 2001). Others
found that transfer of trained behaviors was based
on a particular simulated scenario (Gaba et al.,
2001). Finally, no studies were found from the
medical community that examined the impact of
CRM training on the organization.

So what can be said about the findings from
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the medical community? Overall, it appears that
there is only partial support for training's ef-
fectiveness. Whereas reactions to training were
positive, transfer of the learned behaviors to the

job were somewhat less concrete. Because learn-
ing evidence was not collected for a majority of
the studies, it is difficult to determine whether the
trained knowledge and behaviors were even
learned. Furthermore, only 3 of 11 studies (27%)
examined training at multiple levels. It is admir-
able that the medical community is implementing
CRM wining in health care. It is needed. How-
ever, the results of their evaluation efforts are not
as positive as one would wish. These results are
indicative of "newcomers" to the area of crew (or
crisis) resource management, as the aviation com-
munity also struggled in the beginning. The fact
that CRM training in health care is still in its infan-
cy leads us to believe that it can be a success - if
designed, implemented, and managed properly.
Therefore, we hope that the health care commu-
nity, along with other newcomers, will rely on
what is known about the science of training (e.g.,
team training, transfer of training) and the lessons
learned from the aviation and military communi-
ties (see Salas, Bowers, & Edens, 2001; Salas &
Cannon-Bowers, 2001).

WHERE TO GO FROM HERE?
SOME NEEDS

It appears that after two decades of CRM train-
ing research and practice, the industry continues
to struggle with how to evaluate and institutional-
ize it. Since the inception of CRM training, a great
deal has been learned about how to design, devel-
op, implement, and evaluate training programs in
organizations (see Salas & Cannon-Bowers,
2000, 2001; Tannenbaum & Yukl,1992). What is
perplexing is that despite what is known about
the science of training, organizations seem to
ignore the available relevant literature (see Salas,
Fowlkes, Stout, Milanovich, & Prince, 1999) that
could guide and manage their CRM training ef-
forts. That is, the explanation, application, and
integration of what has been learned about the sci-
ence of training needs to make its way to the
design, implementation, evaluation, and institu-
tionalization of CRM training programs (of
course, there are some exceptions). But why is
this often not the case? We deal with that next.
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Based on our review of the available CRM
training evaluation literature, we believe a number
of critical factors appear to be causing the CRM

community to struggle. Although we recognize
that some organizations (e.g., aviation) are further
along than others (e.g., railroad) in this regard,
more work still needs to be done. First, the com-
munity is lacking standardization for CRM train-
ing (e.g., what to train, how to train it). While
governing agencies, such as the Federal Aviation
Administration (FAA) and Civil Aviation Author-
ity (CAA), provide resources to help organizations
develop CRM training programs, recommenda-
tions are merely provided. In addition, the various
names associated with CRM training ( e.g., air
crew coordination training , crisis resource man-
agement) indicate the lack of consensus among
domains as to how to label or define CRM. Fur-
thermore , there is no standardization as to what
competencies (i.e., knowledge, skills, and atti-
tudes) are to be trained. Our review of the studies
reported here illustrates the variability in what is
trained under the term CRM - from attention allo-
cation to communication to flight integrity. The
CRM community needs to identify what set of
core CRM competencies are necessary (allowing
for adaptation of unique skills in some domains)
for CRM to be a success (some may already have
an idea ), and those should be the core skills that
are trained.

Second, there is a performance measurement
problem. The tools used to assess performance in
learning simulations must be diagnostic of what
the program is training and must be tied to the
learning objectives. The tools being used now pro-
vide static information but are limited at allowing
proper diagnosis of the required dynamic team-
work (CRM) competencies. The diagnosis needs
to be rich, detailed, relevant, and robust so that ap-
propriate remediation can be done. Without this
the trainees, and therefore the training programs,
cannot be improved. Therefore, much better
mechanisms are needed to diagnose CRM-related
performance.

Third, there are a number of myths and mis-
conceptions that organizations may fall prey to
as they design and implement CRM training (see
Salas, Wilson, Burke, & Bowers, 2002). For ex-
ample, it is often assumed that high physical
fidelity simulations are better for learning. How-
ever, research suggests that high physical fidelity
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is not always needed, as long as the psychological
fidelity is high (i.e., the simulation allows trainees
to progress through the simulation using the same
cognitive processes as required in the real-world
environment; Bowers & Jentsch, 2001). More is
not necessarily better. Another myth discussed by
Salas and colleagues (Salas et al., 2002) is the
misperception that subject matter experts should
drive the design of training. Learning is a behav-
ioral and cognitive event. Although subject matter
experts can articulate task requirements, learning
experts should drive the design of training - a
partnership is indeed needed. These and others
myths need to be avoided. Finally, CRM training
supporters continuously struggle to make a "busi-
ness case" to the upper echelons of the organiza-
tion as to the importance of CRM training. So,
how can researchers move ahead and show the
value of CRM training? We submit that this com-
munity needs a mandate, access to data, and re-
sources to determine the efficacy of CRM training.

A Mandate

We need a mandate to compel researchers to
conduct sound, systematic, reliable, and robust
evaluations. In other words, a directive from the
organizations, institutions, or agencies that are
designing, delivering, and implementing CRM
training is needed. This direction should ensure
that the training is evaluated at multiple levels,
on a continuous basis, and in a standardized way.
Without this mandate, CRM training will contin-
ue to be implemented as merely a "check in the
box" without necessarily utilizing what is known
about the proper design, development, implemen-
tation, and evaluation of training programs. Where-
as the European Joint Aviation Authority, for
example, requires that CRM skills be evaluated
by an approved methodology (e.g., NOTECHS;
Flin et al., 2003), this is not the case in domains
newer to the CRM community (e.g., medical, nu-
clear power). Therefore, what is needed is an or-
ganization in each domain that cares to know
whether or not CRM training works and will
issue the mandate to find out.

Access to Participants In Situ

Once a mandate is established, access must be
granted to collect the data. This requires a change
in climate such that, for example, the aviation com-
munity opens its cockpits and that the medical
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community opens its operating rooms to research-
ers. Furthermore, these communities must make
the trainees (e.g., pilots, doctors, nurses, techni-
cians) and supervisors available such that the
short-term and long-term effects of CRM training
can be determined. One of the things lacking with-
in the CRM data is a look at the long-term impact
of CRM training on the job (e.g., do attitudes,
knowledge, and behaviors maintain over time?),
not just in a simulated environment. This includes
administering surveys to evaluate attitudes (e.g.,
CMAQ); conducting behavioral observations in
the field (e.g., line operational safety audits); and
evaluating accident, incident, and error reporting
databases (e.g., Aviation Safety Reporting System;
UK National Reporting and Learning System in
health care) that are internal and external to orga-
nizations.

However, opening the cockpit and operating
rooms is not enough. It is necessary but not suffi-
cient to conduct a credible and defensible evalu-
ation protocol. Some basics are needed: sufficient
power, control groups, and randomization. More
important, the right data need to be collected at
the right time to allow one to make the right con-
clusions.

Resources for Execution

The third need of the CRM community is re-
sources (e.g., funding, time) to allow researchers
to conduct the necessary training and subsequent
evaluations. First, resources are needed to system-
atically design and deliver the training. Second,
resources are needed to standardize training eval-
uation methodologies and to conduct both imme-
diate and longitudinal evaluations of training
programs. Evaluating training programs at multi-
ple levels is time consuming, labor intensive, and
costly. Therefore, it is important that resources
become available to make this a possibility. Fi-
nally, the communities involved need resources
to properly train the trainers and the evaluators
such that they can properly facilitate the training,
provide the necessary feedback to trainees, and
make improvements to future training programs.

We are aware of the difficulty in establishing
a credible, direct cause-and-effect relationship be-
tween CRM training and safety. The low occur-
rence of mishaps prevents it. Maybe all one can do
is rely on proxy measures of safety - the dependent
variables - not safety rates. However, we submit
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that researchers must continue to seek better and
robust evaluations of safety, clinical , and perfor-
mance outcomes.

CONCLUSIONS

Although some have argued that there is no
evidence that CRM is effective (Besco, 1995,
1997, 1998; Komich, 1997; Simmon, 1997), this
review and others conclude that some evidence
does exist. This is important. The picture that has
emerged after reviewing the existing evidence
within the current framework suggests that CRM
training is effective at some levels (e.g., attitudes).
As previously stated, however, the picture is not
as clear as it should be after 20 years. The lack of
systematic studies that can clearly show cause and
effect is a key factor in this unclear picture.
Without evaluations at multiple levels, one cannot
ascertain whether reactions lead to learning, learn-
ing leads to behavioral change, and behavioral
change leads to organizational results.

Nevertheless, given that CRM training is one
of a number of factors that may influence the
practice and effectiveness of CRM behaviors, it
may be argued that the current evidence for the
effectiveness of CRM training programs is im-
pressive, albeit imperfect. Specifically, what can
be said is that CRM (generally) produces positive
reactions, enhanced learning, and desired behav-
ioral change in a simulated or real environment.
However, what cannot be answered with certain-
ty is whether CRM training has an effect on the
bottom line: safety. At this point, we believe
the tools to determine this do exist; what is need-
ed are a mandate, access to facilities and trainees
(e.g., pilots, doctors), the resources to make it hap-
pen, and, of course, examination of additional
measures of safety beyond accident rates. We be-
lieve that all of those interested should demand
that these needs be met. Without these needs
being met, CRM training programs will contin-
ue to be implemented and evaluated without ever
reaping the true benefits.
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