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PREFACE

Recent research findings suggest that crew resource management (CRM) training can
result in significant improvements in flightcrew performance. The objectives of
this handbook are to foster an understanding of the background and philosophy of
CRM and to provide an overview of the development, implementation and evaluation
of CRM training. Currently, CRM programs have been implemented successfully at
a number of airlines, large and small, civil and military. The variety of CRM

training programs suggest that there are a number of ways to achieve effective
CRM.
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Chapter 1: Introduction

Aviation safety! This concept is readily
embraced by everyone in the aviation
community from flight crews to support staff
to management. This was not always the case
with Crew Resource Management (CRM). The
concept of crew resource management has been
both blessed and cursed by those in aviation.
It has been cursed because the emphasis on
crew resource management is relatively new,
and people often have a healthy, skeptical
reaction to new ways of doing things.

But CRM is also blessed by many because of
what it can accomplish. Recent research
findings suggest that crew resource
management training can result in significant
improvements in flightcrew performance. Not
surprisingly, a growing number of people in
the aviation community, from airline
management to flight crews themselves, have
embraced crew resource management as an
effective approach to reducing flight errors
and increasing aviation safety. Currently,
CRM programs have been implemented
successfully at a number of airlines, large
and small, civilian and military.

Objectives of This Handbook

The objectives of this handbook are to foster
an understanding of the background and
philosophy of Crew Resource Management, and
to provide an overview of the development,
implementation, and evaluation of CRM
training. This handbook is written for Part
135 and Part 121 carrier operators and
management, and is designed to serve as a
supplement to Advisory Circular 120-51 as
revised, Crew Resource Management.



CRM Background and Philosophy

It is useful to distinguish between the
philosophy of crew resource management and
the implementation of crew resource
management (CRM training). There is general
agreement within the aviation community
regarding the principles underlying CRM.

Most agree on key CRM concepts and the need
to focus on crew skills and performance.
However, there is less consensus regarding
how to implement CRM training. In fact,
various training programs have appeared which
meet the specific needs of individual users.
The variety of CRM training programs suggests
that there are a number of ways to achieve
effective crew resource management.

What follows is a brief history of crew
resource management, a discussion of
principles, and finally, an overview of CRM
training.

We've been flying for over 90 years. Why CRM
now? The concept of crew resource
management is not new. Anyone who thinks
that the Wright brothers did not make
effective use of the resources at their
disposal in 1903 at Kitty Hawk is certainly
mistaken. Similarly, military and civilian
pilot training programs have touched on CRM
topics for years. NASA's John Lauber recalls
the saying that if an idea is new, it
probably isn't good, and if it is good, it
probably isn't new. So, while the concepts
underlying CRM are not new, what is new is
the heightened emphasis on crew resource
management as one key to increased aviation
safety.

From the 1950s to the 1990s we have witnessed
a steady decline in aviation accidents (see
Figure 1). This decline in aviation
accidents has been attributed to better
equipment, better training, and better
operating procedures. However, this happy
big picture of system safety masks some
troubling data. As Figure 2 illustrates, as
accidents related to equipment weaknesses
have decreased, accidents attributed to human
weaknesses have increased. A comparison of
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Figure 1. Total accident rate for commercial aircraft, worldwide, 1959-1980,
(Excludes sabotage, miltary action, turbulence and evacuation injuries.)
(Boeing Commercial Alrplane Group, 1991)

Figure 1 and Figure 2 suggests two points.
First, Figure 1 indicates that after a sharp
drop in the 1960s, accident rates have
leveled off from 1970 through 1990. Second,
the trends in causes of accidents illustrated
in Figure 2 show that human error has
remained a major contributing factor in
aviation accidents during these latter years.

HUMAN CAUSES

MACHINE CAUSES

TIME

Figure 2. Changes in accident causal factors over time. (Intemational
Civil Aviation Organization, 1984)



Industry estimates of causal factors in air
carrier accidents are shown in Figure 3. By
a conservative estimate, well over 60% of
aircraft accidents have been attributed to
crew-related actions. 1In brief, it seems
that the "human factors" contribution to
aviation accidents may be a difficult problen
to solve.

Primary
Factor

No. of
Accidenis

Percent of Total Accidents with Known Causes

Total

(=] 10 20 30 40 50 60 70
10 yrs_ | | | | | |

Flightcrew
Airplane
Maintenance
Waeather
Airport/ATC

Misc (Other)

493

21

34

37

47

125

Tolal with
Known Causes

756

207

Unknown or
Awaiting
Reports

R 1959 - 1990

70

GhAL Last 10 years (1981 - 1990)

Total

873

277

Figure 3. Primary causal factors for commercial aircraft accidents, worldwide, 1959-1990.
(Boeing Commercial Airplane Group, 1991)

Concern with the factors underlying these
accidents led NASA researchers in the 1970s
to conduct a series of interviews with line
pilots to investigate their perceptions of
aviation mishaps. Charles Billings, George
Cooper, and John Lauber found that one mishap
component consistently mentioned by pilots
was inadequate training. Even more
interesting, these researchers found that it
was not technical training that these pilots
felt they lacked, but training in leadership,
communication, and crew management. In other
words, traditional training had done an
excellent job of imparting stick and rudder
skills, but these pilots felt that they



needed more training in crew coordination. A
subsequent analysis of jet transport
accidents between 1968 and 1976 revealed more
than 60 that involved problems with crew
coordination and decision making (Cooper,
White, & Lauber, 1979).

These preliminary results, coupled with a
dogged determination to pursue answers to
problems that line pilots had identified,
encouraged NASA researchers to conduct
further research and analysis. In one
classic simulator study, B-747 flight crews
were observed in a highly realistic simulated
line trip from New York's Kennedy Airport to
London (see inset: New York to London Minus
One Engine). During this tightly-scripted
scenario, an oil pressure problem forced the
crew to shut down an engine. The crew had to
decide where to land the plane. This
decision was further complicated by a
hydraulic system failure, bad weather, poor
air traffic control, and a cabin crew member
who demanded attention at the worst possible

moments.

Researchers found that there was a

wide variation in the performance of crews

during this simulation.

Most problems arose

New York to London Minus One Engine: The Ruffell
Smith Simulator Study.

Because the scenario involved a high gross takeoff weight,
followed by an engine shutdown with a subsequent
diversion, the crew needed to dump fuel to reduce the
aircraft's weight to maximize landing weight. As in actual
line operations, this was a very busy period. In one case,
after the captain decided to dump fuel, the captain and the
first officer together decided that 570,000 pounds was the
correct target landing weight. They reached the decision
without consulting the flight engineer or any aircraft
documentation. The flight engineer then calculated a dump
time of 4 minutes 30 seconds, which the captain accepted
without comment even though it was approximately one-third
the actual time required. Without prompting, the flight
engineer recalculated the dump time to the nearly comect
figure of 12 minutes.

Instead of dumping for 12 minutes, however, the flight
engineer stopped after only 3 minutes, perhaps because he
reverted to his original, erroneous estimate or because he
misread the gross welght indicator. Unsatisfied, he again
started to recalculate, but the failure of the No. 3 hydraulic
system interrupted him.

During the next eight minutes, the flight engineer was
subjected to a high work load, but then noticed that the gross
weight was too high and decided to refigure the fuel. During
that time, he was interrupted further and did nothing more
about the fuel until the captain, noticing the gross weight

{ndicator at 647,000 pounds, decided to make an
over-gross-weight landing. A minute and a half later, the
flight engineer rechecked the fuel as part of the landing
checkiist and became concemed about the gross weight.

He spent a minute and a half rechecking calculations and
announced that the aircraft's gross welght computer must be
in error. Two minutes iater, the simutator lands at 172 knots
with only 25 degrees of flap: a 1,000 foot-per-minute descent
about 77,000 pounds over the correct weight, on a shert, wet
runway

During the 32 minutes between the decision to dump fuel
and the landing, the flight engineer was Interrupted 15 times
while perferming specific tasks tailering the amount of fuel to
be dumped In relation to the conditions and length of the
landing runway. Nine of the interruptions came directly or
indirectly from the captain, four from the cabin crew member,
and two from equipment problems. The flight engineer was
never abie to complete and verify his fuel calculations and
dump times without interruption, either by a routine part of
standard operating procedure, or by a request from the
capiain or the cabin crew member. He thus became
overloaded and his work became fragmented. The captain
failed to recognize the situation and so did nothing to resolve
it.

(Lauber, 1984)




not from a lack of technical knowledge or
skills, but from poor resource management.
Crews whose performance included a high rate
of errors did a poor job of communicating,
setting priorities, and sharing workload.
Crews making few errors did a better job of
managing available resources.

In a subsequent analysis of the cockpit voice
recordings from this study, Foushee and Manos
(1981) found that those crews who
communicated more and who acknowledged the
exchange of information made fewer errors.

Is CRM Training Necessary?

Factors related to faulty crew performance account for well over half of air camier accidents.
These include:

Eastem Airiines, Lockheed L-1011, Miami, Florida, December 29, 1972.
United Airlines, DC-8, Portland, Oregon, December 28, 1978.

Allegheny Airlines, Inc. , BAC 1-11, Rochester, NY, July 9, 1978.

Air Florida, Boeing B-737, Washington, DC, January 13, 1982.

Air lllinois, Hawker Siddley 748-2A, Pinckneyville, lilinois, October 11, 1983.
Galaxy Airlines, Lockheed Electra-L-188C, Reno, Nevada, January 21, 1985.
Air Ontario, Fokker F-28, Dryden, Ontario, March 10, 1989

This early work by Lauber, Cooper, Foushee,
and many others culminated in the first
NASA/Industry Workshop on Resource Management
on the Plight Deck in 1979. This event
converged the efforts begun by the military
and by commercial carriers in this area.
Subsequently, in the early 1980s, programs
were developed and implemented by some air
carriers, including United Airlines, KIM, Pan
Am, Trans Australia Airlines, and others.
Other events, such as the 1986 NASA/MAC
Workshop on Cockpit Resource Management
Training, and the biennial aviation
psychology symposia organized by Dick Jensen
at Ohio State University, provided



opportunities to review progress in CRM
program development.

The FAA officially recognized the value of
CRM types of training during this period by
allowing a LOFT training period to be used as
an approved period of training which could be
substituted for certain pilot's recurrent
proficiency checks. More recently, SFAR 58,
The Advanced Qualification Program (AQP),
passed into law in 1990, has given greatly
expanded latitude to air carriers with regard
to training. One of the conditions of the
AQP training option is that CRM training be
included. It is projected that CRM may one
day be required in all formal aircrew
certification requirements.

The CRM concept has continued to evolve over
the last decade, guided by extensive
federal/university/industry research and by
lessons learned from the implementation of
CRM programs at a growing number of airlines.
FAA Advisory Circular 120-51 as revised
provides a contemporary statement of CRM
concepts. This document underscores several
recent developments in CRM:

® CRM has come to embody the entire flight
operations team, including the cabin crew,
air traffic controllers, maintenance, and
other groups that interact with the
cockpit crew. A shift in terminology
reflects this emphasis: Cockpit Resource
Management is now more appropriately
termed Crew Resource Management.

¢ A second recent initiative is the
integration of CRM skills with traditional
technical flying skills. Whereas CRM
programs stress the acquisition of
crew-related skills, it is thought that
these skills should ultimately be
integrated with technical skills in the
normal training and evaluation process.
In other words, both technical skills and
CRM skills interact to determine
performance on the flightdeck.
Accordingly, these skills should be
trained and evaluated together as part of
the total training program.



® CRM programs have been in place for a time
sufficient to allow a body of research
evaluating CRM training effectiveness to
accumulate. The research results indicate
clear evidence of positive changes in
aircrew performance following the
introduction of CRM.

This brief look at the background of CRM has
necessitated the omission of many important
contributions by many people. However, it is
noteworthy that CRM program development has
been driven by inputs from line pilots, not
dreamed up in some ivory tower. Accordingly,
CRM has become widely accepted within the
aviation community.

Principles of Crew Resource Management

CRM is the effective
utilization of all available
resources—-hardware,
software, and
personnel—-to achieve
safe, efficient flight
operations.

CRM is defined as the effective utilization
of all available resources--equipment and
people--to achieve safe, efficient flight
operations. Resources include autopilots and
other avionics systems; operating manuals;
and people, including crew members, air
traffic controllers, and others in the flight
system. Therefore, the concept of effective
CRM combines individual technical proficiency
with the broader goal of crew coordination,
thus integrating all available resources to
achieve safe flight.

The following principles are fundamental to
the CRM concept:

¢ Effective performance depends on both
technical proficiency and interpersonal
skills.

® A primary focus of CRM is effective team
coordination. The team encompasses the
flight crew (cockpit and cabin),
dispatchers, air traffic controllers,
maintenance and others.

® CRM focuses on crew members' attitudes and
behaviors.

¢ Effective CRM involves the entire flight
crew. CRM is not simply a responsibility
of the captain, nor should CRM training be
viewed as captain's training. All
crewmembers are responsible for effective

8



CRM Training

management of the resources available to
themn.

® The acquisition of effective CRM skills
requires the active participation of all
crewmembers. Effective resource
management skills are not gained by
passively listening to classroom lectures,
but by active participation and practice,
including the use of simulations such as
Line-Oriented Flight Training (LOFT).

® CRM training should be blended into the
total training curriculum, including
initial, transition, upgrade, and
recurrent training.

CRM training programs come in many forms.
Limited CRM training programs are now
available off-the-shelf from various sources.
Specific organizations develop CRM programs
to meet their own particular needs and
corporate culture. Therefore, someone
reviewing current CRM training programs is
likely to find a variety of programs and
program acronyms. These include:

* Flight Operations Resource Management
(FORM) ,

¢ Flight Deck Management (FDM),

¢ Ajircrew Resource Management (ARM),

® Aircrew Coordination Training (ACT),
¢ Flight Team Management (FTM).

This diversity reflects the difference in
size, type of aircraft, mission, training
facilities, equipment, and financial
resources of operators. Accordingly, no
single training program is likely to meet the
requirements of all operators.

All CRM training programs are built on the
principles outlined above. FAA Advisory
Circular 120-51 as revised may serve to build
a consensus on program content by suggesting
basic CRM skills to be included in any
program of instruction. These skills are
grouped into three clusters:



Summary

The overall goal of CRM
is the blending of
technical skills and
human skills to support
safe and efficient
operation of aircraft.

1. Communications and Decision 8kills. This
cluster of skills includes behaviors related
to communications and decisionmaking,
including:

® assertiveness

¢ communications

® decision making

¢ conflict resolution

2. Team Building and Maintenance Skills.
This cluster focuses on human interaction and
team management skills including:

¢ Jleadership
¢* team management

3. Workload Management and Situational

Awareness. This cluster reflects skills
related to managing stress and workload,
including:

* mission planning
® stress management
¢ workload distribution

These skills will be examined more closely in
the following chapter.

Crew resource management represents an
approach to improving aviation safety that
was born of real life experiences of airline
pilots. They realized that technical skill
alone was not enough to manage safely a
complex flight system. CRM emphasizes the
effective utilization of all resources
available to the flight crew, including
equipment and people. In addition to
respecting the importance of traditional
stick and rudder skills, CRM focuses on those
other skills required for effective crew
performance. The overall goal of CRM is the
blending of technical skills and human skills
so as to support safe and efficient operation
of aircraft.

10



Research and experience have both shown that
the best CRM training is like other effective
training - it will include three learning
elements: awareness, practice, and
reinforcement. CRM training should not
follow any single outline, however. It is
most effective when it is developed to meet
each user's unique set of needs.

Overview of the Handbook

Chapter 1 has introduced CRM. The following
three chapters provide suggestions and
examples on what CRM is and how CRM training
programs can be provided.

Chapter 2 presents an explanation of the
basic CRM skills. This explanation cites
cases illustrating effective and ineffective
utilization of these skills.

Chapter 3 provides guidance on developing,
implementing and evaluating CRM training.

Chapter 4 provides a brief summary.

Following the text, a glossary is presented
as a key to the terms used in CRM training.
Finally, a bibliography is included to
provide supplementary reference material.

11
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Chapter 2: CRM Skills

The "Right Stuff" for
modern-day flight oper-
ations includes both
individual technical profi-
ciency and crew resource
management skills.

There are many skills required to fly an

airplane safely. Some of these are referred
to as technical or "stick and rudder" skills.
Major categories of technical skills include:

Motor S8kills: the physical control of
aircraft systems, aircraft attitude, and
navigation.

Procedural 8kills: the execution of
standard, abnormal, and emergency operating
procedures.

Information 8kills (Knowledge): the use of
information required to conduct safe air
operations in areas such as federal
regulations, weather, and aircraft systems.

These skills constitute the technical
proficiency of crewmembers. As noted in
Chapter 1, these skills formed the primary
basis for the selection and training of
aviators for most of this century.

These skills are necessary for modern
aircraft operations, but by themselves are
not sufficient to ensure safe flight. 1In
other words, these individual technical
skills must be paired with other crew-related
skills to achieve safe flight operations.

For example, it is not enough that a
crewmember possesses the appropriate
technical knowledge; each crewmember must
also have the skills necessary to receive and
to transmit information efficiently in the
crew setting--communication skills. The
crewmember who tends to ignore input from
others can be a hazard during normal flight,
and can be disastrous in emergency
conditions. Therefore, technical skills must
be 1ntegrated with other crew-related skills,
defined in Chapter 1 as CRM skills, to ensure
safe flight.

CRM skills, those skills related to effective
crew resource management, may be grouped into
the following categories:

13



Communication Processes and Decision Making:
skills related to effective communications
and crew decisions.

Team Building and Maintenance: skills
related to leadership/followership and
maintaining a supportive team environment.

Workload Management and Situational
Awvareness: skills related to operational
awareness, planning, and managing stress and
workload.

Figure 4 provides an overview of the skills
that determine flight performance. Note that
Figure 4 indicates that both technical skills
and CRM skills are necessary for effective
flight performance. This view is consistent
with the recent initiative to integrate
technical and CRM skills in flight operations
and training.

Furthermore, each cluster of skills presented
in Figure 4 is broken down into basic or
primary-level skills. For example, specific
skills that compose the Communications
Processes and Decision Making cluster include
communication skills, assertiveness skills,
and decision making skills. The three major
CRM skill clusters provide one convenient way
to classify CRM skills. However, it is the
primary-level skills that form the basis for
CRM training.

CRM skills within each of the three skill
clusters are described in the following
sections. Each skill will be described
briefly. Synopses of NTSB accident reports
will illustrate how skills can effect crew
performance. The purpose of this chapter is
to provide an overview of selected CRM
skills, and to demonstrate the importance of
these skills to flight safety.
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Communication Processes and Decision Making.

The first cluster of CRM skills includes
those related to effective communication and
decision making. Three primary-level CRM
skills within this cluster are described in
the following: Communication, Assertiveness,
and Decision Making.

Communication

One of the most significant variables
relevant to crew performance is the
information flow within the cockpit and
between the cockpit and other sources. The
effective transfer of information is a
complex process, and requires that
information be conveyed when needed,
transferred clearly, attended to by the
receiver, understood and acknowledged by the
receiver, and clarified if needed. There are
numerous opportunities for breakdown in this
process.

The Aviation Safety Reporting System (ASRS)
was created in 1976 by NASA and the Federal
Aviation Administration to provide a data
base for anonymous reports of aviation
incidents. From the earliest months, it
became obvious that common deficiencies in
the exchange of flight information were
frequently being noted in the reports to the
ASRS.

Billings & Reynard
(1981) analyzed a large
group of the incidents
reported to the ASRS,
finding that over 70% of
the reports contained
evidence of error in the
transfer of information.
One of the most common
communication problems

Falre o hcompleteor  Commnot  Notreceived Eaup (37% of the reported
o - oo fease incidents) was failure

to initiate the
information transfer

process. In most of these cases, the needed
information almost always existed, but it was
not made available to those who needed it.
Another common problem (37% of the incidents)
was inaccurate, incomplete, ambiguous, or
garbled messages. Other problems included

Figure 5. Communications errors reported in the ASRS (Billings & Reynard, 1981),

16



the failure to transmit the message at the
appropriate time (13%). 1In 11% of the cases,
the message was either not received or was
misunderstood. Only 3% of the information
transfer problems were attributed to
equipment failure.

Foushee and Manos (1981) also reviewed the
ASRS data base to examine incidents involving
communications problems. They observed the
following communication problems:

35% of the reports cited problems dealing with poor understanding and
division of responsibilities. Often, the lack of appropriate
acknowledgments and cross-checking was a factor.

16% were due to interference with pertinent cockpit communications by
extraneous conversations between cockpit crewmembels or between
cockpit crewmembers and cabin crew.

15% of the incidents were due to information which one or more
crewmembers belleved they had transferred, but due to interference or
inadequacy of the message, was not transferred successfully.

12% reported a total lack of communication between crewmembers.
Within this category, there were numerous examples of crewmembers not
communicating regarding errors even when they h