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After an accident that killed all three crew members,
involving a Beech Super King Air 300/F aircraft in
the Blue Ridge mountains near Front Royal, Virginia,
U.S,, in October 1993, U.S. National Transportation
Safety Board (NTSB) investigators found that “no
formal or informal crew resource management
[CRM] program was in effect within the [U.S.
Federal Aviation Administration (FAA)] flying
operation.” The aircraft was owned by the FAA and
operated by the Flight I nspection Area Office (FIAO)
based at Atlantic City, New Jersey, U.S. [For a
detailed report on the accident, see Accident
Prevention, August 1994.]

The NTSB inquiry also determined that the pilot had a history
of ignoring visua flight rules, failing to adhere to checklists
and not acknowl edging the second-in-command'seffortsto bring
problems to his attention. Despite complaints by other crew
members, the pilot’s supervisors had taken no corrective action.

Investigations of two earlier accidents involving flight-
inspection aircraft— onein 1988 near Oak Grove, Pennsylvania,
U.S., and another in 1986 near Liberal, Kansas, U.S. — had
also found problems related to situational awareness,
communications and crew coordination.

Because elements of ineffective CRM appeared to be factors
inthe three accidents, the FAA increased its effortsto develop
a CRM training program for all FAA air crews, including a
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Needsin Flight-ingpection Missons

Crew resource management (CRM) programs should be tailored to specific operations,
rather than imported from another environment, says the report. Moreover, success
depends on the active involvement of each program’sflight crews.

Robert L. Koenig
Aviation Writer

specific training course for the flight-inspection
mission. The FAA Civil Aeromedical Institute
(CAMI) in Oklahoma City, Oklahoma, U.S., helped
guide that devel opment with aneeds-analysis study
that identified aspects of crew performance that
might be most improved by CRM training.

A recent CAMI report, Flight Inspection Crew
Resource Management Training Needs Analysis,
presented the results of that study. Thereport outlined
areas in which CRM training would be helpful and
recommended steps for developing a CRM training
program. Thereport, by CAMI researchersLawrence
L. Bailey and Rogers V. Shaw, focused on FAA
training needs, but many of its findings and recommendations
apply to other flight crews.

“Hight inspection” refers to airborne tests conducted to ensure
that radio-navigational aids aretransmitting dataaccurately and
to ensurethat instrument flight procedures are accurate and will
safely guide aircraft to their destinations. A flight-inspection
crew comprises a pilot-in-command (PIC); a second-in-
command (SIC), or copilot; and an electronics technician.

[Flight-inspection missions differ from other forms of flying
(such as passenger transportation) because most flight
maneuvers are performed within the terminal area, at low
altitudes, and, at times, running counter to the established air
traffic—flow pattern. This requires a high degree of traffic




vigilance, aswell as coordination among the flight-inspection
crew, air traffic control and a ground-based electronics
technician.]

Thereport emphasi zed theimportance of premission briefings,
the need to address deficiencies in technical training before
focusing on CRM training and theimportance of involving all
crew members in flight-safety issues. Although the report
recognized the need for organizations to make a long-term
commitment to CRM training, the researchers suggested that
the training should be focused on issues that are under the
crew’s full or partial control.

The researchers examined the lessons learned from aircraft
accidents that involved FAA flight inspections and surveyed
flight-inspection specialiststo learn more about the aspects of
flight crew performance that might benefit most from CRM
training.

The survey of CRM-related problems in FAA flight-
inspection incidents found that 43 percent “occurred while
performing aircraft maneuvers during the airborne-testing
phase of flight.” Problems included communication errors,
errors in information processing and

flight crews sometimes have only seconds to make decisions
that can have life-or-death consequencesfor the aircraft’s crew
and passengers. CRM training emphasi zes devel opment of “the
resource management skills necessary to ensurethat al group
members are operating from a common frame of reference,”
the report said.

Typically, the skills developed in CRM training include
communication skills; methods of identifying problems and
making quick decisions; self-monitoring skillsfor critiquing
decisions and actions of the crew; skills for resolving
conflicts; skillsrelated to crew leadership; interpersonal skills
to help maintain aprofessional climate among crew members;
methods of focusing on the situation and avoiding
distractions; waysto better plan and distribute workload; and
techniques for recognizing and reducing stress.

Inmost organizations, CRM is conducted in three phases: forma
classroomtraining (called the“ awareness phase”); practiceand
feedback, often using simulationsthat are videotaped and later
played back; and organizational reinforcement, in which the
organization that sponsors CRM training adopts policies and
procedures that reinforce CRM principles.

Before the 1993 accident in Virginia, the

factorsrelated to the crews' “interpersonal
climate.” Thereport recommended that the
FAA:

e Develop a CRM-awareness course
from within the FAA, rather than
using a CRM course that is not
tailored to its needs;

» Ensurethat the CRM program can be

CRM training tendsto
focus on crews or teams
that must, on occasion,
make important
decisions quickly.

FAA had sponsored two CRM training
initiatives. The first, in early 1990, gave
CRM-awarenesstraining to all FAA flight-
inspection pilots, with aprogram devel oped
and conducted by United Airlines.

“ Although the course exposed participants
to CRM principles, it was not customized
to the mission needs of flight-inspection

“sustained over the long term, rather
than attempting to implement a

‘quick fix'";
* Involveflight crews in developing the CRM coursg;

» Developa“common language’ to alow flight crewsand
AVN [FAA Aviation System Standards] management to
discuss CRM issues;

 Develop a mission-based simulation training
environment for flight inspectors to take advantage of
the CRM practice and feedback phase; and,

» Adopt “organizational reinforcers’ to ensure that the
FAA supports CRM principles.

Driskell and Adams define CRM as “effective utilization of
all available resources — hardware, software and personnel
— to achieve safe, efficient flight operations.”?

Although there are other types of teamwork training, CRM
training tends to focus on crews or teams that must, on
occasion, make important decisions quickly. For example,

crews,” thereport said. One major flaw was

that electronics technicians were not
includedin thetraining, and another problem wasthat the FAA
did not integrate the stand-al one courseinto along-term CRM
program.

To addressthose problems, the FAA Flight Safety Program began
in 1992 to develop long-term CRM training for each of thefive
FAA aircraft programs: flight inspection, flight standards, the
Washington flight program, research and devel opment, and the
training academy. During 1993, an informal task force (which
included the FAA senior flight safety officer, CAMI officias
and representatives of flight-inspection crews) began devel oping
aprototype CRM training program.

After theVirginiaaccident, the FAA named aforma CRM task
force and instructed them to compl ete the training program by
mid-1994. The group devel oped a one-day postaccident CRM-
awareness training course that was to be followed — after the
CAMI needs-analysis study — by athree-day CRM course.

FAA officials asked CAMI to identify the most problematic
phases (from aCRM perspective) of flight-inspection missions;
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the crew-management dimensions that should be most
emphasized in CRM training; and the steps that the agency
could take to support along-term CRM initiative.

One means of identifying CRM training needs was by
analyzing accident reports on FAA flight-inspection missions
such as the 1993 Virginia accident and the previous accidents
in Pennsylvania and Kansas.

[The Pennsylvania accident, which involved a Rockwell Jet
Commander operated by the Atlantic City FIAO near Oak
Grove, Pennsylvania, on Nov. 2, 1988, killed all three crew
members. The NTSB report determined that both engines
flamed out after the crew activated the plane’s surface-deicing
system and ice broke loose and entered the engine intakes.
The crew was unable to restart the engines during the
emergency descent. Both pilots were reported to have
undergone stressin their private livesthat “ could have affected
their performance,” the report said.

The flight-inspection specialists completed questionnairesfor
two separate surveys. a safety survey and an incident survey.

The purpose of the safety survey was to identify CRM
dimensions that should be addressed in CRM-awareness
training and to outline the organizational commitment needed
to support along-term CRM effort.

The survey presented the specialists with 109 issuesthat were
extracted verbatim from written summaries of safety
discussions that were conducted in November 1993, after the
Virginiaaccident. For each of those safety issues, the specialists
indicated which of 13 performance categories — such as
mission analysis, situational awareness and communication
— most applied (box, page 4). A given safety issue could be
assigned to multiple categories, if appropriate. Each of the
categories was considered to be a potential CRM-awareness
training module.

The CAMI researchersthen cross-tabul ated

[In the nonfatal Kansas accident, a
Rockwell Sabreliner was destroyed during
alanding. The NTSB determined that the
SIC wasthepilot flying and that the aircraft
touched down 6.4 meters (21 feet) short of
the runway. The landing gear collapsed,
causing the plane to skid the length of the
runway before stopping on a golf course
0.4 kilometer (0.25 mile) away. The report
also said that the PIC failed to fol low proper
flight procedures.]

CAMI researchers identified other CRM
training needs by examining the results of
FAA safety-meeting discussions after the
Virginiaaccident. In addition, theresearchers
asked flight-inspection specialists “to
provide narratives of problematic situations
that they had encountered while performing

The purpose of the
safety survey was
to identify CRM
dimensions that
should be addressed
in CRM-awareness
training and to outline
the organizational
commitment needed to
support a long-term
CRM effort.

the 13 performance categories with the 109
issues that were raised in the November
1993 safety discussions. The results were
ranked according to the number of times
that the issues were indicated by
respondents to the safety survey. The
resulting “frequency matrix” represented
the safety issues and associated training
needs identified by the safety survey,
according to perceived importance (Table

1, page5).

To determine the safety survey’shierarchical
structure, researchers converted the
frequency matrix into subgroupings, or
“clusters.” Cluster analysis indicated that
“thetraining needsthat [emerged] ... [could]
be further divided into two categories: (1)
areas of persona concern and (2) areas of

aflight-inspection mission.”

The specialists surveyed for the study were recruited during a
one-day postaccident CRM-awareness course conducted at
each FIAO. A total of 58 flight-inspection specialists
(representing 30 percent of the flight-inspection workforce)
volunteered to participate in the study. They included PICs,
SICs and electronics technicians. They completed the
questionnaires after the CRM-awareness sessions and took part
ingroup discussions after viewing an aircraft accident scenario
similar to that of the Virginia accident.

To protect the participants’ anonymity, CAMI researchersdid
not collect demographic data, and they destroyed the surveys
after the datawere entered for analysis. “ These measureswere
taken to assure the participants that they could be candid with
their responses and that no punitive action could result from
their participation in the survey,” the report said.

persona control” (Table 2, page 5).

The personal-concern category included issues affecting flight-
inspection crews, such as technical skills and organizational
stressfactors, over which theflight crews had no direct control.
As an example, the report said that “flight crews can request
changes in the kind of training that they receive; however,
they do not have the power to make those changes.”

The personal-control category included issues such as crew
stress factors, situational awareness, planning and decision
making — all of which crew members could influencein one
way or another.

Theincident-survey questionnaire aimed to identify the most
problematic phases of flight from a CRM perspective. The
survey also gave some insight into the causes of those
problems.
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Performance Categories Identified as
Potential Training Modules for
Crew Resource Management Awareness

1. Mission Analysis? — includes monitoring, allocating
and coordinating the resources of the crew and the
aircraft; prioritizing tasks; setting goals and developing
plans to accomplish the goals; and creating contingency
plans.

2. Situational Awareness? — refers to identifying the
source and nature of problems, maintaining an
accurate perception of the aircraft's location relative
to the external environment and detecting situations
that require action.

3. Decision Making? — includes identifying possible
solutions to problems, evaluating the consequences of
each alternative, selecting the best alternative and
gathering information needed prior to making a decision.

4. Communication? — includes sending, receiving and
acknowledging information among crew members in
a way that facilitates accurate transfer of information.

5. Crew Interpersonal Climate® — Refers to the overall
interpersonal atmosphere of the crew. It includes the
way interpersonal conflicts are resolved, the degree
to which members enjoy working together, the shared
values they have about their profession, and the
degree of comfort the crew has with the way crew
activities are coordinated.

6. Leadership®> — refers to directing the activities of
others, monitoring and assessing the performance of
crew members, motivating members and
communicating mission information.

7. Adaptability? — refers to the ability to alter one’s
course of action as necessary, maintain constructive
behavior under pressure and adapt to internal or external
changes.

8. Assertiveness? — refers to being willing to make
decisions, demonstrating initiative and maintaining
one’s position until convinced otherwise by facts.

9. Workload Management* — refers to the ability to
schedule, structure and coordinate mission activities
SO as not to jeopardize situational awareness during
any phase of the mission.

10. Life Stress*—refers to stressors outside of the context
of work that interfere with a person’s ability to perform
as expected by self and crew members.

11. Skill Proficiency — refers to technical skills, the
absence of which adversely affects the crew’s
confidence in their ability to carry out the mission.

12. Organizational Factors — refers to formal
(regulations) and informal (imposed by a given
manager) policies and procedures that constrain the
way a crew should ideally function.

13. CRM Not Specified — refers to any CRM principle
not specified in the above list.

Superscript numbers are for references (page 7).

Source: U.S. Federal Aviation Administration Civil Aeromedical Institute

The flight-inspection specialists were asked to describe
problematic situations that they had experienced during their
missions. They were asked to describe the specific problem;
the phase of flight in which the problem occurred; what led to
the incident; actions by crew members, either effective or
ineffective; and theimpact of the problem on mission success.

When the researchers analyzed the incident-survey data, they
found that only two of the fivefactorsthat the specialistswere
asked to include in their narratives were reported clearly.

Discussing the matter with those specialists, researchersfound
that “they were more comfortabl e talking about problemsthan
writing about them.” Because of such gaps in the data, the
report cautioned that the content analysis of theincident survey
“should not be construed as representing scientific rigor.”

The datafrom the CRM incident survey were grouped by the
phase of flight during which problems occurred, aswell as by
the problems’ probable causes — related to people, weather
or equipment (Table 3, page 6). Analyzing the data, the
researchers found that:

e More than two-thirds (67.2 percent) of the reported
problemswere related to people. The problemsinvolved
interactions among crew members and interactionswith
air traffic control and ground maintenance personnel at
airway facilities. An analysis of the problems suggested
that the most vulnerable areas were errorsin processing
information (for example, situational awareness and
decision making); errors in transferring information
(communications); and factors related to the ways that
crew members related to each other (interpersonal
climate);

* About 14 percent of the problems were related to the
weather, and 15.5 percent wererelated to equipment; and,

» Most of theincidents (43.2 percent) occurred during the
flight inspection. Other problems occurred during the
en route (22.4 percent), takeoff (17.2 percent), landing
(10.3 percent) and predeparture (7 percent) phases.

In asecond content analysis of the CRM incidents, researchers
identified the CRM performance dimensions that were
associated with incidents and compared those performance
dimensions with the performance categories and those
categories' percentages of indications in the safety survey
(Table 4, page 6).

The rank order of the CRM categories was nearly the same
for both surveys, the report said. But the researchers found a
major difference in two CRM categories:

» Decision making: Although decision making was a
significant factor (22 percent) in CRM-related incidents,
it received only asmall number of indications (4 percent)
in the safety survey; and,
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Table 1
Safety Issues and Associated Training Needs Identified in Safety Survey

Performance Categories Ranked by
Percentage of Indications (%) Training Needs

Organizational Factors (20%) Management needs to develop and enforce well-defined polices and procedures;
understand the nature of the flight-inspection mission and how management
performance affects crew performance; establish standardization; and create an
atmosphere in which candid exchanges about safety occur.

Crew Interpersonal Climate (11%) The entire crew needs to participate in creating a safe flying environment; to be
clear on their respective team roles; and to resolve interpersonal conflicts before
flying.

Situational Awareness (10%) The entire crew needs to participate in altitude and aircraft position awareness.

Leadership (10%) The pilot-in-command (PIC) needs to clarify the role of each member prior to flying
the mission and to distribute the workload so that the PIC is not over-tasked.

Communications (9%) A preflight briefing should be conducted, highlighting the major phases of the

mission so that the entire crew is prepared, and a professional climate for
open communication exchanges among crew members should be developed.

Mission Analysis (8%) Mission analysis should include organizational factors affecting the mission, in
particular, the scheduling of flight inspections, the availability of aircraft and the
conduct of preflight briefings.

Skill Proficiences (8%) Skill proficiencies should be kept current and maintained to standardized levels.

Workload Management (7%) Coordinated workloads with air traffic control and scheduling pressures reduced.

CRM Dimension not Specified (6%) No specific training needs identified.

Decision Making (4%) The crew needs to take charge of decisions affecting the success of the mission, in
particular deciding whether it is safe to fly.

Life Stress (3%) Organizational uncertainties (office closings and relocations) should be resolved
quickly.

Adaptability (2%) Flight-check restrictions imposed by air traffic control should be handled without

creating an adversarial situation, and itinerary changes should be incorporated
without creating distraction among the crew.

Assertiveness (2%) No specific training needs identified.

Source: U.S. Federal Aviation Administration Civil Aeromedical Institute

* Organizational factors: In the safety survey,

Table 2 organizational factors were the most important single
Subgroupings Identified in issue (20 percent). But organi zational factorswere noted
Safety Survey Analysis in only 1 percent of CRM-related incidents.
Clusters Dominant Themes “These differences have important implications for CRM
Areas of Concern training ... , " the report said. One implication was that CRM
Technical Skills Train to a standard, and training should focus on areas over which crews have direct
maintain currency with control (such as decision making) rather than on factors such
equipment. as organization, over which crews may have concernsbut little
Organizational Stressors Mission-safety conflict, aircraft control.

maintenance problems and

lack of izational t. . . . .
ack of organizational suppor The CAMI training-needs analysis supported previous studies

concluding that the three main factors in flight crew
Crew Stressors Role conflict, role ambiguity, performance were technical skills, crew-coordination skills
low morale. and the organizational context in which those crews work.45¢

Areas of Control

Situational Awareness Altitude and position
awareness. Crew membersreported problemswith their technical training,
Planning/Decision Making  Preflight briefings, aircraft with some pil ots complaining that they were not getting enough
safety. flying time. Also, the report said, pilots complained that they
Source: U.S. Federal Aviation Administration Civil Aeromedical Institute were not always checked out on eqUipment modifications

before they went on flight-inspection missions.
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Table 3
Operational Phases and Probable Causes of Problems Encountered in
Flight-inspection Missions

Operational Number of Number of Number of Row Row
Phase People Problems Weather Problems  Equipment Problems Totals Percentage
Predeparture 4 0 0 4 6.9%
Takeoff 0 2 10 17.2%
En route 5 5 3 13 22.4%
Inspection 20 3 2 25 43.2%
Landing 2 2 2 6 10.3%
Column Totals 39 10 9 58 —
Column Percentages 67.2% 13.9% 15.5% — 100.0%
Source: U.S. Federal Aviation Administration Civil Aeromedical Institute

“Since the single-most important resource that crew members

Table 4

possessistechnical skill, technical training deficiencies such
as these must first be addressed for CRM training to have a
positive effect on crew performance,” the report said.

The second lesson derived from the analysis is that crews
would benefit from “more active crew participation,”
especially when related to premission briefings, safety
decisions and maintaining situational awareness.

“The importance of the premission briefing cannot be over-
emphasized,” the report said. During such briefings, crews
develop what researchers call a “shared mental model of the
mission” — a common set of expectations about what will
occur, including the sequence of mission events, the tasks to
be done and the coordination of individual efforts.

“When a premission briefing is lacking, crew members must
rely on past experiences to guide their performance” —
sometimes with the fal se assumption that every crew member
is operating with the same set of expectations, the report said.
Also, premission briefings provide good opportunities to
discuss concerns related to leadership, communications and
crew climate. Astheresearchersnoted, “ ... to the extent that
crews can resolve differences prior to the flight, they are less
likely to be distracted by those differences during the course
of the mission.”

Researchers also found that, in addition to making an effort to
ease " crew stressors’ such asrole conflict and role ambiguity,
CRM briefings and training al so need to address stressfactors
related to organization.

In FAA flight inspections, researchers noted instances of
reported pressure on flight crews to perform flight checks
during marginal weather or during off-peak traffic hours late
at night, when crews tend to be fatigued.

Incident Survey and Safety Survey
Performance-category Comparisions

Incident Survey Safety Survey

Performance Percentage of  Percentage of
Category Occurrences Indications
Decision Making 22% 4%
Crew Interpersonal

Climate 22% 11%
Situational Awareness 20% 10%
Communications 15% 9%
Mission Analysis 8% 8%
Assertiveness 7% 2%
Leadership 3% 10%
Workload Management 2% 7%
Organizational Factors 1% 20%
Skill Proficiencies 0% 8%
Life Stress 0% 3%
Adaptability 0% 2%
Crew Resource Managment

Dimension not Specified 0% 6%

Source: U.S. Federal Aviation Administration Civil Aeromedical Institute

“Crews consider these conditionsto be unsafe,” thereport said,
“and problems can arise when flight crews perceive (correctly
or incorrectly) that their management is more concerned about
getting the job done than they are about ... safety.”

Although the report said that “concerns about organizational
stressorsare valid and need to be addressed by the organization,”
theresearcherscautioned that it may not beagood ideato address
such issues during CRM -awareness training.
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Including organizational factors“islikely to shift the focus of
CRM training” from “areas of control” — over which crews
have the power to make changes — to “areas of concern,”
which involve issues over which crews have avested interest
but little personal control.

“One way of keeping CRM-awareness training focused on
areas of control is to develop training scenarios around
situationsthat crewshave actually experienced whileinflight,”
the report said.

The researchers suggested that, “ ... by ssimply changing the
field of reference from problemsin general (as discussed inthe
November 1993 [Virginiaaccident] safety meeting) to problems
intheair (asreported in theincident survey), crew membersare
more apt to take personal responsibility for their actions.”

For that reason, the feedback phase of CRM training was
developed so that instead of simply eval uating the performance
of othersin accident re-creations, crew members could critique
themselves and their fellow crew members by watching
videotapes of their flight simulations.

The researchers cited a communication suggesting that the
most successful CRM programsare devel oped internally rather
than imported without change from another context.” The FAA
CRM Advisory Circular (120-51A) aso warns against using
generic programswithout customizing them to reflect the needs
and nature of specific flying missions.

Thereport said that “[CRM] is more than just acoursg, itisa
philosophy or way of knowing and thinking about flying a
mission. ... By developing an internal course, organizations
must address such questions as: (1) What isthe purpose of the
flying mission and what are its priorities? (2) How do
organizational policiesand practices affect theflying mission?
(3) What really takes place when aflight crew fliesamission?
(4) How prepared are flight crews for accomplishing their
mission? and (5) What habits have flight crews devel oped that
enhance or impede the success of amission? ...

“When ageneric courseisused to deliver CRM training, there
is a tendency for organizations to side-step many of these
harder questions, and instead just implement a course as a
‘quick fix.” As a conseguence, such CRM programs tend to
fade over time.”

Nevertheless, time is required to develop tailored CRM
programs with internal resources, and any mistakes in those
programs must be corrected carefully, the report said, and
“unless an organization is willing to commit the necessary
resources to improve upon initial efforts, its CRM program is
likely to fall below expectations.”

The report suggested that managers should explain to flight
crewsthat their CRM program will evolve and that the success
of the program depends on “the degree to which flight crews

are actively involved in course development, program
implementation and program evaluation.” ¢

Editorial note: Thisarticle wasadapted from Flight I nspection
Crew Resource Management Training Needs Analysis (DOT/
FAA/AM-96/24), areport by Lawrence L. Bailey and Rogers
V. Shaw of the U.S. Federal Aviation Administration Civil
Aeromedical Ingtitute in Oklahoma City, Oklahoma. The 17-
page report, dated September 1996, includes tables, figures
and references.
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