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Controiler Resource Management:
What Can We Learn From ce

INTRCDUCTION

This document provides an overview of the
literature relating 16 cockpit and crew resource
managemeni {CRM) in aviation and explores ap-
plicauions of CRM to the air trafiic centrel spe-
cialist {ATCS} occupation. The factors that
spurred the initial interest in CRM will be exam-
ined to provide some insight into the developmen
and current state of CRM wraining. The most com-
mon definitions, models, and dimensions of CRM,
upon which the various researci and training pro-
grams arc based, are presented and examined for
suitability to the ATCS environment. Empirical
research to evaluate the effectiveness of CRM
training is reviewed, to provide a better under-
standing of what is recliy known about CRM, and
to illustrate the mezhods for and problems of train-
ing effectiveness evaluation. Finally, current team
training for ATCSs is reviewed and some recom-
mendations are made.

It may be possible 1o borrew and adapt cur-
rert CRM methods and tools for use in air traffic
controller resource management {ATCRM} pro-
grams. However, 1t is first necessary to thoroughly
exzmine the history and deveiopment of current
CRM pragrams to understand
program clemments. This examination will also help

the ration

aie for
decide which elements can be adapted and which
need 1o be customized for ATCSs. Furthermore,
undersianding the develepment of CRM programs
can be helpiul in guiding deveicpment of new
ATCRM programs. Note that in this paper CRM
will be used to mean crew resource management
in general, and the acronyms ATCRM and
FDCRM will be used 1o distinguish air traffic
controller resource management from flighs deck
crew resource management,
might occur.

wrher confusion

Crew Resource Management
Flight safety is of primary importance to all
segments of the aviation communiiy. Dramatic
imprevements in flight safety have been made i
the last few decades. Over the vez
craft have become extremely eiia

, modern ai:-

'"J"

e, especialiv

-

since the imtroduction of the jer engine in the
1950s, advanced cockpit technology, and redun-
dant systems (Helmreich & Foushee, 1993, p. 3).
According to Carroll and Taggart {1987), the use
of flight simulators has also greatly reduced train-
ing accidents. Novice pilots can build proficiency

without risking an unrecoverable error. Also
maneuvers 100 risky to practice aloft can be simu-
lated with safety, thereby improviag pilots’ tech-
aical skills for handling emergency procedures
{Carroll & Taggart, 1987, p. 40). There has been
a significant reduction in airhine faralities that
corresponds to increased use of flight simulators.
The rate of fatality {per 1CC million passenger
mﬂes‘) declined from 1.97 1n 1950, 10 .78 in 1963,
C.161n 1570, and €.08 in 1975, but back 10 .29 in
198C (’ra amort, 1987, pp. 73, 81).

By the late 197Cs, 1t becarie Increasingly ap-
parent, that, because mechanical and technical
problems had declined, while human errors re-
mained constant over time, human errors became
the dominant cause of acaidents {Cocper, White,
& Lauber, 1983; Murphv, 1980). In fact, estimates
of the proporuon of accidents and incidents ai-
tributable to human error range from 62 70 &
percent {FAA, 1989, sec. 4a; Helmreich &
Foushee, 1993. p. 5; Orlady, 1993, p. 453). Some
indications of the kuman factors in \oned came
fram structured interviews with pilats. Their com-
mon concern was over the lack of skiils training
in decision making. command, leadership, and
communication {Lacber, 1987, p. 7). These con-
cerns were echoed in the now-classic Naticnal
Acronautics and Space Administration {(INASA)
simulation study, which was originally designed
to mvestigate the effects of workload on crew

perfermance {Ruffcll Smith, 1979; of. Lavher,
1987' Prince, Cannon-Bowers, Owens & Morgan,
1988, p. 3}. An unexpected range in the crews’ per-
formance levels was observed. A large part of the

vanabiliny could be explained by the crews’ effec

tivenass in maraging the cockpit resources {Lauber,
1587, p. 7). Thusled 1o further studies aimed at iden-
ufying such important skills as effective intra.

AT OTTTY,Y



cocxyxt commumnication for managing the cock-
pit and crocw {Foushee & Manos, 1981). The idea
of applying classical business management con-
cepts to training development also has its roots
1n these studies. The first artemprs to develop
Training programs to improve Cockpit manage-
ment began at United Airlines (UAL) and KLM
Roval Dutch Airlines in the late 197Cs. Both pro-
grams were based on business manager training
courses and concepts (Prince et al., 1988, p. 3). A
NASA/industry conference was held in 1979 in-
volving aviation managemernt representatives
from around the world (Helmreich & Foushee,
1993, p. 28}. Thereafter, a number of training pro-
grams were developed and further research was
pursued by commercial and miltzary aviation in-
terests.

Definition of Crew Resource Management

Before any training program can be developed
or described, 1t 1s first necessary to define what is
meant by crew resource management {CRMj, and
to present some of the conceprual models of how
CRM 15 expected to improve crew performance.
It should be noted that CRM originally referred
10 “cockpit resource management,” but later was
renamed to “crew rescurce management” 1o re-
flect involvement of crewmembers working in the
cabin, dispatch, and air traffic control.

Several defimitions of CRM, ranging {rom spe-
cific to gencral, appear in the hterature. The defi-
nition of CRM included in the 1991 FAA
Advisory Circalar on CRM seems tn contain the
most agreed-upon elements:

“...crew resource rmanagement [15] the etfective uili-

atton of resources availahle to the atrcrew—infor
matian, equipmest and personne! [themselves and
othersl—expressed :n terms of individual and col-
lective cognittve, interpersonal and motor sxills;

xnowiedge and attiudes. The scope of safe opera-

tions must include a realistic set of conditions thar
tnclude the externa environmen:t {weatln., ATC.
dispatch. weather service, navigationaids. et} as
well as aircrafr sbnormalities and emergencies”
{O:—Iadv 1993, p 464, quoting FAA draf),
Helmreic 1°8f p. 13) defines CRM &
stmilar fashion, as “the effective coordination and
urilization of all a
of the fiight. The

favery

3.iiaf‘ e TesSNUTCes ]ft __,_f: LervIioe

e TeSOUriey dr¢ DOIR insige and

outside the aircraft and are both material and
human, including especially the knowledge, judg-
ment and decision-making skills of ail crewmemb-
ers.” Another definition of CRM states: “Cockpit
resource management s the effective utilization
of ail available resources — hardware, software,
and liveware — to achieve safe, efficient flight
operations” {Lauber, 1987, p, 1C; ¢f. Helmreich
& Fousiee, 1993, p. 4; Lauber, 1984). This defini-
tien borrows the nomenclaiure from Edwards’
{1972) SHEL concept, where SHEL isan acronym
for Sofiware, Hardware, Environment, Liveware
(Hawkins, 1993, p. 22).

A more general definition of CRM is put for-
ward by Helmreich and Foushee {1993, p. 3):
“CRM is thus the application of human factors in
the aviztion system.” Contemporary human fac-
tors involves engineering, physiolegy, psychology,
education, and rthe social sciences and concerns
itself with all facets of the machine-human inter-
face {e.g., Hawkins, 1993; Jensen, 1989), whercas
CRM has tended 10 concenirate on the personal
and interpersonal aspects.

Orasanu’s {199€) definition of CRM considess
a general context, 5o it can apply ta non-aviation
crews. It defines CRM as: “the management of
information, cogaitive work, communication, and
acticns needed 1o accomplish a time-constrained
rask™ {cited in Sherman & Helm-eick, 1993, p. 4.
This definition, however, is so general that it cow-
ers activities that are not traditicnally part of
CRAL Moereover, much of CRM deals with situa-
tions that are not extremely time-constrained.

_-"a nu mher of models of varying complexity
have been used to nelp explain the dynamics and
the variables involved in sircrew coordination.

The SHEL mecdel {Edwards, 1972: Hawkins,
1983, P- 22} closely matches Helmreich's {1987)
f n of CRM and can be vsed to analvze the
human iactora involved in aircrew coordination.
Asndicated previously, SHEL is an acronym for
Soitware, Hardware, Environment. and i.ix'ev:an.
The SHEL model is appl

man faciors seu -"23,.: by speativing these four com-

definitin
1

tred 10 anv speuific hu-

ponents. For aircrew coordination, the inur

n be specifted as follows:
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Figure 1. SHEL modei.

operations bulletins, charts, and other “informa-
tion,”” and also programming, in the case of ad-
vanced technology cockpits; hardware includes
“autopilots, autothrottles, and other advanced
avionics;” environment includes the actual physi-
cal conditions of the cockpir, such as temperature,
noisc, erc.; and liveware “refers to other access:ble
people in the system” (Lauber, 1987, p. 9; cf.
Hawkins, 1993, p. 25).

A simple “building block” diagram ilustrates
this model {sce Figure 1). The center building
block represents the individual. The lower ‘L’
block represents other liveware, that 1s, other ac-
cessible people in the system. Zach building block
represents an aspect of the human factors whose
interactior with the center building block must
be considered when ev luating a svstem. For ex-
ample, the L-H interaction represents the inter-
action of the individua! with the hardware, which
is influenced by the design and layout of the cock-
pit controls and tnerrurmnensts, or the technical skilke
of the pilot. The L-S interacticn includes such
“non-phys:cal” cockpit resources as the standard
operating procedures (SOPs) and the information
containeé in “aircraft cperating manuals, opera-
tinns bullerins, charts, and other ‘information™
necessary for flight-deck cperations. Finally, the
L-L :nterzction represents the team-member in-
teractions, inciuding crew communicalion and

coordinaticn, and so is often the primary focus
~f CRM interventions. Of course, =2 complete
CRM program also addresses other aspects, as
Helmreich and Foushee (1993, o. 4) putit, “CRM
includes optimizing not only the person-machine
interface {the L-H link] and the acquisition of
timely, appropriate information {the L-S link], but
also interpersopal activities {the L-L link], tnclud-
ing leadership, effective team formation and main-
tenance, problem-solving, decision-making, and
matntaining situational awareness.” Each of the
interactions is analyzed on 2 much more detailed
level in Hawkins {1993).

Helmreich and Foushee (1993, p. 8) formulated
a “three-factor model of the deter-minaats of
group performance” of flightcrews. The “three
major components of group behavior” are: input
factors, group process factors, and outcome fac-
tors {see Figure 2).

The “underlying assumption of the model is
that input factors provide both the framework and
determine the nature of group processes that lead,
13 turn, to the various outcomes.” Furthermore,
the outcomes affect both the input and process
factors, thus resuhing in a *“feedback loop™
{Helmreich & Foushee, 1993, p. 8). For example,
Hackman {1987, p. 26} believes that experiences,
both good and bad, gained during the life of the
tearn can affect members’ artitudes abour ream-
work. which leaves behind “a residue each time a
¢rew terminates,” and in this way, input variables
“Ifor a given organizaiion evolve over time.”

In awviation, the most important outcome fac-
tors arc “safery, efficient completion of missions,
{and] compliance with organizational and regula-
tory requirements.” Inpur factors include: “indi-
vidual aptitudes, physical condition, crew
composition, orgamzational facters, regulatory
environment, and operating envircament.” These
are not directly cnanged very easily. So, interven-
tions are aimed at the process variables, which
include crew formation and management, aireraft
flight control, communication skills, decision pro-
cesses, situationai awareness, and operating pro-
cedures. The feedback loop in this model implies
that, over time, successful training of the process
variables can affect input varizbles, resulting in
cumulative improvements. A longitudinal study,
which compared 1rainees’ performance over four
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Figure 2. Flighicrew Performance Model, from Helmreich & Foushee,

successive years, found a positive tread in test
scores, thus suggesting there might be cumulative
improvements in some measures of performance
(Helmreich & Foushee, 1993, p. 34). This study
is discussed further in a later section.

Skill Dimensions of CRM
The initial development of CRM concepts re-
sulted from analyses of airline accident reports,
flight simulator rranscripts, and interviews with
active pilots {e.g., Cooper, White, & Lauber, 198%;
Lauber, 1987; Murphy, 1983; Ruffcll Smith, 1979).
From these analyses, a number of skill dimensions
were identified that were considered 1o be impor-
tant 10 aircrew performance. Some of these skills
involved “technical profictency and competence”
of crewmembers, but others were related 1o “re-
source management or crew coordinaiion”
{Helmreich 1987, p. 13) In one sense, the techni-
cal skills are more important because, as
Helmreich and Foushee {1993, p. 19} argue,
“cptimat team znzeracrrons and decisicn-making
will be cf hule value if the crew cannot also inte-
grate them with technical execution of maneu-
vers and procedures.” Training of the wechnica
skills has been the main focus of airgrew 1rainin
(FAA, 1589). However, the recognition tha
piot errors were “more likely to reflect faifure
in team communication aad coordination tha

r-(rq P-—v

e
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L

1993, p. 8.

deficiencies in ‘stick-and-rudder’ proficiency,”
{Helmreich & Foushee, 1993, p. 7} has placed in-
creased emphasis on crew coordination issues.
The skiils that were identified as part of cock-
pit and crew resource management “included
workload management and task delegation, situ-
ational awareness, leadership. use of available re-
sources {including other crewmembers, manuals,
air trathic control), interpersonal communications
ancluding unwiiﬁngness of junior crewmembers
1o speak up in critical situztions), and the process
of building and maintaining an cffective team re-
lationship on the flighvdeck” (Helmreich &
Foushee, 1993, p. 7). Leadership skills, required
primarily, but not exclusively, of the captain,
include the ability to delegate tasks, provide feed-
back, promote crew motivation, ensure crew-
mempers aze clear about the role expectations, and
set & tone of apenness that allews crewmembers
to contribute their input withou: fear of eriticism
{cf. Prince. C.’ll"-&b»ff Can“op—Bowefs. & Bow-
ers. ,92*. A sim CR_\I dimensions was
{i 2 ¢ 1% and incheded:
d 'k'gation of tasks and ass lbﬂ.u.exi:. cf respons-
n}. (B estabinhment of
nd ”mas-c'n“

prioriies, {C) ching, 1d) use

ton, {e) problem assessment and distrac

Mo o*‘mg 3

-t

o Iniurmat

on managemsnt. the avek
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Y communitation, and {
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%

i} leadership.



United Airlines implemented their CRM pro-
gram, using the following five CRM elements: “in-
quiry, advocacy, conflict resolution, critique, and
decision making” {Carroll & Taggart, 1987, p. 42}.
Prince and Salas (1989} include the following seven
skill dimensioas in their CRM program: commu-
nication, situational awareness, decision-making,
mission analysis, leadership, adaptation, and
assertiveness {cl. Hirtel, Smith & Prince, 1591;
Prince et al., 1992, p. 18; Prince et al., 1988, p.
i1}, These skills were derived from reviews of
existing CRM programs, the team training litera-
ture, and managerial assessment center findings,
combined with analysis of the needs of military
flightcrews (Prince ¢t al., 1992, p. 18}, and an
analyszs of military mishap reports (Hanﬂl Smith,
& Prince, 1991). Although developed mdepen-
dently, this hst of skills bears a remarkable simi-
tariry with the list of skills the FAA recommends,
which zre; communication, situational awareness,
decisic n-making, team management, stress manage-
ment, team review {mission analysis), and interper-
sonal skills (FAA, 198%; Prince et al., 1992, p. 18).

At first, the differenr categorsizations of skills
may appear to be very diverse. However, there is
considerabie overlap in the definttions of the skiil

dimensions. For example, one definition of the
communicaticn dimer:sion may include not only
technical aspects of communication, such as sum-
marizing, reflecting, directing, and proposing, but
also skills like assertiveness and probiem solving
1992, p. 17), while another may
and problem solving scparate
categories. The skill dimensions are also interde-
pendent, so that discussion of one dimens:ion of-
ten involves skills from the other dimensions. For
example, Orasanu {1991} defines decisicn making
as 1n c!udmg these components: “situation assess-
“metacogaitive processes in forming ac-
“shared mental models based on
and “resource man-

{Prince et al.,
make assertiveness

ment,”
tton plans,”

intra-crew communication,”
agement that encompasses task priorizization and
delegation of speat
summarizes the CRM dimensions, placing the
most similar dimensions on the same row. Keep
in mind that the definitions of the CRM dimen-

fic responsibilities.” T

sions vary among researchers.

The seven skills

identified in the FAA Advi-

sery Circular (1989) may represent a deveiopi“ .
nsensus of core CRM skills (Prince et ai., 1992,
p. izs,. These dimensions, together with th; mcd

els of team funcricn

1"" p:’D"dé‘ a Iramemom 0"

Prioce & Salas, 1989 FAA 1989

Helmreich &
Foushee, 1993

3

Lauber, 1979, 1987

situational awareness | situational awareness

situational awareness |

i

leadership interpersonal skills leadership. workload | leadership. delegation
weam managemcnt management and task { of tasks and assign-
delegation ment of rcsponsibif—
i ities, establishment of
i ! priorities
i {
adaptation {use of available tuse of information

i FESouUrces
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communication communication

s communication

communication
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{2am review or
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monitoring and
cross-checking

decision making [ decision making

o

preblem assessment

‘siress management
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bm. ging and
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% distraction
;management :
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Table 1. Comparison of CRM dimensions.



studying and understanding team interactions and
human factors in the cockpit. They aiso help n-
sualize how interventions might affect the ¢rew
and how their effectiveness could be evaluated.
The CRM models and dimensions are presented
in general forms and can be applied to different
contexts by specifying the factors, variables, and
interactions of the models. To do this, a better
deseription 1s necessary of teams, and aircrew
teams, ia particular.

What is a team?

The focus of much of the CRM literatureson
the functioning and performance of teams. How-
ever, attempts 10 define what constitutes a team
are by no means universally agreed upon. None-
theless, the various definitions of a team offer use-
ful perspectives and they do share common
elements. It is desirable 10 find a definition that 1s
general enough to allow concepts based on it 1o
be applied to many different situations, yet spe-
cific enough to exclude groups for which the con-
cepts do not apply. Furthermore, if a suitable
definition of ream: can be found, then it may be
possible to draw upon elements of group and team
research to guide development of CRM concepis

It seems that the original meaning of the word
teamn referred to two or more work-animals
hitched together to pull a single load (American
Heritage Dictionary}. This definition provides a
good metapher for a team of humans. It clearly
distinguishes a team of arimals from any other
group or herd of animals. It illustrates the coor-
diration and interdependence that is characteris-
tic of teams. Team: members are, in 2 sense,
“hitched” rogetiher to perform a single task.

The various definitions of teams in the litera.
ture seem 10 share these elements but provide
more specific details. For example, Hackmar and
Helmreich {1988, p. 2§5) define a team by the
following three criteria: {2} the zeam must be 2
real group, that is, the team must be an “intact
social system complete with boundaries and dif-
ferentiated roles among members,” {b, the team
must have “one or more Tasks 1o periorm, result-
ing in porentially measurable cuicomes of mem-
bers” collective work,” and {c) the tzam must be
“group that operates ww'mr. an Organizaticna
context” (Hackman & 3

Mo

BUSPR I : 20
imrecn, 1988, o, 2851
; ]

n

A different wording of this cefinttion is given
by Hackman {1935}, who defines a team 25 “2 small
social system in which (a}) membership is clearly
defined (i.e., one can readily distinguish members
from nonmembers), {b) members have differenti-
ated roles to play in pursuit of some common
purpose, and {c} the team as a whole manages trans-
actions with other individuals and groups as it goes
about irs work {adapted from Alderfer, 1977).”
Both of these definitions mention an organiza-
tional context, leading to three levels of analysis:
individual, team, and organizational.

Finally, coming from a military perspective,
Salas et al. {1992, p. 4), define a team “as a distin-
guishable set of two or more people who interact,
dynamically, interdependently, and adaprively
toward a common and valued goal/objective/mis-
sion, who have each been assigned specific roles
or fuactions to perform, and who have a limited
life span of membership.” Furthermore, they ar-
gue that types of teams “fall on 2 conunuuem” rang-
ing from “highly st.uctured, interdependent
teams” 1o “teams whose members mteract mint-
mally and perform tasks in a group context.” Air-
crews would tend to fail near the “highly
structured, interdependent teams” end of the ron-
llnum.

The aircrew team
The above discussien highlights
ty assocrated with deftning a team. However, when
examining commorn elements representing differ-
ent perspectives, it seems to us thar 2 good work-
ing definition for an aircrew team pivols on the
notion of interdeperdence advorated by Salas, er.

the complens-

al. {1992). We define 2n aircrew team as being:
T.,:o or more individuals, each wiin specified socio-

technical vai.., :.J*o wore ;r:enfrm rdes

Jecrive, This dff-“m:.fa SE1S 3 MINIMUM S.2 a
tearn {two}, acknowledges the existerce of role

bf‘unéarzeq ued both to interpersonal
-command, en

context thdz is identified by distinguishing and fi-

cal factors {og.. pilot-is

mite attributes {e.g.. time, spacel. and thar involves

ipterdependent beh Vior.
Flelmreich and Foushee {1993 . p- 20 nate thar
“Fightorews zre teams with a designated lzader
.- .
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The tyrical airline flightcrew consists of two or
three members: the pilot (or captain), the copilot
{or first officer), and, in some cases, a flight engi-
neer/second officer (Hackman & Helmreich,
1588, p. 286). Most modern commercial aircraft
have been certified for two member crews
{Blanchard, 1994).

On the flight deck, cach crewmember has a
defirite rank associated with the experience and
certification in the model of aircraft flown which
impares authority and responsibility assigred 1o
their assigned role. A newly-hired pilot usually
starts as first or second officer {depending ¢n
flightcrew reguirements}, and upon reaching se-
niority, qualified crewmembers are promoted
when a vacancy occurs until they reach the rank
of captain®. Duties and responsibilities are clearly
defined for each crewmember. The captain has
uliimate responsibility for the safery of the flight
and even airline management cannot order the
captain to take a flight that he or she corsiders -
be unsafe. The first officer shares flying duties
wich the captain, but the captain can take over at
any time. Tre first officer, however, can take con-
trol from the caprain in the event that the caprain
becomes incapacitated. Thc sccond officer con-
trols and monitors the mechanical systems (Hack-
man & Helmreich, 1938, pp. 286,287).

Eack flight deck crewmember’s acuvities are
clearly defined for every phase of 2 normal flight
and even many aon-normal sitwations. During
normal flights, the crew’s workload is predicrable,
but very uneven. There is a substantial workload
near the beginning of a flight and then again near
the end, with very little work iz between. Occa-
sionaily, abnormal mcidents punctuate the “long
periods of routine activity” with “demands for
intcnse and highly interdependent teamwork™
(Hackman & Helmrzich, 1988, p. 288}, Aviators
often characterize their work as “hours of intense
boredom pun—c-:uat::d by moments of f'*ee. terror.

The shor: 1ime airerew teams spex ing
together is arother G,st.ngm-;hh-b characteristic
of fligh: deck teams. Gfiexn, airline crews work
together for one month, 2nd are “composed of
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together” (Hackman & Helmreick, 1988, p. 288).
Team formation happens rapidly, since crew-
members “have little time to get to know one
another before their first period of demanding col-
laborative work begins” {(Hackman & Helmre:ch,
1988, p. 288). The length of time that a team has
been together can affect team performance. A
study on the effects of fatigue on performance
found, surprisingly, that “fatigued crews (who had
jus* flown together) were rated as performing sig-

nificantly better and made fewer sericus opera-
tional errors than the rested, pre-duty crews” who
had not recently flown together (Foushee, Lauher,
Baetge, & Acomb 1986). The positive effects of
haviag worked together as a team outweighed the
negative effects of fatigue.

The design of teams’ task and wnrk area can
also affect how one might define a team. The in-
wroduction of advanced tecknolegy, or “glass cock-
pit” aircraft illustrates how automation can affec
crew interactions, int particular, crew communi-
cattons. Wiener {1993, p. 213) found some unex-
pected resuits when he compared rwo advanced
rechnology cockgits to their respective p*eéece:~
sors. He found “that during the periods of high
worklozd, chmb and des\.ent, the 737-300 [glass
cockpit} pilots were more communicative than
those 1n the 737-200 {standard ccckpif}.” Bur he
found the opposite result when comparing 2 gi«ss
cockpir 7537 with 2 standard cockpit 757. He noted
that very Linle communication seemed 1o go on
berween crewmembers of the glass cockpit 757,
During onc phase of the fizght, the ogly intra-
coc’-;pit communicasien was Ee:wee-z =ach pilot

o {\X"icne*
1993, p. 223}. I: seems that th :iect of automa-
uozn s not uniform, but a.cecnﬂs on the specities
of the implementation. CBRM researchers note the
need 1o learn how “best 1o train crewmembers 1o
imterac most effectively with
ben” {Felmreich & Foushee,

Factors .ai:ctt:nc the €0
the team may

‘electronic crewmems-
1993, B 'im
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such as automation and more compactly designed
cockpits (Komons, 1987) have made it possible
to eliminate the role of the flight engineer in many
commercial aircraft. There is evidence that com-
MunICation Patlerns in a tWo-person group are
very different from those in a three-person group
(Wiener, 1993). Also, eliminating the flight engs-
neer position means that the entry-level position
in the cockpit is now the co-piot, so the pilot
flying may have fewer hours in the air than was
typical of thres-person crews. Arcther factor that
may result in less experienced {in terms of flight
hours) airline pilots is the emerging trend of some
air carriers 1o sponsor ab inttic {from the begia-
ning} pilot training.” Ab 1initio training has been
metivated in part by the declining supply of mili-
tary trained pilots {Orlady, 1993, p. 455; Wiener,
1993, p. 201}, 1t 1s Tikely tha, as a larger proposr-
ton of pilots have non-military backgrounds, the
prevailing cocKpit culture may zlso change. Atvpi-
cal airline crews are also found in “altra-longhavl
flight operations,” such as international flights
(Helmreich, 1993, p. 3), which “require aug-
mented crews,” i.e., backuau for the reguiar CICW.
Helmreich (1993} specnlates thar “such extended
teams raise 1ssues of leadership, shift changes, and
the ucilization of extra crewmembers in emer-
gency situations,” which would affzct CRM arnd
CRM training.

Mission differences are becoming increasingly
identified as a pote. “wifactor inteam dcﬁ. uon.
Cockpit layouts acd team configuraticns z-

much more variable in milntary flyving than in
passenger and cargo flving. Unlike typical air car
rier crews, military crews can range in size from

z single pﬂc‘ to more than a cfazeﬂ incividuals.
Military aircrews often fly in groups of planes,
and thus must ccordinate as closely among ai-
craft as within the atreraft. Lines of zuthericy are
more complex. The capmis of ar airlirer is the
single mdividua

have ™o ccmrznéem. one who leads tre

:n charge, but 2 military fligh:
E’;a{v
mission and one who
of the fhght.

-
tragsport flving, comiort and saferv domirate

- LR ] - £ )
15 respoasidle for the safery

1 * -
In rearly all pascenger ana carge

‘Curzeat’ v, as *";

the racsgreund of aiictsm sczme U

over mission accomplishment {on-time delivery at
the scheduled destination).

The many factors affecting definition of a team
potentially impact CRM design. Except for some
Military Arrlift Command (MAC) passenger
flights, military flying normally weights mission
accomplishment {e.g., actual or simulated combat)
as equal to or of greater importance than comiornt
and safety. For example, bombing ruas must be
made both in traming and in practice under ad-
verse weather, speed, separation, and other con-
ditions. Therefore, such missicn-dominant flying
is far more hkely 1o involve risk. Many of the
mshitary-specific missions also require heightened
coordination. For example, the missions may in-
clude “dogfights” betweer aircraft, or cxtremely
low alituds nap of the earth (NOE) {lving, where,
in most cases, the crew has less than half a minurte
from the first sign of a problem uatn! impact
{Prince & Salas, 1993, pp. 341-344}. Leedom {1997)
concluded that the time pressure for Army rotary
wing crews, along with other differences in the
type of flying required by the Army and the civil-
ian aviation comrnusities, makes implementation
of much that is taughe in current CRM programs
questionable.

How is CRM taught?
A review and analysis of current CRA! training
methods, p-mcxo es, and programs can be useful
or understanding how best to implemens CRM
""L..mg for ATCSs. CRM training has evolved
authors referring
g onn CRM™
wraiming {(Helmreich & Foushee, 1583, p. 321 A
variety of CRAM programs abound in the indus-
cach with some spacial emghasea end philoso-
There are commonalities in the developmesnt
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Figure 3. CRM training program development cycie,

analyses of accident and error reports, observa-
tions from flight simulator sessions, and question-
naires and interviews to assess attitudes and skills
of crewmembers {e.g., Cooper, White, & Lauber,
1980; Gregorich & Wilkelm, 1993, p. 191; Lauber,
1987; Murphy, 198C; Ruffell Smith, 1979). Sec-
ond, these objectives are then used to create a
training program curriculum. How this step is ac-
complished depends on the developer’s parricu-
far CRM ptilosophy, and organizaricnal and
regulatory factors. INlustrating the effects of CRM
philosophies on training implemeatation, Prince
etal. {1988, p. 6) note that “Sellards, of US Air, in
a cognitive approach, has argued that training
must be done in the classroom; Helmreich . . .
has suggested that altering attirudes is the way 10
affect cooperative behavior; and Hackman . . .
focuses on training team management skills. None
of the three is able 0 offer evidence thar a CRM
program based on their approach has been more
effective for reducing human error in the cockpit
than a CRM program based on another appreach.”
In the third step, the program is evaluated 10 judge
its effectiveness. Evaluating effectivensss noz only
helps justify program expenditur:s, but 1t also
provides information necessary to modify pro-
gram elements 1o improve mstructzonal rech-
niques, update curriculum, and meet changing job
requirements. 1 he results of the program evalua-
tions may lead o modifications 12 tae curricu-
lum and possibly a re-evaluation of iraining aceds.

Historical Roots of CRM

CRM iraining programs have been raced back
10 team training in the military as early as 1958
(Brown, 1987; Prince et al., 1588, p. 4}, although
other names, such as co-pilot training, were wed
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for these programs. In the early 1970s, following
several “pilot error” acaidents in the Pacific, Pan
American World Airways initiated a program of
“crew concept training.” The first step was to es-
tablish a “flight operations review team” to review
current training methods and make recommenda-
tions {(Butler, 1987, p. 61; Helmreich & Foushee,
1993, p. 7). The ensuing “crew concept training’
meant that “both simularer training and check-
ing were to be conducted not as single-pilot eve-
lutions but in the context of a full crew”
(Helmreich & Foushee, 1993, p. 7). Furthermore,
manuals were revised to prescribe respons:bilities
for 1eam activities and communications. The pro-
gram did aot, however, provide any specific train-
:ng in how 10 communicate or coordinate as a
ream (Helmreich & Foushee, 1993, p. 7).
Foliowing a NASA/Industry workshop con-
cerning human factors in aviation in 1979, a num-
ber of CRM programs began 10 be developed.
These programs tvpacally consisted of lectures or
videotraped preseniations. Videos are used to re-
view the role of human factors in accidents with
the goal of affecting antitudes about appropriate
flight deck management {Helmreich & Foushee,
1993, p. 28). Scme programs also included some
tests and exercises 10 make students more aware
of their management stvles and their effect or
other team members. For example, tesis 1o assess
subjects’ concern for people and for performance
were used to categorize their management style
using the “management grid™ (Blake & Mouton,
1982, cited in Wiener et al, pp. 402, 4C3). Onec
example of an exercise involves one group of stu-
dents building a cardhoard structure according 1o
direczions given by a second group of siudenss.
In this way the need for communication and




coordination is demonstrated and appropriate
skills practiced. Another program, United Air-
lines’ Command, Leadership and Resource Man-
agement (CLR) program, includes a regular review
and practice of CRM {or CLR) concepts as part
cf the required annual simulator training session,
using 2 line-oriented flight training (LOFT) ap-
proach (o be discussed further below).

Basic Elements of CRM

From these roots arose a basic structure of a
fully implemented CRM training program, which
includes “three distinct phases: {1} an awa-eness
phase, where CRM 1ssues are defined and dis-
cussed; (2} a practice and feedback phase, where
trairees gain experience with CRM techniques;
and {3) a continual reinforcement phase, where
CRM principles are addressed on a long term ba-
sis” (FAA Advisory Circular, 1589, sec. 3¢
Gregorich & Wilkelns, p. 175).

Avwrareness Phase

The awareness pbase of CRM training 1s usu-
ally the easiest and most inexpensive of the three
phases tc implement. It “involves communica
ing basic »-»~wledge of human factors conceprs
that relaic to aviation™ with “a focus oz the
crew-level” {Helmreich & Foushee, 1993, p. 4}
The FAA CRM advisory suggests thar this can
be accomplished using a combination of “lecturc
presentations, discussion groups, rolc-playing ex-
ercises, computer-based instruction, and video-
taped e':amplcs of good aad poor team behavior™
(FAA, 1989). United Airline’s CLR program de-
velopeda specxal home study textbook that isthen
reinforced by seminar-format classes {Carrall &
Taggart, 1987, p. 42). The Air Force’s CRM pro-
gram uses mteractrve videod:sc to present its phase
one material (Prnce & S5alas, 1993, p. 353). The
CRM program at People Express presents the first
phase iz 2 home-study format with 2 combina-
rion of workbcok, audio tapes. and “self-evalua-
tion” flash cards (Bruce & Jensen, 1987, p. 33}
Trans Australia Airlines (TAA) uses a set of five
video tapes that were filmed ir the simulator and
at the airport to realistically poriray aircrews
modeling good and tad CRM behaviers and «
foster discussions of CRM concepts (!\'iargerzsm:.
McGann, & Davies, 1987, p. 97}.

The content of phase one usually consists of
explanaticns and descriptions of the CRM model
and dimensions. For example, the FAA arcular
suggests preseniation of the seven CRM skills:
communic1ion, siluarional awareness, problem
solving/dectsion making/judgment, team manage-
ment, stress management, team review {mission
analysis), and interpersonal skills {FAA, 1989).
Typically, the importance of these behaviors is
motivated by reviewing actual cases 1n which ex-
amples of such behaviors either caused or pre-
vented ac incident or accident.

Practice and Fredback Phase
The purpc:.: of the practice and feedback phasc
1s to help pupils applv the CRM prinziples that
were studied in the first p‘wase- This 15 importan:
to the cffectiveness of the iraiming, since “mdividu-
ais may accept, 1 principle, abstract ideas of [CRM
concepts) . . ., hut may fied It difficch o trans-
late them into concrete behaviors on the flight
deck™ (Helmreick & Foushee, 1953, p. 26}, The
FAA crcular recommends thatthe practice of the
CRM skills be provided in the simulator, and that
the feedback be faciiitated by using simulator ses-
sion video 1apes (FAA, 1989). Thi, wouid pr:‘:-e:'-
akly be accomplished by fuil simulation of an
entire flight using a compiets crew, xnown 2s hine
orierted flight simulation {LOFT), or
some “other simulated or aciual operation sce-
™ Crewmembers woald be evaluated both
for their technical expertise and use of CRM con-
cepts as they respopd 1o a series of incidenis. which
mayv or may not lead 1o emergencies (FAA 13834
The session would ke videotaped. so that the per-
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formance can be critigued by crewmembers and
by others. The use of LOFT in phast two pre-
sents a logisuical problem, since phase ane can be
presecied 1o a whele classreom of trainecs, bus
stmulator sessions must be schedaled for one
flighterew por simulator. The Lmited ogess 1o
simulator ime can often result iz a considerable
delay between phase one and phase two (Prin
2., 1392, p. 14). Furthermorc. 1he use of LOFT
does not allow fecdback 1n be given mmmediately
tollowing “an action or event. a_-:d therc 15 no e
dence 1o determine whether umely feedback oz
absm are more vajuable {or training” Pricce e1 4,
992, p. 203, These reasens mav Dave Comd~buted
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to the fact that, as Helmreich and Foushee {1993,
p- 29) observed, “aithough there has been a great
proliferation of CRM courses, there has not been
a parallel growth in the use of CRM/LOFT 10
provide practice and reinforcement.”
One ziternate strategy to LOFT ixu the feed-
back phase 1s to use artificial, complicared group
ks and exercises that require reamwork and
o ":de opportanities 1o apply CRM coneeprts
{(FAL 1989} Anorherappr ach isro provide “be-
navioral modeling.” and “active pracuice with feed-
back” (Prince et w., 1992, p. 271, For example,
United Airlines uses a “structured learning pro-
cess thar allow., crewmembers to I=arn, firsthand,
how to use” the informarion presented in phase

z

:. “Crewmembers are able to analvze how they
resct 1o various leadership styles in the cockpit
and how their own behavior can affect operat'onax
outcomes.” This is all doae in a “seminar envi-
ronment” without the use of a ssmulator {Car-oll
& Taggarz, 1987, p. 42). The advantage is thar
crewmerabers can “address this new area withowt
the burd:s of the detailed attention normally nec-
essary in the operation ~f the cockpit™ (Carrcll &
Taggart, 1987, p. 42}
learning process™ are t .-eated as proprietary by the
airline and are not made available. Curriculum
details are ofien difficult to find, as Prince et al.
{1952} note,
ally available for review.” United also pses a role-
312'»' appr UGC"I o Surl iat!l}n iﬂ uhEIf ..ap*a:n
L;:;grade traiping to provide practice and feedback
{Taggart, 1993, p. i6). These “simulations™ use
scenarios denved from actual ine-operauons prob-
lems. To recreate the scenano, participants, fol-
lowing writien mstructions, play the roles of the
different crewmembers. The new captain then has
an opportunity 1o solve the problem using avail-
abl resources. After two captains separately go
i~ agh the scenirio, their performant: 1s dis-
cussed compared. and reviewed.

“ith further research more limited simulators,
such as part-tasx trainers, or flight training devices
(FTDs} may also ke useful. Orlady (1993, p. 469)
comments that “the fevel of fidelity required for
the most effective teaching and the best use »f fim-
ited fidelty are both sull controversial. . . . Al-
most inevitably, increased fidelity means incresed

costs. In addition. there is copsiderable evidence

. Details of the “stiructured

SPECﬁ}C course content is not gener-

that in some cases, unneeded fidelity can actually
decrease training effectiveness by causing unnec-
essary distractions.” Prince et al. {1992, p. 28; cf.
Hirtel, 1991, 1994a) have experimented with low-
fidelity simulations based on desktop computers
and off-the-shelf software and components, and
have suggested that “low fidelity simulation . .
appears to provide enough salient cues to elicit
coordination behaviors,” but found that there are
few data to suggest which “salient cues® are nec-
essary for CRM training, or what level of simula-
tion may be optimal, considering both costs and
training effectiveness {Prince et al., 1992, p. 28).
Helmreich (1993, p. 4) concurs: “We need to know
much more about the effectiveness of this trpe of
training in less elaborate facihiuies ... more limited
simulations that do not encompass a full mission
{8POT: Special Purpose Operational Traiming} in
communicating and reinforcing CRM concepts.”
Continual Reinforcement Phiase

The purpose of recurrent training is to rein-
torce and instiil the CRM principles to ensure they
become part of crews’ everyday operation and that
training effects are enduring {(Helmreich, 1987, p.
19). The FAA CRM circular concedes that chang-
ing attitudes and behaviors that “have developed
over a crewmember’s hifetime™ requires repeated
exposure {FAA, 1989}. Daia suggest that “with-
out reinforcement the impact of CRM decays™
(Helmreich & Foushee, 1993, p. 37). Furthermenr,
a long-term goal is for CRM to become an “in-
separable part of the orgamization’s culrure™ (FAA,
1989). It 15 hoped that integrating team training
INto recurrent trairing programs wili, 10 time,
help change organizational norms and atritudes
from an individual focus to a team focus
(Helmreich 8t Foushee, 1993).

Recurrent training usually includes a session of
“refresher curriculum” (FAA, 1989), and z prac-
tice and feedback session, 1ypically involving a
videorecorded LOFT session. This session is often
part of required annual and semi-annual recurren:
technical simulator training and assessments. The
FAA has recommended that “these recurrent
CRM exercises take place with 2 full crew—each
member operating in their normal crew position”™
{FAA, 1989). Some of the programs that do not
provide LOFT as part of phase two, do provide it



as part of the recurrent training (Carroll &
Taggart, 1987, p. 42; Prince & Salas, 1993, p. 353;
Shroyer, 1987). In the Unrited States, LOFT has
been integrated in CRM programs 21 “United,
Horizon Airlines, Delra, Continental, and units
of mulitary aviation” and “Northwest Airlines,
Delta, US Air, and Comair are in the process of
impiementing them” (Helmreich & Foushee,
1993, p. 29).

Videotaping. Practice and feedback are thus
the critical features of botk phase one and two.
Helmreich {1987, p. 19) emphasizes that “LOFT
with videotape feedback is one of the most pow-
erful 10ols we have. I {Helmreich] am copvinced
CRM without the chance for pracuice and self-
observation that comes with LOFT will be rela-
tively ineffective.” Videotaping of the sessions is
considered to be essential for the feedback ses-
sion {Orlady, 1993, p. 461). It allows the crew 10
view their own performance more objectively and
1o develop some self-awareness of their interac-
tions {Prince et al., 1992, p. 24). These videotapes
and LOFT sessicns should be used for self-evalu-
ation and iraining only, and not include any type
of “check or final evalnation™ (Orlady, 1993, p.
461). All LOFT recordings are typically erased
following self-evaluation to ensure the crew of
confidentiality and make them comfortable with
having their performance recorded. This also pre-
tects the organization from possible legal expo-
sure {Helmreich et al., 1993, p. 484).

Facilitators. CRM training scssions are 1ypi-
cally conductied by line pilots with an interest in
training (Prince et al.,, 1992, p. 23). Instructors
without flying qualifications or experience would
have difficulty understanding 1he dynamics and
challenges facing flightcrews and would also have
lirtle credibility in the eyes of experienced pilots
{(Prince et al., 1992, p. 23). This “represents a trade-
off berween high-credibility with the andience and
in-depth knowledge of the psychology of group
dynamics” (Prince <t al., 1992, p. 23). Thus, the
trainer is more of a facilitator than an instructor.
Nevertheless, the selection and rtraining of these
facilitators is considered to be very important
{Helmrezch, 1987, p. 19). They must be “hignly
skilled in all areas related 1o CRM perfermance,
and they should also be expert observers of crew
coordination dimensions” (FAA, 1989} The im-
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portance of training in the observation of CRM
skills is illustrated by one study which found that,
without performance rating instructien, self-
ratings by managers who had watched their vid-
eotaped performance “were no more accurate than
those made by subjects who had not been exposed
10 their own videotaped performance” (Prince et
al., 1992, p. 24). The sensitivity and ability 1o con-
1rol the dynamics of a group are important skills
for facilitarors. Helmreick & Foushee {1993, p.
18) found thart the “group dynamics of particular
seminars” contributed to crewmembers rejecting
CRM 1raining.

LOFT

Because LOFT plays a central role in much of
the CRM literature, further discussion of issues
surrounding LOFT is warranted. First, a defin:-
tion and description of LOFT: LOFT is the acro-
aym for Iine-oriented flight training. Iine-onented
implies an adherence to procedures used in day-
to-day line operations. As Butler {1987, p. 63) puts
i, “LOFT 15 a rotal training concept which re-
quires line airmen 0 occupy the same crew posi-
tion, the same duties, 1the same responsibilities, and
the same roles they have in day-to-day operations.
It covers a flight from crew reporc-time to the
blocks at destination.” In a typical LOFT session,
“a complete two- or three-person crew undergoes
the simulation of an entire flight between cities.
The goal of the simulation 15 to reproduce the
complete flight environment, including dispatch
reteases, weight and balance computations, en
route weather, and communications with the cabin
crew, air traffic control, and company operations.
Typically, one or more abnormal or emergency
situazions are introduced during the flight™ (Hacs-
man & Helmreich, 1988, p. 333). Historically, the
purpose of LOFT has been to provide crew train-
ing and not 1o evaluate or qualify individuals or
teams {Orlady, p. 461; Prince et al., 1993, p. 70).

LOFT is one of three types of line-operational
simulation (LOS), and should be distinguished
from both special-purpose operational training
(SPOT]). and line-operational evaluation {LOF)
{Butler, 19953, p. 233; Prince et al., 1993, p. 70}.
SPOT simulations are used 10 learn and practice
specific skills or situations, and so do not require
an entire flight 1o be simulated in complete



realism, but, instead may be composed of several
legs, and permit direct instructions and interrup-
tions. LOE, on the other hand, is used for testing
and evaluating crewmembers. LOE scenarios are
designed to satisiy specific testing requirements.
As mentioned earlier, either LOFT or SPOT
could be used for CRM training, akthough LOFT
is generally recommended, at least until other
cptions are better undersiood {(FAA, 1989;
Orlady, 1993, p. 469; Prince et al, 1952, p. 28}.

A criucal factor in the effectiveness of LOFT
for CRM training is the design of the scenarios.
Scenarios should be designed to be realistic and
believable, but also must include situations that
challenge the crews’ teamwork {(Butler, 1993, p.
234; Prince et al., 1993, p. 70). The problems or
emergency situations should be representative of
problems that might be encountered in actual
flight and should not be contrived or include any
“tricks designed to catch the crewmembers™
{(Prince e al., 1993, p. 72).

A survey of LOFT scenarios in use 2t several
airlines revealed that “the most successfu! LOFT
designs usually focused on relatively simple tech-
nical problems or svsiem {failures, introducing
additional complexities such zs communications
failures or ambiguous warning lights. Time com-
pression and ATC restrictions also contributed
etfectively 10 the more successful LOFT sce-
narios” (Butler, 1993, p. 230). Team coordination
seemss 1o become most important during perieds
of heavy workload (Lauber, p. 7, 1987). Despit
publicauion of recommendations and reguiations
for LOFT use {e.g., Butler, 1993; FAA, 1997,
Prince et al., 1993}, the survey found that “the
design of LOFT scenarios varied considerably
from one airline to another. The greatest differ-
ence noted is in the ievel of technical skills orien-
tation. This varied from presenting no technical
problems to extremely high technical orieniation”
(Butler, 1993, p. 249). The biggest caallenge
secmed to be to create realistic decision situations.
Butler (1993} cbserved that “most desigas did not
have opuons available, so that decision-making
was relatively simple and did ot encourage in-
teraction between crewmembers [for an exception
see Hirtel, 1991, 1992, 19922} .
were nothing more than a full mission simulation
with a problem requiring the use of 2n abnormal

.. Many scenarios
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checklist. No challenge, no decisions.” Further-
more, few of the scenarios seemed to be designed
to address specific CRM skills {Butler, 1993), de-
spite recommendattons that each scenario be based
on specific training objectives {Lauber & Foushee,
1981; Prince et al.,, 1993). Even well-designed sce-
narios can have poor results if 1he facilitators are
inadequately trained. In some cases, instructors
failed 1o follow the LOFT scenario syllabus faith-
fully, compromised flight realism, or failed to
utilize the videotapes for feedback during debrief-
ing {Prince et al., 1992, p. 23}. Another concern
with LOS training and evaluation is the limited
number of scenarios in use, which might become
generally known to fiighterews (Prince et al,, 1992,
p. 22). Tt s unknown what the “effect of prior
knowledge of a scenaric’s events on performance”
would be (Prince et al., 1952, p. 22).

Other Occasions for Training

Once a CRM program has been established, it
becomes part of the regular training regimen. Air-
Lines typically have four types of training. The
first type is for newly-hired crewmembers, includ-
ing ab-imitio training; the second type is for newly
promoted crewmernbers; the third tvpe is for tran-
sition or conversion training to different aircrafy;
the fourth is recurrent training, which is mandared
by the FAA and affects all pilots {Orlady, 1593,
p. 455). To fully integrate CRM into ap organiza-
tion, appropriate CRM training shouid be devel-
oped for each of these types of training. For
example, at United Airlines CRM is “part of up-
grade and other routine training. CRM concepts
are alsc part of anaual enroute checks® {Carroll
& Taggart, 1987, p. 42; cf. Tageart, 1993).

Training Philosophies

There seem 1o be 1wo major approaches to
CRM rraining. The first approach makes change
in attitudes about flight deck management the
training objective. The second approsch makes
spectfic skills and behaviors involved in flight deck
management the training objeciive.

The attitude approach is based on the idea that
iadividual pilots differ with respect to “three
broad categories of characteristics,” namely, abil-
itv, personality, and antitudes (Helmreich, 1587,

<f2y The “hiliee: o -
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prerequisite requirement of pilots and has tradi-
tionally been the focus of training. Personality
is, by definition, difficult, if not impossible 1o
change. Therefore, the training objective is to
change CRM attitudes. Proponents of the attitude
approach argue that attitudes affect performance
in line cperantons (Helmreicnn. 1984, 1987;
Helmreich, Foushee, Benson, & Russini, 1986).
To sapport this view, an attitude survey {CMAQ
- Helmreich, 1984} was developed and used to
gather evidence that training affects arrirudes, and
that attitudes are related to evalustions of LOFT
and line performance (Helmreich et al,, 1993). A
database of responses to this instrument by CRM
trainees has been accumulated over several years.
These data, and assertioss based on them, will be
discussed further in subsequent sections.

The skill-based approach emphasizes skill train-
ing instead of changing astitudes. Authors such
as Prince and Salas {1993} argue thar one weak-
ness of the attitude approach s that it seems to
ignore the need for specific skills for good cock-
pit management and coordination. In contrast, the
specific-behavior approach to training advocated
by Prince and Salas “. . . seeks to identify particu-
lar behaviors within skill dimensions that result
in effective atrcrew performance, and thus, require
training. . . . In order to train and evaluate crew
coordination, the construct of coordination is dis-
tilled into knowledge, skills and zbiliries (KSAs)
and expressed as a set of specific targeted behav-
iors” (Prince et al., 1992, p. 26).

Training philosophies are important because
they define criteria for successful training. If atii-
tude change is the primary goal of training, then
sponsors are going to be looking for evidence thar
CRM training has led 1o atitude change. If skill
development is the primary goal of training, then
spensors will be looking for evidence that CRM
has changed behaviors. In either case, underlying
training philosophies have associated assumptions
that influence the goals that sponsors establish,
For example, some training sponsors assume that
attitude change results in charges in behaviors,
and that in turn, workplace climate and organi-
zational culture will be impacted. Sponsers of
skill-based training may make similar assumptions
with the resuit that comprehensive assessment
often reflect very similar criteria for assessing

effectiveness. Differences 1n philosophy become
problematic, when limired assessment resources
require more narrowliy-focused evaluations.

Assessing CRM Program Effectiveness

Efforts to measure the performance of crew-
members scem 1o be part of mosi CRM 1raining
programs {Gregorich, Heimreich & Wilhelm,
1992, p. 682; Gregorich & Wilhelm, 1993, p. 182;
Hackman & Foushee, 1993; Hackman & Helmreich,
1988; Helmreich, 1984, p. 586; Helmreich et al.,
1986, 1987, 199C; Prince et al., 1988, p. 6; Prince
& Sa’as, 1993, p. 352). Three mais purposes for
performance measurement can be identified: re-
search, performance evaluarion, and training.

Performance measurements for the purposes of
evaluation and training require individuals to be
identified, but have aa important difference.
“Training-oriented assessments . . . are consequen-
tial mainly for his or her own learning and devel-
opient. Evaluation-oriented assessment . . . may
. .. affect the size of one’s raise, the probability of
a promotion, or even the security of one’s job”
{Hackman & Helmreich, 1988, p. 353). Therefore
assessments for these two purposes should be &
separaie.

Research into the effectiveness of CRM tramn-
ing has the dual goals of trying to empirically
prove that CRM training is effective in improv-
ing crew performance, and trying to find ways o
improve CRM 1raining methods and curriculur
by identifying portions that are ineffective or need
to be updated 10 meet changing needs. Perfor-
mance measurements for research purposes can be
done anonymously, using only group statistics or
identifying individual by 2 confidential code, thus
avording some of the privacy and personal jecp-
ardy 1ssues associated with performance assess-
ments.

Empirical evidence of CRM effectiveness may
be important for several reasons. First, it is pos-
sibie for training 1o have a negative effect on crew
perfcrmance {Helmreich & Foushec, 1993, pp. 5,
38}, acrually reducing safety, so it 1s imporniant 1o
show that any training effect is positive. Secondiy,
evidence of effectiveness mav be necessary 10 jus-
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concepts to contexts outside the cockpit, includ-
ing application to the ATCS profession, requires
evidence of effectiveness. Finally, there is also an
academic interest in iearning more about how to
effectively train teams and to validate the theo-
ries underlying CRM concepts.
Multiple levels of evidence of CRM prograrn
effectiveness may be addressed. The first level sim-
ply compares CRM training to no CRM training,
or before and after training. The next level com-
pares CRM training to competing or alternate
training methods, ssmply 1o see if there are sig-
atficant differences among them. Finally, cost
analyses could be done to determine whether
CRM training is cost-effective, which components
or combinations of components of CRM training
are most cost-effective, and what level of invest-
ment tn CRM traiming 1s optimal. The matter of
evaluating CRM components 1s discussed further
in a subsequent section. Even the most basic level
of analysis presents formidable problems, due wo the
scope of typical CRM programs and the difficulty
of defining and measuring such training outcomes.
The first step must be to show that CRM tramn-
ing is indeed effective. The ultimate assessment
of the effectiveness of CRM training would ide-
ally “be measured by how successful we are in
preventing accidents and incidents which stem
from inadequate or ineffective cockpit resource
management” {Lauber 1987, p. 5. This is diffi-
cult 1o do, as Helmreich and Foushee {1993, p. 9)
explain: “while the most compelling measure of
ffectiveness in aviation would be a decrezse in
the frequency of accidents, such accidents are al-
ready so infrequent that reliable statistical evi-
dence can only be found by aggregating data over
extremely long periods of time.” For example,
what improvement could be made to the safety
record of Trans Australia Airlines (TAA), which
has had an “accident-fre2 record” for its 25-year
existence (Davidson, 1987, p. 88)? “Accordingly,
criteria of group performance need to be drawn
from surrogate measures such as records of op-
erational errors, expert ratings of crew effective-
ness, and measures of attitude and job satisfaction™
Prince et al,, 1992, p. 29).
Conacern for assessing CRM effectiveness led
to the Aircrew Coordination Training {ACT)
evaluation project undertakes by NASA Ames

and led by Professor Robert Helmreich 2t the
Lnn ersity of Texas. Currently, ACT is the only
arge scale attempr to evaluate CRM training ac-
cessible to the scientific community {Prince et al,,
1992). Based or the CRM model depicted in Fig-
ure 2 on page 9, this project uses “twe types of
ACT effectiveness measures: outcome and process.
Qutcome measures include aircraft incidents,
crewmember attitudes, ratings of crew perfor-
mance, and indirect measures (e.g., organizational
climate). Process measures invelve crew interac-
tion and behavior as measured by exgert raters
and communication analyses” (Prince et al., 1992,
p. 3C). Typically, the evaluation of 2 training
program’s effectiveness includes several assess-
ments, incluaing “reactions o the program mate-
rials, attitude change, and 2 learnicg of the
concepts, with an emphasis on demonstration of
transter of training of the behavioral skills to the
cockpit” (Prince & Saias 1993, p. 353).
Measurement of reactions 1o training is easiest
to implement. Most programs include a brief ques-
tionnaire polling panicipant< about how 1mpor-
tant or useful they judge the different elements of
the training to be. This kind of feedback may be
useful for adjusting program contents, but does
not suffice for showing program effectiveness. For
example, Butler {1993, p. 249) noted that follow-
ing poorly designed LOFT scenarios, which “were
nothing more than a full mission simulation with
a problem requining the use of an abnormal check-
list, presenting no challenge, no decisions,” the
crews would sull claim that they “got a lot out of
the LOFT that they would take back 15 the line.”
The other measures are also not too difficult 10
apply. Conceprual learning can be demonstrated
by follow-up quizzes, and transfer of training can
be demonstraied by LOFT or line checks to see if
crews apply the behavioral skills in the cockpit.
To measure attitude change, one needs to de-
velop an mstrument that measures relevant aui-
tudes and then collect before and after ratings. For
example, the Cockpit Management Arttitudes
Questionnaire {CMAQ) was developed for this
purpose. It was developed {or CRM research by
Robert Helmreich (1984) at the University of
Texas. The rationale forwarded fo measuring at-

rtudes is that CR\I :rammg 15 supposed to affect
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Because attitudes have been shawn o be predic-
tors of crewmember behavior in the cockpit
{(Helmreich er al., 1986), changes in measured at-
titudes on the CMAQ are assumed to impact be-
havioss that cause or are linked to accidents. A
more direct approach to show program effective-
ness 1$ tc compare the performance of crews with
CRM training to those without (Helmreich et al.,
199€C). Of course, this requires some instrument
for evaluating crex performance. For this pur-
pose, the Line/LOS checklist was developed
{Helmreich et al,, 1992, p. 577; Law, 1993). This
form can be used by specially trained check air-
men Lo rate crew performance in regular line ser-
vice or in LOFT simulation (Helmreich et al.,
1991). Much of the University of Texas assess-
ment project involves using the CMAQ and the
Line/LOS checkhst (a.k.a. Line/LOFT worksheet}
to accumulate a database of attirude and perfor-
mance assessments both across organizations and
longitudinally tracking individuals over time
(Gregorich & Wilkelm, 1993, p. 189). Studies based
on these data have produced the fcllowing results:

Training. On surveys administered at the con-
clusion of CRM training programs at several or-
ganizatioas, the majority of participants rated
CRM training as at least “somewhat useful,”
which was the mid-point on a five point Liker:-
type scale {Helmreich & Wilhelm, 1993). Train-
ecs’ assessment of the actual usefulness of training
may tend to be more positive than an expert’s
assessment (Burler, 1993, p. 249). Unforwunately,
there are no data 1o compare how any other 1ype
of training migky have been rated. Thus, the
Helmreich and Wilhelm {1991) data do not pro-
vide strong support for the actual usefulness or
effectiveness of the training. A similar study of
the usefulness of CRM LOFT training vielded
average participant ratings ranging from 5.6 for
one organization to 6.4 for another using a seven
point Likert-type scale ranging from strongly dis-
agree 1o strongly agree {(Wilhelm, 19911, Both stud-
ies indicated significant differences in ratings
among orgamizations and among crew posx‘mns
sTowever, such results might be caused by differ
ences in insiruciion technigues. trainer effogtive-
ness, Or traineestearmn cooperation and aputuu‘:
levels rather than the cffectiveness of the curr

lum per se.

u-

Attitudes. A comparison of CRM related atri-
tudes, as retlected in the CMAQ), before and after
training, indicates that “attitudes show significant
positive shift on the three scales of the CMAQ,
communications and coordination, command 1e-
sponsibility, and recognition of stressor effects”
{Helmreich & Wilhelm, 1991). It is not clear
whether the CMAQ was administered to the same
individuals immediately before and after training,
or whether the data reflect average pre- and post-
training scores of all individuals in each organiza-
uon. In the first case, one might be concerned with
re-testing cffects, and in the second case, one might
be concerned about changes in the makeup of the
groups taking the CMAQ before and after train-
ing. The sample size of this study is not indicated,
but s probably large. as the data came from a da-
1abase containing information from as many as
20,00C individuals (Helmreich & Foushee, 1993,
p. 32), therefore statistical significance 2lone 1s
insufficient to establish the level of practical mean-
ingfulness. Average increases at the different or-
ganizations appear to range from a little more than
one point to about three points on a scale that
ranges from 11 to 55. All of the reported mean
baseline ratings were above 45, and none of the
post training mean ratings exceeded 5C. The prac-
tical importance of suck a small increase is debar-
able. Nonetheless, these data do support the Jlaim
that CRM training does not. en average, make
attitudes worse. Of concern, however, is the find-
ing that about 5 1o 15% of participants “show ai-
titude change in a direction opposite 1o that
intended” (Helmreich & Foushee. 1993, p. 35; f.
Helmreich & Wilhelm, 1989). Furthermore, “the
data indicate that those pilots reacting most nega-
tively are low in both task and relationships on
tne [Blake-Mouton managerial] grid . . . [and are]
judged to be the most in need of improvement”

(Cock, 199C, p. 31). Tt is conceivadle that any ben-
efit resulting from improved overall attitudes may
be offset by the possible detriment resulting from
the negative reactions of those few trainees.

Behaviors. A longitudinal comparison of one
rage ratings of CRM behaviors
the LineLOS checklin
indicaies continued improvement in the ratings
obtained b f‘f‘_}l’f‘ implementation of CRM/LOFT
d at three,

organization’s ave
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ter {(Helmreich & Foushee, 1993, p. 34, Helmreich
et al., 1990). Helmreich and Foushee interpret this
trend as indicating shifts in organizational norms,
wider acceptance of CRM concepts, and growing
peer “pressure on crewmembers to conform to
new standards of behavior,” although this rend
is confounded with other changes that may have
occurred in this organization during the study
pertod, such as, perhaps, increasing experience
levels of crewmembers in the study or expansion
and phase-in of the training program (Helmreich
& Foushee, 1993, p. 34). It still remains 1o be dem-
onstrated that performance ratings based on the
Line/LOS checklist actually predict safer flight
operations. Since the Line/LOS checklist was de-
veloped in tandem with the corresponding atti-
tude-based CRM program, and the items reflect
the dehavioral skills and attitudes tavght in the
course {Helmreich et al., 1991}, results based on
it could be interpreted as implying little more than
successful transfer of training of the course con-
tent. However, there is one study of B-52 homber
crews that found “a high correlation between re-
source management behavior as measured by the
Line/MOST worksheet [Air Force versien of
Line/LOS checklist] score and both the mission
performance rank and the bombing rank of the
crews” {(Povenmire et al., 1989, cited in Prince &
Salas, 1993, p. 352). Unfortunately. there are im-
portant differences between Helmreich’s attirude-
ortented CRM program and the Air Force’s
KSA-oriented ACT program (Helmreich, 1987,
Prince, & Salas, 1993).

In combination, these studies have been used
o support the claim that CRM training 1s effec-
tive. It i1s important to note that all these studies
lacked randomization or experimental control.
Noge of these studies compared CRM training
with any alternative training forms. A weakness
cof before-and-after studies is that improvements
in attitude and performance can be caused by other
variables, such as an organization’s increased com-
mitment and allocation of attention and resources
to training, and possibly increases in classroom
and simulator time for training (Helmreich &
Foushee, 1993, p. 35}. For example, it is possible
that the factors that moved the organization to
begin CRM training also caused the organization
to undergo other changes which may also have

contributed to the tmproved performance. It has
been noted that organization-wide commitment
to CRM concepts and standardization of all manu-
als, procedures, and traiming on CRM concepts,
as well as provision of “check airmen and instruc-
tors {who act as] primary role models and agenis
of reinforcement” are important to the success of
CRM (Helmreich & Foushee, 1993, p. 34}. A fairer
evaluation of the merits of CRM concepts would
require keeping conditions equal for the CRM and
non-CRM groups.

State of Affairs of CRM Evaluation

A number of authors have pointed out areas
where further research to evaluate CRM effective-
ness is needed. Their comments will be presented
in chronological order.

Helmreich and co-authors (1986, p. 1198) com-
ment: “Despste the commitment of substantial
resources to providing this [CRM] training, valid
formal evaluations of its effectiveness are lacking,
although anecdotal reports of changes in attitude
and behavior are abundant. The absence of meth-
odologically sound evaluations of cockpit resource
management training can be traced to a number
of sensitive issues including federal regulatory
policy, protection of individuals, potential liabil-
ity, and labor-management relations.”

By 1988, this state of affairs does not seem to
have changed much, as Prince et al. {1988, p. 5)
report: “CRM training programs have nct been
validated; httle evaluation of program elements
has been done.” The working group on the effec-
tveness of CRM training at the NASA/MAC
workshop, chaired by Captain J. Butler, could
only conclude that there is an “intuitive feeling
that CRM training may be effective” {Orlady &
Foushee, 1987). Reasons for the “pauvcity of data”
:nclude all of the issues cized by Helmreich et al.
:n 1986 and also the “considerable difficulty asso-
ciated with measurement of complex human be-
havior” (Prince et al.,, 1988, p. 5). Similarly,
Hackmarn and Helmreich {1988, p. 29C) note that
“the crinical areas of judgment, Jeadership, and de-
cision-making are sull rated subjectivei)-«'.”

Gregorich, Helmreich. and Wilhelm {1930, p.
689} report thar: “Direct causal linkages from
cockpit-management atiitudes 1o crew process and
line pericrmance have not vet been established.
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Data pertaining to this issue are sparse because of
the difficuity of obtaining performance evalua-
tions aﬂd Crew-process measures, but some sup-
port for a connection has recently emerged
(Helmreich et al., 199C). An experimental evalu-
ation of the effects of crewmember attitudes on
crew process and performance outcomes might
best be addressed in 2 full-mission, high-fidelity,
flight-simulation study. This approach allows for
manipulation of input variables.” The Helmreich
et al. {1990) study was a preliminary report of
the 3-year study discussed above. The suggested
“experimental evaluation” apparently has not vet
been done.

Most recently it was noted that “strategics to
evaluate whether these [CRM] programs fully re-
alize their goals are not yet mature” (Gregorich
& Wilhkelm, 1993, p. 173). Ironically, in the same
volume, Helmreich (1993, p. 2) concluded that:
“we are no longer concerned with the basic ques-
tion of whether there is a measurable impact of
human factors training but rather with a new set
of questions that have arisen from earlier investi-
gations fof CRM]}.”

Evaluation of CRM Program Components and
Iterative Improvement

If we accept that CRM programs have pasitive
effects on crew attitudes, performance, or skill
level, then the next level of assessrnent is to ex-
amine the various components of CRM to try to
discover which elements arc most important and
cost-effective, and which elements can be deleted.
This may involve comparing different versions
or implementation levels of CRM training pro-
grams and assessing the relative value of different
aspects of CRM.

For example, Helmreich and Foushee (1993,
p. 36) discovered that “several organizations in
which flight operations management msde a con-
certed effert to cormmunicate the nature of CRM
training and the organization’s dedication have
noted significant improvement in cockpit man-
agement attitudes even before formal training was
instituted.” By contrast, Helmreich and Foushee
{1993) describe another organization in which
both CRM and LOFT were provided, but: man-
agement support was weak, o formal humar fac-
tors training was provided to new check airmen

i

and instructors, there was high turnover among
training ancd checking persoanel, and there was
limited effort to revise and update LOFT sce-
narios. A comparison between first year and sec-
ond year post-training attitudes regarding the value
of CRM and LOFT showed a significant drop.
This would seem to suggest that organizational
nd other factors besides formal CRM training and
LOFT have an effect on crew attitudes, and per-
haps likewise performance.

A re-examination of the role of LOFT in CRM
training could lead 1o savings and, possibly, even
better training. Prince et al. (1992, p. 22) note that
“there is a0 conclusive data on the effectiveness
of LOFT for changing aircrew behavior,” al-
though it is “accepted by crewmembers” as a use-
ful training experience. As previously mentioned,
participants’ estimation of usefulness may not be
accurate {Butler, 1993). Helmreich and Foushee
{1993, p. 39; list optimal LOFT use as an open
issue for research, and comment: “we need o
know much more about the effectiveness of this
type of traiming in less elaborate facilities ... more
limired simulations that do not encompass a full
mission {SPOT: Special Purpose Operational
Training) in communicating and reinforcing CRM
concepts” (Helmreich & Foushee, 1993, p. 4).

A number of different CRM programs are in
use at varous commercial airlines, and in the vart-
ous flying divisicns of the military {Orlady &
Foushee, 1987; Prince et al., 1993). These programs
use different sets of CRM dimensions and skills,
and target different sets of behaviors. There are
also variations in the implementation and cxecu-
tton of the three program phases of awareness,
practice and fcedback, and continuous reinforce-
ment. Yer, there seem 10 be no studies comparing
the relative merits and effectiveness of the differ-
ent programs. Even during the implementation
and formulation of new CRM programs, no such
comparisons are made. Typically, the program is
designed based on reviews of literature, existing
programs, analyses of the organization’s accident
and error repouts, observations from flight simu-
lator sessions, and surveys and interviews with
experienced pilots, checkmen, and instructors
{Gregorich & Withelm, 1993, p. 193; Prince er al ,
1932, p. 18). Scme crganizations may adapt exist-
ing CRM training programs by simply inserting



additional “modules” dealing with their specific
needs (Wiener, 1593, p. 202), or they “develop a
program from the beginning” {Prince et al., 1988,
p. 4). However, no preliminary testing of pro-
posed programs or pregram elements or compari-
son cf alternate program formulations at “rest
sites” seems to have been dene. If the initial for-
mulation of a program is inadequate or becomes
outdated by changes in technology or regulations,
specific features of the program may be modified
(Butler, 1993; Helmreich & Foushee, 1393, p. 35;
Wiener, 1993). However, procedures and meth-
odologies for comparing the newly modified pro-
gram with its predecessor are not specified.

Performance Evaluation Methodology
Ore of the challenges 10 the evaluarion of CRM
training programs is the difficulty of reliably mea-
suring ourcome variables, such as crew perfor-
mance and behavior. One approach has been to
measure attitudes, igstead of actual performance,
using the CMAQ (Helmreich, 1984). The CMAQ
is a self-rating, self-report measure with 25 items.
Although items are intended to assess attitudes,
many of the items directly question the appropri-
ateness of specific behaviors. For example, many
of the items are of the form: “1. Crewmembers
should avoid disagreeing with others because con-
flicts create tension and reduce crew effectiveness,”
or “2. Crewmernbers should feel obligated 10 men-
ton their own psychological stress or physical
problems to other flightcres personnel before or
during a flight.” These two items are directly re-
lated to the behaviors of exp ressing disagreements,
ors 'Logestmg zlternare sciutions, and communi-
cating one’s psychological and physical eondition
to crewrnembers. These attitude questions seem
to have “correct” answers that individuals would
recall following a CRM training session. Thus, it
seems that the CMAQ might actuoally reflect
learned knowledge, rather thar changed attitudes.
The CMAQ, then, might actually discriminate
between individuals who are motivated to pro-
vide the “correct” answer and those who answer
based on a re-assessment of long-standing attiiudes
and behaviors.
To measure crew behavior mare d:rec:-}, the
me/LOS checklist was developed (Helmreich e
al., 199C, p. 577; Law, 1993}. It consists of 2 }i 10

el

eight “crew effectiveness markers,” which can be
rated on a 3-point poor-to-excelient scale, plus an
overall technical proficiency and an overall crew
effectiveness rating. The eight crew effectiveness
markers are: (a) briefings, (b} inquiry/assertion/
advocacy, {c) crew self-critique (decisions and
actions), {d) communications/decisions, {e)
leadership-followership/concern for tasks, {f) in-
terpersonal relationships/group ciimate, (g} prepa-
ration/planning/vigilance, and (h) workload
distribution/distractions avoided {(Helmreich,
Wilhelm, Kello, Taggart & Butler, 1521). Raters
receive special training to learn how to rehably
judge crew effectiveness. Following “training and
calibration”™, these raters are said to “display 3 high
level of agreement or reliability . . . in the evalu-
ation: of rescurce management during both line
checks and LOFT” (Helmreich 1987, p. 15}. How-
ever, using the form alone, without appropriate
training, does not }xeid reliable ratings {Butler,
193, p. 255). Part of the training involves prac-
tice rating using “a set of 52 specific concrete be-
havioral ‘markers’” {Jones, 1993), bur during
actual ratuing, only the eight markers are used.
These specific behaviors are grouped into three
general behavioral clusters. For example, the
“communications processes and decision behav-
ior cluster” includes the crew effectiveness mark-
ers one through fcur, and provides 17 specific
concrete behavioral “markers™, such as “1. estab-
lishes team concept and environment for open/
interactive communications,” and “2. identifies
potenual problems such as weather, delays, and
abncrmal system operations. Sets expeciations for
how deviations from S.O.P. are to be handled.”
The use of the specific concrete behavicral “mark-
ers” increases objectivity, because there is more
certainty in judging the existence of such specific
behaviors than rating broad behaviors. The diffi-
culty of remembering these 52 concrete behav-
ioral markers, however, may be 2 reason why
current and repeated training is so important for
the evaluator. It is not clear whether data have
been collected 1o establish paraliel forms reliabil-
ity berween the 32-marker practice form and the
g-marker hine/LOS checkiist.
‘The program developed for the military by Prince
al (?988 o. 6}:::: ke development of mea-
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and an evaluation plan” as an



integral part of the program from the outser. Call-
iog 1t “the "pecific-behavio" appr'\ach 1o traiming’
(Prince et al., 1972, p. 26), they focused their ef-
forts on xdennfymg “particular behaviors within
skill dirnensions that result in effective aircrew
performance, and thus, require training. . .. In
order to train and evaluate crew coordination, the
construct of coordination is distilled into knowl-
edge, skills and shilities (KSAs) and expressed as

set of speaific targeted behaviors.” Recall that
their skill dimensions were “{1} communication;
(2} sttustional awareness; {3) decision-making; {4)
leadership; (5) mussion analysis; (6) adaptability/flex-
ibility; and (7) assertiveness” (Prince & Salas 1993,
p. 358; cf. Hirtel, Smith & Prince, 1991; Prince
et al., 1938, P 11). Each of these dimensions has
a set of specific targeted behaviors, that is used
both for training and evaluation. To illustrate this,
the specific skills for decision-making are:
“cross-checking informartion sources, anticipate
consequences of decisions, use data to gencrate
alternatives, gather pertinent data 1o generate al-
ternatives, evaluate information and assess re-
sources, identify alternatives and contingencies,
and provide rationale for decisions™ (Prince &
Salas, 1993, p. 358; cf. Hirtel, 1991, 1992; Hirtel,
Smurh & Prince, 1991).

Fowlkes, er al, (1592, p. 342} present a method
for a more objective performance rating system:
“The methodology is a form of structured obser-
vation in which {1} opportunities for crews to
dem~strate aircrew coardination skills iz tramn-
ing scenarios are provided utilizing carefully struc-
tured scenario events, {2) acceprable crew
responses 1o each of the events are determined a
priori by utilizing NATOPS [Naval Air Tramn-
ing and Operaung Procedures Standardization],
SOPs and subject marter experis {i.e., military air-
crews), and (3} appropriate responses to events
are scored as either present or absent.” A sepa-
rate rating form, listing all events and all accept-
able responses for each event, would have to be

reated specifically for each scenaria. These ac-
ceptable respoases are named TARGETs {Tar-
geted Acceptable Responses to Generated Eventc
or Tasks}. This approach forces scenarios 1o te
car efuilv scnp».ed and followed. Fowlkes et al.
(1992, p. 346} explain: “TARGETSs are behavion
that the instructor can plainly observe and deter-

o

mine as being present or absent. This functions 1o
simplify the task for instruciors” and should re-
sult 1n very good inter-rater reliability. A small
tudy resulted in an [ = £.94, indicating a high
level of agreement between observers” with “mini-
mal 1astructor training” {Fowlkes ct ai., 1992, p.
347). It is not clear if such an instrument could be
deveioped {or use in line checks or if the a priori
specification of TARGETSs constrains the kinds
of problems that can be included n a scenario.

Common errors. A shortcoming of all of these
evatuation methods is that they do nort directly
measure performance outcome variables, such as
flight safety or efficiency. Instead, thev are spe-
cifically created to measuze CRM related know'-
ecge, skills, behaviors, and attizudes. Furthermore,
in an effort to continually improve the CRM train-
lng prog'an" the ;urr'cuium 18 'Cpeatediv Ireas-
sessed and incrementally refined {e. > S€e Figure
3 on p. 9 of this document, or Figure 6.4. of
Gregorich & Wilhelm, 1993, p. 150;. Likewise, the
assessment tools are periodicaily revised 1o berter
measure CRM training cutcomes (Grcgorich,
Helmreich, & Wilhelm, 1999, ? 686). The dax-
ger exists that, if the outcome assessment tools are
not independent of the tf&nma program, which
seems to be the casz in much of CRM p’act‘-cc,
then, as both are repeatedly refined in tandem,
ihe assessment instruments become “runed” to the
training program but can diverge from actual out-
comes :I‘*ar
safery, efficiency, and mission cffecriveness
{(Helmrexch & Foushee, 1993, p. 40}

The low frequency of artual flight mishaps makes
infeasible their use as an cuicome performance mea-
sure. However, incidents, errers, deviations from
SOPs ard other “unwanted occurrences” that do
not result in reporiable accidents or mishaps,
occur more frequently {Cook, 1992, p. 33;
Helmreich & Foushee, 1993, p. 5; Jones, 1993;
Orlady, 1993, p. 452). One source for informa-
ton about unwanted occurrences is the ASRS
{Aviation Safety Reporting System). The ASRS is
a system w*ze'ebv flightcrew members can repont
such cecurrences anonymously. Orlady {1993, p.
432) remarks, *Virtually every report made to the
ASRS is an ‘unwanted occurrence,” and virtually
every ‘unwanted occurrence’ represents a break-

have direct consequences,; such as

down or a weakness in the aviation system.”



Collection and analyses of such reports could be
used as supplemental outcome assessment tools
of crew training programs, if this could be mar-
aged without violating their confidentality. Jones
{1993} recommends that the conditions leading up
10 accidents be examined and used to create a da-
1abase “with records of the presence or absence
of selected behaviors . . . in crew-related mishaps.”
It “would be best if . . . successes as well as fail-
ures” were included. “A baseline measure for the
real behavior of flighterews in their normal eavi-
ronments in the absence of reportable incidents
could serve as a reference for the extent of devia-
uon from standard behavior when incidents do
occur” (Jones, 1993}, If this database also contained
information about crew training and other mpu:
variables, ther sorme inferences could be drawn
about causal faciors of accidents and also of acei-
dent avoidance. Anecdoral evidence of the benefit
of crew training in minimizing consequences of se-
rious nushaps already exists (Helmreich ez al., 1587).

Another avenue for collecting more objective
performance data 1s suggested by astudy (Chidester
et al., 1990) which used “technical errors . . . coded
frem computer records and videotapes” as a mea-
sure of performance (Helmreich & Foushee, 1993,
p. 1C). This approach could be used in combina-
rion with experimentally controlled simulator
studies (¢.g., Povenmire et ai., 1989, cited in Prince
& Salas, 1993; Thackray & Touchsione, 1983;
Wiener, 1993, p. 208).

SUMMARY

CRM training criginated to reduce human er-
rors 1n flight operations. Its goal continues 1o be
teaching effective utilization of the resources avail-
able to the aircrew. Typically the main focus is
on perscnal and interperconal skalls development.
CRM rtraining programs usually include three
componrents: CRM awareness lessous, practice and
feedback sessions, and recurrens refresher courses.
High fidelty LOFT simulations are generally rec-
ommended for practice and feedback sessiops.
Efforts to assess program cffectiveness are usually
lirnited to self-report questinnnaires and, in some
cases, ratings using special checklists. We were

unable tc identify any studies using experimental

controls, randomized samples, control groups, or
comparisons to any other training alternatives to
support the effectiveness of any particular formu-
lation of CRM training. Lack of such scientific
evidence, however, does not imply that the
CRM programs in use are ineffective. ki simply
means that their evidence for effectiveness is de-
rived subjectively from the expertise of the pro-
fessionals involved in creating the interventions,
rather than frcm experimentauion, or other ob-
jective evidence.

Controller Resource Management

The idea of applying cockpit and crew resource
management {CRM) concepts to 2ir traffic con-
trol specialists {ATCSs) is not new. It seems 1o
have arisen from the recognition thar air traflic
controllers are part of the aircrew’s external en-
vironmen: {Orlady. 1993, p. 464; Sherman &
Helmretlh, 1993, p. 2} and that the aircrew’s need
1o communicate with ATCSs makes each a re-
source of the other {He mreich & Foushee, 1393,
p. 24). As CRM evolv. I from cockpit resource
maragement to crew resource management, the
reie of others in the aviation system received in-
¢reasing attention {Helmreich & Foushee, 1993,
p. 3). Since the ultimate goal of CRM is 10 im-
prove flight safety and “contrellers play ar im-
portant role in successful, safe air traasport”™
{Sherman & Helmreich, 1993), a natural exten-
sion of CRM was 1o inciude controllers in this
sajety improvement effort. The role of ATCSs has
also plaved a part in line-ortented flight simula-
tion {LOS) for aircrews, since realistic air traffic
control and piler-ATCS communications are an
important part of the experimental or training en-
vironment {Helmreich et al., 1993, p. 493). How-
ever, the ATCS s commurnication in LOS s
wpically “scripted and performed by the expen
mental confederate™ (Helmreich et al., 1953, p
493}, so the results of such
mmpact on ATC. Compared
management, research into

research have hitile
16 cockpit resourc
issues of air wraific
crew resource management (A TCRM} is relatively
scarce and is just in #ts infancy (Helmreich er gl
1593, p. 493; Sherman & Helmreich, 1593). None-
theless, some research findings related 10 human
fzcrars in ATC are relevant 1o ATCRAL
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The peed for ATCS human £
supported by analyses of incident and acciden:
reports. Several accidents have been blamed on
“ATCS's lack of adeguate communication and

:oordination with * {Sherman &
.2}). Furthermore, “humarc er-
ror was listed asthe primary cause of most opera-
rional errors and deviations,” according to the
FAA Profile of Operational Errors in Natioznal
Alrspace System Repon for 1989 (A 1992,
p. 2). Finally, the growth and evolution of the
airline industry has placed new demands cn ATC,
requiring more emphasis on workioad manage-
ment and team skilis (ATTE, 1992).

2ir Crews

Helmreich, a993

=y

ik,

Implementations of ATCRM

The specific composition of the team and the
specific nature of the team’s task zll affect the
ieam’s rescurce managemen: needs. Some orga-
mzations kave ad;usred therr CKM t*aining pro-
grams by simply inserting additional “modules”
dealing with their specific needs (Wiener, 1953,
p. 202}, while others have found it necessary to
“develop a program from the beginning” (Prince
et al., 1988, p. 4). Despite all the differences in
the composition of flightcrews, atguabhr thev
nave more in common with each other than they
do with air traific control teams. Therefore, it is
probably not advisable 1o attempt 2 straightfor-
ward application of FDCRM 1o ATCRM.

According to the FAA Office of Air Tratfic
Prograr Management, implementation of CRM-
like p'ogmms in ATC have a}ready begun at 2
number of sites across the country. Informatioa
on some of these programs was cot available and
thus, the following comments may not applv to
all sites that have CRM-style training programs.
The fcllowing provides serne of rhe history 2nd
curreat work on applying CRM programs ¢
ATC.

The ARTCC facility in Seattle implemented
their “Conzroller Awareness and Resource Train-
ing” {CART) program in 1988. Other centers, -
cluding Boston and Mempkis, for example, have
followed this lead and adopted similar programs.
The emphasis of the CART program is on team-
work, communication, awareness, and the effect
of hurman factors on air rrafiic control. A confer-
ence was held in 1991 to facilizate and cocrdinate

;8]

£ creat £ no
Teamwork Enhansemeni -;fA'ITE} Szeening Com-
mittee in 1992 Irs mission is to d,vclop CRM
training materials and 1o help other faciiities to
weplement similar CRM programs.

The ATCRM conference represented an impor-
tant first step in making CRM :raini"'o part of stan-
dard ATCS training. One of the goals of the
coniference was te “define the issues and/or prob-
lems related 10 CRM in the operational environ-
maent.” (ATCRM confereace, 19 9‘ p. 2} Four
maimn issues/problems were identified by most o
the workgroups at the 1991 conference:

“a‘

Wiy

Work Environment: The current work envi-
ronment promotes the creation of mdividuals
rath. than teams. Controllers are thrust into
an environmen: that requires them to usc their
energy to survive *a*hc-- r than to grow and learn.
The environment is supported by the follow-
ing elements: poor communication, attitudes,
and negative reinforcess.

Communication: Poor communmication at all
ievels of the organization causes condlict and dis-
agreemens rather than effective relationskips .

. fand] prevents 3 group’s abibiy to develop 2
common goal and work as a team.

Attitades: Current attitudes {e.g., macho con-
trolier, can’t ask [or or accept kelp) need o
change. These antitudes also prevent teams from
torming and working together effecuively.
Negative Reinforeers: The cur
"rG;..C{Cs 2 punz:x‘.‘: 3}’Stcm
whereby o are swiftly punished for mak-
ing mistakes ver not trained how ¢ avoid max-
1ng those mistakes. A system should be
developed that fecogmzes and rewards posiive
performance and d promotes tramn 1o sacceed
The en routs workgroup also

ITETY STIVIrGn-
ment uses and
cople

philosophy . .
mncluded the éssue of trust among ATCSs ]
Trust: Increased tust 15 needed zmong team
members, betwesn controllers and pilots, be-
tween controilers and supervisors/managers,
between controllers working other positions,
and in the system. Ensure technical competence
cf all members. Provide mentorships 1o help
ncorporate new members. (ATCRM confer-
ence, 1991, p. 3L



Individuals may hesitate 1o fully utilize re-
sources that they cannot trust 10 be reliable, com-
petent, or cooperative. A key outcome of the
conference was the recommendatior to establish
a central steering committee to develop and guide
CRM training to address these issues. The course
materials that were developed by the resulting
body, the ATTE Steering Committee, provide
some insight or the implementation of CRM
training i the ATC community.

Air Traffic Teamwork Enbhancement Program

The stzted gea's of the ATTE program are (3}
“10 encourzge controllers 1o work as teamm mum-
bers rather than as sole performers,” (b} “to im-
prove controllers” abiliiies 1o maﬂage their
pe. sonal and team r2sources more effectively,” {c)

“:o enhance controllers” abilities 1o refate to on

another,” {d} “to improve controllers’ team com-
mmunication and problem-solving skills”™ (ATTE,
;992, e- .‘.;

A three-day workshop desigaed 1o address these
:ssues is described i the ATTE controller work-
shop manual (ATTE, 1992}. The workshop zon-
“1: understanding air trarfic
teamwork, 2: communicating with others, 3: be-
ing a resource, 4: managiag conflicts, and 5: man-
aging stress.” The ATTE workshops are designed
1o 1nclude both supervisors and controllers ir ses-
sions, and are conducted by a facilitator who kas

tcchmca; credibility and is operationally cur-
rent.” 15 “respected by managemens: and the work
force” and possesses “good istening and commu-
nication skills” {ATTE, 1992, p. 5). The typica!
workshop lasts three full davs, has cluss sizes of
rwelve to fifteen participants. and wses two facili-
rators {ATTE, 1992, o. 1T). At the end of the
workshop. students are asked to indicate the ex-
rent of their 'zw‘edge of nine general areas, such
as “awareness of ail potenuial resources,”
fication of cbstacles to using resources and strare-
gies for cvercoming the obstacles,” and “Histenin
10 orhers” as it was hefore training a;,é now after

sraining (AT TE, 1952, p. 283, The evaluation form
aise requesis participants to provide an
rating of the workshop, 2 descr'pzicn afwhat they

J

plan to de differentiy following the workshoo.

sists of five sections:

“identi-

overall

..n

¥ -

what the most effective parts of the workshop
were, and s-\.ggcsnors o improve it

The facilitator never lecturss; instead, video-
taped presenrations, group discussions, team pre-
sentations, analyses of case stucies, Leam exercises
ar: activities, and self-assessment questionnaires
and critiques of videotaped behaviors are used to
convey course content. To illustrate, one of the
team exercises involves using siraws and pins 10
design and construct a 1ower that is tall, stable,
and zestherically appealing. Teams of five or six
pa: -Aczpz. ts are formed and one leader is chosen
for each team. At the end of the time period al-
}oz‘:ed for 4P5ig'zmg the tower, the team leaders

¢ informed that -:s.ey, and their tower designs,
ﬁzve been re.ssigned 1o new tezms. This is ex-
pected 10 cause SOME LACT cst-ng team and leader-
ship dyvnamics because of the sudden change in
venue and because, in each team, only the teax
leader was involved in designing the tower that
the team must now construct. These are discussed
and related to work situations.

Cne of the essential elements of CRM training
1s program evaluation. The evaluation form used
in the ATTE workshop {ATTE, 1992, p. 20} is
mainly useful for course feedback and improve-
ment. Availability of a standardized, reliable, and
"3;"& instrument 1o measure t'"!'}ifig cuicemes
makes 1t possible 10 compare the effectivencss of
different training Programs or Drogram elements
with eack cther, and 1o compare traiming effec-
uveness at different fzcilities and positions
{Sherman & Helmreich, 1393, p. 2). For this pur-
pose, “1ne CMAQ [was revised] for use with the
en route controller population.” The resultiag
quesiionnaire, namcd CRMAQ, consists of 23
szatements refiecting coniraller resource manage-
ment concepts that are rated on 2 5-point scale,
ranging from “disagreec strongly” to “agree
strangly” {Sherman & Heimreich, 1993, p. 19).
Some samg!e irems inciude “1. Crewmembers
s*z:o:zid avoxd disagreeing with othess because con-
cis crezie tension and reduce crew effectivensss”

"4, ‘R-sides ahm_.... aot diciate 1

cheir *Diside

air tratfic conrroll

&; paea’
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2chnique to
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) A

rs 1o sec if

CRMAQ generaiizes soross Jifferent
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controllers and facilivies” and 1o see if it “taps the
same factors as the® CMAQ (Sherman & Helmreich,
1993, p. 13). “Four artitude scaies were obtained. .
.. Three of the scales corresponded roughly to
the subscales found in the CMAQ. . . . Consis-
tent differences were found between facilities and
between different coutroller job descriptions. . . .
Due to 1ts short length, 1t [CRMAQ] is not a
highly reliable scale.” Also, several of the hems
were found to be inadequate and needed to be
rewritten. Sherman and Helmreich indicated that
a revised version of the CRMAQ would be {orth-
coming (1993, p. 16}. Since the CRMAQ is an
adaptatien of the CMAQ), any criticisms or weak-
nesses of the CMAQ may alsc apply 1o the
CRMAQ.

Several significant steps have thus been taken
toward implementing CRM training in the Air
Traffic Control system. First, the need for CRM
training was identified. Second, existing programs
both within the ATC community and 1a the air-
crew commumty were reviewed. Third, a con-
ference was held 1o bring together subject-matter
experts to draw up specifications and plans for
the program. Fourth, 2 steering committee was
established to develop training materials ané pro-
vide assistance to potential program administra-
tors. And, fifth, developmen: of evaluation and
research tools has begun. So far, the maiz conta-
buticns of flightcrew rescurce macagement
(FDCRM]) to ATCRM have been the adoption
of CRM concepts, training materials and meth.
ods, evaluation tocis, and program 1mplementa-
tion strategies.

Transition from flighr deck to ATC

Further contributions to the development of
ATCRM can be found in the development of
FDCRM. k is important to keep in mind that
CRM concepts were initially developed in re-
sponse to specific problems in flighterew opera-
tion, and are based on both theoretical and
empirical research specifically addressing Tlighi-
crew issues. In contrast, ATCRA is an adapta-
tion of an already existing body of CRM concepts
and methods. It is important that the development
and formulatioa of ATCRM concepts be based
on research specifically identifving and address-
ing controller issues. The ATCS professica has

ba

its own unique challeages and needs, and shounld
not be 1reated as an extension or varauozn of
flightcrews. Arguments, such as, “although there
are differences between the tasks of piiots and
controllers, the environment is similar in basic
ways” (Shermag & Helmreick 1993, p. 7}, tend o
gloss over the significani differences in the human
factors and team aspects of the ATCS and
flightcrew.

Differences among flightcrews with respect 1o
such factors as mission, team makeup, experience
level and training, cockpit lavout, and instrumer-
tation are all considered to be important 10
FDCRM {ci. Helmreick & Foushee, 1993, p. 3%
Leedom. 1992; Oriady, 1993, p. 455: Prince &
Salas, 1993, pp. 341-333; Wicner. 1993, pp. 201,
213}, For example, Leedom (1958} concludes that
“differences in the 1ype of flving required by the
Army and the civilian aviation communites,
makes implementation of much that 15 taught in
cerrent CRM programs questionable™ {cized in
Prince & Szlas, 1593, . 343). Despite the differ-

nces among flightcrews, arguably. they have more
in ccmmen with each other than thev do with
ATCSs. Therefore, it is likely thar substantial re-
vision of existing FDCRM programs, or develop-
ment cf a custom-tailored program “irom the
begizaing” may be necessary 10 meet the needs of
the ATCS protession {Prince et al., 1988, p. 4}.
Nonetheless, the theories, methods, and ap-
proaches used in the development of FDCRM
programs can be used as x guide {or develnping
ATCRM programs, as Helmreich {1993, p. 393)
points out, “the same analytic strategy empinyved
10 idennfy problems [in CRAM)is applicablen 1h
ATC seting.”

What is an ATC team?
Tirsy, 1t 1s impertant 10 analvze the structure of
ke ATCS team and task and 1o i1dentify problems
and weaknesses rzlated to humarn factors and re-
source rnanagemen:. Recall that 2 team was de-
fined to be "a smail secial svsiern in which fa)
embership is clearly defined J.e | one can readidy
distinguish members from nonmembers), () rmem

S
4 hd

bers have differenniated roles 1o plav in pursuit of
sUTe Common purpose, and oY the team asa whols
manages transactions with other individuais and

roups as 1 goes aboutits work” iHackman, 1986}



For example, in the enroute setting, a team of
centrollers could be defined either as the pair of
‘D-side and R-side controilers working a given
posiiion, or as the “crew,” consisting of all con-
rrollers that administratvely report to the same

supervisor. Either definition fits the three cher-
acteristics of a teamn, but each definition has some
disadvantages. For example, two controilers are
not alwavs assagned to work an enroute position.
Inclusion of supervisors and speialists in the team
may be difficelt, bec

zeamis 15 2ot the same in enroute, T RACON, and
tower settings. The group dynamics in some of
these situations may not ¢ven warrant a team ap-

proach. as such. It may be useful 10 view reams

on & contincum ranging from tightly interacting
and inte rde'pﬂndenf members to loosely connected

‘individuals who cozperate with each other. The

- question of how, or ever whether, 1o defire 2n
ATCS eam iz terms of specif:c ATCS rasks 1s

got at ail 1rivial, and requires thoughtful consid-.

ralion swwpnne d by solid scientific research. .
An imponant difference berween fl: vhtcrews

and controllers is the length of time they stay to-

getker. Arrline flighrerews rypically work rogether

for about a month and then are re-assigned (Hack-

rman & Helmreich, 1938, p. 288). In contrasy, al-
though the R-side and D-side conzrol
about every hour, in most cases, especially in 1ow-

rs change

ers, controllers work as part of a controller “crew”
and terd 16 wock together fer a relauvely long

pe-md of time, often years. Many ATCSs canget

16 know cach other fairly well. Therefore, team

forrmat a@ is kEkelv to evolve *1‘.§eren{i§: for con-

ause they may not be mem-
bers of the ATCS bargaining ueiz. Also, it is im--
portant 16 acte thar the corfiguration of ATC

trollers than for flightcrews {cf. Hackman, 1987).
On the other hand, flightcrew members face the

challenge of having 1o coordinate with a team that

they may have known for less than an hour. In
contrast, controllers often have to deal with is-
sues of mature groups, such as how o deal with
difficult individual team members, and how to ..
develop trust among team members {cf. ATCRM .
1991).

C Team Strhcture : :
Ano:.her difference is the authontv structure,
or chain-of-command in the team {see Figure 4).
Authority structure is important because team
dvnamics among members at the same authonty
level are very different than among members of
different authority levels. In large airline jete, the

- typical flightcrew has three members in 2 com-

ple'elv vertic! team structure, thar is, the cap-
Lain 15 a7 tae op of the authority structure, the -
first officer is nexz, and the second officer is at

the bottom. The twc»member crews alao hawe this

-ertical authority structure with the captain be-
mg the leader and the first officer the subord:-

pate. The cabin crew’ is fanked beicv: t}:e

flightcrew. - :

An eproute controller crew, on the o*‘h er hand
has 2 much more lateral or horizontal authority
structure, with oné supervisor at the top, anda =
nember of R-side and D-side controllers below at
the same authority levels, respectively. Further-
more, the authority structure is not as strict with
ATCSsas it is in flightcrews. For example, the D-
side controller mayv have substanuaily more ex-
perience than the R-side controller ke or she is
working with, ard the R-side/D-side designations

- Captamr Supervisor
First QOfficer R-Side R-Side R-Side
N Controlier Controiler Cortroller
- Seccnd N
Officer D-Side D-Side D-Side
Controlier Controiter Controller

Figure 3. Simplif-ed comparnison of flignicrew

sryciure.

3]

and enroute controiler authority

44}
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e not permanent. A controller may work th
R-side at one time; the D-side at another time. By
comparison, the first officer is always subordinate
to the captain of a flightcrew. Dynamics and com-
munication pa‘tt‘*‘as among A'TCSs aiso differ as

a function of work setting and mission. In radar
settings other than enroute, for example approach
contrel, the ATCS ofien works more indepen-
dently of other team members, sxcept when us-
ing an R-sid-/D-side pair. In the non-radar setting,
however, more verbal communication takes place
amongall ATCSs. The question of who the mem-
bers of an ATCS team should be, and what the
dynamics of the team are, will require further re-
search, but is clearly 2 more complicated issue
than 1t 1s for flighicrews. Likely, more than one
type of ATCS team will have to be defined,

I)J E‘

ATC Team Tasks

The ATCS task 1s also fundamentally differ-
ent from the fiightcrew’s task. The flighterew, es-
sentiaily operates a complex machine, the aircraft.
That leads to a more singular focus of the ream.
Communication between R-side and D-side seems
to inciude a Jor of non-verbal communication,
swhereas communication with fhightcrews and con-
troliers at other jocations is exclusively verbal.
The focus of the controller’s activity is 2iso much
more diffuse. The few points mentioned here are
sufficient 10 indicate the need for 2 much closer

analysis ofthe sun-x.ompone';ts of the controller’s
task both to identify specific CRM skills aad
behaviors that the coniroiier needs, and 1o specify
the form and structure of various 1vpes of con-
troller teams.

The general definiuons of CRM apply w0
ATCRM egually well. ATCRM can be defined
as “the management of information, cegnitive
work, communicaton, and actions necded ro ac-
cemphs atime-constrained task” {Orasanu, 1993,

cited in Sherman & Helmreick, 1993, p. 4,
using the SHEL terminclogy, ATCRM “is the of
fective utilization of ail available resources—h ard—
ware, software, and liveware—io achieve safe,
o 15

o"

efficient i;zgm operations” {Lauber, 195;
cf. Helmreich & FGLsnee 1933, p. z
1984}, Recalithat §, H, E, a:w%
Hardware, Envircnment, and L

model is usetul for enumeratin
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the hum involved
management in a given situation {see Figure 3).
The controller is represented by the center L box,
and the L-L connection represents all communi-
cation and information flow between the control-
ler and other humans in the system that the
controiler has access 1o, 1ncluding flighterews,
flight management, and other controllers ia the
same sector and 1n other sectors. The L-H inter-
action is the human-machine interface.
Automation of controller funciions might have
important consequences on a controller's cogm-
uve functioning (Hopkin, 1989). For -*xa'np e,
znac*«::av and Touchstone {1982) argue that the
twd uction of highly-automared air traffic sys-

ems could change the role of the ATCS from that

an factors that are in resource

wmn

- (

N \.,,,mw

N
s{L]lE]
) J
L |
1

{

Figure 5.

SHEL model.

of an “active planner” to that of a “passive re-

sperzéez v alternare courses of aciion presented

by the computer.” Advanced automation of ATC
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Figure 6. The role of the controller in information transfer, from Kanki & Palmer, 1993,

interactions represents important human factors
and possible sources of human error {(Hawkins,
1993, p. 34).

Research of ATCS involvement 1o mishaps
helps define some criteria for ATCRM. Kanki and
Paimer {1993) have studied the relationship of ac-
cidents and incidents with communication pat-
terns within the cockpit, between the cockpit and
ATC, and within ATC. One analysis of over
28,000 reports of incidents to the ASRS from 1974
1o 1981 by pilots and ATCSs found that over 70%
of these reports involve “the transter of informa-
tion.” The reports focused on “pilot-controller
interactions and controller communications more
often than orn within cockpit communications”
{Billings & Cheanev, 1981). The most commen
reasons for communication failures were because
“(1} the person who had the informatien did not
think it necessarv to transfer it or (2) that the in-
formation was transferred, but incerrectly” and
not due to an unavailability of the needed infor-
mation {Billings & Cheaney, 1981; Foushee &
Manos, 1981; Kanki & Palmer, 1993). Findings
like these suggest thar at least some of the CRM
principles should be useful for ATCSs. The ATCS
plays a “pivotal role” in the information transfer

- eommunication structure in todav’s aviation

e

SYSiSin
with information transfer have been identified
from ASRS reports to include “frequency satura-
tior, high workload, and inadequately presented
dara,” and behaviors include “distraction, failure
1o moniter, and complacency”™ {Karnk: & Palmer,
1993). These factors can become exacerbated by
technological solutions, if they are designed with-

out sufficien: regard to human capabilities
(Hopkin, 1589%).

(see Figure 6). Some factors that interfer

ATC Team Roles

The pivotal role of the ATCS in the informa-
tion transfer scheme of the aviation system {see
Figure 6} underscores the importance of commu-
nication skills to the ATCS. An investigation of
factors affecting the different types of communi-
cation that are part of the controller’s role was
conducted by Heman Technology Inc. (HTI,
1991). HTlreported that speech patterns that wer
charactenstic of ground-air communications were
very different from controller-controller commu-
nications and ground-line communications {cited
in Helmreich et al., 1993, p. 493). Spesch pattemn
differences could be explained by an analysis of
the tasks unique 1o each category of communica-
tion. Further research into the different aspects

e
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of ATCS communication can help
specific skills and behaviors tha: ensure effective
controller functioning. Furthermore, communi-
cation is not the only factor leading to operator
errors. For example, such errors can also occur
when radar and other equipment malfunctions,
when operators misread the information pre-
sented on the radar scope (e.g., speed, altitude),
ignore important information {e.g., aircraft capa-
bilities, weather changes), or make poor decisions.
More rescarch is needed 1o analyze the nther hu-
man factors involved in the ATCS task and 1o find
corresponding ATCRM skills and interventions.

RECOMMENDATIONS

Our goal for this paper was to provide an over-
view of the scientific literature regarding Crew
Resource Management (CRM}, and also to deter-
maine what lessons had been learned that could be
applied to ATCS training. Qur conclusion is that
direct adaptation of existing FDCRM programs
to the ATCS profession is not advisable. Instead,
the specific needs of the ATCS profession should
be systematically analyzed, and apprepriate tramn-
ing 1nterventions should be created to meet unique
mission and facility needs. Furthermore, sysiems
for rigorously and objectively analyzing the ef-
fectiveness of the resulting training programs must
be established from the outser, so that training
can be coatinually improved and vpdated. We
continue to use the designation CRM, although
the resulting programs may not be similar to the
CRM programs commonly in use. The following
sections detail our recommendations for develop-
ing and implementing ATCRM training programs.

ATCRM Program Development

A review of the strategics used to develop
FDCRM programs leads us 10 believe that sev-
eral steps are important for the design and opera-
ticn of effective CRM programs. Based upon
lessons learned by others, these steps should ben-
efit ATCRM program development. It should be
stressed that ATCRM is nor 2 futuristic concept.
Programs have already been implemented st ATC
facilities across the couniry that incluce signifi-
cant elements of CRM. The following description
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Needs Analysis

The first step 1o developing an ATCRM pro-
gram should be to conduct a sysiematic needs
analysis 1o formally idenufy and describe which
ATCS behaviors contribute to accidents, errors
and other “unwanted occurrences,” and which
behaviors lead to efficient, safe operations. Exami-
nations of accident and incident reports, interviews
with experienced controllers and supervisors, and
observations of both simulated and actual opera-
tions would produce a comprehensive perspective

of the ATC job.

Job Analysis

A second step should be to examine the needs
analvsis data to review ATCS tasks in various en-
vironmental and mission-related configurations.
Analyses should help identify the resources avaii-
able to the ATCSs, and determine whether these
are used to the greatest benefit. These resources
include software, hardware, and liveware. Poorly
designed or malfunctioning hardware and software
can directly or indirectly lead to accidents by plac-
ing unnecessary demands and stresses on opera-
tors, leading to unsafe operator behavioss. The
specification of veware resources should address
the issue of teaming. It may become evident that
some positions are not suitable for teaming ar all,
and in some cases, it may be difficult to define
who the members of the team should be. An analy-
sis of informatior: flow, other interactions among
individuals, and overlap of tasks can help identify
potential team members. The life expectancy of 2
team should also be examined. If team member-
ship is very transient, then the concepr of a team
may not be helpful or appropriate without changes
in staffing policy. For example, aithough an
ATCS and pilot interact and communicate dur-
ing a particular segment of 2 flight {e.g., raxi,
departure) the short duration of the relation-
ship hardly allows for traditional concepts of
team formaticn.



Setting Goais and Objectives

"Third, the information resulting from the needs
analysis should be used to develop an inventory
of general skills or CRM dimensions that ATCSs
will need to function efficiently and avoid errors.
The purpose of this step is to clari{ly what the
ATCRM program is supposed to achieve. A sys-
tematic comparison of effective and less effective
comtrollers can shed light on which skills are most
important for effective team operations. The fi-
nal inventory should form the basis for training
goals and program objectives.

Training Content Identification

Fourth, effective CRM dimensions or skills
should be operationalized by enumerating the spe-
cific component behaviors and the knowledge,
skills, and ab:lities {(KSAs) that can be taught and
evaluated. Definitions of these specific behaviors
and XSAs will depend on the specific task layour,
position of the controller, and characteristics of
the facility. These specific behavior-based defin:-
tions should be periodically validated. Validation
helps to ensure that ATCRM actually leads 1o
optimum performance and does not have any
negative cansequences or side effects, such as re-

ducing morale, job satisfacticn, or creativity.

Evaluation of Training Effectiveness

Fifth, objective and valid measures of perfor-
mance must be developed and used 1o evaluare
the effectiveness of ATCRM training. A review
of CRM evaluation metheds suggests thar a com-
bination of approaches 1s most useful. For ex-
ample, one approach might use a checklist 1o derail
very spacific behaviors, and derive 2 quantitative
score based on the simple presence or absence of
the behaviors in a subject’s performance {ci.
Fowlkes et al., 1992, p. 347; Chidester et al., 1953},
A second approach could use trained raters to
evaluate more complex qualitative aspects of
performance, such as geod team cocrdination,
clear communication, and efiect on team mem-
bers. A combination of these two approaches
would provide both objective and subjecuve cri
teria for evaluation. The purpose of these evalua-
tiens should be limited 1o training and program
deveiopment, and steps shouid be taken 1o

protect and ensure each ratee’s confidentiality. i
individual or team effectiveness assessments are
desired for certification or similar purposes, a sepa-
rate program should be developed that disassoci-
ates certification from training. Attempting 1o
train and certify at once is not only ethically ques-
tionable, the potential chilling effect on trainee
behaviors can potentially undermine the oprimal
effectiveness of both activities.

Program Updating

Sixth, a system of curriculum evaluation and
revision must be implemented to refine the train-
ing and keep it current. This system should con-
sist of three elements: {a) regular evaluations of
the course content and classroom execution, (b}
an established mechanism for course modification,
and {cj pilot testing to ensure training (and any
modifications) achieves desired on-the-job ocut-
comes. Regular evaluations of the course content
and execution should use performance measures
and other methods for judging the effectiveness
of the training efforts. Pericdic re-assessment of
training needs should be inctuded whenever there
1s a significant change in the task design or work
environment {e.g., changes in air traffic patterns,
automation, or regulations). Next, a formal
mechanism for course redesign wiil provide the
means necessary to make ATCRM program
changes when they are needed. Such a mechanism
might consist of a commitzee or panel comprised
of experienced Instructors, controllers, managers,
and education experts, who would be regularly
involved with program development and redesign.
Lastly, there must be a means for evaluating the
impact of the ATCRM program {including any
training modifications) on job performance. Both
should be in place prior to full implementation.
This will ensure that trainers and curricelum de-
velopers have sufficient valid informatioz on
which to base changes in techniques, curriculum
content, ¢lc¢. to ensure opumum effeciiveness.

Program Implementation

A review of the methods and strategies used in
the implementation of FDCRM 1raining programs
suggesis ¢ us tha the foliowing clements should
be part of ATCRM training programs.



We mentioned earlier that most CRM training
programs include three phases: awareness, prac-
ticeand feedback, and continual reinforcement. The
awareness phase introduces and explains CRM
concepts.. The practice and feedback phase con-
sists of practicing the CRM skills in a realistic
setting, such as a simulator or actual work setting,
and receiving performance feedback via self-critique,
peer-critique, and by reviewing videotapes. The
continual reinforcement phase reinforces use of
the CRM skills by regularly repeating elemenis
of the other two phases. Reinforcement sessions
typically include annual or semi-annual refresher
seminars o CRM concepts, along with practice
and feedback sessions in the simulator. The imple-
mentatton of ATCEM training should attempt
1o satisfy the goals of these three phases, although
it may not be necessary to implement separate
awareness, practice, and reinforcement phases.

Awareness

ATCRM programs should familiarize trainees
with the basic concepts of CRM. Awareness train-
ing should pursue the goa! of creating an under-
standing of the role human factors plays in
effective team performance. Videotapes of teams
offer a useful means for illustrating effective and
ineffective ways of interacting to get the job done.
Of course role playing, exescises, and simulations
conducted during the practice sessions also ad-
vance concepiual awareness when coupled with

good feedback.

Practice and Feedback

ATCRM rtraining must provide opportunities
for practice and feedback of CRM skills and be-
haviors, These can include high fideiity ATC
simulaticns, desktop computer simulations, role
play, feedback from actual on-the-job critical in-
cidents using either high fidelity systems like
FAA’s new SATORI system {Rogers & Duke,
1993) or low fidelity systems such as videotaping
routine work station activities. The use of high
fidelity ATC si:nulators such as TRACONPRO
(Klass, 1991; Nichol, 1991) for this purpose can
be valuable, because i1t provides contro! over the
scenario and errors do not resu't in dangerous situ-
ations, In addition, use of low-cost simulators,
possibly using networked personal computers

<

may also prove to be useful. It might be possible
to achieve a reasonable level of realism economu-
cally by combining standard desktop computers
with such custom-designed componesnts as special
keyboards, software, and workstations which po-
sition monitors and controls in standard work sta-
tion configurations {cf. Hirtel, 1991, 1992, 1994a).

Another option is to develop role-playing ex-
ercises that simulate group dynamics, and prob-
lem sitnations that require team coordination and
resource management skills o solve. The tower
building exercise used by the FAA’s ATTE work-
shop 15 a good example of an exercisc that simu-
lates some of the interpersonal dynamics found
in some work situations. Another example is the
United Aurlines role play exercise mentioned ear-
lier, in which oae crewmember plays a rele react-
ing 1o the scripted roles of others playing the
different crewmembers {Taggart, 1993}

Of course, nothing can beat the realism of feed-
back produced by one’s own on-the-job behaviors.
The FAA SATORI system uses FAA tape logs to
reproduce high fidelity radio traffic and radar
images of critical incidents enabling controllers to
observe first hand both ineffective and effective
handling of actual situations. Videotaping of rou-
tine ATC work station operations can provide a
less expensive lower fidelity feedback tool. In ei-
ther case, either SATORI or videctaping produces
feedback without the need for simulator equip-
ment and support personnel. Moreover, trainees
are likely to have more faith in a real-life situa-
tion than z simulatior, and it presents a training
mechanism that can be emploved on the job which
is convenient, and familiar since most ATC train-
ing is provided on the job. Of course, as in the
case of formal CRM training courses, on-the-jcb
feedback rraining session recordings would have
to be treated with confidentiality and should be
erased following the feedback session. If employ-
ees feared disciplinary action, few would partici-
pate in such a training feedback program.

Continual Reinforcement

Lastly, the continual reinforcement phase can be
accomplisned by establishing regular refresher ses-
sions involving elemenis of the other two phases.
These refresher sessions might be integrazed into
other regular training, or may be separate training

T



sessions, depending on which 1s mere convenient
for a given facility. CRM sessions should also be
part of other training occasions, such as for newly-
hired or transferred controllers, newly-promoted
controllers (e.g., new supervisors), and for transi-
tion training {e.g., different equipment or duffer-
en: pos:tion).

Ideas and approaches to enhance CRM train-
ing from outside the FDCRM hterature should
also be investigated. One 1nnovative example
would be application of the popular notion of
mentoring. The FAA has been matching less ex-
perienced controllers with veterans. By provid-
ing training for the veterans on how to teach and
facilitate CRM tlearning for their partaner,
mentoring can help build teamwork into the or-
ganizational culture. Moreover, by enabling men-
ror pairs 10 work together for extenced periods
of time, the leve!l of coordination and cohesive-
ness of controller teams can be strengthened.

Another idea 1s to adapt the TQM 1dea of qual-
1y control circles, as has been done in some FAA
facilities. This mught involve forming special teams
of controllers and making them responsible and
accountable for a certain segment of work. The
team might include everyone on the same rota-
tion, working under one area supervisor. This
would vield teams of berween eight and twelve
members {D. Broach, FAA Civil Acromedical In-
stitute, persona] communication, September,
1993). At some facilities, it might be advisable to
split the controller crew i1nto 1wo or more teams
to keep the team at a manageable s;ze. Each team
would hold regular meetings, possibly daily or
weekly, where recurrent training and feedback
would take place. These mesrings could include
brief refreshers of a CRM topic and discussion of
any critical incidents or special sitvations where
CRM was or weuld have been uselul.

Team Leader Feedback. It is imporant that
feedback be given as close to the event as possible
(Salas et al., 1992, p. 20}. So. for the purpose of
feedback, it might be useful to have short debrief-
ing sesstons foilowing each shift. I {eedback 1
pursued, team leaders should receive training an
how to provide feedback and which aspects of
performance should be emphasized. This is be
cause “teams maximize that aspest of performance
about which feedback is given. even at the expense

L

of other aspects of performance. Thus, team train-
ing should avoid emphasizing one characteristic
of team performance at the expense of others”
(Salas et al., 1992, p. 20). It may be useful 1o de-
velop a feedback/debriefing form or checklist, so
that all key aspects of performance are discussed,
both positive and negative. Such a feedback form
would need to be adjusted from time to ume to
maintain an even balance of all sub-tasks.

Team Feedback. Team research suggests that
team members “should be allowed 1o develop flex-
:ble work structures,” and should be encouraged
to “expertment with different methods of coordi-
nating their work flow under varying task condi-
tions” (Chapman et al., 1959, cited in Salas er al,,
1992, p. 19}. Team meetings could be used for this
purpose, to develop strategies and arrangements
for accomplisking their duties most effectively.
Furthermore, this would be an opportunnty for
the team to discuss and resolve any problems or
team issues as they arise. However, 1o implement
feedback sessions of this sort requires a team cli-
mate 1n which errors are viewed as the team’s
preblem, not the individeal's. A common con-
cern voiced during the ATCRM conference
{ATCRM, 1991) was the punitive orientation of
ATCS evaluations. For example, contrellers are
individually disciphined for triggering OEDP {Op-
erational Error Detection Patch} errors. By mak-
ing these errors a responsibility of the whole team,
the whole team works to avoid such errors and
find systemic solutions, some of which might
include changes in work flow management or re-
finements to team coordination or communica-
tion strategies. If an error is due 1o a problem with
an individual controller, the team can provide
mentoring and training, or even use peer pressure
1o modify a resistani controller’s behavior. Team
members may, at times. be more aware than the
superiors of the exact mature of an individusts
problem. Working in 2 team context would give
tcams more freedom to cope with such individuals.

External Feedback. The controller team inter-
acis with a number of other groups and can ben-
efit from a better understanding of their tasks and
viewpoinis. Groups such as flightcrews and other
groups of controllers can help identify ways that
ATC teams can improve performance. It is gen-
erally recognized that flightcrews and convrollers




see very different aspects of the air traffic control
job. Existing programs enccurage controllers to
fly along in the cockpit to observe the flightcrews’
job and encourage pilots and other ATC custom-
ersto observe ATCSs in action. Facilitating regu-
lar cross-specialty observation among controllers
on a regular basts could help controllers better
understand their areas’ effect on the others. Un-
fortunately, there currently is little structure to
exchange feedback and allow flightcrews and
ATCS teams to clarify barriers 1o more effective
performance. Lastly, 1t is not uncommon tc hear
about status concerns between flighterews, 1ower
crews, flight service station crews, enroute crews,
crews from high iraffic facilities and low traffic
facilities. Such attitudes can create barriers to ef-
fective communication and cooperation. Cross-
training as well as observation might help develop
an appreciation of the challenges and pressures
faced by each group, and thereby improve sys-
tem safety and job satisfaction for all concerned.

In conclusion, the literature we have reviewed
indicates that CRM has been a widely used means
for enhancing job performance and flight safery
for flighwerews. CRM is beginning to emerge in
other areas of the aviation field. Asair traffic con-
trollers increase their involvement with CRM,
they can berefit from lessons learned from over
15 years experience with FDCRM. Hopefully,
some of the information presented in this report
will assist ATCRM program rnanagers, trainers,
and curriculum developers to achieve program
effectiveness quickly and efficiently. Although we
believe that CRM can benefit ATC, 1t should not
be characterized as a panacea. CRM is unlikely
to rectify problems caused by deficient basic skills
training or inadequate safery standards. Moreover,
it 15 unlikely that CRM will prove itself 1o be
cost-effective in every ATC work setting 2nd mis-
sion. We hope that the FAA will study the issues
raised in this report to ensure that CRM. as it
evolves, wili achieve an irproved quality of work
life for ATCSs, improved team productivity, and
improved safety for the fiying public.
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