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Foreword 

In fiscal year 1992. the Air F'orce plans to shift to a program ofspeelallzed 
undergraduate pilot tralnJng. Under Utls program. student pilots. In lhe 
latter part of their flying tral.ning. '"Ill learn to fly the class of alrcran. they 
will pilot on acUve duty. Because of this sh.lrt. the AJr Tralnlng Command 
(ATC) will have to make slgnlflcanl changes ln lhe curricu lum of Its flying 
lralnlng programs. ATC wtll become responsible for tralnJ.ng student pilots 
to fly mulllseat aircraft and to funcllon as members of an atrcrew. 

MaJ Ricky Keyes examines lhe effects of this change on ATC's under
graduate pilot tralnlng program. He discusses at length the advantages of 
training pilots as members of atrcrews and how such lral.n1ng helps reduce 
U1e number of alrcrart accidents. Major Keyes ldenUfies the cr1Ucal cle
ments of alrcrew coordlnallon tralnlng and provides Insightful recommen
dations on how ATC should Incorporate lh�elements In lhc n w 
spcclalt7A:d undergraduate pUot lralnlng curricUlum/ 

-...,..-----. 

Director 
Alrpower Research lnstilute 
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Introduction 

Lt Oen John A. Shaud. Conner commander of the AJr Training Commar1d, 
recognized the opportunlUes for enhancing aJrcrew coordination training 
created by U1e planned tmplementallon of specialized undergraduate pUot 
training (SUPT) in fiscal year 1992.1 He directed Air Training Command 
(ATC) to prepare for including this training during SUPT. In this study. 1 
describe cockpit resource management (CRM) training as a new approach 
lo traJ.ning alrcrew coordination a,d rcconunend ways to .Implement this 
tra!n.t.ng during SUPT. 

Specialized undergraduate pilot training will include a common primary 
fllght lraln.lng phase. followed by two separate. advane<."d tral.nl.ng tracks: 
bomber-fighter (Bf1 and tanker-transport (TI1. Placing student pUols In 
these specialized tracks of fiylng training will allow ATC to ta1lor advanced 
flying training to meet the specific needs of gaining Air Force major 
c01iunands (MAJCOM).2 Alrcrcw coordination Is one of the speclllc MAJ
COM requirements that specialized training ln llie tanker-transport track 
will address. Til.is training Is also <111 clt:uu::ullhal lht: l;oml;cr-fighler track 
and undergraduate navigator training should address. 

The basic concepts and ski.IJs of CRM Introduced during SUPr will 
cstabiJsh.atlitudcs U1at will contribute lo cffecllve teamwork among pllols 
and crews. TI1e Air Force wUl gain slgnlflcantly by estabiJsh.lng U1e proper 
crew "mind-set" In student pilots early In their aviation careers.3 lnJUal 
CRM training In SUPT. strengt11ened by follow-on CRM training In the major 
commands. will Increase the safety and mission effectiveness of Air Force 
fllght crews. 

I begin with a review of the dcvclcpmcnt of cockpit resource management 
as a training program designed to enhance atrcrew coordination skUls. 
Cockpit resource management IS the cffccUve use of matcrtal and human 
resources "to achieve safe and efficient flight opcrallons."4 Material re
sources tnclude everything from opcrat.lr1g manuals, regulations, and 
charts to U1c aulomaUc pUot and advanced avionics. Human resources 
refer to alr traffic control. Ute conunand post. other crew members. or 
anyone with whom the crew may communicate t o  obtain !nfomlation or 
assistance about or dunng llie mission. Although this study is d.trccled at 
pUot training. CRM tralrlmg appiJcs to all crew positions. (Crew member 
refers to all atrcrew members-e.g .. pUot. copUot. navigator, flJghl engiJieer. 
boom operator. and loadmaster.) 

Cockpit resource management tral.n!ng evolved from applying classical 
business management concepts to cockpit operations. 5 In chapter 2, I 
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d�crtbe Ove crtUcal elements of CRM: leadership, communJcatlons. situa
tional awareness. problem solving. and crtUque. I review the training 
methods and media used In extsU.ng clvlUan CRM programs in chapter 3. 
In chapter 4, I expand this review to Include extsUng mJllta.ry programs. 1 
also contrast the operational environments of civilian and military aviation 
to point out ilie even greater need for CRM training In the AJr Force. In 
chapter 5. I slate the steps iliat ATC must take to Implement cockpil 
resource management training In speciall7.ed undergraduate pUollralnlng. 

Notes 

I. U Oen John A. Shaud. 'Nc:w Focus on P.h·crew CoordlnaUon.· Flying Safety. March 
1988, 2. 

2. Ibid. 
3. Department of Defense 1989 'lmfner Alraajt Masterplan (Randolph AFB. Tex.: Head

quarters Air Training Co!D.IIland, OiTe<:torate o: Requ!Tements. 1989), 1·18, 1·19. 
4. John it. Laul)er. ·cockpit Resource Management: Background w>d Overvlew.· In 

C«kpU Resource Managemen1 'lmfnfng: Proceedings of a NASA/ MAC Workshop. <:d. Harry 
W. Orlady nnd H. Cloyton Foushee. conference pubUcaUon 2455 (Moffett fleld. Calif.: NASA. 
Ames Rese.'l1ch Center. 1987), 9. 

5. Ibid .. 7. 
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Chapter 1 

History of Cockpit 
Resource Management 

Advances In aviation technology have dramatically changed Ute resources 
available to pilots. SophJsUcated avionics. computers. and other automa
tions In Ute cockpit provide new sources of lnfonnatlon and assistance. 
Pilots and otJter crew members must develop new skllls to utilize Utes� new 
technologies effecllvely. In muiUseat aircraft. crew members wltlt unique 
sldlls become Ute pilot's most valuable asset. The erttical question Is: Have 
changes In pilot training kept up wllh these chrutges In Oight operations? 

If the answer Is yes. why are approximately 80 percent of all �et aircraft 
accidents Ute result of poor management of cockpit resources? The ratio 
of aircraft accidents to Ute total number ofOytng hours has steadily declined 
over Ute past three decades. largely because airplanes are built and 
maintained better. In contrast. the percentage of aircraft accidents at
trtbuted to "pilot error" has lncreased.2 l'urther examination of Llu::se 
pilot-error aecldents has revealed that Utey did nol result from deOclent 
"slick-and-rudder· skllls but from Insufficient declslon-maklng.leadersh.lp. 
and comrnunlcallon abllltles.3 These findings jed National Aeronautics and 
Space Admtnistration (NASA) researchers to the conclusion that accidents 
In multJcrew aircraft U1at were previously blamed on pilot error were 
actually the result of "failure on Ute part of all cockpit crewmembers to 
utlllze resources wh.lch were readily available to them."4 These researchers 
would answer Ute question above In lite negative. sayl.ng that traditional 
pilot training does not adequately address many oflbe human-factors skills 
required for safe and efficient Oighl operations In mulllcrew alrcraft.5 

The crash of a wide-body aircraft In December 1972 Is a classic example 
of poor resource management and a brea.kdown In cre-v coordination. TI1e 
atrcraft was In Ute radar traffic pall em at2.000 feet for landing at the MJaml 
airport when the crew discovered a bumcd-cut llghl bulb In the nose-gear 
position Indicator. The official National Transportallon Safety Board (!'ITS B) 
lnvestlgaUon reported that the crew had Oown lhe alrcraJ\ to a safe altitude 
and had engaged Ute automatic pilot to reduce the work load. However. the 
first officer and captain were preoccupied with lhe problem and did not 
positively delegate control of the aircraft to anoUtcr member of U1e crew. 
The llight crew devoted approximately four mtnutes to t h e  dlstracllon. 
assuming that Ute automatic pilot was maintaining altitude. Duling thiS 
time the aircraft gradually descended 2.000 feet and crashed Into the 
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Everglades. The NTSB concluded that the captain failed to ensure that a 
pilot was monitoring the status of ti1c alrcraft at all llmes.0 In short. a 
perfectly flyable aircraft was destroyed because the lllght crew <.lid not 
effectively uUUze all of ti1e resources available In the cockpit. 

The first recorded meoUon of a neetl for Lralnlng In managb1g cockpit 
resources came following an accident In December 1968. In Its report on 
thiS accident. the JIITSB recommended renewed emphasis on cockpit dls
ctpUnc. procedures. and flight managcment.7 After a Boeing 737 crashed 
short of tile runway at Mldway Airport in Chicago In 1972, the 1\ITSB report 
stressed "lliat the accident sequence was triggered by tile captain's failure 
to exercise positive llight management earHcr during ilie approach. "8 In yet 
another case, Lhe NTSB noted that the captain falled "lo delegate any 
meaningful responslbiUUes to ilic copllot, whlch resullcd In a lack of 
effecUvc task shartng during the emergency. "9 Despite iliese I'ITSB recom
mendations and findings and the nearly 20 si.m.ilar ones that followed. 
investigators have continued to find and llst pilot error as U1c cause of 
accidents. 

NASA Research 

In the mldseventies. researchers at the Man-Vehicle Systems Research 
Division at NASA's Ames Research t.:enter began studytng the underlymg 
causes of these pilot-error accidents. 10 In 1973 the researchers conducted 
structured, con1ldcnUal lntervtews with alrUne crew members. 1 1 They 
found general satisfaction among crew members wtlh the lechnl cal traullng 
iliey received. However. these atrcrews reported difficulties ·related more 
to issues such as how to b e  a more effective leader. and how to achieve more 
effective crew coordination and improved communlcalJon wllhln ti1e cock
ptt."12 One new captain said, "My compan; trains pilots very well. but uot 
captalns-conunand training Js needed."1 These interviews gave NASA's 
researchers their Urst lnslghts Into the nature of the problem. 

The next slcp was taken early ln I 976. when Ruffell Smith and several 
colleagues at NASA's Ames Center, usu1g a full-mlsslon simulator experi
ment, exposed llight crews to low and high work loads and evaluated 
changes in performance witll respect to errors. levels of vigilance. and 
decision-making abilities. They conducted the study IJl a Boeing 747 
high-fldellty simulator wlili motion and visual systems Included. The 
researchers designed two mission scenarios. one requlrlng a low work load 
and the second a more challenging series of events Including an aircraft 
emergency. Researchers recorded the behavior of the 20 volunteer crews
captaul, first officer. and flight engineer-that participated In these simu-
lated llights. 14 

· 

Trained observers noled the errors made by the llight crews relating to 
safely of flight and efficient operation. The researchers' comments Included 
ilie following observations: 
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'fhe kind or scenario and recordtng lechnlqlJta used In Utls study demonslrnltd to the 
voiUJlleer :tln:n�\YS and traiDJ.ng personnel how cae:y Ills for error.:; to be made In high 
work loud slb.utUons. 'l11IS has hupUcatione for traJnlng. Marty of the discrete cnors 
and wrong decisions were related to overloading one pa..rtlcu1ar crew mtntber. pnr
Ucularly when he was engaged In reciting nnd complying with checkllslo for lhe 
procedures connected with abnormal operalton. 1t was also seen how in some tttecs 
compliance with lhesc procedures could Interfere with the monllortng cover buill In!<> 

standard o�rnu.ng procedures.•• 

By observing and comparing the performance of the captains In realistic 
full-mission simulations. the researchers were able to record large be
havioral variations In leadership. resource management. and decision 
maldng. Leadersh.lp appeared to be lacking In some crews; occasionally the 
void was filled by the first officer. 16 The researchers saw wide dUl'erences 

in the methods lhat crews used to obtaJn and verify lnfonnaUon. ·,·aryi.ng 
from the meliculous confinnatlon of rcmcrubered lnfonnaUon by reference 
to documents. to the use of preconceived values that were not ch�x:kcd. •17 

Another parlicularly disturbing observation was the difficulty In tdenti.JY
Ing which pllol (captain or copilot) was In control of the aircraft. both with 
and w!thoul the autopilot engaged. Ute failure to anticipate the overloading 
of Individual crew members and the subsequent failure to sel prlocities and 
delegate tasl<s greally contributed to the errors. The large dilTerenccs In the 
way the crews reaehPrl rlP.r.t,:;tonO': reflected the effectiveness of the captains 
In managing lhe available resources. Effective captains gave "full allen lion 
to assimilating the Information from documents. ATC [air traffic control]. 
and other crew members and to [using) these data to make unhurried 
decisions. "18 

The Ruffell SmJth study has been recognized for Identifying resource 
managemenl as a crJUcal variable In the perfonnance of alrcrews. It has 
been a catalyst In developing trainlng programs to improve cockp!l resource 
management and a stimulus for f·urther research. Further evidence was 
gathered by Ute NASA Ames projecl Utrough a review of NT$13 accident 
reports from 1968-76. They idenUJled 600 accidents In that period in whJch 
resource mrumgemenl problems played a signlflcant role. 19 During U1eir 
analysis ofthese reports. the research�rs noted that the accidents had many 
common faclors. Seven of the most frequently obsexved problems were 
preoccupation wllh minor mechruttcal problems. inadequate leadership. 
failure to delegate tasks and assign responslbWUes. failure to set pr!orilies. 
Inadequate monitoring. failure to clliJ.zc available dala. and failure to 
communicate lntenl rutd plans.20 These common problems suggested lhe 
training objectives Utat CRM programs should address.21 

The next project lhat. the NASA Ames researchers underlook was a 
detailed analysts of aircrafi Incident reports submitted anonymously 
through the Aviation Safety Reporting Syslem (ASRS). These Incident 
reports provided many examples of crew errors resulting from poor alrcrew 
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coordination and resource manage:ncnt. For example. a crew was g1vcn a 
heading change lo 160 degrees and clearance to cUmb lo 14,000 feet. The 
crew members did not remember setting 160 In the a!Ulude reminder. but 
the a.Lrplane subsequently levelled off at 16,000 feel-2.000 feelloo hlghl22 
Many ASRS reports described ert·ors a.nd poor performance resulting from 
personality clashes and unresolved conllicts In Ute cockpit. 

A surrunary of Ute skills. organization and process variables. and re
sources Identified by Ute NASA researchers from Ute InCident reports Is 
presented 1n table I .  This data Is consistent wlili data from eacb of Ute 
other NASA studies. These findings provide Insight Into lhe cockpit 
resource management problem and point to the need to Improve lhe abUity 
of crew members to utlll.ze the resources avaJlable on the flight deck. The 
tragic loss o f  life In preventable accidents spurred the development of 
cockpit resource management training programs. The tenn cockpit 
resource management Is now accepted In the aviation Industry as a generic 
name for tralnlng programs designed lo correct these deficiencies. 

TABLE 1 

Classificalion of Identified Problems 

I. Soda! and eommunie::Hion skins 
a. Strained social tOLMions 

c. Nonvorificutio1� of communiocmtior'l'!i 
d. Unnec:osMry cornmunk:.atiol\3 
o. Wdhholdi'lg c:omm�.M.eations 
f. Assvmpckms aboU\ othOI' und9r�t<loding 
g. Assumptions about maanir'lg 
h.. Assumptions about mossago 

If. l(l;'ldorship Gnd man3g0mon1 t.Jouas 

a. Oologat:ion of autho(ity 
b. Erosion <lf authority 
c. Capl<'l.itf$ trust-doubt diklmma 
d. L::u::k of d&Cisive command 
G. Oisq,j;no and lo3d<><ohip;, •pply"'g rogulations 
I. Casualnoss in codlpit 
g. Ctow COOI'din(ltion 
ll. Time-strudwing prio1i".iC�S 

Itt. Planning. problem soMng:. and doclsion Wls 
a. lnadoquato planning 
b. &nform:alion rettioval 
c. Ouality and timelinoss d informatron 
d. Credibility of inlorm{lt)on 
e. Problem--solving sttateg£9S 
f. Stay"'g a hood of lho problem �Crisis P<ovontion) 
9· Oocislon under s-tross 
h. Group think 
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Table 1 (coni' d) 

rv. R<>l<> 
a Oolinitioo.'und(Kt�landmg {p1lot-c:cp•lo1) 
b. Commm\d responsbility ol C;)ptain Wll-Qn first ollieor flying 
c. Rosponsblity ol fu$1 off!(:(!( w1\on eaptaill dovi.'llOS ff<xn sal a o• logal pt'aclicOs 
d. RedUced command cptions 
o. Wo11< load 
L TaJk a\location 
g. �-;.,g 
h. B�ckup 
i, C:�tl outs 

V. Resourcos 
a. Human 

( 1) lndividu:d ddh:uoncos In k•\owlndgo, prolicioncy. exporionca, motlvolion, sttoos readiou 
{2) F•tiguo 

b. Maton�l 
(1) Fo.cilitios 

(a) Avoilobil�y 

(b) Adequocy 
(c) Human ongineerirg 

(2) Equipmonl 
(o) Avail>bilrty 
(b) Access 
(<) Adequacy 
{d) �Um('ln �iMNI"'J 
(9} Automatic versus manual 

(S) Te .. tuali�otmatm 
{a) AvOlit�btl.:ty 
(b) AccMO 

(<) Adoqvocy 
{d) Hvman ongineO<ong 

(4) Enviroomontal in!ormotion 
(tl) Avai1Gbili1y 
(b) Adoq""cy 

Sou r n 1 J1ihn K.Lnu\-.c-1, '-'Ro.Nn:� M.w'l��n'll;'tll (of\l� Ait;hl l)t('\: 8:o:kt,roundofld$1.u�-;1'1Cnl of ltv; Plo�k1n.-inR,,�..,.�., Jla�IK"'"""' 
4M thf Ffi&lrl l)u4: frotuJ•"I' if n Nlt$A'I��<Jtry \Vflllblw•r. t:d. Cko:;c £. (t�C�.rcr . �1•rir. 1>. 'WJ-j�oe, 11n1l Jnhn K. L1111�r. c-onftn:Totoc. """� 2120 (�l.,.f!r;n I�W. Calif..: NA.O.:A. I'Uo.c:• fte�(·m�e�. l9?9). J+- a � 

FAA Recognition of Cockpit Resource Management 

In 1979 the fiJ·st direct reference to cockpit res ource management ap
peared In NTS6 Recorrunendalion A-79-047. This recommendallon was 

Issued following a United Airlines DC-8 crash In Portland. Oregon. which 
occurred after the engines cllcd of fuel starvation. The NTSB recommended 

that the Federal Av<aUon Administration (FAA) urge all air carriers to 
Indoctrinate crew members In the pri.nclples of cockpit resource manage

ment.23 Also. 1n 1979 NASA sponsore d the first workshop on CRM. It 
attracted participants from ·a broad speclrum of lhe industry and stimu
lated U1c developrncnl of a number of training programs. "24 
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Ten years after introducing the CRM concept to Ute Industry. many 
experts, such as NTSB member Dr John Lauber, believe U1at the develop· 
rnent of CRM programs Is still in a transition period. 25 Continued I'ITSB 
accident Investigation reconunendatlons. combined with the apparent suc
cess of e>ctsUng CRM programs. have resulted in the pubUcal!on l n  1989 of 
a draft FAA Advisory Circular on the subject of cockpit resource manage
ment.26 Ills probable that CRM will soon be required for all a1rllnes.27 
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Chapter 2 

Critical Elements of 
Cockpit Resource Management 

While technical flying skills are crtllcal to keeping an aircraft flying durtng 
an In-flight emergency, CRM skills are essential to analy.tlng emergency 
situations and taking appropriate acl.ions. As Robert L. Helm.reich , Univer
sity of Texas at AusUn. notes. the dynamic:; of alrcrew behavior are similar 
to the behaviors of any other small group. 1 TilUs, cockpit resource manage
ment trainJng programs draw heavily on the concepts of social psychology 
and small group dynamics. Although the training programs of specUlc 

alrllnes may differ in the emphasis they put on a parl.lcular area and in 
their methods of presentation. they all include the following five crilical 
elements of cockpit resource management: JeadershJp, Interpersonal corn· 
municattons, situational awareness. problem solving. and critique. The 
following discussion explains how Ute l'uman factors associated with each 
of U1cs<: clcmcnlo Influence pilot behavior "nrl >lflecl team perfor·mance. 
This discussion should promote a better understanding of the scope of 
cockpit resource management training and its Importance to achieving 
improved levels or atrcrew coordinalion. 

Leadership 

Alrcran commanders exert the greatest influence on atrcrew perfor
mance. They must be skilled In three highly interdependent leadership 
roles: commander. leader. and manager. The authority of lhe aircraft 
commander is statutory-all crew members are bound to preserve the 
authority of command.2 Researchers have found that the aircraft 
corrunander's effectiveness as a leader Is a function of his or her pcrsona!Jly 
and siluallonal factors.3 None of the CRM concepts are intended to lnfrtnge 
on lhal lawful authority and the responsibility of lhe pilot in command. 
This point Is emphasized In CRM programs lo dispel any ruisconceptJons 

U1at could develop In discussions of team leadership. 
The atrcran commander's rote as the team leader extends beyond 

statutory authority. A pilot's effectiveness as U1c crew leader depends on 
hJs or her ability to involve all crew members in pursuit oftcam goals. CRM 
programs leach crew members to recognJze e!Tecl.lve and ineffective leader
shJp styles and how those styles affect aJrcrew perfom1ance. In critical 
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situations that require input from all crew members. the best results occur· 
when the aircraft c ommander shows a hJgh degree of concern for people as 
well as perfom1ance.4 Performance·or·lented leadership styles Lhat Ignore 
the feelings of other crew members have been linked to numerous aircraft 
accidents: such leadership styles cause breakdowns In alrcrew coordina
tion. 

Many CRM programs leach the concept of ftmcllonal leadership to 
inlprove team performance. AJrcraft conm1anders must recognl:t.c that the 
crew member who has the most Information about a given situation should 
assume a leadership role In advocallng a course of action based on unique 
expertJse. As a corollaty. the aJrcra11. commander must be willing lo become 
a functional follower and defer leadership momentaJily to lhe expert. These 
tcmporaJy roles emerge as a result of speciOc situations and have no effect 
on the authority ofU1e designated leader. the pilot in command.5 

FuncUonalleadership Is Unked to each crew member understandillg his 
or her role and to the pUot"s responsibility in defining tJ1ose roles. Poor crew 
performance often results when "role boundaries· are not clear.6 To be an 
effective teant leacter the captain must ensure that each crew member 
understands his or her team role. All crew members should lmow what Is 
expected of them and what to expect from oU1cr crew members. l11c crew·s 
tean1 performance tn crisis situations Is enhanced when individual roles 
arc futflllcd as expected. 

Leadership training provides alrCt-aft cormnanders with the Skills they 
need to build effective teams. U Col Robert Gtnnclt of the United Slates 
Air Force Academy. In a study of team fom1at1on In a major airUnc. 
docwnented the l�act the captaJn"s preflight briefing had on subsequent 
crew pcrfom1ance. The best captains. as measured by observed perfor
mance during flight. conducted tl:orough briefings that tailored nom1al 
crew expectations •to fit as well as possible with the special circumstances· 
of a particular llighl. 8 In the worst case. the cavtaln made conm1cnts during 
the briefing t.bat shattered nonnal crew e�ectaUons. causing confusion 
which Jed tn tum to poor crew perfom1ance. 

Another key to being an effective LCam leader Is skill at resolving connlcts 
among crew members and In wltmJng the support ofU1e enUre crew fo•·lhe 
final decision. Crew members advocating conllictillg opinions can cause 
vital Information to surface In the problem-solving process. EffecUvc 
conllicl resolution reduces defensive behavior by individual crew members 
by focusing on "what Is right" lnste�d of"who Is rtghL • 10 A review of atrcrall 
accidents attributed to pilot or crew error showed that unresolved conllicts 
were a factor In most of U1em. 

The aircraft commander must also manage human and material re
sources. The most critical aspect of this element of U1c leadership ro.le Is 
controlling U1e work load of all crew members. The captain must recognize 
the potential dangers of cr ew member overload durlng periods of high 
stress. In the opposite case. task underload, he or she must make sure 
that boredom and fatigue do not lead to complacency that results tn 
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Inattention to detail. 11 The aircraft commander can manage crew acUvtUes 
by setting prtortlles and delegating tasks. 12 

AIU1ough Alr Force commlsstonlng and professional military educallon 
programs emphasize leadership. traditional pilot training prograillS do not 
provide training or supervised practice In developing leadership or manage
ment sk.llls lor specl.flc application 111 the cockpit. In fact. undergraduate 
pilot training has stressed leaching pilots to pcrforn1 Independently. allow
Ing atutudes lo develop that are detrlnlental to perfom1ancc m a crew. 
There are many tndlcallons lhat t.rabllng In e!Tcctlvc cockpit leadership 
during AJr Force pllol lrabltng programs will improve crew performance. 

Situational Awareness 

Besides excellent hand-eye coordinatlon and the other physical abilities 
necessa1y for stick-and-rudder skills for controlling the aircraft. the pUol 
and other crew members. just as lmportantly. must "slay ahead of the 
aircraft." That is. they must relate continuously "What is going on at the 
moment . . . to what has gone on in the past and what may go on ln the 
fulure."13 For many bldlviduals de,•eloplng and maintaining lhJs sense of 
slluallonal awareness Is more difficult than learning stlck-and-ntdder 
skills. 

Learning the former skilJs may be harder for tllese mdlvtduals since lhci.r 
percepllon of lhe situation is dependent on their mdividual perceptions of 
events. Different backgrounds. experience, <\nd tra!ning contribute to 
dlffenng perceptions of situations. 14 Outing CRM training. crews wlll lcarn 
to Identify clues tllat should alert them that tlleir perceptions are m error. 
For example, the situation may prove to he ambiguous when two hide
pendent sources of information conlltct. FaUure to meet targets such as 
the estimated Ume of arrival at a reporting point should alert Ute crew to 
possible problems. Any unresolve<': discrepancy Is a clue that the "stlua
llon" may be other Ulan It appears on the surface. 15 When a crew member 
attempts lo accomplish too many tasks at one lime, he or she becomes 
overloaded and may overlook some lasl<s. On Ute other hand. during long 
periods of low activity boredom sets In and crew members may become 
mdifferent to what ts going on around them. In etlher case. cockpit 
distractions can focus attention on smg.le items to U1e exclusion of oU1crs. 
lowertng the crew's situational awarcness.16 

In adclitlon. the feelings and attitudes of crew members can dlrntntsh 
situational awareness. Complacent crew members will contribute less Ulan 
100 percent Lo assigned duties and. lhus, will overlook t:riUcal details. Crew 
members who are uncertain about lhetr roles may withdraw from active 
Involvement Ln the situation to avoid embarrassment. If crew members are 
suffering from fatigue, stress. frustration. and anger. lhey may pay too UtUe 
attenllon to lhe details of t11e1r assigned tasks. 17 CRM tratrung can help 
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crew members develop skills U1at raise U1e slluatlonal awareness of the 
enUre crew. 

Occasionally crews get caught up in group behaviors Ulat are detrimental 
to accurate perceptions of the situation. ·Press on. regardless· Is U1e 
tendency for a crew to continue a course of acUon despite indications that 
It needs to change Its beltavtor. ·cct-:,omc-ttJs: management pressures. 
·macho" attitudes. and professional pride influence crews to press on 
regardless of risks. "Group U11nk· reilects the wUllngness of crews to agree 
on a course of action because "It Is always done thJs way.· Any group 
behavior that results In the crew noL looklJlg for or us.t.ng all available 
Information or resources IS !mown as ·not playing wilb a fuU deck.· "'Too 
much too soon. too little too late• characterizes a crew's failure to act within 
an appropriate lime frame. A pilot may act too soon if he or she shuts down 
an engine for a low oil pressure Indication \vllbout vertfylng U1e reading on 
oilier gauges. The pUot acts too !ale u·. ailer verifying the low oU pressure. 
he or she walls too long to shut the engine down. resulting in failed engine 
beartngs. The negaUve effects of Ulese types of behavior can be avoided 
Ulrough an awareness of tilese crew �ltfalls combined wllli a constructive 
skepticism about the llight envtronmcnt.18 

A construcllve skepticism during flight moUvates a pilot to continuously 
update his or her understanding of tile existing sltuaUon and stay mentally 
altt:ad of U1c aJ.rcn:ill. When hls or h"r perceptions are In error. U1e yuot 
needs to have available and usc tnformatlon that shows U1al error. 1 An 
analysis of aircraft accidents Indicates that someone on the crew usually 
had lnforrnallon U1al. lf successfully communicated to the pUol. could have 
helped the crew avoid the accident. Lee Solman. Iiarvard UnJversity. 
suggests U1at obtafn1llg and utilizing Information elfecllvely requlr(:s skllls 
in Interpersonal COillJnunJcaUons.20 

Problem Solving 

If crews do not quickly recognize and correct problems. those problems 
may worsen: low oil pressure can cause an engine to seiZe. or a hydraulic 
leak can lead to a loss of flight contro!s. The crew's analysts of the problem 
Is affected by Its perceptions of the situation. For example. one pUot 
mistakenly Identified a problem as a high-speed bu!Tel when It was In fact 
a stall warn.t.ng. By reducing power. the pUot caused the alrcrafi to enter a 
full stall. 

A crew can accurately Identify a problem only by analy-�tng aU pertinent 
Information. The stgn.l.llcance of the Information that each crew member 
has may not be understood unW lt ls analyzed as part of a larger plct.urc.21 

A crew that works togetiler and shares inforrnaUon will arrive at a better 
solution to a problem Ulan If each lltdlvldual works alone to solve a piece 
of the puz:zle. Most CRM tralntng programs preach synergy: Ute whole ls 
greater than the sum of tile parts- To achieve synergistic solutions to 
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problems. each crew member must be asserUve in advocallng Ideas ana 
optntoos and flexible in understandL'lg the ideas and opinions of others.22 

When the ptlot ln corrunand obtalns all perltnent tnfonnalton. he or she 
must exercise judgement to arrtve at t:he best possible deciSion. Judgement 
may be thought of as ·cxpelicnce applled."23 Tratntng meU1ods that 
broaden an individual's experience base conb·lbute to better judgement. 
Group problem solving provides a larger pool of experience on whlch the 
aircrafl commander may base his or her Judgement. Still. the final decision 
is the responstb!Uly of ll1c pilot tn command. 

Once an airCraft commander decides on a course of action, he or she 
should brief the crew on that plan. Every llight begins with mJssion 
planning and a crew brleflng. However. problems encountered during the 
flight may require revision of the orlgJnal plan. The aircraft C'Jmmander 
must then blief all crew members to ensure that they are aware of and 
understand U1e changes in procedures. duty assignments. and observable 
llmJts to be monttored.24 

The plan should be validated and updated through conllnuous reviews. 
A review should be conducted at U1e end of each problem-solving cycle to 
validate tile plan and ensure U1at noU1ing has been overlooked. Each crew 
member should call for a fom1al review by the crew anytime the Jnd!vidual 
Is uncomfortable with tile current situatlon.25 These reviews as well as the 
enUre problem-solving process requlre skills tn interpersonal communlca
Uons. 

Communications 

The aircraft commander must establish an environment U1at promotes 
the free now of t.nfonnatlon within the cockpit. Positive feedback regarding 
the value of Inputs from other crew members encourages them to make 
further contributions in problem-solving situations. Negative feedback can 
cause them to withhold vtlal lnfonnallon in crll!cal situations. An aircraft 
commander should be skll.led at expresstng disagreement when appropriate 
without causing the other crew member to feel personally rejected or 
Jgnored.26 

Cockpit cmnmunlcallom; are greatly enhanced when crew members are 
skJlled ltl Inquiry and advocacy. Inquiry is a process of actively seeking 
lnformalton from all available sources. It Is a form of constructive skep
Uclsru that helps overcome comp lacency.27 Advocacy Is an obltgallon to 
speak out assertively in support of an alternate course of acllon while 
rematnlng open to oppostng vlcwpoinls.28 A lack of asserttvcness by crew 
members Is suspected as a leadtng cause of crew error. f'llght safety ts 
enhanced when inquiry and advocacy are used together as baste com
muntcauve tools for effecllve problem solving. 

Interpersonal conununJcaUons may be verbal or nonverbal. For com
munlcallon to be effecUve. U1e receiver must understand the Intended 
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message. Barriers to comrnunlcallon may Interfere with the Intended 
message being ,·ecetved and accurately understood. Four specific barriers 
are discussed In CRM training: semantic dtslorUon. s tatus differenllal. 
serial dJstortlon. and Information load. 

Slalus differential frequently causes problems In communtcatlous In the 
military. lndJvlduals w1th high rank may go unchallenged. even when U1ey 
are evidently wrong. Lower-ranking individuals may be hesllant to speak 
up or they may withhold conunents entirely. Status differenUal often 
results in the messages of junior crew members being unjustifiably 
rejeclcd.Z9 Afl:er CRM training. for example. Military A!rlill Conunand C-5 
crews have realized that the loadmasters Ountor crew members) are one of 
the most underuUI.Izcd resources on t11e aircraft. 30 

Critique 

Alrcrews musl practice excellent sk!lls in communJcatlon If lhey are to 
conduct thorough and meaningful crlllcal analyses of the1r performance. 
They conduct tl!ese cr!Uques at lhree points In lhe1r mlsslon. The llrsl 
occurs during premJsston plannJng. The second type of critique Is tl!e 
ongoing review conducted as part of the in-ll!ghl problem-solving process. 
The th!J'd occurs after Ute fact as a poslmlsston debriefing of crew perfor
mance. 

CriUque iS an area of CRM where Atr Force pilot tratntng Is generally 
ahead of the ctvll!an Lnduslry. TI1e foUowtng gutdeUnes for successful 
cr!Uque are wtdely used In the Atr Force: 

• Critique performance not U1e person: do nol place blame. 
• Be specUlc ru1d provide suggestions. 
• If It ts not correctable. leave tt alone. 
• Crttlque should be well Uroed and tactful. 
• Analyze both strengths and weaknesses. 
• Be sincere with pratse. 
• Be open and honest: ask for feedback. 
• Get everyone tnvolved.31 

Constructive critique results in bet ter plannlng. promotes learning from 
past experiences. and keeps the charutels of communtcaUon open. Critique 
should be emphasized because It IS a useful tool for trnprovin� alrcrew 
performance that ts often overlooked or forgotten by filght crew s : 2 Struc
turing crillques in standardized formats wUI enhance the completeness and 
accuracy of critiques. 

Leadership. communications. sltuallonal awareness. problem solving. 
and criUque are Interdependent and complementary skills. lt ts dl.fficult to 
be sk!Jled Ln one of these areas w1thoul substantial skills 111 the other four. 
These related skills are essentlal to achieving the primary goal of cockpit 
resource management. namely. "Improving the quality of crew coordination 
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and resource uUI17.aUon.-33 The ncx.t chapter reviews some of the unique 
approaches lhal cockpit resource management programs have employed to 
train Utese skills. 
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Chapter 3 

Civilian Cockpit Resource 
Management Programs 

Based on NASA's research mar.y civilian airlines have developed CRM 
traJnlng programs lo improve interpersonal skills. resource management, 
and atrcrcw coordination. The relatively new and evolving training tech
niques used by the civilian aviation Industry can provide Insights that may 
be helpful In developing si.tnilar training courses to improve atrcrew coor
dination and resource utilization in the Air Force. 

Training Methods and Media 

Most of these programs include workshops Utal average tlJ.ree days of 
Intensive study of CRM concepts. During these workshops. facilitators 
gu.ldc the parl!c!po.nt<> th.rough muitlmedto. preoentnttono nnd group exer 
c!ses. Since the participants are experienced. professional pilots from a 
vartety of backgrounds. lhe facllltalors encourage them to share lhelr 
insights and experiences. Learning lakes place durtnggroup exercises and 
seminar discussions. 

Most workshops provide an overview of CRM training through textual 
materials. classroom lectures. and seminars. This Introductory material 
develops a conunon language for discussing the ptinciples and concepts of 
cockp!l resource management. The workshops use a variety of media such 
as workbooks. aucliocassclles. and sound-slide and videotape presenta
tions. Some CRM programs send these course materials lo students to 
complete before they arrive at lhe workshop. Many of the CRM training 
prog rams use qucslionnait·es al the beginning and end of lhc course lo 
measure changes in attitudes and to indicate the effectiveness of the 
training program. Peedback from these inslTuments can increase a crew 
member's awareness of his or her own cockpit behaviors and of how 
atutudes affect crew perfom1ance. 

Most. lfnol all. CRM lra.tnJng programs rely on case studies as a primary 
lmlnlng method. These courses use transcripts from cockpit voice re
corders and official NTSS accident reports to analyze the causes of aircraft 
accidents. Accident re-creations on videotape and other media provide 
excellent opportunities for facilitators lo emphasize CRM principles and 
create an awareness of what students should look for in the real world. 
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n1ese videotapes can provide examples of effective and lnelJeclive crew 
coordination that will stt.mulate discussion. motivate parUclpallon. and 
promote understanding of CRM concepts and principles. 

Many of the group exercises Identify effecllve leadership styles and 
Improve communlcaUve skills. Some of the most effective group exercises 
dcmonstJ·ate synergistic problem solving and Its effect on team perfor
mance. In these exercises. each student first works alone to solve a separate 
task out of a set of tasks assigned to the group. He or she then acts as a 
part of a small group to arrive at group solutions to lhe same set of tasks. 
The collective results of the Individual solul!ons and the Interactive group 
solution are compared. If lhe group score Is higher lhan U1e sum of the 
Individual scores. U1en the group has achieved synergy. 

Many CRM workshops also use role-playing exercises to develop leader
ship and comrnunlcallon skUls. P�uticipants act oul a scenario as members 
of a flight crew In positions for which U1cy may or may nol be qua.IJ.Jled. 
None oft.he students know what Is in lhe other crew members· scripts. n1e 
scenarios r·equlre the crew members to perfon11 as a team In anivlng at a 
solution. Such role-playing can be a cost-eiJectlve meiliod of accompUshtng 
lralntng objccllves that would ot:hexwlse be accomplished ln expensive 
slnlulators. Successful role-playing requires lightly structured. reallsllc 
scenarios and very skilled facilitators to motivate participants to lake the 
SlluaUou scrlou;;ly. 

In role-playing and oilier group exercises. mucb of ilic learning takes 
place during postacUvtty discussion and critique. Leamlng Is enhanced 
when the acUviUes are videotaped for replay during the critique. Group 
feedback. aJded by videotape replays. helps Individuals to sec their own 
behaviors as U1cy are seen by oilier crew members. Such differences 
between one's perceplion of self ar:d U1e manner ln which he or she 1:; 
perceived by others are risky ln most occupations. "but nowhere (arc Oleyl 
rlslder than In U1e cockpit."1 Role-playing and stmUar group exercises 
provide a starling point for adopllng more effecllve cockpit behaviors. 

n1e most valuable tool for acquiring CRM skills In a military setting is 
mJssion-ortcnted simulator traJ.nlng (MOST) In high-fidelit-y simulators. 
MOST provides an opportunity for students to pracllce U1e skills U1ey 
learned In the CRM workshop. These full-mission scenarios are designed 
to accurately replicate Jlight operalions. The facilltator does nol lnstrucl 
during mission-oriented simulator tra.lnlng. He or she guides the scenario 
lo ensure Ils realism and takes notes for the crtllque. The Instructor 
Introduces problems U1at the crew must solve. The crew members must 
IJve \vllh the consequences of their decisions and acllons unll.l the mission 
ends: U1c slnlulator Is not reset as In part-task training scenarios. A pan 
camera records ilie enUre miSSion. The Instructor marks portions of.the 
tape U1at will enl1a.nce the postmlsslon critique. The camera picks up 
nonverbal communications that would be missed by sound alone. 

n1e postmJsslon debrteftngs are a valuable part of ilie MOST leam.lrlg 
experience. The Instructor encourages crews lo crlllque themselves first: 
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he or she 'vill g•)idc and ald ln Ute crillque as necessary. The replay of the 
videotape of the MOST exercise enhances the errccUveness of U1ese posl:mis· 
slon debricnngs. The videotapes are erased aller each critique to ensure 
that the students do not see lhe MOST CKcrclses as a threat to their careers. 

Mission-oriented simulator training and other training melliods arc 
conunon to many oft he CRM program-> In the private sector. However. each 
program has unique characlelislics and features. In the rest of lhls 
chapter. I briefly review Lhe approach to l.ralrung taken by a representative 
sample of ctvllian CRM programs. 

United Airlines 

Unllcd AirLines Implemented the first comprehensive program dedicated 
specUkally to cockpit re.�ource management traJntng in 1979. United 
recognl:t...:tl the need to apply buslness management pnnclples to Ute cockpit 
and entered a collaborative agreement wllh Scientific Methods. Incor
porated. to develop a new training program. In 1982 United and Scientific 
Mclliods began a Joint venture that offered a generic version of United's 
cockpit resource management training to the aviation Lnduslry.2 United's 
CRM program Includes home study, a workshop, and line-oriented fitght 
Lralninl! (LOF11-the civilian equivalent of MOSf. 

Each parllclpant receives a workbool< as part of the home-study portion 
of the course. The home-study phase of the course introduces Ule students 
to the lemu.nology and theory of team dynamics. They are expected to 
complete the workbooks before reporting for the start of llie workshop. 'The 
Intensive. three-day workshop Includes seminar discussions. group excr· 
clses. role-playing exercises. and case studies. Durlng the workshop 
"learning comes about [rom the structured experience contained In the 
training Itself as opposed to listening to a trainer, psychologist. or 
other . . .  eA-pert leclurtng fl'Om the front of a . . .  classroom. "3 

A comcrstone of United's CRM p1·ogram Is the usc of the Cockpit Resource 
Management Grtd• developed by Sdentlflc Melbods.4 This matrix (fig. 1) 
depicts nve leadership styles. Participants In Lhe workshop arc divided Into 
teams to work on group exercises. after which the teant members critique 
one another on Jndlvldual conlrtbuUons to effective teamwork and leader· 
ship styles.5 Tite critique Is conducted In relationship to the five key 
elements of teamwork and effective leadership: lnqulry, advocacy, con.flJct 
resolullon, decision makJng. and critique. 0 This feedback from peers lets 
crew members compare their own behavior to the leadership styles depleted 
on the managementgnd.7 

Titc workshop concludes training for those in the joint venture CRM 
prog ram uniess their parent organtzallon has follow-on t:rainlng. United 
crew members conllnur. their CRM tralnlng dunng annual LOI'T exercises 
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conducted In slate-of-the-art simulators. These annual exercises allow 
crew members to practice !:heir ekllls under realistic conditions. Each 
annual i..OFT mission covers only one oft he subje!Ol areas-leadership style 
ldenUficaUon. cornmunlcaUons, decision making. critique. or Judgement. 
Thus, a United crew member wlU require five years to complete lhc entire 
CRM lrainJng program.8 

The crew's performance duriiJg each LOFT rnlsslon Is recorded on 
videotape. Portions of the videotape are replayed and lllc crew conducts a 
self-crtUque under lhe guidance of a well·lratned instructor. The no-lhreal 
environment of the crtUque Is enhanced by lhe fact lhal lhe tape Is erased 
at the conclusion of each crtUquc.9 
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Participants in the workshop are asked to flll out questionnaires that 
assess their altitudes about effective cockpll behavior. TI1cir responses 
b1dtcate that Lhe workshop strengthens lhe participants' aliJtudes about 
effective behavior and that the parUctpants develop a better understanding 
of thetr own behavior. 10 

People Express 

People Express has Included CRM as an Integral part of lls traln!ng slnce 
the airline began passenger senrlee In 1981. 111e company Implemented a 
new CRM progran1 1n 1986. It emphasizes pracUcal methods which provide 
simple and ellceuve tools for Improving cockpll management and leader
ship. 1 1  '111e program consists of semiannual sem!nars. LOFT exercises in 
state-of-the-art simulators. and a new academic program authored by 
Robert W. Mudge of Cockpit Management Resources. lncorporated.12 

The academic program consists of 12 study units. which begin \vllh an 
overview of cockpit resource management. tnclud!ng the roles and respon
sibilities of crew members and the nature of corrunand. The overview 
stresses the Importance of poslUve atllludes and an open mlncl. The 
remainder of l.he course concentrates on 17 specific CRM elements. Tite 
program seekS to teach pUots to uudcnslautl �;;ach deweul anu Lls n.:luUon
sh.lp to the whole. to recognize the presence of U1e element and lls hnpact 
on !light opcrallons, ancl to control these elements clfecUvcly. 13 

The self-study academic course consists of workbooks used lnteracUvely 
with audiocassette tapes. The workbocks contain text. self-evaluallon flash 
cards. hands-on observation check sheets. discussion quesllons. and 
supplemental readings. The course materials Include two audio tapes with 
a lecture and a panel discussion for each study unit. 14 

Each semiannual seminar consists of group discussions of the materials 
In two study units. Discussions are sllmulated by viewing selected 
videotapes and conducthlg a detailed analysis of an NTSB accident report. 
Selected exercises and self-assessmcnl lnstruments are Included In certain 
study units such as Ute one on management style. People Express plans 
a LOFT mission follo,vtog each workshop semJ.oar. Given U11s semiannual 
cycle. a pllol will need three years to complete all 12 study unlls. 15 

SimuFlite Training Intemational 

ShnuFllte Trairllng lntemaUonal, based at the Dallas-Fort Wort h 1\lrport, 
developed FllleDeck Management (FDM) for training customers In CRM 
skills. A1U1ough this traln.lng Is oriented towards corporate avialion. the 
company does some llight trairllng for m.IUlary units that fly similar aircraft. 
This course Is a three-day h1teracttve workshop. The three prtmary 
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meUtods of lnstmcUon are traditional lecture w!Ut \.1deotape and slide 
presentations. seminars. and NTSB accident report study and analysis. 16 

Tite FOM workshop Is offered as a stand-alone course. but many ofthc 
students continue ln one of SlmuF'IItc's QJght programs where they have 
the opportunity to practice their FDM skllls in the realistic cockpit environ· 
ment of high-fidelity sunulalors. TI1e last simulator mission In each of their 
filghl programs Is a videotaped LOFT scenario. 

SlmuF'llte noted that the most successful pilots and llighl crews shared 
crtUcal altitudes and methods: 

I. An Intimate knowledge of (U>el business. 
2. An . . .  embTad.ng continual ekeptlc.lsm. a tlme-dcpendenl sHu.aUonal :tW':lre· 

ness. and a conserVaUve eltu�Uonol response. 
3. n1e development ru�d uoe of eff«:tJve stru�dard O!"'rallng procedures. 11 

TheSimuF!Jte course discusses the efT eel of eight "critical success elements· 
on these ·critical success factors.· The critical success elements are: policy 
and regulations. command auUtortty. effective communication. plannlng. 
available resources. operallnf st.rategy. judgement and decision maldng. 
and work load perfomtance. 1 

The unique feature of the StmuFIIte pmgram Is the management cycle for 
planning. The Sl.rnuFUte FUteDe<:k Management Cycle Is a sysl:ematlcally 
organized approach to au·ercw problem .solvtng (Dg. 2). 19 

The planning cycle Is sel in moiJon ailer the pllot briefing. whJ.ch describes 
U1e procedures to be used. sets observable Umlts. and includes specific 
duties for each crew member.20 Replanning for contl.rtgencles and further 
brtcfings may be required. The cycle Is completed as U1e crew begins 
monltortng events for new challenges. 

FlightSafety International 

FUghtSafety lntemallonal prov!dc.9 QJght lralnlng for many customers. 
including the AJr Force. The company has an extensive program for 
teaching cockpit resource management. called Cockpit Management Con· 
cepts (CMC). This program includes four elements: cockpll management 
coursewal'e. U.ne-ortented flight training. crew self-critique. and Instructor 
crtUque. The course material may be presented in a two-and-a-half day 
Practical Cockpit Management Workshop or taught in four separate sec
tions Ulat allow U1e pilots more time to absorb what they learn. The 
instructional melliods consist of group Interaction lrl skJll development 
exercises, role-playing. problem-solving exercises. and case studies of 
accidents. 

The lraln.lng focuses on slluallonal awareness. defined as the ·accurate 
perception of Ute factors and conditions that affect an aircraft and Its filght 
crew durtng a defined pertod of tl.me. "21 In more familiar tenns. slluaUonal 
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awareness is U1lnktng ahead of the alrcrafl. Crew siluaUonal awareness is 
not the sum total of U1e awareness of Lhose in the crew. but Is limited by 
that of the pilot In conu11and.22 Therefore. crew members must do every
thing possible to ralse the alrcrafl cornrnander's level of sltuaUonal aware
ness. 111e aircraft commander also must recognize the contribution of other 
crew members and establish a cockpit environment where all crew members 
feel comfortable ln voicing their concerns.23 

.F'UghtSafely has ldentlfied 10 clues to U1e loss of situational awareness: 

• Ambtgulty-Any Ume hvo or more soul'(:cs or hl(OmlaUon do not agree. 'lltJs can 
include lnstnunents. gauges. people. mrutUaJs. senses. control positions U1at do not 
correspond with instrument lndic..'\Uons. etc. 

• Fixation or prco<:cupaUon-·111e focus of attention on any one 1tem or event to Uu: 
exclw;lon or aU oUters. 1b.ls way include any number of d.lslracUons tllat can draw 
attention away from the progress or the Ulghl. 

• Confusion-A sense of W1certu.tnty. anxiety. or bafllement about a particular 
sttuaiJon. 11>Js may be the result or falling bcltlnd the aircraft or lack or knowledge or 
experJence. 

• No one Dying the a.lrcraft-No one mcnttoring Ute current stale or p1·ogress of the 
lllght. 
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• No one looking out the window-crew not pt:rloJ"Ollng v1sua.l lookou t p•·occdures. 
• Use of an undocumented pro<:r.dure_:n,e use of a procedure (or proc(..-tlurca} lhat 

ls not prescribed ln approved night mnr>u<lls or checklists to deru wtU1 nomlru. 
abnomlal, or emergent.")' condiUons. 

• VlolaUng mlnlmum&--lJ'llc:nttonal or unlnlc:nUonal violation o( (or intent to 
vlolate) doOned mlnlmwn operaUng ccndtUons or speclllcatlons. ns preocrlbcd by 
regulations or more rcstrld:tve rught opualtons manuals or direcUve-s. 1hts tncludes 
weather condlUons operating limltntlo:>6. crew rest or duty limitations. approach 
mJn.Lmu.ms. and eo forth. 

• Unresolved dleCE"c:pancy-Fai.lure to resolve conllicts or opinion. lnfonuaUon. 
changes 1n weaU1er. or other c oncUUon:;. 

• F'aJlurc to ruc.-c::t targets-f'ruJure or the lllght or llight crew to ottuln and/or 
maintnln tdc:nUfled targets. Targets tnch.ade ETAts le$Uro3led Umt�R or arrival). speeds. 
approach mlnJmume. altitudes a.nd hendtngs. con.nguratlon requirement$. pln.ns. etc. 

• Dcp:t.rture from standard operuung procedure-Dep<\rture (or lnlent lo depart) 
from prescribed oto.ndurd operating procedure."" 

CMC ldentlfles five elements that contribute to situational awareness: 
experience and training, physical flying skills. spatial orientation. health 
and altitude. and cockpit management. 25 Cockpit management Is the most 
neglected element In traditional pilot lralnlng. FUghtSafety defines cockpit 
management as "the use and coordination of aU the skills and resources 
available to the fi.Jght crew . . . UIC means by which a pilot mJght achieve 
and maintain slluallonal awareness:•u 

The clvllla.Jl CRM training programs I have described above parallel each 
other. 1 have highlighted some of the dlfferent approaches taken ln a small 
sample of civilian CRM programs. but each one addresses the five critical 
elements of successful CRM training: leadership. Interpersonal com
munications. slluallonal awareness. problem solving. and critique. A more 
complete !Jst and rank ordering of �he mosl effective instruellonal methods 
and lralntng medta used by CRM progr ams appears in a slu<ly conducted 
by Capt T. 1-. Sams of American Airlines (appendix A) 27 The next chapter 
reviews Air Force adaptations of CRM training and highlights some of l.he 
differences ln operational environments that must be considered In military 
appUcaltons. 
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Chapter 4 

Air Force Applications 

The research U1alled to the development of coc kpll resource management 
lraintng programs sought to find the underlytng causes of human error by 
flight crews. Data from civ!l aviation was easter to obtain because cockpit 
voice recorders in ctvlllan cockpits provided a source of infonnalion not 
available in Air f'orce aircraft. and pubiJc access to lnfom1atlon about Air 
f'orce air crashes Is restricted. Even though the data Is derlvecl primarily 
from civilian sources. U1e basic elements of CRM lrai.ni.Ilg should apply 
equally well to military aircrews. The technJeal Dying skills and general 
cockpll behaviors required of both airiJne and Air Force atrcrews are similar 
despite differences Ln their missions and tn the composition oflhe alrerews. 
111ese differences probably make CRM training more Imperative for m!IJtary 
atrcrews. After comparing and contrasting civilian and Ai.r Force a!rcrews, 
I conclude tJ1ts chapter with a review of current Air Force applications of 
CRM training. 

Operational Differences 

Clvlllan aJr carriers have one mission. to carry passengers and atr freight 
from one location to another. Civlllan flights are generally rouUne fiJghts 
In familiar areas and all ground requirc:nenls are handled by specialized 
company personnel. 1 In contrast. Alr Force crews Oy a vartcty of complex 
missions: tacllcal alrUft. gunship. bombtng. aerial refueling. reconnais
sance. special opcraltons. alrdrop. and search and rescue among others. 
And they use many tactics to accomplish these m.lsstons. Including high
and low-a!Ulude deliveries and fonnaUon fiytng. Furthe rmore. A1r Force 
atrcrews must be prepared to deploy world,vide al a moment's not tee lo 
unfamiliar locations where ground support may not exist. Finally. AJr Force 
aircraft commanders are responsible for many more activities U1an their 
civilian counterparts. such as mission planning. welghl and balance. fiJtng 
of filght plans. prcOight checks, ground servicing. and cargo loadtng.2 

In addition. the rank structure in the military can complicate relation

ships in the cockpit. DIITerences in rank can restrict voluntary communica

tions, especially between ajun.tor enlisted crew member and a senior oiTicer. 

In some instances. "old head" sen.tor noncornm1sstoned officers may atlempt 
lo dominate a junior airCraft commander. Problems also artsc when the 
atrcraft commander ts junior In rank to oilier crew members. 3 
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Likewise. the Air Force aircraft commander must cope with fomml bans 
on fr·atemizalion between officer and enUsled members of lhe aircrcw. The 
nonnul Strategic Alr Command lanker crew has one enlisted crew member, 
a boom operator. Nrcrews of MAC's large transport aircraft usually have 
at least two enlisted crew members. a flight engineer and a loadmaster: they 
may have two or more of each. Aircraft co011Jlanders work closely with 
enlisted crew members on a dally basis and bear rcsponsibilily for· their 
behavior even during olT-duty pe;iods. Ofllcers must be senslllvc to Lhe 
needs and feelirlgs of enlisted crew members and attempt to remove barriers 
to conununicatlons. The active participation of all crew mcmbers-omcer 
and cnUsled-ls essential for optl:num crew perfonnance.4 

This officer-enUsled relationship requtrcs forn1allty ln the military cock· 
pit. Hence. crew posiUon Ullcs-pilol. copilot. engineer. load-are used 
Instead of Hrst names. Increased disclplirle and fon uaJity are necessary 
when using Jntcrphone systems for conununicalions, as required on Air 
Force tanker-transport aircraft because of high noise levels and remote crew 
member workstations. In airllnc cockpits where noise levels are low. crew 

• members can use voice communJcattons. 0 
To compound lhe situation even more. 1\lr Force pilots on the average 

have less experience In the cockpit than their ctv1l!an counterparts. TI1c 
typical Air Force pilot enters undergraduate pilot lralnlng with 40 hours' 
flylng Ume and the typical aircraft commande• will average approx.lmately 
five years of service and 2.000-3.500 flying hours. The average airUnc "new 
hires" have 1.500-2.000 flying hours. By lhe time lhey upgrade to captain, 
they will have 10-15 years w!U1 the company and a totaJ of 7.000-10.000 
flying hours. Thls difference Is compounded by the higher tumover rate in 
the Air Force. Al the 8- to l !-year point appi'oximately one half of the Air 
Force pilots resign. many of them to begin airlirle careers. l.n contrast. 
alrlirle pilots may spend 30 years' flying for the san1c company.11 

Air Force CRM Training Programs 

Rank structure. social barriers. a lesser experience level. and the added 
complexities of the military mJsskm combine to make alrcrew eoordlnalion 
more difficult In Nr Force cockpits. These operational differences between 
U1e clvWan and mUilary environments provide addlllonal justlflc<Jtlon for 
providing Air F'orcc crews with cockpit resou•ce manageme11t Lralntng. 
CRM training will provide Increased margins for flight safety in both civilian 
aviation and the Air Force. ln addition. CRM has tremendous potential for 
tncrcaslng mission effcclivcness of Air Force flight crews. 

C-5 Alrerew Training System 

Impressed by the favorable responses to the Unite<! AirUnes CRM pro
gram. the Air Force required that CRM be Included as part of the 
cont.raclor-operated J\ircrew Training System (ATS) purchased from United 
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Airlines Services Corporation for lralnl.ng C-5 crew members. 7 The CRM 
porUon of the ATS Is called alrcrew ct'Or<llnaUon lrai.ning (ACn. The 
lmplementutton of ACf has reccnlly been taken over by FUghtSafely lnler
natJonal. The staled purpose oflhls course I s  •to develop skills ln l.nlerper· 
sonal commurucallon. slluallonal awareness. and learn leadership" ancl lo 
"moUvale U1e parUclpants to IJ1corporate crew coordination concepts u.nd 
principles IJ1to their own operational emironrncn(. -s Ench d11ss consists 
of 12-24 C-5 rurcrew members-pOols. lllght engineers. and load masters
who have completed Initial quallftcaUon and are undergoing mission 
q ualillcallon .9 

The ACf program begins wilh a prccourse workbook that presents ACf 
conccpls and principles and inlrod uces the lennlnology used In su bsequcn l 
discussions. Students then attend a hvc-day ACf workshop lhal conslsls 
of Interactive lectures. group discussions. and group exercises. "I11e group 
discussions are sllmulated by showing 'lideolapcs that illustrate positive 
and negative ex.1mples of alrcrew coordb1at1on based on actual Oighl 
Incidents or accldcnls. 10 The effectiveness oflhe workshop depends on the 
ability of the Instructor or facilitator lo encourage open partlclpallon and 
discussion. Group discussions rely hea·Jily on lhe shar!J1g of experiences 
u.nd expertise among the parUclpanls. ln addillon to lhe workshop, alrcrew 
members must complete four speciflc scenarios in m.lsslon-oricnlcd 
slmulalo1· trd.llling (MOS"J1 e<�ch year. 

The MOST misston 111 t he C-5 slmuJator Includes a two-hour prebrief. 
four ho urs In the simulator. and a one-hour critique. MOST scenarios arc 
slmUar to ctv!Uaro LOFT scenarios. except they simulate the mllllary mis
sion. 1l1e crew·s actions during the four hours In U1e simulator arc recordect 
on videotape . The Instructor plays back portions of lhe video! ope cturing 
l11e poslmisston cr!Uque. encouraging eew self·crllique and emphasizing 
Ute principles of crew coordination. 

1550th Combat Crew Training Wing 

In September 1985 MAC"s 1550th Combat Crew Training Wlng lCGIW) 
at J<JrUaud Af"B. New Mexico. developed one of Ute.: llrsl cockpit resource 
management programs in the Air Force. The wing is responsible for initial 
quaU.OcaUon and refresher training for C-130 and heavy-ItO helicopter 
alrcrcws. On the Orst day oflnlllal ACfquaUilcatlon. crews al l he l550Lh 
CCTW receive eight hours of academic:;, followed on the second day by a 
MOST mission. Annual recurrent training consists of a two-hour academic 
refresher course followed by a MOST miSsion. 1 1 

The academics Include an Introduction. group exercise. group discus
sions. and sUde and videotape presen lallons of airline crashes. Discus
sions center around nve key clcmcnls of crew coordinallon: inquiry. 
advocacy. conOlcl resolution. decision making. and critique. The course 
also stresses communications. leadership. and followership. 12 
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The MOst UliSslon Is videotaped and portions are replayed during 
critique. MOSr allows crew members to put their new knowledge to practlee 
In a cockpit environment. Scenartos are made as real as possible. witl1 the 
Instructor acting as an obsetver and laklng notes to fadlitatc the poslmls· 
slon crittque. Crews debrief themselves on Ute five elements of cr<.-w 
coordination and assess their own leadership styles. 13 

349th MJUtacy A.idift Wing 

The 349th Military Airlift Wing (MAW). Tra�is AFB. California. Is a C-5 
resetvc unit. The wing developed Its own CRM program. caUed atrcrew 

resource management (ARM), to emphasiZe the �!Se of all resources and 
crew members. specifically llie loadmasters-whose duty stations are not 
located In lbe c�lt. The cre'" on a C-5 may number seven but can grow 
Lo as many as 22.1 

The J\Rl\11 course begtns with a nine-hour seminar for a typical C-5 crew. 
consisting of Urree pUots. Utree llight engmcers. and four load masters. ARM 
emphasizes synergy: crew performance as a group Is st:perlor to the sum 
of the performances of each crew member taken Independently. The Brsl 
two ol>Jectlvcs of the course are developing an undcrstandtng of synergy 
and learning a common language fordlscuscing :><;Soclated principles. The 
third objectlve. considered the heart of the program. Involves learning aud 
using tbe synergy formula (flg. 3) as a practical tool for effective problem 
solving and decision maklng In llie aircraft. 15 

The process of sceklng and promoting Ideas oflen results l.n conflicts of 
opinion among crew members. 1\s U Col Conrad Blcgalskl slates. "b1 the 
act of worklng out tbe conflicts lh.rough a purtOcalfon and refinement of 
data. tbe pilot-to-command Is able to make a synerglsUcdectslon. one based 
on more data than was previously a\·atiablc to any single individual on the 
airplanc."16 

Before learning the fonnula. crews discuss communication skUls. bar
riers to effective communications. and behavioral characteristics of In
dividuals In a group problem-solving situation. The formula Is then 
presented on lh.ree-by-five cards lbat crews may carry on the aJ�raf\ as a 
reference. 17 Role-playing t.xcrclses aJm at having the students tnten:mllze 
the fomlUia and develop skU! ln ust.ng lt. 

One of the unique features of the ARM seminar Ill the videotaping and 
repla}'ing of the role-plaJ1ng exercises. The objective is the same as 
videotaping of LOFT sessions In the simulator. 111e videotape role-play Is 
accomplished by using chairs and a common bathroom plunger (simulated 
control colunm) In a classroom to simulate a cockpit. The student!i play 
roles as members of an a!rcrew In a strictly conlroUed scenario Ulat 
Introduces cotlllicts the crew must resolve. The videotape replay allows 
crews to obsctve and analyze the decision-making process and allows the 
seminar factlltators to provide better personal feedback. 18 
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QUESTIONING/ 
SEEKING 
Ideas, data, 
lnformellon 

The Synergy Formula 
(expanded) 

confli c t _.. synergy D OECISION 

PROMOTING 
ldePS 
lnformollon 
d810 

R rcpe�t 

HOW'RE 
WE 
OOING? 

Q stands for questioning. seeking, and searching for informa
tion, data, and ideas. 

P stands for promoting, or advocating the information, data, 
ideas, needs, requirements, etc., which each member of the crew 
possesses. 

D is the decision. 

"How're We Doing" is a reminder to conduct an "immediate 
and ongoing in-flight review" of the problem solution. 

R is a reminder to •repeat this process as many times as 
necessary." 

se-c..: W-f.John t. H..W-,.UC61 C«wedS. Bieot-'•$J.•M � .. � a,u..,..._ "CR\t Tuoiroi"' 
i" ... ).4�h w•wy Alf•a W'iroe: CocA.pif R••cwu MM�_,.-""" r,.,....,. ,.,___,.� �� • 
NASAtfoiAC """'-•"'¥· e4. HutyW. O..l•d)' a1'!d H. Ct.ym ,. _ _,.••. c.•t�t.M•t�C.• puetOc•lioto 2-t$5 
(Moll•� FO.W, C•M,: HI.SA. ...,_._ R••••,o:::h C:•nt.,, 11111, tU. 

F"�gure 3. SynO!gj Formul:l 

Tlme-i.l.ml.led group exercises are used during lhe seminar to emphasize 
the concept of synergy. The exercises arc supported by case studies and 
role-playing. The st:minar Is followed and reinforced by mJsston-ortcnted 
simulator tratntng. 19 
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Surveys conducted by U1c 349lh I\.1AW lndicale that "students developed 
a highly receptive and Improving atlllude toward the seminar format· In the 
areas emphaslzed.20 When crew members who had not received the ARM 
Lral.nJ.ng were asked if crew coord!nallon had been Improved. ·so percent of 
those untrained lndividuals felt they had observed better coordination and 
flight-deck atmosphere from U1ose crewmembers who had undergone i.raln
lng."21 The membe rs of !.he 349lh MAW credll much of their success to 
proo1ollon of ARM goals by U1e entu·e unit. Ji·om the creation of an ARM 
staff Lhat reports directly to Lhc commander on l·he use of an ARM critique 
guIde to debrief miSSions. 

Military Airlift Command 
The Mlllta1y Airlift Command cosponsored the NASA-MAC conference on 

cockpit resource management i.n San F'rancisco. 6-8 May 1986.22 Much of 

the material reported here first appeared In U1e proceedings of that con
ference. ::>ubsequenlly. Headquarters Military Airlift Command pubLished 

"1\lrcrew Coordlnatlon Training, A Military 1\lrllft Command Workshop on 

Human Resource M<Ulagemcnt In the Atrcrafl" as a guide for developing 
standardized alrcrew coordination training workshops at each MAC traln· 
lng _ul)it.23 This manual contains lesson outllnes. reference materials. and 
suggested methods of Instruction. 

Alrcrew coordlnaUon training includes the same elements found In most 
CRM courses: communications, sltuaUonal awareness. leadership and 
followershtp, dcctston rnaktng. a:HI Inisston artalysls. lbe suggested 
methods of Instruction Include t>rework (self-study). group exercises. 
workshop semlnars. tulorlng, si.ructured peer pressure. and rntssion
ortented simulator tra ining. Each unit Is encouraged to tallor the presen
taUon of course materials as appropriate fo,· Lhelr type of aircraft, rntss!on. 
time. and facilities. 2"' 

Strategic Air Command 
'l11e Slraleglc Air Command (SAC} ts currently l.n the process of coni.ract

lng wllh a civilian fi.rrn to develop and implement cockpit resource manage
ment i.ralnlng for all of ll1e commlOnd's weapon systems. SAC recognizes 
that its tratnlng Is oriented towards technical lmowledge and that training 
dellciencles exist ln intracrew communlcaUons, situational awareness, 
team leadership and followcrshi.p. problent solvtng. and decision making. 
The contracted CRM tratning will e:l.hance alrcrew coordination by correct
Ing these deficlenc!es.25 

The Atr Force Is already realizing the benefits to be gatned from trainlng 
tls alrcrews in Ute sk.Uls of cockpit resource management. Specialized 
undergraduate pilot training (SUPT) will allow tlle AlrTratnlng Command 
to provide tlle foundaUon for follow-on CRM tralnlng by the major com
mands. Two major commands. SAC and MAC, already have lnitlated CRM 
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lral.tlirlg for thct.r crews. The next chapter provides guidelines for Im
plementing CRM training during SUPT. 
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Chapter 5 

Implementing Cockpit 
Resource · Management 
Training in Specialized 

Undergraduate Pilot Training 

ln this study I show that civilian and military cockpit resource manage
ment training enhances aJrcrew coordination. Chapter 1 documents poor 

aircrew coordtnat!on as the major cause of aJrcraft accidents and identilles 
deficiencies in traditional pilot lxaining that conlribute to this lack of 

aircrew coordinalion. Chapter 2 descri':Jes coc.kpit resource management 
as a program for enhanctng the many skills required for effective aircrew 
coordinaUon. In chapters 3 and 4, i review training methods used in 
ex:isUng civilian and Air r.·orce CRM prngr,..rn,o;. In !.his c.h:-lpler. I sununarl'l.e 
the steps the Air Training Com1n<U1d ·.vill need to take to initiate CRM 
training during speciall.zed undergraduate pilot training. I then make 
program-specific recorlUllCndalions for lmplementtng cockpit resource 

management training in SUPT. 

Organizational Support 

Prof J. Richard Hackman of Harvard . University observed that for the 
cockpit team io be successful. c rew members must expand the team concept 
to include anyone in the organization who can affect the sal'ely and 
eOlciency of their flight. 1 lmplemenllng a successful CRM training program 
in AirTrailling Command will require support al every level of the conunand, 
from the senior s tall' lo squadron instructors. 

For CRM training to produce lasting behavioral change. the attitudes 
developed through CRM training must be supported throughout the com
mand by training. matertal resources. policies, and regulations. Air ])·atn
ing Conm1and should ·reinforce U1e view lhat crewmembers are responsible 
as a team for the safe conduct of a !light" by adjusting policies and 
regulallons to reward effective crew performance as well as indiv1dual · 
performance? The implementation of the CRM training program should 
begin by "helping those who have authority and responsibility for the 
design. management. and regulation of crews learn how to create perfor-

33 

'· 



mance environments lhat will �cltvely supgort the kinds of behaviors and 
attitudes that arc taught in CRM courses." 

Air Trat.ntng Cornmnncl should conduct bnellngs for lls personn�:t to 
Increase lhctr awareness of CRM and how their support w1JI contribute to 
the success of Ute program. The brtefuJgs should define CRM. provide an 
overview of CRM concepts. and oulllne the planned ATC cockpit resource 
management tr·ainlrtg program. Seminars may be used in conjunction wllh 
lhe CRM awareness briefings as an Introductory program for designated 
staif persoru1cl. 

Ute next crtlical step IS to train e'•aluators and Instructors. 11teir 
cnUques and in-llight evaluations of actual aJrcrew performance can make 
or break lhe program. Instructors and evaluators must reeclve Intensive 
CRM tralnlngabove and beyond that �ivento olher crew members to develop 
Ute judgement to ldenU(v Individual and crew problems correcUy. 

The neKt consideration is to ensure that student pUots understand and 
support Ute purpose and goals of cockpit resource management training. 
The concepts must be pn:scntcd In terms famWar to the students, not tn 
the jargon of the psychologist or educator in academia. Student back
ground and experience. or Jack U1crcof. should be considered in selecting 
tral.nlng meU1ods and media that wW keep Interest and motivation high. 
Appendix B oulllncs reconuncnded phases for ATC's cockpit resource 
management tralnln[;l. 

Training Integration 

Most alrcrew training programs teach cockpit resource management 
U1rough U1rce-day workshops followed by recurring semiannual or· am1ual 
LOIT or MOsr simulations. Workshops arc economical when pUols must 
lake time out from normal dulles for training, cspcctally ifthey have to travel 
to training locallons. However. these workshops Um!l U1e llme available for 
students lo absorb and tnlemal.l:tc wltat they have learned. 

The AJ.r Training Command. by totally Integrating cockpit resource 
management with oU1er training requirements during SUPT. can present 
CRM training In one- to two· hour blt<:ks spread over sc!vCral weeks rather 
U1an compressing it Into a three-day workshop. This approach will give 
student pilots more Ume to inlemal17.e CRM coneepls and sl(IJJs. Integrating 
CRM training during SUPT. combined with U1e follow-on lral.ning pUols will 
receive In lhc MA.JCOMs. will create a total training program U1al will 
reinforce CRM skills throughout a pUot's career. 

In addition. the Air Training Command needs to Integrate U1e emerging 
technologies of compu ter-bascd inst.ruction and lnteracl!ve videos Lnlo Its 
CRM programs. Interactive video presentations can be easily tnlcg:raled 
wiU1 ex:tsUng training and wW pennllstudenls to progress at lhelr own rate. 
lnteracUvc video allows students to choose antong alternative courses of 
action and then see the consequences of thetr deciSions played baclc on 
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video. These media w111 allow students to Interact in realistic problem
solving scenarios and pro•ide feedback on Ute effectiveness of U1eir actions. 
This new technology CaJt provide the advantages of inleracllon in a self
pacc<l lraJn!ng environment and docs not require a highly trained facllJtalor. 
Interactive video may he a particularly cffeclive substitute for wOt'kshops 
when the experience level of the students Is very low, as during SUPT. 

Tanker-Transport Track 

Titc currcnl. single-track undergraduate pilot lraJning (Uf7T1 program 
ullllzes a llghl.cr-lype aircraft. the T-38, for all advanced pllol lr'<iln.lng. 
However. because the 1'-38 airframe has "inherent design llmJlatlons. the 
present training . . .  does nol address many of the spcclllc needs of the 
approximately 60 percent majority [oft he UPf cadets! bound for muiUcrew. 
mulllenglne alrcra.ft. ·• To eo•Tecl this shortcoming. lmplcmenlallon of 
SUPf Includes the acquisition of a lanker-transport lralning system (TrTS) 
aircraft. It will be a commercially available business jcl modified to meet 
the operational training requirements of the tanker-transport track.5 As Lt 
CenJotm A. Shaud saJd. "TheTankerlTansportTralnlngSyslcnl will permit 
ATC to train crew leadership In a mulUengine aircraft system for lhc first 
tiniC since we retired the World War II vintage B-25 1.n 1959."6 He also .noted 
Utat 

through U1� ye:u"&. ATC has prq>.,r� aspiring aViators to make U1e most of U1e:lr 
tndlv1duaJ lnlenls and skills. M we move Into a new era In pUol tn,fnJng wtU1 the 
lTI'S. we conUnuc thnl process of re6ncment. 1ltls time. tl means rent:wed emphasis 
on nv-lat:1on's CCiulvalenl o( team pl:ty-aJ.rcrew C()OfdlnaUon. 7 

The TITS aJrcraft and slmulators will provide lanker-transport pilols \vilh 
opportunities for advanced CHM skill development. 1\vo student pilots will 
be flying with one lnslructor in the TTl'S aJrcraJl and simulator. wh.lch will 
require alrcrcw coordination as an integral part of every lra.ining sortie. 
Since an Instructor \vill be at one set of controls most of the tlme. the 
students should have specific crew coordination duties that they must 
perfomt from Ute "jump seal." 'l11ese duties should include reading check
lists. cleating for conflicting traffic. aiding in situational awareness. and 
possibly operating radios. Although they should leave the teaching to the 
Instructors. sludenls should be encouraged to assert themselves if they see 
an unsafe situation developing. Student pilots In the t8Tlkcr-transport 
track should practice CRM skllls during planning. execullon. and critique 
of sinwlator and aircraft missions. 

Tanker-transport Instructors should have prior experience flying lanker
transport aJrcraft. 11te Air Training Command's pilot tnstructor traJnlng 
(PIT) for tanker-transport track Instructors should Include a comprehensive 
CRM tratnJng program. UnW ATC develops sufficient CRM expertise wJU1in 
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Ute command, Instructors should alle:1d a civilian-contracted CRM seminar 
or complete one of Ute MAC or SAC Instructor courses. 

The tanker-transport advanced track of SUPJ' should Include a fully 
Integrated, comprehensive course ln cockpit resource management. In this 
paper 1 have provided the background Information for developing and 
Implementing such a course. Appendix C IS a list of training tasks Utal 
should form Ute basis of a SUPJ' cockpll resource management tnuning 
program. 

Bomber-Fighter Track 

As noted earlier. the design limitations of lite T-38. which wUl provide 
tralnlng In the fighter-bomber track, do not afford Ute same opportunities 
as the rrrs aircraft for developing CR!v! skills. Nevertheless. pilots In the 
flghlct·-bomber track would bcneflt from a limited CRM program tailored lo 
thelr needs. Leadership. communications, situational awareness. problem 
solving. and critique are important skills for aJI pilots. 

11te need for alrcrew coordination training In mullicrcw aircraft is ob
vious, Because the 8-52. as well as the B· I and B-2. requires mu!Useat 
crews and because the crews on Utese aircraft fly complex missions, bomber 
pilots have even more to gain from CRM training Utan tanker-transport 
pUots. Moreover. stnce the tncn:a:;tugly <:omplcx nature of the enemy Utrcut 
environment requires that fighters perform as teams In combating those 
threats. even single-seat fighter pUots have much to gain from CRM 
training. CRM training i.Olproves te<'Jn performance. Skills ln leadership. 
sttuatJonal awareness. problem solving. Interpersonal communicallons. 
and critique arc as imporlanl. "with some modtflcallons. to the ptlots 
manning a flight of Tactical AJr Command 11.-Ts as it is to the pilots, Otght 
englneers. and load masters crewtng a C-5. "8 

11.n off-the-shelf version of a CRM training program is not recommended 
for pUots of single-seal aircraft. However. many of the training objectives 
should be modified and tailored lo mecl the untque requircrncmts of those 
ptlols. The fighter-bomber track should Include a block of academJc 
instruction on lhe basic elements of cockpit resource management. Tratn
tng requirements for litis course may be developed from a subset of the 
lanker-transport course. Tite content should be tailored to Lhe specific 
bomber and fighter missions. 

Undergraduate Navigator Training 

Improving alrcrew coordlnaUon requJres enhancing the skills of all crew 
members. Air Training Command provides Initial crew training to boUt 
pUots and navigators and. therefore, should provide cockpit resource 
management training ln undergraduate navigator tntinlng (UNT) as well as 
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SUPT. Both the eXisting Mllitary Airlift Command ccx:kpit resource 
management tralnlng and the CRM program being developed fo< Strategic 
Air Command train navigators . . Ai.r Tramtng Command cru1 better meet lhe 
needs of the M.AJCOMs by mlcgrallng CRM tralrllng Into UNT curriculum. 

Swnmary of Recommendations 

Cockpit resource management training is an effective new approach to 
enhancing al.rcrew coordination. thus inc<easing the safety and mission 
effectiveness of Ai.r Force flight crews. SUPT should include cockpit 
resource management lralnillg as a foundation on which the tn<\JOr com· 
mands can build according to their needs. CRM includes many Lralning 
objecttve.s that are valuable to tanker-transport pilots and all other a!J·crcw 
members. In sum, 

I .  The advanced tru1ker-transport track of SUPf should include a fully 
1I1tegrated. comprehensive course in cockpit resource management. 

2. The fighter-bomber track should i..ucb.de instruction ln the basic 
elements of cockpit resouxce management. 

3. Ai.r Training Conunand should ensure U1at all ATC staff persor1nel 
receive briefings to 1t1crease ilieir awareness of CRM and how their su pporl 
conltibutes to tile success of the program. 

4. lnst:I1JCtors and evaluators should receive intensive CRM training 
above and beyond iliat gtven to other crew members. to develop the 
judgement to Identify individual and crew problems correctly. 

5. Ai.r Training Conunand should review undergraduate navigator lrain
lng for the feasibility of Integrating CRM training objecllves Into the (:ur
ricuJum. 

1 .  J. Richard Hack.man. ·croup� Level Issues In the Design and 'l)·alntng of Cockpit 
Crews.� Jn Cockpit Resource h·fanagemen( 'ITa:ning: Proceedings of cs NASA/ .fl.fAC \Votkshop. 
ed. Harry \V. Orlady and H. Clayton Fousht:��. confc::rcncc publicalion 2455 {MoiT<'ll f-lcJd. 

CaUf.: NASA. Ames Re&<'>rch Center. 1987), 23. 
2. Ibid .. 36. 
3. Ibid .. 38. 
4. Departrwmt of Defense H)89 'Trainer Alrcr�fl M(lsl<>rplntt tRondolph AFU. T ex.: Head

qu�\r(crs Alr 'rratning Couuna.nd. Dtrec:torate of Requirements. 1989). 8. 
5. Ibid .. 23. 
6. Lt Gcn John A. Sha.od. "'New Focus 01� Aircrew Coordination.- Flying Safety. Ma_tch 

1988.2. 
7. ibid. 
8. Oalr. R. Cavanagh and Kenneth R. Williams. llle Applic.aUon of CRM Training to 

Milil>uy Opeo-aUons. • in OTia<:y ""d Foushee. 135. 
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Appendix A 

Appropriate Cockpit Resource Management 
Instructional Methods 

Rank Order: 

I .  Line-oriented flight training (LOF11 and crillque 
2. Seminars based on CRM case studies 
3. Increasing the Check i\lnnan's role In pror.1oting CRM 
4. Giving individual or crew recognlllon for exceUence in CRM 
5. JnteracUve audiovisual tutorials 
6. Instructor/Check Airman conferences 
7. Conlrncl lnllnlng using CRM specialists 
8. Classroom presentations and lectures 
9. Emphasizing CRM through in-house media and publicity progran1s 

10. Crew member conferences 
1 L Role-playing and game-hn!;ed st.mulaUons 
12. Dtslrlbuling CRM hand·oul materials 
13. lnlerdepUJtrnenLal vlsllallons 
14. Tradllional sltclc/lapc/vldeo carrels 
15. llomc-::�l.udy progrumo 
16. Commercial correspoudcucc cou rsc 

-.,u��. T. Ls.,.,,,._ 'COf;:lq!olt ti<(-"'IOoWC< M��n"""IIIW'"' �-"1- ... odTo .. ��Stnt� [)coo�-N<aly-JT.--t. .. :'6 N.,.,.J.,· In ''�• rt{Che
l'tufh tnt..-nno�it••� �"\1-IIMI" 4111. A1.C..,. �J• r4. "-!'I. .J""""'"" {Cokunbwo. Otlto: Ohio 5ta� \1f1h�IT, �U_.U 0Jt A¥t.loUCM. 27-.;JIU l\pt1l 11).7\ 
�-7. 
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Appropriate Cockpit Resource 
Management Training Media 

Rank Order: 

I .  ro'ull-motion simulator 
2. VIdeo replay of flJght simulator sessions 
3. VIdeo reenactments of CRM accidents/incidents 
4. Reports: accident. Incident. and ASRS 
5. NonmoUon sfnlUlator 
6. Company communications 
7. Lectures. briefings. and guest speakers 
8. NASA Publications ("Callback." elc.) 
9. VIdeocassette Instructional tapes 

10. "Flight Safety Foundation Bulletins· 
1 1. Computer terminals (PU\TO. etc.) 
12. VIdeotaped interviews with CRM experts 
13. SIJd�·tape presentations and reenactments 
14. Journal and periodical articles on CRM 
15. Random access media presentation 
16. Cockpit procedures trainer 
17. Laser··dlse systems 
18. Actual aircraft training 
19. Programmed !nslrucUon workbooks 
20. Audio tape review material 
21.  Cockpit mock-up 
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Appendix: B 

Application of Training Techniques 

Techniques Phase 1 Phase 2 Phase 3 
AlUlude Inventory X X 
Homesludy X X 
Guided observation X X 
Individualized prework X X 
Classroom Instruction X X: 
lnlerpersonallnd!ces X X 
Workshop/seminar X X X 
Case studies X X X 
Group exercises X X X 
Slluallonal leadership X X X 
Panels X 
Role-playtng X X 
Continuing training X X 
Stmclurcd peer pressure X 
Part task training X 
Evaluation critique X 
LOFT/MOSf X 

Phase 1: lnlroduclion/mollvallon 

Phase 2: Transmission of knowledge 

Phase 3: Skill acquisition 

.. wee: Ada.ptot4tt-�•A-�J4� n-umg: �.,.�•H.A!M}MAC�·...,.,qMp_&-,e M_,. I96G,nJ. 1lanyW. 0..\aol)'•rtd It, ct.,.en 
Y�. ceolo (lift! pub'I("•Ulorl 24S!i D&l>lllrtt f'lrld, Calli.: NA$A. � *'-"'h � .... , 1Gt1). 
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Appendix C 

Specialized Undergraduate Pilot Training
Aircrew Coordination Training 

Master Task Listing 

I. Comprehend lhe Impact of leadership on crew coordination. 

A Identify differences In leadership styles. 

1. Cite examples of htgh concern for performance, low concern for people. 

2. Cite examples of low concern for perforn1ance. low concern for people. 

3 .  Cite examples of high concern for people, low concern for performance. 

4. Cite examples of high concern for people. high concern for performance. 

B. IdenUfy behavioral characteristics of eiTcctive leadership. 

C. Identify characlerlsUcs of your leadership style. 

D. Comprehend lhe concept of ·assertiveness balance.· 

l .  State the Impact of assertJveness on crew coordJnatlon. 

2. Cite examples of poor assertive behavior. 

E. Understand lhe concept of •team leadership.· 

1. Define the statutory authortty of command. 

2. Define and cite examples of designated leadership roles. 

3. Define and cite examples of designated followership roles. 

4. Define and ctte examples of funct:onal leadership roles. 

5. Define and clle examples of funclonal followershlp roles. 

II. Comprehend lhe effect of communlcatlons on crew coordlnallon. 

A Define Interpersonal communtcallons. 

1. Clle examples of verbal and nonverbal communJcallons. 

2. Identify responsibWUes of senders and receivers . 

B. Understand U1e efT ee l on the message sender of the behavioral response by the 
message receiver. 

1. Define and clle examples of confinnatton. 

2. Define and cite examples of reJection. 

3. Define and cite examples of dlsconfinnaUon. 
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C. Identify barriers lo effective communtcaUons. 

1. Dcll.ne and Clle examples of semantic distortion. 

2. Define and cllc examples of status differential. 

3. Define and clle examples of sertal dlslorUon. 

4. Define and clle examples oflnfom1allon overload. 

5. Define and clle examples oflnformallon underload. 

D. Identify methods for overcoming barriers lo communtcatlon. 

1. Define and ctle examples of effective Uslentng. 

2. Define and clle exan1ples of conslnacllve feedback. 

Ill. Comprehend the rclallonshlp between situational awareness and crew coordination. 

A. Explain the concept of slluallonal awareness and ils effect on alrc•·ew perfor
mauce. 

1 .  Un:iersland lhe effect of lndlvldual perceptions and reality on sltuaUonal 
awareness. 

2. C:xplain the relationship between lncllvidual and crew situational aware
ness. 

3. Identify aud assess environmental and situational conditions affecting 
Situational awareness. 

B. Recognize Individual betlavtors lhat degrade slluaUuual awareness. 
1. Stale the effects of task overload on situational awareness. 

2. Stale the effects of boredom on situational awareness. 

3. State the effects of complac:cncy on situational awareness. 

4. Slate the effects of uncertainly on situational awareness. 

5. Slate the effects of frustration and anger on sltuallonal awareness. 

6. State the effects of fatigue and stress on situational awareness. 

7. Stale the enecls of cockpit distractions on situational awareness. 

C. RecogniZe group behaviors Uaal degrade situational awareness. 

l .  Explain and clle examples of lhe crew tendency to -press on regardless.-

2. Explain and cllc exan1ples of the concept of"group lhlnk." 

3. C:xplaJn and cllc examples of the group behavior expressed by ·not playing 
with a full deck.· 

4. Explain and cite examples of group behavior expressed as -too much too 
soon. too lltUe too late.· 

IV. Identify techniques for tmprovu1g n:tssion preparation through effcclive crew coor
dination. 

A. Stale the Impact of thorough versus incomplete premlsslon planning. 

B. Identify elements of an effective a.l.rCrew brietlng. 
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C. Identify and slate the ellect of elfecllve prem!sslon critique. 

V. Identify methods of effective resource management. 

A. Identify all avaJ.labJe resources and slate their impact on alrcrew pcrfom1ance. 

B. State the Impact of task overload on crew coordination. 

C. Slate lhc lmpact of task underload on crew coordlnalion. 

D. Cite examples of lhe benefits of delegating responsibility. 

E. Slate lhc impact of prioritlz:lng tasks on crew coordination. 

F. State the lmpacl of situational awareness on resource management. 

G. Identify techniques of e!Tecllve monitoring of all aspects of aJ.rcralt and alrcrew 
perfonnance. 

H. State the benefits of ongoing mission critique. 

Vl. Apply an effective problem-solving process. 

A. Slate the e(fccts of Inquiry on the problem-solving process. 

B. State the effects of advocacy on the problem-solving process. 

C. Explain lhe Impact of conlllct resolution on the problem-solving process. 

1. Describe the concept of synergy and Its in1pact on lhe problem-solving 
process. 

D. Describe the declslon-makJ.ng rcsponsJbUltles of each crew member. 

L Comprehend the concept of judgement as "experience applied." 

E. State the benefits of review and critique of the problem-solving and decision
making process. 
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Glossary 

Advocacy-ObUgatJon to speak out In support of an alternate course of 
action. and alter a deciSion Is made and accepted. lo remain vigilant 
lhercaller. 

Conflrmation-Acknowledging and accepting a message and its sender. 

ConOlct-An interpersonal event that arises when indlvldual or group 
needs and goals are lncompaltble or when the parties perceive themselves 
In a win-or-lose sltualion. 

Constructive feedback-A dcscJ·tptive. specific. well-timed response that 
focuses on modifiable behavior. promotes opermcss and trust. and clarifies 
communications. 

Decision making-The process of selecting a course of action from avaLI
able options. based on information available at the time. 

Designated leader or follower--The leader or follower cslabUshed by 
lrad!Uon, social order. or appointment. 

Dlseonflrmatlon-Ignorlng the sender and the message entirely. 

Discretionary behavior-That behavior and actlvlty for which specific 
procct.IUI.,;; are not c;,tabllshcd In ex.lotlng regulations, directives. and 

technical publications. 

Effective Ustening-Ustenlng for the real substance of a message. You 
listen critically to hear what Js said. and you llslen creatively to hear.wbat 
Is meant. but nol said. 

Feedback-Response messages that ck'\rify and ensure th<�t meaning is 
transferred. 

Functional follower-The person who defers to the person who has the 
most LnformaUon or knowledge In a particular sttualion. 

Functional lender-Tile person in charge as defined by the moment aud 
the Situation; the person who. momentarily and temporarily. has the most 
Information or knowledge about the current situation. 

Human factors-Any comblnallon of human attributes. chardcterlsllcs. or 
llmltaUons U1al In auy way affects the crew. airplane. environment. mission. 

and/or management rdaUonshtp. 

Information overload-A condlllon where too much Lnfonnallou is avail
able. 
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lnfo.nnatlon underload-A condition where too little tnfonnaUon Is avail
able. 

Inquiry-Questioning and lnvesUgallng your perception of lhe cun·enl 
situation or whal other crew members are dotng; seeking lnfonnallon you 
do not have; concern for "what" Is right. not "who" Is right. 

Operationally relevant communications-Those task-oriented lnleq>er

sonal conunuulcallons Utat are directly Involved and relaled lo command. 
control. and llighl accomplishment. 

Rejection-Acknowledging and accepllng lhe :;cnder of a message. bul nol 
Us content. 

Self-concept-The mental fntage you have of yourself; how people see 
themselves and lhclr slluatlon. 

Sclf-estcem....:conOdencc and saUsfacUon wllh yourself. 

Semantic distortion-A condition l hal occurs when c!U1Cr (11' bol.h the 

spcal<cr and I he Ustencr assume lhey understand what was said. 

Serial dJstortlon-A condilion Utal occurs when Ute irllended meaning of 
a message Is changed as the message passes from person lo person. 

Situational awareness-A reallzalion of what Is going on al lhe moment in 
rclallon to what has gone on In the past and what may go on In the 
ln�medJalc f u lure. 

Status diO'e.entlnl-A pP.rr.P.pltnn ltn11 ynur rating or position Is unequal 
lo Ute rating or poslllon of other persons In a social order. class. or 
profession. 

Synergy-The lola! performance of a crew working togeU1er Is greater than 
lhe sum of Ute pcrfomtances of all of lhc crew members working tnde
pcndently. 

Team lcadcrshlp--'nte distribulion of lnOucnce tn a particular sltuaUon 
bel ween lhc leader and U1e followers ttl order to reach spectOc goals. 
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