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ABSTRACT

Empirical research is confirming that crew resource management (CRM) should be an integral part of tactical
aircrew training. This study evaluated the link between CRM and mission performance for 16 MH-53J rotorcraft
aircrews during preparation and execution of a complex combat scenario in a networked training simulation. A
strong correlation of .84 was obtained between CRM and mission performance. All CRM categories (e.g., mission
evaluation, risk management, situation awareness) were highly correlated with mission performance; however, the
categories were differentially predictive of mission performance in the various mission phases (communication was
the best predictor in mission preparation, task management in infil/exfil, tactics employment in low-level). This
study extends the findings of earlier research with MC-130P aircrews, where comparable CRM-mission
performance correlations were obtained. Despite differences in the missions, flight profiles, and capabilities of the
two aircraft, a number of key CRM behaviors emerged as common across the two weapon systems. As an example,
the best crews in both aircraft immediately identified threats while enroute and classified them as “planned” or
“unplanned.” There were also some notable differences between the two weapon systems. One example is that the
nature of communication among the crewmembers differed, with the MH-53J crews exhibiting more general, crew-
wide interaction, while communication within the larger MC-130P crew centered around pairs of crewmembers
communicating specific information at specific times. A major implication of this body of research is that a core
behavior-based tactical CRM curriculum can be tailored to reflect the tactics and uniqgue demands of each individual
weapon system. The networked training mission afforded an excellent opportunity to observe important
coordination and communication activities within the larger tactical team context. The results underscore the
importance of broader team coordination and the need to formally train these team skills.
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INTRODUCTION between CRM behaviors and mission performance

This paper describes a study that examined t’égsyiverman, Spiker, Tourville, and Nullmeyer, 1997a).

relationship between crew resource management (CR -130P study has now been applied to two other

and tactical mission performance during a networkeﬁ/ealoon systems—the MH-53] and the C-5 (Spiker
s!mu:ated T'Ssr'lon c_or_1ductTehd as kpart Off MH"Z3 ourville, Bragger, Dowdy, & Nullmeyer; 1999). These

simulator refresher training. The work was performed atjie ytilized a similar methodology to that employed
the 58 Special Operations Wing (58 SOW) at Klrtlandby Povenmire, Rockway, Bunecke, and Patton (1989),

AFB, NM, by the Warfighter Training Research : ; ;
Division of the Air Force Research Laboratory (AFRL)Tvy]?sc;iézunser?or?r;i::éereilg“og_%r;p at?i:t;/ésvesn (-Iz-ﬁgcng:]d

The objectives of this study were to: (a) determinRaempf Zeller, and McAnulty (1992) also

whet_her CRM proficiency is predictive .Of tfiCticaldemonStrated correlations between aspects of CRM-
mission perf_ormance for the MH'53t]; .(b) identify keyrelated communication and objective performance
CRM behaviors and elements of mission performang@assures in the UH-60 Army helicopter

that characterize effective MH-53J aircrews; and (c)
determine to what degree and in what fashion the Mitrews who receive mission-specific CRM training,
53J CRM-mission performance relationship differs fromfocusing on key skills and behaviors, should evidence
that for fixed-wing weapon systems. Identifying,improved mission performance. A new Air Force
specific CRM behaviors and mission performancenstruction (AFI) 11-290, “Cockpit/Crew Resource
elements is critical for developing a behavior-basegjanagement Training Program” (1998), has taken steps
CRM program for tactical aircrew training. It is alsotg ensure these concepts and approach are incorporated
necessary to determine the extent to which effectiyato USAF training operations. The AFI stipulates that
CRM differs from one platform to another, and thus toCRM knowledge and skill objectives will be tailored
what degree a tactical training CRM curriculum must b% fit the unique characteristics of each primary
tailored to meet the unique needs of a specific weap@fission” (AFI 11-290, 1998, p. 5).

system.

e behaviorally-based approach to CRM taken in the

) . MH-53J Mission Operations
CRM in Tactical Weapon Systems

.. The MH-53J Pave Low Il is a modified heavy-lift,
Over the last 20 years, CRM has been emphasizedfy, ongine, air refuelable helicopter. The MH-53J can
both civil and military aircrew training (Prince & Salas,

; o~ P penetrate enemy territory at low altitude under the cover
1993). Considerable effort has been spent in |dent|fy|r& y y

; darkness and/or adverse weather. The primary
the relevant components of CRM and developing CRM,is<ion of the MH-53J is to search, locate, deliver, and

tra(ijningcprogrargs (Salas, 1P£;|€|;19ce ISSoyvl(ers, SEIEM' (.?Is%cover personnel and equipment in all environments.
gf} annon- l(l)wers, 996). A b pf: er, b OUQ" €insertion/extraction (known as infiltration/exfiltration or
ilverman, & Nullmeyer, 1996). A behavior-based angi/exily is the most important mission of the Pave

data-driven approach has begun to pay major dividengl, “anq is the mission tasking in the observed training
for military tactical aircrew training. Specific CRM scenario. The crew for the MH-53J consists of two
peha_v_lors relevant to an individual weapon system affiniq  the aircraft commander (AC) and copilot (CP)
identified, measured, and correlated with missio o fiight engineers (FEs), and two gunner—scanneré.
performance _ (Spiker, S|Iverman, Togrwlle, . & The pilots and one FE sit in the cockpit. The other
Nullmeyer, 1998). When identified at this detailedy oy members are “back-seaters” and operate the guns:
meagurablle Ievzl_, CRM .behawfors have been shown g, 2150 serve as scanners, and act as an extra set of
consistently predict mission performance. “eyes” to the pilot, augmenting the limited out-the-
indow view. (For further discussion of MH-53J capab-

In a study with MC-130P aircrews, AFRL researche . A )
study W ITCrews S s ilities and mission, see Spiker & Nullmeyer, 1995.)

Kirtland AFB found a strong, positive correlation



Rotorcraft CRM prioritized tasks. Anecdotal reports also suggested that

crews who used the available flight tingiring the

Hheh"copter t_"l’_‘ﬁt'cal . m|ssf|tons_ presen_t” Some tun'?u&issionto review their plan performed better on an
challenges. The rotorcraft mission will be contrastehi\iment approach.

with that of tactical fixed-wing aircraft, specifically the
MC-130P, and implications for CRM will be discussedThese unique aspects of conducting a rotorcraft tactical
Helicopter crews fly at very low altitudes (100’ andmission should be reflected in the specific CRM
lower), which imposes very high workload forpehaviors observed with the MH-53J and in the detailed
navigation and electronic warfare. Terrain and thregattern of results—which aspects of CRM are the best
avoidance, flight path control, and object avoidancgission performance predictors and which mission
become critical factors. ~Additionally, rotorcraft phases show the strongest CRM-mission performance
missions are intimately linked with ground operationge|ationship? Mission planning should be crucial as well
and must account for many additional factors in thelis ongoing mission evaluation. Factors relating to
mission planning. The MH-53J weapon system missigiteraction within the team environment should also
is extremely busy and crews are task-saturated fropiove to be an important determinant of effective
beginning to end. rotorcraft CRM.

As a result of the high workload imposed by navigating METHOD
at low altitudes, the two pilots in a helicopter hav$>
distinctly different roles and must work cooperatively.
The pilot flying (usually the AC in our study) mustSixteen active-duty MH-53J aircrews were observed as
maintain situational awareness outside of the cockpit gfey participated in a mission-oriented simulator
all times to fly the aircraft and clear obstacles. The pilataining (MOST) scenario during their week-long
not flying must maintain awareness of the aircraft'annual refresher training at the 58 SOW. The MH-53J
ground track, providing verbal directions to the pilotveapon system trainer (WST) does not have stations for
flying about heading, altitude, airspeed, flight path, anthe gunner/scanners, thus they are not included in
relevant terrain features (Hart, 1988), as well as keepimgfresher training or in this study. The training crew
track of threat locations and capabilities and operatingpnsisted of the AC, CP, and FE. A second FE in some
the radios. In short, the second pilot is a critical andases participated in the training by observing from a
active crewmember for the helicopter mission. Higeat in the back of the simulator, and sometimes
primary function is not just to back up the other pilot. swapped with the first FE in the middle of the mission.

] » In all cases, only the FE in the front seat was rated by
The size and composition of the MC-130P and MH-53¢he ohservers. In the majority of the crews, both pilots
crews are also very different. The MC-130P has a muglire qualified ACs. These crews decided which pilot
larger and more specialized crew. In addition to tw@yoy|d act as the AC. There was no restriction on which
pilots and an FE, there are two navigators, one of Whogiot flew which portion or how much of the mission, so
is also an electronic warfare specialist, and fhe two pilots often switched off and flew different

communications specialist. In the MH-53J, the pilotgyission phases. An instructor was present in the WST
and FEs must shoulder a larger burden during plannifgoughout the training mission.

and individual crewmembers do not have the luxury of

specializing and focusing on only one aspect of th&/ST and Networked Training Environment

mission. The Pave Low cockpit crew must be aware gfhe MH-53J WST is a motion-based, six—degree—of—
each other’s duties, and continuously cross-check eagedom, high—fidelity representation of the MH-53J
other throughout the mission. cockpit stations for the AC, CP, and one FE. The
ockpit instruments and out-the-window displays are
ight vision goggle (NVG)-compatible. Instructor

articipants

The MH-53J operates in extremely stressful, leth

dynamlc enwronments, while fIyln.g. very I.OW andstations located at the rear of the WST allow control and
operating under high-workload conditions. This reducer?uonitoring. One of the most important and unique
the time the crew has to respond to unexpected eve Atures of this simulation environment is its full

and requires anticipating and preplanning responses Rctronic warfare simulation capability.
all potential outcomes. Mission planning becomes an
even greater factor. In a study with UH-60s, Thornton &this training session is a networked simulation.
al. (1992) found that navigation accuracy was related fqultiple team players prepare for and fly the mission
quality of planning. Crews who performed well alsaogether (Spiker, Tourville, & Nullmeyer, 1997). The
anticipated upcoming terrain cues and events, amgH-53J WST is networked with an MC-130P WST and



an HH-60G WST. Additionally, an aerial gunner/In the scenario, the HH-60G flies as formation wingman
scanner simulator, a head-mounted virtual realitio the MH-53J, performs a simultaneous refueling, and
training device, can be networked to supporassists the MH-53J on the infil/exfil. Immediately
“backenders” for either the MH-53J or HH-60Gfollowing the exfil, the HH-60G is given a search—and—
(Silverman, Spiker, & Nullmeyer, 1996). The networkrescue tasking to pick up a downed pilot. The MC-130P
is controlled by a training director, and live role playersefuels the helicopters and then crosses into enemy
(e.g., airborne command, control, and communicaticerritory to airdrop a reconnaissance-reception team at
[ABCCC], ground assault team commander, downethe transload airfield.

fighter pilot, transload aircraft) communicate with all
participants. The scenario is controlled through th
training observation center (TOC). It is a multi-mediagSeparate instruments were used to collect CRM and
auditorium, where observers can simultaneously viewission performance data.

the out-the-window scenes (simulated NVG) and

cockpit video from the three WSTs, and a map displagRM Worksheet The MH-53J CRM instrument is
showing the various players and simulated threats. Adrganized around the five mission phases. For each
communications can be monitored from the TOC, gshase, the worksheet is divided into seven CRM
well as intercom transmissions in the MH-53J. Dat@ategories, with three specific, observable elements per
collection for this study occurred in the TOC. category. Six of the CRM categories were taken from
. i AFIl 11-290 (1998): situation awareness (SA); crew
Mission Scenario coordination/flight integrity (CC); command, control,
MH-53J crews are tasked to fly an NVG low-level routénd communication (C3); risk management/decision
as formation lead with the HH-60G. They fly to a premaking (RM); task management (TM); and mission
planned air refueling point, conduct refueling operationgvaluation (ME). A seventh category, tactics
with the MC-130P, and then penetrate deep into hostinployment (TE), was added to address the specific
territory to a POW compound where they insert gic'glqa_l nature of the MH-53J mission. Table 1 gives the
Special Forces team. The MH-53J provides air covélefinitions of the CRM categories.

and fire support while the team secures the compounﬂt;1 | q h CRM i
it then extracts the team and POWSs. After leaving the''€ €lements under eac category are specific

compound, they fly to a transload site to transfer ar.%.lesnons, tailored to the MH-53J tactical mission.

Qata Collection Instruments

evacuate the POWs. Along the way, the MH-53 gure 1 shows the three CRM elements comprising the

encounters numerous threats, poor visibility, difficul'E';/I category in the IE phase. The space in the right-

terrain, numerous malfunctions, enemy fire, and seve havi d K h ted
aircraft damage. Because of damage and malfunctio aviors and make any other commenis assoclate
th that CRM element. The observer assigns a 1 to 5-

the crew must abandon and destroy the aircraft at tHe

transload airfield. For purposes of the analysis, thgintrating (1 = needs improvement, 2 = adequate, 3 =

mission has been divided into five mission phases: (aﬁnwdrﬁgywbir:axgr%o?ot%de, SreT/v O:StSt:n\(/jvir?gl)e f(i)r: eei?:ﬂ

Mission Preparation (MP), (b) Low-Level (LL), (c) Air ¢ I rati ) ; h
Refueling (AR), (d) Infil/Exfil (IE), and (e) Recovery category. Overall ratings are assigned for each crew
and Transload (TL).

nd column is for the observer to describe specific

Table 1. CRM Category Definitions

CRM Category Core Definition

Knowledge and skill objectives to prevent the loss of SA, skills for recognizing the loss of SA, and techniques for
recovering from the loss of SA

Situational Awareness
(SA)

Crew Coordination/
Flight Integrity (CC)

Knowledge and skill objectives covering impact on aircrew performance of command authority, leadership, responsibility,

assertiveness, conflict resolution, hazardous attitudes, behavioral styles, legitimate avenues of dissent, and team-|

Command-Control-
Communication (C3)

puilding

Knowledge of errors, cultural influences, barriers (rank, age, experience, position). Skills encompass listening, feedback,
precision and efficiency of communication with all members and agencies (i.e., crewmembers, wingmen, weather, ATC,

intelligence)

Risk Management/
Decision Making (RM)

Includes risk assessment, the risk management process, tools, breakdowns in judgment and discipline, problen
evaluation of hazards, and control measures

Task Management (TM)

n-solving,

Includes establishing priorities, overload, underload, complacency, management of automation, available resources,

checklist discipline, and standard operating procedures

Mission Evaluation (ME)

Includes pre-mission analysis and planning; briefings; ongoing mission evaluation, and post mission debrief; spec
and techniques to be used in operational and training missions

Tactics Employment
(TE)

Includes those analytic activities designed to avoid or minimize threat detection or exposure, and to successfully
complex mission events and multiple objectives using sound tactical management procedures.

fic tools

complete



Task Management (TM) | Jac|1 2 345/ |cP[1 23 45| |[FE[1 234 5| OveraliCrew [1 2 3 4 5

Is atask distributionprocess for executing the planned IE profile communicated

& acknowledged by CMs? (e.g., Tasks are evenly distributed and prioritjzed;
CMs assume unique or nonstandard responsibilities during the IE.) Y N
Do CMs employ a particulanethod of working togetheto fly the IE profile?
(e.g., They cross-check each other's efforts, divide the workload based on
functional area, use personal execution checklists, cheat sheets, guides, et¢.Y N
Does the crew work tensure the (timely) completioof their required tactical
proceduresduring the IE phase? (e.g., in-flight checklists or procedural items
are accelerated.) Y N

Figure 1. CRM Worksheet, Task Management Segment, Infil/Exfil Phase.

position for the seven different CRM categories; crewating. They allow for the collection of much more
CRM ratings are assigned for each CRM category armabjective, reliable rating data.

each mission phase. Finally, a single overall crew CRM o ) )
rating is determined. Instrument Validation A detailed front-end analysis

was performed to develop the two rating instruments.
Mission Performance A six-page instrument was This included extensive discussions with instructors and
developed for use by a separate observer to rate miss@her subject-matter experts (SMEs), observations of
performance and provide the rationale for the ratingmultiple training sessions, and trial runs followed by
Specific, ratable mission performance elements weiterative revision of the instruments. Item reliability was
included for each phase; there are 5-7 elements for eaa$sessed by having two observers (in addition to the two
phase, for a total of 31 mission performance elemenfstimary observers) independently rate multiple sessions.
One of the elements from the LL phase is depicted i@ne person rated CRM using the CRM worksheet; the
Figure 2. Some of the elements (e.g., aircraft handlingther rated mission performance with that instrument.
checklist proficiency, external communication) appeaBoth of these raters were SMEs. The CRM rater was a
in several mission phases; others (e.g., fuel plargtired USAF Special Operations helicopter pilot and
navigation accuracy) appear in only one phase. Thesing commander; the mission performance rater was a
elements were identified through detailed front-enfixed-wing navigator and instructor.
analysis, and were customized for the MH-53J mission S )
and the specific mission phase. The observer rates edgerrater reliability for both the CRM instrument and
element; these ratings then are aggregated into missi®¥¢ Mission performance instrument was quite high. For
phase ratings, and finally into an overall mission ratinghe overall mission performance ratings, based upon
Mission performance is rated at the crew-level only; ngeven observed training missions, the correlation
mission performance ratings were provided Oﬁere'e.n the two Independent raters was .98. Interrater
individual crewmembers. A 5-point rating scale (1 Z€liability for the CRM worksheet was .97 when actual
poor, 2 = marginal, 3 = standard, 4 = very good, 5 &Mmulation sessions were rated (N = 3), and .85 when
exceptionaD is used throughout_ Very Speciﬁ(yldeotap-Ed sessions were included (N = 6) Correlgtlons
behavioral anchors provided a structure for the ratind@" both instruments exceeded .80, generally considered
of each mission performance element. These anchdf¢ benchmark for acceptable interrater reliability
illustrate characteristics of a “typical” 1, 2, 3, 4, or 5(Cronbach, 1990).

Low Level 112(3|4|5]| not
observe
Threat Avoidance —avoidance of LOC & population, terrain masking, identification, reaction, minimize time | 1| 2| 3| 4| 5| not
observe
exposure
Instructor Intervention 112(3]|4(5
1 = little or no consideration| 2 = some use of terrain to | 3 = route based on known | 4 = threat capabilities 5 = excellent route following
of threats, too much time mask threats; no response tp threats & terrain; some considered to determine and replanning based on ne
exposure to multiple threats| new threats; LOCs crossed;| avoidance of LOCs, pop. terrain masking, minimal threats, minimal threat
mission success compromisegop. centers flown over; too| centers, new threats threat exposure exposure, avoided LOCs &
much time exposure pop. centers
Rationale:

Figure 2. Sample Performance Element from the MH-53J Mission Performance Rating Instrument.



Procedure sample variance, resulting in lower critical t values
required to achieve significance. In this instance, the
itical t values have been reduced by 10%, reflecting a
1 finite-population multiplier.

The primary CRM data collector was an experience
MC-130P instructor navigator. The primary missiori
performance data were collected independently by a

second researcher using the mission performanggce the initial test of overall CRM and mission
instrument. The two observers did not discuss tr&rformance is pure|w priori, it was two-tailed,

mission or their ratings during the mission or afterwardgdjusted only for the finite population. Following the
until each had finalized his or her ratings. The resuligitial test of our primary hypothesis, we further
presented in the remainder of this paper reflect thgplored the data to investigate which CRM variables
ratings of these two primary data collectors only. (e.g., mission phase or CRM category) were good
redictors of mission performance. Conducting
umerous exploratory statistical tests inflates the

Q?)Qperiment-wise alpha level, increasing the probability

their typical .activities because  of our  presenceys 4 Type-l error. To correct for this, a Bonferroni
Although the instructors attempted to maintain SOME4iustment  was applied dividing’ the desired

degree of consistency across simulation sessions, th% eriment-wise (EW) alpha level by the number of

Waff a tgreat ?eal of va}[riab(ijli:)y tll’r: v(\j/_??thert, thre""t%ests performed (Harris, 1994). Since we planned to test
ma u'nc||o?s,;ac.henctou'n_ere y the different Crews, approximately 50 correlations for statistical —signifi-
Is typical of refresher training. cance, a nominal alpha level of .001 was adopted to

Each data collection session began with the missiglfi€Ve an experiment-wise alpha level of .05 (.05/50 =

briefing followed by an MP session. Trainees were told’01)- Accounting for both the finite population
that the observers were “conducting training resear@prrection and the Bonferypm adjustment, _our
for AFRL,” with no explicit mention of CRM. This corr_elatlons ‘must r(_aac_h_ a critical r value of .67 to
explanation invariably sufficed. After asking eaclf;‘Ch'eve statistical significance at .tthpt .'05 Ieve!. .
crewmember for his overall flight and MH_53JThe_s_e exploratory tests are one-tailed. Given th_e |_n|t|al
experience and whether he had participated in the saffeSitive overall correlation of CRM and mission
scenario before, the two observers sat unobtrusively Rfrformance, our hypothesis is that the variables will be
the back of the room and observed the crews perfoﬁﬁlated In a positive fashion (higher CRM should equate
their MP activities. The two researchers observed tHith better mission performance).

MP period and any crew briefings immediately prior to RESULTS

the simulation. During the simulation session, th
observers sat in the TOC where they could observe t
out-the-window scenes and listen to all radio communpPearson product moment correlations were calculated
cations as well as intercom transmissions in the MHpetween the ratings of crew-level CRM and mission
53J. Following the 4-hr simulator session, the observepgrformance. Overall CRM and overall mission
accompanied the crew and instructor to a briefing roogerformance showed a very strong, statistically
to observe their debrief session. significant positive correlation (r = .84, df = 14, p <
.001, 2-tailed test). This correlation is comparable to
that found in the MC-130P study (r = .86). Figure 3
Rating data from both the primary CRM data collectodepicts the relationship between overall CRM and
and the primary mission performance data collectaactical mission performance for the 16 crews we
were summarized and subjected to statistical tests observed. The dashed lines bisecting the two rating
significance. The main statistical analyses reported &tales reflect the basic level of behavior expected
the results section are based on Pearson product mom@mither notably strong nor weak) for CRM and mission
correlations. All tests use the crew as the unit gferformance. As illustrated in the scatterplot, the vast
analysis, with 14 degrees of freedom (df = N-2, N = 16jnajority of the crews fall in either the upper right
The 16 crews observed for this study comprise 16% gfiadrant (good CRM and good mission performance) or
the total population of approximately 100 MH-53Xhe lower left (poor CRM and poor mission
crews. Because this is a substantial proportion of theerformance). Only three fall in the other two quadrants.
relatively small total population, we can use a finite

population correction coefficient (Winkler & Hays, Confirming our primary hypothesis in this fashion gives

1975). The correction coefficient decreases the observé8d “permission” to probe the data further for more
specific relations in the data structure (Harris, 1994).

Instructors, the training director, and role players we

é/erall CRM-Mission Performance Correlations

Statistical Testing Considerations



s performance duringnission executior(the final four
phases of the mission) (r= .69,,p< .05). An even
better predictor of mission execution performance was
4= o thetime spent planning the missi¢n= .76, p, < .05).
The three best crews, who consistently obtained higher
CRM and mission performance ratings, spent 3-4.5 hr
o preparing for the mission. MP time for other crews
ranged from 10 min-2.5 hr. This objective, independent
measure of MP serves to validate the CRM ratings.

r=.84 Crew Position and CRM

Although we know that crew-level CRM is important to
mission performance, there is no indication in the crew-

Overall Mission
Performance Rating
w
!
I

1 ) 3 A 5 level ratings of the relative importance of individual

Overall CRM Rating crewmember CRM. To make this determination,

(Maximum = 5, Minimum = 1) correlations were calculated between CRM ratings for

Figure 3. Scatterplot of Overall CRM and Mission the three crew positions and overall crew mission
Performance Ratings performance. The strongest correlation was for the CP (r

. . = .86), followed by the AC (r = .78), with FE CRM
Correlations were calculated for phase-specific CR roducing consistently lower correlations (r = .49). The

and overall mission performance in each mission pha ?gher correlations with the CP's CRM mirror the

(MP, LL, AR’ IE, and T.L)'. CRM was positively esults of the earlier MC-130P study (Silverman, Spiker,
correlated with overall mission performance for al ourville, & Nullmeyer, 1997b), except that the left

phases of the mission; the correlations were S'gn'f'caﬂﬁvigato,r (not a crew p,osition in, the MH-53J) played a
with the exception of LL (r = .60) and AR (r = .54). Thesignificant role in the MC-130P as well. In a parallel

highest CRM-mission performance correlation Wastudy with C-5 crews, Spiker et al. (1999), found that
fggnd In dth‘,\a/lg L ph_aseﬁgr B AF§4) fc;uowiﬂciHb%/3!]E _(r ~“CRM was more strongly associated with crew mission
.80), an (r = .74). in the . IS aperformance for the FE than for either of the pilots. A

) text_bool;;’ hope:jrlation, (rje?ui:ing individualt Skgst Sugh ossible explanation of the finding in the present study
as aircrait handling and fueél management. eNaS 19 that there is more variability in the capabilities of the

be highly constrained in this networked simulation, Wiﬂtps among MH-53J crews (the CPs ranged from a
little room fgr creativity. L.L'comblne.s the pe.r|od PrOT K rand-new mission qualification graduate to a squadron
to the AR with the more difficult terrain-following flight commander), and “strong” CPs added significantly to

ghrfqugg hr?stile terdrittohry. o therCigforeta IesstW(taII-t e CRM capabilities of the crew. As discussed earlier,
elined phase, and there areé no discrete events 100§ qjicopters, the pilot-not-flying (usually the CP) plays

accomplished during the LL period. Events in the Tl o iica'role, navigating and scanning the instruments
phase are the least predictable for the crew, and thus the ' gating 9 '

final phase requires creative problem-solving and goothe relative strength of the CRM-mission performance

CRM. IE is a very workload-intensive phase, where aligrrelation across crew positions was maintained
crewmembers must work closely with each other anghroughout all phases with the exception of IE. During

with the Iarger tactical team. MP prOVides the great3$, the AC’s CRM took precedence over the CP’s. The

opportunity for interaction and information sharing, angg phase was high-workload and required very precise
because there is less time pressure, crews can engaggnihg, handling, and crew/team coordination; in most

extensive CRM activities. cases, the AC became very directive during this phase,
Mission Preparation with other crewmembers feeding him information.

In the earlier MC-130P study, a strong relationship wastadership

found between the quality of mission planning anthn important observation from the MC-130P study

subsequent performance during mission executiqRpiker et al., 1998) was that the most successful crews
(Spiker et al., 1998). The quality of MP was a powerful| had a strong leader who “weaves all crewmembers
determinant for the MH-53J, even though crews hagto a cohesive unit.” Traditional interpretations of

limited time for MP and were simply reviewing acrM have focused more on creating an atmosphere of
prepared packet with a pre-planned, “canned” missiofhformation sharing, rather than on leadership per se
MP  CRM significantly  predicted  subsequentGinnett, 1993). In the current study, we generated a 5-



point “leadership index” for each crew (1 = no leadeimportance, and which category takes precedence
much of the time; 2 = no leader or weak/default in 3/gepends on the specific mission phase. To determine the
phases, or other CMs do not defer to leader; 3 = leadggsecific aspects of CRM that are important in each
in 3/5 phases, 4 = leader in 4-5 phases, perhaps meiksion phase, it is necessary to examine the individual
commanding, can be different crewmembers; 5 €RM behaviors that crews exhibited during that phase

appropriate leader throughout, no question). Thigee the section entitied “Key CRM Behaviors”).
leadership index produced a significant, strong positive o o
correlation with overall crew CRM (r = .72,,p< .05). Characteristics of Good Mission Performance

The three most effective crews all had a very stronghe correlations presented in the preceding sections
leader. The five least effective crews had no leader. fyiapjish a positive, statistically significant relationship
six of the eight crews that had a leader, it was the Agenween CRM and mission performance. We will now
In one crew, the FE served as a default leader; {gcys on patterns within the mission performance
another the CP leader was a squadron commander. Th8ngs to better understand the aspects of mission
remaining eight crews had no clear leader. performance that characterize the most effective crews.
Relative Contributions of CRM Components The mission performance data were analyzed to
determine which specific performance elements were
Table 2 depicts the correlations of the seven CRMost predictive of overall mission performance ratings.
category ratings with mission performance. The row aforrelations were calculated between the individual
Table 2 labeled “Overall” presents the correlationgission performance element ratings in each mission
between the seven individual CRM category ratings al']ﬂ]ase and overall mission performance_ If the
overall mission performance ratings (across all missiogbrrelation for a given element exceeded the critical r
phases). All seven categories produced positivgalue (r = .67), that performance element was
statistically significant correlations with overall missionconsidered “predictive.” This method was used for
performance. The individual CRM category thalescriptive purposes only and is not considered an
produced the strongest correlation with overall missiomferential test of statistical significance. Table 3 lists
performance was ME, and the weakest (but stithe predictive performance elements for each mission
significant) was TM. Interestingly, C3, which did notphase. The first column lists the mission phases.
correlate with mission performance in the MC-130ferformance elements that were strongly correlated with
study, was highly correlated in this study. overall mission performance are listed in the second

! . _column, with the most highly correlated elements listed
The bottom five rows of Table 2 present the correlation§«: |t an element did not achieve the r = .67 critical

between the CRM category ratings for each missiqiyye, it is not included in Table 3. Not surprisingly,
phase and mission performance for that phase. Whiien the consistently low correlations in the AR phase,

ME was most strongly correlated with overall missiofhg individual elements were highly correlated for AR.
performance, it was not the most influential category in

any of the individual phases. C3 was most highiHaving determined the important mission performance

correlated with MP performance, TE in LL and AR, TMelements, we then examined the comment data from the
in IE, and SA in TL. Although many of the CRM crews who received the highest ratings for those

categories are highly correlated with mission phasglements. The third column in Table 3 summarizes the
performance, the relative influence of the CRMpositive aspects of mission performance for the best
categories varies across mission phases. It is clear fréfigws. Note that this is a composite of several crews’

Table 2 that different CRM categories vary in relativénission performance (see Thompson, in preparation).

Table 2. CRM Categories Correlated with Mission Performance

Mission CRM Categories
Phase ME ™ SA CcC C3 RM TE

Overall .87* .68* .85* .81* .78* .81* 76*
MP .84* 61 .80* 73* .85* .84* .83*
LL .43 .68* .50 A7 .58 .62 71
AR .48 .34 49 46 .49 .24 51
IE .68* 74 .62 .66 .62 .67* .66
TL 74* A7 77 .66 .56 .69* .59

*Pen< .05, Rou < -001, critical r = .67; Bonferroni adjustment assuming 50 tests; one-tailed tests



Table 3. Predictive Mission Performance Elements and Descriptions of Effective MH-53J Crews

Predictive Mission - .
Phase Description of Top Crews' Mission Performance
Performance Elements

Detailed plan (comm, bullseye, threats, SEAD requests, infil/exfil, transload). Detailed examination of

Tactics Plan maps, imagery, FRAG. Printed new maps, individualized FRAG. Coordinated tactics with HH-60G.

MP | Flight Plan Detailed review of threats, terrain, weather, timing. Checked waypoints, revised route plan, custom map.
Preplanning Previewed materials, requested additional materials. Extensive discussion, all crewmembers paiticipated.
Contingency Plan Extensive what-iffing, coordinated with other team members. Created back-up plans, supplemented plans.

Flew low altitude, used terrain masking, altered flight path to avoid known threats. Avoided roads,|wires,

LL | Threat Avoidance population centers. Coordinated with —60 when threat detected. No unnecessary intercom chatter.

AR None
Event Accomplishment|  Accomp. infil, fire support, exfil quickly and effectively, minimal threat exposure. No instructor @sgsistan

E Exfil LZ Profile Chose LZ & approach to meet tactical demands. Fast response to call for exfil, minimal time on ground.
Threat Avoidance Took out towers, avoided known threats, wires, pop centers. Stayed low, reacted quickly to ground fire.
Aircraft Handling Steady, accurate approach, hover, circling, landing, and exit.
Egress Response Decision to destroy aircraft made quickly. Detailed plan for transload, egress, and aircraft destruction.

TL | Threat Avoidance Flew planned route, stayed low. Avoided threats, wires, pop. centers. Responded to ground fire gnd threats.
Damage Response Identified and assessed malfunctions, damage, and injuries, and responded quickly and appropriately.

Examination of Table 3 provides some interestingtey CRM Behaviors

insights into how the successful crews performed. Firsﬁ"nally we analyzed the CRM behaviors exhibited by
some of the elements traditionally associated with 90qd mé)st successful crews. A content analysis was
mission performance are conspicuous in their absen S formed on the comments. made by the observer for
Formal briefings and checklists did not correlate highl ach data element in the CRM worksheet for the crews
with mission performance. External communication Wa§emonstrating the best CRM. The top three crews were
also fairly low in the list of predictive mission cgjacteqd, as they received high CRM ratings across all
performance elements. This, surprisingly, is not a resyission phases; comments were also included from
of consistently high mission performance ratings acroggews who received high CRM ratings in individual
all crews. Most crews (including some of the highemission phases. CRM behaviors were extracted from
rated crews) did not provide formal briefings, and manyese best crews for the seven CRM categories in each
did not complete checklists as cleanly as one migf the five mission phases, focusing on the CRM
expect or prefer to see. More informal aspects Qfategories that were significantly correlated with each
discussion, coordination, and attention to detail amgission phase (see Table 2). Table 4 summarizes the
embedded within the important mission performancgotable CRM behaviors identified in the content
elements. This underscores some of the differencasalysis. Space prevents a comprehensive listing of the
between this type of tactical mission and the traditions@@RM behaviors. For a detailed listing, see Thompson
commercialairline environment. The MH-53J tactical (in preparation).

environment is very fluid and requires fast and creative

responses rather than specific procedures. As we found in the MC-130P study, there are
identifiable, concrete CRM behaviors that characterize

Elements that were most predictive of overall missiothe most effective MH-53J crews. One of the most
performance ratings were threat avoidance, tacticdlstinguishing aspects of the best crews was that they
planning, and IE event accomplishment. These are tir@eracted more with the tactical team as a whole. Better
most challenging aspects of the MH-53J mission, aretews did their mission planning in conjunction with
thus become the discriminators between good amdher tactical team members (HH-60G and MC-130P
average or poor mission performance. The best crewews, Intel, ground assault team commander), and there
did extensive and very detailed tactical and routeas extensive coordination regarding dissimilar tactical
planning, and coordinated more details with otherapabilites of the different aircraft and practices
members of the their tactical team. They were “aheadietween the MH-53J Special Operations and HH-60
of the aircraft throughout the flight, and were able t&earch and Rescue aircrews. During mission execution,
call upon backup plans they had generated duritge same theme of acting in the broader “team” context
mission preparation. is carried through. Crewmembers were aware of the



Table 4. Sample CRM Behaviors Exhibited by Top MH-53J Crews

CRM Cat. CRM Behaviors—Mission Preparation
ME Create extra charts and maps, individualized mission execution plan
™ All crew members develop macro plan; individuals perform position-specific duties
SA Prioritize infil as #1, develop other requirements to meet primary objective
CcC Obvious leader, usually the AC, in most cases -53 leader is also team leader
C3 Include all team members, extensive coordination of dissimilar procedures
RM Extensive what-iffing of every detail from beginning to end; each step chair-flown to identify problems, options, akernative
TE Coordinate with -60 and -130 about aircraft tactical capabilities and mission requirements

CRM Behaviors—Mission Execution
Review/brief planned profile/expected series of events prior to starting each phase; continuous systems advisories by FE, SA

ME advisories by CP

™ Task di_stribution established at mission brief, execute as planned; efficient use of slow periods (status reports, checklists,
replanning, updates, etc.)

SA Aware of other operations/comm traffic, utilize relevant information; AC verbalizes "big picture" overview

CcC Clearly defined leader, but with active full-crew participation

C3 Disciplined interphone communications; coordinate with outside tactical team members

RM Identify and verbalize risks; minimize impact of actions on mission accomplishment

TE Running evaluation of expected threats vs. current indications; query HH-60 about threat indications; use HH-60 farfire|supp

“big picture,” monitored other aspects of the missioridentical tactical CRM training could be employed for
coordinated actions with team members as appropriatae two weapon systems. The fallacy of this assumption
and utilized team assets to ensure mission success. is that it disregards not only differences such as those
pointed out in Table 5, but also the details of how these

CONCLUSIONS concepts are implemented in different weapon systems.

This study supports the notion that there is a strong, Table 5. Sample Comparisons between CRM

positive relationship between CRM and tactical mission in the MC-130 and MH-53J
performance. Taken together with other studies on
different weapon systems (Povenmire et al., 1989 Similarities

Silverman et al., 1997a; Spiker et al., 1999), this study cCreated additional maps and charts

provides confirming evidence that: (a) CRM is| Clearly defined leader

intimately linked with mission performance; and (b) | Consideration of the “big picture”

there are identifiable, specific CRM skills and behaviorq Larger “team” perspective

that represent “good” CRM for any given weapon| Tactical planning, coordination with team members
system. Presumably, the specific CRM behaviors can beDuties specifically allocated to individual crewmembers
taught as part of tactical training, and, if included in thg Extensive “what-iffing”/backup planning
curriculum, should lead to improved mission | Detailed threat analysis

performance. One practical issue concerns delineatingRunning evaluation of threats as planned vs. new
CRM behaviors that are common across weaponf Focused on mission, little socializing

systems from those unique to the MH-53J. Table § Disciplined intercom and radio communications
presents some of the commonalties and differencgsNo intercom chatter during mission execution

between the most effective MH-53J and the MC-130H Differences

crews (Spiker et al., 1998, Thompson, in preparation MH-53J MC-130P

This list is by no means exhaustive, but illustrates SOME conservative plans with Verv agaressive blans

noteworthy themes. aggressive options Yy agg P
o . .| AC as leader AC or Left Nav as leader

There are many similarities between CRM behaviors i} \whole-crew discussions Focus on specific info

top performing crews across the two weapon systems.including in flight sharing between pairs

The differences tend to be one of degree in the relative Comm significant mission Comm not significantly

importance of some aspect, rather than a cle i performance predictor correlated with performance

differentiation between desirable behavior in the two| ©ften no formal brief, but | Quality of formal briefings

detailed discussions important

weapon systems. This might tempt one to conclude that
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As an example, an effective CRM behavior for the MHHart, S. G. (1988). Helicopter human factors. In E. L. Wiener & D. C.
53J is, “CP coordinates with scanners to set up guns andhagel (Eds.)Human Factors in Aviatiofop. 591-638). San Diego,
use the ramp for special forces team egress/ingress.” ggSA' Academic Press, Inc.

. S enmire, H. K., Rockway, M. R., Bunecke, J. L., & Patton, M. W.
the time that comment gets distilled to a level where it (1989) Evaluation of measurementechniques for aircrew

would be included in Table 5, it might read, coordination and resource management skiEDR-TR-89-108).
“Coordinates with other team members.” While that Wiliams AFB, AZ: Air Force Human Resources Laboratory,
characterization is not wrong, it loses much of its truSrOF’erat'Ons Training Division.

. - L . ince. C. & Salas, E. (1993). Training and research for teamwork in
content and applicability. This is a problem with the military aircrew. In E. L. Wiener, B. G. Kanki, & R. L.

Fraining “soft” skills. We en_d up tr_ying to teach general Helmreich (Eds.) Cockpit resource manageme(pp. 337-366).
interpersonal communication skills, rather than the San Diego, CA: Academic Press, Inc.
context-specific application of what and whenSalas, E., Prince, C., Bowers, C. A,, Stout, R. J., Oser, R. L., and
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! resource management trainimguman Factors41,161-172.

. . . ilverman, D. R., Spiker, V. A., & Nullmeyer, R. T. (1996juman
While one generic CRM course will not meet the need% factors evaluation of the aerial gunner scanner simul@d/HR-

of all (or even one) individual weapon systems, there iSTR-1996-0146). Mesa, AZ: Amstrong Laboratory, Aircrew
indeed a great deal of commonality between the CRM Training Research Division. .
skills needed in the various weapons systems. A CRHRflverman, D. R., Spiker, V. A., Tounville, S. J., & Nullmeyer, R. T.

: 1997a). Team coordination and performance during combat
curriculum can be developed for one of these Weapons(mission training. InProceedings of the 19th Interservice/lndustry

systems, based on a combination of: (a) generalyraining Systems and Education Conferer@eando, FL.
principles of CRM; (b) common threads identifiedsilverman, D. R., Spiker, V. A., Tourville, S. J., & Nullmeyer, R. T.
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P iker, V. A. & Nullmeyer, R. T. (1995Functional analysis of the
relevant to that weapon system and mission. Th H-53) Pave Low mission preparation procegAL/HR-TR-

curriculum can the.n be used as a prototype and tailored;994-0171). Mesa, AZ: Armstrong Laboratory, Aircrew Training
to reflect the tactics and crew composition of other Research Division.

weapon systems. It is not necessary to start over evéker, V. A, Silverman, D. R., Tourville, S. J., & Nullmeyer, R. T.
time a tactical CRM course is developed for a different (1998). Effects of tactical team resource management (T28M)

latf H itis | tant to foll behavi combat mission training performanc@AL/HR-TR-1997-0137).
platrorm. However, 1t 1S Important 1o Tollow a BeNavior-  \jasa  Az: Armstrong Laboratory, Aircrew Training Research

based, data-driven approach to tailor the core Division.
curriculum to meet the needs of each different aircraft. Spiker, V. A., Tourville, S. J., Bragger, J., Dowdy, D., & Nullmeyer,
R. T. (1999). Measuring C-5 crew coordination proficiency in an
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qualification training is currently under development for Training Systems and Education Conferer@dando, FL.
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