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Executive Summay

Currenty, there are 42 Gaeral Natonal Airspace §stem Maintenance @ntrol Centers
(MCCs) responsible for the monitogncontrol, anccoordination of mainteamcefor
Airway Facilities (AF) in theUnited Stdes. The Federal Aviation Administrdion (FAA)
is planningto consolidate these MCCs into threee@gtions Control Center©CCs).
Consolidation of MCCs 0 OCCs shouléhcreaseefficiengy and grvice by @ntralizing
opeaations in afew fadlities and by sandadizing the procedures usel by thosefadlitie s.

Under the sponsorship of theiman Factor®ivision of the AA (AAR-100), tre
National Airspae System Hunan FactorBranch (ACT-530) condated a stug to
examinethelikely effects of the transition from MCCs to OCCs on gpdlists’ situdion
awaeness (SA).This stug involved reviewing the corept of SA as itelates to A,
looking at alterrtive meastes of SA anakvaluatirg theirappropriagness for us in an
AF environment, and lipothesiing alterrative solutions for potential SA issueBhis
study lays thegroundwvork for moee extensive resarcch involvinghumanin-the-loop
testing

This stugy focused on specialists’ SA in the contexf two basic plans fothe MCC to
OCC consolidationFirst, the AreaSpecialist Plan proposes to maintain OCC
specialists’ responsibilitfor the samegeayraphical aeas thg had in the MCC while
continuingto monitor ad control multipletechnical systems. Very little would diange
under this plan ecept operations would lmntialized and standardezl. Essentialy, the
AreaSpecialist Plan is in operation tgdaSecond, the dchni@l-Specialist Plan
proposes that each of theeerOCCs would divide the responsilyildf operations fo
one-third of the couny between approxmately 16 sgecialists in five or sixdifferent
technical areasThe aeas ofresponsibiliy in this plan would include Environmental,
Communications/Telecommunications, NAMAS, Automation, Surveillanc&raffic
(actudly an Air Traffic position simila to aTraffic Management Unit), Help Desk, and
Watch Lead. With exception of the Help Desk andal¢h Lead positions, the specialists
would be eperts in their resptive technial field.

Thereare tadeofs 0 be conglered betveen he Area-Specilist Plan and lhe Techrgal-
Specialist PlanThe AreaSpecialist Plan favorareaspecific knowledye ove technial
knowledge while keping SA in the purview ofeseral individuals who must distribute
their attention over véous g/stems. The Area-Specialist Plan maintains current diaf
and levels of warkload while mantaining areaspecific knowledge (e.g., potentia effects
of weather and terran on fecilities). The Technicd-Specialist Plan dlows speialists to
focus attention on a pacular system ly favoring techni@ knowledge ower aea-speific
knowledge and distributin§A acrossa lager team of individuals.The Technial-
Spesidist Plan mayreduce the specialist-to-facility ratio and poteatialy incresse
workload.

These two altematives presnt vey different and complexiews of how lest to
implement OCCsEach has advargas and disadntages regarding SA. We discuss the
advantages and disalvantages and then hypothesizeon potatia solutions for optimizing
SA under eeh plan.
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1. Introdution

Under the sponsorship of thiman Factor®ivision of the AA (AAR-100), the
National Airspae System(NAS) HumanFactors Brarch (ACT-530)conducted stug
to examinethelikely effects of thetransition from Geeral NAS MantenanceControl
Centas (MCCs) to Opeations Control Ceters (OCCs) on spmedlists’ situdion
awaeness (SA).This stud involved eviewing the comrept of SA as italates to Airvay
Facilities (AF), looking at alternative meases of SAand evaluatig their
appropriatesss for ug in an A- environment, andypothesizing on altermtive solutions
for potential SA issuesThis stug lays thegroundwork for more exensive resarch
involving human-in-the-loop testiyn

1.1 Background

The conept of SA has en examined in may environments includigfighter pilots
(Carretta, Pey, & Ree, 1996; Endsgl& Bolstad, 1994), Air Taffic Control Specialists
(ATCS) (Durso, Truitt, Hackworth, Crutéibld, & Manning 1998; Hopkin, 1994
automobile drivers (Ggerty, 1997), amsthesiologsts (Géa, Havard,& Small, 1995;
Small, 1995), and chess péas (Dursoet al., 1995).Pilots, ATCSs, and others involved
in dynamicenvironments havan intuitive sense of vt it means to havgood SA. For
controllers, SA is simpl“having the pictue” or “not going down the tubes."More
formal definitions of SA elst in the scientific literature (D8o & Gronlund, 1999;
Endsle, 1988;Fracker, 1989; Mgford, 1994; Pew, 1994; Tolk &eethe, 1982), and
each @finition differs in regards to fine distinctionsTolk and Kesther povided pehaps
oneof theealiest ddinitions to gpear in theliterature They definad SA & theability to
envision thecurrent and futuredisposition of both friedly and hostilearcraft and

surfae threats. Endsle provided a mae general definition of SA as “the pareption of
the dements in theenvironment within avolumeof timeand sgace, thecomprénension
of their meanig, and tle projection of theistatus in the nednture’ (p. 97). Despite the
varied dénitions of SA, all definitions tend to capture the sarasidprinciple, tlat is, to
havegood SA is to be awa of the preent state of eents and to bable to predicand
anticipate futureevents in adynamic environment.

A lower and uppr bound dermines the potential of &s SA (Duso & Gronlund,
1999). An individual’'s SA is limited at the lower boung the dividedattention capcity
of the individual. In other words, theamount of attention an individugives to a task
places a limit on SAIn addition, the individual must be able to acquire infation from
the environment and undgand the m&ning and implications of that informatioo
have agquate SA, one must hathe perequisite egertise and knwledge about the
system of concen so hatthe corectinformation may be exracedfrom the envionment
and so that the implications of that information cacd@prelended. The amount of
attention gven to a task @ermines howvell information is acquad, updatedand
understood.At the upper bound, ehpredicability of the d/namic system at hand
determines potential SAIf the kehavior d asystem wee compledly random, then it
would be impossible to predict and anticipatg future states of theystem. Therdore,
SA for the future situation would seffin an unpedictabé system. On the other &nd, in



asystem that bs some deg@e of pedictability, one can use eting knowledye and
experise o foreseaand anicipate the kely future séte of hesystem

1.2 Purpose

This document addresse® timportance SA for MCC specialists and whicti their
tasks are demdent on SA.It presents aaview of methods used to assess SA and
provides recommeradions rgarding which methods of SA asssment a best suited for
use in the MCC/OCC environmenit also addesses how theeplacement of MCCs with
OCCs ma affect the SA of OCC specialist$lypothesizng about the #ects on
specialists’ SA provides information to decision nrakabout the likgl consegences

for SA in OCCs and identifies potential aventmsfuture reearch. Finaly, theauthors
propose alterative ways to resolve SA issues for OCCs.

1.3 Scope

This document addresseg ttelevance of SA to curent MCCs and likel affects on SA
in future OCCs. This doamment goplies theprindples of cognitive psychology to
comparecurrent MCC operations to aypothetical plan that hasbn proposd for
OCCs.

2. Areasin theMCC/OCC Réevant to SA

Currently, MCCs vay in equipment, Igout, pracedues, and soiftare. Figures 1 throgh
3 illustrae thevariations beéween threeMCCs.

Evert Tracker | Paing System

Figure 1. AF speialist workstation at Kansas @iMCC.
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Figure 3. AF spedalist workstdion & AtlantaMCC.

Despite these vations, the jobs perfmed at fullyfunctional MCCs a& vey
homognous. Systems Fow Inc. condwted a job tasknalsis for MCC specialists in
1994. The ana)sis identified 79 segrate tasks that & peformed ly MCC specialists
and the job requements neessay to peform theseasks. Of thee 79 tasks, the authors
identified 7 tasks that are dutly related to SA (shown in Table) hnd 7 tasks thara
indirectly related to SA (shown in @ble 2). The frequency of each task was estimated.
High frequency tasks argperforma morethan five times pe shift. Medium frequency
tasks ae perfornmed two to fivetimes pe shift. Low frequency tasksare performed once
or less per shift (Btems Fow Inc., Chapter 2, g 3).



The criticality of each task was also ated based oanriteria defined inFAA-STD-028
(1985). Critical tasks (e.g.,@forming a flight checkfor accuecy onan instrument
landingsystem) ae those that must bebormed corectly due to possible adwse
impact on mission effectivenessserious/fadl injury. Semi-citical tasks (&g., corectly
solderinga component in a pte ofelectronc equipment) @ those that, if impragly
performed, my cau® some gstem dgradation, equipment dame, pesonnel injuy,
and/or secunt degradation. The anaysis condwted by Systems Fow Inc. ratedall 14 of

these tasks & bang ether critical or sami-critical.

Table 1. MCC Tasks Direcil Related to Situation Awaness

Task Critica lity Frequency
Ched operational statis by observing facility statis monitor - RMM critical high
system
Check environmental subsystems (e.g., fire, intruson, engine generator) | semi-critical low
— RMM systan
Chedk systan status viamodem-— ron-RMM system critical low
Chedk operatioml staus — local ystem critical low
Monitor weater conditions ard alert aropriate personnel asnecesary | semi-critical low
Initiate s/stem control to prevent servicenterrugion (e.g., start egine | critical low
generator)
Initiate s/stem control to improve qperation (e.g., ®itch between main | sami-critical low

ard stamby equipment)

Table 2. MCC Taskdndirectly Relatd to Situation Awareness

Task Critica lity Frequency

Acknowledge alams — RMM system sami-critical high
Acknowledge alams — local sygtem sami-critical medium
Direct field maintenance teclmicians critical medium
Assist field techicians in trouble $ooting semi-critical low
Prioritize restoratiorof system detemine criticality of system critical low
Respnd to inquiriesmade by personnel in AF, AT, FSS, thenilitary, semi-critical medium
cortracted orgnizations, etc.

Alert personnel of atmormal facility stats; initiate calltackasnecesary | critical low




Systems Fow Inc. also used Té&nbb Element Ratingechniqge, which vas developed

by the dfice of Personnel Mnagement. This technique establishes jadmuirements fo
a variey of occupetions and identifies ancmks 37 job requaments, also ferred to as
Knowledge, Skills, and Abilities (KSAS).

Each KSA vas rated orfour aiteria:

a. Barely Acceptable Vérkers (What relative pdion of baely acceptablevorkers is
good in this elemenj?

b. Superior Workers (How impow.nt is this element in pickingut the superio
worker?)

c. TroubleLikely if Not ConsideredHow much trouble is likel if this element is
ignored when choosingmongapplicants)

d. Prectica to Expect (To wha extent can we fill our openings if we demand this
elementof al applcanis?)

Based on the criteriaratings, aTotal Value was alculaed to déerminethe extent to
which e@h KSA should be consided durirg the sekction of @andidates fothe MCC
specialist occupationThe To#l Value is @culated usig the famula

Total Value=B+C+(BXD)-A-D

whereA = Score forBarely Acceptble Workers Citeria, B = Score for Superior
Workers Criteria, C = Scerfor TroubleLikely if Not Considered Critga, andD = Scoe
for Pracical to ExpectCriteria. The fornulareturns hie hghestpossble scoe for KSAs
that are 1) ma difficult in the job, 2) important to seténg supeior workers, 3) likey

to cause problems ifgnored durirg the hirirg process, and 4)rpctical to expect from the
labor market.We identified sixof the 37 KSAs as begrelevant to SA. Table 3 shows
the KSAs rdevant to SA sortd by thar Totd Value Rank.

Table 3. Job Requirements Relevant to S Botal Value Rank

Rank Knowledge, Skll, and Ability

3 Ability to recanize, anayze, anddealwith shat tem, real tme equipment rameter trencg

5 Ability to maintain awide scqe of awarenas

21 Knowledge of extensive ste-specifc information within geographical area oforcern(i.e.,
climate, terrainroads, airport laguts)

28 In-depthtedhnical krowledge d a specialf (i.e., Radar, NAVAIDS, Communicéions,
Automation, Ervironmental)

30 Knowledge of weather forecastingemminology

34 Ability to interpret weather cita




Based on tlk job task angkis conductd by SystemsFlow Inc., trereare two nain areas
in the MCC where SA is of particulaelevance. The first ar@ con@rns monitorig the
components of the NAS and thecendarea concerns monitorimgaintenance activities
and manging resouices.

2.1 Monitoringthe NAS

Monitoring the NAS involves beigpawvare of compoents internal to theystem and
external components that impiagpon or ue the gstem. MCC specialists must
maintain awagness of interm components that comprise neraus techral s/stems.
These gstens ake tracked n partby the Remote Monitoring and Maintenane System
(RMMS) and thdnterim Monitoring and Controly&tem (MCS). The RMMS includes
the Maintenane Processip Subystems (MPS) and associatedtseare including the
Maintenance Automaion Systan Softwae (MASS)/MonitoringControl Function
(MCEF), theMaintenance Management Systan (MMS), and Simplified Automaed
Logging (SAL). TheRMMS dso indudes theRemoteMonitor Subgstems (RMS), the
Maintenance Data Termind (MDT), and theMCC itsdf. TheRMMS dlows MCC
speidlists to renotdy monitor and control thestaus of séected NAS subgstems, Iay
maintenance actions, and report sevice and facility interruptions ad equipment failures.
Awareness of the intmal components of the/stemsallows the MCC specialist tcamp
an understandmof the owrall status of the facility External factes include the wather
and air tréfic (both current and pedicted) fo agivengeayraphical aea.

Monitoring internal fictors of te NAS would seem to ke important part of ffMCC
specialists’ dutiesStudies were condted basd on obserational and achival daa
from the Southern Californiaéfiminal RadaApproach Control (TRACON) MCC,
Kansas Cif MCC, Salt lake City MCC, and Chicgo MCC. These studies shaal that
specialists oyl spend btween 2o and 11% btheir time actuall looking at monitors
thatdisplay information regarding the currentstate of internal and exernal factors
affectingthe NAS FAA, 1997a; 1997b; 1997c; 1997d)Voreower, a stugt completed i
the NAS Opeations Progam Opeations Degin Team(AOP ODT, 1999¥ound that at 6
of 21 MCCs visited, specialists did not perform @nynary monitoring functions using
the RMMS. Rather, thg learn about outges ly a telephoe all from Air Traffic (AT)
or AFfield specialistsThe AOP OO repat (AOP ODT, ApendixH) attributed the
low level of primay monitoring via RMMS to lack of trainig regardirg the use bthe
RMMS, lack of notification when atility is connected to the MPS, failuré o
assigiment of pimary monitoring responsibilities for those facilities with RMMS
capabilities, and lack of confidence in theability of theRMMS to provideaacurae
information.

These studies reported th little (less tha 8% of tothtime) or no monitoring of ra-time
information takes placat an MCC.Howewer, studies condtted at MCCs that have the
capabiliyy to remotely monitor AFsites m§ hawe underestimated the amount of time
specialists actuatlengage in monitoring(FAA, 1997a; 1997b; 1997c; 1997d)hese
empirical studies estimated the amount and distribution of worklasetion
observational datawhena specialist waengaged in a particula task or lookiig at or
using aparticular system anexperimenter noed hatactvity. Whatthe exerimenters



were not al# to captue in their obserations is how the specialists veatividing their
attention amonggsks. Although a sgcialist mg have leenengaged in a convesation
with another personre@ngaed in a task otighan ative monitoring it is likely that the
specialist was still devotingpme amount dadttention to the aural warrgaor highly
visible changes on the monitors (Kragson, pesonal communication, Ayust 26, 1999).
Although monitoringof internal fictors mg have been moregssive in naturéwaiting
for a sgnal to occu), it is likely that some egree of monitoring was ozurring most of
thetime.

MCC speidlists’ monitoringof externd fadors is éso rdatively limited in tha real-time
information is notalways avaiable. Weaher is the exernal facor thathas he greatest
impacton he curentand futire state of he NAS. Howewer, mostMCC specalists do
not have acess to ral-time wether infomation. Weather information and foecasts e
usually obtained iy means of television biagcasts suchs thagiven by The Weatler
Channel (K. Gayson, persoal communication, Agust 26, 1999).Because Tle Weather
Channel broadxsts information gardirg the entireJ. S. and ocasionaly other grts of
theworld, loa wedher informaion can be obtaned only intermittently.

Given thelimited RMMS @pability (less tha hdf of dl sites) and thelow levd of
primary monitoringby someMCC speialists, aquisition of re&time informaion may
not contribute much to the SA of the s@disit. Situation awareness mae more
dependent upon the spaist’'s understandigof the curent state of thsystem ly means
of delayed information that is obtained onhafteran alam is noticed or an ouge has
significanty affected one omore NAS users.The factthatMCC specalists may not
derive themgority of thar SA from red-time display informaion implies thd thetask of
the MCC specialist does not concern situations tleatanstantt changing and,
therefoe, is not higly dynamic.

2.2 Monitoring Maintenance Activities and Resoures

Speialists must beaware of the current and likey future conditions of theNAS within
an MCC. They mustalso hae sone awareress of he naintenanceresouces hatare or
will be available to kegp the system fundiond. This avareness indudes theavailability
of personnelequipment, and spaiparts used to maintain tfeilities.

Speidists in an MCC mantain awareness of the current mantenance activities in
progress  means dpape and ncil, the Event Tickt" software, the Event Mager?

! Event Ticket is a event natification and tracking s/stem. Authorized personnel canupdate it at ary time
during anevert. Authorized personel cantell at aglance who is involved with, the history of, ard statis
of anewent.

2 Event Managerwas designed to manage, trak, andcoordinate all evets encounteredin the diy-to-day
operation of an MGC or OCC. These evats cansist of facility or sewice interrugtions, flight ched
coordination, facility commissiming/decanmissiming, maintenance acwities nd requiring an
interrugion, maintenance & non federal facilities, traclng of telecanmunication line problens, and
problens with commercial power. The Ewvent Manager is linked to tie MMS.



software, 0 some othecomputer datadse. A study of workload distribution conducted
at the Southern California TRACON MCC showed thatsists at that location spent
25% of their time usinghe Event Maager (FAA, 1997a). The Event Maager, mae
compréhensivethan Event Ticket, lists mantenance adivities thd are currently in
progress & well as thestaus of thoseadivities. The Event Manager also provide a
databaseto hdp theMCC speialist coordinde with theproper facilities tha maybe
affected ty an ougge. Although available at all MCCs, the Event Magx is not wide}
used (R. Goff, prsonal communication, September 2, 1999) and most MCCs utilize
Event Ticket or some otheomputer dtabag program in the absemcof any sandard
procedue. Currently, mary (or most) MCC specialists do not have su#fiti means to
track theavailability of mantenanceresoures sud as field spealists or spee parts.

3. Replacing MCCs with OCCs

The goal of consolidating MCCs into OCCs is to centraland standardeizAF
monitoringand mantenance activities in orde to improveservie to users (i.e AT or AF
field specialists) and customers (i.er,@rriers, the militar, and tte flying public) of the
NAS. Such consolidation is meant to concemraipertise in one location i@OCC)
therely increasiry efficiency in respondig to userand customereeds. There ae two
hypotheti@al plans in which the consolidation of MCCs into OCCy mecur.

The first plan proposes to e@CCs stakéd by a team 6specialists who arexperts in a
particular technical éld or ystem (FAA, 1997e).Hereafter, this plan will be refeed to
as the “Tehnical-Secialist Han.” A secondapproah to rephce MCCs would build
upon current oprations ly having OCCs stakd by a team of spealists who are eerts
in a particulaigeayraphic area. This seond plan would basaly maintain the status
guo and will be redrred to heeafter as thé'Ar ea-Specialist Plan.This document will
compareand evalate both the Technical-Specialist Plan and e Area-Specialist Plan n
terms of thér likely effects on speialists’ SA and ther performance in OCCs.

3.1 The TechnialSpecalist Plan

Unde the Technicd-Specidist Plan, replacement of MCCs with OCCs will rsult in two
major chages to the &sk of the carent MCC specialistThe firstcharge involvesan
increase in thesizeof thegeographical areathat will concern the speeiaist. The second
charge concerns a shift in responsibylitrom one or two specialists who act as
“genemlists” (they handlea vaiety of asgects rgarding monitoringand maintenase) to
a laiger team of spcialists, eachfovhom will primarily con@ntrate ora sinde technial
facet d the fatilities that thg monitor and maintain.

The radedf betweenareaexperise and échnical experise is cental to the
implementation of OCCsSpecialists m@anot fully understand the implications ofea
specific factors €.9., weathe)) on all sites.Howeve, their teehnical eypertise would
likely prevent mary unplanned oages beause thg may be letter able to reognize
anomalous paraéer readirgs. Technical exertise would allow sgrialists to capitale



on remote control capabilities and should lessen the time it takes ter@otlity to
service. The trackoff betweenarea-specific knowledye and tehnical knowlelge must be
cardully consdered.

3.1.1 Increased €ographical Area of Responsibilt

Currently, 42 MCCs ae responsible fomonitoringand coordinatig mainterance d the
AF within the United Sates. Each MCC handes a redtively small geographca area.
With the advent of OCCs, specialists will be responsible for a naugér beographical
area. There will only be theeOCCs with each caving an aea roughly equivalent to
one-third of the United State®eing responsible fora lalger geographical area may
potentialy affect an OCC speidist’'s SA, d least initially.

The SA of an OCC speialist may suffe initially under the Technicd-Specialist Plan
because th aea-sgcific knovledge gained in the MCC will apglonly to a small
portion of the gegraphical aea in anOCC. In order to lave suficient SA, the spealist
must have adequaarea-sgcific knowledge of the environmenand ystems thg are
monitoringand maintainig. For example, the specialist must know about various
environmentd, terrain, and histori@ reliability factors tha may impad the current and
future status of anparticular site. The speialist may be able to kep trak of the curent
state of the ygstems within an &a ofresponsibilityby means beither eal-time or
delayed information. Howeve, it may be difficult for the spealist to predict and
anticipate the stae of the systems in thefuture Spedalists movinginto theOCC would
lack the aeaspecific knavledge deemed important to anticigaand courdract potential
outages in the ggoaphically smaller MCCs (AOP ODT, 1999; K.r&son, pesonal
communication, Augst 26, 1999).

One proposed solution to compendatethe lak of aea-speific knowledye is to
establish and maintain databagontainiig the information an@xpertise possessed b
current MCC specialists (AOP ODT, 99). However, even ifcomplete datadses did
exist, the information in the databases would not belitg acessible to the OCC
specialist without a thoroilipotentially time-consuming) search thrgluthe @gtabase.
Even with an adege datbase, secialists would have to know thegper types of
gueries to make aisk overlookirg potentialy relevant information. Having to sarcha
database to bable to pedict efects offactors seh as veather des not onlymply a
limit on the OCC speidlist’'s SA for futureevents but would intease workload and
lenghen tte time it took to respond to currentatticipated conditionslf specialists
used a datase to aquire knowlede durirg an unpanned outge caugd by area-
specific factors, thg would simpy be eactirg to the outge rathe than being practive
by using their own knowlelge to pevent the ouige. Datakases would help spalists
become morenpactive ony after they have lad time to stugt andacquie the knowlede
contained in the databes.

A second solution to the potential problem of specialists tha¢thaka-sgcific

knowledge is to detail OCC specialists to MCC facilities prior to opethie@@CCs
(AOP ODT, 1999).This solution would tye the OCC specialists somepexiene in
other gegraphical areas; hoewver, it my take aconsideral# amount of time bef@
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OCC specialists wouldain the leel of knowledge and exyertise neded to opeate
efficiently. A presentation ¥ McMannis Associates (1998tates that MCC specialists
requirean aveage d 2 years of on-tle-job trainirg (OJT) in addition to formal trainig
before tley becone proficient at their job. Although this OJ involves learnig more
than jstarea-spcffic information foreach echntal system it is arguabke thatan OCC
spesialist would ned at least 2 years to kecomeprdficient with dl of the area-spedfic
knowledge redvant to a particular technicaystem in an OCCDetailing OCC
specialists to various MCC locations in order to gagaasecific knowledge would also
result in a burden on the #tag requrements for arrent MCCs. Furthermoe,
regardless of which plan is used to implement OCCs, training OCC specialists in some or
all MCCs within an OCC gpgraphicalarea would not addess the futurefdOCCs when
these higly trained specialists retid and took their knowtige with thent

To diminate stéfin g and redirement probkems, athird solution to hip OCC speialists
gain area-speific knowledge would be to conadit OJI. By selecting spetialists from a
variety of MCCs to staff the OCCs, the thgas that aeaspecific knowledye from the
MCCs could be shared anpthe OCC stdfmembers.Howeve, such OT training
requires tha OCC speidlists would hae thetime available to share thar knowledge
with each otherlt is not appant that much time would be availabtonsiderig that
about 16 to 20 OCC specialists would be responsible for the mogitorthmainteance
activities for an ente one-third 6the county. In other wads, the issue of a pattially
increagd amount of worklad ma not allow much time foadequat OJT. At the vey
least, ony a limited amount of time nyabeavailablefor OJI and, therefore, it nyatake
a considexble lemgth of time befoe specialists possessed an adecamaeunt of aga-
specific knowlede, espeally given the lage number bsites thg would have to larn?

An alternative to OD would be to have OCC sgalists involved in someype of
structured trainig program in addition to their geilar working hours. While a structued
training program would help sp#alists gain ara-specific knowledge more quikly,
taking time outsideof norma duties mg imposean inaeaseon thestaffing
requirements.

Although lack d area-specific knaledge will eventually be remedied overtime, in the
interim, speidists ae likely to have difficulty maintaining SA for events in whid area
specific knowlede is needd to predict thosevents. The inability to predict and
anticipate problems myaesult in more fequent unplanned aages than paviousy
experienced n the MCCs.

3 Asof September 30, 198, a D-year prgecion of AF work force denographicsindicaed hat 39% of
the employees sering in a techircal/prokessiaal function would becane eligible for retirement (Fu
Associates Ltd., 1994).

* Even f time was availatle for OJT, people varyin their alility to communicate, prticularly when tiying
to impart implicit procedural knavledge. The spedandquality of OJT will vary depending on this ahlity.
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A benefit of the 'Bchni@-Specialist Plan is that once an agg has ocurred, speialists
would have theaquired exertise to ectify the outge. This expertise would potentiafl
allow a more apid and eficient response to an ouga as comared to those thaict as
generalists and onl know a little about eactystem. Specalists who are technical
experts would beable to ranotdy control many facilities. These speialists would &so
have more knaledge about theytpe of equipment thgare monitoriig and will beable
to notice and coect anomalies in parasters béore an outge occurs.

The inabilily to predictevents based aarea-sgcific knowlkedge ma be offset by the
specialists’ abily to predct events basl on technical knowlegé. A lower level of NAS
reliability and service may be experienced durirg theinitial implementaion of OCCs
under the Technical-Specialist Planyotd the exent that the inabilit to predict outages
via area-specific knowlage outweghs the abiliy to predict outages via technical
knowledge.If the tradedf favors aeaspecfic knowledge, some deement in NAS
guality should be epected until OCC specialists able togain adequatearea-specific
knowledge to be ablto predict situations that maesult in outges. However, if the
tradeofffavors echnical knowlede, then little or no decreamt in NAS qualiy should be
expected as aesult of better SA foboth presenaind futureevents. In fact, it is possible
that fewe unplanned outges would occuunder tke Technical-$ecialist Ran because
specialists would be more liketo notice anatorrect anomalous grametrs that wee
beingmonitored de to their superior gtialized techniel knowledge.

3.1.2 Redistribution of Responsihikes

Currently, specialists in MCCs act as gealsts in that thg monitor numerous tdnical
systems and coordinde and track the mantenance adivities regrding thosesystems. In
contrast, under th€echntcal-Soecalist Ran, specialists in each of the OCCs would
divide the responsibiltof operations for og-third of thecountry between apximately
16 specialists in five or sidifferent technical aras. Theareas of esponsibilily in each
OCC would include: Environmental, Communications/Telecommunications,
Navigational Aids, Automation, Surveillance afiic (actualy an AT position similar to
a Trafic Management Unit), Hlp Desk, and Vatch Lead. With the exeption of the
Help Desk and \&tch Lead positions, the specialists would b@exts in their espective
techncalfield. Specialists currenty in the MCCs arealread/ experss in atleastone
technical field, so the imghof transitioning from aenerdlist to a specialist should be
minimd if their technical skills have remaned intact sine previous traning.

Speidlists in OCCs magxpeience a positivebendit as aresult of theredistribution of
responsibilities from gneralists to technical specialistSechnical speailists would be
more able to noticand deal with anoalous pararger readirgs for systems thg were
monitoring. Becaug each speialist would be an egertin their techncal field, they
would have gyreate knowledye baseand set of egerierces fom which to drav upon to
recagnize patternsoconditions that malead to unplanned cages. Additionally, there
may be fewer unplanred outayes kecaus attention could beadlicated pimarily to the
monitoringof one @rticular technical ystem within the OCC under thedhnial-
Specialist PlanTechnical spealists mag have bette SA for both the prsent anduture
situation and would be better aliteprevent unplared outages. Once an outge did
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occur, the time it took to repaan outag should be shitenedcompaed to an a&a
specalist becaus the echntal specalist would have a bégr idea & how he dfected
system opeates.

The redistribution of responsibilities among fields of techhspecialization in the OCC
mayimprovespecialists’ SA for both preent and future events regading a single
technical gstem, but specialists m&awe lower SA fa otherrelated gstems. Rathe

than SA residingwith oneor two speialists & in an MCC, SA in @a OCC will be
distributed across @&latively large team of 16 to 20 sgalists under the Témicat
Specialist PlanAlthough it is not likely thatall members of th©CC team would need
to share all a@ilable information, ther will have to bea certain degee of shared,ro
group, SA. Therdore, it is important to know what informationeds to be shrad and
with whom to share itTeam SA is important to the &nt that one technicatea is
interrelated to other tehnicd aress.

Specialists interviewed in support of this s efort indicated that om way to support
team SA would be to have multiple common status boards that adesalisps about
the other agas ofresponsibiliy. Other ACT-530 remarchers a curently addessingthe
guestion of how to maintain team SA within an OCC that isrozgd unde the
TechnicalSpecialist Planlssies to be ad@éssed should include w&hinformation mg
need to bedisplayed oncommon steus boads and whid specialists will need to
communicate with ezn other most oftenUnderstandirg how the spcialists
communi@te with each othe in an OCC will impact the physical layout and seting
arrangement of theOCC workareaand will hdp mantain tean SA. Stgs must beaken
to counteract theffect ofredistributingSA from one or two spalists to a team of 16 to
20 specialists under the dlmnical-Speialist Plan. Such counte@ing stepsare
necessy to the exent thatthe echncal systens ae interrelated.

A final possible eféct of edistributingresponsibilities under the Tecluail-Spedcalist
Plan is tha there is thepotentia for a higher level of workload per speialist. Fewer
specialists in an OCC would be responsible ferdame number o&€ilities that were
previousy monitoredand maintainedyonumerais MCCs. Although specialists in the
OCC would have a gher lewe of technical exertise and woulddsable to pedict and
deal more #iciently with outages that did not depe on aea-sgcific knovledge, it is
possble thatthis experise woul notbe suffcientto offsetthe ncreasem warkload
resultingfrom a hgher sgcialist-to-facilify ratio under the €chnical-Specialist PlanA
linear incease in spealist workload is likey to translate into egonential decrases in
SA at some point (K. Gragn, pesonal communication, Ayust 26, 1999).Therdore,
there is a tgherfacility-to-specialist ratio under thee€hnical-Specialist Plan, it should
be ensurednat the spealists techntal experise woul beable to offset anyincreasesn
workload.

In summay, the Tehnical-Speialist Plan for implementin@CCs chould result in
specialists havingetter SA for both the ggsentand future sta of the pdicular
technical systan they aremonitoring However, theeis atradeoff. Spedalists mayhave
poor SA for future events thatequire area-specific knowledgye to reognize becausthey
will be lacking in sud knowledge initially. The spedalists’ technical expertise and

12



focused attention should allow them to be bedtde to ecanize and countect
anomdous paameter readings tha are bang monitorel to theextent tha active
monitoringof paameters is t&ing place. If theability to predict outages rests moreon
technical knowlede than eeaspecific knowledje, fewer unplanred outayesand an
increased level of service may beexperienced. Although OCC speidists may initially
have trouble prdicting and counteacting potential outges based oarea-specific
knowledge, one an outagelid occur tley would be al# to remeg the ouaige in a maz
efficient manner beauseof thear tednical expertise and ability to useremote control
capabilities.

There is no@ason to believat this time that the benefit of area-sfiedinowledge
outweidhs the lenefit of technicalexpertise, but therera traceoffs that walld occur. It is

an empirical question wheghtechnical eyertise would oveomea possible incrase in
workload due to: 1fFewer OCC specialists would besponsible for theane number D
facilitie s tha were ona handled by MCCs; and 2) thepotentia for an inarease in the
number of unplanned owgas due to kek of aeaspecfic knowledge. Finally, unde the
TechnicalSpecialist Plan, the redistribution of responsibilities requires that the issue o
maintainingadequategroup SA must beonsideredind dalt with in the desig and
implementation of OCCs.

3.2 The Area-Spechalist Plan

The Area-Specalist Plan s an dernaive o the TedinicalSpecialist Plan.. This plan of
havingeachOCC specialist be responsible finly a small portion of the total aa
within an OCC wa mantioned duringprevious inteviews with subjest matter experts
(AOP ODT, 1999pnd is essentiallequivalent to maintainopcurent opeations.
Implementtion of OCCs usinghe AreaSpecialist Plan would result in one major
charge to the vay MCCs are curently opeated. This planwould consolidate forer
MCCs within the gographi@ bounday of an OCC into a sirlg location. Such
consoliddion would dlow the assigiment of MCC speidiists to futureOCCs whilestill
maintainingresponsibilityfor the samapproxmate gegraphical location. Of course,
there is thepotential that somespeialists will not want to rdocate to thenew OCC
location.

The Area-Specalist Plan would maintain current levels of Séchug the transition from
MCCs to OCCs would be mimal in terms of losin@rea-specific knowledge. No
decrenents in specalists SA would be eyeced beau® they would akeadypossessie
areaspecfic knowledye needd to be practive in preentingunplnned outges due to
areaspecfic factors. Therefore, the ate of unplnned outges should not increasvith
the implementation of OCCs under theeAfrSpeialist Plan. However, spcialists under
the AreaSpecialist Plan would not be gerts in all the ystems thg were monitoring
This lack of epertise would make them less likeb undersind the implications of
anomdous paameter values bang monitoral and they may not beable to fully utilize
remotecontrol cgabilities. These spedalists mayhave lower SA for both preent and
future eents that depended oechni@ expertise as compead to spedlists under the
TechntalSpecalist Plan.
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Thetrade-off tha occurs with theAreaSpeidlist Plan is thad there will not beindividuds
assigned toa givengeographicalarea of esponsibiliy who ae experts on each tectuoal
system. However, kecause thee would beessentialf the @me number bspecalists
responsible for thé&acilities as in MCCs, numerous specialists would be consolidated in
one location and it is likglthat all @eas & technichexpertise would begpresnted on

any given shift. The Area-Spedcalist Plan does not @ll for a substatia redudion in
workforce so it mg bemorelikely tha workload remained manageable. Time and
workload would ned to be manageso that a smaalist with needed thnical exertise
from onegeographicalarea of esponsibility could help another spedist who did not

have he neessay technta experise. Alternaively, technical expers, such asiat
provided ly an opeations support staf6ould be agilable to handle the toughest
technical problemsStaffing requirenents should be optimized to ensure that specialists
are not overworked (natjvely affecting SA) or unebr-utilized (inducing complacepk

A potential drawbad to theArea-Spedalist Plan is tha multiple montoring and
maintenanceystems would hawto be positioned in the OC@Rather than havim
essatialy one suiteavailable to monitor eah comporent of theNAS, asuitewould ke
needed foeachgeographi@ area. Oneway to avoid aglut of monitorirg equipment
would be to consolidate the numerassnplement of monitoringystems into agwer
number of monitoringystems. Such aconsolidation of gstems, althoulg not an
absolutenecessity, would require additiond design and research to ensureusability
requirements.Consolidation of monitoringystems would result in a likgincrease in
SA compared to auent MCCs beause it would be asier fa specialists to integratnd
understand data dlh previousy had to be obtaineddm dispaate soures. Consolidation
of monitoringsubystems is recommeredi regardless ofvhether tle Area-Specialist Plan
or the Techroal-Speaalist Plan is implementeddith consolidation ofstems, SAor
any one particuar g/stem in the Aea-Speialist Plan ma be lower than undethe
TechncalSpecalist Pan becausatention woul have ¢ be distributed acrosshe
various ystems.

If deened necessgrresouces used to conduadditional degin and esearch of
consolidated monitoringystems under #hArea-Specialist Plan would be traded-offith
the same resoces reeded tawonduct eseach in trainirg programs and maintenae d
group A necesary underthe alterative Tehnical-$ecialist Ran. The Area-Specalist
Plan woud leave @ for al systens within a paticular geographcal area n the purvew
of a fav specialists ratr than distributedaoss numerous ¢dnical exyerts. The issue
of maintaining goup SA would le important ony to theextent that specialists from
various gegraphical aeas eeded to shre infomation with one another.

In summay, the Area-Speialist Plan maintains the status quo while consolidating
operations and stanahzing proceeduses. This plan mg require greater stiing
requirements, but an irease in workloadvould not be egected. Specialists would
retain aea-sgcific knovledge and would be ablto predict andtounteact potential
outages that depeed on the use afrea-sgcific knowkedge. However, specialists
would not have technét expertise on all gstems thg were monitoring and thg may not
be as likey to notiee and courdract anomalous pameters. It would also take them
longer torectify an outge than if tley possessed levant tehnical eypertise. SA for
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presentand futire events may be bwe compared b the TeehnicalSpecalist Plan b the
extent that attention is widgdistributed and SA fies on technid knowledye and
recagnition of anomalous pattes while monitoring There is no @ason to ggect that
unplanned outges would derease uner the AeaSpecialist Plan, but there should not
be ary period in which un@nned outges would incrasecompared taurrent MCCs.
Finally, specialists’ SA would not be widgldistributed aross a numlreof team
members under th&rea-Specalist Plan and resechregarding how to maintain group
SA could be redeed orrefocused to othearess.

4. Compaison ad Testingof thePlans

The man issuehighlighted by the previous distission is thdact that therewill be some
tradeoffsregardless of whether he Area-Specilist Plan or he Technial-Specalist Plan

is implemented. The Area-Speialist Plan currently being used in MCCs favors are-
specific knowlede over €chnial knowledye while keepirg SA in the purview bseveal
individuals who must distribute their attention over a number ofmift 3/stems. The
TechnicalSpecialist Plan focuses attention onedtipular system by favoring technical
knowledge ovearea-sgcific knowledge and distributig SA acoss a lager team of
individuals. These two alternativesgsent vey different andcomplexviews of how best
to implement OCCslt would ke difficult to test all lypotheses in just a fewexperiments.
Therefae, it is proposed that onthe tadeofs that appar to pose thgreatest risk to the
implementation and perforamce @ future OCCs be eamined ly empirical methods.

5. Measuremntof SA

Given the options that aevailable fo the implementation of OCCs, it would be
worthwhileto sssess and compéae specialists’ SA for different implementétion
alternatives.Many different methodologes to masure SAcurrently exist including
subjective and objective @asues. Furthermore, paticipants @n provide masures b
SA either on-line or dfline. Measures peviously used for the assessment of SA include
psychophysiological mesures sth as ge movements (g., Moray & Rotenbeg, 1989;
Wierwille & Eggemeier, 1993), @ctreenceplalograms and bart ete (e.g., Wilson,
1995), verbal ptocol ana}sis (eg., Ohnemus & Bers, 1993; Sullivan &lackman,
1991), post-hoc techniquésg., Durso, Truitt et al., 1998; Rodgers, kford, &
Mogford, 1995; Strauch, 1995xtrospetive recall (eg., Kibbe, 1988), sup®isory and
peer ratings (e.g., Bell & Waag1995) subjetive rating techniques (e.g., Vidulich &
Hughes, 1991; Tdor, 1990), memky probes €.9., Endslg, 1988),and on-line quees
(eg., Dursoet al., 1995).For acurrent review & SA and methodolgpies used to asss
SA, see Durso an@ronlund (1999).

5.1 Subjecive MeasuresfoSA

Subjective measure$ 8A such as the Situation Avemess Ratigp Technique (SART)
and he SA-Subjecive Workload Donminane@ (SA-SWORD) scak typicaly consst of
Likert-type rating sales (Taylor, 1990; Vidulich &Hughes, 1991).These sales simpy
require @rticipants to rate thir level of SA fo a pevious time periodParticipants usig
the SA-SWORD method rate their SAyimaking relative @ir-wise comparisons foeach
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experimental condition after agk or simulation has been complét The SART
measure obtans, in aldition to SA réings, asubjetive rating of cognitive constricts
related to SA such adtentional suppl, attentional demand, and wrdtandiig.

Participantsypically cannot provide subgive measugs of SA on line beause tk
measuresaguirea catain amount of attention to complet®laking the ratirg tends to
distract the participantdm the primay task. Moreove, subjective masures bSA like
SART and SA-SVWORD tend to ret on memoy for what hgpened dting a preedirg
task or simulation.Such a reliance on memowill tend to bias the subjectiveting of
SA towards the most reeoccurences. This memoy recall bias is known as¢h
recerty effect that is present withée-ecall memoly tasks (Murdaok, 1962).
Furthermae, thee is some question as to wheatbe not participnts, especiatlexperts,
can be fuly awae of their avn cagnitive activity (Nisbett& Wilson, 1977).Because
experts have a pgh level of pocedural knowlede, it can b difficult for them to translate
such knowlede into a delarative repesendtion.

Although thee ae some inhant problems with subjective rasures of SA, sain
measuresra relevant in that thg allow participants to gxress pereptions of their own
SA. Participants who peetve that their SA as poor foragiven task mgbe less
motivated to perform that parti@aritask in the futwand regative congquenes my
result in terms of usercegptan@ and motivation.Therefore, while subjective nasures
of SA ae limited in ther useand subjetto biases, suh meaures are important in
gaining an oerall undestandirg of any task or eyerimental manipulation.

5.2 Obijecive Measues of R\

A variety of objective meastes of SA eist. The Situation Awareness Global
Assessment Techniq8AGAT) developed ly Endsley (1988) is one bthe morecited
methods for measugnSA. In gened, the SAGAT masure oprates ly having the
participant egage in a simulation.Then, at some point, the simulation is moand the
experimenter removeall relevant information so that the participant no longas acess
to it. The participant then an®ns a sries ofrandomy selected questions obtained from
a set of predtermined itemsTheaacuracy of the @rticipant’s responses sees as the
dependent masure of SA.Usually resarchers scre responses tha#ll within an
acceptable range as “correct” becauseparticipants sédom reall verbatim information
with a high degree @ accuracy. For example, a eseacher mg/ scae aresponse
requiring dtitude information in en AT task as bang corred if the answer given is within
1000 ft of the veratim answer.Exactly what cegree of pecision eperimenters use in
determining whetheran answer was corector notmay greaty affect the valdity and
reliability of theSAGAT measure

Although SAGAT is an objetive measte of SA that bs a hgh degree offace validity,
there ae some inheent dravbacks to this qugrtechnique.First, the 3 GAT measure
requires theexpearimente to stop thesimulaion and administe the measure off-line.
Some reseaheas haveargued tht interrupting the simulation chges the natte of the
task at hand (g., Sater & Woods, 1991).Interuptingthe simulation is not owl
unredlistic, but it dso mg require the paticipant to sp@d somecognitive effort to regan

16



an understandmof the situation fier the simulation has ba restded. Therefore,
SAGAT is vely intrusive for most tgh fidelity simulations. Second, becauseAGAT
removes all revant information bfore posimg a giery, the nmeasue relies on the
accuecy of the paricipants memory as he dependcntmeasue of SA. Remembering
certain information maynot ke to theadvantage of a paticipant, especially in catain
tasks. In fact,remembering ceain verbatim information is probably counterprative
in tasks that provide relemt information via primar displays. For example, in air tréic
control, informdion sud as an aircrat cdlsign, current and assigned altitude, heading,
and speedra all shown on the plan view displaMemoriang exact displagd
information would ony usecognitive resoures tha the ATCS neds for other primey
tasks such as maintainiagcraft se@ration. A study condiwcted ty Gronlund, Ont,
Dougherty, Pery, and Mannimg (in press) showed #t ATCSs do not remembernpatim
information. Rather, they tended temembe only the gist of the relationships betee
the elements underefr control €.g., airaaft A is higher than aicraft B).

Sarter and Wods (1991and Durso eal. (1995) hae proposed oiline measugs of SA
that overcome therpblems of elying ona participants memoy and interuption of the
simulation. Sarter and Wods have proposeh implicit performane mesure that is
directly related to SA.They suggest emplging an eror detection task in which
expeaimenters measurethetimeiit takes apartidpant to re&t to an error oranomady in a
simulaed s@nario. While this implidt performance meaure of SA diminates the
problem of interruptig the simulation, gxerimenters musypically keep the fequery
of error occurrences to aminimum in ordeto preserve theredism of thetask. Using an
error cetection task ealistically in an environment wéreerrars do not occuvely often
results in a small number of data points to meaayarticipant’s SA. Furthermoe, it
may not be obvious wén a prticipant noticed an anomauntil the participant took
somecorredive adion.

Durso et al. (1995)dve developedan objective masure & SA that ovecomes the
problems of rgling on memoy, interuptions, and the égquery with which meanigful
data can bcolleced. The Situation Present Assessment Method (SPAM) is an on-line
guer technique tht allows the assessmentaopartici@nt’s SA without interruptinghe
simulaion or real-world adivity. Initially developed with tess plyers, reseachers hae
used SPAM successfylivith ATCSs in simulations (Durso, Hackworth et al., 1998;
Willems & Truitt, 1999), and automobile drivers in real drivsitnations (Chukwwah,
Durso, &Truitt, 1999).

The SPAM measure of SA wks by embeddig queaies within the task of caern. For
exanple, ATCSs often receve cals over te landline conmunicaion s/stem (like a
telephone call).Rather thaneceiving a call fom an adjacent sector adility,

controllers mg intermittenty receive acall from anexperimenter askigpabouta rekevant
part of the task Experimentergonstruct quees in consultation with an SME to ensure
that the queries astbout information that is relemito SA. Once the prticipant

receives a quey, the exerimenter ten measuas the time it takes the pigipant to
answer he qlery. Ratherthan siply recading whether he ansver wascorrector not

the experimenter can easue the time it took the participant to access theveait
information and respondAdditionally, SPAM queries involve information that is
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relevant eitheto a pesent or futug situation. Response atray to the SPAM measure
is usualy quite hidh because all of the infanation needd to respond to a queis

present and available to thepartidpant & dl times. Overal, SPAM dlows for frequet
on-line measureent of SA rgardirg both the presnt and futue situation without
disruptingthe primary task.

5.3 Measurerentof SA in AF

The best meases of SA for us in the A= environment ee yet to be a@termined.
Responses to the questions posed to the SMEs and the upausiigtp opestional
MCCs will provide more insigt about the appropate meastes. However, it is
reasonald to exyect that both subjective and otijee measues of SA would be usel
and gproprete in the AF environment even thowgh red-time informaion may not beas
important as in other, morg/amic tasks.

Subjective measures of SA will be usdul in the AF environment be@use speialists will
likely notice lrge changes in their SA thatmay be induced ly certain condtions such as
lack of aeaspecifc knowledje. A simple wg to assess SA would be teMe the
specialist respond to the question, “Hawae are/were you d the pesent/future statef o
the yystem? Each specialist coulespond to the questiorylmaking a Likert sale
rating Dependirg on the lee of taskload, spcialists could makeessponses to the
subjective measearof SA on-line at gpdeermined points during simulation without
much disruption.

Objective meases of SA couldlso be used to support the subjectatings made ly
specalists. Reseachers ould enploy an mplicit measure of gformance to assess how
quickly specialists noticed an outg a how quickly speialists took the propercéion to
prevent or esolve an outge. Additionally, an on-line qary method suclas SPAM
could be used to assess hawae speialists are oinformation that is releva to the
presenstate of he sysitem Reseacherscould alko usetlie SPAM to assess how el
speidlists ae able to predict what will happen in thenea future Specialists’ ability to
predict the futue may beespecialy important beause dsigners of tle OCCs would like
specialists to be more prdéave and sevice aiented. The SPAM measure of Séould
probaly beimplemented in aredlistic way soas not to interupt thesimuldion to ay
large extent. Futuredisaussions with SMEsral visits to opestiond MCCs will hdp
determineif the SPAM mesure can be incorparated into thetask of the MCC/OCC
specialist in a realistic mannelt is possible that the SPAM dependent measi
reaction timemay not besensitive enough for usein the AF environment (i.e, variance
may be too large). Becaug SA has neer been examned n the AFenvironment a piot
study is essential to determirgrihe uséulness of vaous SA measures.

6. Conclusions and Recommendations

SA is rdevant for theMCC speidlists in thd theymust mantain an avareness of the
current status of theAS and beable to predit the future status of 66NAS. Specialists
maintain SA ly usirg both are-specific and tchni@ knowledge. Howeve, the task of
the MCC specialist is not wedynamic in natue becausefdhe limited amount of
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monitoringthat involves real-time infonation. Specialists in the MCC are able to
anicipake the fuure status of he NASIn pat becaus they possess eelatively high level
of area-specific knowledge about tiaeilities of corcern. This area-specific knowlege
also heps hemanicipae andcope wth probkenms assoiated wih maintenarce and
repair furctions when dispatch@field specialistsHowewer, curent MCC specialists
often lack the tehnicalexpertise that is required toaagnize anomalous paraneet
readirgs and epair a g/stem oncean unplanned oate has ocured. In addition to SA,
effective problem solving and de¢sion m&ing are important cognitive processes for the
MCC speialist.

OCC specialists under the cently used Aea-Speialist Plan would remainesponsible
for numerous op@tions conerning a smallgeographi@ area within an oveal OCC
area. This plan does not focusdenical exertise in a grticular facet of opestions
within an OCC, but it dog diminate theneed for aditiond training and immaeliate
construction of datases while lavingarea-sgcific knowledge intact. However,
maintainingthe status quo is advag&ous for SA oy to the exent that areapecific
knowledge is important for spialists to be able to anticipadééd counteactevents that
will impact theNAS bdore they occur. Spesidists would probhbly have alower level of
SA for presentind futireevens ascompared b spedcalists in the Techrial-Specalist
Plan b the exent that SA relies on echntal experise.

Area spcialists in curent MCCs are not able to fag their attention on one pigular
system. In addition, the parametg of the gstems beig monitored do not provide ¢h
same depth of inforation and meanmto the speailist who has technit expertise.
The Area-Speallist Plan should ensure that workload will not beessive durig the
initial implementation of OCCs and eliminates, to some extent, the ngdesaddess
issues regding distributedgroup SA. Group SA will be important thougto the etent
that specialists from diffent geographicalareas need to interct with oneanother. There
is no reason to g@ect that unplanned owgfas would deea® under tk Area-Speialist
Plan, but there should not beygreriod d time in which unplanned outages would
increasg ether.

The implementation of OCCs under the Technical-Specialist Plan will eliminate most of
the are-specific knowledye curently possessed WM CC specialists.This is becaus
specialists will be responsible farmuch lagergeographical area with which there
unfamiliar. Although area-specific knovellge mayreside in ayet to beconstructed
database, sin knowledje will not be ready available for ug durirg an outage.

Therefore, thedatabase would not initidly assist thespesidist in bang proattive.
Databasesvould eventuall help speialists become merproactive on@ they were abe

to gain experierce with the dabasesand acquie the knowlede contaied therein.

As a result of not havimarea-speéic knowledye for facilities in such a lge
geographical aea, OCC specialists will not be able to poedbme futureevents without
the hdp of sometype of artificial intelligence (Al) mechanism or etensivetraining.
Therefae, until OCC specialistsam area-sgcific knowlkedge or until some sort of A
mechanism is in place, OCC specialists willyonéable to ract to outges that lave
already occurred andmpacted NAS uses and custmers due ¢ area-sgcifi c factors such
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as weatheor tarain. In other words, it is epected that OCC specialists magpe very
poor SA for futue events thataly on aea-sgcific knowledge to be dtected.

The hypothesized problem of low SA in the Techral-Speialist Plan for futurevents
requiring area-sgcific knovledge may be compounded ythefact that SA will have to
bedistributel anongateam of specialists. Theresultingissues of distributel tean SA
amongsyecialists responsible for dédrent technickfacets of the MS are ony beginning
to be addresskby other eseachas. Workload mg also incease uner the echnial-
Specialist Plan because it ispexted that feer speialists will be responsible for ¢éh
same numbe of facilitie s.

On the other hand, thieechncal-Speaalist Plan ma offset ary increa®s in workload
and/or number of unplaed outayes lecause of theexpertise that each sepialist will
posses. Workload maybe offse by thefact tha spesialists will betechnical experts in
monitoring solving and ectifying unplanmed outages.Specialists with exyertise in the
particular gystem thg are monitorig should be betteable to ecaynize and caorect ary
anomalous paraéter valles befoe an outge ocurs. In othe words, tehnical exerts
should have better SA foine presnt and futue events that are noteghendent on r@a-
specific knowlede. Oncean outge did occy, specalists with technical epertise would
be better able to handle the outage theeby short@ing themean timeto repar an outag.
Furthermae, techntal speialists could focus their attention primaribn onefacet of the
monitoringand maintenare responsibilities. Being able to faus on one particular
system ratler than distributing attention across magstems should also eafrce tre
speidlist’s SA for thesystan baeng monitorel.

Empirical investigtions of the pothesized effects should be condwett. Becau® of the
conplexity of each pan, a ereful study of the efects with thegreaestpotenial to
impact the OCC should bevgn priority uncer time constraintsResults from these
investigations can thn be used to hefprther informdecision makis as to which plan
would be most beneficial fGA and the implementation of OCCs.
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AOP National Airspae System Oprations Progam
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FAA Federd Aviation Administrdion

IMCS Interim Monitoringand Control $stem
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MASS Maintenance Automaion System Softwae
MCC Maintenance Gntrol Center

MCF Monitoring Control Function

MDT MaintenanceData Terminal
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OCC Operations Control Center

oJr On-the-db Training

RMS Remote MonitoringSubsgtem

RMMS Remote Monitoringand Mainteance Center
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