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Executive Summay

Currentairspace stcture srigid and does nadllow for dynarmic reseobrization of arspace
boundaries.Dynamic resectoretion is adaptive and can efficientigndle heavyraffic
situaions, shiting weaher condiions, satus changs in specal use aispace, and user-preferred
routes. Dynamic resectoration has the potential to reduce aircraft deldgcrease fuel
consumption, and lower operatingsts for the airline industryThe potential benefits for Air
Traffic Control Specialists (ATCSs) are to offset heawykload and reduce coordination and
communications However, dypamic resectoration maybe disruptive and could have @ége
consequences for controller situational awareness and perform@mnseaeport describes a real-
time human-in-the-loop simulation studgsigned to investigte a specific approach to
implementing dynanic reseabrization betveen o adpcentAir Route Traffic Control Centers
(ARTCCs)

The objective of thestudywas to examinetheimpact of inter-facility dynamic resectorizaion on
ATCSs’ workload, communication, situational awareness, control seatend performance.
As a preliminaryinvestigation, the scope of the studsas limited to lateral boundary
adjustments and specific traffic situations that should benefit the most friamaty
resectoriation. The researchers selected a heaaiffic situation and shiftingveather patterns
as scenarios for this investigpn. The approach was to predefineimts of airspace that could
be allocated to one ARTCC or the other dependjpan the traffic situationThis approach
represented a simple method ohdynic resectoretion that could be implemented usitigrent
air traffic contol equpment

A team of human factors researchers and Subject MatpartSSMES) conducted the
simulation in the Research Development and Hunzedfs laboratoryat the ederal Aviation
Administration Wlliam J. Hughes Technical CentekVe developed eneric en route airspace
for the stidy thatconssted of wo adpcentsecors fromdifferent ARTCCs. We briefed every
contoller on the arspace, seot configuraions and he sandard operatg procedures fore
generic sectorsWe coupled the briefingvith hands-on trainingcenarios to help controllers
quickly becomefamiliar with the generic sectors.

Twelve full performance level controllers participated in the stuehyr a 6-week periodEach
week, two controllers arrived for 3 dagf simulation testing We evaluated controller
performance usingbjective measures producedthg laboratorgimulation software and with
subjective measures providedthye SMESs usingn over-the-shoulder ratirfigrm. We assessed
contoller workload usng the Natonal Aeronautcs and $ace Adnmistration Task load hdex
and the Air Traffic Workload hput Technique We measured ATCS situation awareness using
self-ratingg on a numeric scaldn addition, controllers completed questionnaires after each
scenario and at the end of the study

The results indicated that migmic resectoration did not interfere with ATCS performance.
Most of the obgcive and sulgcive measures of perforamce ndicaed hatthere was no
difference between fed and dyamic airspace boundaries in either of the traffic situations
examined. However, the results indicated $iity fewer separation losses formdymic
resectoriation in the heavyraffic scenarios, althoungthis trend was not statisticaligliable.
There was no difference in the number of separation losses for the shittiger scenarios.
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The results also indicated fewer land line communications feardic resectoration in the
weaher scenads. Dynamically allocaing a predefied area of aspace bateen he seabrs
eliminated theneed for most of thecoordingion communi@tions. In contrast, theheavy traffic
scenarios indicated sh¢ly more land line communications forrdymicresectoriation. In fixed
boundarybaseline scenarios, aircraft were simpiynded-off between sectors and no land line
communications were necessary

Findly, theresults indi@ted slightly lower NASA-TLX workload raings in dynamic
resectoriation scenariosHowever, dypamic resectorgtion did not reduce controller situation
awareness.

Future studies are needed t@lexe different approaches tordymic resectoration. The
potential benefits of both hoontal and vertical dyamic resectoration need to be exnined as
well as resectoration between TRACONs and ARTCCEhe present studgentified specific
high-densitytraffic and weather situations that can benefit fromeadiyic resectorgtion.
However, dyamic resectoration maynot be effective for all traffic situations.

It is important to identifisituations where adhamic resectoration maybe beneficial and

situations where resectoaizon should not be mad®ther issues that need investign are
when airspace boundaries should be adjusted and what forshitig take.
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1. Introduction

Dynanic reseabrization of arspace coul enhancehe efficienthanding of heavytraffic,
accommodate shiftinggeather conditions, status chaagn special use airspace, as well as result
in increased safgtand n costbenefts to Naional Airspace $stem (NAS) users.However,
dependingipon how procedures are implementechatyic resectoration maybe disruptive,
increase controller workload, and cause otheathagconsequenceshe human-in-the-loop
simulaion desaibed in this report wes designed to investigate a speific implementaion of

dynanic reseabrization betveen tvo adpcentAir Route Traffic Control Centers (ARTCCs).

The Human E&ctors Fr 2000 Progam Baseline Research Plan of Air Tiia Services assesses
issues related to airspace boundadjustments.The ARA Rerformance Pan Goal 1 (safejy
calls for theFederal Aviation Administrdion (FAA) to utilize basdine daato identify human
performance issues in air traffic maeagent (ATM). This studydirectlyaddresses the ATS
Subommitte Report of theNAS ATM Research and Development Advisory Committes’s
manddae to foaus research on theability of Air Traffic Control Speialists (ATCSs) to da with
flexible airspace (e.g dynanic reseabrization).

Currentairspace stcture srigid and does nadllow for dynarmic reseobrization of arspace
boundaries.Dynamic resectoretion is adaptive and can efficientigndle heavyraffic
situaions, shiting weaher condiions, satus changs in specal use aispace, and user-preferred
routes. Dynamic resectoration has the potential to reduce aircraft deldgcrease fuel
consumption, and lower operatingsts for the airline industryThe potential benefits for
ATCSs are to offset heawyorkload and reduce coordination and communicatibf®yever,
dynamic resectoration maybe disruptive and could have adge consequences for controller
situatonalawareness and perfoamce. There are dierentapproachesotimplementing

dynamic resectoretion usingcurrent and future automation toolSome methods maye less
disruptive and more effective than others.

Inter-facility dynamic resectorization represents aradical change from aurrent, mostlystdic
procedures that determine airspace boundaHaster-facility dynamic resectoretion is used

to support increased fliq flexibility , it still must provide controllers the cues, information, and
organization necessarto maintain situation awareness and aircraft safétye keyis ensuring
thatthe dyhamic reseabrization processtself does noimpair system efficiency

1.1 Backgound

Due to areas of severe weather, air turbulence, a#iigl, or communications equipment
problems, it often becomes necesdarglivert air traffic from their normal or preferred routes.
Somdimes, setors beomeso ongested with trdfic tha arcraft must bediverted to avoid the
sector. Allowing airspace users more fibXity in determininglight routes and the
implementation of Free Flig proposals will further eacerbate these pressures over preferred
routes or sectors (PlanzerJ@nny, 1995; RTCA 1995a, 1995bY.he increased fligt flexibility
assocated with Free Hight could lead b situaions n which currentairspace seor

configuraions no dbnger metch traffic flows. To acconmodatk Free Fight, the seabrization of
airspace will also need to be more fldg, especiallyf controllers maintain responsibilifpr

safe separation.



The forecast for increasirar traffic demands over the rtedecade (Honeyell, Inc, 1997,
Wickens, Mavor, Parasuraman,McGee, 1998) will promote higr traffic densityn most
sectors of the NASIn order to avoid heavsector congstion, the Traffic Managnent Unit
(TMU) may implement initiatives sud as theEn RouteSpaing Progam (ESP), milan-trail
restrictions, or ampund delay When these initiatives are set in motion, the result is a telay
the aircraft. Rather than implementirg gound delayor reroutingthe aircraft and possibly
causng heavycongeston in nearbysecbrs, adaptve arspace ranagement techngues ike
dynamic resectoration are beingroposed (Eurocontrol, 1998nstead of reroutinthe traffic
to mach theexisting resoures, dynamic resectorizaion could thereically optimizeAir Traffic
Control (ATC) resources and lead to a more balancatésyworkload.Carlson and Rhodes
(1998) described some adaptive airspace neanaigt practices currentip use in the
operational environmeniSome involve the lateral reconfigation of setors inside the same
facility. In other instances, ARTCC and Department of Defense (DOD) facilitiesatbekme
of their airspace to ndmfporingfacilities.

All cases exeptoné involve the use of predefined airspace canfigions. Using Sdlt Lake
City En Route ARTCCairspace, researchers conducted a fast-time simulation to irmtestgs
concept of dgamic resectorgtion. Theyadjusted sector boundaries in response to
represerdtive traffic flows fromthe actial airspace (Galberg& Eberin, 1997;Honewvell, Inc.,
1997). Results indicated that adaptive sectors offered more user-preferred thusingducing
delays and enhancingircraft fuel efficiency

In another related studiawlak, Bwles, Goel, and inton (1997) evaluated the impact of
lateral resectorgtion on controller performanc&heyconducted a human-in-the-loop
simulation in which pairs of controllers were responsible for two adjacemaltitude sectors
above ClevelandThe authors assigd each controller to one of the two sectors duthiedive
40-minute scenans of he eyperiment. Theydesgned he first scenam to represen& basehe
condition in which the sector boundaries remaineelifixrhe order of presentation of the four
other scenarios was randondgtermined.Theydefined these four scenarios &gross of two
independent variables: sectomdynics and sector sethe sector dyamics varied in two way
In the continuouslghangng condition, theyadjusted the sector boundaries as often as
necessaryln the interval condition, thegptimized boundaries onbt 15-minute intervals.
There were also two pes of sector set (limited and unlimiteduring the limited set condition,
only seven possiblenewn sector configuraions @uld beuseal. For theunlimited sestor se
condition, anyboundaryconfiguration was possible.

Results from this studydicated the followingecommendations for future research:

a. Procedures for chaing sector boundaries must be formalized to ensure that transitions
proceed smothly.

b. Automated enhancements can be used to minimize the amount of controller to controller
coordnation neededa acconmodat a seabr chang.

The Jcksawville Naval Ar Statio'’s Fleet Aea Cantrol and Surveillance Facilit{FACSFACJAX) has the
camhility to dynanically modify the lateral bundaries d restrictedzones, br exanple, areas esignatedas df
limits due to the preseoe ofprotected species ofhales.



c. The frequencyvith which sector boundaries can chamgll be constrained bthe
conplexity of the raffic stuaion and he conplexity assocted with making each
boundarychang.

d. Unless sigiificant ATM system changes ae made, current radio frequency limitations
and controller specialaion in certain areas of airspace will probaiglgtrict the
magnitude of boundarghangs.

e. New sector configuraions ma need to belimited to apre-defined sé so thosecontrollers
can receie appropate training for each confjuraion.

f. Added flexbility to accommodate weathersggms or unusual traffic patterns naso
be beneficial.

In an airspace with higtraffic density there is higer probabilityfor conflicts and increased
contoller workload. Airspace seots hatcan be restictured b make use oftie conplete
resources of the ATCSs have the potential to increase ovestahsgafetyprovide a more
balanced workload for the controller, and reduce caslgs.

1.2 Purpose

The purpose of this studyas to conduct a human factors evaluation of the potential impact of
dynamic resectoration between adjacent ARTCCs on controllers uaingal-time ATC
simulation. This studycompared operations between a standard en route airspace edth fix
boundaries to an en route airspace withasgic boundariesThis should be viewed as an initial
investication of the dgamic resectoration concept and not as a comprehensive assessment.

1.3 StudyObjective and Imitations

We examined theimpeact of inter-facility dynamic resectorization on ontroller workload,
communication, situational awareness, control strage@nd performancddecause there are
current practices such as airspace shelfonglteringvertical sector boundaries, we limited the
investigation to laeral sector adjustments.

2. Method

Two Human Rctors Specialists from the NAS Humaarckors Banch (ACT-530) and two

ATCS Subject Matter Bperts (SMESs) conducted the simulation in the Research Development
and Human Factors Labordory (RDHHA.) a the FAA Willia m J Hughes Technical Center. . A
team of trained simulation pilots operated aircraft usingple keypoard commands and
communicated with the controllers usiAgC phraseolog Support enmeers from ACT-510
ensuredhatthe smulation systemfuncioned accuraty and recordeche requied perfornance
data properly

2.1 Participants

Current, non-supervisoryull performance level ATCSs participated in this simulation study
We requested 12 ATCSs from at leastdifferent ARTCCs.Participants were required to have
self-reported corrected vision of at least 20/30eyranged from 31 to 56 gars of ag

(M=44.3) with an averagof 15.4 gars of ARTCC eperience.Participants filled out an
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Informed Consent form @lainingthat their participation in this studyas strictlyvoluntaryand
that their privacywas protected (Appendi). We maintained strict adherence to adteral,
Union, and ethicalgdelines througout the study Participants were allowed to withdraw from
the studyat anytime without penalty The simulation evaluated the concept of ifamility
dynamic resectorgtion and not individual controllers.

2.2 Equipment

The simulation equipment consisted of workstations withel&igh-resolution displag; a voice
communications stem, networked computer resources, and ATCoach (1996) simulation
software.

As pat of thesimuldion mderials, weprinted and timeordeed flight progess stripsin atrip
bay prior to the sart of each scenari We audb-video recordedie smulation and ncluded a
touchscreen for the Air Traffic Wrkload hput Technique (ATWI) (Stein, 1985) in the syem.

2.3 Airspace

The researcteamsekcted he en rouwt envionmentand a gneric ARTCC airspace (Genera
Center). A generic arspace has severatlvanages reétive to modelng an actial airspacem
simulations. Using a generic arspace, researchers careseh cross-seitn of contollers from
different Air Traffic facilities and quicklyrain them to operate within the airspatée
developed Genera CenteiGRl) usingthe ATCoach (1996) simulation model that closely
replicates the en route environme#dtGN has the fletbility to interface with the Generic
Terminal Radar Gntrol (TRACON), a generic arspace envonmentthatwas valdaed n a
previous simulation (Guttman, Stein,@omelski, 1995)ZGN consists of easilsemembered
fix names and simplified operatipgoceduresWe divided ZGN into two separate center
configurations to simulate an inter-facilipperation.We gave an airspace briefing each
participant, which described@N and pertinent standard operatprgcedures (SOPS), sector
layouts, and jet routedn this briefing we also described the areas of responsilalityng
dynamic resectoration. This is important because controllers would have to be certified on
these portions of adjacent center airspace in order for an adjustment to be permitted.

2.4 Traffic Scenarios

Controllers conducted traffic in two differentgetimental conditionsin the first condition,
theyemployed dyhamic resectoration between the two ARTCC contigations. The second
condition involved current operatimocedures for controllingnd direting traffic between
ARTCC facilities and served as a baseline for compariStwere were four scenarios for each
condition. Two of the scenarios consisted of rather heeaffic, and two were a combination of
medium traffic and a severe weathestsyn. Each scenario was 60 minutes in duration and
consisted of a miwf jet aircraft operatingn instrument flidnt rules conditions. All scenarios
started without aninitial aircraft on the radar displayrhen, aircraft steadilgppeared, creating
a buildup. This level of traffic was maintained for the duratidéach controller gxerienced all
scenarios from each position (four from one ARTCC the firstashalyfour from the other
ARTCC the folowingday). In al scenaws, contollers drecked taffic accordngto current



ATC procdures (with theexception of pro@durd changes assocated with inter-facility
dynamic resectorgtion).

2.5 Desimn

To evaluate situations that rhighave an impact on the controller operaimg dyamic
airspace, we decided to limit our investign to two independent variables: Airspac@dand
Traffic Situation. The eyperimental desigcan be summad as a 2 X 2 within-subjects (or
repeaed neasures) degn with the facors of Airspace Tpe (fixed or dyhamc) and Traffc
Situation (higp densityor weather).We administered eigt scenarios in a randonaid order
(AppendixB). We desigied the scenarios so that the North CentBiQZalways had the
problem (hidp densitytraffic or severe weather)lhe South Center &0) aquired an area from
ZNO throudh resectoriation. We intended the resectoation to be a solution to the traffic
situation in ZNO without significantly impactingoperations in Z0.

2.5.1 Independent Variables

We examined these variables in tems of two onditions ove eight senarios:

a. High-Densty Traffic Scenaros

1. Baseline fixed Boundaries with Hig-Density Traffic — This condition emplad
current 7110.65M ATC procedures for controllingffic. It consisted of a lagg
volume of aircraft, some of which were transferrirgm ZSO to 2NO. Each
controller performed this baseline scenario fraR{Zand ZS0 (see Figre 1a).

2. Dynamic Resectoraion with High-Density Traffic — This condition included the
sanetraffic flow asin theBasdine High-Density senario. It stated with a
baseline airspace configation. At 17 minutes into the scenario, the airspace was
resectoried as shown inigure 1b to distribute the taskload more eveésdyween
contollers and accomodate the lrge volume of arcaft Participant
experienced lis scenam once fromZNO and once fronZSO.

b. Weaher Senaros

1. Baseline fixed Boundaries with Weather — This condition also emgtbgurrent
7110.65M ATC procedures for controlliigaffic. This scenario consisted of a
moderae volume of arcraft thatis acconpanied by severe wedier. Each
controller performed this baseline scenario fraRZand S0 (see Figre 2a).

2. Dynamic Resectoraion with Weather — This condition included the same traffic
flow as n the Basahe Weaher scenaa. The scenaa started with a basehe
airspace configration. At 17 minutes into the scenario, the airspace was
resecbrized as showmiFigure 2b 6 alow one conbller to have nore aspace
available to maneuver aircraft around the weatRarticipants eperienced this
scenam once fromZNO and once fronZSO.
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Figure 1. High-Density Traffic Scenarios.(a) Airspace boundaries for baseline scend(i.
Airspace boundaries for resect@iiobn scenario after resect@tmon has been completedhe
reseabrized porion of arspacem this scenam was referreda as he “northeastcorridor.”

Figure 2. Weather $enarios.(a) Airspace boundaries for baseline scengt).Airspace
boundaries for resectoeion scenario after resecta@tion has been completedhe
resectoried portion of airspace in this scenario was referred to as “thundet alley

2.5.2 Dependent Variables

The aubmated dat collecion system of the RDHFL produces aarge setof objecive system
effeciveness raasureshat are ypicaly examined n ATC simulation research (Buckl,




DeBaryshe, Hitchner, &ohn, 1983).Table 1 lists selected measures separated into three
cakegories: safey, capady, and effciency

Table 1. System Effeciveness Measures

1-SAFETY
NECNF — Number of Stardard EnRoute Conflicts
2 — CAPACITY
NCOMP — Number of Flights Conpleted
3 — EFFICIENCY
NPTT — Number d Contrdler Pushto-Talk Communicatins
DPTT — Cunulative Duratian of Controller Pushto-Talk Communicatians
NALT - Frequencyof Altitude Changes
NHDG - Freqency of Headirg Charges
NSPD — Frequency of Airspeed Changes
NLL- Frequency of Land Line Communications
DLL — Cunulative Duratian of Land Line Canmunicatins
DIST — Distance Flan for All Flights

Additionally, two SMEs observed controllers for over-the-shoulder (OTS) satihg
performance.The SMEs used an observation form (Apper@j»specificallydesigned for use in
ATC human factors research (Sollentegrdgstein, &Gromelski, 1997; Vardaman &tein,
1998). Table 2 shows the 26 different ratiagales of the observation form angzed into six
major performance categes. We sampled controller workload in real time duriggch
scenario usinghe ATWT, a subjective ratinghnethod (Stein, 1985) and, upon completion of
each scenaui usngthe NASA Task Load hdex(TLX) subgcive mental workload sca (Hart
& Staveland, 1988).

2.6 Procedures

The paticipants arived & theRDHFL in pdrs for aweek of simuldion testing Eech par

followed a schedule as shown in TableNdondayand Fiday were scheduled for travel.
TuesdayWednesdayand Thursdagonsisted of project briefingector trainingand simulation
test scenariosParticipants worked from 8:00 AM to 4:30 PM with a lunch period and a couple
of breaks each dayrheyfilled out a Backgound Questionnaire (Appendi¥), and the research
team assiged a participant codel .o assure anomyity, only the participant and the research
team knew this numbeAll questionnaires and performance data collected referenced the
participant code and not individual controller names.

After each scenario, participants completedstf&enario Questionnaire, the NASLX, and
an BExt Questionnaire (Appendi®) on the last dagf the studyduringthe final debriefing



Table 2. Observation Ratinfform (En Route Environment)

| — MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW
1. Maintaining Sepration andResdving Potential Canflicts
2. Seqercing Arrival, Departuwe, ard EnRoute Aircraft Efficiently
3. Using Cantrd Instructions EfectivelyEfficiently
4. Owrall Saé ard Efficiert Traffic Flow Scale Rting
II— MAINTAINING ATTENTIO N AND SITUATIO NAL AWARENESS
5. Maintaining Situatiorel Awareress
6. Ensuring ®sitive Cantral
7. Detecting Hot Deviatins ffom Contral Instructions
8. Correctirg Errorsin a Timely Mamer
9. Overall Attention andSituational Awareness Scale Rating
Il — PRIORITIZ ING
10. Taking Actions in an Approprite Order ofImportance
11. Preplanning Cantrol Actions
12. Hamlling Control Tasks for Several Aircrat
13. Marking Flight Stips while Performing Qther Tasks
14. Overall Rioritizing Scale Rating
IV — PROVIDING CONTROL INFORM ATION
15. Providing Essential & Traffic Control Information
16. Providing Additional Air Traffic Control Information
17. Provwding Coordination
18. Overall Roviding Cantrol Information Scale Rating
V — TECHNICAL KNOWL EDGE
19. Showing Knowledge of LOAs ard SOPs
20a. Shawing Knowledge d Aircraft Capabilities andLimitations
20b. $owing Effecive U of Equpment
21. Owerall Tecical Knowledge Scale Rting
VI — COM MUNICATING
22. Usng Proper Prasology
23. @mmunicating Clearlyard Efficiertly
24. Listering to Hlot Readback ar Requests
25. Overall Communicating Rding Sale

Table 3. Participant Schedule

Tueglay Wedregday Thursday
Time Activity Time Activity Time Activity
8:00 - 9:15|ProjectBriefing 8:00 - 9:15|Test Scerario 1 8:00 - 9:15|Test Scerario 5
9:15 - 9:45(Break 9:15 - 9:45(Break 9:15 - 9:45(Break
9:45 - 11:.00|Practce Serario1l| 9:45 - 11:00| Test Scerario 2 9:45 - 11.00| Test Scerario 6
11:00 - 12:30(Lunch 11:00 - 12:30|Lunch 11:.00 - 12:30|Lunch
12:30 - 1:45|Practce Serario2({12:30 - 1:45|Test Scerario 3 12:30 - 1:45|Test Scerario 7
1:45 - 2:15|Break 1:45 - 2:15|Break 145 - 2:15|Break
2:15 - 3:30|Debriefing 2:15 - 3:30|Test Scerario 4 2:15 - 3:30|Test Scerario 8
3:30 - 4:00| Break
4:00 - 4:30| Fnal Debriefing

Note.
Practicescenarios were 60 nminutes in duration with moderate traffic.
Participantsworked 2 practicescenarios (one from ZNO, theother from ZSO)
Test scenarios were 60 ninutes in duration.
Participantsworked 4 with high densty traffic (2 baglineand 2 esectorization) and 4 vith severe weathe (2 baglineand 2
resectorization)
Post-Scenaiio Questionnaires were pat of 30-minutebreak peiod




The SVIEs perforned he on-he-job-training subgcive ratng duringeach tia. Theyalso
interacied wih the paricipantin the begining and endig of eachitial and n conmunicaing
with the simulation pilots, as needefl.voice communication link to another room allowed
controllers to issueommands to thesimuldion pilots.

We used the ATWI (Stein, 1985) to assess controller workload dutiregscenarioThe

ATWIT provides an unobtrusive and reliable means for collestitfgreport rating of

contoller workload ashey contol traffic. A touchscreen was useal presents workbad raing
scale and record the participant respon3de controllers indicated their current workload by
pressingone of the touchscreen buttons labeled from 1 (low) to 1@)hithe touchscreen was
progammed to request controller input evergninutes byemittingseveral beeps and presenting
the ratingscale. Participants had 20 seconds to respdfdheydid not respond within that 20
seconds, the marxum workload ratingpf 10 was recorded.

2.7 Training

We developed atraining progam to hdp controllers learn ZGN and becomefamiliar with the
simulation setup and procedures.member of the research team described the SORSNf Z
and the resectorion process to controllers (Appendix Theythen demonstrated the SOPs
and resectorizion as pat of thefirst practice senaio. In theremaning time scheduled for
training, participants had the opportunitywork an additional practice scenario in an airspace
with reconfigirable sector boundaries.

3. Results

We used Analgis of Variance (ANOVA) to determine the effects of resecttian on the

dependent measures collected in the simulathtdOVA is a statistical procedure for
determiningwhether the differences between means are due to the manipulated (or independent)
variables or due to chance alorihe results of the analg produce affr stdistic and an

assocatedp value. Thep vdue s theprobaility tha thedifferences in themeans ae dueto

chance alne. Researchers copare hep vdue to asdected significance level to deermineif

the differences are statisticalignificant. By convention, @ value that is iggater than .05 is not
consideed stdisticaly significant.

Researchers refeotthe anajsis assocted wih eachmdependentariable as a nain effectand
the anajsis associted wih the conbinaions of varables as lhe interacion effect An
interaction occurs when the effects of one variable are different depemminghe level of
another variablelf an interaction is sigficant, the eperiment must be broken down into its
basic components, referred to as simple main efféxte simple main effect is the difference
betveen Arspace Tpe (fixed or dynamic) and he oher i Traffic Stuaion (high dendly or
weather).F statistics are hen conputed for each snple main effect

Significant man effects or simpleman effects with morethan two levels require apost hoc
compaison proedurein orde to deéerminewhich levels are stdistically significant. In the
presentstudy, significantmain effecs for Traffic Stuaion are nowery meanngful becausehe
weater and hgh-densty scenais were congieraby differentfrom each andter. Rather, we



were nteresed n main effecs for Airspace Tpe and he interacions betveen Arspace Tpe
and Traffic Situation.

We conducted a two-warepeated measures ANOVA, which was collapsed across both the
North and South ARTCCs for the majoridfthe dependent measurdsables summarethe
results of the anadgs and report the statistics asso@ted wih the effecs for each dependent
measure.Graphs present the means of thpesknental conditions in more detail for selected
dependent measures.

3.1 System Effectiveness Measures

Twelve separation lossesccurred duringhe 96 eperimental runsFigure 3 presents the
means of these separation losses acrgesriemental conditionsThere were no differences in
separation losses in the weather scenarios as a function of resgictoridowever, in the hilg
densitytraffic scenario, participants had fewer separation losses win@métyresectoretion
was emplogd. Although this difference was not sigicant at the .05 level, there was a trend
toward sgnificance F (1,11) = 4.66p = .0538]

0.25 -
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Figure 3. Separation losses across conditions.

Table 4 shows the results of the two-weyOVA for the system effectiveness measurédhere
were severainteracions betveen Arspace Tpe and Trafit Stuaion for hese neasures.The
simplemain effects revealed significant decreases in thenumbe of flights @mplded and the
number of flights handled in the resectatmon condition. Table 5 shows the results of the
analsis of simple main effeck. As expeced, here were gnificantdifferencesm the hgh-
densty scenam for flights conpleted and flghts handéd as a funabn of Airspace Tpe.

%A loss of separaton occus whenaircraft do rot have either 5 i lateral separaton or 2,000 f vertical separaton
whenabow 29,0001 or 1,000 f vertical separaton whenbelbw 29,000 f.
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Table 4. FStatistics Obtained From the Two-a/ANOVA Performed on the $stem
Effectiveness Measures

Measue

Main Effect: Airspace

Main Effect: Traffic

InteractionEffect

NECNF —standrd conflicts
NCOMP —flights canpleted
NPTT — number oftrarsmissions
DPTT — duation of trarsmissions
NALT — altitude changes

NHDG - headirg charges

NSFD — speed duges

NLL — rumber ofland line conmes.
DLL — duration of landline canms.
DIST — distarce offlights

F (1,11) = 4.66"
F (1,11) = 84.57*
F (1,11) = 4.37
F (1, 11) = 0.09
F (1,11)=0.13
F (1,11)=0.12
F (1,11) =0.08
F (1,11) = 35.57*
F (1,11) =256
F (1,11)=0.19

F (1,11)=0.13

F (1, 11) = 59.60*
F (1, 11) = 5.76

F (1,11)=1.09

F (1,11) = 12.23*
F (1,11) = 11.34*
F (1,11)=2.42

F (1,11) = 167.28*
F (1, 11) = 64.30*
F (1, 11) = 24.98*

F (1,11) =0.80

F (1,11) = 79.26*
F (1,11)=3.41

F (1, 11) = 8.25*

F (1,11)=0.13

F (1,11)=0.23

F (1,11)=0.35

F (1, 11) = 196.95*
F (1,11) = 14.11*
F (1,11) = 0.59

* indicates a statisticallseliable efect at a sigificarce lewel of p < .05
** indicates a statisticallseliable efect at a sigificarce lewel of p < .01

t indicates areffect that wes ot statisticallysignificart but nearly significart with ap < .06

Table 5. Mean Completedlights andrF Staistics Obtaned from theAndysis of SimpleMain

Effects
High Density Weather
Baselire Dynamic F Statistics Baseline Dynanic F Statistics
48.87 43.50 176.86* 43.33 43.54 0.23

** indicates a statisticallseliable efect at a sigificarce lewl of p < .01

The effciencyindicabrs showed severaiteracions betveen Arspace Tpe and Trafft
Situation. There were no sigficant differences found for NFI' as a function of Airspace pg,

however, there was a sificant interaction obtained for the duration of those communications.

Figure 4 represents the Airspacep€&byTraffic Situation interaction of the mean total duration
of push-to-talk transmissions (DPTT)able 6 shows the results of the as&lyf simple main

effects. In the hidn-densityscenario, the duration of controller transmissions was not as brief in

the basehe condiion as cormpared ® when heyreseabrized. Under he weaher scenag, it
appears to turn in the opposite directidtowever, this difference was not sifjcant.
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Figure 4 Airspaceype bytraffic stuaion interacton for duraiton of push-o-talk transmssins.

Table 6. Mean DPTT and FStdistics Obtaned from theAnaysis of SimpleMain Effects

High Density Weather
Baselire Dynamic F Statistics Baseline Dynarnic F Statistics
565.04 536.88 8.57* 551.42 572.63 141

* indicates a statisticallseliable efect at a sigificarnce lewel of p < .05
** jndicates a statisticallseliable efect at a sigificarce lewe of p < .01

Two other efficiencyndicators, frequenc§NLL) and duration of land line (L)
communi@tions, showd significant inteactions. Figure5 and Fgure6 illustrae these
relationships.

Controlles utilized theland linefor coordinaion of trdfic beween theZNO and ZSO. Analysis
of simple main effects for these interactions revealed that for thedigsitytraffic situation,
dynamic resectorgtion required more land-line communications than the basdtmethe
weather situation, the reverse was trlibe baseline scenario required consideraiye
coordination than the dyamic resectoration scenario.The duration of gound to air
communications under resect@ion went up duringhe weather scenario, but land-line
coordination calls were gigficantly reduced.Table 7 and Table 8 show the results of the
andysis of simpleman effects.

12
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Figure 5. Airspace tpe bytraffic situation interaction for number of land line communications.
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Figure 6. Airspaceype bytraffic stuaton interacion for duraiton of land line conmunicatons.
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Table 7. Mean NLL andF Staistics Obtaned from theAndysis of SimpleMain Effects

High Density Weather
Baselire Dynamic F Statistics Baseline Dynarnic F Statistics
10.33 13.96 15.0%* 45.88 25.79 92.53*

** jndicates a statisticallseliable efect at a sigificarce lewe of p < .01

Table 8. Mean DLL andF Staistics Obtaned from theAndysis of SimpleMain Effects

High Density Weather
Baselire Dynamic F Statistics Baseline Dynanic F Statistics
16.25 23.83 5.9% 81.54 54.08 6.7%

* indicates a statisticallseliable efect at a sigificarce lewel of p < .05

3.2 SME Ratin®

Table 9 shows the results of the two-weyOVA for the observer ratirgy TheF stdistics
indicaie thatAirspace Tpe had a sbngeffecton amosthalf of the observer ratgs. For these
significantdifferences, rahgs were bwer n the basehe scenads. There was a gnificant
interacion betveen Arspace Tpe and Trafft Stuaion for prepdnning contol acions. A
simpleman effects andysis of this réationship revealed tha obsevers rded paticipants
significantly higher in thehigh-density traffic situaion when dynamic resectorizaion was
implemented.Table 10 shows the results of the asalpf simple main effectskigure 7
illustrates this inteaction.

3.3 Controller Rating

3.3.1 NASA Task load hdex

We computed an unweged total subjective workload score with a rd z2ro to 120 for each
participant bysummingthe responses on the sibscales of the NASA-TL A two-way
ANOVA performed on these scores revealed aiBgant main effect for Airspace Pg

[F(1,11) = 38.77] Participants rated both scenarios as more workload intensive whendfrey
controllingtraffic in the baseline airspace configtion. This sugyests that theyperceived a
positive impact as a function of resectorization on their workload wherhbaght about it

after the runs.However, here was no gnificantinteracion betveen Arspace Tpe and Traffic
Situation for these workload scoréé/e present the mean KLscores in Fure 8.



Table 9. F Statistics Obtained From the Two-a)/ANOVA Performed on the Observer Ratig

Rating Main Effect: Airspace Main Effect: Traffic InteractionEffect
1. Maintaning searation F(1,11)=0.82 F (1, 11) =0.27 F (1, 11) = 3.80.
2. Seqercing traffic F (1, 11) = 4.94* F(1,11) =5.43* F (1, 11) =2.27
3. Using cantral instructions F (1, 11) = 2.47 F (1, 11) = 6.32* F(1,11)=0.14
4. Owerall trafic flow F (1, 11) = 3.46 F(1,11)=3.02 F(@1,11)=1.21
5. Mairtaining anareress F(1,11)=4.14 F(1,11)=2.78 F(1,11)=0.33
6. Ensuring psitive control F(1,11) = 11.99* F(1,11)=1.18. F (1, 11) = 0.07
7. Detecting flot deviations F (1, 11) = 12.00* F (1, 11) = 6.26* F(1,11)=1.68
8. Correctirng own errors F (1, 11) =5.18* F(1,11)=1.73 F (1, 11) = 0.00.
9. Owerall attetion & awareress F (1, 11) = 8.19* F (1, 11) = 4.87* F(1,11)=0.12
10. Taking ection in arder F(1,11)=2.32 F (1, 11) =0.03 F (1, 11)=0.17
11. Preplanning ®ntrol actions F (1, 11) = 3.67 F (1, 11)=4.12 F(@1,11)=7.71*
12. Handling control tasks F (1, 11) = 8.37* F(1,11)=0.30 F(1,11)=0.19
13. Marking flight stiips F (1, 11) =5.83* F (1, 11) = 25.91* F (1, 11) = 0.56
14. Overall gioritizing F(1,11) = 10.53* F (1, 11) = 10.91* F(1,11) =0.03
15. Providing essential ird F (1, 11) = 6.40* F(1,11)=0.85 F (1, 11)=0.02
16. Providing adlitional info F (1, 11) =6.37* F (1, 11) = 5.58* F(,11)=0.51
17. Provding coordnation F(1,11)=3.28 F(@1,11)=1.91 F(1,11)=0.01
18. Overall poviding info F (1, 11) =5.31* F(1,11)=3.63 F (1, 11) = 0.00
19. Krowing LOAs ard SOPs F(1,11)=2.43 F (1, 11) = 0.09 F (1, 11) = 0.00
20a. Knowing aircraf caphilities F (1, 11) =0.56 F(1,11)=2.05 F(1,11)=0.01
20b. Efectve wse ofequpmen F (1, 11) =14.57* F(1,11)=0.74 F(1,11)=0.93
21. Owrall tectical knowledge F (1, 11) = 11.56* F (1, 11) =1.67 F (1, 11) =0.05
22. Udng proper phasology F (1, 11) =0.63 F (1, 11) = 2.16. F(1,11)=0.70
23. Gmmunicatirg clearly F(1,11)=0.31 F(1,11)=0.01 F(1,11)=2.19
24. Listening topilots F (1, 11) =0.04 F (1, 11) =0.08 F(1,11)=0.75
25. Owerall communicatirg F(1,11)=0.01 F(1,11)=0.20 F(1,11)=0.50

* indicates a statisticallseliable efect at a sigificarce lewel of p < .05

** indicates a statisticallseliable efect at a sigificarce lewel of p < .01

Table 10.Mean OTS SME Ratirgyf PreplanningControl Actions andr Staistics Obtaned
from theAndysis of SimpleMain Effects

High Density Weather
Baselire Dynamic F Statistics Baseline Dynarnic F Statistics
5.46 6.25 14.44* 5.42 5.25 0.40

** indicates a statisticallseliable efect at a sigificarce lewel of p < .01
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Figure 8. Mean NASA TLX scores.

3.3.2 ATWIT

In contrest to theTLX, ATWIT reflects workloal estimates in rel time. Table 11 shows the
results of the two-waANOVA for both the TIX scores and the ATW ratings. Figure 9
illustrates the ATWT ratings as a function of Airspace Ppg and Traffic SituationA two-way
ANOVA revealed a sigificant interaction between these variabl&sble 12 shows the results
of theandysis of simplemain effects. The Fstatistics indicae a sgnificantdecreaseni
contoller workload for he weaher scenad when dyamic reseabrization was erployed.
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Table 11 F Satistics Obtained From the Two-a/ANOVA Performed on NA& TLX and
ATWIT Workload Rdings

Measue Main Effect: Airspace Main Effect: Traffic InteractionEffect
NASA TLX F(1,11)=38.77* F (1, 11) = 39.04* F(1,11)=1.76
ATWIT F (1, 11) = 5.54* F(1,11) =15.81* F (1, 11) =5.51*

* indicates a statisticallseliable efect at a sigificarce lewel of p < .05
** indicates a statisticallseliable efect at a sigificarce lewel of p < .01

Baseline

5 - M Resectori zation

ATWIT
o

High-Density Weather

Traffic Situation

Figure 9. Airspaceype bytraffic stuaion interacion for atvit raings.

Table 12. Mean ATWT Ratings, F Staistics Obtaned from theAndysis of SimpleMain

Effects
High Density Weather
Baselire Dynamic F Statistics Baseline Dynanic F Statistics
5.14 5.03 .33 5.90 5.22 9.89*

* indicates a statisticallseliable efect at a sigificarce lewel of p < .05
** indicates a statisticallseliable efect at a sigificarce lewel of p < .01

For the hidp-densitytraffic situation when dyamic resectoretion occurred, there was a $lig
thoudh non-sigificant, decrease in controller workloabh real time, differences still ested,
but theywere not quite as cleafl.o better understand these differences, the mean satgrg
broken down over time bscenario and Airspace ppg and are depicted in kiges 10 and 11.
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Figure 10. ATWIT interval data for the higdensitytraffic scenario.
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Figure 11. ATWIT interval data for the weather scenario.
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3.3.3 Post-Scenario Questionnaire Rating

Table 13 shows the results of the two-wdyOVA for controller rating. TheF staistics
indicate tha paticipants fdt they paformed beter and raed ther oveall situationa awareness
highe when they were working traffic in dynamic resectorizaion senarios regardless of tréfic
situation. There were no sigficant interactions between AirspacepByand Traffic uation
for these two measures. Figure 12 and Fgure 13 illustrde these man effects.

Table 13.F Statistics Obtained from the Two-& ANOVA Performed on the &st-Senario
Questionnaire Ratirgy

Rating Main Effect: Airspace Main Effect: Traffic InteractionEffect
1. Howcoordnation was affecied F(1,11)=3.34 F (1, 11) = 18.54* F (1, 11) =11.65*
2. Scearo dificulty F (1, 11) =13.19* F (1, 11) =21.33* F (1, 11) =5.65
3. Rerformance F (1, 11) =12.20* F (1, 11) =2.69 F(1,11)=3.81
4. Owrall sitatiorel awareress F (1, 11) =5.68* F(1,11)=1.17 F (1, 11) =0.09
5. Overall physical/mental workload F (1, 11) = 2.94 F (1, 11) = 22.00* F (1, 11) =0.00
6. Traffic flow realisn F (1, 11) =2.58 F(1,11)=1.20 F(1,11)=3.12
7. Sinulation pilot performance F(1,11) =0.08 F(1,11)=1.07 F(1,11)=0.48

** indicates a statisticallseliable efect at a sigificarce lewel of p < .01
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Figure 12. Post-Scenario Questionnaire rasmg performance.

19



Awareness
O

6 - Baseline

5 - M Resectori zation

Overall Situational
w

High Densi ty Weather

Traffic Situation

Figure 13. Post-Scenario Questionnaire rasmj situational awareness.

This two-wayANOVA did reveal sigificant interactions for ratirggon coordination and
scenario difficultyas a function of Airspace Ppg and Traffic 8uation. Table 14 and Table 15
show theresults of theandysis of simpleman effects. TheF stdistics indicte tha basdine
airspace conguraton had nore of anmpacton paricipantcoordnaion butonly for the
weaher raffic stuation [F (1,11) = 13.82] For scenario difficultytheF stdistics revealed tha
contollers raked the weadher scenad in the basehe arspace confuraion as gjnificanty more
difficult than the same weather scenario in theagyic airspace configiation. Figure 14 and
Figure 15 illustrde these two inteactions.

Table 14.Mean Post-Scenario Ratsgf Coordination ané Staistics Obtaned from the
Analysis of SimpleMain Effects

High Density Weather
Baselire Dynamic F Statistics Baseline Dynanic F Statistics
4.83 4.96 0.08 7.00 5.62 13.82*

** indicates a statisticallseliable efect at a sigificarce lewl of p < .01

Table 15.Mean Post-Scenario Ratsgf Scenario DifficultyandF Staistics Obtaned from the
Analysis of SimpleMain Effects

High Density Weather
Baselire Dynamic F Statistics Baseline Dynanic F Statistics
6.13 5.67 1.19 7.67 6.13 26.65*

** indicates a statisticallseliable efect at a sigificarce lewel of p < .01
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Figure 14. Airspace tye bytraffic situation interaction for overall coordination.
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Figure 15. Airspace tye bytraffic situation interaction for difficulty

The Post-Scenario Questionnaitenhs 9, 10, 11, and 12 were to be filled out aiige

participant had just completed a scenario in whialadyic resectoretion had occurredWe

assumed that duringpe period of the scenario in which a boundsajustment was empley,

there was a potential for confusiomhose four questions focused on that important transition

time. Table 16 shows the controller responses to this portion of the Post-Scenario Questionnaire.
Combining the raings from both ZNO and ZSO does noaccuragly show he mpacton hunan
performance, therefore the ratsfgave been broken down BRRTCC and also bgcenario.We
conducted multiple dependertests on these ratingnd found no questions to differ as a
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Table 16.Post-Scenario Questionnaire Resectiron Rating

Grard
. . ZNO 250
Question ScaleAnchors I\(/IS?:z)a)n Scerario Mean(SD)Mean(SD) t-vaue
9. During the tine d the 1) (10) High Density|7.00 (2.13)6.16 (1.85)t (11) = 0.99
boundary adjustment,
Extremely | Extrenely |6.65 (2.06
what was the effect on . "
your performance? | NeYdIve | positive Weatter |7.00 (2.13)6.41 (2.23)t (11) = 1.13
10. During the tine d the ) )
what was the effect on | Extrerrely | Extrenely [6.21 (1.99
your physica and negative | positive Weather |6.67 (1.96)5.91 (2.23)t (11) = 1.43
mental work load?
11. During the tine o the ) )
how difficult wasitto | Not very | Extremely|3.00 (1.75
maintain your difficult | diffi cult Weatfer (3.41 (1.67)2.66 (1.43)t (11) = 1.5¢
situational awareness?
12. During the tine d the High Density|3.75 (2.63)3.75 (2.63)t (11) = =72
boundary adjustment, to (1) (10) J
Very A great |4.37 (2.41
what extent was your little deal |

function of what ARTCC and/or scenario the participants were warkingrall, however,
controllers raed tha the dynamic resectorizaion proess ha only a positiveeffect on ther
performance and workloal. For themost pat, they felt that it was not vey difficult to mantain
thar situdiond awareness and thd the proaess ha little or no impat on ther coordindion.

3.3.4 Exit Questionnaire

Table 17 shows the controller responses to questions initrguestionnaire As shown,
controllers found the simulation to be realistic and theadyic resectoration concept to be
feasible within the NAS Controllers also indicated that the ATWprocedure did not interfere
with their performanceln addition, theyelt a positive impaoon their performance when
dynamic resectoretion was emplasd regrdless of which ARTCC thewere working
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Table 17. Exit Questionnaire Ratirg

Question Scale Achors Mean(SD)
1) (10)
1. In general, ha realistic vas the similation? Not very Extremely 8.00 (1.41)
realistic realistic
2. Towhat extent did the ATWIT probe echique (1) (10) 1.91 (1.37)
interfere wth your performance? Not very much A great deal ' '
3. While you were cantrdlling traffic in ZNO, what (1) (10)
type ofimpactdid the boundary adjustment Very Very 7.75 (2.22)
have on your performance? negaive positive
4. While you were cantralling traffic in ZSO, what (1) (10)
type ofimpactdid the boundary adjustment Very Very 6.75 (2.34)
have on your performance? negaive positive
5. Arcle the rumber hat beg desribesthe (1) (10)
feasilility of inter-facility boundary Not very Extremely 7.08 (3.02)
adjustment in the Natioral Airspace Ssten? feasilbe feasitle

4. Discussion and Conclusions

The present studpvestigated the concept of dgmic resectoration on controller performance,
workload, and situation awarene$3ur approach was to create ideal conditionshifuignsity
traffic and severe wdatr) for dyramic reseabrization betweenvto adpcentARTCCs. In boh
cases,lte probémtraffic stuaion was cre&d in the Z2NO, and a reseatization of arspace wh
the adacentZSO was he soltion.

Airspace Tye did have an effect on thesggm effectiveness measurédthough there were
few sgaation losss oveall, controllers recorded themgority duringthe high-density traffic
situation operatingn the baseline airspace confrgtion. It was not statisticallgignificant, but
there was an indication tha paticipants hal fewer sgparation losse in thehigh-density traffic
situation under the ayamic resectoration configiration. Controllers had the same amount of
separabn losses durig the wedaher stuaion regrdless of Arspace Tpe.

On the surface, igen the hgh qualty of the contollers and he btal nunber of smulation runs
(96), the overall number of errors does seem somewHhat @ige important note is that no
conflict resulted in an arcraft proximity index® value above two (verpw on the 100-pt scale).
Simuldion fidelity is dways an issueand wncern. Controlla's reported tha the simulaion was

3 Aircratt Proximity Index (API) - aweighted measire of corflict intersity where 100 isamid-air collison ard 1 is
aminor violation of the sepration stan@rds.
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realistic. We asked the controllers to work in novel conditions, and this could have increased the
error rate somewhat.

In general, capacityemained constant because controllers did not hold trafoevever, there
were dfferencesn efficiencyindicabrs. Significantinteracions of Arspace Tpe byTraffic
Situation were obtained for frequenayd duration of landline communications (N&and DLL,
respedtvely). These resis for the weaher scenad are raber ckar. In the basehe arspace
configuration, the RIO controller had to point out each aircraft that was deviatiognd the
thunderstormsEach point-out required a land line communication wiBOZ This coordination
was eliminated in the dyamic resectoretion configiration because theNO controller
acquired a portion of 20, thus reducin¢and line communication.

The hgh-densiy scenaiw played outsonmewhatdifferently. There was a gnificantincreasen

NLL and DLL in the dyhxamic resectorgtion configuration for this traffic situationOverall,

there were fewand line conmunicaions dumg the hgh-densty scenaid regrdless of Arspace
Type. However, when dyamic resectoretion was called for, there were between three and five
(dependingupon individual controller stg) aircraft in the northeast corridoAs part of the
dynanic reseabrization procedures, araft within the porion of arspace ttatwas beng

resectoried required coordinationThis resulted in small,ey significant, increases in both
frequencyand duration of land-line communications for thehkdgnsitytraffic situation in the
dynamic resectorgtion configiration. The relationship between sector structure,

resectoriation, and communication is complicated.

The observer ratirggpf controller performance varied as a function of AirspaqeeTgr about
hdf of the different raing sales included in theOTS raing form. For these significant
differences, ratingwere lower when participants were controllingffic in the baseline airspace
configuration. The SMEs were involved in the simulation from the initial stagf eperimental
desiqn to the airspace and scenario constructibimerefore, one maguggest some sort of
observer bias in these participant performance ratiHgwever, the subjective observer raing
were congtent with the obgcive system effeciveness raasures and boindicaed hat

dynamic resectoration did not interfere with controller performandeurthermore, the observer
ratings were consistat with thepaticipant’s sdf-ratings of workload, peformance, and situdion
awareness.

Paticipants and obsevers sav resectorization as positive They expressel thebdief that it
reduced thar workload. Paticipant peception did vay someavha from real time ATWIT to

post hoc TIX metrics. When theyhad time to think about the impact of resectorization, their
views wae somavha morepositivethen when they were still working traffic. TheTLX data
revealed significant decreases in subjetive workload while opeating in thedynamic
resectorizaion configuration regardless of senario type but theATWIT daa showael little
movement. An examinaion of themean ATWIT ratings ove timerevealed thd, in thehigh
densityscenario under baseline airspace conditions, the workloadsatiayO climbed
sharplyduringthe first 15 minutes of the scenario where tfeyained for the durationfhe
ZS0 rdings roseinitially in thefirst 10 minute and plaeaued & alower level until near theend
of the scenario where théggn to drop somewhatDuring the same traffic situation under the
resectoried airspace, theNO rating over time were sigificantly less, but the interesting
difference for Z0 was he notceabé spke in the ATWIT raiings for the pronpt following the
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acquisition of thenorthesst corridor. Initially, controllers in ZSO fdt that gaining the northeast
corridor added to their workloaddowever, their ratingthen dropped and closatyirrored the
ZNO ratings for the duration of the scenaridlthough the differences in the hedensity
scenario between airspacedyg were in the rig direction, theyere not sigificant. These
results could possiblige attributed to either the operational transition or the scenariandesig

We created optimal situations forridymic resectorizationldeally, dynamic resectorization
would be emplogd between facilities when one ARTCC is predicted teeed capacityvhile

an adacentARTCC is operathg well below capady. This paricular scenaao is diffi cult to
examine in a simulationOne wayto examine this maye to create a baseline situation in which
one participant would be strgling with heavytraffic flow while the other would be bored with
light traffic flow. In order to avoid this potential problem, we had tB® Zontroller workinga
moderate amount of traffic while theN® controller had a hhgtraffic count. Past simulation
experience suggests that it is notgnerallyin anyone’s interests to put a controller potentially
ove theline of his/he capabilities. The current studywas basically a compromisedesign, whic
likely mirrors some but not all real world conditions.

In theweather s@nario, thae was asmadl yet significant decrease in redl-time workload raings

in the dyhamic resectorization configation. The mean ratingover time indicate that the
allocation of thunder allefrom ZSO to 2NO resulted in a subsequent decrease in mting
obtaned from ZSO whilethe ZNO raings remaned farly consistat with theratings obtaned
from the sare traffic stuaion when reseotization dd nottake place. While the researchem
designed thetraffic problem for theZNO, thebasdine ATWIT ratings over time indicate tha the
weather scenario was also somewhat of a problem forS3@e Resectoriation appears to have
solved this problem, at least in terms of workload ratfog ZSO. However, Z40 workload
ratings do not appear to differ as a function of resecstian.

Overall, the objective and subjective data collected duhisgexperiment support the fact that
resectorization did not interfere with performante addition, the post-scenario estimates of
workload declined in thescenarios in whid dynamic resectorization was implenented. Most
importantly, the resuis from this study indicated hatif reseabrization is acconplished n a
timely manne, it does not negatively impact the controller whasoever. Of course theresearch
team in the present studyesticated a specific e of resectoration usingpredefined regns
of airspace in conditions that were desd to be optimal for resectaoaizon to take place.

However, several studies are needed par different approaches tordgmic resectoration.

In addition, there are a number of operational and technical questions that need to be addressed.
In particular, when shouldy resectorig? The gal of investigtingthis question is to
determinethe optimum point for reectorizaion to ocur. Too exly, is an inefficient useof
resources, wihe changng airspace afr the contoller(s) iare ateadybusymay have negtive
conseuences in terms of his/he ability to sdely and dficiently control trédfic. A predictive
capability, sud as ameasure of arspace complexity (i.e., dynamic density), would not onlyhave

to account for the sector compigxat some predetermined look-ahead time but would also be
required to incorporate the transition time of thetey to accommodate the resectaion
process.For example, if a dpamic densityndexindicated that the sector complkyxwas @ing

to exceed a yen threshold in x minutes and the transition period for the resection process
is 30 minutes, then the controller workitigs sector should receive notification 3x4inutes
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in advance.ls this amount of time sufficient for the controller to work in and become
comfortable with this new airspace configtion before the predicted rusfhis amount of time
may be morethan adequae, or cntrollers ma require consideably moretime to become
accustomedlt is this period of time that needs to be addressed in simulation.

Another question includes how often canuyesectorig? Requiringa controller to work

multiple airspace configations durindhis/her shift is probablgot feasible.There is no value

added in changg airspace boundaries to accommodate a traffic push that is projected to last for
only a short time or to reoute traffic around a small weather cdlh terms of safetgnd

efficiency, wha is theminimum peiod of timeatraffic push or wether cell has to bepresent in

order to warrant a resectorization, considenngonlythe limitations of automation but also
without compromisindghe controllers abilityo maintain situation awaness?

Some other questions include how to resecé®idhould airspace boundaries be set up in such a
way as to offer an infinite number of configation capabilities (rubber band or jello sectors), or
should resectoraion occur within predefined remns of airspacecremental airspace
resectorizaion within aspeified peaiod of timemay not beas easy for thecontroller to mantain
hisher confiort level, espeally in an aispace wih a hgh degee of conplexity. Predefned
regons of aispace offer advaates n terms of raining and smplicity. However, hese defied
regons maywork well with aircraft flyng fixed routes, but what about when thag on wind
optimized or use-preferred routes? Othea questions onside the changes in proedures,
automation, and communications that need to be addressed andlgniag able to be exmined

in simulation. For example, what role does commonlged tyes of procedures (i.e., crossing
restrictions) playn structuringtraffic and reducingomplexty? How does usinguch

procedures constrain dgmic resectoration? Under what conditions ming dynamic
resectoriation result in the need to revise or create a proceddihefien revised or new
procedures are needed to complementraiiyc resectoretion, how are thegedefined and
distributed dpamically? Under what conditions can ngmic resectoration remove the need

for an active flow restriction, or what conditions tmiglynamic resectorization result in the need
to revise or cre& a taffic flow restiction?

Furthermore, what are the automation requirements to supp@ty resectoration? All

messags, includingtext messags and displagommands, must be rerouted at the moment of
airspace charegactivation. If flight strips are still in use, amgpostingand reprintingf strips

must be controlled to ensure appropriafagted strips and minimum disruption on the strip

board. Automated hand-off capabilities must be equal, and support tools, such as conflict probe,
Traffic Managment Advisor, and datalink need to be supporfEte number of sector
configurations must be supported bymputer capacitynumber of sector displgyand number

of operational positions.

The present studgentified specific hig densitytraffic and weather situations that can benefit
from dynamic resectoretion. Yet, dynamic resectoration maynot be effective for all traffic
situations. It is important to identifisituations where ahamic resectoration maybe beneficial
and situations where resect@ation should not be made.
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AppendixA

INFORMED CONE&ENT

l, , understand that this study, entitledFacility
Boundary Adjustmehis sponsored by the Federal Aviation Administration and is being
directed byDr. Earl Stein.

Nature and Purpose:

| have been recruited to volunteer as a participant in the project named abbgegurpose of

this study is to conduct a human factors evaluation of the potential impact on adjacent center
controllers operating in adaptive sectors using real-time air traffic con&®Q) simulation.

This study will compare operations between a dynamic en route airspace to using a standard en
route airspace with fixed boundarie$he research team will use the data gathered from this
simulation to provide input on the viability of developing and implementing inter-facility

adaptive en route sector boundaries.

Experimental Procedures:

Participants will conduct traffic in two different experimental conditions for this simulation.

the first condition, controllers will employ a boundary adjustment between the two Celtters.
second condition will involve current operating procedures for controlling and directing traffic
between Center facilities, and will serve as a baseline for comparisach day of the

simulation, controllers will work four different traffic scenarios with realistic traffic levels for an
en route sector.Two of the scenarios will consist of rather heavy traffic and two will be a
combination of medium traffic accompanied by a severe weather system

An automated data collection system will record important simulation events and produce a set
of system effectiveness measures, which include safety, capacity, efficiency, and controller
workload. In addition, SATCSs will make over-the-shoulder observations to evaluate controller
effectiveness while operating in an adaptive airspaier each scenario, controllers will

complete questionnaires to evaluate the benefits of boundary adjustments between fatiéties.
simulation will be audio-video recorded for the purposes of post experiment content analysis of
controller communications.

Disconfort and Risks:

| understand that | will not be exposed to any foreseeable risks or intrusive measurement
techniques.

Benefit s;

| understand that the only benefit to me is that | will have the opportunity to provide feedback
and valuable insight on the feasibility of Inteacility Boundary Adjustment to the research
team conducting the simulation.
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Subject Responsibilities:

| am aware that to participate in this stuligt |am required to have 20/30 normal or corrected-
to-normal vision, and not to be on amgdical waiver.

Compensation and Injury:

| agree to immaediately report any injury or suspeted adverseeffect to Dr. Randy Sollenberger at
(609)-485-7169.Local clinics and hospitals would provide amgcessaryreatment.l agee to
provide, if requested, copies of all insurance and medical records dregsmgnysuch care for
injuries/medical problems.

Subject's Assurances.

| understand that ngarticipation in this studis completelywoluntary | am participating
because Wwant to. Dr. Sollenbergr has adequategnswered angnd all questionshHave about
this study my participation, and the procedures involveédinderstand that Dr. Sollenbergwill
be available to answer agyestions concerningrocedures throumgput this study

| understand that if new findisglevelop duringhe course of this research that makate to my
decision to continue participationwill be informed.

| have not gven up any of my legal rights or réeased any individud or institution from lidoility
for nedigence.

Participation in this gxeriment is strictlwoluntaryand Ihave the freedom to withdraw at any
time without penalty | also understand that the researcher of this shajgterminate my
paticipation if hefeels this to ben my best interest. My paticipation is stri¢ly confidential,

and no individudnames or identities will be recorded or rdeased in any reports.

If I have questions about this stumlyneed to report argdverse effects from the research
procedures, Will contact Dr. Sollenbery at 609-485-7169(w) 609-476-2745(h).

Signature Lines:

| have read this consent documehtinderstand its contents, and | freely consent to participate
in this study under the conditions describéthave received a copy of this consent form

Research Patrticipant: Date:
Investigator: Date:
Witness: Date:

A-2



AppendixB

Scenaro Presendtion Order

Controller 14 2nd 3rd 4th 5th 6th 7th 8th
So01 RZHD-A(1) $TWx-A(1) STHD-A(1) RZWx-A(1) | RZHD-B(1) |STWx-B(1) [STHD-B(1) |RZWx-B(1)
S02 RZHD-B(2) $TWx-B(2) STHD-B(2) RZWx-B(2) | RZHD-A(2) | STWx-A(2) [STHD-A(2) | RZWx-A(2)
S03 STHD-A(1) $TWx-A(1) RZHD-A(1) RZWx-A(1) | STHD-B(1) | STWx-B(1) | RZHD-B(1) | RZWx-B(1)
S04 STHD-B(2) $TWx-B(2) RZHD-B(2) RZWx-B(2) | STHD-A(2) |STWx-A(2) [RZHD-A(2) | RZWx-A(2)

S05 | STHD-A(1) RZWx-A(1) RZHD-A(1) STWx-A(1) | STHD-B(1) |RzZWx-B(1) |RzHD-B(1) |STWx-B(1)
S06 | STHD-B(2) RZWx-B(2) RZHD-B(2) STWx-B(2) | STHD-A2) |RZWx-A(2) |RZHD-A2) | STWX-A(2)
S07 | STWx-A(1) $THD-A(1) RZWx-A(1) RZHD-A(1) | STWx-B(1) |[STHD-B(1) |RZWx-B(1) |RZHD-B(1)
S08 | STWx-B(2) $THD-B(2) RZWx-B(2) RZHD-B(2) | STWx-A(2) |STHD-A(2) |RZWx-A(2) |RZHD-A(2)
S09 | RZHD-A(1) RZWx-A(1) STHD-A(1) STWx-A(1) |RZHD-B(1) |RZWx-B(1) |STHD-B(1) |STwx-B(1)
S10 |RzZHD-B(2) RZWx-B(2) STHD-B(2) STWx-B(2) | RZHD-A(2) |RZWx-A(2) |STHD-A@2) |STWX-A(2)
S11 | RZWx-A(1) RZHD-A(1) STWx-A(1) STHD-A(1) | RZWx-B(1) |RZHD-B(1) |STWx-B(1) | STHD-B(1)
s12 | RzWx-B(2) RZHD-B(2) STWx-B(2) STHD-B(2) |RZWx-A(2) |RZHD-A@2) |STWx-A@2) | STHD-A(2)

Note: The desigators FHD and SWx indicate baseline airspace boundaries for the
high-densily scenam and wedter scenad, respecdtely. The degnaiors RZHD and
RZWx indicate dpamic resectorgtion for the hig-densityscenario and weather
scenar, respectely. The ktters A and B ndicake ZNO arspace and 30 arspace,
respectively The numbers (1) and (2) identifye SMEs observinthe controllers.
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AppendixC

Subject Matter Egert Observer Ratingorm
Observe Code Date
INSTRUCTIONS

This form is desiged to be used supervisonair traffic control specialists to evaluate the
effectiveness of ontrollers workingin simulaion environments. SATCSs will obseve and rae
the performance of controllers in several different performance dimensionghesiscpale below
as agenaa purposeguide Usetheentire s@e range as mud as possible You will see awide
range of controller performancelake exensive notes on whaby see.Do not depend onour
memory. Write down your observabns. Space § provided afer each sca for conments. You
may make prdiminary ratings duringthe courseof thesenario. However, wait until the

seenaio is finished bdore making your find ratings and reman flexible until theend when you
have had an opportunity see all the available behavidgkt all times, please focus on whaiwy
actuallysee and heafThis includes what the controller does and wiuat sight reasonably
infer from the actions of the pilotsry to avoid inferringwhat you think maybe happeninglf
you do not observe relevant behavior or the results of that behavior oinemayleave a
specific ratingolank. Also, please write down argpmments that mayelp improve this
evauaion form. Do not writeyour nane on theform itséf. Your identity will reman
anonynous, as gur data will be identified bgn code known onl§o yourself and the
researchers conductitigis study The observationsoy make do not need to be restricted to the
performance areas covered in this form and melyde other areas thaby think are important.

ASSUMPTIONS

ATC is a complexactivity that contains both observable and unobservable behahere are

so manycomplexbehaviors involved that no observational rafioign can cover evetlying. A

sample of the behaviors is the best that can be achieved, and ogn focuses on those

behaviors that controllers themselves have identified as the most relevant in terms of their overall
performance.Most controller performance is at or above the minimum standaraslireg

safetyand efficiency The goal of the ratingsystem is to differentiate performance above this
minimum. The lowest ratinghould be assiged for meetingninimum standards and also for

anything below the minimum since this should be a rare evins.important for the

observer/rater to feel comfortable usthg entire scale and to understand that all regshguld

be based on behavior that is actualbgerved.
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Rating Scale Descriptors

Renove this Page and keep it available while doing ratings

SCALE QUALITY SUPPLEM ENTARY
Unconfident Indecsive, Inefficient,

1 Least Effective Disorganized, Behind the power curve, Rohg
Leaves sometasks inomplde, Makes
mistekes
May issueconflicting instrudions, Doan’t

2 Poor plan compleely

3 Fair Distracied betveen &sks

4 L ow Satisfactory Postpones routine actions

5 High Satisfadory Knows thejob farly well

6 Good Works steadily Solves most problems

7 Very Good Knows the job thorougy, Plans well
Confident, Decisive, Efficient, Oegized,

8 Most Effective Ahead of the power curve, Smooth, Comple

all necessaryasks, Makes no mistakes
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| - M AINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1. MaintainingSepaation axd ResolvingPotential Conflicts.......... 123456 7 8
* usingcontrol instrut¢ions th& mantain gppropride arcraft
and arspace separian
* detecting and resolvingimpending conflicts early
* recoqnizing the need for speed restrictions and wake
turbulence separation

Commaents:

2. Sequencig Aircraft Efficiently ... 1.2 3456 7 8
« usingefficient and orderlgpacingechniques for arrival,
departure, and en route aircraft
* mantaining sde arival and deatureintervals tha minimize
delays

Commaents:

3. UsingControlinstructins Effectivey/Efficiently........................ 123456 7 8
* providing accurag¢ navigational assstance ¢ pilots
* issung econonncal clearancedtatresut in need for few
additiond instrudions to hadle aircraft complaely
* ensumg clearances useimmum necessarjlight pah
changs

Commaents:

4. Overall Saé and Eficient Traffic Flow Scaé Rating.................. 123456 7 8

Commaents:
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Il - M AINTAINING ATTENTION AND SITUATION AWARENESS

5. MaintainingAwareressof Aircraft POSItiONS..............ceeiieineennn. 123456 7 8
« avoidingfixation on one area of the radar scope when other
areas need @ntion
e usingscanningpatterns that monitor all aircraft on the radar
scope

Commaents:

6. EnsuringPositive CONrol...........ceeeeiiiiiiiiiiiieeiiiie 1.2 3456 7 8
* talloring control actions to situdon
* usingeffective procedures for handlilgavy emergncy, and
unusual traffic situations

Commaents:

7. Detectirg Pilot Deviations from Contrdhstrictions................... 123456 7 8
» ensumg that pilots follow assgned ckarances corrdgt
* correcting pilot deviations in atimey manne

Commaents:

8. Correctirg Own Erors in a Timel Manner................cccceeevveneee. 123456 7 8
* acing quickly to correcterrors
» changng an ssued @arance when necessamyexpedie
traffic flow

Commaents:

9. Overall Attention and Situation Awaress Scal®ating.............. 123456 7 8

Commaents:
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[l — P RIORITIZ ING

10. TakingActions in an Apropriate Orér of Importance.............. 123456 7 8
* resolvingsitudions tha need immediate atention bdore
handling low priority tasks
* issuingcontrol instrutions in aprioritized, strudured, and
timely manne

Commaents:

11. PreplanningControl ACHIONS.........ccvvviiiiiiiiiiiiieee 1.2 3456 7 8
» scannng adjcentsecors b plan for futre and conftting
traffic

« studyng pendingflight strips in bay

Commaents

12. HandlingControl Tasksdr Several Aicraft...........cccccoeeviiiiiinns 123456 7 8
* shifting control tasks béween severa aircraft when necessay
e communi@ting in timdy fashion whileshaing time with
other actions

Commaents:

13. Marking Hight Strips while Performing Otheradks................... 123456 7 8
» marking flight strips accurady while talking or perfornming
other tasks
* keepingflight strips current

Commaents:

14. Overall PrioritizingScale Rating............uvvvieeiiiiiiiieeeniiiiinens 1.2 3456 7 8

Commants:
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IV — PROVIDING CONTROL |INFORMATION
15. ProvidingEssential AirTraffic Controlinformation..................... 123456 7 8
* providingmandatoryservices and advisories to pilots in a
timely manne
» exchangng essentia information

Commaents:

16. ProvidingAdditional Air Traffic Controlinformaton.................. 1234567 8
* providingadditional services when workload is not a factor
» exchanging additiond information

Commaents:

17. ProvidingCoOordiNation.............eeeeeieiiiiieeeeeeeee e 1.2 3456 7 8
* providingeffective and timdy coordindion
* usingproper point-out procedures

Commaents:

18. Overall ProvidingContrd Information Scale Ratm................... 123456 7 8

Commaents:
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V — TECHNICAL KNOWLEDGE

19. ShowingKnowledge of LOAS and SOPS...........oeeeeeeiiieviiiiinns 1.2 3456 7 8
« controlling traffic as depicted in aurrent LOAs and SOPs
 performinghandoff procedures correctly

Commaents:

20a. ShowingKnowledge ofAircraft Capabilities andLimitations....... 123456 7 8
* usingappropride sped, vectoring, and/or dtitude
assigyments to sparate arcraft with varied flight capabilities
* issuhg clearancedhatare wthin arcraft performance
paameters

Commaents:

200. ShowingEffective U d Equipment..............ovvviiiiiiiinneeeennn. 1.2 3456 7 8
 updatingdata blocks
* usingequipment capabilities

Commaents:

21. Overall Tehnical Knavledge Scale Rat@...............cooevvevvinnnnes 123456 7 8

Commaents:
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VI — COMMUNICATING

22. UsingPrope Phraseolgy..........ccoooviiiiiiiiiiiiiiie e 1.2 3456 7 8
* usingwords and phrases specified in the 7110.65
* usingphraseology tha is gopropride for thesitudion
 usingminimum neessay verbiage

Commaents:

23. CommunicatingClearly and Efficienty/ ...........ccccccvviinnnnn. 1.2 3456 7 8
 speakingat the proper volume and rate for pilots to understand
* speakingluently while scanningr performingother tasks
 ensuringclearance ddivery is complée, correct and timdy
 speakingwith confident, authoritative tone of voice

Commaents:

24. Listenirg to Pilot Readbacks and Requests............cccccevvunneee. 123456 7 8
* correcing pilot readback errors
» acknowledgng pilot or other controller requests promptly
* proassingrequests orrectly in atimely manneg

Commaents:

25. Overall Communicating Scale Rating................uvvveeiiiinnnnnenn. 1.2 3456 7 8

Commaents:
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AppendixD

Questionnaires
BACK GROUND QUESTIONNAIRE

Participant Code Date

INSTRUCTIONS

This questionnaire is desigd to obtain information aboubyr backgound as arair traffic
control speialist. Theinformaion will be usel to desaibethe paticipants in this studys a
group in written and/or oral report¥.our identitywill remain anongnous, so do not writeoyr
name on the forminstead, gur data will be identified bg participant code known onlg
yourself and the researchers conducthig study

Sex g male [ female

1. Wha is your job position or titl@

N

What is ypur ag?
years
3. How manyyears have gu worked as an air traffic control specialist?
years
4. How manyyears havequ been a &l Performance &vel controller?
years
5. How manyof the past 12 months haveuwactivelycontrolled traffic?
months

6. Please brieflydescribe gur air traffic control trainingand eyerience.
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POST-SCENARIO QUESTIONNAIRE
Participant Code Date
Scenario Code

1. Please circle the number that best desciio@swell you controlled tr affic duringthis
scenar.

extremely 1 2 3 4 5 6 7 8 9 10 extremely
poor well

Comments

2. Please circle the number that best descrbes overall physical and nmental workload
duringthis senaio.

extremely 1 2 3 4 5 6 7 8 9 10 extremely
low high

Comments

3. Please circle the number that best descybes overall situational awarenessduringthis
scenar.

extremely 1 2 3 4 5 6 7 8 9 10 extremely
low high

Comments

4. Please circle the number that best desctiogsyour overall coordination was afected
duringthis scenaio.

very 1 2 3 4 5 6 7 8 9 10 Agreat
little dedl

Comments
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5. Please circle the number that best desctio@srealistic the traffic flow in this senaio
was.

extremely 1 2 3 4 5 6 7 8 9 10 extremely
realistic unredlistic

Comments

6. Please circle the number that best desciioes difficult this senario was.

extremely 1 2 3 4 5 6 7 8 9 10 extremely
easy difficult

Comments

7. Please circle the number that best desctioeswell the simulation-pilots performed
duringthis senario.

extremely 1 2 3 4 5 6 7 8 9 10 extremely
poor well

Comments

8. Do you have anpther comments aboubyr experiences durinthis scenario?

Comments
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COMPLETE THIS LAST SECTON ONLY IF THE SCENARIO YOU JJST FINISHED HAD
A BOUNDARY ADJUSTMENT

THESE QUESTIONS FOCUSON THE TIME IN THE S CENARIO WHEN THE
BOUNDARY ADJUSTMENT WAS IMPLEMENTED
9. Duringthe time of the boundaadjustmentwhat was the efect on your periormance?

extremely 1 2 3 4 5 6 7 8 9 10 extremely
negative positive

Comments

10. During the time of the boundadjustmentwhat was theffect onyour physical/mental
workload?

extremely 1 2 3 4 5 6 7 8 9 10 extremely
negative positive

Comments

11. During the time of the boundadjustmenthow difficult was it to maintain your
situational awareness?

Notvery 1 2 3 4 5 6 7 8 9 10 extremely
difficult difficult

Comments

12. During the time of the boundagdjustmentto wha extent was your coordination
affected?

very 1 2 3 4 5 6 7 8 9 10 Agreat
little dedl

Comments
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NASA Task Load Index

Participant Code Date

Scenario Code

Mental Demand

How much mental and perceptual activgyrequired (e.g thinking deciding calculating
rememberinglooking searchin}f? Isthe task easgr demandingsimple or complex

Circle the number that best describesrtteatal demand duringthis scenario.
extremely 1 2 3 4 5 6 7 8 9 10 extremely

low high

Physical Demand
How mud physical activity is required (eg., pushingturning controlling, activating)? Is
the task easgr demandingslow or brisk, slack or strenuous?

Circle the number that best describesphgsical demand duringthis scenario.
extremely 1 2 3 4 5 6 7 8 9 10 extremely

low high

Temporal Demand
How much time pressure dovy feel due to the rate or pace at which the task
occurred?Is the pace slw and &isurely or rapd and frant.

Circle the number that best describestdmporal demand duringthis scenario.
extremely 1 2 3 4 5 6 7 8 9 10 extremely

low high
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Performance

How successfullo you tink you are mn acconplishing the goals of the task? How saisfied are
you with your perfornance n acconplishing these gals?

Circle the number that best describeanperformance duringthis scenario.
extremely 1 2 3 4 5 6 7 8 9 10 extremely

low high

Effort

How hard dd you have ¢ work (mentlly and phgically) to acconplish this level of
performance?

Circle the number that best describesneffort duringthis scenatrio.
extremely 1 2 3 4 5 6 7 8 9 10 extremely

low high

Frustration

How insecure, discourad, irritated, stressed, and anedyersus securetaiified, content,
relaxed, and complacentdo you feelin performng the sk?

Circle the number that best describeantevel of frustration duringthis scenario.
extremely 1 2 3 4 5 6 7 8 9 10 extremely

low high
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EXIT QUESTIONNAIRE

Participant Code Date

INSTRUCTIONS

The purpose of this questionnaire is to obtain feedback foantgncerninglifferent aspects of
the expeariment. This informaion will be usal to improveour simulaion in thefuture In
addition to your raings, you will be asked to m&e comments on somef thequestions. Even if
your rating are other than favorablepy maywish to make further commentH. you feel yu
have anyhelpful ideas regding this experiment, we would like to hear fronoy. So that pur
identity can remain anomyous, yur actual name should not be written on this fotnstead,
your data will be identified bg participat code known onlyo yourself and the geriments.

1. In general,how realistic was thesimulaion?

Notvery 1 2 3 4 5 6 7 8 9 10 Extremely
realistic realistic

Comments

2. To what etent did theAT WIT probe tecique interfere with your performance?

Notvery 1 2 3 4 5 6 7 8 9 10 Aggreat
much dedl

Comments

3. Whileyou were controlling traffic in ZNO, what type of impact did the boundaagljustment
have on gur performance?

very 1 2 3 4 5 6 7 8 9 10 very
negative positive

Comments
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4. Whileyou wee controlling traffic in ZSO, what tye of impact did the boundaagjustment
have on gur performance?

very 1 2 3 4 5 6 7 8 9 10 very
negative positive

Comments

5. Circle the number that best describes the feasibililgter-Facility boundaryadjustment in
the Natonal Airspace $stem (NAS).

Notvery 1 2 3 4 5 6 7 8 9 10 extremely
feasible feasible

Comments

6. Describe angituation or conditions where boundagjustment would be useful ioyr
facility .

Comments

7. What do pu see as the benefits of this concept?

Comments
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AppendixE

Inter-Facility BoundaryAdjustment Policies and Procedures

Adjustingairspace between the North ARTCC and South ARTQCYAnd ZS0) will involve
two pre-defined ragns within each facilityhat are stored in the hosssgm. Flight data
processingvill be automated to coincide with airspace boundaljystmentsThe operational
advantages stanming from this @naept may include

1. reduced controller workload,
a reduced coordindion ectivities
b. more balanced traffic
2. greater use flexibility,
a. increased preferaat rouing
b. decreased fuel burn
3. reduction in delas;
4. reduced flow restrictions, miles in tral, and
5. increased safet

Idedlly, theTraffic Management Unit (TMU) is thefirst to recognize the potential need for a
boundaryadjustment.For the purposes of this simulation, the resectorization process will be
driven bythe SMEs who are actirag the local TMU.The TMU, usingcurrent and projected
ETMS and/or NWS/WARP data, will determine the need for a bouradhungtment at a specific
time. Timely decisions for reectorizaion are important. It is aitical tha thedecision to
implement aresectorizaion bemadein atimey manna. Theactud events tha trigger the
decision are based on known traffic/weather trends and projected data (tieae, pgcial
events, SUA activation, etc.)Jsingthe equipment available, the specialist calculate®égs
and projected track data to determine the most operationaliie time for boundary
adjustment. A late call can result in setor complexity that ultimately leads to aloss of sitution
awareness fohe contoller(s) working the reconfyured aispace.An earl cal, however, $an
inefficientuse of resources.

The two scenarios used in this studg airspace boundaagjustment for weather deviations
and an airspace boundagtjustment for traffic densilyalancing In the traffic densitgcenario,
the TMU recogizes the need to resectaidue to a lagyamount of aircraft projected ilND
aongJl. Thefacility TMU notifies thearea supevisors for 2NO and ZSO. ATCSCC, with
input from the local TMU, makes the call on thaetxtime to resectorizeAll parties must
concur prior to boundameconfiguration. When a boundargdjustment is initiated (O
allocatingthe Northeast Corridor toSD), the sector boundaries will reconfig on all displas:
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Controllers on the sectors receive 2 min prior notification in this simulaiirhand-offs and
communication transfers shall be accomplished duhisgtransition period.

The weather deviation scenario is implemented in the same mdfarehis simulation, local
weather patterns dictated ai@gof airspace in 20 (Thunder Alley to be allocated to MO in

order to accommodate deviatitrgffic alongJ2, J0, and 20. The local TMU becomes aware

of severe weather buildup and makes the call before traffic deviations increase workload due to
the large amount of coordination require@he allocation of Thunder Alletp ZNO allows the

aircraft that are in doseproximity to theweather cells to reman in ZNO (theoriginating

facility). This reduces the multiple handoffs and point outs required as aircraft will rer loag
deviating into ZSO arspace.As with the hgh-densty scenai, the contollers on he seatrs

receve 2 mn prior noificaion o conplete hand-offs and comunicaion transfers.
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