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Execuive Summary

This study provides baseline measures on the Automated Radar Terminal System (ARTS) IlIA.
The Federa Aviation Administration had previoudy identified six high-level operational
constructs to be used m the assessent of en route ar traffic cantrol systems: Safety, Capadiy,
Performance, Workload, Usahilit y, and Simulation Fiddity. Engineering research psychologists
from the Hunman Factors Branch (ACT-530) adapéd these canstructs to the terminal domain and
based this assessment of the ARTS IIIA on them.

The reseachers creaed o simulation scemrios of Boston Terminal RadarApproachControl
(TRACON) airspace. The ar traffic paterns aml arspace chraciristics d these scesrios wee
represeneative of four secbrs atBoston TRACON ard used wo rurway configurations. Each
scerario used a 98 percentile day for traffic volume. The four smulated sectors were Initial
Depature, South, Rockpart, and Final One.

The Target Generation Facility and ARTS I1IA Continuous Data Recording tapes provided
objecive measues d controller and system performance. Controller and expert obsewner
guestonnaires povided sufecive dab. This Sudy contains datistics atseveral levels of
spediicity: acioss he four secbrs, by individualsecors, and by 15-min intervals.

Thisreport presems guidarce a using the baselne measues b verify the efeciveness ad
efficiency of afuture terminal air traffic cantrol system. It recanmends a pocess © merge
quartitative sttistics wih controller expelt opinion in orderto compare the baselne ar future
systems. The datreported here should only be used ér these puposes.
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1. Introdudion

Asit movesinto the 21 century, the Federal Aviation Administration (FAA) will specify,
prototype, dewelop, test, and depby new air traffic cantrol (ATC) automation systems for the
terminal domain. These systems will r eplace @ augnent systems curently in use. This report
provides laselne datonthe eficiency and efeciveness @ the Automated RadarTerminal
System (ARTS) IlIA that may be useful throughout this process.

1.1 Backgound

As pat of an ealtier effort to provide baselne datfor the curent en route system, the Air Traffic
Advanced Automation System Requirements Orgarization, ATR-320,identified $x high-level
operationa constructs usetll for system comparisons, as bllows:

a. Sdfety represered the exent to which the system maintained, enhanced,or degaded
relative safety.

b. Capady measued aspedof traffic throughputin a spedic secor of airspace duing a
speciied ime.

c. Performanceinvolved controller interacion with the system throughthe canputer-human
interface CHI).

d. Workloadrepreseted sulpective exaluatons of cognitive task denandsof ATC
simulations.

e. Usahility consisted of user opinions regarding the accepabilit y of the CHI, controls,
displays, and other equpment items.

f. Simulation Fidelty represemed characieristics d the ar traffic mix and the peceived
fidelity of the smulation scenarios.

Galughka, Frederck, Mogford, and Krois (1995) deeloped a st of baseline measiresbased on
these costructs throughmeeings wih en route cantrollers. During these sessns, they reviewed
all available metrics ard identified a sethat was usail for system comparisons. They based sone
variablesin their original set on work by Buckley, DeBaryshe, Hitchner, and Kohn (1983) Hedge,
Borman, Harson, Carter, and Nebon (1993) and Sdlenberger, Stein, and Gromelski (1997)
These wariables seved as lhe basis for the Han View Disply Baseine (PVD) study conducted in
1995.

1.2 Purpee

The gal of the curent studywas b identify and cdlectbaselne measues hat would be effective
indicators of ARTS IlIA peaformance and suitable for comparisons with future terminal ATC
automation systems. To accanplish this goal, engineeiing reseach psychologists from the FAA
William J. Hughes Technical Center, Human Factors Branch, ACT-530,and pewsonnel from
Boston Termina RadarApproachControl (TRACON) reviewed he measues usedn the en
route baseline to assess their applicabilit y to the terminal domain. They refined several measures



and added aw measues spedic to terminal ATC operations. Thefinal setof terminal baselne
measues catained both objectve ard sulpectve ebments.

Objecive measues wee quartitative metrics that were petinent to the ATC missbn and realstic
conceming ATC operations. Subjectve measues wee controller and expert obserer opinions
and pecepions cdleced fom quesionnaires awl rating scags.

The measures collected during the terminal baseline simulations provideindices of relative levels
of operational accepabilit y and cannot be used in isolation. Variations between the ARTS IIA
and other systems on the reported \ariables must be analyzed n the cantext advised n this
docunent to deiive valid system comparisons. Any other use d these dad might prove
misleading and invalid.

2. Method

This study involved Full Performance Level terminal controllers working four smulated sectors of
Boston TRACON arspace. A variety of dat sources povided dyjecive arl sulecive measues
of controller and system pefformance. These neasues bllowed he sk high-level operational
constructs identified by ATR-320.

Three egineeling reseach psychologists ard a daa collection specalist managed he actvity and
collected objective and subjective data. Specialists from the TGF and the ARTS IIIA Laboratory
provided smulation hardware and oftware suppart.

2.1 Participants

Twelve Boston TRACON cantrollers paticipated n groupsof four, one group perweek,for

3 cansecuive weeks. The average age bthe catrollers was 340 (SD = 3.87) years with an
average ¢ 123 (SD = 2.93) years of experience controlling traffic and an averageof 6.7 (SD=
3.70) years of experience with the ARTS IlIA. The controllers were current and knowledgesble
on the four sectors used n this sudy.

Three Baston TRACON supevisors seved as egelt obsewvers, one perweek. They assited
with daa collection and made performance evaluaions. Their primary responsibilities were to
complete the Otsewer Evaluation Form (Apperdix A) and to provide pocedusal and operational
expettise when necessay.

SixteenSimulation Opegtion Pilots (SIMOPs) from the Techmical Certer Target Gereration
Facilit y (TGF) controlled smulated aircraft targets. The SIMOPs provided voice commurications
and made readng, altitude,and speed cinges usig speal computer workstations. Most
SIMOPs were not professiona pilots but had training in aviation terminology, were familiar with
ATC procedues,and had receved training on the Boston TRACON arspace.

2.2 Boston Terminal RadarApproachControl Airspace

Animaginary and appoximate linein space defies the Baston TRACON arspace. It begins over
Providence, RI; beass north to Gardner, MA; then eastto Plum Island, MA. This boundary line



continues satheastto a pant 25 mi eastof Boston (SCUPP Intersection); sauthwestto
Plymouth, MA; ard westto Providerce. The arspace legins at the suface ad exends \erticaly
to 14000 t. Many areas(caled shelves), where atitudesof control canvary based on sector, are
found abng the auter edges bthe arspace. The Baston TRACON cantrols all Instrument Hight
Rules (IFR) ard VisualHight Rules (VFR) traffic that either originates,terminates,or trarsits
throughthe arspace. Boston TRACON hes respansibilit y for the Logan International Airport
(BOS) and many satellit e airports in the metropolitan Boston area.

At the heatt of the Boston TRACON arspace s the Boston Class B aispace. The arspace $
cerntered atBOSard the Baston Very High Frequercy Ommidirecional Radb Rarge (VOR) ard
it extends appoximately 20 mmi in all direcions. The atitude foor of Class B aispace waries
depending on the distance from BOS, and the dtitudeceiling is7000 t in al areas The pupose
of Class B aispace $ to prevert callisions between VFR aircraft operating in proximity to BOS
ard high-performarce urboprop or jet aircraft also using the arport.

Boston TRACON is composed d eight secbrs. The anount of airspace cotrolled by a seobr
canvary based o workload, on whether the seobr is combined wih arother secor, or on the
runway configuration being used aBOS Eachrunway configuration has anarival ard depature
flow that is spediic to that configuration. Noise alatement ard ervironmertal concems pattially
determine these fows. Supewisors atBoston TRACON routinely combine secbrs wren
workload crcumstarces warant.

For the curent study, specalists from the Techical Certer deweloped simulations d four secbrs
based m actud Boston TRACON secbrs. Desciiptions of the seabrs atBoston TRACON
follow, ard ary differences letweenthe actialard smulated secors ae roted.

a. Initial Depature. All aircraft that depart BOS use the Initial Departure Sector.
Controllers vector arcraft pe aLogan-Nine Standard Instrument Departure procedure,
which outlines depédure instructions ard noise atatenmert procedues. In this simulation,
the Initial Depature Secior was canbined wih the Lincoln Sector, which is a wesbound
depature caridor secor ard aninbound secbr for arivals from the sauthwest
(Controllers hand off al arival aircraft from the saithwestto the Final One Secior for
sequening ard appoachcleaiarces b BOS)

b. South. The Suth Secior receves depatures fom BOS including both jet ard propeler
traffic depating southbound. In this Smulation, the Sauth Secbr wascombined wth the
Plymouth Secbr, which is predaminartly a southbound depature caridor ard aninbound
secbr for arival flights plmed over Providerce a from the Cape Cd area. (Controllers
vecbor arival aircraft to runways kesed o the unway configuration in use ad their
prefererce. Controllers hand off al arrival arcraft to the Anal Ore Sector for sequening
ard issung appoachcleaiarces)

c. Rockpat. The Rockpart Secor is mainly a rorth- and northeas-bound depature
corridor and an inbound sector for arrival flights planned over Gardne, MA; Manchester
ard PeaseNH; or the Baston overseas aival fix, 25 rmi eastof the arport. The
Rockpart Secior receves depatures fom the Initial Depature Sector, including al jet
ard propeler traffic depating to the rorth ard northeast Controllers vector arrival



aircraft to the runway in use ad then hand off the arcraft to the Final One Sector for
sequening ard issuace d appioachcleaiances.

d. Final One. Fina Oneisthe final appoachcontrol position where cantrollersissue dl
appoachceaiances br BOS and sulsequerly transfer the arcraft to the Tower Local
Control for landing cleaances. This position does rot typicaly control depature traffic,
though coordination for suchopetations may be requesed. Controllers may vector an
aircraft to any runway included n a paticular configuration for amore efficient use d
airspace o rurway utilization. Inthis smulation, the Final One and Final Two Sectors
were combined.

Controller paticipants receved a smulation training package &fore the sudy. This package
contained detiled information on the arspace rurway configurations, procedues,and cantroller
actions that they would use m the smulation. The briefing package abincluded he Backgound
Questonnaire ar maps d the arspace ad runway configurations. Apperdix B contains a cqpy
of this package.

2.3 Simulation Scenarios

Simulation specHlists from the System Smulation and Suppet Branch (ACT-510), in
collaboration with Boston TRACON personnel and ergineeing reseach psychologists from
ACT-530, prepaed wo traffic erarios that were representative of the traffic paterns and
characteristics d the four secbrs. These scearios usedwo different runway configurations:
Land 27/22L- Depat 22Rand Land 4RL - Depat 9. Thes <erarios required gaffing of dl
four secors, thoughthis staffing level was Ighter than atypical 90" percertile dayat Boston
TRACON. There, two controllerstypicaly staff the Final One secbr, and one cantroller staffs a
satellit e position, for atotal of six controllers. Personnel and equipment availabilit y limited the
staffing that could be used m the smulation.

The traffic volume in the scearios was equident to a 90" percertile dayat Boston TRACON
with dersity varying from moderate to heaw. Reseathers believed that this traffic volume would
be sufficient to functionally exercise the ARTS IIIA. Simulation specidists & the Technical
Certer deweloped he scearios from Continuous Dat Recading (CDR) tapes ecaded at
Boston TRACON on July 25,1995, betweenthe hours of 1400 ad 1600 bcaltime. Specalists
from the Boston TRACON training depatment verified aml rated the scearios ard tested hemin
the Tecical Center laboratories. Both scemrios caitained a mix of jet and propdler-driven
aircraft flying IFR flight plans that either originated a terminated sevice atBOS. Including VFR
flight plan arcraft or overflight aircraft was rot tecmicaly feasble given the pktform and
timeframe of the smulation (see %cion 4.1.2).

The scearios originally did not include ai specal events or unscripted plot requess soas rot to
reduce the repeatabilit y of the smulation. The researchers believed that incluson of these events
could have focused simulation timing and controller preferences on techniques for handling
problems rather than on routine ATC operations. Howewer, during the canduct of the smulation,
the reseachers obsenved that controller workload was ot as hgh as eypeced n runs using the
4R/ runway configuration. The reseach psychologist managing the actvity, in collaboration
with supevisors from Boston TRACON, dectded b increase le taskload Ly closing one of the
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runways in this configuration. The reseachersintroduced his event to increase coplexity, add
variety to the smulation, and provide a more challenging problem in which to assess controller
performance aml workload. The reseachers believed this change wauld require addtional traffic
managenent espedlly by arrival secor controllers. This specal event occurred as bllows:
About 45 min into the 90min run, the expelt obsewrer announced tat bad weaher and poor
visihbilit y had caused the closing of the 4L rurway. This weather situation forced all traffic to land
atthe 4R unway for the remainderof the un. Section 3.2.1 descibesthe efectof this
manipulation on controller workload.

2.4 Laboratory Platform

The Technical Center ARTS IIIA Laboratory served as the primary daa collection site for this
study. Participants controlled traffic usng four ARTS IIIA consoles. The expert observer could
monitor the traffic stuaion from afifth console. The lighting canditions in the |aboratory were
realstic canpared D the levels at Boston TRACON. Specdlists from the laboratory ensured that
all radar consoles an canmunication equpment functioned popety.

The TGF provided smulated arspace ad targets. Simulation specalists from the TGF ensured
that the scearios ran smoothly and that all smulation equpment functioned poperly. SIMOPs
from the TGF controlled simulated aircraft usng special workstations and made smulated air-
ground communicaions with controllers usng the Amecanm system. SIMOPs dso made
simulated ground-ground commurnications if controllers required coordination with other facilities
or sectors.

2.5 Simulation Schedule

The gudybeganthe week & Sepember 18,1995 audl cantinued br 3 cansecuive weeks Each
week nvolved a ®w group o four controllers and a rew expert obsewer. On the first dayof
eachweek,controllers and expelt obsewversreceved a petestbriefing, atour of the ARTS IIIA
Laboratory, and anintroducton to the daa collecion techmiques ad equpment. Controller
patticipants receved briefingson al laboratory and dat collection equpment and procedues.
These biefingsfocused a issues beonfidentiality and informed casent, patticularly as hese
issueseate to the audo and videorecadings nmade duing the smulation runs. On the secaod,
third, and fourth days of eachweek,controllers completed two or three siulation runs perday
On the fourth day, controllers receved a fnal briefing. Testing erded a1 October 5, 1995.

During the 3 week®f testing, there wee 24 siccesful smulation runs (7 runs during the first, 9
during the secaod, and 8 duing the third week) Thisresuked n alarge dat setand a eliable
baselne. Laboratory hardware problems forced eseachersto abort some runs, which resuted n
an uneven number of runs from week b week. Eachrunlasted 90 nm and aternated the two
rurway configurations. Eachcontroller saffed a dfferent secor during eachrun sothat they
staffed every combination of secbr and rurway configuration at leastonce duing the week.



2.6 Objective am QUbecive Measues

The TGF and CDR sytems recaded djective dab. These neasues bcused o quarnifying
traffic volume, flight duration, traffic characteristics,and other factorsin eachsecor. Another
goal for recading objecive datiwas b determine the input/output activity at eachsecor
position to measue how eachcontroller used he system.

Five questonnaires,completed by controllers and expert obsewners, provided sufecive dat. The
Background Questionnare, which was part of the Briefing Document (Appendix B), focused on
the expelience kvels and other pettinent data from the cantroller patticipants. The Rost-Scerario
Questonnaire cattained queres m perceived overal workload, problem difficulty, sef-ratings of
performance, and smulation realism. The Final Questionnaire addressed workstation and display
ergonomics ard included spaceof written comments. Expett obsewversrated cantroller
performance usng the Otserver Evaluaton Form deweloped ly Sollenbergeretal. (1997)and
keptnotes on smulation tecmical problems usng the Olserver Log. Apperdix A providescopies
of these bur questonnaires.

The reseachers used dur Workload Assessient Keypads WAKS) to measue sulpective
controller workload usng the Air Traffic Workload Input Tecmique ATWIT) (Stein, 1985)
EachWAK consisted of abox with small, lighted ke (humbered 1 through7) and a bne
generator. Each WAK was connected to one of four laptop computers that controlled the timing
of prompts and recorded data. The WAKSs were pasitioned on the ARTS IIIA console and could
be repositioned accoding to controller preference. Every 5 min during a smulation run, each
WAK emitted a short beep and illuminated its lights, prompting controllersto rate their workload
from 1 (low) to 7 (high). Entry of aworkload rating caused the WAK lights to extinguish urtil
the next prompt. The laptop computers recaded hese atings aubmaticaly. If a cotroller did
not enter aworkload rating, the lights remained illuminated for 20 seconds and then extinguished.
In suchcasesthe laptop computersrecaded a wokload rating of 10 @missing dat code).

Three snall videocaneras ecaded caotroller activities. Two caneras,positioned alove ar
behind the cantrollers’ workstations, recaded heir physical acions (e.g., displky adugments,
trackkall and keyboard use,and WAK entries) but could not recad information displyed on the
controllers’ screens. A third camera recorded the display of asingle ARTS I11A console showing
all four secbrs. Videdapes ecaded he voices d the cantrollers. Reseathersreviewed he
videdapes as paof the dab analysisto validate strt times, controller positions, and soforth.
Reseathers abo used wdedapes ¢ review loss d sepagtion inciderts. Apperdix C, Table C-1
describes this analysis.

The dat sources emloyed r thistesting actvity were the

Backgiound Quesibnnaire (completed atthe beginning of the week)
Post-Scerario Questonnaire (completed ater eachsmulation run),

Final Questonnaire (completed atthe er of the week)

Obsewer Evaluaton Form (completed ace percontroller during the week)

T 2 0 T o

Obsewer Log (completed durng eachsmulation run),



f.  Amecam audb tape fom communication system,
g. real-time controller workload raing (ATWIT),

h. videaape wih audo,

i. TGF datlrecading, ard

]. CDR tape

The defnitions for eachof the kaselne nmeasues,including their caiegaizaton by operational
construct and the rationale for use in baselining the ARTS I11A, are as follows. (The source for
eachmeasue is usualy indicated n paentheses)

a. Sdety

1.

Opemtional Errorswas a bsic saéty measue represeting loss d applcale
separation minima. (TGF)

Conflict Alerts was a system-initiated display warning the controller of imminent
aircraft-to-aircraft conflicts. The canflict alert systemhad featres b minimize te
false ahmm rate in the terminal area.(CDR)

Other Sdety-Ciritical Issues were derived from expert observer comments on system
sakty issues ah defciercies. (Observer Log)

b. Capady

1.

Aircraft Under Control was a bsic capady measue. It represeied a dlly of traffic
under track control. (TGF)

Average Time in Secor (Hardoff to Hardoff) was a reasue d secor efficiercy.
Increaseditme in secor may have indicated kss eficiert movement of aircraft in the
airspace o controller-induced dedy vectoring due b a traffic overload stuation.

(TGF)

Average Time in Sector (Arrivals) was a reasue o arival secor efficiercy. (TGF)

Average Time in Secor (Depatures) was a reasue d depature secbr efficiercy.
(TGF)

Aircraft Spacing on Final Approachwas a reasue d the eficiercy of the traffic
flow on final appoach This measue represened the dstarce fom anaicraft over
the middle marker to the aircraft immediately trailing it. Large and variable spacing
could indicate diferences n control style ard charges n traffic dersity. (TGF)

Minutes BetveenArrivals was a reasue d the traffic dersity on final appioach
This measue represetted the minutes hat elapsed btweenconsecuive aircraft
passng over the mddle marker. Shorter times betweenlandings caild indicaie
increasedraffic dersity. (TGF)

Altitude Assignments Per Aircraft provided aratio of totd dtitude assignments to
number of arcraft under control. It was anndicaior of the relative efficiercy of
aircraft movement throughthe sector. Controllers commonly relied on vertical
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separation in preference to vectoring solutions. This resulted in level-offs and climb
or descehdehbys. A deceasen atitude asgjnments, with a carespanding decease
in climb or descent ddays, could indicate greater efficiency. An increase in dtitude
assignments with a corresponding increase in climb or descent ddays and level-offs
could indicate kess eficiercy. (TGF)

c. Paformance

1.

Data Entries was a €lative measue o dai ertry workload for the catroller
position. (CDR)

Data Entry Errors was a elative measue o dai ertry effectveress. Significart
variations may indicaie dificult message sytax, awkwad erry denvice byout, or
other possble faciors. (CDR)

Number of Altitude, Speed,ard Heading Chargesrepreseited the eficiercy of
secbr operations for total number of cleaarces ssuedn these hree caggaies.
Significart variation in relative proportions caild stow controllers had charged teir
method for handling traffic. Thes caints were based upa arcraft-related daa
ertries atthe IMOP paosttions. (TGF)

ATC Serviceswere measues d the quaity of ATC sewices ad indicaibors o system
performance. Controllers made atings an the Rost-Scerario Quesionnaire that
ranged fom 1 (ow) to 8 (high). The spedic itens canposing the neasue wee the
rated qudity of ATC services from (@) the pilot’s perspective and (b) the controller’s
perspecive.

Humean Capabilit ies for ATC were measures representing human capabilities used by
the controller in performing ATC functions. Expert observers made ratings on the
Obsewner Evaluation Form that seved asndicaibrs o operator efficiercy ard
effeciveress lased o a 1 (ow) to 8 (high) scaé. Theywere ercouraged ©
comment, ard a brm was povided br that pupose. The rating scakés ae nore
completely de<ribed in Sdlenbergeretal (1997) The gecfic itens composing the
measue assessed

a) how wel the catroller maintained saé ard eficiert flow,
b) how well the controller mantained attention and vigilance,
c) how well the controller prioritized,

d) how wel the caitroller communicated aml informed, ard
e) the level of the cantroller’s techical knowledge.



d. Workload

1.

Workload Rer Aircraft was a reasue that estmated the anount of workload
experded perarcraft. Subjecive wakload tings carespanded cbsely to the
number of arcraft tracked broughout the kaselne scearios. (ATWIT ard TGF)

Average Workload was he nmeansubective wakload reported Ly controllers, by
secbr, acioss te ertire simulation. Workload s the human respanse b the denands
or task loads poduced ly the arspace sgtem Human respanse cansisted of
obsewale control acions ard cognitive actvity. (ATWIT)

Post-Run Workload was a reasue d awerage wakload or the sceario as pat of
the Post-Scerario Quesionnaire. The rating sca¢ ranged fom 1 (ow) to 8 (high).

Communicaton Workload was te meannumber of pushto-talk communications per
aircraft worked. This measue deected clarges n communication workload reeded
to control aircraft. Increased comunicaions perarcraft may have indicated a éss
efficiert aubmation interface. Conversely, increased coimunicatons per arcraft
may have represerted greaer latitude br controllers to maneuver arrcraft ard initiate
actions. (TGF)

Data Entry Workloadwas te nmeannumber of daia ertries peraircraft worked aml
detected clarges h workload required to control arcraft. (CDR ard TGF)

e. Usability

1.

ARTS IIIA Console were measures of the usabilit y of the system as rated by
controllers. These atings ranged fom 1 (low) to 8 (high). The spedic itens
composing these neasues o the Final Questonnaire assessed

a) how eadly the catroller canaccess adirols;

b) how intuitively controllers operate cantrols;

c) how eadly controllers use he keyooard;

d) how eadly controllers read edarard mep disphys,

e) how eagdly controllers understand radar ard mep displays;

f) the suficiercy of the wakstation space;

g) how wel equpmert, displays, ard cantrols suppat efficiert ATC;

h) the amount of limitation imposed by equipment, displays, and controls;
i) the overal effeciveress & equpmen, disphys, ard cantrols; ard

j) the overall qualty of interacton with equpmert.



f.  Simulation Fiddity

1. Traffic Charactristicswas a reasue represening the sceario length, number of
flights, typeof flight (arrival, departure, or overflight), and type of aircraft (jet or
propdler). It was a chracterizaion of the smulation scemrio. (TGF)

2. Perceived Repesemativenesswas a nreasue of the cantrollers perceived fideity of
the smulation scerrios for the four secbrs. It was a ckck o the realsm of the
simulation. These atingsranged fom 1 (low) to 8 (high). The items camprising
this measue on the Rost-Scerario Questonnaire wee

a) redism,
b) techical problems, and
c) problem difficulty.

3. Summay Data

The pupose of this sudy wasto dewelop a laseline of pefformance daa typifying the exsting
ARTS IlIA system. It was the intention that these daa be used for comparisons with new
systems degyned r the terminal environment. If the canditions of this sudy were duplicated, it
should be possble to compare the systems usig the measues spedied n thisreport. However,
it is not expeced hat the measues desabed ard erumerated here represen afinal set
Opeitiona and human engineeiing judgenent should be employed n their appicaton.

By itself, this report has limited value, except as an exercise in baselining an operational FAA
system. It should be treated as a dabase d information that forms the foundation for future
baselning eforts ard system comparisons. When future systems ae measued usng the sane
approach, then useful comparisons and insights will be gained about their strengths and
weakresses usig a lasis of objective ard sulpective measues.

3.1 Measue Simmary Data

Apperdix C, Table C-1 provides a sumary of al measues aggegaed acoss al secors,
intervals, and carespanding smulation runs. It also provides sbrt desciptions of eachmeasue.
For some measues,the table preselts the aggegaed daa and refers to more detiled information
contained in TablesC-2 through C-24. This addtional information isintended © augnent the
aggegat dat(e.g., to assess ffierences letweensecors, runway configurations, or time
intervals). For some measues, Table C-l indicaies hat aggegate dat are not meanngful and
refersto other tables containing the pertinent deata.

Appendix D lists the narrative responses made by the controller participants on the Final
Questionnaire. These items address issues of usabilit y and performance of the ARTSIIIA and
simulation fidelity.
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3.2 Sector Summary Data

Tables C2 ard C4 providethe mears for eachsecbr and runway configuration, aggegaed
across 15minintervals am simulation runs. Table C2 provides he mears for quartitative daa
and C4, for questonnaire dat. Some measues caitain references b other tables poviding
addtional dat. Tables C3 ard C5 providethe sendard devations atthe secbr sunmmary level
for the quanitative ard quesionnaire measues. Table C-6 provides he meannumber of ARTS
entries for eachsecbr, runway configuration, and ertry type aggegaed acoss 15min intervals
and smulation runs.

3.2.1 Workload Mamnpulation

Starting in the secod week @ the stdy, reseachersintroduced a weckload nanipulation into the
runs using the 4RL rurway configuration. Approximately halfway through eachrun, poor
visihbility forced the closing of the 4L runway. Researchers examined the effect of this
manipulation on the wakload d the cantroller staffing the Final One Sector. They then
compaed he mears for the 3 smulation weeks or eachvariable making up te Workload
construct (workload peraircraft, average wakload, post-run workload,communication
workload, and dat entry workload).

An analysis of variance ANOVA) reveakd a gynificart main effectof week a workload per
arcraft, F(2,21) = 3269, p < .0001;average wakload,F(2, 21) = 2879, p <.0001;post-run
workload, F(2, 20) = 686, p < .01; and canmunicaion workload,F(2, 18) = 916, p < .01.

There was 0 significart effecton dat entry workload. The wakload manipulation beganin the
secand week soan effectof this manipulation would appeais a dierence ketweenthe first week
and the secoad 2 weeks.The TukeyHSD procedue was usedaotfurther analyze hese nain
effects am deermine which weeks difered.

These esuls slow that the main effects of week ae urikely to be due b the warkload
manipulation. For the wakload peraircraft, average wakload,and past-run workload \ariables,
the main effectwas due @ higher workload retings gven by the catrollersin Week 3. It is
unlikely that this effectis due b the wakload manipulation because catrollersin Week 2 ado
experienced he manipulation but did not give higher workload atingsthan controllersin

Week 1. For the canmunication workload \ariable, the main effectis due b increased ambers
of pushto-talk communicatons made ly the cattrollersin Week 2. Again, this effectis probably
not due b the wakload manipulation. Controllersin Week 3 ado expelienced te manipulation
but did not make reliably more commurications than controllersin Week 1. The workload
manipulation does rot appeaito have affected overal workload a any of the variables included
in the Workload canstruct. Because fthis, the values eported n Appertdix C weke collapsed
across he 3 simulation weeks.

Examination of the 15min interval workload daé reveakd that the weaher manipulation
primarily changed te patern of workload ratings ether than the atsolute level. Figure 1 slows
the aerage wakload retingsby 15-minintervals as gren by controllers working the Final One
Secbor inthe 4RL rurway configuration. In Week 1 workload retings styed the sane or
deceased &ween45 60 min into the smulation. In Weeks 2 ad 3, howewer, workload
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Figure 1. Workload rtings by minutes nto runfor eachweek.

ratings styed te sane or increased dung this interval, correspanding to the onsetof the
weather manipulation. Tables C7 ard C-8 provide a subet of the datby week hat canbe used
to further examine the efectof this manipulation.

3.3 15-Minute Interval Summary Data

For some measues, it was @erationally meanngful to sepaste secor-level satistics ty
15-minintervals. For example, the WAKSs collecied wakload daa every 5 min during the
simulation run. Reseathers usedltese b creat meanratingsfor eachl5-mininterval. Tables
C-9 through C-16 povidethese nears for eachl5-minute interval, secor, and runway
configuration aggegaed acoss smulation runs. Tables C47 through C-24 piovide sandad
deviations for these dead

4. Recanmendaions

This secton includes mformation on the appicaion of these dad for system comparisons. It aso
discussesdfinements to datarecading ard aralysis procedues hat future baselne sudies slould
use. Finally, it addresses limit ations or constraints that apply when usng these daa.

4.1 Use d Baseilne Danfor System Comparisons

This section provides guidance on ugng this baseline measure methodology to make comparisons
with future systems. The appoachtakenisto use quatitative baselne measue daain
combination with qudit ative information to assess future automation systems.

The curent study used mformation gamered fom controllers and expelt obsewversto verify any
issues pconcems identified troughthe aralysis of the quatitative dat. Thisinformation can
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alsoidertify other issues pconcems not capured in the quatitative measues. It may also be
pettinert in the canpaiison of a future systemto the curent baselne system The curent study
obtained this information during smulation run debriefings and a post-smulation caucus

The curent study represens the first two steps d a five-step, high-level appoachas bllows:

1. Codllectsuficiert daton the curent systemto provide sale estmates an al spedied
operational constructs ard beselne neasues.

2. Reduce ath aralyze he dat cdlecied aml canplete the tables ateachlevel of detil.

3. Cadllectthe sane dat for the future systemusing the sane arspace,simulation scemuros,
controllers (if possble), ard ather aspect o the smulation that might otherwise wak as
intervening or confounding variables.

4. Complete the dertical data reducton ard aralysis for the future system

5. Conducta past-simulation caucus vith the cantrollers ard expett obsewvers usng the data
compatisons as sirting pants to idertify aninitial setof issues ath concems. Refr to the
datain other detiled tables b augnen the aralysis of these $sues amh dat contained in
obsewner logs aml delviefing materials. Make sgtematic compaiisons betweenthe
terminal baselne ard the future system stepping through eachquartitative neasue.
Examine dl data in a dynamic fashion to identify related trends that may or may not
appeaiin other operational constructs ard measues. This further sulstantiates o refutes
whether a poblem exsts.

During the caucusteseachers stould use casersusbuilding techiques wih the cantrollers ard
obsewers 1 review arl cakgaize he quatitative canparisons, idertify ard prioritize sgnificart
issues, and assess the viabilit y of patential resolutions. This may require paticipation of ATC
procedues anl training speclists. As patt of the assesset, it is necessarto verify that a
problem is not an artifact of the smulation platform or some other irrelevant variable potentially
skewig the canparisons ketweenthe two systers.

An important basis for deermining whether the future system is comparable to the baseline
systemis whether the dat for ary paticular measue ae statisticaly equvaent. Thatis, it must
be deermined wlether the wo systens rumericaly share the sane average @ have overlapping
ranges @ confiderce ntervals. Howewer, statistical equvalence a nonequivalence daes rot
aubmaticaly indicate gperationa equvalence a nonequivalence. Expett judgnert mug
determine this. Results can fall into four categories, as follows:

a. Catgory 1 involves neasues wlere the keselne am future systens have dat that are
statisticaly equvalent ard are goerationally equvalent.

b. Category 2 involves neasues wlere the beselne aml future systens have dat that are
statisticaly equvalent but are gperationally different.

c. Caiegory 3 involves neasues wlere the kaselne ard future systens have data that are rot
statisticaly equvalent, but the systens ae gperationaly equvalent.
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d. Category 4 involves neasues wlere the keselne am future systens have dat that are rot
statisticaly equvalent, ard the systens ae qerationaly different.

Traditional descriptive and inferential statistics determine statistical equivalency. A preliminary
appoachto the use bthese sttistics 5 as bllows.

a. Compute desadptive satistics making gereral compalisons d mears, stardard devations,
ard trerds

b. Derive inferential satistics suchasusng ANOVA with post hoc testing to compare the
baseline aml future systens on a given measire. ANOVASs will be two-way tests
comprised @

1. systems(i.e, ARTS llIA baseline versusthe future system), and
2. a secod facor consisting of one d the following:

a) four sectrs,

b) two runway configurations, or

c) 15-min segmerts.

The ANOVA first checksfor a diference n eachof the factors ard thenfor aninteracion
betweenthe two faciors. If the ANOVA reveak atisticaly sgnificart differences researchers
should use pst hoc testing to idertify where the diference(s) occur.

Researhers stould adgt analpha level (or margin for error) based upoa anoperational
projection of the paver of the test. They should assurathat ATC measues ae rormally
distributed, permitting the use of paametric datistics. Non-parametric datistics may be
appopriate for other measues. Statistical tests canbe used as aethique b compare systers,
but they do not eiminate the need for a controller caucus

An exanple denonstrating the u® d anANOVA isto consider the beseline neasire o the
average wakload fr the terminal controller. Table 1 cantains the nears for this measue acoss
the four secbrs in the 2722L rurway configuration ard stows these nears ard hypothetical
mears for a future system Hgure 2 defits these nears.

Table 1. Average Workload Raing by System

Initial Dep. South Rockport Final One
ARTS IlIA 3.0 2.9 3.7 3.7
Future System (hypothetical) 4.5 45 3.0 3.2
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Figure 2. Average wakload rating by secbr for eachsystem

The ANOVA tests for an overall difference between the ARTS IIIA and afuture system and for
differences l@tweensecbrs. It alsotests the satistical significarce d the interacton represered
in Fgure 2. The presere d aninteracion mears that there is a diferential effectin how a
measue suchas wakload clarges aanss he two varialles (systems ard secors). If the
ANOVA shows ggnificart overall effects or a sgnificart interacion, the reseacher conducts post
hoc tests to deermine wiere the diference(s) occur. This might stow that the hypothetical
future system has sgnificantly lower workload than the ARTS IIIA for the arrival sectors. Even
thoughthe future systemmight show samewhat higher workload \elues br the depature secbrs,
the diference may not reachstatistical or operationa significarce. Computational tecmiques or
ANOVAs are readly available in gatistics books ard canmercial software programs.

4.1.1 Refinements to the Baselining Methodology

For future efforts, reseachers slould cansider the following erhancenerts to the taselne daa
extraction ard aralysis process. An important baselne neasue for capadiy is aircraft fuel
consumption. Thisis anindicatbor of secor efficiercy ard cauld be based upo secbr boundary
crossng time in contrast to track cantrol time. Fuel consumption could be measued accoding to
average pounds of fuel consumed for dl aircraft, by sector. Modds would need the capability to
handle TGF or CDR output. Researchers gould aso collect daa for the ARTS IlIA
performance ime of functions a keyboard ertries © assst in the e\aluaion of differences
between the ARTS IIIA CHI and that of a future system.

During the prepasation of this report, reseachers idertified te reed dr addtional aubmated
tools to expedie dat reduction and aralysis. Thes tools would be used dfline keginning after
completion of the first smulation runs and in parallel during the remaning smulation rurs. In this
manner, dat could be presered in a imely ard precise nanner shortly atter conclusion of the last
simulation run. A paticular problem was e extraction ard aralysis of CDR autput. Further
terminal baseline efforts would be more effective if improvements were made in the techniques
available for working with these dad.
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4.1.2 Limitations and Constraints

The pupose d these dat is to provide a laselne for future system compaitisons with the ARTS
[IIA. Neither the daa nor the constructs upa which they are based should be considered as
propelly validaied neasues Dr use n other studies d controller or system pefformance. Further
reseach is needed bfore the neasues desabed in this report could be used ér applcatons
other than terminal system baselining.

CDR was not fully reliable during the smulation runs. Of the 24 successful runs, only 15
contained camnplete CDR autput. Chi-squae aralyses wee conducted to deermine whether
proportions o datin this smaller setwere biased oward a paticular runway configuration or
data cdlection week. The 15 uns of CDR autput are as epresenative of the two runway
configurations asthe full 24 uns of quesionnaire, ATWIT, ard TGF daf, x*(1, N= 15)= 021,
p> .05. Table 2 slows the pecertage d eachrunway configuration for the full ard CDR daa
set. The 15 uns of CDR autput are as epresenative of the 3 weeks ase full data set

X?(2, N=15)=130,p> .05. Table 3 slows the pecertage d eachweek br the full ard CDR
data sts.

Table 2. Repesenativeness d Data Sets for EachRurway Configuration

Percentage of | Percentage of
Full Data Set | CDR Data Set
27/22L Runway 46 % 40 %
Configuration
4RL Runway 54 % 60 %
Configuration

Table 3. Repesemativeness d Data Sets for EachWeek

Percentage of | Percentage of

Full Data Set | CDR Data Set
Week 1 29 % 20 %
Week 2 38 % 33 %
Week 3 33 % 47 %

As a resul, for conflict alert ard keyboard eriry dat, the reported nears ard stardard devations
are based on 15 completed runs rather than the full 24. This smaller sample probably resulted in
increased variance for these variables. Efforts should be madein future ARTS II1A baseline work
to ensure more reliable performance.

Thoughthis simulation atempted the highestfidelty available, there ae aeas in which it differed
from the actial Boston TRACON, as bllows:

a. At the Boston TRACON, the cantroller working the Depature Sector has a cbsed-circuit
television display showing the flight strips of the tower controller. The controller then
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knows the cal signs of depature arcraft before the arcraft arrivesin the terminal
airspace. This smulation did not have this capaliit y.

b. Technical limitations and limit s on the training of the SIMOPs prevented the incluson of
VFR traffic. For smulated VFR traffic to move realsticaly throughthe arspace,
SIMOPs would have needed & more training and knowledge d the terminal area awl
typical VFR flight plans than were available. The Baston TRACON would typicaly
handle several VFR aircraft during a 90min petiod on a 90" percertile day It is possible
that absolute measues €.9., average wakload aml total data entries) are lower because
fewer arcraft were presen in the smulated arspace han would be preset in the actal
airspace. Howewer, the measues eported peraircraft should be mostly unaffected Ly the
lack d VFR traffic.

c. The staffing used in the smulation (i.e., four controllers with one supevisor) was lighter
than atypical 90" percertile daywhen six controllers staff the pasitions. However, the
excluson of VFR and satellit e traffic from the smulation scenarios madethe staffing
appopriate for the traffic load.

These limit ations do not affect the validity of the data set. However, when making comparisons
with future systems, researchers should maintain smilar conditions.

5. Concludons

This baselne sudy provides a dat setthat should be usetil for ensuring that new ATC systems
function as well or better than the existing ARTS IlIA. These daa are critical as afoundation for
making evaluatons that would otherwise be based ertirely on sujective judgrent. If used as
advised in this report, these data will provide a powerful tool for making system comparisons.
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Apperdix A

Questonnaires anl Forms



POST-SCENARIO QUESTIONNAIRE

Controller ID: a b ¢ d Date Run
Position/Sector: ~ South  Init. Departure Rockport  Final Vector
Test System: ARTS llIA / ARTSIIIE /| STARS

Instructions

The purpose of this questionnaire is to obtain informatian concerning different agpects of the air traffic
control problem jug completed. This informatian will be used to determine how the simulation experience affects
your opinions. As you arswer each question, fed free to use the entire numeical scale Please be ashonest and as
accurateasyou can. So that your identity can remain amonymous, your adual nameshould not be written on this
form. Instead, your data vill be identified by a @ntroller code known only to yourself and the experimenters.

1) How well did you control traffic during this problem?

1 2 3 4 5 6 7 8
Not Very Extremely
Well Well

2) What was your average workload level during this problem?

1 2 3 4 5 6 7 8
Very Low Very High
Workload Workload

3) How difficult was this problem compared to other smulation training problems?

1 2 3 4 5 6 7 8
Not Very Extremely
Diffi cult Diffi cult

4) How good doyou think your air traffic control services were from a glot's pant of view?

1 2 3 4 5 6 7 8
Not Very Extremely
Good Good
5) To what etent did technical problems with the smulation equipment interfere with your ahlity to control
traffic?
1 2 3 4 5 6 7 8
Not Very A Great
Much Deal
6) To what extent did problems with smulator pilots interfere with your normal airtraffic control adivities?
1 2 3 4 5 6 7 8
Not Very A Great
Much Deal
7) How realistic was this Smulation problem compared to adual air traffic control?
1 2 3 4 5 6 7 8
Not Very Extremely
Realistic Realistic
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FINAL QUESTIONNAIRE

Controller ID: a b ¢ d Date
Test System: ARTS IlIA / ARTSIIIE / STARS
Section A

Please circle the number that best describes your level of agreement with each of the following
statements concerning the current ARTS IIIA console.

1)  The switches, knobs, ard buttons on the console are easy to aaess.

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree

2)  Theopeation ard functions of the switches, knobs, ard buttons on the console are intuitive.

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree

3) The controller keyboard is easy to us.

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree

4) The radar ard map déplays are easy to read

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree

5) The radar ard map d$plays are easy to understand.

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree

6) Thereis plenty of spae to work within the workstation.

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree

7)  Theeguipment, displays, and controls allow meto control traffic in the maost efficient way possible.

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree

8) The equipment, displays, ard controls allow meto control traffic without ary awkward limitations.

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree

9) Overall, the equipment, displays, ard controls are effective in megting the needs of contrallers.

1 2 3 4 5 6 7 8
Strongly Strongly
Disagree Agree
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FINAL QUESTIONNAIRE
(continued)

Section B

Please circle the number that best describes your overall interaction with the equipment, displays,
and oontrols (i.e., human-computer interface) of the ARTS IIIA console. In making these judgrrents, please
consider your total experience with the ARTS 1A, not jug your experience during this Smulation sudy.

Regarding my everyday air traffic control tasks, the ARTS IlIA system is

1) 1 2 3 4 5 6 7 8
Not Very Extremely
Limiting Limiting
2) 1 2 3 4 5 6 7 8
Not Very Extremely
Frudrating Frugrating
3) 1 2 3 4 5 6 7 8
Not Very Extremely
Effective Effective
4) 1 2 3 4 5 6 7 8
Not Very Extremely
Efficient Efficient
5) 1 2 3 4 5 6 7 8
Not Very Extremely
Eay to Opeate Eay to Opeate
6) 1 2 3 4 5 6 7 8
Not Very Extremely
Eay to Understard Eay to Understard
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FINAL QUESTIONNAIRE
(continued)

Section C
Please circle the number that kest represents your opinion alout the following paential
improvements to the ARTSIIIA.

1) Towhat extent doyou think a '‘windows" interface amilar to that d pe'sonal computers would improve your
effectiveness with the ARTS IlIIA console?
U If you are not familiar with the "windows' interface, mak this box.

1 2 3 4 5 6 7 8
Not Very A Great
Much Ded

2) Towhat extent doyou think a mause input device (instead d a tradball) would improve your effectiveness
with the ARTS llIIA console?
U If you are not familiar with a maise input device, maik this box.

1 2 3 4 5 6 7 8
Not Very A Great
Much Deal
3) To what extent doyou think color displays would improve your effectiveness with the ARTS IIIA console?
1 2 3 4 5 6 7 8
Not Very A Great
Much Deal
4) Towhat extent doyou think a brighter lighting level would improve your effectiveness with the ARTS IIA
console?
1 2 3 4 5 6 7 8
Not Very A Great
Much Deal
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FINAL QUESTIONNAIRE
(continued)

Section D

For each the following questions, indicateyour opinion by maiking one or mare of the provided

boxes. Then, please provide ary additional comments that you think are appropriate

1) Which aspects of the ARTS IIIA console need improvement?

U Radar and Map Displays U Console Switches and Knobs
U Volume of Workspae U Tradball
U Keyboad O Other (specify)

U Other (specify)

P ease provide some details alout why you think each of these agects needsimprovement?

2) What are the most common mistakes you encounter usng the ARTS IIIA console?

U Misreading Radar Display Informatian U Sdecting Tamges with Tradball
U Misreading Map Display Informatian U Adjuging the Carrect Switch or Knob
U Making Entries with Keyboard O Other (specify)

O Other (ecify)

P ease provide some details alout what you think causes you to make each of these mistakes?
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FINAL QUESTIONNAIRE
(continued)

Section E
If there are any other comments or suggestions that you have regarding this basdline sudy of the
ARTS IA console, please write your ideas in the space provided below.
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OBSERVER EVALUATI ON FORM
Observer Code Date
Controller: a b ¢ d
Position/Sector:  South  Init. Depart Rockport  Final Vector

Simulation

INSTRUCTIONS

This form was degined b be used iy instructor cettified ar traffic control specalists to
evaluae the effectiveness of controllers working in smulation environments. Observers will r ate
the efectiveress @ controllers in seeral different performance aeas usig the scag¢ stown
below. Whenmaking your ratings, please ity to use he ertire scaé range as machas pasble.
Y ou are encouraged to write down observations, and you may make preliminary ratings during
the sceario. Howewer, we recanmend that you wat urtil the sceario is finished kefore making
your final ratings. The dosenvations you meke donot need b be restricted b the peformance
areas coered in this form ard may include dher areas bat you think are important. Also, please
write down any comments that may improve this evaluaion form. Your identity will r emain
anonymous so do not write your name on the form. Instead, your data will be identified by an
obsewer code krown only to yoursef ard the reseachers canducing this study.

Rating | Label Description

1 Controller demonstrated extrernrely poor judgment in making control decisions and very frequently
made errors

2 Controller demonstrated poor judgment in making some control decisions ard accasionally madeerrors

3 Controller made questionable control decisions usng poor control techniques which led to restricting

the normal traffic flow

4 Controller demonstrated the alility to keep aircraft separated but used spadng ard separation criteria
which was eccessive

5 Controller demonstrated adequate judgrrent in making control decisions
6 Controller demonstrated goodjudgment in making control decisions usng dficient control techniques
7 Controller frequently demonstrated excellen judgrrent in making control decisions usgng extremely

good control techniques

8 Controller always demonstrated excellent judgment in making even the most difficult control decisions
while usng outganding control techniques

NA Not Applicable - There was not an oppartunity to observe paformarce in this paticular area during
the smulation
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MAINT AINING SAFE AND EFFICIENT TRAFFIC FLOW

1.

2.

3.

4.

Maintaining Separation and Resolving Potential Conflicts................ 1 2
- ugng control instructions that mairtain safe aircraft sparation
- detecting ard resolving impending conflicts early
Sequencing Arriv al and Departure Aircraft Efficien tly ..................... 1 2
- udng dficient and orderly spadng techniques for arrival ard
departure aircraft
- maintaining safe arrival ard departure intervalsthat minmize ddays
Using Contr ol Instructions EffeCtivVely ..........ceeviiiieiiiiiiii, 1.2
- providing acurate navigational asistance to pilots
- awiding dearances that result in the need for additional instructions
to handle aircraft completely
- awiding excessive vectoring or over-controlling
Overall Safe ard Efficient Traffic F low Scale Rating........................ 1 2

MAINTAINING ATTENTIO N AND SITUATIO N AWARENESS

5.

8.

9.

Maintaining Awareness of Aircraft P oSitions..........ccovevvviiiinieveiinnnnnn. 1. 2
- awoiding fixation on one area of the radar scope when other areas need
attention
- udng scaming pattens that manitor all aircraft on the radar scope
Ensurin g Positive Control ..........oouuuiiiiiiieeeeeeeei e 1.2

Detecting Pilot Deviations From Contral Instructions....................... 1 2
- ensuring that plots follow asigned clearances correctly
- correcting pilot deviationsin a timdy mamer

Correcting Own Errorsin a Timely Manner ..........cccceeeiiiiineeeeeenennn, 1. 2

Overall Attention and Situation Awareness Scale Rating................... 1 2

PRIORITIZING

10.

11.

12.

13.

14.

Taking Actions in an Appropriate Order of Importance.................... 1 2
- resolving dtuations that need immediateattention before handling low
priority taks
- issuing control instructionsin a prioritized, sructured, ard timdy
manne
Preplanning Control ACHIONS ..........ooiiiiiiiiiiiii e 1...2
- scaming adacent sectors to planfor inbound traffic
- sudying pending flight sripsin bay
Handling Control Tasks for Several Aircraft .......cccooovvvviiiiiieviiinnnnnn. 1. 2
- shifting control tasks etween several aircraft when necessary
- awiding ddays in communications while thinking or plaming control
adions
Markin g Flight Strip s While Performing Other Tasks.........ccccoeeeeee. 1 2
- marking flight sripsaccuratdy while talking or peforming other
taks
- keeping flight strips current
Overall Prioritizing Scale Rating .........ccoooviiiiiiiiiiiiiiiie e 1.2
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PROVIDING CONTROL INFORMATION

15. Providing Essential Air T raffic Control Information........................ 1
- providing mardatay services ard advisories to pilotsin a timdy
manne
- exchanging essential informatian
16. Providing Additional Air Traffic Control Information...................... 1

- providing adlitional srvices when workload is not a factor
- exchanging adlitional informatian

17. Overall Providing Control Information Scale Rating.............cccccee.... 1
TECHNICAL KNOWLEDGE
18. Showing Knowledge of LOASanNd SOPS.......ccccveviiiveiiiieereeieeeeeeeeenn 1.

- controllin g traffic asdepicted in current LOAs and SOPs
- peforming handdff procedures correctly
19. Showing Knowledge d Aircraft C apabilities and Limitations............ 1
- awiding dearances that ae beyond aircraft performarce paameers
- recognizing the need for speed restrictions and wake turbulence

Separation
20. Overall Techical Knowledge Scale Rating...........cccovvvvveeeeeiiiiiieinnnns 1.
COMMUNICAT ING
21. Using Proper Phraseology.........ccuuuvueuniiieeeeiieiieiiiiiiie e 1.

- udng wordsand phrases gecified in ATP 711065
- udng ATP phraseology that isappropriate for the stuation
- avoiding the use of excessive verbiage
22. Communicating Clearly and Efficiently...........ccccoviiiiiiiiiiinn, 1.
- speaking at the proper volume ard ratefor pilots to
understand
- speaking fluently while scanning a peforming other tasks
- clearance ddivery is complete, correct and timdy
- providing complete informatian in each dearance
23. Listening to Pilot Readbacksand Requesds...........cccceevviiiieeiiiiiiinnnnns 1.
- correcting pilot readback errors
- adknowledging pilot or other controller requests promptly
- processing requests correctly in a timdy mamer
24. Overall Communicating Scale Rating .........cccooveeeeiiiiiiiiiiiiiiiiin, 1.
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MAINT AINING SAFE AND EFFICIENT TRAFFIC FLOW
1. Maintaining Separation and Resolving Potential Conflict s

2. Sequerncing Arriv al and Departure Aircraft Efficien tly

3. Using Cntral Instructions Effectively

4. Other Actions Observed in Safe ard Efficient Traffic F low

MAINTAINING ATTENTIO N AND SITUATIO N AWARENESS

5. Maintaining Awareness of Aircraft P ositions

6. Ensuring Positive Control

7. Detecting Pilot Deviations From Control Instructions

8. Correcting Own Errors in a Timely Manner

9. Other Actions Obseaved in Attention and Situation Awar eness
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PRIORITIZING
10. Taking Actions in an Appropriate Order of Im portance

11. Preplanning Control Actions

12. Handling Control Tasks far Several Aircraft

13. Marking Flight Strip s While Performing Other Tasks

14. Other Actions Observedin Prioritizing

PROVIDING CONTROL INFORMATION

15. Providing Essatial Air Tr affic Control Information

16. Providing Additional Air Traffic Control Information

17. Other Actions Observed in Providing Control Information
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TECHNICAL KNOWLEDGE
18. Shawing Knowledge d LOAs and SOPs

19. Showing Knowledge d Aircraft C apabilities and Limitations

20. Other Actions Observedin Technical Knowledge

COMMUNICAT ING
21. Using Proper Phraseology

22. Communicating Clearly and Efficiently

23. Listening to Pilot Readbacks and Requests

24. Other Actions Observed in Communicating

A-12



ARTS Basline Test

Observer Log
Observer Initias: Date: Run:
Position/Sector: South Init. Depature  Rockport  Fina Vector

Instructions. Please ote the accurence d missed apmactes an mssed LS acqusitions by noting
systemtime, the reture of the e\ert, ard the arcraft involved. Please ao note ary tecmical problems
ard other sakty-critical or otherwise important everts. Use lack d page or explamations, if necessay.

System Time Event Aircraft

A-13



Apperdix B

Briefing Document



Bogon TRACON - Logan Airport
Terminal Baselne

Simulation Training Package
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1.0 INTRODUCTI ON

The intent of this training packagesito provide ar traffic controllers with a waking knowledge
of the sekécied Baston TRACON arspace bhat will be employed during the Terminal Basdline
Evaluaion usang the ARTS IIIA. The testing of the ARTS IIIA will not be an evaludion of
controllers skills. These smulations are pat of an ongoing effort to assess operational suitabilit y
issues related to future air traffic control (ATC) systems.

These snulations have beendesgned © eralde the cantroller to erter as nany inputs into the
systemas p@shble. The intent isto provide ‘realworld” situaions. Included i this package a
gereral desciptions of the Boston TRACON secbrs/positions as welas pocedues spedic to
eachpasition that will be used in these Smulations.

20 SIMULATI ON ENVIRONMENT

The Target Generation Facility (TGF) consists of four areas: Target Generator, Smulation
Opemation Piots (SIMOP9, Exercise Control, ard Developmert ard Suppet. The TGF
interfaces wih National Airspace $stem(NAS) aubmation. The function of the TGF is to
create aredistic ATC environment. Aircraft targets will r espond to your instructions without
question. Each time you call an aircratt, it should respond realistically.

The kesic desgn of the systemis to provide he usemwith a sytemthat alows the cantroller to
issue aitraffic instructions. It should ako have eachaicraft pefform in a manner smilar to areal
environment.

2.1 TARGET GENERATI ON FACILITY

The TGF is interfaced wih the ARTS IIIA and Host systems and is designed to generate digital
radar messagesdr a smulated arspace exironmert.

2.2 Simulation Pilots

The SMOPs control the arcraft target during the smulation.

2.3 Exercise Control

The Exercise Cattrol manages he execuion of the exercise.

2.4 Development and Support

The Development ard Suppot area ncludesthe wakstations that are ugd by the serario
developmert aralyst to develop scemrios, validate the dat base,ard preview the sceatrio.
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2.5 DOs and DON'Ts of the Sysem

Do not expectthe systemto respand to you as araircraft that has a piot sitting atthe cantrols.
This mears that your cleaarces nust be techicaly correctin format.

Do not expectlogical arswers to questons that are cutside he actial ream of control of the
aircraft to which your SIMOP is responding. The SIMOPs have no visud reference to the
movement of ary aircraft in the seabr. They do have accessd much of the information you will
need in the normal routine of controlling the aircraft involved (i.e., indicated airspeed, dtitude
information, headng, ard distarce r cettain fixes along their filed route). They also cansupply
you with aircraft type, equpmert, beaca code, ard desination. Before the first simulation run
begins, it is suggesed hat you krief your SIMOPson typical instructions ard cleaarncesyou will
be usng.

2.6 _Support

There isa goup o dewelopers that work very hard to provide you with the kest passble system
There s a canstant streamof erhancenrerts that they continue © work on throughout the year.
When you leave this facilit y, we hope to have your ideas and suggesions to further improve the
system

Another group that continues b train eachdayto improve for you is the SMOPs. Your
relationship with the SMOP is very important to themard the successfdhe scearos we est.
There ae, howewer, a few things d which you stould be awae. Althoughthe training required
of a SMOP represens a sicere efort to provide you with realsm, they are rot professonally
trained ar traffic controllers ard most of them have no pilot experierce.

2.7 Ghog Podtions

All the arspace mcluded wihin ary fadlit y’s area must be accaunted for in a given simulation that
is conducted here in the Techical Certer Lab. This mears that al relevant secbrs nust be
included.

There ae two addtional secbrs that must be used m the smulation ard stffed by controllers.
They are deggnated as ghost positions.” One seobr is used o start the target (inbound ghost)
ard the aher isused 0 terminate the target (outbound glhost).

En route flig hts initially entering the facility’s airspace ae “started” (start track)in the smulation
at a pogrammed time. Hights that originate inbound to the sceario are started (depated) from
the inbound ghost sector. Hights that are terminated within the facility’s airspace ae terminated
(drop track)in the cutbound glost secbr’s airspace.

Whena fight is assgned ae d the following termination frequereies, the SMOP erters the
frequemy into the TGF computer, ard the radar track henterminates,following 6 addiional
minutes d flight. The following frequemies canbe used b terminate anarcraft whenit exts a
scerarno secbr into no-scerario arspace édjacen fadlit y/sector). When the aircraft is issued the
appropriate frequency by the controller, the SIMOP will enter the frequency into the TGF
computer. The frequemies ae as bllows:
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Boston Center- 13342 12875 1347 1282

Providerce Approach 13385 1354
Bradky Approach 12395

Cape Approach 1182

Manchester Approach 1188 13475 1249

3.0 SIMULATI ON SCENARIO DESCRIPTIONS

Boston TRACON will execute a developed scenario utilizing four radar pasitions. The level of
traffic/complexity is mixed, and maostly moderate to heavy. Scenario duration is gpproximately
1.5 hours. The following diagram idertifies he paitions aml assciated fequemies:

Initial South
UNUSED Departure 120.6
1330

General Information

RadarDispbys- The following RADAR disphlys are usedn these sceawios: UNUSED

Display #6=Initial Departure Position
Display #7=Sauth Pasition

Display #9=Rockpart Pasition
Display #10=Fnal Ore Paition

Initial Depature “D” position, frequery 1330.
. this position utilizes the pasition symbol “D”.

a
b
c. combined wih Lincoln Sector (“L”).
d
e

Rockport
> _ N 118.25
. dl Boston Departures initiates at this pogition.

. al arivas from “WOONS' are handed df via
interfacilit y to this pasition.

Sauth Secbr a. “S’ position, frequemry 1206.

b. combined wih Plymouth Sector (“M”) .

c. this pasition utilizes position symbol “S’ . Final

d. this position acceps handoffs from “D” desined © One
SID depature points o “FRILL,” “BURDY,” “SEY,” 126.5
“ACK,” "HYA,” “PVC,” “LUCOS,” “MVY,”

and “DRUNK.”
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e. this pasition will accepthandoffs from interfacility arrival points of
“PVC,” “FREDO,” and “PVD.”

Rockpat Secor  a. “R” position, frequery 11825.
b. this position utilizes the position symbol “R.”
c. this position acceps handoffs from “D” desined © SID depature
points of “MHT” and “PSM.”
d. this position acceps handoffs from interfadlit y arrival points of “GDM,”
“KHRIS,” “RAYMY,” and “SCUPP.”

Final Ore a. “F’ position, frequermy 1265.
b. this position utilizes a position symbol “F.”
c. this position acceps only intrafadlit y handoffs.

3.1 Initial Departure (‘D)

In these sceaios, this position is combined wih the Lincoln secbr. Lincoln secbr is
predaminartly a wesbound depature caridor ard aninbound secior for arivals flight plamed
over “WOONS”

Freguency Information

Primary frequey for this position is 1330

Depature Pocedues

Initial Departure is the outlet for dl arcraft departing the Logan International Airport. Aircraft
are veciored pera RADAR Sardard Instrument Depature (LogarrNine SD) procedue, which
outlines depdure instructions ard noise alatenernt procedues asdllows:

ALL jet aircraft

Runway 22Ror 22L: Hy headng 140 degees climb and mantain 5,000'.

Runway 9: Fly runway heading, climb and mantain 5,000'.

Runway 4R Fly runway headng urtil the BOS 4 DME, thenturn right headhg 090 degees
climb and mantain 5,000".

ALL prop aircraft

Fly assigned heading, climb and mantain 3,000'.
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Arrival Procedues

Since the caifiguration of Initial Depature canbines he functions o “Lincoln Sector,” the
following arrivals require service.

Route Altitude
WOONS BOS 7,000’

Controller Actions

1. All arrival arcraft are handed df to the Fnal Vector (“F’) position for sequening ard
appoachcleaiarces.

3.2 South Plymouth (“S”)

This posttion is combined wih the Hymouth Sector. Plymouth Sector is predaminartly a
southbound depature caridor ard aninbound secior for arivals flight plamed over “PVD,”
“FREDO,” and “PVC.”

Freguency Information

Primary frequey for this position is 1206

Depature Pocedues

Depatures ae rended df from Initial Depature to this secbr for jet/prop traffic depating
southbound.

To Bodon Center

Jet depaturesare vectbored aitbound on a keadng of 170210 degees

Jetdepatures outed over ACK (Nartuckef) are issued tlirect ACK.”

Propsrequesing ator atove 12000’ are issued ‘maintain 12000” and veciored am a readng of
170210 degees

To Rovidence Aproach

Propsrequesing ator below 10,000’ shall be vectored b join V268 Nath of INNDY.

To Cape Aproach

Propslanding HYA, MVY, ACK are ent via “direct’ at 5,000’, 7000, or 9,000'.
Propslanding PVCare snt via “direct’ at 3,000'.
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Arrival Procedues

The following arrivals will r equire service by this sector/paosition landing Boston.

Runway Route Altitude/Restriction(s)
4R PVD.V141INNDY.BOS cross PVD at11000’, at 250 krots
27 PVD.V141INNDY.BOS cross PVD at11,000’, no speed estriction
27 FREDO.BOS 6,000’
27 PVC.BOS 4,000’

Controller Actions

1. Aircraft may be vectored D either 4R a 4L, as detrmined ky controller peisonnel for a nore
efficiert use & arspacefunway utiliz ation.

2. All arrival arcraft are handed df to the Anal Vector (“F’) position for sequening ard
appoachcleaiarces.

3.3 Rockport Secor (“R”)

Rockpart Secor is predaminartly a rorth/northeas bound depature caridor ard aninbound
sector for arrivals flight planned over “GDM,” “RAYMY,” “KHRIS,” and “SCUPP.”

Freguency Information

Primary frequey for this position is 11825

Depature Pocedues

Depatures ae rended df from Initial Depature to this secbr for jet/prop traffic depating
north/northeast bound.

To Bodon Center

Jetdepatures ae ectored aitbound “direct MHT” or “direct PSM,” as appopriate.

Prop depatures ae vectored aitbound “direct MHT” or “direct PSM,” as appopriate.

Props requesing ator alove 12000’ are issued “maintain 12,000” and vectored “direct MHT”
or “direct“PSM,” as appopriate.

To Manchesger Approach

Prop depaturesto Boston Center (at or alove 12000") may be issued ‘maintain 10000™ and
handed off to Manchester Approach. Fve (5) mile longitudinal separation shall be provided to
these success operations.
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All other arcraft will be issued “direct MHT” and climbed to 10000’ or lower, asrequesed.

Arrival Procedues

The following arrivals require service by this sector/position landing Boston.

Runway Route Altitude/Restriction(s)
al RAYMY.LWM.BOS 6,000’ (props)
al KHRIS.LWM.BOS 5,000’ (prop9)
al GDM.V431REVER.BOS cross BRONC (props) 9,000’
al GDM.V431REVER.BOS cross BRONC (jets) 11,000, at 250 krots
27 SCQUPPBOS jets 11,000, at 230 krots
4R SCUPPBOS jets 11,000, at 250 krots
al SCUPPBOS props 10,000’

Controller Actions

1. Aircraft may be vectored D either 4R a 4L, as detrmined ky controller peisonnel for a nore
efficiert use dé arspacefunway utiliz ation.

2. Aircraft may be vectbored b either 22L or 27, as de¢rmined ty controller peisonnel for a nore
efficiert use & arspacefunway utilizaton. In either case ersure aircraft assgned unway 22L by
controllers are capate of the hold short operation (smultarecusly landing rurway 27).

3. All arrival arrcraft are handed df to the Fna Vector (*F’) position for sequening ard
appoachcleaiarces.

3.4 Final One (‘F™

In these scenarios, this pasition is ambined with the Final Two-(I) position. Final One is the final
appoachcontrol position where al appoachcleaiarces ae issued ér Loganinternational
Airport ard arcraft are sulsequerly trarsferred to the Tower Local Control for landing
clealarces. This position does rot typicaly control depature traffic, though coordination for
suchoperations may be requesed.

Freguency Information

Primary frequey for this position is 1265

Arrival Procedues

The following arrivals require service by this sector/position landing Boston.
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Runway Aircraft Type Tranderred By

4R
4R

4L

4L
27/22L
27

27

27

27

221
221

221

jets
jets

props
props
jets/props
jets
props
jets
props
props
props

props

Controller Actions

Rockpart Secor
Sauth/Plymouth Secor

Rockport Secbr

Init. Depature rom WOONS
Rockpart Secor from GDM
Rockpart Secor from SQUPP
Rockport Secbr from SQUPP
Saouth/Plymouth
South/Plymouth

Rockport Secor from RAYMY
Rockport Secor from KHRIS

Init. Depature rom WOONS

Altitude/Route

6,00070on a right downwind
6,000/egaHished on the
extended use 4Rokaizer
5,00070on a kft downwind
4,0007/direct BOS VOR
6,00070n a right downwind
6,000’/vector to join the urnway
27 localzer

5,000’/vector to join the mnway
27 localzer

5,0007left base leg vector at
TONNI

4,0007left base leg vector at
TONNI

4,000/right base leg from LWM
VOR

4,0007right base leg from LWM
VOR

5,0007right downwind

1. Aircraft may be vectbored D either 4R a 4L, as de¢rmined lky controller peisonnel for a nore
efficiert arspacefurway utilization. Aircraft inbound for Runway 4L should bevectored for the
visud approach to an imaginary final. SIMOP pasonnel will make al descents and necessar
turns ater the issuace d the visualappoach Rurway4R, 22L, ard 27 arivals shall be
veciored or that runway s pulished ILS appoach

2. Primary runway arrivals (rurway 4R or 27, dgpending on configuration) shall reman on the
position symbol “F.” Secandary arivals (runway 4L or 22L) dattags slall be charged (ocal
ARTS path) to a pesition symbol of “X.” This idertifies he unway assgnment ard reduces
confuson by Approach/Tower personnd.
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3.5 Airspace Descriptions

Land 27/22L, Depart 22R

A gerera outline d the overall arspace dedgated to Boston TRACON incorporating internal
secbrizaton for operations for the Land Rurway 27/22L, Depat Rurway 22R cafiguration.
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50

110/100

Land 27/22L, Depart 22R

A look atthe overall flow of traffic for this configuration.

color key

red=JET ariva flow (thick line)
blue=JET depature flow (thick line)
orange=PROP arriva flow (thin line)
greer=PROP depature flow (thin line)
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X

Land 4R/L, Depart S

A gerera outline d the overall arspace dedgated to Boston TRACON incorporating internal
secbrizaton for operations for the Land Rurway 4RL, Depat Rurway 9 caifiguration.
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50 X 50

110/100

70

110 ;
O 60

Land 4R/L, Depart

A look atthe overall flow of traffic for this configuration.

color key

red=JET ariva flow (thick line)
blue=JET depature flow (thick line)
orange=PROP arriva flow (thin line)
greer=PROP depature flow (thin line)
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3.6 Additional Scenaio Information

Tl List

A list from the flight plan datbase is gererated usng a gript deweloped ly SRC personnel. See
StanRimdzius a NizamTaleb.

Arrival Handoff Positions/Times

Handoffs of arrival aircraft will begin gpproximately 30 seconds after target initiation, regardless
of inbound Boston airspace sedr involved.

Freguencies Used for Interfacilit y Handoffs and Termination

Boston Certer (implied handoff by sekcting the claracier “C” and skewing):
13342-Bosox Sector-(Bosox, Glyde, Nelie a or above 11000)
128.75-Cape Sector-(SEY, Lucos, ACK, HYA at or above 11000
1347-Concord Secbr-(MHT at or alove 11000)
1282-Paso Sector-(PSMat or above 11000, and dl FRILL)

Providerce Approach(implied handoff by sekcting “deta 1” ard skewing):

13385-+Providerce East High/Low-(BURDY, V268, eas satellit es)
1354-Providerce West High/Low-(all weg satellit es)

Bradley Approach(implied handoff by sekcting “deta 2” ard skwing):
12395-Bradky (Bosox, Glyde ator below 10000

Cape Approach(implied handoff by selecting “deta 3” and dewing):
1182-Cape Hgh/Low (HYA, MVY, ACK, PVC at or below 10000’

Manchester Approach(implied handoff by sekcing “deka 4” ard skwing):
1188-Manchester East (PSMat or below 10,000)
13475-Manchester West (MHT 5,000’ to 10000)
1249-Manchester Sauth (larding MHT, ASH at below 4,000)

Targe Termination

Target termination occurs 6 mirutes after interfacilit y transfer of communications has occurred.
This ersures that the arcraft depats Boston's arspace. Use d ary of the almve nterfadlity
frequemries wauld indicate those arcraft requiring this acion.
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Voice Canmunicaion Equipment Layout

The following tables dertify the pasition labeling for the wice canmunicaion equpmert. The
order of these labels should be consistent with the following tables to ensure controller familiarity.
Foot switches slould be incorporated ateachoperating pasition for optional use ly controller
personnd.

At Radar Display #6 4nitial Depature

2050 | MHT2 | MHTT N S
2151 BDL oQuU R L
2154 FMH FV1 M HELO LS
2307 AM FV2 LCW LCE RLS
At Radar Display #7 -South Pasition
5027 | MHT2 | MHTT N N*M NZW
5028 BDL OoQU R L OWD
2050 FMH FV1 M HELO LS
2151 D FV2 LCW LCE RLS
At Radar Display #9 -Rockport Secbr
5028 | MHT2 | MHTT N S
2150 BDL oQuU AM L
2151 FMH FV1 M HELO LS
2154 D FV2 LCW LCE RLS
At RadarDisplay #10 Final Vector
D N S
R L
M HELO LS
LCW LCE RLS

Functionality

Buttons labeled D, S, R, ard FV1 should have voice outed o those respecive RADAR pasitions
idertified. These shuld sewve as aroverride © radio frequemy trarsnissons.

Buttons labeled L, M, FV2 sewe a vsualfunction in labeling only ard are rot routed © other
positions/SIMOPs at this time.

All remaining buttons are routed b equpment, scteduled © be temporarily placed wihin the
SIMOP aea,for service ascoordinated with ACT-510. Thes huttons MAY require controller
personnel to use he pushto-talk feaure d their headsed to eralde conversation with that
position/facilit y called up.
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40 SIMULATION SCHEDULE

4.1 Week 1 Sinulation Schedué and Work Assignments

4.1.1 Definitions

Simulation A Configuration: Land 27/22L, depat 22R
Simulation B Configuration: Land 4RL, depat 9
Position 1 is Initial Departure

Position 2 is South (combined with Plymouth Sector)
Pasition 3 is Rockpart Secbr

Position 4 isFina Vector

412 Dayl

Pre-Briefing: 1400 -1600
Laboratory Orientation: 1600 -1800
413 Day?

Meetin ARTS Lab: 1530

Simulation Al: 1630 -1830

Postion Controller
1 A
2 B
3 C
4 D

Break 1830 -1930

Simulation B1: 1930 -2100

Postion Controller
1 D
2 C
3 B
4 A

Simulation A2: 2130 -2300

Postion Controller
1 B
2 C
3 D
4 A
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414 Day3

Meetin ARTS Lab: 1530

Simulation B2: 1630 -1830

Postion Controller
1 A
2 D
3 B
4 C

Break 1830 -1930

Simulation A3;: 1930 -2100

Postion Controller
1 C
2 D
3 A
4 B

Simulation B3: 2130 -2300

Postion Controller
1 B

2 A

3 D

4 C

415 Day4

Meetin ARTS Lab: 1530

Simulation A4: 1630 -1830

Postion Controller
1 D
2 A
3 B
4 C

Break 1830 -1930
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Simulation B4: 1930 -2100

Postion Controller
1 C
2 B
3 A
4 D

Debriefing: 2130 -2300

4.2 Week 2 Sinulation Schedué and Woik Assignments

4.2.1 Definitions

Simulation A Configuration: Land 27/22L, Depat 22R
Simulation B Configuration: Land 4R/L, Depart 9
Position 1 is Initial Departure

Position 2 is South (combined with Plymouth Sector)
Pasition 3 is Rockpart Secor

Position 4 isFina Vector

422 Dayl

Pre-Briefing: 1400 -1600
Laboratory Orientation: 1600 -1800
423 Day?2

Meetin ARTS Lab: 1530

Simulation B1: 1630 -1830

Postion Controller
1 A
2 B
3 C
4 D

Break 1830 -1930

Simulation Al; 1930 -2100

Postion Controller
1 D
2 C
3 B
4 A
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Simulation B2:; 2130 -2300

Postion Controller
1 B

2 C

3 D

4 A

424 Day3

Meetin ARTS Lab: 1530

Simulation A2: 1630 -1830

Postion Controller
1 A
2 D
3 B
4 C

Break 1830 -1930

Simulation B3: 1930 -2100

Postion Controller
1 C
2 D
3 A
4 B

Simulation A3;: 2130 -2300

Postion Controller
1 B

2 A

3 D

4 C

425 Day4

Meetin ARTS Lab: 1530

Simulation B4: 1630 -1830

Postion Controller
1 D
2 A
3 B
4 C
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Break 1830 -1930

Simulation A4: 1930 -2100

Postion Controller
1 C
2 B
3 A
4 D

Debriefing: 2130 -2300

4.3 Week 3 Sinulation Schedué and Woik Assignments

4.3.1 Definitions

Simulation A Configuration: Land 27/22L, Depat 22R
Simulation B Configuration: Land 4R/L, Depart 9
Position 1 is Initial Departure

Position 2 is South (combined with Plymouth Sector)
Pasition 3 is Rockpart Secbr

Position 4 isFinal Vector

432 Dayl

Pre-Briefing: 1400 -1600
Laboratory Orientation: 1600 -1800
433 Day?2

Meetin ARTS Lab: 1530

Simulation Al: 1630 -1830

Postion Controller
1 A
2 B
3 C
4 D

Break 1830 -1930
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Simulation B1: 1930 -2100

Postion Controller
1 D
2 C
3 B
4 A

Simulation A2: 2130 -2300

Postion Controller
1 B

2

3 D

4 A

434 Day3

Meetin ARTS Lab: 1530

Simulation B2: 1630 -1830

Postion Controller
1 A
2 D
3 B
4 C

Break 1830 -1930

Simulation A3;: 1930 -2100

Postion Controller
1 C
2 D
3 A
4 B

Simulation B3: 2130 -2300

Postion Controller
1 B
2 A
3 D
4 C
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435 Day4

Meetin ARTS Lab: 1530

Simulation A4: 1630 -1830

Postion Controller
1 D
2 A
3 B
4 C

Break 1830 -1930

Simulation B4: 1930 -2100

Postion Controller
1 C
2 B
3 A
4 D

Debriefing: 2130 -2300

4.4 Data Collecion

Several types of daawill be collected to provide basdline information on the ARTSIIIA..

4.4.1 ComputerrRecaded Daa

Measues d suchitens as mmber of arrcraft handled, frequemry of conflict alerts, ard number of
communications will be collected by the TGF, ARTS IlIA , and Amecom (voice switching)
systens. This dat cdlecion is aubmatic ard requires ro effort from the cantrollers.

4.4.2 Quesionnaire Dan

Y our opinions on the usability of the ARTS IIIA will be requested, dong with other types of
information, usng quesibnnaires. Please coplete the Backgound Information Quesionnaire
found in section 5 of this briefing package  Other questionnaires will be distributed at the end of
eachrunard atthe erd of the third dayof simulation.

4.4.3 Expelt Observer Data

Air traffic controllers from Boston TRACON and other locations will be observing the smulation
runs and recording information on several topics. Among other things they will be evaluaing
your performance a a rumber of scaés deeloped ty the Hunan Factors Laboratory. Thisisto
assess how well the ARTS IHIA suppats you in your work and as a basic check on qudity of
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performance. This information will remain confidential and will not be included in any report
materials.

4.4.4 Workload Dah

To determine the baseline characteristics o the ARTS I1IA, it will be very important to collect
workload daa. This will be accanplished usng a wakload esimating method caled the Air
Traffic Workload Input Technique A keypad will be positioned at your workstation. Every 4
minutes, you will be prompted by auditory and visud sgnals to enter a number between 1 and 7
on the keypad. One will indicate lowest workload and 7 will in dicate highest workload.

5.0 CONSENT FORM

5.1 Purpose

The FAA is currently in the process ® procuring new terminal ar traffic cantrol systens (.e.,
STARS). To evaluat the relative merits of these ew systens, we ae cdlecing baseine daa for
the current ARTS IIIA console. Later, smilar daa will be collected in sudies of the future
system. Asyou work the air traffic control problemsin this smulation, daa will be recorded
regarding your workload, systemcapadiy, ard systemperformance. The pupose d these
measues s not to evaluate individual controllers but to deermine the efectiveress é the ARTS
[IIA console. Also, you will be asked to complete several questionnaires requesting your
opinions conceming the human-computer interface {.e., workstation equpmert, computer
displays, and console switches and knobs) of the ARTS IIIA console.

5.2 Rights of Participants

Plea® urderstand that your patticipaton in this sudy is srictly voluntary, ard your right to
privacy will be protected. Your responses will be identified by a paticipant code known only to
yourself and the experimenters. No individud names or identities will be recorded or released in
any reports. If you have any questions a any time regarding the study, the experimenters will be
happy to arswerthem

5.3 Video Recoding of Experiment

Please b awae that we ae nmeking videorecading of this baselne sudy for a canparison with
future systens. If you strongly objectto having yoursef recaded as gu paticipat in this
simulation, please inform the experimenters immediately.
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6.0 BACK GROUND QUESTIONNAIRE

Controller ID: a b ¢ d Date
Test System: ARTS IlIA / ARTSIIIE / STARS

Instructions

The purpose of this questionnaire is to obtain informatian concerning your experience and background. This
informatian will be used to describe the participarnts in this sudy asa goup. So that your identity can remain
anonymous, your adual name should not be written on this form. Instead, your data vill be identified by a
controller code known only to yourself ard the experimenters.

1) What isyour age?
years

2) How mary years have you adively controlled traffic?
__ years

3) How many years have you usd the ARTS IIIA system?
years

4) How mary of the past 12 manths have you adively controlled traffic?
months

5) What isyour current position asanair traffic controller?
U Devedopmental O Full Performarce Leve O Other (specify)

6) In which environment do you have the mast experience asanair traffic controller?
U EnRoute O Terminal O Other (specify)

7) If you wear corrective lenses, will you have them with you towear during the smulation?
U Yes 0 No O | don't wear corrective lenses

8) Circle the number which best describes your current sateof health.

1 2 3 4 5 6 7 8
Not Very Extremely
Healthy Healthy
9) Circle the number which best describes your current kill as anair traffic controller.
1 2 3 4 5 6 7 8
Not Very Extremely
Skilled Skilled
10) Circle the number which best describes your level of experience with personal computers.
1 2 3 4 5 6 7 8
Not Very Extremely
Experienced Experienced

11) Circle the number which best describes your level of satifaction with the ARTSIIIA.

1 2 3 4 5 6 7 8
Not Very Extremely
Satified Satidied
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Apperdix C

Measue Summary ard Sector Data



Table C-1. Measue Summary Table for All Constructs

Construdt Variable Description Rationale ARTSIIIA Value Comment
Safety Operational Errors Loss d applicade Basic safety meaaure. Total number:*221 Data armlysis informatian®.
separation minima (per See Table C-2 for sector
FAA Orde 72103K). informatian
Conflict Alerts Host conflict prediction Warning of patential Total number/run for all See Table C-2 for sector
algorithm. conflict. seciors:** 4.6 informatio.
Other Safety-Critical Issues | Observations of system Capture additional sfety Five safety critical issues Data afmlysis informatian®.
safety deficiencies concernsna otherwise
recaded
Capacity Aircraft Unde Cantrol Total number of aircraft Basic capacity meadure. Total number of aircraft See Table C-2 for sector

handled/run for all sctors: information.

5337

unde track control.

Average Timein Airspace | Average minutes anaircraft | Basic cgecity/ Average minutes: 106 (621)
spent in the airspac. efficiency measure.
Average Arrival Time Average minutes anarival | Basic arrival Average ninutes 147 (543)

aircraft spent in the
airspace.

cgpecity/efficiency measure.

! All datareported are for the full run ime ofeach traffic scengio, 90 minutes. There wek 24 runs in each ofthe 4secbrsfor atotal of 56 runs.
2 A score of 5 was given br each drcraft showing an opestiond error.

3 Weinitially derived the number of operational errors from TGF data recordings. These recordings listed the dosest point of approach ofall aircraft pars that violated erminal airspace ®paration minima However, this strict
criterion for an operational error resulted in many false alarms (i.e., an operational error was counted for aircraft pairs that techntcdly violated he sparation minimabut that would notbe conglered erors by an ATC profesiond).
In order to diminate these false alarms, we further reviewed each loss-of-separation incident to determine if the incident was a genune opestiond emor. We prepaed videogpe cips showing e@h incident A Boston TRACON
supenvisor reviewed he cips and deermined which incidens shoud be counted as opegtiond errors and which shoud be eiminated as false darms. Of the original et of 39 loss-of-separation incidents, we diminated 18 as false
alarms Reasonsfor elimination included SMOP erors that pilots would notnomaly make, visual separation cleaancesissued and diverging couses.

4 The term “for all sectors” indicates that the number reported was a sum of the resuilts at the sector level (table 2).

5 A score of 5 was given br each drcraft showing aconfict dert.

© Expett obrvers recoded poblemsthat occurred during the runs noting the ime and drcraft involved. As part of the daa analysis, a supewvisor from Boston TRACON examined he lists of problemsand idenified which
problemswere due o the smulation envionment(e.g., SIMOP ftware problemg and which problemscoud occu in the field (e.g., <catters). The problems found in the field fell into three categories: safety-related issues,
workload-related ssies,and nusance sstes. Obsewers recoded ve sdety-related ssies duing the smulation: scaters, aircraft in coast, missng dda tags frozen dgplays, and missing confict dert mesages Observers recoded
three workload-related issues: handoff problems, inappropriate flashing, and failed inter-facility communication. Observers recorded four nuisance ssues keyboad keys gicking, trackballs gticking, off-cener map displays, and
climbing aircraft showing low-altitude derts. Because we identified these issues during and after the Smulations, we developed noa priori technijues b measure these poblems. As aresut, it woud be nvdid to count the number
of times obsefers recoded hese poblems @ the frequency & which these poblems occrred. Future studies shold include techniques b meaure the frequency ofthese poblems.

7
Valuesin paenthegs show sandard devitions
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Table C1. Measue Summary Table for All Constructs (Cont.)

Construdt Variable Description Rationale ARTSIIIA Value Comment
Capacity Average Departure Time Average minutes a Basic departure capecity Averageminutes. 6.7 (397) See Table C-2 for sector
departure aircraft spent in efficiency measure. information.
the airspae.
Average Spadng on Find Distance from aircraft over | Measure d efficiency of N/A®
Approach middle marker to trailing arival flow.
aircratt.
Minutes ketween Landings | Minutes between
consecutive aircraft passing
over the middle maker.
Altitude Assignment Pa Ratio of total altitude Detects efficiency in
Aircraft changes ard number of moving flights through
aircraft. airspae.
Performarce Data Ertries Total data eatries ard Measures effort required to | Total entries/run for all See Table C-2 for sector
breakdown by categary. male data atries into sectors; 13089 information ard Tabe C-6
system. for breakdown by
categories.
Data Erry Errors Total data etry errors. Detects data ptry problems. | Total erorg/run for all sectors: | See Table C-2 for sector
351 informatin.
Number of Altitude Spead, | Count of TGF psaudopilot | Indicates usr interface Total number/run for all
and Heading Changes entries to control aircraft (in | effeciveress. sectors; 21916
response to controller
instructions).
(Controller 1. Quality of ATC Services | Meaaures of quality of Indicates system usahility . Averagerating:® 6.7 (1.15) See Table C-4 for sector
Questionnaire) | (Pilot) sarvice. informatian
2. Quality of ATC Services Average rating: 6.8 (1.12)
(Controller)
(Expet 1. Maintain Safe/Efficient Meaaures of controller Indicates system efficiency/ | Averagerating: 7.1 (0.83) None
Obsaver Flow peformarce asevaluated by | effeciveness.
Questionnaire) | 2. Maintain expet obsrvers. Average rating: 7.4 (0.50)
Attention/Vigilance
3. Prioritizing Average rating: 7.4 (0.51)
4. CanmunicateInform Averagerating: 7.1 (0.63)
5. Technical Knowledge Average rating: 7.5 (0.65)

8 “Not Applicable” indicates that it was not appropriate to report an average or sum across sectors for this variable.
9 Thee vduesare average ratingsmade by he contollers on he pos-run quedionnares The ratingsranged fom 1 (strongly disagree) b 8 (srongly agree)
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Table C1. Measue Summary Table for All Constructs (Cont.)

Construdt Variable Description Rationale ARTSIIIA Value Comment
Workload Workload pe Aircraft Ratio of subjective workload | Detects changes in N/A See Table C-2 for sector
(ATWIT) and number of suljective workloadto information.
aircraft tradked. control aircratft.
Workload Average Workload Average ATWIT workload | Detects changes in N/A See Table C-2 for sector
pe run. suljective workloadto information.
control aircraft.
Post-Run Workload Subjective workload as
meaaured by questionnaire
at the erd of each run.
Communication Workload | Ratio of total Detects dhanges in
communications ard communications needed to
number of aircraft. control aircraft.
Data Erry Workload Ratio of total data etries
and number of aircraft.
Usahlity 1. Ea® of Access of Caontrals | System Usahlity Measures. | Indicatas of efficiency/ Average rating: 5.9 (1.60) None
2. Operation of Controls effeciveness of user Averagerating: 4.5 (1.94)
Intuitive interface.
3. Keyboard Ea® of Use Averagerating: 4.9 (2.12)
4. Radar and Map Displays Average rating: 5.2 (1.63)
Ea® of Readng
5. Radar and Maps Displays Average rating: 5.8 (1.28)
Ea® of Understanding
6. Workstation Spa@ Averagerating: 4.8 (1.92)
7. Equipment, Displays, ard Average rating: 4.1 (1.87)
Contrals Suppat Efficient
ATC
8. Equipment, Displays, ard Average rating: 4.4 (1.88)
Contrals Impose Limitations
9. Equipment, Displays, ard Average rating: 4.8 (1.79)
Controls Overall
Effeciveres
10. Overall Quality of Average rating (over first 6
Interaction with Equipment scales): 5.2 (186)
Simulation 1. Scenario Length Minutes run each scenario. | Characterizes the Minutes: 90 None
Fiddity simulation.
2. Numkber of Arrivals The number of aircraft of a | Charaderizes the traffic No. of Aircraft: 79.7 (100) See Table C-2 for

3. Number of Departures

4. Number of En Route

paticular typeusd in the
simulation.

used in the smulation.
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Table C1. Measue Summary Table for All Constructs (Cont.)

Construct

Variable

Description

Rationale

ARTSIIIA Value

Commaent

5. Number of Jdas

6. Numkber of Propdlers

No. of Aircraft: 826 (232)

No. of Aircraft: 818 (085)

7. Realism

8. Techicd Problems

9. Problem Difficulty

Perceived fiddity of
simulation scenarios.

Check on realism o
simulation.

Averacerating: 5.0 (1.67)

Averagerating: 3.1 (2.03)

Averagerating: 4.2 (156)

None
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Table C2. Quartitative Sector Data: Mears for EachPosition in EachConfiguration

Runway Canfiguration

Runway Canfiguration

271221 4R/L
Construdt Variable D S R F D S R F Comment

Safety Operational Errors 00 0.0 00 1.0 0.0 0.0 15 185 [None
Conflict Alerts 05 0.2 08 11 0.1 00 10 11 |See Section 2.6 for discussion.

Capaidty Aircraft Unde Control 894 | 505 | 641 | 652 | 881 | 516 | 607 | 642 |SeeTalesC 9-24 br timeinterval data.
Average Timein Airspace (min) 4.4 70 5.9 8.1 3.8 4.6 8.4 76 |See Section 2.6 for discussion.
Average Arrival Time 8.7 9.5 6.4 8.2 41 5.2 117 7.6
Average Departure Time 40 4.4 5.2 1.2 3.7 3.9 4.1 0.7
Altitude Assignments pe Aircraft | 1.2 13 13 21 12 0.8 14 29 |SeeTables C-9 b 24 for time interval data.
Average Spadng on Final N/A N/A N/A | 28339 N/A N/A N/A | 24205
Approach (feet)
Minutes ketween landings N/A N/A N/A 28 N/A N/A N/A 2.2

Performarce Data Enries 2117 | 1580 | 2190 | 1210 | 2033 | 1262 | 1728 | 969 |See TalesC-9 to24 for timeinterval data ad

Table C-4 for category breakdown

Data Erry Errors 75 6.2 70 20 6.0 3.1 29 04 |SeeTaHes C-9 to24 for timeinterval data.
Numler of Altitude, Speed, ard 2939 | 1826 | 2034 | 3794 | 2333 | 1262 | 2661 | 5068 |None
Heading Changes

Workload Workload pe Aircraft 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 |SeeTaHles C-9 to24 for timeinterval data.
Average Workload 30 29 3.7 3.7 30 26 33 33
Post-Run Workload 39 36 49 50 39 35 45 4.7 |None
Commurication Workload 43 118 49 129 39 102 57 125 |See Tales C-9 to24 for timeinterval data.
Data Erry Workload 24 3.1 34 1.9 23 25 29 15

Simulation Number of Arrivals 9.1 255 | 376 | 642 8.8 272 | 345 | 635 [None

Fiddity Number of Departures 803 | 251 | 265 1.0 792 | 245 | 262 0.6

Note. D - Initial Departure Sector, S- South Sector, R - Rockport Sector, ard F - Final One Sector
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Table C-3. Quaritative Secior Data: Stardard Devation

Runway Canfiguration 27/22L Runway Caonfiguration 4R/L
Construdt Variable D S R F D S R F
Safety Operational Errors N/A N/A N/A N/A N/A N/A N/A N/A
Conflict Alerts 0.84 041 0.61 1.20 0.17 0.00 0.83 0.92
Capacity Aircraft Unde Control 2.01 2.07 2.88 1.9 3.3 3.3 2.3%6 3.74
Average Timein Airspace (min) 0.57 0.47 0.73 1.49 0.49 0.66 0.%4 1.18
Average Arrival Time 041 0.49 0.79 148 1.04 0.97 0.93 116
Average Departure Time 0.65 0.54 0.78 0.78 0.44 0.61 0.61 0.23
Altitude Assignments per Aircraft 0.13 047 0.26 0.62 0.15 0.21 0.20 048
Average Spadng on Find N/A N/A N/A 13321 N/A N/A N/A 14032
Approach
Minutes between landings N/A N/A N/A 181 N/A N/A N/A 2.07
Performarce Data Ertries 3732 4751 2895 2366 7502 2231 3647 2235
Data Enry Errors 432 492 429 1.67 4.36 257 1.36 0.53
Number of Altitude Sped, ard 2056 5664 2246 9782 2011 2061 3577 81.70
Heading Changes
Workload Workload pe Aircraft 0.08 0.12 0.12 0.10 0.08 0.13 0.10 0.12
Average Workload 1.63 152 1.68 1.74 147 158 1.67 1.62
Post-Run Workload 181 191 152 1.70 119 1.29 145 149
Communication Workload 0.88 118 0.50 0.83 043 1.26 0.59 152
Data Erry Workload 0.40 0.95 043 0.37 0.78 0.45 0.57 0.35
Simulation Number of Arrivals 0.30 121 169 2.23 0.55 259 1.85 3.60
Fiddity Number of Departures 2.05 192 151 0.77 2.95 113 0.93 0.77
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Table C4. Quesionnaire Datt MeanRaings

Runway Canfiguration 27/22L Runway Canfiguration 4R/L
Questionnaire Item D S R F D S R F
Performance 1. ATC Srvices (Rilot) 6.4 7.0 7.1 6.1 6.9 7.0 6.8 6.2
2. How wdll did you control? 6.5 7.2 7.3 59 6.7 7.1 7.1 6.2
Simulation 1. Realism 4.1 4.6 5.7 3.9 5.5 5.2 5.3 5.3
Fiddity 2. Technical Problems 3.6 35 3.5 4.8 2.6 25 2.3 2.3
3. Problem Difficulty 4.2 35 4.2 52 34 34 49 4.7
Table C5. Quesionnaire Sardard Devation Data
Runway Canfiguration 27/22L Runway Canfiguration 4R/L
Questionnaire Item D S R F D S R F
Performance 1. ATC Srvices (Rilot) 1.69 1.00 0.94 1.20 1.26 091 114 0.73
2. How wdll did you control? 1.29 0.88 0.79 0.99 144 0.76 0.92 117
Simulation 1. Realism 1.45 1.8 2.03 2.03 1.27 1.4 1.27 1.45
Fiddity 2. Technical Problems 2.58 2.11 2.4 2.15 1.8 1.81 1.18 1.3
3. Problem Difficulty 140 163 147 140 1.50 1.35 163 1.30
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Table C6. ARTS MeanMessag Entries Rer Secior

Runway Configuration 27/22L Runway Configuration 4R/L
Message Type Commarnd D S R F D S R F
Data lbock to another **D 00 03 10 03 0.1 0.2 12 0.2
display
**S 0.0 0.0 0.3 0.0 0.0 0.0 0.1 0.0
**R 05 0.0 0.0 0.2 18 0.0 0.0 0.0
*E 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.1
* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Accep handoff using . 917 775 925 838 813 676 931 773
tradkball
Initiate a tradk 1C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Show runway assignment 22L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Handoff function B 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
C 265 128 185 0.0 247 130 190 0.0
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Display beacon code DA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Handoff function F 8.2 232 350 0.0 8.7 238 309 0.0
Display beacon code FB 0.8 0.8 23 0.0 0.6 0.6 11 0.0
Configuration change FC 0.2 0.7 0.0 0.0 0.6 0.3 0.0 0.0
Display daa FD 0.3 05 0.2 0.0 0.8 0.0 0.0 0.0
Display filter data FF 0.0 0.3 0.3 0.0 0.2 0.3 0.1 0.3
Enter to “H" area FH 0.0 0.3 0.5 0.0 0.3 0.0 0.0 0.0
Changeleader FL 203 102 215 45 9.3 34 100 14
Modify full data bock FM 0.3 0.2 0.2 26.7 0.1 0.1 0.0 17.3
Display preview area FP 0.3 10 0.8 0.3 0.6 0.7 04 0.3
Move systems aea FS 0.0 0.3 13 0.3 0.3 0.4 0.6 0.2
Move tab FT 1.3 2.8 2.7 0.8 2.4 2.1 14 0.6
Enter to“Y” area FY 1.0 2.0 7.3 0.0 1.9 1.0 0.8 0.0
Handoff function HD 0.8 4.2 103 0.0 0.3 4.6 0.6 0.0
M 127 0.0 0.0 0.0 110 0.0 0.0 0.0
OL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
R 253 0.0 0.0 0.0 256 0.0 0.0 0.0
S 117 0.0 0.0 0.0 122 0.0 0.0 0.3
tl 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
t3 0.0 20 0.0 0.0 0.0 0.8 0.0 0.0
t4 0.0 0.0 2.7 0.0 0.0 0.0 4.6 0.0
Terminate control TC 5.3 35 8.7 0.3 2.0 2.3 4.1 04
Visud approach VA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Display X tags X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Display Y tags Y 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Uncategarized entries Others 1.8 45 5.0 0.2 7.7 14 2.0 04
Errors made by CDR,; Recading 25 108 7.7 35 100 34 28 52
entry type could not be Error
determined.




Tale C-7. MeanData For 4RL Rurway Configuration by Secior ard Week

Week1: No Weaher Manipulation

Week?2: Weaher Manipulation

Week3: Weaher Manipulation

Construct Variable D S R F D S R F D S R F
Sdety Operational Erors 00 00 00 30 00 00 05 125 00 00 10 30
Conflict Alerts 00 00 1.0 10 00 00 13 13 01 00 038 09
Cepecity Aircraft Under Control 893 530 615 675 884 506 604 62.6 865 518 60.3 6238
Average Timein Airspace (min) 3.2 4.2 8.0 6.7 4.2 52 8.6 7.0 3.8 4.3 8.5 9.1
Average Arrival Time 29 4.5 10.8 6.7 51 6.2 12.3 7.1 39 4.7 11.8 9.2
Average Departure Time 3.3 3.8 4.2 0.7 4.1 4.0 39 0.7 3.8 3.8 4.3 11
Altitude Assignments per Aircraft 11 0.7 13 34 14 1.0 16 2.8 12 0.6 14 2.6
Average Spadng on Find N/A N/A N/A 29292 N/A N/A N/A 22452 N/A N/A N/A 22,086
Approach
Minutes Between Landings N/A N/A N/A 2.7 N/A N/A N/A 20 N/A N/A N/A 20
Performarce Data Ertries 2450 1555 1610 1010 1990 1133 1563 1093 1858 1213 1910 855
Data Ertry Errors 75 55 25 05 53 3.3 2.7 0.7 58 18 3.3 0.3
Number of Altitude, Speed, ard 2253 1118 2413 5998 2496 1448 2892 4606 2210 1173 2620 4715
Heading Changes
Workload Workload pe Aircraft 00 00 00 00 00 00 00 00 01 01 01 01
Average Workload 16 14 23 21 27 24 29 30 46 41 48 51
Post-Run Workload 30 28 35 35 37 33 44 46 50 45 55 6.0
Communication Workload 35 8.8 52 10.9 4.1 111 6.1 13.7 4.1 10.8 6.0 12.9
Data Enry Workload 2.7 3.0 2.6 15 2.3 2.3 2.6 1.7 2.2 2.3 3.2 14
Simulation Number of Arrivals 838 285 355 668 9.0 266 342 620 838 268 338 623
Fiddlity Number of Departures 805 245 260 038 794 240 262 0.6 778 250 265 05
Questionnaire  |ATC Services (Pilot) 75 7.5 75 6.5 6.4 6.2 6.4 6.0 7.0 7.5 6.8 6.3
How Well Did You Catrol? 73 75 7.3 6.0 6.0 6.4 6.7 6.2 70 75 75 6.5
Realism 5.8 4.3 5.0 4.5 5.2 54 53 51 5.8 6.0 5.5 6.3
Technical Problems 15 10 18 15 38 38 24 30 23 23 28 23
Problem Difficulty 2.3 25 38 3.8 34 35 4.7 4.9 4.5 4.3 6.3 5.5
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Table C8. Sector by Week For 4RL Rurway Configuration Stardard Deviation Data

Week1: No Weaher Manipulation

Week?2: Weaher Manipulation

Week3: Weaher Manipulation

Construct Variabe D S R F D S R F D S R F
Sdety Operational Erors N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Conflict Alerts 0.00 0.00 0.00 141 0.00 0.00 0.58 1.15 0.25 0.00 1.19 0.75
Capacity Aircraft Under Control 4.50 4.24 3.32 5.51 3.05 2.07 1.52 1.34 1.91 4.03 2.63 1.26
Average Timein Airspace (min) 0.29 0.23 0.11 0.34 0.30 0.62 0.76 0.58 0.27 0.55 0.27 0.44
Averace Arrival Time 0.17 0.29 0.59 0.29 0.43 0.72 1.03 0.54 0.76 0.65 0.32 0.34
Average Departure Time 0.32 0.82 0.51 0.18 0.32 0.56 0.83 0.22 0.21 0.58 0.33 0
Altitude Assignments per Aircraft | 0.07 0.17 0.12 0.44 0.17 0.15 0.20 0.39 0.09 0.07 0.18 0.20
Average Spadng on Final N/A N/A N/A 16,647 N/A N/A N/A 12935 N/A N/A N/A 11,767
Approach (feet)
Minutes Between Landings N/A N/A N/A 2.64 N/A N/A N/A 1.77 N/A N/A N/A 1.70
Performarce Data Ertries 17678 | 2333 7637 12.73 5587 1762 30.73 1301 3035 13.00 1296 28.73
Data Enry Errors 6.36 495 0.71 0.71 1.15 153 153 0.58 5.85 1.26 171 0.50
Number of Altitude, Speed, ard 1497 8.46 2032 5748 1991 2174 4197 7025 1160 591 2491 8.89
Heading Changes
Workload Workload pe Aircraft 0.00 0.01 0.01 0.01 0.00 0.03 0.01 0.00 0.01 0.02 0.01 0.01
Average Workload 043 0.38 042 0.84 0.30 153 0.87 0.25 0.85 0.92 0.65 0.30
Post-Run Workload 0.82 150 1.73 191 1.30 0.97 0.89 0.55 0.00 1.00 1.29 0.82
Communication Workload 0.32 0.92 0.23 0.94 0.23 0.39 0.61 0.59 0.63 0.72 0.35 0.55
Data Erry Workload 1.80 0.70 117 0.03 0.58 0.42 0.46 0.21 0.40 0.13 0.20 0.46
Simulation Number of Arrivals 0.50 3.70 2.65 5.32 0.71 134 1.30 1.00 0.50 2.75 150 150
Fiddlity Number of Departures 412 0.58 0.82 0.96 2.79 1.22 0.84 0.55 150 141 1.29 1.00
Questionnaire  |ATC Services (Pilot) 1.00 0.58 0.58 0.58 152 0.84 1.14 0.71 1.15 0.58 150 0.96

How Well Did You Control

1.50 0.58 0.50 1.41

1.58 0.55 1.30 1.48

1.15 0.58 0.58 0.58

Realism

2.22 2.50 2.00 191

0.45 0.55 0.97 0.55

0.96 0.82 1.00 1.50

Technical Problems

0.58 0.00 1.50 0.58

2.59 2.17 1.14 1.22

0.50 0.96 0.96 1.89

Problem Difficulty

1.26 129 150 150

134 1.00 157 124

129 150 0.96 0.58
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Table C-9. 2722L, Sector D - 15-Minute Interval Means

Construct Variable 1 2 3 4 5 6
Capecity Aircraft Unde Cantrol 170 | 173 | 210 | 247 | 181 | 206
Altitude Assignments per Aircraft 12 0.9 0.9 0.9 0.8 1.2
Performarce Data Ertries 333 | 334 | 38 | 3r8 | 36.8 | 365
Data Enry Errors 16 0.9 2.0 1.0 12 13
Workload Workload per Aircraft 12 0.9 0.9 0.9 1.0 0.8
Average Wakload 29 2.8 3.2 35 2.8 2.8
Communication Workload 35 3.1 31 3.1 3.2 4.1
Data Erry Workload 20 1.9 1.7 15 2.0 1.8
Note: All values are averaged aaoss runs.
Table C-10. 2722L, Sector S- 15-Minute Interval Means
Construct Variable 1 2 3 4 5 6
Capecity Aircraft Unde Cantrol 100 | 115 | 113 | 154 | 126 186
Altitude Assignments per Aircraft 0.7 0.9 11 1.0 0.8 0.6
Performarce Data Ertries 223 | 216 | 248 | 282 | 277 | 34.0
Data Enry Errors 18 0.3 17 13 0.2 13
Workload Workload per Aircraft 0.3 0.2 0.2 0.2 0.2 0.2
Average Wakload 2.8 21 24 34 29 3.7
Communication Workload 9.0 7.1 8.7 8.3 7.1 5.9
Data Enry Workload 2.3 19 2.3 19 2.3 1.8
Table C-11. 27222L, Sector R - 15-Minute Interval Means
Construct Variable 1 2 3 4 5 6
Capecity Aircraft Unde Cantrol 151 | 168 | 100 | 180 | 161 135
Altitude Assignments per Aircraft 0.9 1.3 0.8 0.7 1.0 0.9
Performarce Data Ertries 320 | 404 | 325 | 387 | 40.0 | 39.7
Data Enry Errors 0.5 0.7 0.8 15 17 1.8
Workload Workload per Aircraft 0.2 0.3 0.3 0.2 0.2 0.3
Average Wakload 35 4.2 3.0 3.7 3.8 3.8
Communication Workload 33 4.4 3.2 3.1 3.9 3.1
Data Erry Workload 21 2.5 3.2 21 25 3.0
Table C-12. 2722L, Sector F - 15-Minute Interval Means
Construct Variable 1 2 3 4 5 6
Capecity Aircraft Unde Cantrol 8.7 184 | 142 | 184 | 210 | 169
Altitude Assignments per Aircraft 12 17 14 1.3 13 15
Average Spacing on Final Approach (feet) 39,748| 24070| 31451 | 31311| 26561 | 28,892
Minutes Between Landings 23 25 29 3.8 23 2.7
Performarce Data Ertries 176 | 197 | 172 | 23.0 | 240 | 205
Data Ertry Errors 0.8 0.3 0.0 0.2 0.8 0.3
Workload Workload per Aircraft 0.2 0.2 0.2 0.2 0.2 0.3
Average Wakload 22 41 31 3.9 4.6 43
Communication Workload 10.0 9.3 8.0 8.4 8.0 8.1
Data Enry Workload 2.0 1.0 12 12 11 1.2
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Table C-13. 4RIL, Sector D - 15-Minute Interval Means

Construct Variable 1 2 3 4 5 6
Capecity Aircraft Under Cantrol 170 165 211 235 176 195
Altitude Assignments per Aircraft 11 0.9 10 0.9 10 0.8
Performarce Data Ertries 331 | 314 | 348 | 403 | 384 | 311
Data Enry Errors 13 0.3 0.7 17 10 0.8
Workload Workload per Aircraft 0.2 0.2 0.1 0.1 0.2 0.2
Average Wakload 2.9 2.7 2.8 31 3.1 3.6
Communication Workload 34 3.1 2.8 2.7 3.2 6.1
Data Enry Workload 19 1.9 16 17 2.1 1.6
Table C-14. 4RIL, Sector S- 15-Minute Interval Means
Construct Variable 1 2 3 4 5 6
Capecity Aircraft Under Cantrol 9.7 9.2 105 139 106 155
Altitude Assignments per Aircraft 0.4 0.7 0.7 0.6 0.5 0.6
Performarce Data Ertries 20.0 19.0 24.0 22.1 20.4 22.9
Data Enry Errors 0.2 0.2 0.8 0.3 0.8 1.0
Workload Workload per Aircraft 0.2 0.3 0.2 0.2 0.2 0.2
Average Wakload 2.3 2.3 2.4 29 2.5 4.0
Communication Workload 8.6 7.7 8.3 7.3 7.6 4.3
Data Enry Workload 2.1 2.0 2.3 16 2.0 1.5
Table C-15. 4RIL, Sector R - 15-Minute Interval Means
Construct Variable 1 2 3 4 5 6
Capecity Aircraft Under Cantrol 150 194 8.7 178 175 160
Altitude Assignments per Aircraft 0.9 12 0.9 0.7 0.9 0.9
Performarce Data Ertries 250 | 323 | 263 | 344 | 313 | 264
Data Enry Errors 0.5 0.4 0.6 0.6 0.5 0.4
Workload Workload per Aircraft 0.2 0.2 0.2 0.2 0.2 0.3
Average Wakload 3.2 4.0 1.8 3.0 4.1 4.5
Communication Workload 528 | 865 | 25,6 | 515 | 743 | 56.2
Data Enry Workload 17 17 31 1.9 1.8 1.7
Table C-16. 4RL, Sector F - 15-Minute Interval Means
Construct Variable 1 2 3 4 5 6
Capecity Aircraft Under Cantrol 7.6 203 147 154 186 172
Altitude Assignments per Aircraft 14 24 2.6 2.0 18 1.6
Average Spacing on Final Approach (feet) 30,663 28096 24,334 | 27878 19,836 21,012
Minutes between landings 0.0 1.9 2.8 2.7 2.1 17
Performarce Data Ertries 15.0 17.6 17.8 194 14.8 14.9
Data Enry Errors 0.9 0.1 0.1 0.0 0.0 0.1
Workload Workload per Aircraft 0.3 0.2 0.2 0.2 0.2 0.2
Average Wakload 2.4 3.7 3.0 3.2 4.1 41
Communication Workload 11.0 8.7 71 8.6 9.0 7.0
Data Enry Workload 2.0 0.9 1.3 1.3 0.8 0.9
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Talde C-17. 27/22L, Sector D - 15-Minute Interval Sandard Deviation Mearns

Construct Variable 1 2 3 4 5 6
Capacity Aircraft Under Control 000 | 095 | 04 | 082 | 088 | 135
Altitude Assignments per Aircraft 0.17 0.14 0.15 0.09 0.15 0.17
Performarce Data Ertries 18.05 | 11.18 | 6.85 5.31 5.78 5.21
Data Enry Errors 1.85 1.07 1.67 1.26 1.60 0.82
Workload Workload pe Aircraft 0.17 0.14 0.15 0.09 0.11 0.15
Average Workload 148 1.64 1.63 197 1.54 1.73
Communication Workload 059 [ 051 | 041 | 053 | 063 | 232
Data Enry Workload 106 | 066 | 035 | 025 | 025 | 031
Tade C-18. 27/22L, Sector S - 15-Minute Interval Sandard Deviation Means
Construct Variable 1 2 3 4 5 6
Capacity Aircraft Under Control 0.47 0.71 1.16 0.84 0.97 117
Altitude Assignments per Aircraft 038 | 059 | 044 | 028 | 046 | 0.18
Performarce Data Ertries 11.31 | 1147 | 7.14 523 | 1191 | 9.01
Data Enry Errors 1.83 0.49 151 151 0.41 1.63
Workload Workload pe Aircraft 0.14 0.12 0.14 0.11 0.12 0.09
Average Workload 1.36 131 145 156 144 1.65
Communication Workload 094 [ 069 | 082 [ 093 | 1.24 | 0.69
Data Enry Workload 114 1.07 0.75 0.35 1.03 0.54
Tade C-19. 27/22L, Sector R - 15-Minute Interval Sandard Deviation Means
Construct Variable 1 2 3 4 5 6
Capacity Aircraft Under Control 0.32 1.32 0.47 0.67 2.02 0.97
Altitude Assignments per Aircraft 0.21 0.20 0.26 0.16 0.20 0.24
Performarce Data Ertries 1581 | 12.58 | 10.13 | 5.92 297 | 13.78
Data Enry Errors 0.76 0.76 117 1.38 0.82 2.23
Workload Workload pe Aircraft 0.12 0.13 0.17 0.08 0.10 0.13
Average Workload 1.78 201 158 148 1.79 159
Communication Workload 128 | 058 | 0.76 | 0.69 | 066 | 0.69
Data Enry Workload 103 | 08 | 098 | 027 | 039 | 095
Talde C-20. 27/22L, Sector F - 15-Minute Interval Sandard Deviation Means
Construct Variable 1 2 3 4 5 6
Capacity Aircraft Under Control 0.95 1.07 0.79 2.17 1.33 2.23
Altitude Assignments per Aircraft 0.43 0.58 0.44 0.41 0.51 0.57
Average Spacing on Final Approach 6,181 | 8,254 | 14443| 16,111| 13052| 13334
Minutes between landings 0.83 1.46 1.59 2.83 131 153
Performarce Data Ertries 7.89 6.82 5.27 5.29 3.52 3.08
Data Enry Errors 1.16 0.49 0.00 0.41 0.98 0.52
Workload Workload pe Aircraft 011 | 009 | 012 | 0.10 | 009 | 0.9
Average Workload 0.98 1.67 1.62 1.74 1.95 1.35
Communication Workload 165 | 096 | 1.20 | 1.04 | 089 | 131
Data Enry Workload 087 | 035 | 038 | 026 | 018 | 0.22
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Talde C-21. 4RIL, Sector D - 15-Minute Interval Sandard Deviation Means

Construct Variable 1 2 3 4 5 6
Capacity Aircraft Under Control 0.00 0.97 0.28 0.78 0.96 2.07
Altitude Assignments per Aircraft 0.12 0.15 0.08 0.11 0.14 0.13
Performarce |Data Ertries 9.61 | 19.37 | 1049 | 1756 | 17.87 | 14.52
Data Enry Errors 1.35 0.50 1.32 1.94 141 1.16
Workload  |Workload pea Aircraft 007 | 008 | 007 | 006 | 009 | 0.10
Average Workload 1.23 1.28 143 1.46 151 213
Communication Workload 030 | 046 | 035 | 037 | 044 | 324
Data Enry Workload 057 | 124 | 050 | 0.73 | 093 | 0.79
Tale C-22. 4RIL, Sector S- 15-Minute Interval Sandard Deviation Means
Construct Variable 1 2 3 4 5 6
Capacity Aircraft Under Control 0.48 109 | 066 | 0.64 | 0.87 1.8
Altitude Assignments per Aircraft 0.17 0.24 0.15 0.20 0.14 0.18
Performarce |Data Ertries 7.84 | 1382 | 834 | 499 | 3.07 | 849
Data Enry Errors 060 | 044 | 083 | 071 | 089 | 1.69
Workload Workload pe Aircraft 0.13 0.17 0.15 0.12 0.13 0.13
Average Workload 1.31 1.47 144 1.67 1.36 2.15
Communication Workload 059 | 093 | 061 | 1.09 | 1.19 1.96
Data Enry Workload 080 | 121 | 08 | 031 | 036 | 058
Tale C-23. 4RL, Sector R - 15-Minute Interval Sandard Deviation Means
Construct Variable 1 2 3 4 5 6
Capacity Aircraft Under Control 0.41 0.96 0.63 0.44 1.05 153
Altitude Assignments per Aircraft 0.20 0.24 0.18 0.11 0.11 0.27
Performarce |Data Ertries 11.78 | 1397 | 1058 | 7.37 8.61 | 10.60
Data Enry Errors 082 | 053 | 088 | 088 | 076 | 052
Workload  |Workload pea Aircraft 0.10 | 006 | 013 | 008 | 0.10 | 012
Average Workload 1.54 1.29 0.98 1.39 1.80 1.87
Communication Workload 062 | 032 | 035 | 0.32 | 057 1.23
Data Enry Workload 0.79 0.73 1.38 0.41 0.59 0.72
Tade C-24. 4RIL, Sector F - 15-Minute Interval Sandard Deviation Means
Construct Variable 1 2 3 4 5 6
Capacity Aircraft Under Control 0.77 1.18 1.25 1.50 1.61 2.28
Altitude Assignments per Aircraft 0.37 0.47 0.52 0.41 0.59 0.46
Average Spacing on Final Approach 5878 | 15254 16614 15343 9576 | 11,122
Minutes between landings 0.00 1.23 2.38 2.80 1.84 1.78
Performarce |Data Ertries 8.39 6.11 4.41 8.73 5.63 8.53
Data Enry Errors 270 | 033 | 033 | 000 | 000 | 035
Workload Workload pe Aircraft 0.17 0.07 0.12 0.11 0.10 0.08
Average Workload 1.14 152 1.63 1.68 1.70 155
Communication Workload 171 | 071 | 104 | 165 | 154 151
Data Enry Workload 1.14 0.31 0.35 0.62 0.27 0.49
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Apperdix D
Controller Comments

The following data represent controller responses (edited for grammar) to Sections D.1, D.2, and
E of Final Questonnaire. Respmses ér Section D.1 focus o improving spedic camponerts of
the ARTS IIIA console. Responses for Section D.2 consist of mistakes controllers commonly
made ugng the ARTS IIIA console and patential causes of these mistakes. Responses on Section
E concem the baselning efort.

WEEK1

Controller Respnses b Secion D.1

The scopes lack consistency in dl areas of radar and aphanumeric function displays. Eliminate
existing trackkeall ard keyboard, replace wih mouse,ard keyboard with windows. All tied nto
NAS. Getbetter weaher displys. An interface letweenthe ARTS tag ard the NAS would be
helpful (i.e., when making an entry on an ARTS tag such as dtitude arcraft type, could be
interfaced 6 diminate the FDIO daa entry).

Radar maps could be sharper. Thisisthe anly equpmert I've worked wih. I've leamned, through
the years, to became efficiert in the wayl interactwith the equpmert. | amworking with
simulation equpmert that has a radar display usng a wndows-type piogram. It is very eay to
use,it alows the catroller to tailor the pcsition to hisher liking. It has beenmy experierce hat
a nouse s not as efective as aracklell. The nouse sn't stationary ard eady misplaced. Alsoa
mouse § not as duale as atackkall.

Map displays should be more precse. We are sippcsed to say 1.5 miles from a boundary;
however, there are times the boundary line is 1 mile wideitself. A finer line would reduce error.
Keyboard: The curent configuration is not userfriendly. A keyboard more like a canputer
keyboard would be easer. Tracklall: If we had a sgtemwhere you cauld touchthe sceenfor a
handoff, etc., thenyou wouldn't need attackkall. ARTS characters: Right now, there ae four
presetsizes ad only two are eenclose o being usalte. A better method charging character size
would be good.

We are limited to what we can enter into the keyboard because bthe piograms (i.e., we ae
unade to erter anIFR flight planinto the NAS systemusing our keyboards). Certer cando this
function. It would cutdown on our workload f we we alde to accamplish this in the terminal
environment.

Supeavisor Resporse to Section D.1

| amanawud fan of a wndows-based sgtemwith feaure suchas puldown menus, multi-tasking
(window in a window), mouse apptatons vs. slow trackkall. Maps reed b be digitized anl
displys edarged b not only be more usetil but provide addiional working space athe casole.
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Controller Respnses b Section D.2

Some keyboard commands are quite lengthy and when traffic builds up it's easy to mis-hit the
keys...maybe the keyboard is too small?

Sometimes people will ship the aircraft to the next sector thinking the handoff has been
accanplished because bhis pasition ard not his daa block. Maybe a cdor charge wauld stow a
handoff.

Overall the keypoards wak wel but whenthey start to stick, it creaes nuch more workload an
the cantroller.

Supeavisor Resporse to Section D.2

In the ervironmert that curently exists, you canstantly fumble for the krobs. A systemthat is
more userfriendly for adusing scge pesemation would erhance he systemtremerdously.
More room is needed dr work spacen front of the PVD.

Controller Response to Section E

Shorten problems to one rour. Increase lte traffic volume to final ard add a secad final
controller.

Supeavisor Resporse to Section E

To us the ARTS IlIA console is “home.” If you were to replace ar consoles atBoston with
ARTS IIIE equipment, it would probably excite everyone! My paint is, design a system that will
make al users (I1A, IIA, 1IIE) excited with the change. Let’s take advantage of what we have
seenwith 20 n screers amd cdor presemations ard integrate these poducts into the replacenent
cycle for “all” systens, regardless d what curently exsts. | know that the intent in developmert
is heading in this direction but it is crudal to continue to emphasize this paint. If we are
baselining, let’s establish the criteria for today’ s technology as a start and continue to build from
there. The foundaion needsto be tecmology from 199-now!

WEEK 2

Controller Respnses b Secion D.1

Reliabilit y of ASR-9 radar; Reliability of ARTS: Less system crashes or scatters, no false targets,
no software problems. Seup -autbmatic, personalized dsplay brightness setup va camputer
card or access ade.

There istoo muchglare in the glss. Not eroughroom to write if needed-tracklall ard keypack
getin the way The casole krobs canbe difficult to idertify.

Radar mapsard display: Digital display would be much better thanaralog. Keyboard ertries
should be integrated into the NAS and FDIO. The ARTS IlIA interface sbuld be more user
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friendly. The scqe setprocedues ae cunbersame, ard it would be nice f it could be
autometed.

A largerworkspace wald be nice. Tracklalls frequenly fail or work impropelly causing
controller stress b rise. | realze ARTCC aml terminal duties ae diferent--howewer, being a
former enroute caitroller, | think the NAS PVDs are nuchmore efficiert ard userfrierdly than
ARTS IlIA equipment is. Additionaly, my experience has been that the NAS equipment is much
more reliable than ARTS IlIA equipment.

Supeavisor Resporse to Section D.1

Map dsphlys should alow labeling of arways, routes, fixes, blocks o arspace,atitude statums
(not that al of these waild be used snultarecusly, but at ATC’s prefererce) in sultlued cdors.
Alphanumerics should have capability to be enlarged or reduced with set sizes. WX should have
color capability. Primary and beacan returns slould have different shades 6 coor. Controls
should be grouped by smilar function (i.e., beaca ard primary together, disply intensity ard
adustments together). Work areas shuld have non-equpment-cluttered writing areas.
Keyboards should be close to QVERTY w/F keys.

Controller Respnses b Section D.2

Slightly missing targets or keyboard aphanumeric keys.

Keyboard often sticks ard it canbe difficult to find the peview area anong the apharumeric.
The skwhdll has to be aimost right on the headsein orderto have aneffecti.e,, difficult during
heaw traffic.

Keyboard often goes taywire with random ard/or rogue efries appeang without controller
input. Additionally keyboard entries are often cumbersome and/or lengthy which causes meto
divert my atention from traffic control duties. Often have diffic ulty in distinguishing and
sekcting carectdat blocks with trackkall(s).

Supeavisor Resporse to Section D.2

Alpharumerics ae dificult to read,espeally since Etter ext fixes stared wih akitude
information. M350 sturned NBND, N350 urmed SBND, sometimes misread aicraft is turned
wrong way. Know adustiments ae dificult in the dak ervironmert, often involve guessig

which knob, watching what hgppens when you turn it, and trying another guess. Keyboard entries
FDIO are QWERTY, ARTS is alphaletized ceaing hunt ard peck. Mary format errors because
of vertical disply of ertry information, makes spacig functions hard to detect FP charges
should be accaomplished throughradar console, not by having to move over to FDIO ard charges.
Complete flight plan information should ke displayed & paosition with edit capability (windows).

Controller Respnses b Secton E

[Sim] Pilots and software used to help them control traffic need improvement.
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The work we did with smulation was good but frugrating. The reaism could be improved by
better aircraft compliance.

Asfar as his study goes, every atempt at realsm must be achieved or atempted. Current acive
controllers must feel challenged and fedl like the Smulation is real to gt maximum participation
out of the scenario. Sm pilots and Sm pilot software must achieve more operational consistency
to achieve better realism; try and m&ke/request Sm pilots to become more aware of aviation/ATC
phrasedogy agan in aneffort to promote realsm. Canwe have more scemurios (.e., other
runway configurations 3327, 22 ustto prevert complacerty from controller study group)?

Supeavisor Resporse to Section E

Perhaps ealsm should be explained to the tam What you may considerrealstic cauld be very
different from the sensitivity of realism the controllers have. What you need for sudy purposes
probably is not as detailed as what controllers may be expecting for realism and, if this is
explained to them, they may not be as frudrated when things ge slly. Make sure there are no
surprises. Brief talks on problemswith arcraft compliance of ATC instructions whether it's
sdfitware, pilots, etc. They should know crazyturns cauld heppen don't getfrustrated, hang with
it, it’s not areflection on ability. Supeavisor/SME should know their role involved SME
evaluation of controller’s, logging problem everts, ard acing as a RACON supevisor,
sometimes dl at the sametime. Visit to SIMOPs would help ATCs understand the equipment and
limit ations of the pilots--reduce frudration.

WEEK 3

Controller Respnses b Secion D.1

Radarard Map displays should be sharperard cleaer ard passibly cdor to display “shelving”
more readily. Keyboard lights are congantly burning out or too bright compared to ather buttons
alongsde. Too many entries are required for seemingly Smple operations: muti-function key,
greenkeys, ard soon. Console swiches anl knobs: just plain old ard outdated. Bastcaly,
functions slould be alde to quickly ard readiy let a caitroller make anertry sohis eyes camgo
back b the radar screensaoner. Possbly and wvoice-acivated-system of recagnizing what arcraft
you're talking to and being able to enter data by just saying it (i.e., handoff or call sign being
ertered justby speakig it, for VFR pgp-ups) Thiswould alwvays let the cantroller keep s eyes
on the creen A big pud Thark you!

Workspace: console is too narrow to write an a rormal 8 12 x 11 paper Keyboard: not
typewriter oriented therefore limits workspeed. Switches: mechanical and worn, resulting in
roughmovement. Trackball: Sticky, no regular movement. Radar: full data displays of flight
plans should be available on the scope, as well as the capabilit y to amend that information at the
scqoe. Other: Realtime dat on other monitors should be available in a windows format, suchas
wind, atimeter, ard weaher. Now that information is placed m three diferent locations. A
disply that could operate ighted canditions would be beneficial. The first few minutes d each
controller’s session on a paticular position is spent setting it up the way he/she likesit. It would
seento free up soe scaming time if the rew equpmen had a pogrammable nmemory of each
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controller’s desired setting. Extra voice coordination could be eiminated via a message sending
more from screento screen

The maps a dl ARTS IlIA have not been what I'd like to see. They are usudly too wide, out of
alignment, and out of focus I'm left-handed, as far...keypack position needs © be identified. The
FDIO/Host computer should be alde to be connected nto ARTS--that way amerdmerts, flight
plan information, WX information, is al right a your pasition.

The radarard mep displys tend to usualy becane wasled ait or becane edarged b the pant
where it takes your atention awvay from your primary dutes. We need a system that will provide
radar coverage fom the suface,ard that will not be affected from obstruction or terrain. The
keyboard would be more user-friendly if it was moveable to dlow for personal comfort. The
console ard swiches ae usudy either too touchy where they became very hard to use @ they
don’'t work as they should, causng the controller to sometimes not get the best display possible
(i.e., weaher radar). The keyack slould be movealte - the dsply should be of a lrighter ard
have more contrast than now. The video maps should bemore congant (less blooming and
thinner lines) You should ako be ale to look at flight plars an radar console ard neke clarges
to the flight plars ard the radar console. This would reduce wakload kecausette reed br
coordinating these chrges waild not be necessar. In addtion, the interface letweenfadlit ies
could be improved.

Supeavisor Resporse to Section D.1

Radarard mep displys are rever exact Theyare diten blurred, wasled aut, ard usudly
misaligned. Keyboard hardware ard tracklall hardware are alvays in need d repar/adjustiment
or replacenert. The ease busing the tracklalls varies wth eachposition. Mary of our ARTS
ertries have became too lengthy. They are dificult to teachbecauseltere ae o many of them
These etries abo do not alow for minor errors suchas a spaceracharacter too many. A bad
ertry is not eadly corrected am mustusually be completely re-entered. Moving the preview ard
systens aeas ad the various b lists stould be a cick ard drag unction that does rot require a
keyboard ertry. Keyboard should be adapéble for left-harded hdividuas.

Controller Respnses b Secion D.2

The amount of keys to hit when making various entries requires atention to be diverted to
looking at keyboard when you need to be congantly watching sope.

Entries -sekcting wrong keys. Tracklall - hard to discen to the sew overlapping targets.
Switches anl knobs - decetrering the presemation is tricky becausetiis touchy. You mustvery
gently turn the knob in order to avoid the ‘picture’ going off the scope. But sometimes it ill

hgppens

Not knowing why many times the ARTS information/tag doesn’t auto acquire when dl of the
correctinput is there for no rhyme a reasem. When charging flight planinformation to getthe
ARTS IlIA to coincide with the FDIO/host computer is much more difficult than it should be.
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On a dayto-daybasis, we ae forced b use sesra different functions that are ime consuming,
ard meke cantroller take eyes df the radarscope. The tracklalls are rot aways easyto use;they
sometimes gtick.

Supeavisor Resporse to Section D.2

Errorsin ertries ae rot always easyto recaynize. Depemling upa where the ARTS preview
area g, a cottroller might make seera ertries lefore realzing that none of themwas accept
because bthe first bad entry. Often the tab lists, systens aeas,preview areas,etc. will o bscure
aircraft targets and ARTS tag information.

WEEKS 1-3

Supeavisor Resporses

D.1. Digital displays with cdor could/would provide a nore effective wayof displaying dag of
varying types (.e., weaher, maps, dat blocks). The curent volume of workspaces inhibitive to
complete necessary forms a tasks & required nationally or locally (i.e., FREP forms, sgnin/out
forms). Cument switches anl knobs ae rot propelly labeled as a esuk of function charges wih
new ASR9 systens ard are qute cunbersome to operate snoothly (paticularly decerering
displays). ARTS IlIA interfacing within the NAS g/stem is generally misunderstood by
controllers. We would like to have the functionalit y/capatilit y to effectively cause a changein the
data block trarsferred to the actial flightplanrather than dupicaing same efforts through
FDIO/FDEP equipment. Calling up iformation such as provided by FDIO/FDEP at the radar
position would be awelcomed addition. The keyboard is cumbersome, fails to follow keyboard
standards and results in pending too much time looking away from the radar display while
ertering information. A more intuitive interface nay reducegliminate the keyboard for
controllers ard use a bilt-in systemwithin the dsply. Maps ad their clarty of disply on a
PVD would/could be shamp/wel-defined in a dgital format, also pemitting reattime edting for
the local facility. 1 would, overall, like my position/display to give me anything that the NAS has
to offer with regards © expeced raffic loads,full flight plars, weaher dat, ard adninistrative
data (i.e., sgn on/off currency tracking). Perhaps diagnostics can be enhanced and reliabilit y of
usng equpmert that is provensound (off-the-shelf) raised.

D.2. | think lighting is a geatdealof concem whentrying to quickly idertify the carectkey
ard/or adustment knob or switch. Alpharumerics an radar displys are paor in resdution ard
readability of an “S” to a“5” under aquick scan can result in misreading a call sign or daa
information.
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