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Executive Summay

The Federal Aviation Administration (RA) has sponsoredegeral system baseline studies since
1995. These studies used controlled fan¥in-the-loop simulations to collect da&garding the
opeaationd effediveness of seeral mgor arr traffic control (ATC) g/stems. These daa alowed
directconmpaisons betveenATC systerms and lelped dentfy deficiencies n new ATCsystens.
System baseline studies providatalfollowing five operational constructs: setly, capacity,
performance, workload, and usbility. Ead constrict comprises objective and subjetive
measures anprovides conerging indicators fo that constrat. In addition, datara collected
about the realism of the aline simulations to ensure thexternal validify.

TheAir Traffic Control System Baseline Methodology Gigdges asa rderencefor
engneerirg reseach pg/chologists and othes interested in condting system laselines in the
ATC domain. The Methodolog Guide provides théollowing information: (a) @scriptions of
and reérerces to past baknes that have sices$ully used the methodolag (b) detiled
descriptions of the opaional constructand corespondig objectiveand subjective nasures,
(c) a description of the oerall bagline methodolog, (d) otherrecommendations and lessons
learnedregarding the sucessful conductfosystem baselines, an@) a discussion of the rold o
system badines in the ATC gstemacquisition process.

vii



1. Introdution

Since eanf 1995, theFederal Aviation Administration (AA) has sponsoredesera system
baseline studiesThese studies coli¢ed dah on the opaational efectiveress of sesral major
air traffic control (ATC) systems under conblled simulation conditionsThese data allowed
comparisons of opational efectiveress betwen theseATC systems and id#ification of aeas
where rew systens needd improvernent.

1.1 Background

System baseline studiesd(efter referred to as badines) ae an important@mponent of the
human factorgvaluation proess. Thes studies collect data indhi fidelity, human-in-thdoop
simulations of everday ATC opegtions. Simulation conditions are figly controlled to allow
compaisons with pat and futuresystems. Only relatively stable systems aresuiteble for
baselines, requirgthat kaselines be conducted late in @hequisition process.

Baselines povide datdollowing five opegtional constructs: Sefy, Camcity, Perfamane,
Workload, and Usdility. Ead constrict comprises multipleobjective and subjetive measures,
providing conwerging indicators fo that constrat. When examined togther, the meastes
provide a thorogh degription of the gstem for thatonstruct. In addition, data & collected
about the realism of the aline simulations to ensure thexternal validify.

TheAir Traffic Control System Baseline Methodology Gigdges asa rdererce n thedesign
and conduct of &selines. It focuses primani on techniques for stuglng the inteaction betwen
ATC systems and theontrollers who us them. Engineerirg resarch pychologsts ae the
intended audierefor the Methodolog Guide.

The Methodolog Guide provides

a. descriptions of andeferences to past baselines thavk sucessfuly used the
methodolog descibed hee,

b. detailed desiptions of the baseline opional constrats and caresponding objective
and subjective meases (cktails about howach measte is administerednd how the
correspondig data ae aralyzed),

c. adescription of thedseline methodolgy (which is flexible enoudy to appy to a wice
range of ATC systems with on} a minimum of modification),

d. other reommendations and lessonsrtesd egarding the sewces$ul conduct of gstem
baselines, and

e. adiscussion of the role oystem laselines in the ATCystem acquisition pr@&ss.

1.1.1 Host Computer $tem and Plan View Displa

In early 1995, thd=AA sponsaed the fist g/stem badine, whichcollected da for theHost
Computer $stem (HCS) and the Plan WieDisplay (PVD), the opestional equipment cuently
used in Air Route Trdit Control Centers (ARTCCs)This baselinavas condated at thd=AA
William J. Hughes Technicd Center using en route ontrollers from Washingon ARTCC. The



operational constuats, baseline masures, methodady, andreportirg style desdbed hee were
originally deweloped for this basgine. The results of this baseline arcontained in th@lan View
Display Basdine Research Report (Galushka, Fred&k, Mogford, & Krois, 1995).

1.1.2 Automated Radar &minal S/stemlll A and Da# Entry and Displg Subystem

In late 1995, the FAA sponsoraetbasline stud to collect data fo the Automated Raal
Termind System (ARTS) Il A and theData Entry and Display Subystem (DEDS), the
operational equipment a@ntly used in may Terminal Rada Approach Control (TRACON)
facilities. This baseline stydwas condated at the €chnical Center usgterminal catrollers
from Boston TRACON.The ARTS Il A Baseline used the @anstructs, meases, methodolog
and reportig style of the PVDBaseline with some modifications for theerhinal domain.The
results of this baseline acentained in thé&RTS IlIA Terminal Baseline Resech Report
(Mogford, Allendoefer, & Galushka, 1999

1.1.3 Operational Displkand hput DexdopmentlV

In 1996, tke FAA co-sponsaed a laseline stug to collect datdor the Ogerational Displg and
Input Development (ID) 1V system, a Etbcontrol deelopmental ATC prgram. This
baseline wasonductedht the Eurocontrol Eperimental Centre usjren route combllers and
supevisors from avariety of FAA en routefacilities. The ODID IV Basdine usel the
constructs, meases, methodolog and repdting style d the PVDBaseline with some
modifications for EuropeaATC opestions and the OID IV hardware and softwae. The
results of this baseline andcamparison of th€©DID 1V to the HCS-PVD a contaird in the
FAA ODIDIV: En Route Bagine Comparison Simulation Final RepdKrois & Marscen,
1997) and th&n Route @ID-PVD Baseline Comparisor{Skiles, Gaham, Marseh, & Krois,
1997).

1.1.4 Display System Replacement

In 1997, tle FAA sponsorea baseline studto collect @ta for the Displgy System Replaement
(DSR). This displaysystem will replace the PVD and its associated consolesghout 1999
and 2000.The DSR baseline & conduatd at the Tehnical Centeusingen routecontrollers
from Washingon ARTCC. Many of these individuals hadadicipated in the PVBasdline 2%
years earlier. The DSR Esseline used the agrational constrets, suite of measas,general
methodolog, and eporting style used of the P& Baseline with some modifications foreth
DSR hardwae and softwee. The results of this baselired acomparison of the DSR to the
HCS-PVD are conained n the Comparison of the Plan View Display and Display System
Rephcenent Sysem Basehes(Allendoafer, Mogford, & Galushka, 1999).

1.1.5 Standad Tamind Automdion Replacement System

In thefuture, theFAA plans to conduct two bd#e studies to collect datar the Standal
Terminal Automation Replacenent System (STARS), the newTRACON and ower racar
display andautomation equipment.



The STARS Basdines will usetheoperdiond constricts, suiteof measures, generd
methodolog, and eporting style used in the ART8I A Baseline with some modificationsrfo
the new hadware and software capabilities. Othe improveanents will bemadeto the
methodolog based ondssons leared from erlier baselines.

2. Operational Constructs andddsues

In 1994, tke Air Traffic Requrements Qganiztion (now the Air Taffic System Requements
Service ARS]) identified four hidp-level opegtional constructs on which tabe ewaluations of
ATC systems. Thes constructs @re: Saéty, Capaciy, Peformarce, and VWrkload. During
preparations for thePVD Baseline, afifth operdiond constrict, Usaility, was alded. In
addition, a non-opetional construct, Simulationiéelity, was developd to assess thealism
and validiy of simulation conditionsThroughout the subsequent leiises, the fornal
definitions of these constructs lelyeengradwdlly refined. The curent cEfinitions are pesented
as follows:

a. Sdfety represens the exent to which the systemallows arcraft to traver® a setion of
airspae without a dagerous incident such asviolation of applicatd sepaation
minima

b. Capaciy represents the amount offfic that the sstem allows to safgland eficiently
traversea sedion of darspae during apeiod of time

Performane represents the amount and qualiof use interaction with the sgtem.

d. Workload represents thecognitive and physical task denands of thesystem as
experienced ly its users.

e. Usability represents how ealily paticular aspeds of thesystem sud as controls ad
displays @an be larnedand used fotheir intended puypose.

f. Simuldion Hddity represents daracteristics of thetraffic scanarios ad laboraory
environment and simulation participant opinions about thksra and acurecy of the
simuldion.

A team composed a@hgineging resarch pgchologists, ARS representativesy trefic control
specialists (ATCSs), and automation specialists deedlagset of olgctive and subjive
measures for each constrict. Objective meaures are basal on \erifiable quantities sut as the
numbe of daa entries male during thesimulaion and ae typically collected usirg automaded
sources suchs §stem Aralysis Recording (SAR) tapes.Subjective measugs ae based on th
opinions and perceptions of individuals ame gpically collected usig questionnaireand
rating scales.

From a saentific standpoint, objective mea®s aie usualy preferable to subjective @s.
Objective meases ae less likey to be biasednd @n be eplicatedand verifed by others. In
some cases, hawver, objetive measures myabe unavailabé, impractial, or mg not provide
the approprialevel of deéil. Subjective measas can b effective data colletion tools when
developed anddministered arefully. For the® reasons, we dieve that acombination of
objective and subjective @asues provides the besestription of the opational défectiveness
of an ATC ystem.



The folowing secions desgbe each consuct and he nmeasuresticonprises. Foreach
measure, seval pieces ofinformation ae provided.First, the Dénition provides a cocise,
formal desdption of the measwar. Like the constrets, the definitions of the nasures ave been
refined durilg each laseline. Second, the Surce ascribes whee datafor that mesurecan be
obtained. Third, the Reportig Level descriles the level of dtail that we ecommend be
reported fo that measte. Fourth, the Othelnformation provides anothe lessons we hav
learned dung past baselines about thecgessful collection andnalsis of datafor that
measure.

2.1 Sdety
2.1.1 Opgaationd Errors

Definition: This measuregpresents the total number of violations of applicagépaation
minima

Soure: Datafor this mesure comefrom re@rdings mdeby the Target Generdion Faility
(TGF). If the TGF is not used fotarget geneation, data en also baedu@d from SAR tapes
(but with more difficuly). In addition to the automated tools, subject matt@eex(SME)
observers shouldecord tle occurence ofan opeational eror on the Obearver Log, notingthe
sector, the simulation time, and the aircraft involved.

ReportingLevea: Ovaadl and Setor Levels

OtherInformation Becausea sepaation violation canaise seriougoncens about gstem
safey, ewery reported eror should be ingpendentlyverified. Occasionaly, events that a
recorced as arerrar actually result from an incoed pseudopilot action or aaffic scemrio
inconsisteng. On other ocasions, a&ontroller mayissuea visual apprach ceamlance, but the
automated tool has no wayrecading this. We recommend the usé videotapes bthe
simulation run alongvith printouts of datardm the TG- to review possiblereors. If a mae in-
depth veification is neded, theSystamatic Air Traffic Operations Re&each Initiative (SATOR)
system provides excellent replay cgpabilities. Future ATC automdion systems ae planned to
have playbadk cgpabilities a well.

2.1.2 Conflict Alerts

Definition: This measureepresnts the total number ofannings issued to controllers about
imminent sgaation violaions. These warnings are issuel by the ATC automdion system
accordng to FAA algorithms.

Source Datafor this measwe come fom SAR tapes in the en route damor from Continuous
Data Recaling (CDR) tapes in the teninal domain.SME observers shoulécord the
occurrenceof aconflict dert on theObsever Log, noting the sedor, thesimuldion time and
aircraft involved.

ReportingLeve: Ovaadl and Setor Levels




OtherInformation As with operational reors, conflict alertscan eise serious caerns about
system sadty. We recommend tht ezh conflict aért be indepndently verified by an SME to
deermine f the akrtis genuine (ie., occured kecausg of controller action or nhacton).
Videotapes or the SAJRI system can k used to very conflict alets.

Researchrs should ensuithat the numberfaconflict alerts is based on thetaal numbe of
occurenas and not on theaw number 6 recordedconflict alat messges. A conflict alat
message will be written mgtimes fa the samaircraft pair, which will producean inaccura
count if the dataeduction is not conductechrefully.

Duringthe DSR BEseline Air Traffic SMEs indicated @t some controllers mpashowa high
numbe of conflict derts dueto ther controlling stye. The SMEs ¢aim tha these controllers are
no less safe than ottsebut that the control ty corflict alert .g., they allow plares to become
close enogh to caus the coiilict alert but not closenowgh to causen opeational eror). In
thisway, these ATCSs may be even nore dfi cientthancontollers who leep heaircraft farther
apart. Though we still believe that this measure proggisubstantial information aboutsteem
safey, we dfer this insidnt to discourge otlers from ®ncludirg that a gstem is unsa& based
solely on the numbeof corflict alerts.

2.1.3 Halo Initiations

Definition: This mesure represents thetotd numbe of times acontroller initiated thedisplay of
the halo (also known as theRing). The halocurrently exists ony in the en rowg domain.

Source SAR tapes

ReportingLevel: Ovaadl and Setor Levels

OtherInformation Initiating the halo suounds the aaraft taiget with a polgon of an adpted
radius (ypically 5 nm). The relo aids in visual judgent of haoizontal separation ande also
be used as aemphasis tool and mempoaid. Increasing the halo is not a redtion in safey in
and of itself. Instead, ioreased halo us mg indicate thatontrollers @& havirg difficulty
judging sepaation or maintainig an acurate pictue of theair traffic situation, or both.

Researchrs should ensure that the numbehalo initiations is based on the agtaumber of
initiations and not on theaw numbe of times @ntrollers mdethe“J’ entry. In theHCS, the
same command is used to turn the halaua off. This will produce an inaccate count if the
data redation is not conducted ozfully.

2.1.4 Data Bock Positioning

Definition: This mesure represents thetotd numbe of times acontroller charged leader-line
lengths and lealer-linediredions to matain daa blodk realability.

Source In the erroute domain, controlis chage lea@r-line lergth and direction usig data
enties thatare proessed i the HCS and ae recaded on &R tapes. In the erminal domain,
however controllers en also clange leader leigth and diretion usingknobs on thé-ull Digital



ARTS Display(FDAD) or DEDS. We recommend aganst dtemptingto mllect these daain the
termind doman until STARS, withits fully digital displaycontrols, is fieéded.

Reporting level: Ovenall, Sector, andintervalLevels

Othe Informaion: Controlles position d&a blodks to mantain thereadability of critical flight
data. Controllers also use dablock positioningas memoy aids (eg., by placing the data bloks
on the ridnt for all northbound aaraft). As with the halo, increasl data block positioninig not
a reduction in sa&ty in and of itself. Ingead, it mayindicate thatircraft are flying in close
proximity and thd the controller dos not hae time to keep thedata blocks searated.

It is gopropride to filter out dda blodk positioningadions tha are not rdated to mantaining
readability sud as “dant zeo” (/0), which is usd instead to indicte the transfe of
communication.The specift enty types thatrefiltered out must be consistent across baselines
tha will be compaed.

2.1.5 Other Sfety-Critical Issues

Definition: Final Questionnairand Obsever Log

Source Datafor this measue come fom questionnairesompleted g studyparticipants and
SME observers.

ReportingLevel: Oveall Level only

OtherInformation This measure is degied to ecad sakty issues not addssed b the other
measuresResarhers should ense that issues ragsl for this mease ae appopriatefor the
Safety constuct For exanmple, many contollers view ary systemdeficiency as a sfety issue

rather thara usabiliy or workload issue For this reason, anissues that are identifie saéty
critical should be indepeedtly reviewed by supervisorytraining or quality assurane SMEs
and moved to other constits if waranted.

2.2 Capacty
2.2.1 Aircraft Under @ntrol

Definition: This measureepresents the total number of argft receiving ATC servies froma
controller.

Source Datafor this measwe come fom TGFrecordings. If the TGF is not used fotarget
generation, Aircraft Management Prgram (AMP) tapes alsoan provide thes data.

Reporting level: Ovenall, Sector, andintervalLevels

OtherInformation For the puposes of dta collection, araircrdt is consideed unde track
control if (a) tke controller las acepted tle handaff from the pevious sectoand (b) tle handaof
to the nex sector has notey been a&cepted. In opeational ATC, hovever, tansfe of track
control technically does not ocur until theaircraft is both on aontrolle’s frequency and in his




or her airspce. To facilitate rapid datredwction, howeverwe recommend usopthe handt-
to-handoff definition and identify this in ther report.

Researchrs should ensure that the sectors and timeg lbemparedare pecisey measured.
Any disaeparty, even a w minutes, can &ve a substantial effct on this measar

2.2.2 Timein Setor

Definition: This mesure represents theaverage time aircraft spend in aparticular sector.

Source Datafor this measwe come fom TGFrecordings. If the TGF is not used fotarget
generation, AMP tapeslso can povide these aa.

Reporting level: Sector level only

OtherInformation Care should be tak to ensure it the simulators used in a compan
employ identical airciaft performarce models.Valid conclusions about capéy become
difficult to draw if a frticular aircraft type performs better on one simulation platform than
another.

As with the Airceft Under Control measuregn aireaft is considered in aestor if(a) the
controller has ecepted the handbfrom the previous stor and (P the handt to the nex
sector has notet been aceped. In opeational ATC, howeer, transfer @ track control
technically does not ocar until thearcrdt is both on aontroller’s frequency and in his or her
airspae. To fecilitate rapid dad rediction, howeverywe recommend usopthe handé-to-
handoff definition and identify this in ther report. We dso reommend reporting data for this
measure segpately for arrivals and dpartures in terminal batines and in en roetbaselines
where appropri&t

2.2.3 Spacingon Final Apprach

Definition: This measure @present the dstance beween wo arrival aircraft where hefirst
aircraft is over the middle magg and the second isaiting behind it. This measue is
appropriate oyl for the terminal domain.

Source Datafor this measwe come fom TGFrecordings. If the TGF is not used fotarget
generation, AMP tapeslso can vide these aa.

Reporting level: Sector level only

Othe Information: If warranted, asimilar measure of aircraft spadéng could bedeveloped for the
en route domain, th@h one has notden used in pasi route basine studies.

2.2.4 Time Between Arrivals

Definition: This mesure represents thed apsed time beween conseutive arrival aircraft passirg
over the middle mas¢. This measuw is appropgate ony for the erminal domain



Source Datafor this measwe come fom TGFrecordings. If the TGF is not used fotarget
generation, AMP tapeslso can povide these aa.

Reporting level: Sector level only

Otherlnformation No additional information

2.3 Performan@

2.3.1 Ovadl Data Entries

Definition: This measuregpregnts the number ofath entries rade by a controller usiig the
keyboard and/ar trackball across # data entry types.

Source SAR or CDR tapes

Reporting level: Ovenall, Sector, andintervalLevels

Otherlnformation Data fa this measure should bepored separatgi for each sta#d position.
For example, baselines in then route domain should include see dataentry counts fo the
radar, dta, andassistant controller positions.

This measureis paticularly sensitiveto shifts in worklod across ontroller positions. For
example, in the DSR &eline, we obsrved thatada controllers mad manymore data entes
than in the PVD Bseline. We observed th opposite pattern falatacontrollers. We believed
this resulted from a lackf anvolvement in the simulationylthe da& controllers de to chaged
requirements fobetween-sector coadination. To explore this further, \@ combined the aa
entries madeothe ®ctoras a wholdi.e., radr anddata conbllers combinedand found that
the diffelence letween systems disappead fa some sectors.

Researchrs should ensurthat pilot entries & not included in this measuré& Dynamic
Simulaions (DY3Ms), thepilot entries arerecorded on SAR faes and ma inadvertently be
counted as controlteentries wien, in fact, they are not. In TGF simulations, the pseudopilots
work on a disagte g/stem, so this is not an issudoweve, ghost sectors nyaalso make data
entries, andeseacheas should ensure & their entriesre not courgd with the controller
entries.

2.3.2 Speciic Dab Entry Types

Definition: This measureegpresents the number ofath entries rade by a controller usig the
keyboard and trackball for spedfic daaentry types.

Source SAR or CDR tapes

Reporting level: Sector level only

OtherInformation As with the Oveall Data Entries mesure, te counts for sgcific entry types
should be reportedesaratly for each saffed position.




There are literally dozens of dita entry types in theHCS and ARTS, may of which arerarely
used ly controllers. Stable, eliable meastements of are dataentry types ae difficult to obtain
and are unlikel to show eliable differerces l@tween gstems. In addition, controllersan often
make equivalentala entries usig differentcommand gntaxes.

We recommendecording dad for all data enty typesand includinghem in the Ovall Data
Entries measureHowever, to facilitate dataduction, werecommend reserviythe inceased
detail of the SpecifiBata Enty Types measuwg fora subset ofyipes. The subset should include
all the major enr types usedat the faciliy being simulated. The subst should be chosen in
consultation with SMEs and should include all commyntactic vaiations.

As with the Overall Bta Entries masureresarclers should ensatthat the pilot entries amot
included. In DYSIMs, the pilot entriesra recorded on SAR tapes andayninadverently be
counted as controlteentries wien, in fact, they are not. In TGF simulations, the pseudopilots
work on a disagte s/stem, so this is not an issudoweve, ghost sectors nyaalso make data
entries, andeseachas should ensure & their entriesre not courgd with the controller
entries.

2.3.3 Data Entry Errors

Definition: This measuregpresents the total number of @dagntry error messayes returned ly the
automdion system.

Source SAR or CDR tapes

Reporting level: Ovenall, Sector, andintervalLevels

OtherInformation If acontroller makes typographial error, he @ she usuajl notices thesrrar
and corects it usingBACKSPACE or CEAR. Becau® this measureounts data engrerror
messages retned ly the automationystem, ony typographi@al errors that remain uncorected
at the time ENTER is pressed are ceuhtf typographical error@rea particuar corcern, moe
sophisticated angsis methods mabe necessay. For example, the NAS Human Factors
Branch, ACT-530, is developga dataanalsis cambility called tle Keyboard Data Recoder
(KDR) tha will capturedaa entries keystroke by keystrokefrom opeationd ATC keyboards.
From this reord, amoredetailed analysis of thenaure of thetypographical errors will be
possible.

2.3.4 Numbe of Altitude, Sped, and Healing Changes

Definition: This mesure represents thetotd numbe of controller-initiated dtitude, sped, and
heading changes male by simulaed arcraft.

Source TGFrecordings

Reporting level: Ovenall, Sector, andintervalLevels

Otherlnformation Consistent definitions must be applied for which pseudopilot commaads ar
counted.Rese&aches should ensure #éih equivalent commands with difent gntax (eg., turn




right 20 dgreesand fly heading350) are counted arrectly. A complete list of thes commands
is available from theTGF.

2.3.5 Sdf-Assessments ofdformane

Definition: This measuregpresents subjective p&srmarce rtings given by a controller
participant at the end @ simulation run.Rating range from 1 (low) to 7 (hgh). The masure
comprises two submeass:

a. Quality of ATC servicesifom acontroller point of view
b. Quality of ATC servicesifom a pilot point of view

Source Post-Run Questionnaire (AppdixA)

ReportingLeve: Ovaadl and Setor Levels

OtherInformation This measureds beernrefined toa 7-point scale so that it magshthe 7-point
scale usedytheAir Traffic WorkloadInput Technigue(ATWIT) Workload meas. In past
studies, usingdifferent s@les for similar meaures has creded confusion aad male data analysis
more dffi cult. Reseachas who pan b conpare dita for this measue © sudies hatuse an 8
point scale should use the gnal 8-point version.

2.3.6 Observe Assessments of Fermarce

Definition: This measureepresents ratigs of participant perfemane during a simulation run
made ly one or moe SME observes. Ratings rangefrom 1 (Least Effective) to 8 (Most
Effective). The nmeasure omprises st subneasures wh three b five rating sales eah. In past
baseines, we Bve reported data for only the oweral items for each submasue. These tems ae
as follows:

a. Maintaining Sde and Efficient Trafic Flow
Maintaining Attention and Situdion Awareness
Prioritizing

ProvidingControlInformation

Techncal Knowledge

-~ ® o0 T

Communi@ting

Source Datafor this measwe come fom the Subject Matter fpert Obsever Ratirg Form
(AppendixA). Separat versions of théorm ae a\wailable for tle terminal aneén route domains.

ReportingLevea: Ovaadl and Setor Levels

Otherlnformation: Sollenberger, Stein, andd&elski (1997) provideedailed information on
the developmentral administration of the Obsemv®ating Form. The form is basd on
observableontroller &tions and behaviorand has ben widey usedand validated We
recommend thaieseachas consult the oginal soure for information about the sgeessful use
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of this form. In paticular, we emphasizethoroudn training of the SMEs who will omplde the
form. This will improvetherdiability and validity of theratings.

Thesameversion of theDbserve Raing Form must beausal in dl basdines that will be
compared.Regarchers o plan to compartheir dta to older bagdines should ensure that the
use the same v&on of the formas the arlier reseach. The forms hae undegone substantial
revisions and improvements, and caripons to data colbéed usiig ealier versions of the
forms mg no longer be aid.

The SME ObserveRating Form uses §oint scales, which diérsfrom the 7-point sales on the
ATWIT, the Post-Run Questionngjrand thd-inal Questionna@. Though consisteng aadoss
instruments is desirable, we belkehat usinghe scales e/elopedand validated ptheauthors
of the SME Obsever Raing Form alds \dlidity and reliability to this measure

2.4 Workload

2.4.1 ATWIT Workload

Definition: This mesure represents thesubjetive workload raings given by the participants
duringaspecific timeinterval. To ensurestéble workload raings, thesare for this mesureis
the aveage of thee wakload tings mace during the intenal. Ratings range fom 1 (low) to 7
(high).

Source Datafor this measue ae colecied usng Workload AsgssmentKeypads(WAKS), one
for each controller paticipant.

Reporting level: Ovenall, Sector, andintervalLevels

Otherlnformation Figure 1 shows thtemporal @ationship betweeATWIT prompts and
intervals. An ATWIT probe @cursateach sold vericalline. The ATWIT Workload scoe for
apaticular inteval is calculaed by averaging thethree ratings promptel durirg tha interval.

0 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 100

: N N N O O O O R R
A A A A A J

" Y Y Y Y N

Scenario Interval Interval Interval Interval Interval Interval Interval

Ramp Up 1 2 3 4 5 6 7
Period

Figure 1. ATWIT probes and intwals.

For example, the first interal begins at 10:00:01 and ends at 22:00:0be ATWIT Workload
score f@ interval 1 is elculated ly averaging theratings given to the prompts at 14:00:00,
18:00:00, and 22:00:00This technique provides somewhat mogliableand stable saes fa
each interal and allows fodetailedanalses of smalletime franes if warranted.
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2.4.2 Post-Run Workload

Definition: This measuregpresents subjective workloachting given ly the contoller
participants at the end the simulation runRatings range from 1 (low) to 7 (hgh).

Source Post-Run Questionnaire (Appdix A)

Reporting level: Sector level only

OtherInformation: The scat for his measue has ken adjisied from ealier sudies sohatit
matches he sale used byhe ATWIT Workload neasure.Reseachas planning to conpare
data for this measarto ealier studies that used arpint scale should consideetuningto an
8-point scale.However, usirg different scales fothe ATWT Workload and Post-Run
Workload measuresan makecomparisons more ditult.

2.4.3 Communication Taskload

Definition: This mesure represents thetotd numbe of controller-initiated, push-to-tkk (PTT),
air-ground communigions (i.e., communications betareacontroller and th pseudopilots
working traffic in his or her sgor).

Sour@: In ealier basdines, thedaa for this mesure werecollected manually by listening to
audbp recadings. Howeer, they are nowavaiable electonically from the appicable
communication gstem suclas the Voie Switching and ControlyStem (VSCS) or Enhaed
Termind Voice Switch (ETVS).

Reporting level: Ovenall, Sector, andintervalLevels

OtherInformation Reduction and angdis of air-ground PTT is eikemely time-consumig
because thredution and aalysis tools ae notyet mature. ACT-530 hes deeloped some
techniques to m&e the proess moregfficient, but thee will require modification for future
baselines.Currentl, the prgrammers in the VSCS groupearorking to improve their tool to
facilitate future basdines.

Consistent definitions for what constitutes an aoumd PTT must be appliedtiveen studies.
For example, automated tools wiljpically count aly time the controllekeys his or her
microphone as a PTEgardless of wiether agonespeaks onot. If data arerediced manally
by reviewing audiotaes, howeer, this ypically will not count these PTTs becauso one
speaks and nothgris recaded on the tag Researchers should establish a consisteritiecion
for the inclusion and etusion of PTTs bef@the baselinand should choose thetd
collection, reduction, andnalsis method that best suits their criteria.

2.4.4 Coordination Taskload

Definition: This measuregpresgnts the total number of controller-initiated, Pgiqund-gound
communications (i.e., communications betwa ®ntroller andcontrollers working in othe
sectors oghost sectrs).
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Source Datafor this measue now cone from the appicable conmunicaion s/stemsuchas
Amecom, VSCS, or ETVSData for this masure an also becollected nanually by listeningto
audio recadings.

ReportingLeve: Ovemrll, Sector, andintervalLevels.

Otherlnformation(See comments faCommunication Taskload, Section 2.4.3): Thdipipants
should be encoaged to complete thecoordination etions througdy the voice switchrather ttan
by taking to thecontroller sitting next to thean. If controlles handle coordindion outsidethe
voice switch, theseommunications will not be counteg the automated tools and ynloe
missed.

Controllas must follow thdetters of ageement (LOAS) cnsistatly, paticularly in thecases of
handoffs and point outdn simulation conditions, some controllere d&ss wjilant than thg
would be in the field rgarding coadination. This leads to unrealisticgllow workload and
higher baedom andedues internal dlidity. We strorgly encouege resarcters to enfoce
LOAs fully to add redism and to ensurethat al controllers adhereto thesame rules durirg the
basdine.

Consistent definitions for what constitutes a grourmligd PTT must be appliectiween
studies. For example, automated tools wilpically countany time the controller &ys his or her
microphone as a PTEgardless of wiether agonespeaks onot. If data areredwced manally
by reviewing audiotaes, howewer, this ypically will not count these PTTs beca&uso one
speaks and nothinis recaded on the tagp Researchers should establish a consistenitecion
for the inclusion and etusion of PTTs befa@rthe baselin@end should choose thetd
collection, reduction, andnalysis method that best suits their criteria.

2.5 Usability

Usability measures are collected from raing scales and opa-ended suney questions on thd-inal
QuestionnaireAppendixA). The Fna Questionnaire should @Eministered faer all

simulation runs have been complit In ourexperience, this questionnaiseres as @ood
startingplace fa an endof-simulation briefig and digussion. Some items on the questionnaire
are not apppriatefor particular domains and should eéminated from the questionnaiwhen
appropriate.All data for this constret should be repted at the Oerall Level only. The items

on the fnal Questionnairaddess the followig issues.

Flight Progress Srip Access
Flight Pragress Strip Read/Mark
Ease of Acess bControls
Opeation of Controlsintuitive
Keyboard Ese ofUse

Radar and Mp Ease bReadimgy

-~ 0 a0 o ®

Radar and Mp Ease bUndestanding
Workstation Sace

= Q
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i. Equipment, Displgs, and Controls Support Effient ATC
j.  Equipment, Display, and ControldmposeLimitations

k. Equipment, Displgs, and Controls Ovall Effectiveress
|.  Overall Qualiy of Interadion with Equipment

2.6 Simulaion Hddity

This construct is not desigd toevaluate gstems. Insted, it assesses wther the dta for the
other constructs habeen collected uner equivalent, ralistic conditions.Data for this
construct ag also craial whenreplicatirg the kaseline orconductirg follow-up reseach.

2.6.1 Traffic Scenaio Characteristics

Definition: This measureepresents important feates of the taffic scenaios used in the
simulation. It consists of sevarsubmeasuas, such as

length of each serario,

averge nunber d aircraft enering the senaio ead mnute,
total number of aivals,

total number of deptures,

total number of ovélights,

-~ 0 a0 o p

total number of propeltaairaaft,
total number of jet airaft, and

= Q

total number of scripted pilot deviations arduests.

Source TGFrecordings

ReportingLeve: Ovadl and Setor Levels

Otherlnformation Reseathers should ense that the samagorithms and assumptions are
made for what constitutes arival, departure, or owerfli ght arcraft. In many en roue sectors, this
distinction is not meanirigl, and this portion of the measushould not be repied.

The TGFrecadings will provide datacorrespondingo different aircraft ypes. These data must
be parsed toatagorize paticular types seh as jet or progller. Resarchers should consult with
an SME if a particulaairaaft type is urclear.

2.6.2 Othea Simuldion Chaacteristics

Definition: This measureegpresents other important &ures of tk simulation environment
outside the trafficaenaios. It consists of seval submeas@s such as

14



a. alist of standard opaiing proceduresandLOAs used in thedseline;

b. if applicable, alist of thetiming parameter for fli ght strips (i.e, thelength of timeaflight
strip prints béore theaircraft appears in thesimuldion); and

c. if applicable, alist of theSurvellance Communietions|Interface Proessor (STP)
sdtings regading the sizeand offset of radar and beaon tagets.

ReportingLevel: Oveall Level only

Othe Informaion: These items weredentified in theDSR-PVDBasdine Compaison
(Allendoerkret al., 1999) aaress that contributed to faults in internaidity. Otherareas of
concerncertainly exist, and reseahers should strive to idengibndreport thes aeas in futue
baseline repas.

2.6.3 Redism Rding

Definition: This measureepresents the parived ealism and fidelit of the simulation run as
rated by acontroller partidpant. Ratings range from 1 (Not \ery Redlistic) to 7 (Exremdy
Redlistic).

Source Post-Run Questionnaire (Appdix A).

ReportingLeve: Ovaadl and Setor Levels

Othea Informaion: We recommend analyzing daa for this mesure during the baseline so tha it
can be discugs with the participantsif the paticipants do not view the simulation as being
realistic and =dible, eseaches should take steps to improve the simulation environmemt ev
if this requires discountingome dta. Resarchers should addss the low raism ratirgs in

their report.

2.6.4 Impact of Technical Problems Ratin

Definition: This measureepresents the paeived impact of@chni@ problems on the
participants’ abiliy to control trafic during the simulation runRating rangefrom 1 (Not \ery
Much) o 7 (A GreatDeal).

Source Post-Run Questionnaire (Appdix A)

ReportingLevel: Ovaadl and Setor Levels

OtherInformation See comments for theeRlism Ratingneasue, Section 2.6.3.

2.6.5 Impact of Pseudopilots Rating

Definition: This measureepresnts the pareived impact bthe pseudopilots on the participants
ability to control trafic during the simulation runRatings rarge from 1 (Not Vlery Much) to 7
(A Gresat Deal).
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ReportingLevel: Ovaadl and Setor Levels

Source Post-Run Questionnaire (AppdixA)

Otherlnformation Just ike controllers and pilots, the pseudopilots differ in abilSome
pseudopilots have real pilot garien@ and @n provide \ry realistic pilot communications and
behavior. Othes ae less egeriened and mg provide less ralistic communications.
Proceduresat the TG rotate psudopilots amongoles and positions betweeans, and some
combinations mawork better than otfrs. Problem situationsypically suface durirg
simulation shakedown and should be added § TGF pesonnel. If this measte shows low
ratings, researchers should coordinatwith the TGF to ensure éihthe problem is rectéd.

2.6.6 Scenaro Diffi culty Rating

Definition: This measure @present the peceived dfifi culty of the taffic senarb as raéd by
paticipants. Raings rangefrom 1 (Not \ery Difficult) to 7 (Extremdy Diffic ult).

Source Post-Run Questionnaire (AppdixA)

ReportingLeve: Ovaadl and Setor Levels

OtherInformation Data for this measurare inteneéd as aheck on the sceré dewelopment.
Did theaircraft in the scanario perform nornally? Was thetraffic complexity too dificult or too
eay?

2.7 Othea Metrics

In addition to the baseline metrics delsed peviousl, a vaiety of other matics has ben used
in basdlhes b examne spedic questons. We recommend thatresarchers eview these netrics
to deerminethdar gpplicability to ther spedic basdine and to indudethem if desired. Other
metrics that focus on picular topics or tasksfanterest en also be inclued to collect danot
covered here or in thebaseline merics.

1. The PVD Baseline usedmaetric of strip lay managerant wheein a paritipant’s use of
flight pragress strips was porded and masured.This techniqgue mg be uséul in future
basdines wherethefrequency and characteristics of strip-réated activities is of inteest.

2. ThePVD Basdine reported entry times for various di@ entry types. This techniquemay be
useful in future badines whee the sped of dat entries is of inteast such as in the
evaluation of a ev keyboard or chta enty syntax

3. The DR Baseinetested he KDR which aubmaticaly records ech leystroke made by the
controller. Thes data mgbe useful in futue baselinegor compaing typographial errors
or for analyzing the usaility of a partiaular keyboad layout a design.

4. ltems 9-1 on the Bacgground Questionnairedve rever keen fomally used in a basekn
comparison.These items deal with controller Eof familiarity with computers,
saisfaction with aurrent equipment, and level of training with anew ystem. These items
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may be usdul in futurebasdines to examine differences on themdrics attributable to
differences in theparticipant sanple

5. Sections BC, and D of th&inal Questionnaire wee not eported in the PVIBaseline or the
ARTSIIIA Baseline, but datéor the® sections we collected. The ODD IV Baseline
successfuly used hese daato conpare ystens. Thes sedions conain addtional
information about the usabpitof ATC systems andre appropiate for tre Usabiliy
construct.

6. The individual items on the SME Observer Rgtiorms have aver been famally used in a
baseline comp&son. Only the 6 oerall metrics descridd in Section 2.3.6 haveebn used in
baselines, thougthe detailed items habeenextensivel reeachedand validated
(Sollenbegeret al., 1997).

7. The NASA-TLX instrument ves used in the DID 1V Baseline at thend of ech run to
measure wikload. The NASA-TLX is awidely used masure ofworkload,and it could be
used in future batines in place bthe Pst-Run Wrkload measure @s a supplement to
ATWIT. For more information on NASA-TX, werecommendart and Stagland’s aticle
(1988). ACT-530 owns tools to electrazally administer and sce theNASA-TLX.

3. Baseline Methodology

3.1 Consistent $nulation Condibns

Tightly controlled simulation procedes and labkatories povide the foundatiofor a sicces$ul
system baseline. However, thefacilities and equipment assaiated with ATC g/stan basdines
are extremely complex, meking tight control over d aspeds of thesimulaion very difficult.

The Test Diretor, typically anengineerirg resarch pychologst, is responsible foensuriry that
consistat conditions ae mantained acoss # basdines tha will be directly compared.

Re-crating conditions from studies conductgshrsearlia is impossible without proper
documentation and configation mangement. The laboatories at the @chni@l Centerare
used constantlby many organizations. Therefore, the preise corfiguration of a &boratos or
facility is difficult to determine adt the fact. Researchrs hae aresponsibiliy to document as
many procedures, paraneter sétings, and configurations a possibleand to providethis
information to future studiesThis should be done dugrthe leseline.

All past baselines have been coothd usiig only one ATC ygstem at a timeAs swch,
compaisons béwveen systans weae made usirg data collected from separate simuldion activities
sometimes conductegtars a@rt. This method has some aages in terms ofcgedulirg, but
it makes internal validyt andconfiguration mangementespecial diffi cult.

We recommend thd future basdines collect daa for each system that will be comparel as part of
a sinde, large baseline. For example, the particignts could run the sameenaios usingboth
systems andlternate btween systems on subsequent runs aysl This would redue or
eliminate many interna vaidity problems and providemuch tighter simuléon control. All
scenarios, operatyprocedues, the participantguxliary equipment, pseudopilots, SME
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observersand questionnairesould be identical foboth data setswith a within-subjects
desiq, the \ariance due to diferences btween individuals is reded.

A sinde, sideby-side compason is likely to be lom andcostly. Overall, howeverwe beliee
tha asideby-sidecompaison will save time and mong by redudng the need to orgaize,
prepae, run, and&nalze se@rate simulations forach ystem. More importanty, a side-byside
compaison provids thehighest level of internd validity.

3.2 Simuldaion Ralism

In baseline simulations, reaecters should strive foa vewy high level of simulation realism.
The SMEs involved with scenario tegfiand shakdéown ae the lest sourcdor feedbak about
reaism. We recommend thatresearchers consulwith these mdividuak after each shalkedown
run. Reseachers should eamine the followig areas.

a. Pseudopilots need adequatsimgduring shakedown.In particubr, pseudopilots need
to learn he fixes assoated wih the secors andwvhen andvhere actons ae typically
taken. If they do notreceve adequae training during shakedown, lher conmunications
and pilot ations maynot bemadein themost reéstic or timdy fashion.

b. Personnel staffigtheghost setors also needdequate trainirg during shaledown. In
particular, thes personneleed to larn when tacept and gect handéfs and point
outs. If they do not reeive acequate taining they may not provide ealistic betwen-
sector communications.

c. Researchrs should ensutthat the opeating proceduresandLOAs ud in the simulation
are accurate with regard to thoseused at thefacility .

3.3 Test Plan

As part of the fomal pre@rations fo a basline, the Test Dector should destop a fornal test
plan. The plan should contain the follovgsections.

1. Introdwtion: This section should provide a historical axttand rationale for thedseline.

2. Method: This section should describe how thseine will be condcted. It should contain
the following subsetions.

a. Facilities: This subsection should descritileich laboatories and other Technical Center
facilities (eg., the TGF) are neeéd durirg the plannig andconduct of the baseline.

b. Equipment: This subsection should describe what @heipment is needde g., the
WAKS).

c. Personnel: This subsection should describe they gtaticipants and the simulation
support personnel erded.

d. Procedure: This subst®n should describe thgeenedl data colletion method including
the sectors anccenaios to be used, the @atollection tools and technigs, and the
simulation schedule.

3. Data Reduction and Aatysis: This setion should describe how thetd from the baseline
will be reducedand amlyzed. It should corain the followingsub®ctions:
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a. Equipment: This subsection should describe what equipmentédedeluring dat
reduction and aatysis (e.g., the Bta Reduction anédnalysis Tool [DRAT]).

b. Personnel: This subsection should describatwhpport persomhand facilities are
needed.

c. Procedure: This subst®n should describe thgenedl data eduction andanalysis
method, detailingvhich measurewill be calcukted.

4. Referemes: This section should includgearences to redted literatue, particulary regardimg
ary tools and tehniques used in the stud

5. Appendix This section should contain copies of all the questionnairexjdels, and
briefing packages that will be given to theparticipants.

The National Air Taffic Controllers Association (NTCA) is involved with most BA reseach
and acquisition ativities. NATCA will assign a representative to theprogram, and cordination
involving the controller pdicipants must be conduett throwgh this individual. The Test
Director should provide thNATCA representative with a copof the test plan dere any
baseine daa arecollecied.

3.4 Schedules and Rotation

In our experien®, about 12 controlis is the maxnum that can be made availalib participate
in asimuldion dueto stdfing requirementsat thar homefacilities. If the partiapants ae dravn
from multiplefacilities, & they were in theODID IV Baseline, alarger number ca beusal. In
addition, the Technical Cemtaboatories a& scheuled continuousl In our exerierce, 3
weeks is themaximum tha can bemade available for abaseline. Even less timewill be
available durig theformal ergineering test period.

Researchrs must not develop atedule that violates theldor agreenent betwen the FAA and
the NATCA. That is, bargainig unit controlles must not be required to dtafposition for moe
than 2 consecutive haauwithout a brak. The ggreement also reques a 30-minute e bresk,
no more than 8 hours pday (including breaks),and no more than Sags a week.

Other practical considerations set further limits on the sche@datrollers, pseudopilots,
simulation support staff, SME observers, agskarchrers all should bgiven short beaks(15-20
minutes each) &ween smulations and realbreaks(1 hr each). Fewer a shorer breakswill
lead to fatigue and poa relations anongthereseach team. Remember tha paticipating in
human factorsreseach is voluntay and if partiagpants feel ill-treated or overworked, they are
unlikely to volunteeragain (andare likely to tell their fiends). In addition, the laboratgrand
simulaion equipment requires reonfiguraion time We recommend stieduling aminimum of
20 minutes between runsn ou experience, 5 hours @fctual simulation time a gtas about the
maxmum that can be supported.

We also recommend against runngegnarios longer than abol100 minutes without a position
relief. Some controlles mgy becone fatigued, baoed, or umesponsive ifequired to stefa
position longr than this.We also stronty recommend usmat least two traffc scemrios. If
paticipants work thesame senario multiple times, theyquickly learn to “beat” it and to
anticipate occuences. This @an lead to boed paticipants and unreliabldata. Rotatirg

19



participants throgh two scearios and searal sectors or positions usuglils adequag to keep
controllers’ inteest throudp a 1-week simulation.If the simulation covers multiple weeks with
the sane paticipant sanple, werecommend usirg morethan two trdfic scanarios.

Researchrs should degn the sckdule so that esry participant sergs in evey position, sector,
and scendo once duing the simulation. The schedule should also all@ach ME obsever to
evaliaie each prticipantatleastonce. In en roue beselines, ve recommend that SME observes
evaluate the @ticipants while thg stdf the radar sition. In teminal baselines, &

recommaend thd the SME obsevers evaluate the partidpants whilethey staff achadlenging

sector, such asinal. If additional SME observersesavailable, mee setors or positions can be
evalaed.

Researchrs should ensutthat schedds do not over-saphe a paticular participant, obserer,
or scendo beause this mg bias the datalf technical probéms fore the cacellation ofa run,
reseachas should assessyapotential biass that mg be introdued and discountatia to
provide a balared dita set if neessay. We also reommend that remaichers scbdule seeral
make-up runs thatan be ugd in case fotechncal problems.

A sample baseline setlule is provided in d@ble 1. In the smple schedule,ight controller
participants staff twoesctors with two positionsThe participants wii two scemrios, one usia
sectors 26 and 38nd the other usgsectors 27 and 35Each paticipant staffseach sctor
twice, onceas the adarcontroller and ooeas the dataontroller. Two makeup runs ae
scheduled for th last dg of the simulation to be used ieaded. Two SME observes evalate
the participants while thestaff the radar positions.Each SME obs®er evaluaes ezh
paticipant twice. We encourageeseardhers to dapt this stieduleto thedesign of thar
basdine.

3.4.1 Runs per Scenario

In traditional exyerimental desig, increasingthe number of tals increases cofidence in the
conclusions that can beadvnfrom the eyperiment. This also applies to ATCystem baselines
in tha moresimulaion runs will lead to moresteble daa and morerdiable comparisons keveen
systems.

Howeve, the desie for stable dta must be balaredagainst pratical consideations such as the
availability of participants anddcilities. In mary cases, it is simglnot practical to conduct a
baseline with as magruns adraditional eperimental degn requies. Accountingfor all the
practicalconstraints descréal previousy, we recommend schedulgn8-10 simulation runs a
scenario.The PVD Baseline s@duled fwer runs pe scerrio and somefahe dataeported
there hae beenfound unreliabd (Allendoefer et al., 1999).The ARTSIIIA, ODID 1V, and
DSR Baselines ach scleduled eght or moe runs a senaio. Ther is also ayjood clance tlat at
least some data will be lost or unusable ttutechnical problems or unéseen ocawerces.

We strondy recommend schedulgat least two makeup runs.
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Table 1. Sample Baseline Scheeaul

Information forpaticipants:

The simulation will bemn each dg promptly at 1600 hr&and will end at apprasmately 2310 his. Please be in thelh and eadyto runat
1600. Whenyou ae not runnig, you mg leave the Echnia Center, thouglyou ae expected to be in thelb and ead/ to runwhen your
next run bagins. We will try to stid to this sbedule as closdy as possiblebut technicd problems may force us to rechedule runs. We will
complete 4 full runs evg night. Please note the l&ings on Mondg andFriday afternoons. If no maleup runs & recesary, the cbsing
briefing will be rescheduled for Friday mornirg.

Participant
Date Time 1 2 3 4 5 6 7 8

Monday, Jue 9 1500 frs Pre-Simulation Briefing: Human Factes Lab Briefing Room

1600- 1710 26R, SME1 | 26D 38D 38R, SME2

173041910 35R, SME1 | 35D 27D 27R, SME2

19102000 Break

20002110 26R, SME1 | 26D 38D 38R, SME2

21302310 27D 27R, SME2 35R, SME1 | 35D
Tueday, Jure 10 160041740 35D 35R, SME1 | 27R, SME2 | 27D

180041910 26D 26R, SME1 | 38D 38R, SME2

19102000 Break

20002140 35R, SME1 | 35D 27R, SME2 | 27D

22002310 38D 38R, SME2 26R, SME1 | 26D
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Table 1. Sample Baseline Sche@ulcontinuedl

Participant
Date Time 1 2 3 5 6 7 8
Wedreglay, Jnne 11 | 1600 — 1710 26R, SME1 | 26D 38R, SME2 | 38D
173041910 35D 35R, SME1 | 27D 27R, SME2
19102000 Break
20002110 38R, SME2 | 38D 26D 26R, SME1
21302310 35R, SME1 | 35D 27D 27R, SME2
Thursday, June 12 160041740 27R, SME2 | 27D 35D 35R, SME1
180041910 26D 26R, SME1 | 38R, SME2 | 38D
19102000 Break
20002140 35D 35R, SME1 | 27R, SME2 | 27D
22002310 26D 26R, SME1 | 38R, SME2 | 38D
Friday, June 13 09004010 Maketp Run 1 (if necessay)
10301210 Makewp Run 2 (if necessay)
12104300 Break
130041500

Pog-Simulation Briefing ard Discussion: Human FacbrsLab Briefing Room
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3.4.2 Repeatd-Measues Dedin

Furthermae, we propose to improve stabyiind relability by using a trueepeated-measures
experimental desig In this degyn, a @rticipant’s cita for ore system can &compaed directly
to his or her data fahe other gstem. While past baselineomparisons did use maof the
same participants, thewas neve adequate control oer the eperimental conditions or the
participants to use a euepeated-neasure desgn. The sideby-side comprison proposed in
Section 3.1 will allow this and should increase statistical poweretiadility .

3.5 Laboratory Platforms

The primay labaatories that supporystem badine activities ae located irBuilding 300 d
the Technieal Center. The laboratores forall current ArC systems ee locted in this building
Laboratoriesfor mary new ATC systems a located irBuilding 316.

The Test Diredor must shedule laboratory time through theFacility Control Office(FACO).
FACO crates thir schedules oa priority basis. The Test Director and the Pigram Office
should work with RCO to establish the propgriority for the s/stem baseline Reqiests should
be made @l in advane. FACO releases the s@dules foreach wesk on the preediny

Thursdg. We recommend that resichers infem the participantand technid staff that nght
shifts mg be the onf hous available.Most contollers ae accustomed to workimnight shifts
at their home facilities if these hourgdhe ony times the labatories ag awailable.

3.5.1 En Route Simulation Supporaé&ility

The En Route Simulation Suppomdility (ESSH in Building 300 houses 22 PVEonsoles
conneced b theTechncd Center HCS. The R/Ds in the ESF are arranged n two
configurations as used in the e@tionalenvironment. The PVDs hag the full complementfo
hardwae used in théield including flight strip ba, flight strip printers, andommunication
equipment.Simulations in the ESF can be drien by the TG- or the Dr SIM.

3.5.2 Display System ReplacementL aboratory

The DSR will eventudly replace the PVD in thefield. At present, theDSR Laboratory in
Building 316 is used primdy for ergineering tests of hedware and stiware. In thefuture, this
laboraory will become the primary laboratory for highest fidelity, human-in-the-loop
simulations n the en rout donain. It hasalready sened ashe phatform for the DSR Baseine.
Simuldions inthe DSR Laboraory are driven by the TGF.

3.5.3 Integrdion and Interoperdility Facility

Thelntegation and Interoperability Facility (1°F) is directed andunded ly the En Route
Integrated Prodet Team ad is located in Bilding 27. The pimary function of thel?F is
prototype intgyration and op@tional tests of newreroute echnolay. It containsa fully
functional ARTCCLaboratory with DSR controlleand supervisoworkstations. The laboatory
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is suitable for testingadware, software, and opertor integration. It has not been uskto
support gstem badines in the past but nggrovide analternative to th®SR Laboratoly in the
future.

3.5.4 Terminal Simulation Supportd€ility

The Terminal Simulation Supporgeéility (TSSH is housed in Bilding 300. It consists of
several labmtories that simulate the tifent confgurations used in TRACONSsThese
laboratories include thARTSIIA, ARTSIIIA, ARTSIII E, and En Route Automated Rad
Tracking System (EARTS).aboratories. The TSSFalso supports simulations in the Technical
Center Towe CabLaboraory. Simulations in the TSSEaboratoriesare diven by the TG or

by the EnlancedTarget Geneator (ETG).

3.5.5 Standard Terminal Automation Repémsent §stem Laboratory

The ARTS computers arfeDAD/DEDS displas will be replaced by the STARS. At present,
the STARSLaboratory in Building 316 is used primasilfor engineeging hardware and softwae
tests but will #entudly beavailable for usein system basdine simuldions.

3.5.6 Transition laboratoy

The TransitiorLaboratory providesa cagbility for researchers to eglore the issues involved
when an oginal TRACON systemand ts replacementare in place smultaneousy at one
facility. This laboratory contains DADs and STARS display: Simuldions in this |&oraory
are drven by the TG-.

3.5.7 Oceant Laboratory

The Oceanic Laboratoy is located in Building 300. It includes PVDs, strip lys, Oceanic Data
Link (ODL) systems, ané simulated Airline Opations CenterAOC) workstation.
Simuldions inthis laboraory are driven by an internal target generation system rather than the
TGF.

In oceanc ATC, a contoller does notonmunicate directly with the plots butworks tirough an
Aeronauti@al Radio,Incorpaated(ARINC) radio opeetor. The radio opegtor establishes short-
wave idio contact with achflight to reby ATC clearances. Air craft contact theARINC radio
operator to@ay position reports exy 10 dgrees 6 longtude. Therefore, in a simulation, it is
only necessay to provide a pseuatARINC radio opestor and, ifan airline pesene is requied,

a pseudo-AOC agrator. A suitable trafic scenario must still be developed that includeshsu
events as position report megea and pilot requestsofn eaxh aicraft at the corect intenals.

3.6 Simulaors

The TGF, operated ly the Sstem Simulation Support®nch (ACT-510), is the primay
simulator for the laboratas in Buildings 300and 316.The TGF provides simulated air tffic
(up to 3,000 flidgpt plans simultaneougl. TGF pseudopilot workstations disglaircraft
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information and accept commands t@ude aircraft speeds, headgs, altitudes, and so onlhe
TGFis also an important soze ofautomated datal he Test Diectorshould sckdule TG- time
with ACT-510.

The MicroTG- softwae, a version of théull TGF software that runs on standalone
workstations, is also availabl&his version of tk softwae can be poréd to laboratories tit do
not receive diect TG- feeds, eithewithin the Techrgal Center pat otherfacilities. The
MicroTGF uses the samecenaio definitions as the main Tksand provides th same
pseudopilot and data collection tooldoweer, reseacheas should rememibéhat the
MicroTGF is not a displagystem simulator.lt provides senaio geneation and aicraft
behavior, not emulation of contraillbardvare or software.

An alternate simulatdior enroute is DYSM. DYSIM is part ofthe ESSFand allows the
laboratoy to opeste in a stanéhlone mode.In this casegontrollers workingat PVDs in the
laboratoy seve as simulation pilots and maneuves #imulated trdic. The DY SIM cannot use
TGF scenario dfinitions. The Test Director should schedi' SIM time with FACO and tle
ESSFE In somecases, the DYSM Laboratories at field fadlities mayalso beavaillable. These
facilities must becoordinded throwgh the field traning departments.

An dternate simuldor for thetermind doman is theETG. TheETG is ontdned in theARTS
and allows the TSS#6 opeeste in a stand-alaamode.When usiig the ETG, seeral of the
FDAD/DEDS workstations are ad as simulation pilot station§the ETG cannot use T
scenario dfinitions. The Test Director should schedul&@& time with ACO and the TSSF
The ETG @n be usedvith the STARS EDC configration but is not available in the STARSC
or later configurations. In somecases, theETG Laboraories d field fadlities mayaso be
available. These faalities must becoordinaed through thefield traning departments.

The ATCoach simuldor dso provides taget generation for simuldions in theSTARS
Laboratory. This software package runs on WX workstations. Scenario dinitions that have
been ceakedfor use ly the TGF,DYSIM, or the ETG are notconpaible with ATCoach. At
present, the ATCah softwae in the STARS aboratay has not been ed for kaseline
simulations.However, ATCoah has ben used etensivel in non-baeline simulationsyo
ACT-510 and ACT-530, so some Be@xpertise is available with this simulator.

3.6.1 Pseudopilots

ATC simulaions rejuiretha someneplay therole of thepilots of thesimulaed arcraft. These
can be pseugmlots or ATCSs, dependingpon the d@rget generator. When usinghe TGF,
pseudopilots pkathe role ¢ simulated air@aft and ae responsibléor communicatig and
executingclearances asstated with those airaft. They make air-ground communications with
the controller partiapants and m&e adjustments to arcraft speed, heading, dtitude, and flig ht
plan as dire&d by controllers. Pseudopilots @rtrained in adtion phraseolgy, simulated
airspae, and aicraft behaviorbut most are neitlmeontrollers no pilots. As such, thg can
provide realistic communications and aircradhavior under most conditions but perform less
well when askd to make impromptu communications ogffit plan chages to fit chaging air
traffic situations.ACT-510 coadinates the &chni@ Center pseudopilots.
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When usinghe DY3M or theETG, ATCSs servas simulation pilotsControllers are trained
on DYSM or ETG in the field, and nostareaccusbmed b seving as plots. Inthe PVD
Basdine, which usel theDY SIM, the paticipants dternaed baween thecontroller and pilot
roles. Though this was anfécient use é controllerresouces, ve do not reommend this
method for future &selines. The variance in skill amonglifferent controllers eving as pilots
can begreat. This results in someaticipants receving less redistic pilot communiations and
aircraft behavio than otherand ceates interal validity problems. In addition, some controllers
have used this as an opportyriih play jokes on theifriends. For example, some controlie
serving as pilots have chged headigs, speeds, andltitudes without authorization from the
controller adudly working traffic. For avalid systan baseline usingthe DYSIM or ETG, we
strondy recommend that eadee of controlles be asgined to the pilot role,rad anothecade be
assigned to thecontroller rok, and that thy do not altenate. The controllers dected to se/e as
pilots should be chosen becatisey take tle asggnment seriousl and ae aware of the red fo
consisteng aaoss conditions.

3.6.2 Ghost Sectors

In addition to arcraft, ATC simuldions dso must simuli@ the othe sectors and fecilities (ghost
sectors) with whom the cowlfers interat. This interaction includeapprovirg and gjecting
handoffs, point outs, and ylthe ground-ground eammunications.In past badines, one
individual from the TGFor simulation laboraty has stdkd all theghost sectrs. We
recommend that futerbaslines caréully review the wakload of this individual to ensure that
he or shecan handleall the traffic in thesimulaion while still doinga credible and redlistic job.
If additional staffig is warantd, regarchers shouldequest it. We also recommend that the
individuds stdfing theghost setor bevery familiar with the opeating procedures and theLOAs
that appy to the setors beiig simulated. The ghost setor should onf accept handdé that ae
made in a realistic fashiorkor example, in the DSR &eline, the grticipants sometimes
handed arcraft off a an dtitude tha violated an LOA, which would hae been rgected in the
field. Unfortunatey, the grson stafing theghost sector did not know about th®A, accepted
the handoffsand ceatedan unralistic simulation condition.We strondy recommend that a
controller or other SME from the facylistaf the ghost sectorrdhat the support personnel
receve subsantia training on the simulated secbrsand opegtions.

3.7 Airspace
3.7.1 Simulaed Airspace

The choice bairsmcewill affect most aspects of thedeline. The Prgram Ofice will
probaby choose the &seline aispace based availability, cost, and schedellconsideations.
In most caes, thebaseline arspae will be from oneof theearly fadlities on thedgployment
schedule.Because the TG provides taget genestion for Operational Test & Evalation
(OT&E), the Prgram Office will probaby choo® the OR®E facility for the basline also.

If there is some latitude in choogiairspae, resarchers shouldansider eiernal validiy (i.e.,
how eas¥ the baseline da an begenerdized to the rest of the ATG/stem) wien choosig an
airspae to simulate.Because laselines &e ment to chaacteize the gstem undetypical
conditions, we recommendatresarchers choos airs@ce that des not have manunusual
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charaderistics. Somecharaceristics to onside include the presenceof military warning areas
and oher speial use aispace, nteracion with international airspa®, the mx of aircraft types,
areas blimited radarcoverag, and aeas of unusuateather patterns.Consultation with SMEs
from the choseffacilities should reveal anunusual chracteristics.

3.7.2 Geneic and Unfamiliar Airspa®

Genericairspae is airspee that des not eist in the field but has been develogedvarious
testingpurposes.The so-alledZCY generic airspae was dedoped fa formal engineerirg
tests purposes but igrgerally not appropate fa human &ctors studiesilt is difficult to learn
and does not del” like real airsgace to controllers.However, a seond form ofgenerc airspae,
known as Geera, hes been aveloped ly ACT-530 exressy to be easil learned ly participants
and to hae thefeatures of typical termind or en rouk airspae (Guttman, Sten, & Groméski,
1995). Genea Airspace dows participants to berdwn from diversdacilities theeby
improving external validiyy and redeing staffing problems. Currentl, the Geera Airspac is
available ony for the ATCoach simulation platform, but versions andcer deelopment for the
TGF. Genera Airspece is notyet availabk for the @eanic domain.

Someof thebendfits of Genera Airspa can aso te gained by usirng unfamiliar airspae. In this
case, arspaefrom onefadlity is usel, but thepaticipants ae drawn from othe facilities. This
requires lessa@lelopment than Gana Airspace be&ause serarios and airspe dcfinitions are
aready available but dlows theparticipants to bedravn from multiplefacilities. The ODID 1V
Basdine used this tehnique using controllers from severd facilitie s working Wahingon
ARTCC airspace.

Geneaaand unfamiliar airspa require substatial training for the partidpants. In past baelines,
this traininghas taken théorm of classroom trainig on fixes, frequencies, rates, and
procedues followed ly severa trainingruns. LOAs and opesating procedues take loger to
learn, depnding upon thei numberand compleity. An SME from the homéacility should
identify the most important and most difficult prolceesassociatedavith the airspag, and the
trainingshould focus on thes The ODD IV baseline @ined non-Véshington ARTCC (DC)
controllers orZDC airspaefor 1 week prior to beginnig formal ODID training. Using the
Genen Airspace, 2-3 hots of trainirg are typically required tefore controllers lave complegly
learned thaiirspae. We recommend that futerbaselines s Gerera Airspa@ whenavailable
for the appropate domain.

Trainingon Genea or unamiliar airs@cecan ke espeially time consumingvhen the
participants a also leening new equipmentind proedures.Resarchers should const usirg

a perfemane-based criteion or an oer-theshoulder ating procedue to ensug that all the
participants a sufficiently trained befoe beginningthe kaseline runs.Resarch has shown that,
with training controlle peformane usirg Gerera Airspace is equivalent to péormarce usimg
home airspace (Guttmanadt, 1995).

3.8 Traffic Scenaios

A scenaio is a set of simulated airaific and environrantal conditions that provides input to the
simulaor. A scenaio spedfies theaircraft cdl signs, flight plans, ypes, dtitudes, bexawn wdes,
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start times, and so orBaseline traffic scenarios should providemoderat-to-heawy level of
complexty. We hawe found that this level is sufficient to &g the participnts egaged in the
simulaion but is noso mmplex as to ovewhdm them. This mmplexity level is dso more
likely to show bawveen-controller variability than alower level wheredl controllers usulhy
perform eqally well.

Past basdines have creded amodere-to-heavy complexity by simulaing a 90" percentile day

for traffic volume. In eachcase, TGF personnel obtaied trafiic datafrom the chosn fecility

and converd those data to ttegpropriagé simulator format.Theresultingscerarios wee

refined by SMEs from thdacility during sh&edown. During the DSR Badine, however, our
participants rem&ed that the aenaios weke not complexenoudp to keep their integest or
chdlenge thar abilities. We bdieve this disecepancy resulted, in lage part, from reluced
requirements fobetween-sector coadination and from urealistic aspets of the simulation such
as inconsistet flight strip printe intervals.

We recommend thatresarches caefully evaluae senarbs b ensue thatthey contin the
intended compldty level. For example, even duripa 90" percentile day in thefield, thee are
periods of hgh volumeand periods of lowevolume If thesdected timefalls during alow-
volume period, the resulgytraffic scenarios will not contain the intendeamplexty level. We
reconmend thatreseachas constuct the basehe senaios so hattraffic can ke easly added to
increag complexty. Personnel at the@F arefamiliar with this technique ancan prgram
their sceneos approputely.

Because flight data pocessingsystems like the ARTSI A are desgnedfor opeational use,
begnning andending scerarios carcreae speia techncal problems. For exarmple, arcraft
cannot simp} appearat altitude without theystemgenerating serious errs. To prewent these
errors, simuléed arcraft usudly must eter theairspaea arate similar to thereal world. As
sudh, most simuleors will requirea“ramp up” period whee thetraffic volumeis low and
increases to thedesired level over time. Past badines have usal ardatively shat ramp up
period, approxnately 10 minutes.For dataanalsis purposes, wdiscounted the fst 10
minutes of data to prevent biagithe dita towad opegtions with unrealisticajl low traffic
volumes.

3.9 Controllg Paticipants

The controller prticipants for laseline simulations should bellFPerformanceLevel (FPL).
Unless Genea Airspace s being used, we econmend usihg only paricipants who ae cetified
on thesectors tha will be simulged. The ODID IV Basdine useal participants who vere not
certified on the simulated si@rs. Therefore, despite th exensive trainingrovided in that
study, it is unlikely thatthesecontollers peformedas wel on he smulated arspaceas on herr
home airspae

Developmental controllsivary widely in their skill level and, in gendr should ony participate
if training and transition are éhfocus & the pragram. Howewer, becau® the reommended
experimental desigis within-subjects, thedaming requirement may be relaxed for appropiate
reasons without biasinpe results.For example, a futug baseline nght choose to include %0
developmental controllers teetber rgpresent the controller population in the fieltf. the
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simulation schedule desigs appopriately counerbabnced(i.e., deslopmentals work both
systems the same numof times), theeffect of the dvelopmentatontrollers should be egu
for both ystems.

Researchrs shouldecruit the controlleparticipants as fain advarme as possibleThe union
contract equires 60 dys notice to distribute recruiting announcemts and allow controllers to
make arangements. The contoller participans recewe their normal wages for the duation of
the baseline plus travebsts and per dm.

Researchrs must reggrt partici@nt rights duing abaseline simulationThey are responsible
for ensuriry that all the pdicipants know that the dathey provide duing the baselinare
anorymousand confidental. We reconmend thatreseachas adapthe Satement of
Confidentialiy andinformed Consent (Apgndix B) to their baselinand distribute it to the
participants durig the presimulation briefig. Rese&chers should also assign participantes
at this briefing All reseach conducted # the FAA using human prticipants is subject to
approvd by thelnstitutiona Review Boad.

3.10 Subject Matter Epert Observes

In past basdines, SME obsevers weresupervisors from theimulaed facility. The SME
observers ere responsible foobservirg each simulation run ancompletingthe SME Obsever
RatingForm. If supevisors ae not available, cality assurane and tainingpersonnel & also
suitable to serve in the SME obsarvele. Howeve, werecommendgainst usindield
controllers who do not have thige ofexperiencen the SME observaole. Controllers who
are not acustomed to evadting their pees mgy feel awkward doirg so and mg not povide
valid results.

3.11 Briefings

Researchrs should sddule at least two befings, one biore the simulation runs lggen and a
second afir all simulation runs areomplete. For the initial briefirg, researchers should provide
a briefing package containig copies of tle baselinecheduleand aly appopriatereference
materials about the airspa This is especial important if the pdicipants ae beirg tested on
airspae other than theihome airspee. The partici@nts should also complete tBackground
Questionnaire duronthis briefirg. In the initial briefing, researchers should discuss the
following topics:

a. Why is theresearch leing conductd? Researchers should discuss the histdigystem
baselines and the ATGstem undeevaligtion.

b. How will the results of the resich be usd? Researchers should discuss how the
basdine will be usel by the Program Office.

c. How will the participants’ coiidentiality and anongnity be guaranteed”Researcérs
should assig participant codes at the initial briefing andpgain that no names should be
used on apmaterals. Researhers should also distribute the Statement of
Confidentialiy andinformed Consent (Apgndix B).
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d. What is the participants’ role in the ezach? Researchers should discussais
expected from thepartidpants, enphasizingthe simuldion and theadions theyare
expeckd D perform

e. How will the data beollected? Researchs should discuss eachtd souce and
desaibe what is expected from theparticipants re@rding tha soure, emphasizing the
WAK and the questionnaires.

f. How does the simulator différom thefield? Researchers should discussdweare and
software diferenes such as wavailable futions or entries.They should also discuss
the pseudopilots and their abilitieResearhers should desbe ary differences in
procedues and how tooordinate withghost sectors.

g. What is the schedule for runsebks.and briefigs? Researches should describehen
and whee each adivity will occur, emphasizingtheimportance of startingand ending
each simulation run on time.

Researchrs should also condua final brefing after all simulation runs haveden completed.
In this briding, resarcters shouldyuide the discussion about theseem undeevaluation and
about the baseline press itself.In particular, resarchers should focus #ir discussion around
the constructs so that adetpiinformation is provided for&ch one.The partcipants should
complete the ial Questionnaire ding this briding. We recommend thatesearchers discuss
thefollowing topics with thepartidpants.

a. Was there a difrerce between tle systems? Researcérs should discuss dac
operational constat in genera terms and solicit commentd.hey should also sk to
understand how theaicipants comperated forany differerces.

b. Which aspects of the newstem reed to beevaluated ma closely or improwed in the
future?

c. Which aspea of the new gstemarean mprovenent over the exsting systent?

d. How realistic was the simulation relative to ogions in the field?Researcérs should
discuss areashere the simulation was less thanfeet such as pseudopilotghost
sectors, and poedues and ty to uncerstand how thesmeay haw affected participant
performare. They should also seek to ungéand if the VAK, video camera, or SME
observers ere intrusive or distractig.

3.12 Training

Trainingfor baglines can b a difficult issue. If the basline uses fieldd systems and the
paricipans work their home arspace, asvas hecase n the B/D and ARTS Il A Baselnes, he
training requirements should be minimaln these studies, thepicipants rguired tainingwith
the WAK and the questionnaires but little el€&n the other hand, if theagticipants are usip
new equipment or waking unfamiliar airspace, they will require substatial training. In the
ODID VI Baseline, the contller participants requied a week of tainingon the Washington
ARTCC airspace usig the HCS-PVD anda week of raining using the OOD equpmentbefore
data collection.In theDSR Baseline, the gticipants eceived 2 weeks of trainiig on the DR
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and hal compleed 2weeks d othea OT&E activities bdore thebasdline. At aminimum,
researchers should provide traigin newequipment, unfamiliar espace, unfamiliar
procedues, the VAK, and the gestionnaires.

4. Data Collection Techniquemsd Tools

4.1 Target Geneaation Facility Recordings

All simulations usinghe TGFfor target generation can ecorda vargety of information about
aircraft positions, flidit plans, sepation, pseudopilot actions, and so drhe TGF recads data
to disk and to 8mm data tap&he TG does not reord any dataabout controller intections
with the displg or automation gstems suclas data emies. The Test Director shouldrrange
with the TGFpesonnel to ceateand achive TG- tapedor each simulation run.

4.2 System Analysis Recordng Tapes

The ESSF, the DR Laborabry, and he Gceanc Laboratory can record SAR tapes. SAR tapes
recorda vargty of information about contller interaction with the HCS.The Test Diretor
should arrage with laboratoy personnel to ceae and achive SAR tapefor each simulation
run. The SAR tapesan be mae in a varety of modes, degndingonwhat dataare reeced. The
Test Director should consult with the labtoty peisonnel and providthem with a list of the
measures tha will be reducel from theSAR tges to ensue tha the proper modes are activated.

The DSRLaboratoy can alsoecad a speial version of SAR tapesalled DSR SAR.These
tapes contain mostredundant information with the HCS SAR tapesiowever,as dataanalysis
tools are develag, DSR SAR tapes ngaeventualy provide moe detailed infemation than is
currenty available.

4.3 Aircraft Management Program Tap

The ESSFDSRLaboratoly, and OeanicLaboratoy canalso recod AMP tapes.These tapes
provide information about airaft movement and fijht data sah as the numbef aircraft in the
sector and the dation of ech flight. Most of the dataecorded onPAMP tapes camlso be
obtained from T@ recordings, but AMP tapesan be us&ul as bakups.

4.4 Continuous Data Recordin

The TSSH.aboratories ca record CDR tapes that caih information about controlie
interaction with the ARTSThe Test Diector should mange with laboratorypersonnel to ceae
and archie the CDR tapesdm ea&h simulation run.During the ARTSIII A Baseline, the CDR
tape drive vas not reliableand introducedjaps and reors into the da We recommend tat
futuretermind basdlines remrd dda usingthe CDR disk driverather than theCDR tge
recorcer.

4.5 Communications Data

Thelaboraories & the Tedhnical Center vay in thespecifics of thar voice switch capabilities.
In eachcase, the voice switckhan povide automatedata about the numbef PTT
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communications between therficipants and tb pseudopilots (airrgund) and btween tle
participants and the otheectorsandghost sectorsground-gound. The Test Director should
coordinate with pesonnel from the labatory to corfigure the vote switch to ecord this
information.

With the development of the VSCS, more options are avaitablecordingand anajzing
communication data in the ES8Rd DSRL.aboratory. TheVSCS can recar voice
communications on gstemcalled thelLegal Recoder. The VSCS can also providetd about
the number of aiground andyround-grounccommunications usinthe VSCSLog Recordbr.
ThelLog Recorer provides output o0fSCS messas in 5-minute interals. ACT-530 has
developededuction and aaysis techniques to trangim VSCSLog Recader output into more
useful counts of aiground andground-grounc&communications.Improved eduction and
analsis tools forVSCS data areding developed ly thecommunications specialists at the
Technical Centeand maybe available forfuture baslines.

TheETVS provide asimilar cgoability for the ARTS Laboratories but ha notyet been usel ina
baseline simulationAs it becomes more widglsed, weexpect that the ETVS will become an
important data collection tool.

4.6 Audiotapes and Videotape

We recommend that reaxche's collect audiotags and videotags durirg each simulation run.
The main purpose of éise tapes is to providadkup infemation in casa techniel problem
corrupts other @a source and to allow SMEs to rewiecritical incidents sut as opeational
errors. Remrdings are dso useful for verifing stat and stop tims.

Controller and pseudopilot voice communicatiores lzandled 1 the applicabé voice switch
system suclas the VSCS or the ETVS he Test Diector should caalinate with
communications platform personnel to emstinat the voie switch is confgured to reord the
required @ta. Controller ambient commurations (i.e., communications with the controllers
sitting nex to them) are reeded usiig wireless microphones wo by the participantsThese
recordirgs ae mac to captue any ground-grounccommunications that are nat@mplished
throudh the voie switch.

Video recadings can e made in the lalratories usig equipment in the Mobile Eperimental
Recordig Rack (MERR) amilable fom ACT-510. The MERR provides acplete suite of
video recording equipment indudinglow-illumination cameras, atime codegenerator, and
multitrack recordig. The MERR can eceiwe audio input from the applable voice witch and
from wireless microphorseworn ly the mrticipants. The MERR @n be tansported to an
laboratoy at the echnica Center. We recommend that videcameass be positioned abewand
behind the controllerasticipants so that the radsaeen, controls, and fiht strip bys ae
visible.

We also recormend thatreseache's videotipea radr saeen drecly. Thisrecordcan proe
invaluable when &rifying dataand forreviewing operational erors. Howewer, aralograda
displays do not show up well on videotafpeause btheir poor conast. Digital displays show
up bdter, but dda blocks can still bedifficult to read.
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Taping a simuldion rases someconfidentiality concerns. The partidpants must benformed
that recordigs ae being made, and thg mustgive consent for thesrecordings. Controllers ae
accusbmed b having their voice communicatons ecorded, butthey are less @cusbmed D
havingtheir ptysical actions and ambient discussions reted. Resarchers should exlain
wha information will be recorded and how it will beusel.

4.7 Workload Assessment Kpad

The ATWIT has been widglused in thd=AA (Stein, 1985), and a similar method is in use at
Eurocontrol (Hering & Coatleven, 1996) It has beeradministered usmna vaiety of techniques,
but we recommendollecting datafor the ATWT Workload masure usig WAKs. A WAK
consists of numbered andhited ke/s and a tongenerator. At a predeermined rag during the
simulaion run (eg., every 4 minutes), the WAK emits abegp and illuminaes its lights. At this
time, each pdicipant presses &key corresponding to his or nsubjective wdkload at that
moment. If the participant des not make eating during a pedetemined duration€.g., 20
seconds), thegdhts exinguish and no ratipis recordedfor that prompt.

Up to four WAKSs can e conneted to one routipdevice that is then comtted to a Whdows-
compatible laptop computeACT-510 hes developd softwae that controls the YWKs and
automaticaly recads data on theaptop hard disk.

We believe that usinthe WAKSs is preferable to other mthods that have beeused to collet
ATWIT dat. In the PVDBaseline, the “aickoo” darm in the controloom sounded, and
controllers mada speal enty on their PVD leyboards. This required that the AWIT data be
reducedrom SAR tapes, whicadded dlay and eyense.In sone other non-bagdine studies
conducted ¥ the Techni@l Center, the ATWT was administered marally—that is, ty an
experimenter with a stopwat@nd papeand @n. This method is undesirable due to the
potential for timing and reording arors. WAKSs providean efficient and accurate way to
administer the ATWT and equire no hadware or sdtware charges to the ATCystems beig
evaluaied.

Researchrs should provideerbal and written instructions on the proper use ef WIAKSs.
Sample instructions are provided in Appix C (Stein, 1985).The Rknal Questionnairalso
contins an fem thatservesas a clkck on heparticipans to ensue thatthey used he WAKs as
intended.

4.8 Questionnaires and Ratings

AppendixA provides the cuant versions of the Baline questionnaes. If researchers plan to
compare theidata to datérom earlier baselines, thg should consult the approgte eport to
ensure that theuse tle prope versions. There arefive baseline gestionnaires.

e Background Questionnasr Thecontroller paticipants complete this questionnaae part of
the initial briefing beforeany simulation runs beg. It contains items about controller
experience andraining.
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Post-Run Questionnaird he controlle participants omplete this questionnairétar each
simulation run.This questionnaire contains seven items askirg the just-completed
simulation run.Researches should ensure &t the participants compkegveay item on the
guestionnaire and thatl codinginformation is complete.

Observe Log. SME observis complete this questionnairerthg each simulation run.They
should recora@ny unusual events(g., operational eors), notirg the time and andetails
about the eventThey shouldalso recod ary technical problems.

Final Questionna& The contoller paticipants complete this questionnaa® part of the
final briefing, &ter all simulation runs haveebn completd. Reseachas should ensure @
the participants completrery item and tht they have sificient opportunity to write
comments.This questionnaire is also suitable for otlmterested arties suchas the SME
observersas longas their datare not included with the particymt data.This questionnaire

now contains the item formg known as the ATWT Questionnaire.

e SME Observer RatmmForm. SME observes complete this questionnaire dgiand after
each simulation runBecause propr completion of théorm requres substantial attention,
observers should onkvalete onecontroller ata time, ypically thecontroller staffig a
challerging sector likeFinal. Appendix A contains two ratingorms, one for th en route
environment and onfer the teminal environment.

4.9 KeyboardData Reorde

The KDR consists of a spally equipped PC andibles that attach it to the DSR or STARS
controller ke/boards and eptureseach controller leystroke and tacklall action. These dta an
then be anagked to detemine which kgs were presed and which ypographicalerrorswere

made. Currently, the dataedwction and anafsis routines fo the KDR a&e not matug, but the

KDR may provide valuahe information about controlikeyboard and tackball use in théuture.

4.10 Verifying and Archiving Data

The raw dta from each smulation run arerreplaceabé. To prewentloss or corrupon of cata,

reseachas must veriy andarchive data throghout the simulationBefore each run, thg should

ensure hat

a. all clocks ae synchronized;

b. all recordirg meda ae in place, bve enowh available saee for theentire runand ae
properl labekd; and

c. enoudn blank copies o&ll questionnairesra available anddbeled.

Once the simulation run hasdresucessfuly startedyesercrers should venf that exh
automated data sawe is ecordirg data by ensuring that

a. the sound level indicators on videsrorcers ae movirg and the tapcountes ae
increasng,

b. the daatapesare tirning onevely auomated daa souceand hatany indicabrs ae
responding
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c. theWAKSs are promptirg a the appropriae intervd and theratings are bang added to the
database, and

d. the SME observerg@amakirg notes on theiDbsener Ratirg Forms.

After each runwe recommend thaesearchers condat a more thorogh verific ation of the data.
The simulation schedule will often precludeagxningevery data source, but reaichers should
conduct spot checkdfkesarcheas should

a. check thedbels on all the dataudiotapes, videotas, and questionnais;

b. spot check the quajitof the vid® and audioecordirgs by playing back a minute of o
tape;

reduce or dattape D ensue the recorcers ae opeating correctly; and

d. spot check the pacipant questionnairanswes to ascdain that thg are completiig all
the questions.

At the end of ach dg, resarchers should lkup and echiveall data. When usinga data
soure tha records to tae, it maynot ke feasible to immediately make acopy of every tape.
Researcérs should

check hatthe tpes ae labeled and stred n a saé place;
make a bekup of daatapes;
charge the germissions on backup files togwent ovewrites, if possible; and

o o T p

make a photocgpof the completed gestionnaires.

5. Data Anaysis Technigues and Tools

5.1 Automaed Tools

Data fromautomated tools usugltequire at least one round eediction befoe they can be
analzed. The Test Diector should caalinate with data srialists from the TE, the
simulation laborator, and the communications platform to run #gpporopiate reduction
routines. The data sgcialists should note the routinesythesed angbrovide a list of all
parametes and cofigurations to the Test Dector so thesean ke archived and ranaged.

TGFtapesareredwed usiig the DRAT, whch is availableat the TGE The output of TG
reductions candprovided in hed copy or electonic format. In most cases, thedectronic
format is desirabledraugs some eports mg require a £cond round bredudion. These
second-roundeduction routinegare ypically written in a speailized langiage suclas REXX or
Perl. Reseathers should consult with the DRAT sjadist and specif their requiements befee
the data redttion begins. Once redwced usiig the DRAT, dta ae generally imported into
spreadshet software anda shtstical software paclkage for aralysis and esting.

SAR tapes areeduced usingheDataAnalysis and Reduction Tool (DARTWhich is availak#
throughout the EBchni@ Center. Using the DARTrequires spcialized trainirg and should be
undertaken owlby trained persorel. The DART poduces lege output repds that can &
provided in hard copor electronic foomat. The ele&tronic format is desirabledtause most
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DART reports equirea seconaound of eduction. Reseaches should consult with the DART
data analst and secify theirrequirenents befoe the daa rediction begins. Onceredued using
the DART, dda aregeneraly imported into spredshet software and astdistical software
packae foranalsis and esting.

The CDR tapes arredwed usig the ARTS computer antained ly AOS-400. The Test
Director should coalinate with this aganization to arrage for theredwction and anafsis of
these dataAs with SAR tapes, the output of CDR retions can b provided in had copy or
electronicformat. Thereports usuayl must be redeedfurther usirg custom-writen softwae.
Researchrs should consult with the CDR datalgst and specy their requiements befee the
data redation beajins. Onceredue@d using the DART, datare generally imported into
spreadshet software anda satistical software package for aralysis and esting.

Data from the VSCS are proviled n arelatively raw electronic format from the Log Recorde.
ACT-530 has develaal techniquesor reducing these dta into a more weful format. As of this
writing, theVSCS dé#a spedalists ae in theprocess of improvirg thedaa andysis cagability,
and weexpect morecapabilities in thefuture

Data from the MAKs arerecaded in a spradshet file on the laptop ha disk. Dataare
organizd by position and § prompt (thogh this can b modified if required). This file can te
easily imported into spradshet softwae and equires no scond-lewl reductions.

5.2 Manual Technigas

Data from @per guestionnaires must be ended manally into a speadsleet or statistical
analsis package. Theentred dat mustthen be horowhly checked foraccuacy. Itis
advantgeousfor seweral peope to enter eta, each clecking the othes’ work for errorsand
wrong assumptions.

In addition, some manual reclion of videotape datmay be recessay. Inthe ARTSIIIA
Baseline,ACT-530 prepeeda videotap containing clips of the 10 minutesfitve and afte
evely event that wagsounted as an @mtional erro by the TGF. An SME fromBoston
TRACON viewed theselips and detemined which vere true opesgtional erors and whsh
resulted from thesimulaion environment or thedata analysis.

5.3 Qudity Assurance

Quality asswance is an essentiglement of a stces$ul baseline.Without it, the data, the
analses, and theonclusions dnan from them e alled into question.Regardless of the
experience orbility of a regarcher o dataanalst, small errorsan still be introduced into the
data. Reseachas should take all messay steps to ensureehintegrity of the basline dataand
of any analses peformed.

Because theamount of datgeneseted by asystem badine is enormous, weannot ecommend
an audit of eviy data point.Instead, werecommend tht Reseathas conduct a spatheckfor

each laseline mease. An engineeing resarch pgchologist who was not closglinvolved with
the orignal data reduction or aalysis should conduct thaudit. The orginal dat anayst should
provide he audior with the ddinitions of each masure, he assumtions nade n the anasis of
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each neasureand he files from which each neasure ves originaly calkulated. Theaudtor
should select one data point fech measte and a#gmpt to re-ceate that data pointlf the
auditor cannote-createa data point, therginal analst and auditor should @xmine the data
files, calculations, andssumptions to determine the caakthe disceparcy.

5.4 Archiving

Baseline dta should be aafully archived to ensure #t it is available for usi the future.
Researcérs should follow theequirements of ta Project Confiuration Maragement
Guidelines (RA, 1996). Resarchers should ahive copes of all questionnaas, rawelectronc
data (SAR tapes, OR tapes, et.), reducedelectronic dah (spreadsleetfiles, satistical package
routines, etc.) and vabtapes.Resarchers should alsonte a short docuent that is archived
alongwith the dta, eyplainingwhat is contained onaeh tapeand disk. The Test Director
should obtain a list of applicable caogration pararaters fom the TG-, simulation laboratagy,
communications platform, and datduction and aysis personel. These infomation lists
should be archivedlong with the data.These eplanations will be invaluable to future
reseacheas trying to recreate amlyses or use a@a from previous studies in new coansons.

6. Methodology for Comparim Systems

6.1 Operational Revi Team

In future conparisons betveen systens, we ecommend thatresearcters conene arOpelational
Review Team tha will meet a the Technicd Center for aperiod of several weeks. The Review
Team should consist of

The emjineaing reearch pgchologists who desiged andconducted thedseline;

The Air Traffic SMEs from the field, typically the unon repesenttives b the prgram
two to four ontroller participants from thebasdine;

technical SMEs for the dateduction and aalysis tools;

technical SMEs for the simulator arabbratol plattorm; and

-~ 0 a0 o p

techntal SMEs for he sywtens beng compared.
The purposes of thOperéional Review Bam ae

a. to ensurehatthe dasand he amlyses ae acurate andconplete,
b. to provide operationaktionales forany differerces found btween systems, and

c. to assist in detailed data aya$ such aseviewing videotas of opeational erors to
determinethar cause

In the P\D-DSR Comparison, the team firgzreweda slide presntation showing comparisons
betveen he o systens far evey bagline neasue. The dfinitions and angbes ofeach
measure ere provided, and th team membre wee encouragged to ask questions about how
each neasurewas colected andanalzed. The eamthen revewed ech neasure n detail,
discussinghe propiety of each amlysis and regestingadditional anajses if needed. In sone
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cases, thetean deermined that paticular compaisons vere invaid and thet the basdine
measure should not beported.

The team also provided mble dgita aralysis expertise ly reviewing videotas of opegtional
errors. They then detamined if the eror was trul caused ly controlle peformane or was an
artifact of the simulgor environment.

Finally, the team provided arationalrationales fo ary differerces obsrved letween tle DSR
and HG-PVD. Forexanple, his anaysis reveakd hat contollers in the DR Baselne nade
mary more data block positionignactions than in the PVBaseline. Becaug team membs
had participated in both bames, the were abk to explain that the data blocks in the DSR
creaed more obsaation than the PVDand thg needed to move the dablocks more
frequenty. Thes sorts of op&tional etionales arenvaluable to eseaches when tying to
account fo differences betveen gstems.

6.2 Reportingstyle

In geneal, we recommend thd reseachers report dda from basdines at three levels of deail:
overall, sectorand interval. The level or évels at whichresarchers should rept baseline
measuresra listed in Section 2The Overall Level provides dad for theentire stug collapsed
across runs, s#ors, positions, and interval$t also provigs data thatr@ not colleted eery run
such as from thBackground and~inal Questionnaires.The Sctor Level provides dad for each
sector collapsedaoss runs and inteals. Thelnterval Level provides datadr each 12minute
interval for each ®cion.

We recommend that compsons betweesystems be repted in both tabular angraphial
forms (see @ble 2 andrigure 9. Personnel with limited statistics bagkunds often do not
understand detaileahalyses,andgraphics povide them with the information that thaeed.
Tabular ded provides eades with more statistics @eriencewith additional details and allows
them to conduct angdes on their wn.

All participant written comments should be includesdan apgndix to the report.No identifying
information such as the gecipant names should be inclediin this appendixResearchs

should report participant comments in an appedil editingonly for spelling and accuacy.
Researchrs should t to summarize comments in the texd can use direct quotes to illustrate
points.

Table 2. Averagesfor Sectors

Construct Baseline DSR | PVD | DSR| PVD | DSR | PVD | DSR | PVD Comment
Measue 26 26 27 27 35 35 38 38
Sakty Data Bock 76.0| 42.7|111.0| 57.8123.6| 85.0| 64.0 | 32.3 |See tbles8-11 for time
Positioning intervd data
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Figure 2. Avergge data blok positioningactions pesector.

7. UsingSystem Basdine Data

System baselinesr@ ore part ofa laiger praess of humarfactas evaluations condted
throughout the gstem lifecycle. Baselines should not be the first or grihuman &ctors
evaluation of aystem nor should tlyebe relied upon to identyfall human factcs problems.
Baselinesare not vell suited to support task aryaes or gstem speification development.
Baselinesarealso not well suited to address alletd desgn issues such as hawcontrol ogrates
or which colors should be ed. These issueare better exmined in small-scalactivities such
as stuctured walkthroughs and pe-task ewaluaions hatallow regarcchers o focus on speéic
issues and allow run-fsf betwen altenatives. Thes should be completearéy in the
acquisition process so that probleras be caorected while the impet to cost and sclukile is
still low.

Systembaseine data allow reseachas o conpare the systemfirstto the systemit replaces and
then to subsequent modifications ystem hadware, softwere, rocedues, oradaptation.
Comparisons between leine data lelp ensure that #hsystem provides a befit ove the
system it replaes anctontinues to improve as modificationg anac to it. Comparisons ma
also identif aspects of theystem that would énefit from future modifietions. Figure 3 shows
a processfohuman &ctors ewluations, includinghe taselines, thatan be condated one a
fairly maure system engineering baseline is available. This proess speifically does not
describe humafactars activities such as taskalyses that should be conducted in support of
system specification developmerftor guidarce about human factors activities condutbefae
a systemengineerirg baseline is availalad, consult the HumaRactas Job Aid (FAA, 1997). For
another degiption of the role 6 baselines in the tger ATC acquisitions process, consult
Keegan, Skiles, Kroisand Merkle(1996).
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Figure 3. A process bhuman fators ewaluations that can bmnducted oce the gstem
engneerng bagline s avalable.
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7.1 Usaility Assessmat

A Usability Assessment (R)) is a medium-sale, humasin-the-loop simulation actiwtthat is
conducted soonfter the egineeging baseline beomes aailable to identiy human &ctors
issues.The UA does not use thedeline ogrational constrets nor does it requerthe exensive
data collection and simulationaiessm of yystem badines. Insteadresarches and SMEs
develop ascript of ATC ativities thd are rdevant to thenew system. These adivities ae
designed to exercisethe cgpabilities of thenew ystem and to dlow the partidpants to se and
interact with it. The partici@nts complete each of tleeactivities usinghe new gstem under
low-to-modeate traffic conditions. The partidpants ae told tha theyare to focus on omplding
the scripted activities and that controllitige simulated &ffic should not be thefocus. As the
paticipants @mplee the scripted adivities, theyprovide feedback to huma fadors speialists
about how suaessful theywere. The hunan factors spedilists then consolidate anetegorize
the paticipants feelbad into alist of issus. This list guides the subsguent protoiyping and
pat-task adivities.

7.2 Part-Task Evaluations arntkrative Rapid Proteping

Iterative Rapid Protgping and Part-&sk Evaluations ara series ddictivities conducted to
develop and evaluae solutions to theéssues identified in theUA. A multidisaplinary prototype
team is convenedontaininghuman factors speailists, hardwag and softvere enginees,
prototypedevelopes, and userepresentatives.The team etegorizes the issues into sena
desigqn threads suclas target dispigs, consolecontrols, and datentry. The teamgenerates ideas
that address the issues compigsgach asign thread. The protoype dewopers then implement
these ideas into @&alistic emulation protgpe that allows rapid modifation. Team membes
then areggiven the opportuniy to see and inteaict with the prototpe and to refire the degin
further. The sucess of eaeh desgn is ewaluated throgh small-sale, pat-task ewaluations that
focus on the sp#fic design thrad. Thes evalations allow precise easurerant of sped,
accuecy, heads-down timeeach enwelopes, viewirg angles,readability, and so on.The lessons
learnedrom these prt-task ewaluaions ae incorpoated into the probtype, andlte parttask
evalaions ae repatd if necesary to assesseasign readness.

7.3 Protoype Design Validation

The Protogpe Design Validation is conduetl afterall the protoype designshave been
evaluatedcand rd¢ined. The pupose of this validation is to ensure that thet@ype desgns
work as acohesivesystem. Thevalidation is simila in form to theUA, with the paticipants
completinga series of ripted ations and providingeedback to humafactas specialists.
Ideally, thepartidpants in this ativity are the partiagpants from theUA. If neessay, feedbad
from this evaluation candmiven to the protgipe team to furtherefineand improve the

prototype.

7.4 Trainingand Procedwes Development

All new technolgy requires some trainig andcharges to eisting procedurs. In this phase,
human factors sgialists work with persomh from the Air Traffic Operations (ATO) andAir
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Traffic Resoure Managgement (ATX) Organiztions to develop procedes and tiningthat ease
thetransition to thenew equipment.

In most caes, thepotential human factors contribution to this etivity will focus on mitigting
the efiects of ngaive transer. Negative ransfer $ a peformance derenmentthatoccurs wken
skills or experience from onework environment contributes to huma eror in anew
environment (Cardost Murphy, 1995). Negative transfe is of greatest conern in aeas wiere
controllers rey on well learned, nealy automatic actions andgoedures sch as dat@ntries and
display control modifi@tions. Controllers are sexperienced with thesactions on their quent
equipment that themay have difficulty learnirg new proeduresgspeially under conditions of
high volume or complaxy. Humanfactors specialists, followopthe results of th&JA and the
prototyping activities, can pvide input as to how to minimize this sort of problem.

In other caes, nav training and pracedures can mitigate the effects of asystem design

deficiency. Though intended to resolve dl system deficiencies identified in theUA, it is possible
that some of the solutions developed daitime protoyping phasecannot be supptedgiven
cost and schedulensideations. As a result, someystem deftiencies mayemain at \arious
stages d system deplgment. Human &ctors speialists, followingtheresults of the UAand the
prototyping activities, @n identify possibleeffects of thosedeficiencies on @ntroller
performance and workbad.

7.5 System Baselines

System baselinesr@a hidh fidelity, humanin-the-loop simulation of ATC opations with mary
objective and subjective @asues. These laselines provide aa following the five orational
construds: sdety, cgpadty, performance, workload, and usaility. The daacan beused to
compare b theexisting systemand hereplacenentsystem Comparisons ae revewed ly an
Operational Revie Teamconsistingof ps/chologists, air taffic SMESs, and tl participants
from the stugl. The team identifiesqpblems with the comparison antbpides opeationally
meanngful explanatons for ay differerce ketween gstens. The focus 6 this evaliaion is to
ensure hatthe system providesa berefit over e sywtemit replacesalongthe constuctsand b
identfy areas whee the nev systemis deficient The dita collected in the baslines giide
further efinements to hatware, software, training, or proceduresafter deployment.

7.6 Pre-Planned Produbihprovanents Baseline Studies

After thesystemis depbyed, the systembaseine da& sene as a bsis for stidying the efects of
Pre-Planned Produtinprovements (B1). P’l are new gstemcapabilities that were still under
development atystem deplgment but ae already scheduled and includeds part 6the
program. Because theeffort and eyense of a#seline simulation are gih, we recommend that
baselines be condted ony for major P?| or for aset of multiple minor Pl. For exanple, he
upoomingnitial Conflict Probe(ICP) will providemgor new cgpabilities (eg., conflict
prediction and resolution) to thebasdine DSR ystem. The ICP will require not only mgor
charges to hadware and stiware but also to how controllers woand interat with each other.
Such a najor chame & sutable fora Pl Baseline. Minor Pl should ke addiessed throgh
iterative rapid protgiping and prt-task ewaluations rathethan full-sale baslines.
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In these stidies, resarchers us the basehescerarios, proeduresand he paticipans again but
now also usinghe Pl. Datacollecedfrom these badines ae conpared drecly to the system
baseline dataand deteminations are maglabout clanges in saéty, capacity, peformarce,
workload, and usabiljtresultirg from the introduction of the®P For exanple, a Bl Basdine
might show that the I substatially improves system capacity while only modeately increasing
controller workload.

As with s/stem basdines, the P’l Baselines should opbe condated usig matureequipment
and should not be used foesilgn prototyping, requirement @velopment, human-compear
interfaee desgn, and so onThese & bestaddressed in small-sle protoyping and fart-task
evaluations conducteshrlier in the acquisition process for thi. P

7.7 Opeaationd Concet Baselines

As in other basehes, hese sidiesexamne he effet on saéty, caacty, peformance,
workload, and usabiljtof a poposed chnge in operational corept. A change in operational
conaept is amgor procedura change or a se of multiple minor danges tha affects whet ATCSs
do, especiajl their rokes and esponsibilities. The shared sepation responsibility concept and
the redued verti@al sepagtion minima projects agood examples.Again, beause theffort
and exense of a &seline ae high, we do notecommend baselindevel simulation for most
procdurd changes thda may beundertaken by afacility. Ingead, these are better addressal
throudh smallerscak simulations that focus on the particyteocalure chamge and its décts.

In these studies, the paticipants work thebaseline senarios with theoriginal equipment but
while operatiig unde different pracedues. Becaus of tight control over thesimulation
environment, dai from these bagines can bconpared b the eplacementsystem baseine
where heoriginal proedures wre in effect

Like rew equipment, basiees examiningthe dfects of new pocedues should use me
procedures tha are maureand developed. Smadl-scale, part-task evaudions and fast-time
modelingmay be moe appopriate to test small modifications to the prdare.

8. Conclusion

The Methodolog Guide provides infomation for eseacheas involved in ATC gstem laselines.
The authors would like to ¢éand an invitation to all readeand usersfahe Methodolgy Guide
to submit the own lessons lerned and information for indusion in futureeditions of the
Methodology Guide. These siggestions and inflanation should be sent to

Air Traffic Control S/stemBaseline Methodolog/ Guide
NAS Human EctorsBranch, ACT-530

Federd Aviation Administrdion

William J. Hughes Technicd Center, Building 28
Atlantic City Interrational Airport, NJ8405
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Acronyms

AMP Aircraft Management Program

AOC Airline Opemations Center

ARINC Aeronauti@al Radio,Incorpaated

ARTCC Air Route Trafic Control Center

ARTS Automaed Radar Termind System

ATC Air Traffic Control

ATCS Air Traffic Control Specalist

ATWIT Air Traffic Workloadlnput Tehnique
CDR Continuous Data Recordjn

DART Data Anaysis and Redction Tool

DEDS Data Enty andDisplay Subs/stem

DRAT Data Reduction and Aatysis Tool

DSR Display System Replacement

DYSIM Dynamic Simulaion

EARTS En Route Automated Radarakking System
EDC Early Display Cgability

ESSF En Route Simulation SupporaeEility

ETG Enhanced &rget Generator

ETVS Enhanced Termind Voice Swith

FAA Federd Aviation Administrdion

FACO Facility Control Office

FDAD Full Digital ARTS Display

FPL Full PerformarceLevel

HCS Host Computer $stem

1°F Integraion and Interoperdility Facility

ICP Initial Conflict Probe

ISC Initial System Capability

KDR KeyboardData Reorde

LOA Letter of Agreenent

MERR Mobile Experimental Recordinfadk
NATCA Nationd Air Traffic Controlles Assaiation
ODID Operational Dispkand hput Development
ODL Oceant Data Link

OT&E Opeationd Test & Evaluation

Pl Pre-Planne@roductimprovements

PTT push-to-talk

PVD Plan View Disply

SAR System Analysis Recording

SATORI Systematic Air Traffic Operdions Reearch Initiative
SCIP Surveillance Communicationaterface Praessor
SME Subject Matter Egert

STARS Standad Temind Automdion Replacement System
TGF Target Generation Facility

TRACON Terminal RadaApproach Control

TSSF Terminal Simulation Supporta€ility
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UA Usability Assessmant

VSCS Voice Switching and ControlyStem
WAK Workload Assessment Kpad
ZDC Washingon ARTCC
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AppendixA
Questionnaires

Notes:

The followingquestionnairesepreent the most remt versions of thedseline questionnas.
Because ACTF530 is constanyirevising and improvig these questionnas, the items and
wordingcontained hee do not neessaly correspond to those used inrkar baslines. We
recommend thd researchers inteested in compaing ddato earlier basdines examinethe
guestionnaires used in tharker baseline to detenine what chnges and rdinements haveden
made and these changes will affect vdidity.

When usinghese questionnas, resarchers shouldeplace the pseudgm “ATC View

System” with the name dhe ystem thg are reseaching. In addition, other revisions to these
guestionnaires will be necesgao tailor them to the specifigystem in questionWe have
purposey included more infomation on these questionrest particuldy the Backjround
Questionnaire, than will besgesary in evay baseline.Somearess that ae likely to reed
revision for futue baselinesare maked with backetsand bold chactes. Example: [nclude

specfics hee]
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BACKGROUND QUESTONNAIRE

Participant Code: Date:

Controller Team:

Instructions

The purpose of this questionrais to obtain information abowbur experien@ and ackground
as an arr traffic controller. We will usethis informdion to desaibe the paticipants in this
baseline as group ratler than as individualsSo thatyour identity can emain anogmous,
please do not writgour nrame arywhere on this form. The dita you provide on this
guestionnaire, as with all dayau provide fa this stug, will be identified ony by a participant
code known onl to you and theexperimenters.

1) What isyour age?
___yars

2) Whatis your curentpostion as an aitraffic contoller?
O Full PerformarceLevel 0O Othe (speify)

3) How mary of the st 12 months havgou activelycontolled trafic?
___months

4) Pleasemdicak the nunber of years exerienceyou hawe in the folowing air traffic
control domains.

En Route: Terminal: Tower:
Oceanc: Military:
5) Pleasemndicak the nunber of years exerienceyou hawe usng the folowing air traffic

control ystems.
Host: ARTS: EARTS:

STARS:
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BACKGROUND QUESTONNAIRE (CONTINUED)

6) Please indicate the nuntha years exerierce you haw using the following radar
displaysystems.

PVD/M1: __ FDAD: DEDS:
DSR: STARS:

7) If you wea corredive lenses, will you wea them during the simuldions?
U Yes U No Q | dont wear corrective lengs

8) Circle the number that best dabesyour current state of &alth.

1 2 3 4 5 6 7
Not Vely Extremely
Healthy Healthy

9) How mary hours of tainingand exyerien@ have yu received usig the ATCVien
System?

hours

10) Circle the number whichest desabesyour lewd of satisfaction with the ATCVie
System.

1 2 3 4 5 6 7
Not Very Extremely
Sdisfied Sdisfied

11) Circle the number whichdst desabesyour lewel of experien@ with personal
computers.

1 2 3 4 5 6 7
Not Very Extremely
Experienced Experienced
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POST-RUN QUESIONNAIRE

Participant Code: Date:
Controller Team:

Sector26 38 27 35 Run:1 2 3 4
Position: Radar Data

Instructions

The purpose of this questionmaiis to obtaininformation about the simulation you just
complded. We will use this informdion to deermine how thesimuldion experience affected
your opinions. As you ansver each gestion, feel fee to use the entire numeal scale. Plea®
be as honest arab acurake asyou @an. So thatyour identity can emain anorymous,plea® do
not writeyour nameanywhete on this form and usenty your participantcode.

1) How well didyou control trafic during this problem?

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

2) What wasyour avaage workload lewel duringthis problem?

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

3) How difficult was this problem comped to other simulation traingproblems?

1 2 3 4 5 6 7
Not Very Extremely
Difficult Difficult

4) How good doyou think your air treffic control servies wee from a pilots point of view?

1 2 3 4 5 6 7
Not Very Extremely
Good Good
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POST-RUN QUESIONNAIRE (CONTINUED)

5) To what exent did technical problems with the simulation equipment inevigh your
ability to control trdfic?

1 2 3 4 5 6 7
Not Vely A Great
Much Deal

6) To what exent did problems with pseudopilots interfere witur nornal air traffic
control activities?

1 2 3 4 5 6 7
Not Vely A Great
Much Deal

7) How redistic was this simuléion problen compaed to atua air traffic control?

1 2 3 4 5 6 7
Not Very Extremely
Redlistic Redlistic
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OBSERVERLOG

Observe: Date:
Sector26 38 35 27 Run:1 2 3 4
Instructions

Pleaserecordany unuswal eventsby noting the s/stem time, the naturef dhe ewent, and the
aircraft involved. Pleasealso noteany techncal problems and oénh sakty-critical or othewise
important eventslUse bak of page forexplanations, if necessa

System Time Event Aircraft
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FINAL QUESTIONNAIRE
Participant Code: Date:

Controller Team:

Instructions

The purpose of this questionrais to obtainnformationaboutthe [ATCView Systenj overall.
We will usethis informdion to deermine how dfectively the system paformed duing this
simulation. As you answeeach question, fel free to use thentire numeal scaé. Please be
ashonestandas accuate as gu can. So thatyour identity canremainanonynous, pleése do not
write your name on this forrand use oyl your participant cock.

Section A

Please cir@ the number with best desiesyour lewvel of agreement with ach d the
following statement conerning the [ATCView System.

1) The flight pragress strips @reasy to acaess in the strip bya.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree

2) The flight pragress strips @ easy to readand mark in the strip lya.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree

3) The [on-screehcontols are easy to acess.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree
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4) Theopeation and fundions of the[on-sgeen] controls ae intuitive.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree

5) The controller kyboard is esy to use.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree

6) The radr and nap displays areeay to read.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree

7) The radr and map displagareeay to undestand.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree

8) There is plent of spae to wak within the workstation.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree

9) The equipment, dispya, and controls allow me tooatrol trafic in the most efficgnt

way possible.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree
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10) The equipment, dispya, and controls allow me tooatrol trafic without anyawkward

limitations.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree

11) Overal, the equpment displays andcontols ae efective in meeting the needs b

controllers.

1 2 3 4 5 6 7
Strondy Strondy
Disagree Agree
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Section B

Please cir@ the number with best desi@esyour owerall interation with the
equipment, displgs, and ontrols of the ATCView Systen.

1) 1 7
Not Vely Extremely
Limited Limited
2) 1 7
Not Vely Extremely
Frustrding Frustrding
3) 1 7
Not Very Extremely
Effective Effective
4) 1 7
Not Very Extremely
Efficient Effi cient
5) 1 7
Not Very Extremely

Eag/ to Operae

6) 1
Not Very

Easy to Understand
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Section C

This section should addressyaspeific improvements that have lsn sggested duing system
development.The items in this section should follow the format below.

Please cir@ the number with best repesents/our opinion about théollowing potential
improvanents to thg ATCView System|.

1) To what exent doyou think possible improvemehtvould improveyour effectiveness
with the [ATCView System]?

1 2 3 4 5 6 7
Not Vely A Gresat
Much Deal
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Section D

For each thefollowing questions, indicatgour opinion ly marking one or mee of the
provided boes. Then, please prade ary additional comments thgbu think ae appropate.

1) Which aspects of thé\[TCView System| need improvement?

a Radar am Map Displas a On-ScreenControls

a Flight Stip Bays a Volume of Workspace
a Keyboard a Other (speciy)

a Trackoall a Other (specty)

Please provide some @#$ about wly you think each btheseaspects neds
improvement.

2) What are the most common mistakes encounteed usimg the ATCView System]?

a Misreadng Radr Display Information a SelectingTargets wth Trackoall
a MisreadingMap Displg Information a Adjusting On-screerControls
a Misreading Hight Progess Strips a Other (speciy)

a Making Entries with Keyboard a Other (speciy)

Please provide some di$ about whayou think causegou to male each of thes
mistekes.
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3) Please commaent on thepositiveaspeds of thesystam.
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Section E

If thereare ary othercomments or gypestions thayou haveregarding this baseline
study of the [ATCView System)], please wite your ideas in the spae provided bebw.
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Section F

During this basline study you have used th&Vorkload Assessment Kpad (WAK) to rate your
workload durimg the simulation runsThis technique is known as tiAér Traffic W orkloadInput
Techngue ATWIT), which has beerextensively reacchedat the Techntal Center. Please
indicate below howou dfined the lovest (1) and hghest (7) workl@ad ratirg on the sale.

To me thelowest ATWIT rating (1) meant my workload was:

To me thehighest ATWIT rating (7) meant my workload was:

Did respondingo the WAK prompts interfee with peformingyour primary function?

1 2 3 4 5 6 7
Not at all A great dal
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SUBECT MATTER EXPERT
OBSERVER RATING ©ORM

FOR EN ROUE OPERATIONS
Observe Code: Date:

Instructions

This form is desiged to le used ly supevisory controllers to ealuate theeffectiveness o
controllers working in simulaion environments. SATCSs will obseve and rde the paformance
of controllers in seval different grformance dimensions ugjithe sale belowas ageneral
purposeguide Usethe entire scde range as much as possible You will see awide range of
controller peformarce. Take exensive notes on whgbu se. Do not degnd onyour memaoy.
Write downyour obgrvations. Spae is provided a#r each sale fa comments.You may
make prdiminary ratings during the course of thescenario. However, wait until the senario is
finished bdore making your find ratings and ramain flexible until theend whean you have had an
opportuniy to seeall the available éhavior. At all times please focus on atyou actally see
and hear.This includes what theontroller doesind whatyou might reasonlly infer from the
actions of the pilotsTry to avoid infering whatyou think mg be hapening If you do not
observe @levant belavior or theresults of that beha@or, thenyou may leave a spcific rating
blank. Also, please wte down ay comments that nyahelp improve this evaluation formDo
not writeyour name on theform itsdf. Your identity will reman anonymous,as your daa will
be identified ly an obsever code known onl to yourself and reseachers condating this stug.
The observationgou male do not need to beestricted to the gformane areas coered in this
form and mg include otler areas thatou think aremportant.

Assumptions

ATC is a complexactivity that contains both observabhnd unobseable béavior. Thereare
so marty complexbehaviors involved that no observatiorating form cancove eveything. A
sample of the bedviors is the best that cae bchiezed, andagood formfocuses on those
behaviors that controlte themselves haidentified as the mosglevant in terms of their crall
performamce. Most controlle peformarce is at oabove the minimum standardgaedirg
safey andefficiengy. Thegoal of the eting system is to diffeentiate grformane above this
minimum. The lowest ratinghould be asgnedfor meetingminimum standards aradso for
anything below the minimum since this should be a rakent. It is important for the
observer/ater to el comfotable usig the entie scaleand to understand thall ratings should
be based ondmavior that is actaly observed.
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Rating Scale Desiptors

Remove this Pasand keep it a@ilable while doingatings

SCALE QUALITY SUPPIEMENTARY

Unconfident Indecisive, Ineffi cient

1 Leasst Effective Disorganizd, Behind the paver curve, Rogh,
Leaves sometasks inomplee, Makes
mistekes
May issueconflicting instrudions, Doen’t

2 Poor plan compleaey

3 Fair Distracied betveen &sks

4 Low Satisactoy Postpones routine actions

5 High Sdisfadory Knows the job fairy well

6 Good Works steadi, Solves most problems

7 Very Good Knows the job thorougy, Plans vell
Confident, Decisive, Hicient, Organizd,

8 Most Effective Ahead of thegpowercurve Smooth, Completes

all necessartasks, Makes no mistakes
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| - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1.

MaintainingSepaation and ResolvigpPotential Conflicts.........1 2 3 4 56 7 8
 usingcontrol instrut¢ions tha mantain appropriate arcraft
and aispace sepraton
 detecting and resolvingimpending conflicts early
e recnizing the reed forspeedestictions and wie
turbulence segration

Commants:

« usingefficient and aderly spaing techniquegor arrival,
departue, and emoute aicraft

e mantaining sde arrival and departureintervals tha minimize
delays

Commaents:

Using ControlInstructions Eféctively/Efficiently.......................1 2 3 4 5 6 7 8
* providingaccurate navigationahssistance to pilots
* issuhg econonical cleaances hatresut in need ér few
additiond instrudions to hadle arcraft complaely
e ensuringcleaanaes use minimum necesgdli ght path
charges

Commants:

Overall Saé and Eficient Traffic Flow Scaé Rating.................. 12345678

Commants:
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Il - MAINTA INING ATTENTION AND SITUATION AWARENESS

5. MaintainingAwareress of Aicraft Positions..........cc..cccccceeeeeee... . 2 34 56 7 8
 avoidingfixation on one aa of therada scope when othe
areas pedattention
 usingscanniiy patterns that monitor all airaft on therada
scope

Commaents:

« talloring control actions to situdion
« usingeffective pocedures fo handlirg heavy, emegeng, and
unusual traffic situations

Commaents:

7. Detectirg Pilot Deviations from Contrdhstrwctions...................1 2 3 4 56 7 8
» ensumg that pilots follow assgnedcleaiancaes corecty
* correding pilot deviations in atimdy manne

Commants:

8. Correctirg Own Erors in a Timey Manrer...............ccceeevvvve.. 2 3 4 56 7 8
» acing quickly to correcterrors
e charging an ssued aalancewhen neessay to expedie
traffic flow

Commants:

9. Overall Attention and Situation Awamess Sca Rating............. 12345678

Commants:
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[l — PRIORITIZING

10. TakingActions in an Appropete Orcer of Importance............... 123456738
* resolvingsitudions tha need immediate attention bdore
handling low priority tasks
« issuingcontrol instrutions in aprioritized, strudured, and
timely manne

Comments:
11. PreplanningControl Actions............cceceevvviiiieeeveiiiiiiieeevvenn. 1.2 34 5 6 7 8
e scanning adjamt sectors to plafor future andconflicting
traffic
* studying pendirg flight strips in by
Comments:
12. HandlingControl Tasks foSeved Aircraft.............cccceeeeeeeeee. . 2 34 5 6 7 8

« shifting control tasks béween several aircraft when neessay
e communi@ting in timdy fashion whilesharingtime with
other actions

Commaents:

13. Marking Hight Strips while PerformigpOther Tasks...................1 2 3 4 5 6 7 8
» making flight strips acuraely while taking or peforming
other tasks
* keepirg flight strips carent

Commaents:

14. Overall PrioritizingScale Ratig............ccevvviiiiiiiiiiiiieeeeeeeeeeee 1.2345678

Commaents:
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|V — PROVIDING CONTROL INFORMATION

15.

16.

17.

18.

ProvidingEssential Air Taffic Controllnformation...................1 2 3 4 56 7 8
 providingmandatoy servies and advisoes to pilots in a

timely manne
e exchanging essential information

Commants:

ProvidingAdditional Air Trafic Control Information..................1 2 3 4 56 7 8
» providingadditional sendges wlen workload is not aattor
e exchanging additiond information

Commaents:

« providingeffedive and timdy coordindion
e usingprope point-out procdures

Commants:

Commants:
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V — TECHNICAL KNOWLEDGE

« controlling traffic as depicted in aurrent LOAs and SOPs
» performirg handdf procedues corectly

Commaents:

20a. Showing Knowledge of Aircraft Capabilities andimitations......1 2 3 4 56 7 8
* usingappropiate spee, vedoring, and/or dtitude
assigyments to sparde aircraft with varied flight capabilities
e issung cleaances hatare within arcraft performance
paameters

Commants:

e updatingdat blocks
e usingequipment capabilities

Commaents:

21. Overall Teehnical Knavledge S@le Rating.............cccoovvvveeininnns 1234561738

Commaents:
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VI — COMMUNICATING

e usingwordsand phrass specified in the 7110.65
 usingphraseology tha is gpropride for thesitudion
e usingminimum neessay verbiage

Commants:

» speaking at the prep volume andate fa pilots to understand
» speaking fluenyl while scannig or performingother tasks

e ensuringclearanceddivery is complee, corred and timdy

» speaking with confident, authoritative &oof voice

Commaents:

24. Listenirg to Pilot Readbacks and Rezgis.................cccccvvvvveee. . 2 34 56 7 8
« correcting pilot readbak erors
» acknowledjing pilot or othercontroller equests prompg
e proaessirg requests orrectly in atimdy manneg

Commaents:

25. Overall Communicatingale Ratig...........cccceeeevvvvieiveeeveennn. .2 34 56 7 8
Comments:
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SUBECT MATTER EXPERT
OBSERVER RATING ©ORM

FOR TERMINAL SIMULATIONS
Observe Code: Date:

Instructions

This form is desiged to le used ly supevisory controllers to ealuate theeffectiveness o
controllers working in simulaion environments. SATCSs will obseve and rde the paformance
of controllers in seval different grformance dimensions ugjithe sale belowas ageneral
purposeguide Usethe entire scde range as much as possible You will see awide range of
controller peformarce. Take exensive notes on whgbu se. Do not degnd onyour memaoy.
Write downyour obgrvations. Spae is provided a#r each sale fa comments.You may
make prdiminary ratings during the course of thescenario. However, wait until the senario is
finished bdore making your find ratings and ramain flexible until theend whean you have had an
opportuniy to seeall the available éhavior. At all times please focus on atyou actally see
and hear.This includes what theontroller doesind whatyou might reasonlly infer from the
actions of the pilotsTry to avoid infering whatyou think mg be hapening If you do not
observe @levant belavior or theresults of that beha@or, thenyou may leave a spcific rating
blank. Also, please wte down ay comments that mayelp improve this evaluation formDo
not writeyour nane on theform itsdf. Your identity will reman anonymous,as your daa will
be identified ly an obsever code known onl to yourself and reseachers condating this stug.
The observationgou male do not need to beestricted to the gformane areas coered in this
form and mg include otler areas thatou think aremportant.

Assumptions

ATC is a complexactivity that contains both observabhnd unobseable béavior. There
are so maycomplexbehaviors involved that no observatiorating form can cove evaything.
A sample of the beadviors is the best thatn be &hieved,and agood fam focuses on thes
behaviors that controlte themselves haidentified as the mosglevant in terms of their rall
performamce. Most controlle peformarce is at oabove the minimum standardgaedirg
safey andefficiengy. Thegoal of the eting system is to diffeentiate grformane above this
minimum. The lowest ratinghould be asgnedfor meetirg minimum standards aradso for
anything below the minimum since this should be a rakent. It is important for the
observer/ater to el comfotable usig the entie scaleand to understand thall ratings should
be based ondmavior that is actally observed.
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Rating Scale Desiptors

Remove this Pasand keep it a@ilable while doingatings

SCALE QUALITY SUPPIEMENTARY

Unconfident Indecisive, Ineffi cient

1 Leasst Effective Disorganizd, Behind the paver curve, Rogh,
Leaves sometasks inomplee, Makes
mistekes
May issueconflicting instrudions, Doen’t

2 Poor plan compleaey

3 Fair Distracied betveen &sks

4 Low Satisactoy Postpones routine actions

5 High Sdisfadory Knows the job fairy well

6 Good Works steadi, Solves most problems

7 Very Good Knows the job thorougy, Plans vell
Confident, Decisive, Hicient, Organizd,

8 Most Effective Ahead of thegpowercurve Smooth, Completes

all necessartasks, Makes no mistakes
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| - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1.

MaintainingSepaation and ResolvigpPotential Conflicts.........1 2 3 4 56 7 8
 usingcontrol instrut¢ions tha mantain appropriate arcraft
and aispace sepraton
 detecting and resolvingimpending conflicts early
e recnizing the reed forspeedestictions and wie
turbulence segration

Commants:

« usingefficient and aderly spacing techniquegor arrival and
departue airaaft

e mantaining sde arrival and departureintervals tha minimize
delays

Commaents:

Using ControlInstructions Eféctively/Efficiently.......................1 2 3 4 5 6 7 8
* providingaccurate navigationahssistance to pilots
* issuhg econonical cleaances hatresut in need ér few
additiond instrudions to hadle arcraft complaely
e ensuringcleaanaes use minimum necesgdli ght path
charges

Commants:

Overall Saé and Eficient Traffic Flow Scaé Rating.................. 12345678

Commants:
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Il - MAINTA INING ATTENTION AND SITUATION AWARENESS

5. MaintainingAwareress of Aicraft Positions..........cc..cccccceeeeeee... . 2 34 56 7 8
 avoidingfixation on one aa of therada scope when othe
areas pedattention
 usingscanniiy patterns that monitor all airaft on therada
scope

Commaents:

« talloring control actions to situdion
« usingeffective pocedures fo handlirg heavy, emegeng, and
unusual traffic situations

Commaents:

7. Detectirg Pilot Deviations from Contrdhstrwctions...................1 2 3 4 56 7 8
» ensumg that pilots follow assgnedcleaiancaes corecty
* correding pilot deviations in atimdy manne

Commants:

8. Correctirg Own Erors in a Timey Manrer...............ccceeevvvve.. 2 3 4 56 7 8
» acing quickly to correctermrors
e charging an ssued aalancewhen neessay to expedie
traffic flow

Commants:

9. Overall Attention and Situation Awamess Sca Rating............. 12345678

Commants:
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[l — PRIORITIZING

10. TakingActions in an Appropete Orcer of Importance............... 123456738
* resolvingsitudions tha need immediate attention bdore
handling low priority tasks
« issuingcontrol instrutions in aprioritized, strudured, and
timely manne

Comments:
11. PreplanningControl Actions............cceceevvviiiieeeveiiiiiiieeevvenn. 1.2 34 5 6 7 8
e scanning adjamt sectors to plafor future andconflicting
traffic
* studying pendirg flight strips in by
Comments:
12. HandlingControl Tasks foSeved Aircraft.............cccceeeeeeeeee. . 2 34 5 6 7 8

« shifting control tasks béween several aircraft when neessay
e communi@ting in timdy fashion whilesharingtime with
other actions

Commaents:

13. Marking Hight Strips while PerformigpOther Tasks...................1 2 3 4 5 6 7 8
» making flight strips acuraely while taking or peforming
other tasks
* keepirg flight strips carent

Commaents:

14. Overall PrioritizingScale Ratig............ccevvviiiiiiiiiiiiieeeeeeeeeeee 1.2345678

Commaents:
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|V — PROVIDING CONTROL INFORMATION

15.

16.

17.

18.

ProvidingEssential Air Taffic Controllnformation...................1 2 3 4 56 7 8
 providingmandatoy servies and advisoes to pilots in a

timely manne
e exchanging essential information

Commants:

ProvidingAdditional Air Trafic Control Information..................1 2 3 4 56 7 8
» providingadditional sendges wlen workload is not aattor
e exchanging additiond information

Commaents:

« providingeffedive and timdy coordindion
e usingprope point-out procdures

Commants:

Commants:
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V — TECHNICAL KNOWLEDGE

« controlling traffic as depicted in aurrent LOAs and SOPs
» performirg handdf procedues corectly

Commaents:

20. ShowingKnowledge of Aircraft Capabilities andimitations......1 2 3 4 56 7 8
* usingappropiate spee, vedoring, and/or dtitude
assigyments to sparde aircraft with varied flight capabilities
e issung cleaances hatare within arcraft performance
paameters

Commants:

21. Overall Teehnical Knavledge S@le Rating.............cccovvvvvevvennees 12345678

Commants:
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VI — COMMUNICATING

e usingwordsand phrass specified in the 7110.65
 usingphraseology tha is gpropride for thesitudion
e usingminimum neessay verbiage

Commants:

» speaking at the prep volume andate fa pilots to understand
» speaking fluenyl while scannig or performingother tasks

e ensuringclearanceddivery is complee, corred and timdy

» speaking with confident, authoritative &oof voice

Commaents:

24. Listenirg to Pilot Readbacks and Rezgis.................cccccvvvvveee. . 2 34 56 7 8
« correcting pilot readbak erors
» acknowledjing pilot or othercontroller equests prompg
e proaessirg requests orrectly in atimdy manneg

Commaents:

25. Overall Communicatingale Ratig...........cccceeeevvvvieiveeeveennn. .2 34 56 7 8
Comments:
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AppendixB

STATEMENT OF CONHDENTIALITY AND INFORMED CONENT

Researclers fomthe NAS System Emgineerirg andAnalysis Division (ACT-500) of the
William J. Hughes Technicd Center and its @ntractors mantain strid standards regaling
paticipant confidentiaity and informed consent. Our standards ee based on the Ethical
Principles in the Conduct of Research with Human Participbythie American Ps/chological
Association. Our standeds ae structurediround fow main principles:

Your participation is vduntary. You may withdraw from this research atrg time without
corseqence. If you feelyou must withdraw for whatever reasonpleasenform researchrs
immediately.

Your respnsibilitie swill be clear. Researchawill clearly explain what is expectedof you during the
simulation. They will answer ary and all questians atout the djectives @& the reseailt, thesimulation
design, andthe dita cdlection teciniques.

Your datawill remain aronynous Your regorses will be iderified by a code kown only to you ard
the researchersyour idertity will be kept sefarate fom the ditayou provide. To facilitate ths,
pleag do ot write your name or anyother identifying marks onthe qlestionraires Plea do rot
shareyour participant cale with aryone dher tha the reseatters. No names will be ascociatedwith
data in ary reports.

Your datawill be confidental. The raw data cdlectedin thisstudy will becane the property of the
NAS Humen FactorsBrarch (ACT-530). The rawdatawill be araelyzed ty specialists from this
organizaion ard its contacbor enployees The rav dat will not bemade awailable o other
organizations without your permissian. The aggregate data from this gudy will be publishedin a
Technical Nee by the Wiliam J. Hughes Technical Cater, whch will be distributed throughout the
FAA andelsevhere. These @ta will take the form of averaes, stadard deviations, andother
statistcs.

Additiond consideations for this badine simuldion:

* Please be aare hatwe aremaking video anl audio recordims during the runs. The video camraswill be
positionedalove andbehind you. At some sectas, a vico camera will alsobe recading your hands asyou
type on thekeyboard. Audio recadingswill come from wirelessmicrophones thatyou will wear diring the
simulation. If you strondy object to taving yourself recorded irthis way, pleasenform researchrs
immediately.

* Please be aare hatwe aremaking recordirgs ofyour keystrokes ncluding anytypographical errors.If you
strorgly object to faving yoursef recorded irthis way, please infrm researbers immediately.

Good resarchrequiresgood cita. We hope that byrotecting your rights, weareencouaging
you to beas accuraand honest iour responses as possibl#. you hawe questions at gntime
regarding the study, researchers will beglad to answer them.

Thankyou for your participation!
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AppendixC

WORKLOAD ASSESSMENT KEYPAD
INSTRUCTIONS FOR HE PARTICIPANTS

One purposefahis reseath is to obtain ancurate evaliation of controlle workload.
By workload,we man all the plsical and nental efort thatyou must egrt to doyour
job. This includes maintaininthe “pictue,” planning, coordinatirg, decision makig,
communicatingand whateer else isequired to maintain aafe and exyeditious traffic
flow.

Theway you will tell us how had you are working is ty pressing the buttons numbed
from 1 to 7 on the kgoad lo@ted atyour controller wakstation. These buttons
correspond to thillowing levels of workload. At the low end of tk scale T and 2),
your workload is low—you aan acomplish eveything easiy. As the numbes increase,
your workload is getting higher. Numbers 3 ad 4 rgpresent inaeasinglevels of
modeate workload wherethechanceof error is still low but stedily increasing.
Numbers 5 and 6efl ect relatively high workload whee there is sone charce of nmeking
mistakes.The hidh end of the sale (7) represents aeary high workload, whee it is
likely tha you will have to leave sometasks inomplde.

Beginning at minute 10 of the simulation ruygu will hear tle keypadchirp and it will
illuminate its lights. Please press thekef your choiceas soon as possible and tights
will extinguish and the chirpingill stop. The WAK will prompt agin ewery four
minutes. We realiz that this requirement mé&ge somewat annging at first, but pleas
give it achane for thepurposes of this proge

All controllers, no méer how prdicient and experienced, will be exposel & onetime or
another to all levels of wkload. It does not etract rom controllersprofessionalism
when hey indicak that they are working very hard o thatthey are hadly working. Feel
free to use th entire saleand tell us honestlhow rerd you ae waking!

Thankyou again for your coogeration, andememier that this data is bagrcolleced
without ary information that could later be ed to identif you. Your privacy is
protecied.

For more iformation about the ATW and neasurirg air traffic controller workload,
we reeommendAir Traffic Controller Workload: An Exanination ofWorkload Prole by
Earl S. Stein, KA Technical CenteTechnical Note EDT/FAA/CT-TN84/24.
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