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Executive Summay

In thecurrenten roué Air Traffic Control (ATC) system the ATC Specalist (ATCS) has
primary responsibiliy for sak and efficient taffic flow. Theexpansion of the National Route
Progam (NRP) will dlow airlines moreflexibility in filing and amending fli ght plans. The
increased flexibility for theairlines will likely move theATCS avay from dired control to a
manaerial position. Programs like the NRP mamake theATCS a monitor that ensures that
aircraft adequately sepaate tlemselves.Resarches and AFCSs have voicedoncen about the
charge from activecontrol to a more monitorgirole. These conerns irtlude a eduction in
situation awareess (SA), memagt and viglance.

This experiment placed ATCsSat two levels of involvemeniAt oneend, thg controlled taffic
as thg normally would in the field. At the other lgel, they monitored taffic, but did not
actively control orcommunicate with airaft. For both lews of involvement, weonducted
simulaions with modeate and high trdfic load.

Thesimulaed setor was generic. It was easy to lean, but it still nabled theexperimenters to
creae conplex scenams. The generic arspace lad the adwantage that ATCSs fromanywhere
within the continentd United Stdes could paticipate. UsingATCSs from seeral Air Route
Traffic Control Centers nyamakeresults more applable. The stug investpated tle efect of
the chage in involvement andask load ly measurig eye movenents, workload, SA,ystem
performamce, ATCS performage fatings, organization of information in memay, and esponses
to questionnaires.

The results of this stydare varied. The chamges in involvement and task load did ndeeafeye
movement chaxcteristics, althagh they did influerce the strature in the visual smnirg
pattern. Measues that cptureeye movement clrecteristics €.g., the numbeand duration of
blinks and fixations) did not bange. The probability tha a controller fix ates objests in a
paticular order is an indicdion of thestrudure of thevisud scan. Using these transition
probabilities, we found that the strurtin the visual scacharged as dunction of involvement
and load.The experiment mg hawe been too short to alter @li-rehearsed sannirg behavior to
charge eye movementhamcteristics.lIt is clear that the ACSs looked longr per glanceat
aircraft than ary othe object.

Measuredvorkload carelated well with trdfic volume. In addition, workload etually

decreased wien ATCSs monitored instead aftizely controlled tréfic. They had less to do, and
the measureeflected this. In this stug, ATCSs reeiveda relid briefing as the would in the
field. Analysis of the dataevealed that wekload was lover during thefirst 5 minutes than
subsequent 5-minute intervals.

The ATCS SA, as measurey the respons time to SA-related astions, was lower ued
monitoringconditions than underxctve control. Under active control, the led of traffic load
did not influence SA, but, under monitoringnditions, a higer traffic load led to a sharp
decreasein SA. This is acritical finding with potential implications for futuretraining.

Two observes rated tk ATCSs perforrance undr active controkconditions. The observies
indicated that the ATCSs providedeapiate ATC infomation under both levels ofdtific load.
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Theobsevers fdt tha thequality of prioritization suffeed from theincreasein traffic load. In
the observetpinion, the ATCS SA was lower uadhigh traffic load. A charge in load did
not affect the qualiy of communications nor did it ad€t the ske andefficient flow of taffic.
Interestirgly, the obserers found thaan increse in trdfic load redued the ATCS ekibited
knowledge of the letts of ayreenent and standd opegting procedues. It is likely that, under
the ncreasd presste of ahigher traffic load, he ATCSs wek less capble in appling their
knowledge.

To assess how ATS orgarze information in memory, weasked he ATCSs o place dad
blocks back to the position that repented the lastien updte of tle simulation. The curent
study did not reval change in memoy organization acoss levels of involvement anihffic
load. Howeve, the pecentge of data block positions coectly recalled undeactivecontrol
was hidner than undr monitoring

After each simulation, the controlldiiBed out a questionnaireTheir responses indicated that
theyperceved adive control sc@arios to bemoredifficult and moreredistic. The ATCSs
perceived that their SA did not suffdrom thecharge in involvement. They indicated that their
SA for airaaft positions and potential violations was nogasd under hgh traffic load
conditions for both active contrahd monitoringconditions.

The expected changes in pragrams likethe NRP maymowe the ATCS to asituaion tha will fall
somavhere between thecurrent, adive control situdgion and thesimulaed, monitoringsituaion
of this stug. The esults indicated that, althgh perceived wakload was less under monitorin
conditions, the objective SA measures sbdwhat ATCS SA declines substantialljhe fact
that the ATCS manot hawe beenawae of the redwetion in SA suggsts that a monitorgn
situation without SA enhancers is naja@od idea.

Although ourexperiment was too brief to alteye movenent chaacteistics, the visual scanrgn
paterns showedatharges. These srall charges, afér only a bref exposure ¢ workas a nonitor,
may swggest chages in eye movement chracteristics while monitorigpfor longer periods.
Changs in visual sannirg are an indication of visual infaation retrieval sttegies. The

atered SA, in @mbindion with achange in informaion rerieval straegies, warrats caeful
examination of the need forainingand assistarecfor situations whex the ATCS is no longer in
acive contol.
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1. Introdution

The curent air taffic control (ATC) ystem will undego significant chaiges in equipment and
procedues in the neafuture (Fedeal Aviation Administration (RA), 1996, 1997).The
proposed chages will afect the rod of curent ATC Spealists (ATCSs).One of the significant
proposed chages is the implementation of thepaxsion of the National Route Bram (NRP).
Some ATCSs refer to the NRPp&nsion as fee Hight (Smith et al., 1998)Within the FAA,
Free Hight is now an ecepted term whreairlines and pilots obtain more &dom in amendin
flight plans. In Free Hight, the ATCSs function nyainvolve more monitorig with less diret
control. Ground-and satellite-bad navgational aids suclas the Taffic Alert and Collision
Avoidance §stem (TCAS)global positioningsystems (GPS), the Wfe Area Augmentation
Systam (WAAS), and Automaic Dependent Survdllance-Broadcast (ADS-B) will make Free
Flight possible.Implementation will involve threesVels that includeree €hedulirg, free
routing andfree maneuveng (FAA, 1996). The implementation dfree Hight as desribed by
RTCA (1995) is sigificant becaug the ATCS will do more monitorings opposd to active
control under theurrent gystem. Each subsegant stage ma reduce the ative role of the
ATCS. Thetransition from ative control to monitoringcould have a significant impact on
ATCS behavior and pBrmarce ingeneral.

1.1 Background

The primay responsibilityfor the gparation of aircraft in thecurrent en routéATC system
belong to the ATCS.A number @ tools help the ATCS maintain segiéon betweeraircraft
includingthe plan viev display (PVD) and tle flight pragress strip EPS). These tools assist the
ATCS in developingand maintainig an unerstandig of thecurrent and futue air traffic
situation. Using specific knevledge of the curent situation andeneral knowledye of ATC, the
ATCS manages aitraffi c within asecor. Inthe curentATC system, the ATCS plays an ative
role. Pilots must follow & ATCS instrudions and assighed flight plans. Pilots @n me
deviations (eg., changes in heding, adtitude, and routg only with theapprovd of the ATCS or

in an energency.

The implementation ofréeFlight as coneivedyears ago moved tle ATCS from an etive
paticipant in thesgpardion of arcraft to amonitor tha ensures tha aircraft adequaely separate
thenseles. In FreeFlight, the ATCS may becone an ar traffic manager. Therefore, it was
important to examine how sud atransition will afect ATCS bénavior and perfornance.

Hopkin (1988) hasrgued that etive particiation in memoy and understandgis more
important than reseehers thoght in the pastHe suggested tht it is necessgrto presene the
interaction betwen an ogratorand the task atdmd. One way to do this is to require the
performance of an additiond task whilemonitoring to ompensae for thelack of active
involvement. The additional task would keep theemgtor “in the loop.” It should serve to help
maintain relevant knowlepk about theurrent situation.

A number of studies support Hopkin’s (1988teraction hypothesis. For example, Heldand
Freedman (1963and Slameck and Gaf (1978) demonstratl that memaris betterfor
somethinghatyou doyourself tran for somethig donefor you. Converely, a seres of studies
challerged Hopkin’s inteaction typothesis (Albright, Truitt, Barile, tac, & Mannirg, 1994,



Vortac, Edvards, Fuller, & Mannirg, 1994; VortacEdwads, dbnes, Manning& Rotter, 1993).
These studies focad primarily on the impact ofemovirg fli ght pragress stripsather than on
Free Hight. However, the/ suppated the view tht the redation of workloadcan improve o
maintain cognitive functioning despitean assocated reduction of adive interadion with thetask
at hand.

Vigilance is anotheconcen whenredwcing the amount of etive ATCS involvement.When
operators performa task forany length of time, especiall when monitorig a situation, it is
difficult to sustain an optimal level of focusattention (Paragaman, 1986).The vigilance
decrement is theinability to reman focused. Many simulaed and opeationd radar/sona
monitoringstudies have provéd eviderte fa a viglance decrement Baker, 1962; Colquhoun,
1977; Schmidtke, 1976; ThackraBailey, & Touchstone, 1979; Hekray & Touchstone, 1989).
However, a wjilance c&ecrement usuayl occured ony after a considerabl@mount of time (e}.,

2 hours). Otherresearch tas shown the eviehcefor the acurence of a vigilance derement
after ony a shat period (SternBoyer, Schroedr, Touchstone, &Stoliarov, 1994).

Additionaly, vigilance derements may vary as a fuition of load (Sern etal.; Thackay etal.).
Regardless of theesults of past glanceresearch in monitorig behavie, the ATC gystem has a
responsibiliy for public safey. Researcérs should not igpre issues like vigance decrement as
a possible consequen of FreeFlight implementation.

Free Hight could diminish the amount of active involvement & ATCS. Diminished active
involvement mayaffect canitive pracessimg of information and \gilance. Because of thse
concerns, oa must consider how @mssess the potential impact of thigimal concepts of fee
flight.

1.2 Obijective

This stug assessed ¢himpact of a&harge in load and levelfanvolvement on the bekior and
performance d ATCSs. We assessed ATCSs can maintain their awaenesgor picture) when
their level of direct involvement declinetn addition to participant questionnail@sd objective
and subjetive performacemeaures, we examined ATCS bdavior and cognitive processing
through theassessment ofye movements, situation anenesgSA), and memaor.

In thecurrent stud/, Full Paformance Level (FPL) en route ATCSs opeeted in asimulaed,
generic, en routeenvironment.Simulation offers complete situational contamld meas@wment
duringasimulaed tréfi ¢ senario.

2. Method

For conweniene, we lave presented thappendies in the followingmanrer: A-C (Airspae-
related) D-F (Questionnaks), G(Participantinstructions)H-N (Detailed rsult tables), and O
and P (Coordination events and situation presessessment method (SPAM) ques).

2.1 Paticipants

Sixteen FPL ATCSs from 12 Air Routd@raffic Control Caiters (ARTCCs) within théJnited
States served as voluntargriicipants. All participants wee non-supervisoryfull-time FPL
ATCSs. Noneof thepaticipants wa on melical waiver or in astdf position & thetime of the
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experiment. Eleven participants had moal vision and five hdcorectedto-normal vision.The
mean ge of the paticipants was 37.8ears (2953). They were FPLs for a mean ©9.3years
(2.5-17) and b&d worked in their curent facility for 10.9 meatryears(6-22). Six participants had
worked & morethan onefacility during thar ATC caree. The participants waked ar traffi c for

an aveage d 11.7 months out of the previous 12 monthising a 10-point scale, ¢h

participants rated #ir curent skill level as 8.2 (6-)0stress led duringthe past several months
as 5.6 (3-9), motivation to participate in the stad 8.96-10),and their curent state bhealth

as 8.8 (5-10).

2.2 Experimental Staff

Three humarfactars specialists (HSs) conducted #stug. One of theHFSs starteénd ened
the simulations, conducted the SPAM measurements, and issuegrbsectorcoordination
requests.The cond HFS provided ATCSs with the Post-Scenarice®ionnaires (PSQs),
instructed ATCSs on how to use instruments, and started tiadl Reoedure. The third H-S
performed he eye movement measuements and daa anaysis.

Two subject matter gerts (SMESs) pdicipated in the st Both SMEs wee active
supervisoy controllers in ARTCCsDuring the simulations, the two SMEs conducted aerev
the-shoulder (IS) evaluation o€ontroller pgformanceand reorded tle corectanswers to
guestion asked as paf the SPAM.

Three simuldion pilots extered commands into thesimulador and read back clearancesin
response to ATCS instructionEngneerirg support stdfat theFAA William J. Hughes
Technical CenteResarchDevelopment anéiluman Factor& aboratoy (RDHFL) monitored
the simulations and ensured profunction ofequipment and softave.

2.3 Materials

2.3.1 Airspace

Thearspae usal for theexpeiment was Ganera Center High (Guttman, Sten, & Gromdski,
1995). Genea Cente High (Figure 1), lereafter referred to as @nera sector is a ynthetic
airspae sector developed to ke representative of a high dtitude, en roue sector. Generasedcor
and its réated dements ae easy to lean while still allowing for consideable complexity.
Jetways, fixes, intersections, and aimis have simple namdsr ease of nemorization.
AppendixA contains the Genarsecto Standard Ograting ProedureSOPSs), and etter o
Agreemen{LOA) with Charlie Center Appendix B contains a desiption of Gerera ctor
airspae.

2.3.2 Scenaros

Each paticipant controlled foupractice andfour experimental senarios. The complexty of the
saenaio and rae at which arcraft entered theairspace constitutel load. The development of
scenarios amurred in closeconsultation with an SME to ensure the daklevels ofcomplexty
and reslism. Ead senario began with trdfi c in thearspae similar to thd present dter a
position relief briefim.
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Figure 1. Genera Center hgh set¢or map.

The four pactice scearios had a maslate kevel of load. These senaios allowed the
participants to becomfamiliar with the airspceand equipment used dng the experiment.
During practice scerrios, aicraft enteed the airspee at the ate of about 1.®very 2 minutes.
Each pactice senaio lasted 40 minutestour coordination egnts (AppendixXO) occured
duringeach pactice scendo. We simulated coordination ewts ly ringing the bndline. When
the ATCS answered ¢hlandline, one of thexperimentersesponded with adiweenfacility
coordination mesge (e.g., “This is Teh Center, equestirg higherfor USA6255").

The four eyerimental scearios consisted of two active otvol and two monitorig scerarios.
Thetwo Adive Control (A) genarios simulaed ar traffic and procelures similar to acurrent
field sdting. One of thescanarios was High Load (HL) and onewas Low Load (LL). During
the HL scerario, arcraft enered the arspaceat an aerage rae of one @ minute. ThelLL
scenariaconsisted of aaraft enterirg theairspae at anaveiage rate ofabout one esty 2
minutes. Each A sceario congined thre coordination esnts.

Thetwo Monitor Control (M) senarios goproximated conditions simila to en advanced stag
(free maneuering) of Free Flight. One scelario wasHL and the othewas LL Load vaied for
M scenards n the sane manneras forA scerarios. During M scenarbs, arcraft travesed he



airspae without assistancedm the ATCS.Aircraft had flight plans and avigated throgh the
airspae to avoid conflicts with otheaircraft. Datablock updateand handdt took place
aubmaticaly. M scenaios ako conained hree coodinaion evens.

2.4 Equipment

2.4.1 Hardwere

2.4.1.1 Oculometer andHeadtacker

An Applied Sciencé.aboratories (A%) series 4000 oculomet recorced g/e mowements. The
ASL 4000 oculometecompenates for lead moverent by using amagnetic traker (TheBird [, 1
Ascension Tehnologes Corpaoation).

2.4.1.2 Console Configration

The experiment used a gife enroute ATC workstation A 2,000 ky 2,000 pixl, 29” video
display unit preserad the edarsope PVD. A 19" monitor mounted above the PVD dispéd a
map of the airspze. An Air Traffic WorkloadInput Techniqu€ATWIT) device (Stein, 1985)
mounted to the immediate left of the PVD withinyesach of the prticipant allowed input of
workload ratigs. Theworkstation had &ull flig ht strip ba to the rght of the P\D, an erroute
keyboard, and atradkbdl with three buttons. A landlineallowed intefacility and intrdacility
communications A softwate program implemented an at&onic version of the QuickAction
Keys (QAKs) and Computer Relout Devie (CRD) in the upperight hand corar of the PVD.
To activate @QAK, the paticipant had to move theursor to theapproprate QAK and depess
theleft button on thdrackbdl. The center button on thé&rackball allowed theparticipant to
make entries on (aslew on)an aicraft. The right trackball button serveds a home dy that
would return the awsor to the enter of tre PVD when pessed.

2.4.1.3 Communications Configration

The communicationystem linked usvith the ATCS, SMEs, and simulation ggo We could
communicate with the simulation pilots and SMEs withostrdctingthe paticipant. The
participants madednsmissionsydepessing a handid thumb switch.

2.4.2 Software

ATCoach (LFA, Inc., 1992) softwre simulated the air tfac scenaios. ATCoach is a lgh
fidelity, dynamic ATC simulator thatenabéd arealstic desgn andcontol of airspaceand
scenars.

The Data Redttion and Anajsis (DRA) program redu@d simulation data providedb
ATCoach and intgrated the eta with information about the @pae and communiaion-events
data. The output of the DRAor enroute simulations contained detailed imf@tion on
conflicts, compleRy, errars, communications, and loadhe DRA provided summgrdata for
the entire simuldion or speific intervds.



2.5 Desion and Procedie

2.5.1 Experimental Desiqg

The main eperimental degn emplged a 2X 2 (load X involvemernjtwithin-subjects degn.
The ATCSs worked the pctice and eperimental senarios in aounterlalanced orde. Each
participant worked one okight condition orders foboth the pretice andexperimental
scenarios.We countebalarced thefour practice senaios for pesentation orgt. The ATCSs
worked the fouexperimental scearios in an orer counerbalamedfor condition ony.

Experimental scenariosaaired eithe A or M control ty the participant.Experimental
scenams were d either H. orLL. The quesbns hatrelate to charges in peformanceand
behavior & asfollow:

Does scannigbehavior differ aross eperimental conditions?
Do subjective workloadatings (ATWIT) differ acrossexperimental conditior®
Do SME raings differ across senarbs?

o o T p

Do responses to PSQs difeross senaios?
e. Do perfamance sores difer aaoss task load levels?

2.5.2 Dependent Masues

To evaluate theffect of tanges in loadand level of involverent on ATCS performarecand
behavior, wecollected @ta on e movements, worklad, SA, and pgormarce. The following
subsetions introdue thevariables mllected in therespective data ses.

2.5.2.1 Eye Movements

The varables catulated to chaacterize eye novenents wee fixations, saccades,ibks, and
pupil siz. To charactgze the visual-scanngpatten, wecalculaed measugs of conditional
information or structureSection 3.1 provides adthiled desdption of the bacground, results,
and discussion of theye movement meas@wments used in this styd

2.5.2.2 Air Traffic WorkloadInput Tehnique

An ATWIT device (Stein, 1985) recordesponse l&hcies €.9., times to respondnd
workload raings during dl conditions. The participant made arating on theATWIT device

evely 5 minutes.Before each eting, a tone alged the prticipant who then & 20 seconds to
make a worklad ratirg. The prticipants use@ sca¢ of 1 (low wakload) to 10 (hgh
workload). ATWIT is a eliiable andrelatively unobtrusive odine measug of subjetive
workload. Section 3.2 providea detailed desiption of the bakground, esults, and discussion
of ATWIT ratings and esponse lateries.



2.5.2.3 Situdion Present Assssmat Method

The experiment used the SPAM (Dursoatt, 1995). We presendd six queries (Appendi®)
during eachexperimental scenao ata rate averaging one evey 5 mnutes. We presengd the
gueries using a smulated landline. During each senaio, haf of the queresrelated to
conceptual infamation rgarding the pregnt situation, and half of the gues elated to
conceptual infamation rgarding future infamation. For example, a premnt quey was, “Which
aircraft currently has a highr altitude, USA335 or TWA790?A future quey was, “Which
aircraft will reach the MDLE intersection first, SWG321 or AAL237 No two queries askl
about the same arnaft. Each @rticular scerario dictated theraler d preent versus futwquey
types. We deweloped the quees in consultation with an SME and baseehthon information
consideredalevantand meanigful to the participantWe recorded the time it took the
paricipantto answe the landline, hen ead hemthe query, andrecorded heir answes. The
SMEs independentiscoed exchresponses corect or ircorrect. Section 3.3 provides
detailed desiption of the bacground results, and discussion of the SPAM.

2.5.2.4 Red Time Objective Paformance

The experimental conditions included sesakobjective ad subjective grfformance neasues
referred b as he Real Time Objective Rerformance(RTOP). The RTOP provideda means o
assess ATCS skill and strayeglhese measures wemeanimgful only in the A condition.The
data redation module can leak down prformancedata ly conflicts, compleiry, errar,
communications, and loaddnalyses involved onlya subst of these gformane variabks.
Section 3.4 provides a detaileesdription of the bekground,results, and discussion of the
performance measures.

2.5.2.5 Subject Matter Epert Rating Forms

All experimental scenarios involved both subjectavel objective SME ratgs. Two SMEs
made ratigs indepenéntly onratings forms (App&dix C). The SMEs provided on-line
performarce ratings usingtherating forms deeloped ly Sollenbeger, Stein, and Groefski
(1996). They derived the OTS items from the stand, on-the-job-training evduation form
(FAA Form 3120-2% normally used durig training Section 3.5 provides a dated desciption
of the baciground, analsis, and discussion of theting forms.

2.5.2.6 Recal

After eachexperimental scenao, the paricipans recalled the conénts of theairspace ast
existed when the scenaremded. They were to associa data blocks with theespetive beaon
returns as quicklandacairately as possible The exercise involvedll data blocks ass@ated
with aircrdt that wee in the airspee a otherwise undr theircontrol. They were toguess if
they were notcertain about a esponse.

Usingthe sane displaythat seved as the PVD, theparticipants sav a representation of the
airspae including beacon returns, \ecbor lines, anddade lines foreachaircraft located in their
exact position as when the scenaended.A bin at the bottom of the displapntained the aa
blocks involved in the estcise in random omsd. Using the tiackball, the pdicipant seleted a



data block from the binThey placd the data blk with the beaon return to wtih they
believed it belonged. Dark gray squaes indicated aeas h which to place dta blocks. They
used the left trekball button to select and la the dta blocks. The @rticipants use@s much
time as needed to comptahe task.Software recorced seletion, placement times, anesponse
accuecy for each da& block. Section 3.6 providea detailed dscription of the bekground,
results, and discussion of the Rlémeasures.

2.5.2.7 Questionnaires

The experiment included questionnaires to solicit dgnaphic information and opinions from
the participantsWe used three self-administered questiomsaadad from Willems, Allen,
and Stein (in press).

a. The Enty Questionnae (Appendix D) collected information about therticipants. It
included items relatingp ATCS experience, skill, stress, motivation, and health.

b. The PSQ (Appendik) solicited information from the participargbout eah particula
senaio. Itincluded items rdating to redism, difficulty, and performancefor a paticular
scenario.Section 3.7 provides a dated desciption of the bacground,results, and
discussion of the PSQ measures.

c. The Post-Egerimental Questionnaire (PEppendixF) obtainedyened opinions
from each paticipant regrding the experiment as awhole.

2.5.3 Procedure

2.5.3.1 Weekly Schedut of Events

Experimenters collected dafrom two paticipants eah week. ATCS #1 arrived on Tuesdga
morningandfinished the last simulation on &fnesdg mornirg. ATCS #2 went througthe
same schedulabut started \Btinesay afternoon andinished Thursdgafternoon. &ble 1
depicts the schedufer this collection proeduse.

2.5.3.2 Training

Trainingconsisted of classom and pretical handson trainirg. The @rticipant and the
experimental staff wes present for tle trainirg sessions.

With an SME, we conducted the classroom instructiéinst, we obtained vbal consent and
then informed the ATCS of theright to withdrav from theexperiment & any time The
participant then completeddlenty questionnag, and ve provided initial information about the
schedule okevents.We showed the @ticipant the oculomet to be won during all scerarios

and instrut¢ed tha we would record dl activities on videtgpe The SME brided thepartidpant
on the equipment used dugithe stug (i.e., ATCach, the Soft Computer Readounize
(SCRD), trackball, and landlipand the @nera secta, SOPs, antlOAs.



Table 1. Weekly Schedule bEvents

Tuesda Wednesday Thursday
Time | Event Time Event Time Evert
8:30 Welcome & Entry Q ATCS#1 | 8:00 Sim Review 8:15 Sim Review
9:00 Sector & Equipment Briefing | 8:15 Exp. senatio 2 8:30 Practice scenario 4
1000 | Break 9:15 Break 9:15 Break
10:15 | Practice scenario 1 9:30 Exp. scenario 3 9:30 Exp. scenario 1
11:00 Break 10:30 Break 10:30 Break
11:15 | Practice scenatrio 2 1045 Exp. senario 4 1045 Exp. senario 2
1200 | Lunch 1145 Exit Q & Debrief 1145 Lunch
13:30 | Practice scenario 3 12:30 Lunch 13.00 Exp. senario 3
1415 Break 13.00 Welcome & Entry Q ATCS#2 | 14.00 Break
14:30 | Practice scenario 4 13:30 Sector & Equipment Briefing | 14:15 Exp. <enario 4
1515 | Bresk 1430 Break 1515 Break
1530 | Exp. genario 1 1445 Practice scenario 1 15:30 Exit Q & Debrief
16:30 | Databackup 15:30 Break 16:00 Data backup
1545 Practice scenatio 2
16:30 Break
1645 Practice scenario 3
17:30 Data backup

After theclassroom instruction, the participargaged in hands-on trainig. A very simple air
traffic scenario (fiveaircraft) startel. The participant then adivated dl of the functions of the
SCRD and displs. Thesefunctions included the fiht plan eadout, routegadout, Jing, data
block updates (tempary andassigied altitude updatesgetor-line ength chamges, leader-line
lengh changes), and data blck handof and acepance. We demonstrated how thexhdline
worked. Once the prticipant understood how to uaé of the worksation functions, we
explained the function of the oculomete

Each paticipant ergaged in four 40-minute picticescerarios. We gave instructions peining
to the ATWT device AppendixG). The particimnt wore the culometer dung all practie
s@enaios to aclimate to its presence. Two SMEs indpendatly compleed therating forms
duringall practicescerarios. After each sceario, we removed tle oculometerand the
paticipant compldéed a PSQ. To gve the participant someexperience in usirg the human-
computer inteidce,we introdued the ecall pracedue at the endfahe fouth practi@ sceario.

2.5.3.3 Data Collection

Experimental data collection ban after completion of the fouh practie scaario. Before each
experimental scenario, theicipant received instructions about the speciftondition (A or
M), the ATWT device, te SPAM, and the oall proedure.



Before A conditions, thepaticipant ree@ived instrictions to ontrol trdfic asnormdly in the
field. Before M scenarios, thepaticipant recaved instrudions to simpy monitor thetraffic.
During M conditions, the participant couldp@m all functions that were onally available.
Theinstrudions for theM conditions wee intentiondly vagueto seehow thepartiagpant would
behave durig monitoring

Researchers informed thepartidpants tha the ATWIT device emits abrief tone every 5 minutes.
When the tone sounded, the participaat RO seconds to @ss a number on the touch-sensitive
screen indiating the curent level ofworkload. A selection of 1 would indica the lowest level
of workload, anda 10 would indicate thhidhest level of wekload. If the participant did not
make a seldion within 20 seconds of trederting tone, the softare automaticaly assgned a
ratingof 10.

The paricipantwas ako avare hat SPAM used orny one bndline duing the scearios and that
this landline served &lcoordnaion purpogss betveen the paticipantand adacentsectors or
centers. At various times, acall came over thelandline from the*Tech Center.” An intermittent
tone over a loudspéer rext to the ATCS workstation indicated an incomlagdlinecall. Once
the participant ansered tle landline ly pressig a key on the commungtions panel, wasked a
SPAM forced choie question. The participant had to anser the qery as quckly and

accuetely as posdile.

The preseration of the quey did not interupt the sceario, and the g@rticipant could usall
available information to answ the gestion. Each senario inclued sixqueries that occued at
approxmately 5-minute intervals.In addition to the sixqueries, we made theether landline
calls that required coadination of activiy from the paticipant. Coordination and quies
interminged to prevent thepartiapant from epecting aquely eah timethere was an incoming
landline call. Finally, the paticipant received instrations about the rett procedureat the end
of the sceario.

After we gave all instructions and answed ary questions, calibration of thecolometer legan.
We placed he ocubmeter on the paticipants head, and aalibraion seeenconssting of 17
numbered dots appeed on tle monitor. Following our instruction, the pacipant had to hold as
still as possible while lookingt each dot in turnWe then tested the ity of the calibetion by
havingthe grticipant look at a sulet of the 17 dotslf thecalibration was poor, weecalibrated
the oculometerlf the @libration was aceptable, the eperimental senario legan.

We began eeh experimental sceario with a short cunt down over theommunication gstem.
On our cue, th participant touatd the start button on the ATNWV device, and the simulation
pilots stated thesenario. An SME sittingto theleft of thepartidpant gave the participant a
position relief briefig. The lriefing lastedabout 30 seconds dugnvhich time the simulation
pilots did not make ancalls to the pdicipant. While the position relief briefigtook plae, the
second SME sittingp the ridnt of the particignt near th FPS by updated th FPS markimgs.
Once the befing wascomplete, the gécipant took full control of the smario. Both SMEs
remained in the room in ocedto complete theating form and core the SPAM queriesEach
experimental scenario lasted 30 minutes.
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The recall proedure took plee at theend of the senaio. The paticipant continued to wa the
oculometer durig the ecall procedue. We instructed that thegpticipant would se a
repregntation of the airsgee as it appared wlen the senarioended. All radarreturns, vetor
lines, anddade lines appared n their respetive and propr posiions as wherhe scerario
ended.We informed the prticipant that the prgram had pleed dita blocks fo all airaaft that
were in theairspae or othewise unde control at theend of the senaio in a bin at the bottom of
the displg. The participant s to placesach data block &ck into its proper position as quigkl
and accuraely as possible Thepartidpant could useas much timeas needed to mmplee the
recal procedue.

After the participant signded tha therecdl was cmmplde, we removed theoauloméer, and the
participant completed the PS@he rext scenario bgan after a beak ofapproxmately 15
minutes. We continuel theprocedureuntil the paticipant completed dl four experimenta
scenaros.

After compldion of theexperimentd scenarios, weall returnal to theclassroom wher¢he
paticipant compldaed thePEQ. We then debriefed thepartidpant by further explaining the
motivation behind the geriment and answed anyquestions about thexperiment.

3. Data Set Specific Aalyses, Results, and Discussions

To keep the badkound, esults, and discussion relateda@pecifc data set in cl@asproxmity
of one another, weeport them under Subsections 3.1 tlgfo3.7. We conducted multivariat
analses of vaiance (MAN OVAs) for ATWIT ratings, performance neasurs, eye mowements,
and questionnairesNe tested the Wks’ A stdistic usingalevel of p <.05. We repated the
equivalentF statistic. If the esults of the MANOMA were statisticalf significant p < .09, we
performed uniariate analyses of \ariance ANOVAS) to determinavhich of the @pendent
variables vere sgnificantly different acoss eperimental conditions\We based the sigficarce
of an ANOVA result on an adjusted alpha &wsingthe following formula:

alpha(oveall) = 1-(1-alpha(individual)} whee n is the numberfwvariabkes
or:
alpha(individual) = 1d-alpte(overall))*"

We reported thedjusted alpha lelwith eachanalysis. If theresult of an AIOVA was
stdistically significant, weperformed gppropriate post hodests to deerminewhich conditions
wereresponsible for th siquificane. Figure 2 depictsan example of the angbis pracess.

Other regarchers lave usel a nore lenientapprach wren nvestgaing the dfect of
manipulation on dependent vaies ly not adjustinghealpha level.Such a apprach mg
inflate the overall alphalevel but dlows researdiers to investigae trends in thedata. In the
current stugl, we follow such amppro&h to investigate trends.
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Figure 2. Statistical anaysis.

3.1 Eye Mowvements

3.1.1 Background

Researchrs hae usedeye movements m@viously to examine bebvior within the contekof
ATC. Stein (1992) defined visual @ening as “aystematic anctontinuous effort to@juireall
necessay visud information in order to build ad mantain acomplde awareness ofactivities
and situations which magffect the ATCSs &a ofresponsibiliy” (p. 3). Researcérs
recaynized g/e mowements as a @$ul measue for ATC as erly as 1975 (Keston, Goldbsg,
Rood, &Sulzer, 1975).1ssues of complety, cost,and intrusiveness havesulted inéw ATC
studies usingye movemats as a degmdent masure(Stein, 1989).

Stein (1992), for exmple, compad exyeriene (FPL vs. Developmeiat), taskload (L vs.HL),
and oculometer @s(Yes vsNo) in a hgh fidelity, simulated Terminal Rad Approach Control
(TRACON) environment.Results showed that busi&TCSs had shorteand mordrequent
saccaeds, and-PLs tended b make nore fixations han dd Devebpments. Compared ©
controllingair traffic without the oculometer, earingthe aulometerresulted in moreonflicts
for the Developmentas but fever conflicts for theFPLs.

Stein (1992) used threeemsues of e movements that arrektively unique: visuakfficiengy,

eye motion workload, and pupil motion workloa¥isual dficiency was theproportion of
scanningime sgnt in fixations. Eye motion workload was thevemlage degrees each second that
theeyes moved during thecourseof each sceaio. Pupil motion worklod was thecumuldive
difference ketween pupil diametrs foreach pair of sacessivdix ations. Results of the
experiment found a sigfi cant reétionship betweenye motion workload andgsformane

ratings. Specifically, peformance ratings decreaseds ge motion workload ncreased.Stein
suggested that the eye motion worklo@ measureis moresensitive to changes in peformance

than mean numbeff dixations or saccaeb alone.Overall, Sein’s stug provided support fothe
usefulness ofye movements as measue of ATCS behavio
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Stern et al. (1994) usexye movenent measugs and eamined the décts of time. They made
the important point that lookingoes not impt seeiry, uncerstandig, or rememberig. One
must exract information from a dispyeand store that infonation for late use. Stern and
colleaggues also Wpothesied that missed siwl detection mabe attributed petly to what they
termedgaze control indficiencies (eg., increases in rads of e/e blink, eye closues, sacaces,
and head moveent). Furthermore, using a fppothesis similar to that proposed Bills (1931),
he suggested that blocks (i.e., o&leep or dydreaming) result in attention begrdiverted avay
from theprimay task. The opeaator must the attempt to inhibit @&tendingto irrdevant or
distractingparts of the enwionment and maintain émised attentionHe proposed thatye
movements should refleaty development oéye gaz inefficiency.

In ther experiment, Stern et al. (199Aad the paicipants monitor a low-fidelt radar disply
simulation. The participants watchddr untrackedaircraft (aircraft without an assoated data
block), loss of altitude information from the ddmiock (inoperative transpord), and sepration
conflicts (arcraft a& sanedtitude). They usel dectro-oculayraphy in conjurnction with avariety
of paformancemeasures. Results showd a significant effect of timefor numeous ge blink
measures sudhs blink rategye-closirg duration, 50% window dwation, blink flurries, and
percent o blinks that were @t of a flurry. Additionally, they founda significant derease in
saccad rate andan increae in fixation duration. All of these &fects supported theypothesis
than decrements in dtention ocur over time. This present study useal measures related to the
charateristics offixations, saccades, blinks, pupil siand measures that igtate the ge
movement and simuldor daa.

3.1.2 Results

AppendixH contains detailed information reddtto visual scannmvariables andanalysis
results. Section H.1 presents the visuahsnirg variabkes (Tabke H-1) and a @tailed desdption
of these vaables. In Section H.2, Tlales H-2 throgh H-23 corain the full results of the
inferential statistical anasgs. In Section H.3, Talels H-24 throgh H-62 contain theesults of
the desaiptive stdistics.

3.1.2.1 Genea Eye Movement Charateristics

Two types d MANOVAs examined chages in visual scanngn Thefirst MANOVA addresed
visual scanninglifferences acoss scearios and waa 2 X 2 (involverent X load) epeated
measures aitysis. The second MNOVA addressed the diffrencesacross 5-minute inteals
and was a X 2 X 6 repeatedmeasues MANOVA (involvement X laad X interva). Fora
detailed brek down of the dpencent variables yloadand involvement, se€able 2and
AppendixH.

The anayses d the gze movement dataovered fouraress. First, theanalsis of general eye
movement chaxcteristics involved the invegttion of theeffect of the nanipulation of the
independent vaables on the drecteristics of fixations, sacades, blinks, and pupil €z These
are bast visual scannigvariables. Second, te anaysis of fixations across &me plaes focusd
on how the manipulation of the independl variablesltered tle number and dation of
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Table 2. Variables Used® Assss Geneal Eye Movement Characteristics

Variable Characteriic Tables in
Apperdix H
Saccades Duration distaace, amdl eye motion workload H-24 to H26
Fixations Number, duation, area, ad visual efficiency H-27 to H30
Dwells Number, duation, and area H-31 b H-33
Blinks Number and duation H-34 ard H-35
Pupil Diameter and pupil motion workload H-36

fixations for each scenplane.Third, the aalysis of fix ations across radscope objets looked
at manipulatinghe indepadent vaiables on object-tsad fixation chaacteistics. Finally, the
analsis o the conditional information indices inveggdted hov manipulation of the indepeadt
variables aters the stucture in the visualscan. Analysis on £enaio-based sumary variables
investigated theeffects of manipulation of loaand involvement, wheeas 5minute interval-
basal andyses further investigaed theeffed of time

Gened eye movenent chaacteistics included vaables without rgard for the sere plane or
object at which the ATCS looked dble 2). The anayses did not include visual efiiengy, eye
motion workload, and pupil motion workload becaas erlier stud/ (Willems et al., in press)
demonstraed tha these variebles were not nsitiveto thelevel of manipulaion usel in this
experiment.

3.1.2.1.1 Scenaro-Basd Analses

Usingthe sacade duation and distancand the fixtion number, duration, and distanthe
results of the MANOM indicated that ineasimg load sgnificantly altered thesye movenent
charateristics (Table H-2. None d the individual depereht variableselated toeye
movements showed agsificant effect of load o involvement manipulation (Table-B).
Howeva, this is applied reseeh. Usingap < .01 and MAIOVA is a wery consenative
approach. Many reseaches prder going directly to ANOVAs and using < .05 as theegion
for rejecting the null hypothesis.This may prodwce moe significant findirgs, which eflect
Typel eror, but it lowers theisk of missingsignificant differerces that should beddresed
(Typell erra). Thes aretreated belowas trends or indators, wheeas othes may interpret
them as significant differences.

At an alpha led of p < .05, the acade duation showed a#&nd towads an incease uner HL,
A conditions (fgure 3. See Eble H-24for a cttailed brekdown of acade duation by load
and involvement.

The chages in load and involvementfected none bthe other gneral eye movenent
charaderistics (p < .01). Tables H-24 throgh H-33 preent a detailedfeakdown of sacade
duration and distanceye motion workloadfix ation number, duration, andea, visual sanning
efficiency, and dvell number, duation, and aa byloadand involvement.Note that the
analses ony included sacack duation and distancand fixation number, duration, andes.
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Figure 3. Means and staraiid deviations of sacade duation by load and involvement.

The second MAIOVA indicated that involvement sigfi cantly affected the vambles often
assocated with workloal and mgnitive adivity (TableH-4). To mantain an oweral alphalevel
of p < .05, the adjustealpha level vasp < .017.

None of the individual deperdt varables showedn efect of the load or the involvement
manipulation (Table H-5)Tables H34 throwgh H-36 pesent a dailed beakdown 6 blink
number and dation and pupil diameterydoadand involvement.

3.1.2.1.2 Interval-Basd Anal/ses

MANOVASs on intenal summay variabks investigated theffect of time. The MANOVAs
focused on figtion, saccde, and blink and pupil rated vaiables, espectivey. For a dtailed
break down bthe degndent varables ly load, involvement, and time, see Taldt&4 throwgh
H-43.

The MANOVA on fixation-related vaables included figion number, dwation, and aa and
indicated tha time significantly affected fixation characteristics (Teble H-6). With three
dependent variables usel in themultivariate andysis, theadjusted dphalevel to mantain an
overall alpha legl of .05 wes .017.

The subsequent ADIVAS indicated tht time sigificantly affected all fixation-related ariables
usa in themultivariate andysis (Table H-7). There was atrend visiblefor the interadion
between theeffects of loal and timeon thenumbe of fixations. Thefixation durdion showel a
trend bwardsan efect of load and rarginally for an nteracion betveen he effects of
involvement and timeThe following paragraphs discuss theffects of time in moreeail.

Time siquificantly affected the numlreof fixations [F(1, 15) = 13.825p < .01)] Tukey’'s post
hoc HSD test rewaed that the numbef fixations duringthefirst 5 minutes of the simulations
was sgnificanty higher than dumg subsegent intervals. There was a tend bwards a
interaction beween theeffects of loal and time Figure4 shows thiathe numler of fix ations
depends on time
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Figure 4. Number of fixations by time and loal.

Thetime dso significantly affected thefix ation durdion [F(1, 15) = 19.004p < .01] Tukey’'s
post hoc HSD test indicated that theafign duration was sigficantly shorter dung the first 5
minutes of thesimulaions. There was atrend towards a interaction beéween thelevel of
involvement and the time (§ure 5). Thefixation durations were Iager durirg monitoringthan

duringadive control in dl but thefirst 5-minuteinterval.
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Figure 5. Fixation duration ly involvement and time
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Findly, time affected thefix ation area significantly [F(1, 15 = 7.496,p <.01]. Post hoc Tuke
HSD tests showed that fitons were more stableq indicaed by a smaller eea covered die to
small gze mowements) in the first 5 minutes of thees@rios than in subseques- minute
intervals (Fgure 6).
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Figure 6. Fixation area by time

The MANOVA on sacadecha@cteistics included samde duration and distae and indieted
an interaction of th efects of load, involvemnt and time.lIt is of little practical @wue, however,
to describe the simpldfects of the 3-vay interaction. Due to the 3-wsinteraction, one should
investigate the simplemain effeds and thesimple2-way interadions. To stud/ simpleeffeds,
one holds one of the indepdent varables at @onstant level and looks at theimeffects and
the 2-wg interactions of the otlrandepenént variables.The reason for inestigatingthe 5
minute intervals is to look at the time dependeoicthe efects of tke two main indeperant
variables, loadand involvement, on the depeand varables. Theanalsis of simple efécts of
time investigited the time degmdeny undereach é the fourconditions involvingoad and
involvement. The effect of time vas siquificant under taLL, A condition ony. Load
manipulation sgnificanty affected sacadechaactristics durng intervals 3 trough 5, wheress
involvement had an fdct duringintervals 2 through 4 (@ble H-8) To maintain an oerall
alpha level of .0%or the ANOVAs on sacade duratiorand distance, thadjusted alpha el
was .025.

A 3-way interaction existed for sacade duraion (Table H-9). It is of little practical use to
describe the simple effects of the wnteraction, and w focused on the simple eficts of time
(Figure 7 and FHgure 8). The effect of time was signifiant during theLL, A, and theHL, M
condtions. Load nanipulation sgnificanty affected he sacade duaton durihgintervals 3 and
5. Manipulation of involvement adicted the acade duation durirg intervals 2 throgh 4 and
interval 6. Saccade dations wee longer on aerage fo A condition durirg those segents.
Table H-51 displgs a cetailed beakdown 6 the values bsacade duation by load,
involvement, and time.
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Figure 8. Saccack duration g time involvement.

Only time afected sacace distanc€Figure 9, TableH-10). Mean sacack distanceharges
between intervals, but no trad is visibleby time. Keep in mind thathe saccade durations wee
longer duing seveal sgments. It appears that ATCSs moved theigyes somewat slower vinen
actively controlling than when monitorirg traffic.
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The MANOVA on blink and pupil charcteristics reeakd that manipulation of the indepemd
variables did not &ct blink numberand duration or pupil diametéTable H-11).

Theliterature on mentd workload indicaes thd thenumbe of blinks and blink durdion may be
indicators of the amount afbgnitive activity. The curent results do not seem to agree with
what other eseachas havefound. The ANOVAS on blink numbeand duration fether
investicated theeffect of load, involverent, and time. The ANOVA on blink duration did not
show asignifi cant éfect of time. The plots of blink duréion by load and timeshow, hovever,
tha thereis aclea separation between the means fa thetwo levels of load. This s@aration is
visible for all 5-minute intervaldqgure 10). Therdore, althogh the ANOVA does not shova
significant difference in blink durdion dueto loal, blink durdion still maybeavaluable
indicator of workloadjiven a lage enogh numler of the @rticipants in an eperiment.

3.1.2.2 Scene Panes

The introduction of this new indepesrat variabé enabéd the anajses of the effets of the
independent vaables on figtion charateristics distributed aoss scee planes.Theadditional
independent vaable to investigate fetion charateristics ly seene plane inclued eght levels:
radargope, flght strip bay keyboard, track ball, ATWT, CRD/QAK, map, ad landline.

3.1.2.2.1 Scenaro-Basd Anal/ses

For the senarb-basedanalyses, dlsene panes defined in the ATCS work envronmentformed
the levels of he sene pare varable. The dgpendentvariables in theseanal/ses were the
number and dation of fixations. The anajsis was a 2 X 2X 8 (load X involvement X &ene
plane) epeated-meastes MANOVA.
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Figure 10. Blink duration ly load and time

None of the indegndent vaiables sgnificantly affected the numberfdixations (Table H-13).
The interation between theffects of sene phne and involvement on tffi@ation duration was
significant (Table H14). The simple-&ects aalyses showed that involvemengsificantly
increagd the fiation duration for the CRD/QAK and ¢hmap F(1, 15) = 33.48&ndF(1, 15)=
18.707 respectivg| both atp <.025, Fgure 11]. Tables H-37 ath H-38 displg a cetailed
breakdown bthe number bfixations and the figion duration respectivelby scere plane ly
load and involvement.
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Figure 11. Fixation duration (msec) on the CRD/QAd6d the map dispyaby involvement.
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3.1.2.2.2 Interval-Based Anal/ses

Theandyses of the effects of timeand s@&ne plane on the numbe and duation of fixations ony
included he radrscope and fight strip bay as sene pares. The £enaio-basedanalsis had
alread shown tfat these two ®me plaes take up 92%fdhe number Dfixations. The
introduction of the time variable incressthe numberfalegees offreedom neeed forfurther
andysis. Limitation of thenumbe of levels of thescene plane variable enabled interval-based
analsis. The anaysis wasa 2 X 2 X 2 X 6(load X involvement X sene plae X inteval)
repeatd-mesures MANO/A.

The MANOVA on the eféct d load, involvement, time, andeste plae rewealeda 3-way
interaction between load, involvement, and timak(€ H15). This interaction does not provide
further insght into how the scene gmhe vaiable altes the numbeand duration ofix ations. The
investigation, theefore, omits the angsis of this inteaction. The MANOVA results indicate
that the ony significant intelaction that involves the scemplane ariable is etween tle efects
of thescene planeand thetime variables [\ = .027,F(10, 6) = 21.454p < .05] Univariate
analses of the numlyeand duation of fixations also showed a sigicant inteaction betwen
scene plaa and time (&bles H-16and H-17, espectivey). To find differences in figion
charateristics betveen sene plaes is not surprisingiven the fect that the ATCS priontis on
the radascope. The ATCS furthermee followed tle experimental instructions (i.e., the ATW
device should not interfewith controlling traffic) and, theefore, looked at the ATW device
only when needed. Thesimpleeffeds disaissel hee address theeffect of time pe scene plane.
Theinteradion beaween theeffects of ene plane and timeon thenumber of fixations pe sene
plane was ghificant(F(1, 15)= 13.036,p < .025).

3.1.2.3 Radar Scope Obgts

The radrscope objects included theystemares, other static objs, radr retuns, and dat
blocks.

3.1.2.3.1 Scenaro-Basd Anal/ses

The MANOVA on the object-bsed fixations indicated that the load, involvement, and cbje
independent vaiables dl had significant man effects on thefixation charaderistics (Table H-

18). The objects usedere system aea (SY), otlr static objets (ST), radr return (RR), and
data block (IB). The efects of load and involvementane only visible for the fixation duration.
The sgnificanteffect of object[A = .003,F(6, 10) = 587.343p <.05] persisted in the univariate
results. ANOVAs on fixation number and dation further inestigated the féect of object on
fixation charaaristics.
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The number ofix ations varied widel between radarscope objects Figure 13. A post hoc
Tukey HSD test reealed that the was no sigiificant differene between the numbreof
fixations on the gstem aeaand other static obgts. The numbe of fixations on the rada
returns diffeed from the numberfdfixations on the data blocks, thgstem ar@, and othe static
objects. Most fixations had the radaeturn and the d@a block as theitarget. The ATCSs
focused on} few fixations on the ystem aeaand other static obgts like airports and
intersections.They focused more onatia blocks than onada retuns.

Load sgnificantly decread the fixations duration on the radacope olgcts F(1, 15) = 22.42,
p < .05, Fgure 13]. The most pronounced desse in fixation duration was visible for the
fixations on the gstems eea. Active controlalso significantly redued the fixation duration on
radargope objets (RFgure 14).
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Figure 12. Number of fixations by radar scope objet.

600
500 / —
400

ol . /

20 \/

100

Fixation duration (msec)

SY ST RR DB

—e—Low —=—High

Figure 13. Fixation duration ly radarscope objects ly load.
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Figure 14. Fixation duration ly radarscope object ly involvement.

The fixation duration differed gnificantly dependirg on the adarsope objet on which the
ATCS fixated. This result does not come as a surpribke objects with most releat and
complexinformation for the ATCS are thada returnand the datblock. Figure 15 displgs
the aveage fixation durations #p radascope olgct. Thefixation duration on theystem aea
shows a lage standrd deviation betweeATCSs. The number ofix ations on the gstemarea is
very small in comparison to the numbdrfixations on the radaeturns and dta blocks. This
mayexplain someof thevariability of the fixation duradions. Thefixation durdions on theaadar
returns and theatia blocks are vgrsimilar (i.e., appoximately 500 msec).A post hoc Tukg
HSD test revead that the figtion duration divided the four objects into t@wups. Thefirst
group consisted of theystem @aeaand the other static adgjts with relativelyshort fixations of
approxmately 200 msec.The secondjroup consisted of theda retuns and the datblocks
with an aveage fixation duration of 500 msec.
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Figure 15. Fixation duration ly radar scope object.
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3.1.2.3.2 Interval-Based Anal/ses

The sceario-bagd anayses had akad/ shown hat there were few fixations on dber satic
objects and theystem. It hadalso shown that the duration of #ions on other static objects
and the gstem ar@a were shorér than thefix ations on the radar retas and the datblocks. The
limited numbe of fixations on othestdic objects and thesystem areawould prevent afurther
breakdown I time. We theefore used thehamcteristics of figtions on the radaeturn and the
data block as he kasis for he interval-baed anayses. Given he factthatthe arcraft
representations @rry most of thenformaion rdevant to theATCS, this sems alogical
restriction.

We will not discuss interactions or main effects that did not involve the object edredduse
Section 3.1.2.1.2 presented tha@ssults. The objet-basd anaysis of 5-minute interal data
sinded out fixations on radareturns and dta blocks. The MANOVA results (Tabléd-19)
indicated that the &fcts of lad, involvement, and time on &ton characteristics interacted.
This 3-wg interaction did not involve object variabland we did not addss it furthe We
have discussed this 3aywinteraction effect on fiation charateristics in Section 3.1.2.1.Zhe
MANOVA results further indieted two 2-vay interactions. The first interation was betwen
load and time.The other interaction involved the effects of involvement and tivde.did not
discuss these 2-wanteractions hee beause thy did not involve the object vable. The main
effects of objet and timewere signifi cant.

The unvariate analyses revealed hatthe nain effect of objectwas spnificantfor the nunber of
fixations [F(1, 15) = 7.951p < .05, Tabledd-20]. No interations that involved the object
variable eached ginificance. Section 3.1.2.1.2 presents the effect of timg@areral fixation
charaderistics. Therdore, timedid not dfect thenumber ad duraion of fixations on raa
returns and datblocks diferently.

3.1.2.4 Structure

The probabiliy that an ATCS looks at object &ter lookirg at object A is an indication of the
strudure or pralictability of thevisud san. Thetransition probaility from A toB is the
probability of looking at object A followed ¥ looking at objectB. The® transition probabilities
also @ by the rame of first ader Markov elernents. The calculation of the conditional
information indices uses the prokabilities of fixations to fdl on two objets in sguence and
weighs this with the proportion dix ations on these objectd.he conditional information index
is an indicator of the le of structue in the visual scanThe conditional information indeanly
looks at a sequence involviigo fixations at a time.The indices will hag values that increas
when the visual scalavorsfix ations in a certain orde Valuescloser to ero indicate éss
structure in the visualscan.

To investigte the exstence of peferred fquenes of objets, we @lculateda conditional
information indexbased on the object gat (COB). To investigate the psene of tunnel
vision, we calculated conditional information indelzsased on the distance betweeritfons
(CRA). Theprobailities of fixations followingfixations tha bdong to thesame distance group
form the basis for this measur
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Hilburn, Jorna, Parasuramaand Byrne (1996 have ued entrop in the visual san basd on the
transition probailities béween ares on theradarscope. To investigde this gproad, we
calculated theonditional information indekased on the location of tiente of the fixation on
the radascope(CBX).

Coveringtheentire arspae in the visual scan is ond the comernsamongATCSs. We
calculated theonditional information indekased on the distancetveen the cerdr of the
fixation and the center of thedascope(CRI). The CR indicaes if ATCSs are merlikely to
focus on aeas aequaldistancedrom the enter of he radrscope.

To investigte the efect of laad and involvement manipulation, wenducteda 2 X 2 (loadX
involvement) repated meases MANOVA. Dependirg on sgnificant dfects of the
MANOVA, we conducéd ANOVAs on eah of theconditional information indices.

The MANOVA showed that loadnd involvement intecded in their &ects on the four
conditional information indices\ = .156,F(4, 12) = 16.172p < .05, Bble H-22. The
multivariate simpleeffects reveded thd theeffect of load was significant indgendent of the
involvement level \ = .306,F(4, 12) = 6.816 for monitorgnandA = .143,F(4, 12) = 17.934or
active contol respectvely, both atp <.05]. The efect of involvement s only significant
under high load conditiong\[= .104,F(4, 12) = 25.734p < .05]

The COBshowed an inteaction betwen the éfects of load and involveemt (TableH-23). We
therefoe investgated the simpleftects (i.e., the déct of load while holding involvement at
either M or Acontrol and vice &rsg. Theeffect of load on the stature in the visual s basd
on objects was gnificant under both M and A conditionB(fL, 15) = 9.947 ad F(1, 15)=
76.643 respectivg| both atp <.05]. The efect of involvement s only significant under hgh
load conditionsf(1, 15) = 24.556p < .05]

Figure 16 pesents the vaks for the objet-based conditional information indexThe structure
in the visual scan degases with an incease in loadUnderHL conditions, A controladuces
the stucture in the visualsan.
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Figure 16. Object-bagd conditional information indelsy loadand involvement.
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The univariateANOVA indicated that ony load hadh significant dfect on the CRA

[F(1, 15) = 12.802p < .05] With an increase in load, the stture incea®d Figure 17).
Although the CBX indicated that the was more structte in the visual scawhen baed on
position on the radarscoperewas no diférerce in the X due to manipulation of load o
involvement levels.The manipulation of load and involvemertimo efect on the CR
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Figure 17. Rarge-basd conditional information indeky load and involverent.

3.1.3 Discussion

Manipulation of load and involvement did notedt the gneral eye movementhamacteistics
significanty. Although the sacades ended b lastlonger with HL and Acontrol, this is notin
correspondncewith a saccae distance.The literatue on saccadeharacgristics suggests that
saccad duation stongy carrelates with sacade dstance. Thefact thatwe dd notfind an
effect of the manipulation of our ikgendent ariables on secade distane makes the &nd in
saccad duation suspect

Willems et al. (in press) were able to investigate theffect of time due to aonfounding effect
of traffic build up in the first 15 minutes of their simulation scenaridse current stug
eliminated the confoundgneffect of trafic build up ly providing ATCSs with traffic similar to
wha they experienceduring ardief briefing. The data andysis shows thatime affects theeye
fixation characteristicsDuring thefirst 5 minutes of a 30-minute ecario, theATCS has more
fixations that are both shorter and momb#t. A possible eplanation for this phenomenon is
that a consideble amount of val information trasfer tkes plae durirg the elief briefing.
The ATCS mg not need to retreve as muh information from theadascope duing the first 5
minutes than duringubsegent intervals while building an internaéd model or pictwe.

Time dfected thesacade durdion duringLL, A and HL, M conditions ony. Although time
alters the sacack distance, here is no consitent trend vieible bwards an ncrea® or a écrase
in distance.

The ATCSs spent most of their &itons on the radarscopad the flght strip by. TheA
condition increased éhduration of fietions on the CRD/QAK and the magsificantly. Given
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the priorities of theATCSs, it is not surprising find differences in thenumbe and duation of
fixations dependingn the scea plane.

Most of the fixations on the radarscopecused on ta radxr return and the da block.
Increasingload resulted in shontdix ations on radarscaobjects. Under M conditions, the
fixations wee shorte than under A conditions. Willems & a. (in press) sugest tha longer
fixations indicate more caifive pracessig. The results, therefore, indicate that, unddr,Hess
processig takes place durga fixation on an individual target than unddr. Similarly, under
A conditions, more procesgjtakes place than under bnditions.

To determine the stature in the visual sm, we hae usedour indices @rived from the
conditional information indexEllis and $ark (1986) first introduced the conditional
information index. This index indicates the predictability of the visud san. If thevisud scan is
completey random, the conditional inforation indexis equal to zeroWe can see differaes
between theonditional information indices depding onwhat forms the &sis for the
calculations. If one calculates thetransition probailities béween locations on theadarsope
there sens o be nore stucture in the visualscan. The stucture in the arspace s mosty
responsible for this resultt indicates tht it is verylikely that anATCS searchs the adarsope
in a pattern basl on location on the scepathe than segances baircraft or distances éiween
fixations. There is, however, no ddrence in theadarscoge position based on the conditional
information indexbetween conditionsUnder H_, the distribution of fbations between
radargope objects was morandom than unddrL. TheA condition increasethe mndomness
in the visual scan onlunder the H. conditions. Under H., ATCSs weredss likely to follow a
pattern of fixations based on the distanisetween fixations.

3.2 Air Traffic WorkloadInput Tehnique

3.2.1 Background

In this regarch, we used the ATWT to stug/ the ATCS pereived wakload. Stein (1985) first
introdued ATWIT, which is an onlinemeauretha requires ATCSs to indiete, at sd times,
their pereption of their carent wakload. ATWIT is, theréore,an instantaneoug@be that
investicates oerall peceivedworkload. Contray to the NASA Task oad index (TLX) (Hart &
Staveland, 1988), faaxample, the participants do not need tedi down theiworkload ly
origin. Anothea advanage of theATWIT over post-senaio ratings of workload is that ATWT
asks for input durig the simulation instead of gghg on ATCS memay during the senario.

3.2.2 Results

For the adyses of the onlinevorkload masure ued in this stug, we ugd both the workload
ratingand the latecy. See the takls in AppendiX for details of thesanalyses. The lateng
indicates how long took an ATCS to respond to the ATW device. We analzed ATWIT
latencies andatings with a 2 X 2 X 6 (lad X involvement X interal) repeatedmeasues
MANOVA. Significant inteactions wee found forload X involvementf(2, 14) = 24.65p <
.05], load X interval F(10, 6) = 6.34p<.05] and involvement X intead [F(10, 6) = 15.52p <
.05]. We further investigted tte siqnificant interatons with an ANO\A procedure. The first
set of ANOVAs examined the load X involvement inteteon for ATWIT latercy.
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The MANOVA on ATWIT rating and laency by load, involvementand time indicated that the
effects of the indegndent varables interated in pairs.The 3-wa interaction was not
statisticaly significant. Load ony affected the ATWT chaiacteristics under A conditioné\[=
148, K2, 14) = 40.359 <.05, Tabld-1]. Load afected the ATWT chareacteristics
throughout the siX6-minute intervals.lnvolvement akected the ATWT charateristics unde
bothLL andHL conditions [\ = .442,F(2, 14) = 8.837 and = .131,F(2, 14) = 46.296
respectivey, both atp < .05, Tabld-1]. Involvement also décted the ATWT charecteristics
throughout the siX6-minute intervals.

Figure 18and Tabld-4 pregnt the meanand SDs of ATWT ratings aross load, involvement,
and timelevels. All 2-way interactions weresignificant for the ATWIT rating. We use simple
effects to investigte when ATWT ratings differed. Although the 3-wg interaction was not
significant, Table I-4 provides a beakdavn of the ATWIT ratings by conditions.
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Figure 18. ATWIT ratings by load, involvement, and time

Increasingoad caued an increas in the average ATW rating under both M and A conditions
[F(1, 15) = 6.882 an#(1, 15 = 74.447 espectivey, both atp < .05,Table }2 and Fgure19].
Active condition scem#os received hgher ATWIT ratings than monitoriig conditions undekL
and H. conditions F(1, 15) = 18.855 anB(1, 15) = 95.018espetively, both atp < .05] The
increag in workload estimates duo an incease in loadvas hgher unar A conditions than M
conditions.
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Figure 19. ATWIT ratings: Means and SDsydoadand involvement.

The effect of load on theATWIT rating interacted with thetime variable [F(1, 15)= 4.900,p <
.05, Tabld-2]. For all intervals, an inea® in load led to an imea® in pereived wakload
(Figure 20). As thefigure indi@tes, therewas alarge variability in raings beween ATCSs. It is
also ckar hatthe ATCSs fek thatthe scearios weke causing only modeate workload.
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Figure 20. ATWIT ratings: Means and SDs by loaahd time
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The efiect of involvenent and time interaed [F(1, 15) = 13.180p <.05, Tabld-2]. ATCSs
rated the perceived workloadgher under A conditionsnder Mconditions, the workload
remained consht over time.Under A conditions, the workéal slowy increags over time
(Figure 2).
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Figure 21. ATWIT ratings: Means and SDsytinvolvement and time

Only involvement haa siquificant dfect on the ATWT lateny [F(1, 19 = 6.574,p < .05,
Tablel-3]. The ATCSs took longer to respond to thEWIT under A conditions than under M
conditions (kgure 22).
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Figure 22. ATWIT latency by involvement and time
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3.2.3 Discussion

ATCSs atimated ther workload every 5 minutes. Theinstrudions to thepaticipants wee very
specific as to howve expected them toespond, emphasizinipat the wokload estimate should
beinstantaneous. Theinstrudions dso renforced tha estimated workload was notequivdent to
load. The instructions provided the pigipants with cleaanchas for sveral kevels of
workload, dl related to beéng able to complee thetasks & hand.

The efiect of ircreasingoad and chnging the level of involvement interactedth time. The
participants indicated that theiorkload was hicher unde HL. Perceived workload was also
higher urder Aconditions. The ATCSs did not perceivediL as poducing hidn workload.
Even for theHL, A senario, theaveiage ATWIT rating was appoximately 6 on a 10-point
scak. During thedevelopmentof the smulation scearios, he SME had ndicated hatthis
scenam would produce ahigh workload. Thereareat leasttwo possble explanatons for his
result. First, ATCSs often undestimate their worklad. The ATCSs have &ando” attitude
tha has hdped them survivein thecurrent ATC systan. Underestimaion mayhave contributed
to thelower than expected workload estimates. The ATWIT ratings indicated that ATCSs ony
perceived a moderate w&load. A second eglanation mayie in thecomposition of the generi
en route airspce tlat we used in this @eriment. To allow ATCSs to familiarie themselves
with thearspace quidkly, we built asimplearspae. Although our SME indieted that theload
was hidh, this mg have rdated to theleve of traffic morethan expected workloal duwe to the
combined arspace and ttaffi ¢ load.

Under M conditions, the estimated woratbwasconstant over timeUnder A conditions, the
estimated workload slowlincreased ogr time. This result would favothe M conditions
because it sams to eliminate the fefct of time on prceived workl@ad.

3.3 Situaion Resence Assessant Method

3.3.1 Background

Unlike eye movements in ATC, eonsiderald amount of eseach dfort hasrecently focused on
SA in dynamic ystems. Although varied @finitions have ben proposed toapture tle essece
of SA (Endsle, 1988; Facker, 1989; Maford, 1994; Pew, 1994there iscurrently no agreed
upon definition. Tolk and Keether (1982) thght of it as theability to envision the cuent and
future disposition of both red and blagcraft and suface thrats. Endslg/’s ddinition of SA is
more genml and wialy cited: “...the peception of the elements in the eromment within a
volumeof time and spae, thecompreéhension of th& meaning, and theprojection of ther staus
in the near futwe” (p. 3). Regardless of which dfinition is used, most resedras aree that the
perception and urastandig of elements in the prest situation is an important process in
maintaining SA. Furthermore one must usehis informdion to prelict and antigpate future
evens.

The resarchers lave also used amy different methods to measuhow opestors dewlop and
maintain SA. The gamut of SA meases includes both subjective and @tijve tehniques.
Previously enployed neasures nclude physiological measues such asye novenents (Moray
& Rotenbeg, 1989; Wierwille& Eggemeier, 1993), \erbal protaol analysis (Ohremus &Biers,
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1993; Sullivan &Blackman, 199)1 retrospectiverecall (de Groot, 1965; Kibbe, 1988ating
techniques (Rei& Nygren, 1988; Talor, 1990), memky probes Endsley, 1988), and ottine
queries (Dwso et al., 1995)Most of theg techniquesdve cemonstrated some dece @
validity and ustulness.

The curent experiment took place within thealm of a hyh fidelity, simulated ATC
environment.The tehnique to assess SA wag tBPAM (Durso et al., 19955PAM provided
a means to assess SA without disrupongtherwise sgnificantly charging the ATC task as
performed in thefield. Initially validated in an experiment usirg chess plyers & the
paticipants, SPAM Howed thepresentaion of queies usingalandline Thus, thepartiapants
answeed queiesin theSPAM just & they would when coordinding adivities béween thar
sector and other djagent sedors or failities.

SPAM does not requiredeang or stoppingthe £enaio to collect data.Resarchers lave
criticized techniques tha assess SA ly freezing thesimulaion like the Situgion Awareness
Global Assessment Technig(SAGAT)(Endsle, 1988)for its intrusiveness and possible task-
alteringqualities (Sarter & Woods, 1991Furthermoe, such techniques use memprobes
that require the goticipant to reall information to provide respons. Proportion corect seves
as the deperaht measuren memoy probes like SAGT. On the othehand, the SPAM
techniquedlows thepartidpants to usedl information available to them becauseit does not
freez the £enaio. Rather hanassessig memory in and of iself, SPAM assesss he
participant abiliy to find orextrapolate information from thenvironment and,dmce,response
time (RT) is the dependent amure. The distinction between SAGA3and SPAM is an
important one especially when consideringtasks where memory for verbatim informaion is not
critical and mg be detrimental to péormarce Bissekrt, 1971; Gronlund et al., 1996).

3.3.2 Results

We conducted thre sepagte analyses on the aa colleced from the SPAM.See the talgls in
AppendixJ for details of these afyses. The first anajsis examined the time it took the
participants to answehe rirging landline. This landline lateng measue sered as aesconday
workload probe.We investgated tle efect of the independnt variablesand the ype of question
with a 2 X 2 X 2 (load X involvernt X question tpe) repeatd-meastes ANOVA.

The ANOVA resulted in a gnificant load X involvement intaction [F(1, 47) = 17.47p < .05]
There vas no efect o either load oquestionype. Simple-effects ANOVASs reveakd that the
load X involvement interaction @ due to load within the A conditioR (1, 47) = 15.91p <
.05] and involvement within the IHcondition F(1, 47) = 87.52p < .05, ®ble J1].

The secon@nalysis concerned the time it took us to quére mrticipant. We conduatd a 2 X
2 X 2 (load X involvement X gestion ype) repeated-mesures ANOVA to ensure tat queries
were d equal legth in all conditions.We found no sigificant dfects (Table 2). Therefore,
the mean legth of the quaes was equivalent durig all conditions.This findingis important
because it ggpests that theasticipants did not have meoor less time to considarquey during
any particular condition.
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Thethird andysis of theSPAM dda addressal the man intent of theSPAM mesure (e.g., to
determine the qualitof SA under various conditionsReaction time to answer the SPAM
showed a gnificant 3way interaction betwen load, involvement, and gation ype [F(1, 47)=
12.75, all ap < .05, Table-B]. To interpret the results,avwnvestigated simple eftts broken
down by type d question.

The smple-effects aralysis of the preentquesions ndicated an mteracion betveen badand
involvement. To investigte theeffects on the RT, ewconducéd simple-simple angbes wlere
we dealt with thre independnt variablesWe held the first indepeneint variable (te type of
guestion) constantSubsequengl we helda second indegmdent vaiable (lced or involvement)
constant and looked at tleéfect of the third indepelent vaiable. Theresults indicated that, fo
the present questions, the effect of loas wnly significant under Mconditions F(1, 47) =
20.568, p < .05, Tabled)]. The efect of involvement \as only significant under K [F(1, 47)=
26.847, p < .05, Tabled.

The H., M condition drives the 3-8y interaction Figure 23). The result suggsts that the
paticipants mantained an equd level of SA in al conditions &cept one When thepaticipants
were monitoriig a buy scenario, thg had relatively worse SA fo preent information.In fact,
it took the participants twice as lgpto answe queries about presnt information under ghHL,
M condition than under the other g@conditions. The simple-efécts aalysis of thefuture
guestions revealed redfects of the inépendent ariables on the RTTable 35).
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Figure 23. SPAM response time to gsent questionsydoad and involvement.

3.3.3 Discussion

Theandyses of timeto answe the landlineindicated tha themean RT to aaswer thdandlinein
A conditions was longer than in M conditions A conditions, mean RT to answthe landline
was longer wkn load was Igh. Load did not aféct mean RT to answ the adndline under M
conditions. Involvement did not ha/an dfect on mean RT to an®wxthe landline inL
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conditions but did have an efft in H. conditions. Under H., mean RT was loger when the
paticipant was actively controlling thesenario. Assumirg tha mean RT to aswer thelandline
increaes with workload, theesults support the findinthat workload ves higher durirg A
conditions than duriny! conditions. Additionally, theresults support the efttiveress of load
manipulations within the A condition in that mean RT was éonmder H. than undet.L.

We found no sigificant charges in the man lergth of the qeries. This finding is important
because it ggoests that theasticipants did not have meor less time to considerquey during
ary particular condition. The results sygest that actig participation is important for
maintaining SA when loa (e.g., scaaio complexity) is high.

3.4 RealTime Objecive Rerformance

3.4.1 Background

In response to theeed fa new tools to evaluatproposedtharges to theATC system, theFAA
has developed methodad meas@wments in real-time ATCThe DR& A progiam incorpoates
the calculations of most of thenables pesented ¥ Buckley, DeBaryshe, Hitchne, & Kohn
(1983).

3.4.2 Results

This experiment tested the effeof two lewels of involvement on ATCS perforamceand
behavior. See thedbles in AppendiX for detailed @scriptions of the aalysis.

During A conditions, the RTOP variableseaan indietion of ATCS perfomane related to
conflicts, compleiy, handoff efficieng/, andcommunications For the simulation scenarios
used for the M conditions, weath recorded trafic controlled ty the SME. ATCSs obsered
these senarios and answered thelandline but did not ommuni@te with thesimuldion pilots nor
did theyneed to interact with the PVD and CRDhe RTOP varialgs under Mconditions,
therefoe, merely refleced heperformance of the SME thathadcontolled the recorced taffic.
The comparison of }/RTOP variableacross involvement l&ls would result in compargthe
participant peiormane with the SME pdéormance Beause the intent of this @eriment was
to compae performance and b&avior of thesane ATCS arossconditions, wdimited the
analses to the compson betwen load levels fothe A condition onl. We investigited the
effect of load under the Aondition on a subset of the RTOP var&blThe variables included
in the anajsis consisted of three categories: PTT, aircchtirges, and distancand time under
control. To obtain information about how loaffected ATCS actions peaircraft, we alculated
thetotd numbe of aparticular type of adion divided by an estimate of thetotd numbe of
aircraft handled by the ATCS. For example, thenumbe of dtitude changes is @culated as the
total number of altitude chges made to aaircraft under control of ACS A plus the number of
charges maa undercontrol of ATCS B This is then dividedyothe numbepf aircraft handled
by ATCS B. In this manner, @were abk to circumvent the q@blem of findirg trivial results
due to the chages made in the numbef aircraft in the airspae to clange the load.
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The resuks indicated hatthe charges made 0 anaircraft flight pat differed sgnificanty
between thé.L and H. levels [A = .074,F(2, 14) = 87.291p < .05,Table K-2]. The univariate
andysis of thenumbe of atitude, heading, and sped changes per arcraft showel tha only the
numbe of dtitude changes per acraft increased significantly with load [F(1, 15) = 14.352p <
.05, Table K-3]

3.4.3 Discussion

After carection for the numbeof aircraft handled ly the ATCSs, there werenly minimal
differences in vaiables deived from theDRA between low and hgh loadconditions. The load
increase resultad in an increaein thenumbe of dtitude changes pe aircrat. ATCSs usanore
control instructions per araft to move aircaft through theirairspae when load inceases.lIt
sems thd theincreasein load affeds ATCS aility to plen. ATCSs, theefore, need to usemore
control instruction to maintain a sadad eyeditious flow of traffc.

3.5 Subject Matter Epert RatingForms

3.5.1 Background

In our simulations, we use subject mattgpertise and knowlege to evaluathe peformarce
of participatig ATCSs. To recad the ewaluations, we usean OTS ratig tedinique develogd
at theRDHFL. Several other studie have usal the OTS form suessfully (eg., Guttman & d.,
1995; Sollenberg & Stein, 1995).We adapted theating form for easer use ly the SME.
SMEs in our stugused a fam that containedatingitemsand anchs and a garate comment
sheet They receved training on how b use heevalaion formand how ¢ anche their ratings.

3.5.2 Results

The folowing descriptive sunmary provides an owiew of the obserer dat. Becaus the M
conditions providd little obsevable behavior for an SME to achor theratings, wedid not
require them to fill out a ratgqiform for the® conditions.The tables in Appendik provide the
means and standhdeviations for th ratirg form ratings by load.

3.5.2.1 Providing ATC Information

Loadredwed the OTSating of ProvidingATC Information. All three elements of thATC
information section showed a lewOTS iting for theLL conditions (Fgure 29.
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Figure 24. Providing ATC information ly load.

3.5.2.2 Prioritizing

The SMEs raed items rdated to Prioritizinglower with an inaease in load (Figure 25). The
results showed that ATCSs bettegamizd their actions in orderfomportane underLL.

Raters paseived that ATCSs pregined controhctions less underlH ATCSs handled control
tasks for seval aircraft better unerLL conditions. With an increas in load, ATCSs fligt strip
marking decreased.

Observer rating
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Figure 25. Prioritizing by load.
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3.5.2.3 Attention and SA

The SMEs indicated that all items related to ATCSs Attention and Séloweer underHL
conditions than unddrL conditions (fFgure 26).

(=) -r

% 8 T T

=6

(5]

S 4

[}

22

(@]

0 ‘

Maintaning Ensuing Detecting Pilot Correcting
Situaion Positive Contiol Deviations fom  Errorsin a
Awareress Contol Timely Mamer

Instructions

OLow Load B High Load

Figure 26. Attention and situation aaveress ly load.

3.5.2.4 Safe and Eficient Traffic Flow

The SMEs rated the items atdd to Safeand Efficient Trdfic Flow lower uner HL conditions
(Figure 27. Atfirst glane, it seems that ATCSs effemt sequeting of arival and deprture
aircraft does nothange with an ncrea® in load.
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Figure 27. Safke andefficient traffic flow by load.
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3.5.2.5 Communications

The SMEs rated most items related to Communications lower urideohdlitions Figure 28).
There vas a tend vsible for areducton in how ckar ATCSs communicated with an ncreasem
load. Load also redced howwell ATCSs listened to pilot readbacksd reqests. The incease
in load did not seem to affethe use of pper plaseolqy.

Observer rating
O N M OO 0

Using Cantrol ~ Using Proper  Communicating  Listening to
Instructions Phraseology Clearlyard Pilot Readbacks
Effectively Efficiertly ard Requeds

OLow Load M High Load

Figure 28. Communications ypload.

3.5.2.6 Techntal Knowledge

An increase in load affected dl items rdated to Technicd Knowledge (Figure 29). The SMEs
rated items on knowlgg o LOAs and SOPs and ait@t capabilities and limitations lower with
increag in load. They indicated hatATCSs usedlie equpmentless efectively with an ncrease
in load.
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Figure 29. Techni@ knowledge by load.
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3.5.3 Discussion

Both SMEs found that ATCSs provided adaguATC information under both load conditions.
Although the faomal analges did not showraeffect of the manipulation of load, the @at
showed a terehgy towards lowerratings of the provision of inforration under . The ATCSs
seem to compromise the quwldf the infornation provided to pilots and other ATCSs under
HL. Providing this information reques the alloetion of some of the ATCS resmes. The
ATCSs rated the simulations to haveyomodeate le\els of workload. Under hgher worklcad
conditions, the ATCS information servicesysauffer moe seriousy.

Although the infornation provided to pilots and other ATCSs did not suffentan incease in
load, ATCSs prioritizéion did. Theyorganized ther actions in away tha conformed less to the
level of action prioriy. This finding went hand in &nd with a derease in the qualit of
preplannimg of controlactions with an in@ase in loadlt is likely that, due to areak davn in
maintaining the bigger picture, ATCSs werdess dficient in prglanning thar control adions.
The loss of efttiengy in preplannirg control ations in turn my have led to not egcutirg
control actions in order gdriority.

Therating form data indicated tha theincreasein load led to aredudion in SA. Increasing load
seems to dfect the ATCS aility to seethebigger picture, or it caises them to beless awae of
the developig situation. In fact, unetr HL, both raérs indicaed that the ATCSs had less than
averge SA. This occured duing scenaios that, acording to the ATCSs, caused gninodeate
workload. The SMEs pareived tlat ATCSs correetd arors less @l under H..

An ATCS primay responsibiliy is to maintain safand eficient traffic flow at all times.The
rating form daa in thecurrent study indicated tha the paticipants did this for both keels of
load.

Our formal amlyses showed no fferene in the quali of communications asted by the
SMEs ly load. There was, howeve, a tiend towards redwtion in the quali of
communicaions becauesof an ncrea® in load.

The SMEs pereived a eduction in Techrgal Knowledye with an incea® in load. It is not
likely that the ATCSs actuglhad kss technia knowledge. Instead, it is more likgl that under
HL, theATCSs weredss able to applthis knowledje.

Overall, obserers ated peformarce somhat lower unédr HL. This is a common findingnd
may well reflect a compoent of obsergr expectations and possible &rvariance ¢ lower
performarce unar HL. It is not possible to sepate theg components at this time.

3.6 Recal

3.6.1 Background

The transition to fee Flight can also afect representation in memgr As swggested ly Hopkin
(1988), the lack bactive @rticipation @n haveadverg efects on the maintenaa®f
information in memoy. Seweral studies hawexamined the role of emory in ATC. Bisseet
(1971) examined ATCSecall aross vaious levels of egertise and lad. Results indicated that
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future states odircraft were an important aspme of the ATCSs memgrreresenétions.

Evidence fo implicit momentum (ihke, Feyd, & Shyi, 1986; knke & Shyi, 1988) vas found.
ATCSs recalled agraft position as being forard of theactual position.In addition to the
importance of futire sates, ecall errors povided evderce hatATCSs sbred gst (relative)
information in memoy as opposed to vealim information. Gronlund et al. (199&ound that,
whereas ATCSs were nogry good at ecalling specific information such as altitude and speed,
theywere able to crredly recdl the rdationd assaiations béween arcraft. For example,
althoudh the @rticipants could not reember theexact altitude of aircraft A 0B, they knew that
aircraft A was higher or not @ thesame dtitude as arrcraft B.

Gronlund et al. (199&)lso examined how ATCSs represt information in memgrby looking
for eviderce of“chunking.” In a pr@wedue similar to that usedytde Goot (1965) and Chas
and Simon (1973a, b), thexamined how ATCSs recalled information over tinWith the
hypothesis that ATCSs store items with relatednmfation in chunks, short bursts otedi
activity would indicatechunkirg beause items in the sanobunk would cue®ne anothe
Longer pauses &ween recalled items would suggestthatthe peviously recaled item did not
serve a® cuefor thefollowing item, and nemory cueswere avalable fromelsevhere
(Gronlund & Shiffrin, 1986; Ratcliff& McCoon, 1978).

Means et al. (198&onduced similar researchThey too did not find much evidee far
chunkingbecaugs ATCSs had vey few chunks that containedeny few aircraft. Howewer, both
Means et al. an@ronlund et al. (1996askedATCSs to recall the airgee and aicraft by
writing the information on a piece of pap Whereas this method provided some cdtaut
what information is most important, neither stwaas able to fuly support the chunkan
hypothesis.Means et al. askkthe participnts to circle acraft that they thought belorged to a
group. They ba®d their measte of chunk siz solely on the jarticipants subjective gsception
of what a chak was. Gronlund et al. used a timing method similar to Chas&ii&on (1973a, b
and failed to adquatey measurechunk siz. In theGronlund et al. stud it took too longfor the
paticipants to redl and writethe contents of thér mamory on thepgper mgp. The longrecdl
times mayhawe resulted in a ery insensitive measa of boundries letweenchunks, if such
chunks eisted.

3.6.2 Results

The anaysis of the ecall data consisted ad 2 X 2 (loadX involvement) epeatd-meastes
ANOVA. The tables in Appendik detail these angses.

Both load and involvemenE[1, 12) = 24.77&nd 5.93 espectivey, both atp < .05,Table M-1]
affected the prticipants abiliy to recall arcraft at the end beach senario. Therewas no
significant loadX involvement interation (Fgure 30). The prticipants caorectly recalled a
greater proportion of airaft underA conditions than under Monditions. Proportion-correct
recal was abogreater under LL than uner HL.
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Figure 30. Percent cared recall by load and involvement.

3.6.3 Discussion

The fact that the participant®ealled more dter being actively involved in a senario sggests a
deeperével of pracessing.This result conurs with datacollected usig SPAM (see Sgion
3.3). When the participants monitored thesario, thg may not have ben as motivated to
develop compleylans of traffc flow. The participants knev that even if the did devise a plan
to contol the ar traffi ¢ in the setor, the plots would notcarty outtheir plan exeptby charce.
Therefae, active involvement helpeddhparticipants toememberadditional information that
they did not renember un@ér M conditions.

3.7 Post-Scenario Questionnaire

3.7.1 Background

The ATCS responses to the PSQs provided information aboartlsaspects oATC during a
paticular simuldion senario.

3.7.2 Results

The PSQ was an important soeiaf dat that enaldd the participnts to provide their opinions
about eaclexperimental condition.The tables in AppendiX detail the results of thesanayses.
We divided the 12 items of the PSQ into®gps for aalysis: Realism [tems 1 and 2),
Workload (tems 6 and 12)nterfererce (tems 3 and 4), SAl{ems 8, 9, 10, and 11), Reipant
Peformance(Item 7), and Simuldion-Pilot Peformance (Item 5). We anayzed theRealism,
Workload,Interferenee, and SAgroups gparately. Furthermoe, weanalzed the Participant
Performane and Simulation-Pilot Performangeoups ory for a main effect of loadwithin the
A condition. We did this because neithearticipant nor simulation-pilot perforancewas
relevant durig M conditions.
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3.7.2.1 Redlism

We conducted a 2 X goad X involvementwithin-subjects MANOVA ontems 1 and 2 of th
PSQ, the Realismrgup. For Item 1, the prticipant desadbed the ealism of the senario. On
Iltem 2, the participantrated how epresendtive the $£enaio was ofa typical workday. The nain
effects of load and involveemt were not significant nor was té load X involvement intaction
(Table N-1). The participants rded conditions in whit they adively controlled traffic as not
significantly different but moreredistic and morerepresentaive of atypicd workday than M
conditions.

Becausethemultivariate andysis did not reed any significant effects, no univaate andysis
was neessay. To explore trends in the data,econdiwcted ANOVAs on the individual items
and looked foeffects that would be gmificantat a more libeal alpha lee of p < .05. Tables
N-2 and N-3 pesent theesults of the ANDVAs on the gastions related to atism and
representdiveness. ATCSs raed the A control sc@arios @ moreredlistic than M se@narios
(Figure 3). There was no diffeence in raalism due to a chae in load. ATCSs pereived A
scenams b be nore reresenttive of a @y atwork than he M scearios Figure 33. There
was no €fiect of load on the peeivedrepresentativeess.

3.7.2.2 Workload

We conducted a 2 X doad X involvementithin-subjects MANOVA orltems 6 and 12, the
Workload goup, d the PSQ.Onltem 6, the pdicipants descried how had they worked
duringthe senaio. For Item 12, the pdicipants descried the difficully of the €enaio. We
found a sigificant load X involvement intection (2, 14) = 9.30p < .05,Table N-19]
therefoe weconducted simplefeects MANOVAS for the independnt variables @nipulated
within load (A vs. M) and involvement (Hvs.LL). Load cmonstrated a gnificant efect
within A conditions F(2, 14) = 36.01p < .05] but there was nogiificant dfect of load within
M conditions (Téle N-3). The partidpants rded theHL senario as moredifficult than theLL
scenario wkn the were activey controlling traffic. Converly, load during M conditions did
not siqnificantly affect the paticipant raings of seenario difficulty. We expected this result
because th participants did not hato make control ecisions durig M conditions. They made
few keyboard andQAK entries, and communations occured only whencoordinating with
adjacent setors andacilities. We also found a gnificant efiect of involvement within bothL
and H. conditions F(2, 14) = 13.81 and 25.9p,<05, TableN-4]. The participantsated the A
conditions as more difficult than M conditiongaedless of load.Again, this is not surprising
because th participants @formed faver physical and vebal activities duringM conditions.
Because the omnibus MANQA was siquificant, weconductedh sepeate ANOVA on each item
of the Workload group.An adjustedalpha level ofn = .0253 de¢rmined if aresult was
significant.
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Figure 31. Realism by load and involverent.
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Figure 32. Representativeess ly load and involvement.

For Item 6, we founda load X involvement intaction [F(1, 15) = 10.65p < .05, Bble N-5].
Item 6 showd a ggnificant simple effet of load within the M conditionslt showed a
significant simpleeffed for load within A conditions F(1, 15) = 39.68p < 05, Table N5]. The
simple effects of involvernt within bothLL and H- [F(1, 15) = 18.77and 47.59p < .05, Talk#
N-5] were also siguificant. The partidpants male the sane ratings on average dter M
conditions regardless ofdd. Compared to M conditions, the partiaits made Igherratings
after Aconditions regardless of load Figure 33.
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Figure 33. Working hard ty load and involvement.

For Item 12, the dficulty of the senario, ve founda significant load X involvement intaction
[F(1, 15) =5.21p < .05, Tal# N-6]. Item 12 showed siqnificant simple efct of loadwithin
the M conditions. It showael a significant simpleeffect for load within A conditions F(1, 15) =
23.82, p < .05, Table8]. The simple effects of involvement within bdth and H. conditions
[F(1, 15) = 11.04 and 47.5p,< .05, Bble N-6]were also ginificant. The paticipants made the
saneratings on averageafter theM conditions regrdless of loal. Compare to theM

conditions, the participants madgterratings after the A onditions rgardless é load Figure
34).
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Figure 34. Difficulty by load and involvement.
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3.7.2.3 Intaference

Before condeting a formal anaysis on the intedrerce d the ATWT deviceand the
oculometer, wemphasied that the ratig of the evel of inteference of both these @ices was
very low (on awerage, rated below 4 ora 10-point scale To test if the pdicipants peceived
ary interference fromeither devie, a 2(load) X 2 (invohement) within-subjects MANWA was
conducted omtems 3and 4, thdnterference group, of the PSQ.OnItem 3, the particignts
desaibed how much theATWIT device interfered with controlling traffic. Forltem 4, the
paticipants described how mudt theoculomeer interfered with controlling traffic. Significant
effects wee found fa load and involvemen#(2, 14)= 7.98 and 7.47 gspectivey, both atp <
.05, Table N-7] The load X involverent interaction vas not sigiificant. The paticipants
reported that the was more inteferencefrom the ATWT and the oculometeduring HL
conditions and during\ conditions. Because the omnibus MADIVA was significant, we
conducted aeparate ANOVA on each item of the Wrkloadgroup. An adjustedalpha level of
a = .0253 determined if gesult was sigificant.

A 2 X 2 (load X involvementjepeated-neasues ANOVA wasconducted omtem 3 of the PSQ.
We found sigificant effects of both load and involvemnt [F(1, 15) = 17.01 and 12.42,
respectivey, both atp < .05, Table N8]. The load X involvement intaction was not
significant. The ATWIT device interéred moe with controllingtraffic underA conditions than
under M conditionsAn increase in load incread the interrerce d the ATWT device and
more so under A&ontrol Figure 35).
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Figure 35. ATWIT interferene by load and involvement.

3.7.2.4 Situdion Awareness

We conducted a 2 X doad X involvementwithin-subjects MANOVA ontems 8, 9, 10, and
11, the SA goup d the PSQ.Onltem 8, the pdicipants desgbed their oveall SA durirg this
scenario.For Item 9, the participantsedcribed thei SA for curentaircraft location. On ltem
10, the participants desiged their SA fo projected aicraft locations. The paticipants also
rated their SA fopotential violationsltem 11. We found sgnificant efects fa the load X
involvement interaction [@, 12) = 4.38p < .05, Bble N-9].
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Because of tle sigificant load X involvement intaction, weconducted simple-eftts
MANOVASs. There was no sigificant dfect of load durig M conditions. Load did hae a
significant effect durirg A conditions F(2, 14) = 8.37p <.05, Table N9]. There was no
significant effect of involvement durigLL conditions, but there wae significant efect o
involvement duringHL conditions F(2, 14) = 4.92p < .05, Tal# N-9] Because of the
significant omnibus MANOMA, we conducted eparate 2 X 2 (led X involvement) ANDVAS
for each of thefour items.

Item 8, vhich askedabout oveall SA, yielded no ginificant results (TaleiN-10). There wasa
trend visible for the intecdion betwen the éfects of load and involvemeniigure 36).
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Figure 36. Overall SA by load and involveent.

Iltem 9, SA for curentaircraft locaions, showea sgnificanteffect of load (1, 15) = 22.70p
< .05, Table N11]. The ATCSs rated the peeived SA forcurrent airceft locations hicher
underLL than undeHL. Although the inteaction betwen load and involvemnt did not reach
significance, thee is a trad visible as displged in Fgure 37. The perceived heghtered
awaeness focurent aircraft positions undéi, A conditions, is responsible for theaim effect
of load. UnderHL, acharge in involvement does natlter the peceived SA for curentaircraft
positions.
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Figure 37. SA for curent aicraft position ly load and involvement.
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Item 10, SA fo projected aicraft locations, showed agiificant efect of loal [F(1, 15) = 8.72,
p < .05, Table N12]. The ATCSs felt that theyere less avare d futureaircraft positions under
HL than tley were undet.L conditions (kgure 38).
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Figure 38. SA for projeced aircraft positionsybload and involvement.

Item 11, SA fo potential violations, showed aggificant effect of load F(1, 15)= 13.25,
p < .05, Table N13]. Under H., ATCSs felt thg had lower SA fa potential violations (Fgure
39).
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Figure 39. SA for potential violations Y loadand involvement.

3.7.2.5 Paticipant Peformance

Onltem 7, thepaticipants deaibed hov wel they controlled trafic during the scenario.
Because this question onBpplied to the A condition, weonducteda 1-wayANOVA to assess
the potential effet of load on esponses to this itemiVe found a main déct of load [F(1, 15) =
13.50, p < .05, Table 144] indicatingthat the pgicipants felt thg peformedbetter unerLL
conditions (Table N-25).
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3.7.2.6 Simuldion Blot Paformance

The paticipants rded simuldion pilot paformance onltem 5. Becausethe simuldion pilots
were ony present in the A conditions, wexfiormed a tway ANOVA to deermine if the
paticipants rded the simulaion pilots differently acoss loa. The lack of any significant
difference suggested tha the simuldion pilots peformed equally well across theA conditions.

3.7.3 Discussion

The ATCSs raed theA scenarios @ moreredlistic than theM scenarios. The paticipants my
havegiven slightly higherratings to the A condition beause thg typicall y control air taffic in
an active maner and sldom, if ever, srve only as a monitor

The ATCSs indicated that the Aestarios vere moke difficult than the M senaios, althoudy the
effect of involvement did inteia with load. ATCSs rated the Hscenaios to be more difcult
than LL scenaios.

The patrticipants did not think that the oculometes wiore intrusive in oneoadition than
another.However, sone participants dideport that it was eaai to forget about the oculomete
when theg were atively engaged in the situation at handlVe cancontrast the culometer with
the ATWIT device kecaug the ATWIT device requires plysical acivity and deaion meking
from the participant wérethe oculometedoes not.Therefore, thee is no reasofor the
oculometer to intedre diferently dependirg on experimental conditionsThe statisticalasults
support such aypothesis.

Theandysis of theindividud SA items on thePSQ indieted tha the paticipants thowght tha
the various conditions did not affietheir oveal SA. Howeve, the paticipants felt that their
SA for curent and pragcted aicraft location and SA fopotential violations weresdtter unde
LL conditions. The participants did not pezivea difference in their SA betwen A and M
conditions. The absolute meamtings siggest that the participantsrpeption of thai SA and
their measuredelel of SA my not neessaly agree. Both SPAM and Redktests showed
lower SA for the Mcondition, wheres peceived SA did not sigficantly charge.

The eyected peceivedeffect of involvenent on the pareived SA ves not presentThe ATCSs
rated the SA fopotential violation in gneral betterthan their SA fo curent or progctedaircraft
positions. This findingcorresponds @l with the notion that the ATCS mogtstoregist type or
relative information.To beaware ofaircraft-sgcific positional information is more di€ult in
this case than of potential violations (information abelations betwen aircraft).

4. Genesl Discussion

The curent experiment investigated thédfect of changing the level of involvement on th&TCS
paticipants. The ATCSs m& movefrom theactive situdion of thecurrent NAS to an
environment whex involvement will be more like a monitor than a controll€his stug

 En route ATCSs may serve asa nonitor during OTS training or during recertification.
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exposed the participants to the two ends of theegpm of involvementOn ore end, the
ATCSs carried out business as usuitle ATCS was in control and pilots followedntrol
instructions. In the othe situation, pilots maneuvered thaircraft without control instructions,
and there \&s no pilot-ATCS communication.

To investigte tte efect of tre chage of involvement of theontroller, we employed five data
sets (ratig form and RTOPesults were onl applicable undr A conditions).We hawe provided
brief discussions of theesults for ech dda set separately. Here we will provide insight into
how theremovd of control dfected ATCS bdavior and paformancein generd. We will focus
on how involvement aéfcted theATCS behavior andgsformance The spedic discussions on
each @ta set adess the #ects of load and time.

4.1 Workload

Perceived wikload wes hicher under A conditionsbnder M conditions, the estimated
workload wasconstant over timeUnder A, on the otler hand, theestimated workload slow!
increased ove time. However, lowea workload may not neessarily be adesirable god,
dependig on other Hects. Ovenall, ratings of workload wee low to modera This is not
unusual in a population like ATCSs, who havgreat deal of experiene. It takesagreat deal to
move them bgond a modeate wakload ratirg.

4.2 Situdion Awareness

The SPAM asks the participants questions about presenfutue situations. The time to
answera question is an indicator of Wayuick a paticipant @n acess eevant infornation. A
chargein the lewel of involvement did not aéfict answers to questions about fuasituations.
However, ATCS involvement did affect the alyilib ansver questions related to thegsent
situation. Under A conditions, the time to answer thegesabout the present situation was
equal forLL and HL sceenarios.Under M conditions, the in@ase in loaélmost doubled the
time to answe thequestions. The SPAM doe not probenemory. All information necessay to
answer the gestions is available on thedarsope. The fact that, under M conditions, the
ATCS takes long to answethe SPAM queries is an indication that SA stsffom redued
involvement. This is contray to the beliefs of thosthat suggest that a monitorisguation will
free cognitive resour@s. Fredang cognitive resouces would dow the ATCS to diret more
resoures to keepan up-to-dag picture 6 the situation.The curent iesults are main line with
earlierfindings that waoking memory for something thagou hae doneyoursif is better than
somethinghat someone @ foryou.

The PSQ asked the ATCSs about their opinion on their Saiforaft positions and potential
violations. The ATCSs indicated that, althdugn ircrease in load educed tleir SA foraircraft
positions and potential violations, the reduction of involvement did not affectSAeiThis is in
sharp contrast with the findis from the objective nasure & SA. Thereforg althowgh the
ATCS ma not be avare that the SA is suffeng when monitorig traffic, the atual SA is not as
good under M conditions as it is under A conditiohscreagd automation or @nges in the
NAS that will place the ATCS in a monitoringpsition mg give the ATCS adse feeling of
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having good SA, wlereas SA has @ad/ diminished. Counter meagses to assist the ATCS in
maintaining anaccuate SA may be ne@ssay when clanges in the NASrequire he ATCS to
becomea monitor.

4.3 Eye Mowvements

The geneal characteristics of ge movements did not chga by load or involvementThe efect
of time, on the other handffected the number and therdtion of fixations. During thefirst 5
minutes of the simulations, the ATCSs scanned for information with amatshortefix ations
than duringtherest of the simulation timeA possible eplanation is that the ATCSs received a
relief briding at the start of # simulation.The ATCSs, therefe;, meely verified the
correctness of the infianation in the bginningof the simulation.Other studies have sivo that
severalkategories of fixations exst. Carmod, Nodine,and Kundel (198)Ldistinguish survging
(short duration) figtions and evaluato(long duratior) fixations in radiologsts scanning X-
rays. The n&d to acque all information elated to the cuent situation onlypecomegritical
once he sate of the arspace has chamged conglerably. When he ATCS moves nto a sate of
information acquisition and monitoringstead of erification and monitoringthe dwation of
fixations increases, and the numbéfixations decreses.

Fixation aeatendel to increse ove time. The first 5 minutes showel morestable fixations
than subsequent 5-minute intervalhereare ®veral possible eplanations for this finding
First, durirg the relid briefing, the ATCS re@ives specift information about péicular arcraft
and mg focus on thes aircraft while digestinghe infamation. Fixations will not fall within
clusters of arraft, and small adjustments maot ke neessay. After the ATCS takes over
contol, these chnges andfixations becoraless sable. An alternative explanaton is thatthe
visual g/stem shows st d fatigue. Although research tas shown thatye mowements can
continue for log periods without showmpsigns d fatigue, the number ofjlissacdks, or slipping
into or out of a fixtion, increase withatigue. Our aborithm to catulate fixation onset and aa
may have @pturedglissadess wel, thereby increasng the aerage fixation area wh an
increag in the nunber ofglissads.

The efiects of the ranipulation of load and involvement gnbecameapparat during anayses

of fixation charactastics broken downyscene plaes andadascope olgcts. Most fixations
landed on the ramiscope, followed by the flight strip ba and the QA/CRD. Fixations on the
map and the QAK/CRD we shorér unde M than undeA conditions. The ATCSs had little
need for both @K/CRD and the map under M conditions and spent less timewvietyi
information from these dispfa. During A conditions, the ATCSused the QAK/CRD as both a
data enty and dita display tool whemssiging altitudes, and so orlJnder M conditions, the
QAK/CRD was mersel there,and the ATCSs ogllookedat it briefly to verify data enty for

data block movement, not foontrol actions.Therefore, monitorirg does chnge how

controllers use dispia.

The ATCSs foaisal most of the fixations on theadar reurnsand thedaablocks. In addition
to the increasd number ofix ations on these two objects, thesedfi@ns were considably
longer than fixations on ag of the other objets or scem planes.
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To explorethestrudure or predictability in thevisud san of the ATCSs, wedeveloped four
indices based on “conditional information” (Ellis, 198@hes indices invesgiated the
distribution of radarscopix ations across the ragscope (location and distanciEom the
radargope enter, aaoss objects, anddken down ly interfix ation distances Although the
radargope loation-based indeshowed the Ighest lew of structue, it did not chage
significantly with achange in ouconditions. The fact that this indexhowed higer le\els of
structure may stemfrom the exstence of stucture in the arspace. One woutl expectthatthe
values for this indexvould decrese wten the structug in trafic flow is less apprent, aswould
be the cas in FeeFlight. The indexthat focused on structiin the visual scanabed on
distance from theente of the edarcope did not rezal aneffect of load oinvolvement
manipulation eitherln the curent enroute eyperiment, the ATCSs did not havésink” like
the main airport ofteencounteed in TRACON environmants. One would epect more strcture
in the ATCSs visual scan based on this inde& to the structure of the TRACGINspae. It is
morelikely tha afixation on apat of the TRACON high traffic areawill follow by afixation on
another hgh traffic area.

Loadaffected tle structuren the visual scan wan based oratget objects. Although the
strudurewas low, an inaease in load reducel thepredictability of thevisud sa@n. The
reduction in scanngnstructue due to etive involvement was oglapparent under HL The
ATCSs seemed to scan treglarsope in a ma random fashion when ghcomplexty increased
and hey acively contolled traffic. Theway the ATCSs distribute their atention acoss
radargope objets does not alter vén their task is to monitor traffi Therefore, the ATCSs a
less likdy to adgpt thar scanning behavior with achange in thetraffic situdion.

Our find index investigated how likdy it was thd fixations with paticular inter-fix ation
distances follow one anahin a fixed pattern. Theresults show that this is more ligab
happen unddrL. This does not reessary mean that the ATCSs are n&ikely to suffe from
tunnel vision. It could mean tht it is more likey that a fixation with a short inter figion
distance often followa fixation with a longinter-fixation distance.More detailed aalyses of
the transition probabiljtmatrix that focuses on the likelihood thatdibons with short inter
fixation distances follow one another would allow tieeednination of the czurence of tunnel
vision.

When we reravedacive contol from the ATCS, weexpeckd a clange in eye movement
charaderistics. Under monitoring onditions, theexpected need for information is less.
Consequenyl, onewould expect that the figion duration and freqeno/ would derease.When
the ATCSs are nodnger actively changing the sate of theaircraft in the arspace, the ned D
evaluate theurrent state and the aadme of ations no longr exists. The need foevaluation-
type fixations of longer dwation would deaase.With the loss of the bigger piceythe ATCS
would be less likal to look for infaomation in an open-loofashionguided ty higher level goals.
This would result in a scanrgrpattern tlat more relies on kal feedbak of the eents on the
radargope. The local £edbak in the visual scanngpattern owght to lead to a kger statistical
dependeay expressed in more strture or hgher values bthe conditional information indices
in monitoring The visual scan shad less structerunderactivecontrol than under monitorn
conditions. Scanningor information in the open-loo@hion ty definition means less struceur
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We suspet tha duringmonitorirng, ATCSs atablish astimulus-drive s@n thd is more
structured.Interestirgly enough, the manipulation of the leiof involvement did not chage the
eye movenent charaderistics.

The literatureexplains these finding It takes a considerablemount of practe to teach the
visud system somehing until it becomes automaic. Automaicity in visud information
proaessirg implies raid, paallel processing Once a parson leans atask, until aitomdicity
occurs, thetask at hand require vew little cognitive resource. This type of task performance is
guite common anong domain experss. The chaaceristics of the stucture in the visualscanafter
automaticiy sets in, conary to the trainiig process itself, ee visible edy on. Within 30
minutes for simplestimuli, thepaameters thd establish thevisud sanning pattern will emerge
(Moray, 1986). In the curent experiment, waemoved theéATCS active involvement in the task
at hand.The pesentation forrat of the displg elenments, howewve remaired the sameThis
resulted in information acquisition behavior that did natrge (e.g., the ge fixation durations
and fregenciesremainedelatively constant The structue in the visual scan, ondlother
hand, did show edicts of thecharge in involvementas indicated ythecharges in the
conditional information indices.

Willems et al. (in press) modeled the home sectorgvbap of TRACON ATCSs.The ATCSs
had worked their airspae for severd years and were quite familiar with thetraffic patterns. This
familiarity may have led theATCSs to deelop fi cient visud informaion acquisition pro@sses
thathave ncreasedhe visuallobe ske (the aea of hevisualfield thatan ATCS canefficienty
use to retrieve iimrmation). Although fixation durations are layer, ATCSs process mer
information in the periphgr The increase in visual lobe sanakes it esier to combine
information about sevdraircraft. The moreadvaned intagration of infaomation about seval
aircraft in a sirgle-eye fixation would result in more effient scannig pattens. The ARTCC
ATCSs paticipating in thecurrent stud/ worked an unfamiliar airspa@ and did not hae the
advantge d working that airspce for mary years. Conseqently, the peripheal pracessiny of
information could not take advage of background knavledge learned from experierce
resultingin asmdler fundiond field of view and less infaoamation to dsorb aatime. The
reduction in information-pefix ation, in turn, would lead to shorter &tton durations and more
fixations.

In theTRACON environment, the ACSs did not have the option totemd the leader lines that
connect theadar returnand the data btk. The da& block and theadar return weae in close
proximity of oneanothe. For theATCSs thaare very familiar with theaircraft representation,
this allows them to absorb all information relevamtdgivenaircraft in a simgle fixation. The
fact that this sinig fix ation now can pick up more inforaion will necessitate a Iger duration
for information retieval. In theARTCC environment, the ATCSs seemed to keepdiita
blocks at a lager distancérom the edarreturn. To foveae all information fora sinde aircraft,
the ATCSs mgrequire two fixations instead of oneless infamation retri@al takes plee fa
each of hese fkations, kadingto shorér fixations.

An ATCS in the TRACON arspae faces a&ck of stucture mmpared o the stucturedairspae
of the ARTCC environmentThe ARTCC ATCS can fall lik on a lage numbe of
assumptions based on when aicraft is within the airspae Theamount of information that
the ATCS nexds to rérieve for agiven arcraft in theARTCC environment may beless tha in
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the TRACON environmentThereduction of theamount of information that the ATCS retres
by using assumptions stockin longterm menory will lead to shorteretrieval times and,
therefoe, shortefixation durations.

The ATCSs have sexal types offix ations. When reading gnera information, the ATCS will
perform just like ap otherreader. The ATCS visual scanngsystem, howeer, must have
developed advel of automaticiy that a noPATCS does not haveThe longer fixations on

aircraft are an indication of tht. The controlle is pickinguprelevant information from an
aircraft represengtion. The ATCS does that fastthan non-ATCSsThe TRACON dita block
aoneconsists of dl signs, @mpute 1Ds, dtitude, and sped (4 itens). The ralar return and
evelything attacked to that consists of the positioymool, vector lineand histoy trace (3

items). That could take up to 7 faions if the ATCS would scan for information in egaential
manner (n@utomaticiy or parallel processig). Just to preparéor the rext saccade tads about
75 msecs At least the samamount of time is neededrfthe acquisition of simple information
from scenes sh as photgraphs. If we omit the time to process the information to decide where
to jump to next, the visuaystem reeds 150 msecs get the information and to move on to the
nex spot. That times seven would\g us a little over oneesond to visit all elements of the
aircraft represendtion. With processingf the infamation, the controller does this in a little
over 600 msecsln addition, the ATCS maglo that not fojust one aircraft but foother aicraft
that are in the pafoveal @n area of letween one and tree agrees of visual agle outside bthe
center @ fixation) and near @ipheral aras of tle reting.

Now, within these longer fetions on aircaft, one can still distingish between sugying and
evauding fixations. Surveyng fixations ae shorte and arelikely terminaed when the
controller deides at the fature level that this does not contaghewvant information (th state of
the airceft is not chaged or the aaraft does not pose a pattial problem).Thosefix ations are
probaby less that 350 mseduring evaluatiig fixations, the controller is reallpicking up
information far keyond the fature lewl. The ATCS looks at that araft for a pupose and
composes the ovdl picture of the sta of that aircaft. Those fixations are quite logy more in
the order of BO msecs and ev.

5. Conclusions

The curent experiment placed tnATCSs in a monitoringsituation. Changs in airspae
management may movethe ATCS to asitudion tha will fall somevhere beween thecurrent,
active control situagion and thesimulaed monitoringsituaion of this stug. The results indiate
that, althouf perceied workload is less under monitoring conditions, the objective SA
measures show thafl£Ss SA declines substantialivhen tle ATCS no longr actively
controls traffic. The fact that the ATCS nyanot be avare of the eduction in SA suggests that
system degners must seriouglconsider how thgaregoing to keep controlles involved.
Although ourexperiment mg have been brid, the visual scannmpattens showeaharges.
These small chayes afteronly a brid exposure to work aa monitor mg be an indietion of
changes in /e movenent charaderistics when the ATCS will work in amonitoringrole for
longer periods. Charges in thechamacteistics of ey movenents arean indication of visual
information rerieval straeges. Thealtered SA, incombindion with achangein information
retrieval stetegies, warantscareful examination. It implies a ned for tainingand assistareoof
the ATCSs in situions whee theyare no lorger in adive control.
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AppendixA

Gener Center Standd Opeating Procedues and_etters ofAgreement

U. S. Department of Transportation
Federal Aviation Ad ministration
GENERA ARTCC

SUBJ: GENERA CENTER STANDARD OPERATIN G PROCEDURES (SOP)

1. PURPOSEThis Orde transmits Z5X Genera Center Standard Opeating Proedures.

2. DISTRIBUTION: This Ord is distributel to fecility managers, stdf offices, NATCA,
NAGE, control room prsonnel, and th fecility library at Gerera ARTCC.

3. EFFECTIVE DATE: July 20, 1995

4. TEAM POSTION RESPONSBILITIES: En route sector team responsibilities are aioeid
in FAA Order 7110.65, chpter 2, sction 10, paagraphs 2130.

a. Hight Data Position shall:
(1) Prepee strips displging red routigs or red coadination ymbols.

(2) Prepee strips foraircraft that will proceed to speal use airspcefor whichan
operational count is authoed.

(3) Pace stips aboe the setor suspensettive bayeader and segence stips by
time, when approprete, with theearliest timeat the bottom of thebay.

(4) Forwarda coyy of the Taffic Management messge to the ASC/CIC. The
ASIC/CIC shall be responsible fchandcarrying or vertally notifying the
appropriate sctor(9.

b. Radar Position shall:

(1) Recaynize seabr saturaion andenploy procedues b preentor aleviate this
problem.

c. Transér of Radar Idenificaion.

(1) Data blaks displging verified MODE C information mg be used to
accomplish altitude coordination. Agsed altitude shall beeflected in the dat
block éther as atemporay dtitude or as afinal altitude.
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(2) Resolve all potential conflicts prior toaphping full data blockgrull data
blocks shall be displeed on all aicraft within the confines ofour airspae.

5. AUTONOMOUS OPERATIONSIN FACSFACGAT WARNING AREAS

a. Information.

(1) Warning areas n Genea Center aeaareestblished wih a deggnated ushg
ageng and an ATC point of conta

(2) The authaze repesentatives foactivation anatoordination of the subject
warning areas &e as folows:

() W500 (Hotwaer)........cceeveeveeeirininnnnnnn Plumber Control

(3) Gerera Cener controllers should allow egtto W500 at point Bill (depicted
on Anney at FL280 and dpartue from point fnis atFL290, unless otharise
coordinated.

6. GENERA CENTER BECIAL USE AIRSPACE INTRUSON/SPILL OUT FROCEDURES

(1) FAA or pilot request  transt special use aispace b avoid weaher do nothave
priority over military operations beig condicted in speial use airspce. Theadecision to
relea® speal use arspae to the FAA rests sobly with the using agengy.

(2) Whiskey Alert Procedues.

(a) Thephrase*WhiskeyAlert” shell be usel when spill in or spill out from a
MOA, ATCAA, restricted aea, @ warning area has not ben coordiated or
approval in alvance and thespill in/spill out isimminent.
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7-20-95
1. SECTOR 10

ZGX AT

........... LAPHA HIGH

This sector shall include all airgpefrom H.240and aboe.

a. Sandard Opraing Procedues

(1) Aircratft filed into the @nera High Sector:

2. SECTOR 11

(a) Landing UTN shall be ataed NWT.J74.UPPER.PPERL1 or
NTH.J75J74.UPPER.PPERL1 at or below R70.

(b) Landing DTN shall be clered SWI'.J64.LOWER.LOWERL1 or
NTH.J75LOWER.LOWERL1 at or belowL370

(c) Eastbound aerflight traffic will not be cleared viaZD eastbound.

(d) Southbound overfiht traffic form NTH will be established on/% or
direct STH at or abayH-330.

(e) Aircraft opelating between tle Alpha Hogh sector and theéGenea High
sector will be at esn altitudes south and westbound; odd altitudes north
and eastbound.

........... HAVO HIGH

This sector shall include all airgpefrom H.240and aboe.

a. Sandard Opraing Procedues

(1) Aircratft filed into the @nera High Sector:

(a) Departing UTN shall be cleredUTN.UPTWN1.MIDLE.J70 with
release for climb.

(b) Departing DTN shall becleared DTNDNTWN1.MIDLE.J70 with
release for climb.

(c) Overfli ght treffic will be established direct MIDLE at apoint 20NM
eastof MIDLE.

(2) Aircraft opeating between theBravo High Sector andGenea High Sestor
will be at even altitudes south an@stbound; odd altitudes north and eastbound.
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3. GENERA HGH SECTOR

This sector shall include all airspefrom AH.240and abowe, exludingthat airspce delegated to
ZCX, FL270and above.

a. Sandard Opraing Procedues
(1) Aircratft filed into the Alpla High Sector:

(a) At oraboveFL240 ma becleaed MIDLE direct WST flight plan
route.

(b) Genera Secor shdl ensuretha arcraft filed ove WST with thesame
destination will be in-trail of each aghregardless of altitude.

(2) Alpha Hgh Secto shall deliver arivals to UTNand DTNat or belowFL 370.

(3) Aircraft opeating between the Gnera High Sectorand the Alphdigh Sector
will be at even altitudes south andstbound; odd altitudes north and eastbound.

(4) Aircratft filed into the Bavo High Sector:

(a) Landing UTN shal be ckaed via the URPERL arrval to cross UPER
at FL250.

(b) Landing DTN shall be clered via theLOWERL1 arrival to coss
LOWER at FL240.

(c) Eastbound aerflight traffic shall be esblished on 84 or J4.
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Genen CenterlLetter of Agreement

Subject:Inter-Center Proedues

Purpose This agreement estblishesinter-Center procedures btween Garlie ARTCC and
Gener ARTCC and is supplementato the praedues in the Air Taffic Control Handbook.

Effective Date July 20, 1995.

ResponsibilitiesThis ageementoverscoordination procedurealtitude assigments, route
assgnments, deegaton of arspace,and coordnation/notificaion procedugs of speia use
airspae Deviation from pro@dures outlined in this greement male by either fadlity may be
made ony after coordination, whichompletey defines responsibilig in each case.

Procedures

Route Assigments

Traffic enterig the Genern High sector shall beestablished on7b at or prior to the common
Center boundar with the followingexception:

Aircraft at FL270and aboe shall be established oRl)prior to theZGX/ZCX center boundry
southbound.

Altitude Assignment.

Aircraft on 5 shall be cleared nihbound at odd altitudes and southbound ahetitudes.

Aircraft entering the Chalie High or Low sectors shdl be at an assigned altitude designated by
the hemispheic dtitude for direction of flig ht.

Aircraft entering the GeneraHigh or Low sectors slhall be a an assigned dtitude designated by
the hemispheic dtitude for direction of flight.
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AppendixB
Gener Center Arspae

Genea sectorcontrols trafic within its boundaries from 24,0G8et (light level (FL) 240) and
above. All airways within the airspee ae oneway airways. Two airways, b4 and J4, move
traffic from west to est. One aiway, J7/0, moves traffidrom east to west, and one awvay, J75,
moves trafficfrom north to south.There ae eght Very High Frequerty Omnidirectional Rage
(VOR) navpational beaconsassociated with @era sector: CTR, Center; NH, North; NET,
Northeast; SET, Southeast; STH, SoutWTS SouthwestWST, West; and NW, Northwest.
Therearefour intersections assoeitedwith the arspae: UPPER, LOWER, MIDLE, and
BOTTM. Of these VORsnd intersections, oniICTR and MDLE arewithin the airspae
Threeairports ae of rlevarce to Genera sector: UN, Uptown Airpat; MID, Midtown Airport;
and DTN, DowntowrAirport. Gererasector lies btween thee gctors. On the wetside lies
Alpha sector.To theeast lieBravo ®ctor. Both Alpha andBravo sectcs ae from the sam
ARTCC. To the south lies one sector from anotA®TCC, Charlie Centegnd an eea d
restricted aispae called Fbtwater @ W500. Below the Genea High sector is Gerera Low,
which controls treffic from FL 230 and Blow. Although the airspce nap depicts amaltitude
shelf, the premsnt experiment did not use this shelf.

Aircraft had standal arival and deprture proedures.Aircraft landing at UTN hed to cross the
UPPER intersection atF250. Aircraft landirg at DTN had to ioss thdOWER intersection at
FL 240. Gerera sctor did not control acraft landing at MID. The ATCS responsible fo
aircraft in Genea setor hadcontrol forclimb (eg., without coordination fronadjacent sctors)
for aircraft departing from all threeairports. Howewer, permission to turn air@ft not within the
confines of Genera sector required coordination with thegppropride sector. Aircraft travelling

to the same destination airpogtjuired at least 5 NM in-trail se@tion, regrdless ofaltitude.
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AppendixC
Observe Rating form, Instruwctions, and Ratin@riterion

OBSERVER RATNG FORM
Observe Code Date
Paticipant:
Scenaro:

INSTRUCTIONS

This form is designed to be used by supervisory air tréit control specialists to evaluate the
effectiveness of ontrollers working in simulation environments. SATCSs wll obseave and
rate the perf ormance ofcontrollers in severaldifferent performance dmensions using the
scak below as a geeral-purpose gude. Use the ertire scak range asmuch as ssble.

You will see a wde range ofcortroller performance. Take extensive notes onwhat you see.
Do not depend on your nemory. Write down your observations. Additional pages are
provided for your commernts. Please mdicate catgory number to which you are referring.
You may make preliminary ratings during the course ofthe scenario. However, wait until
the scemrio isfinished before making you final ratings and remain flexible until the erd
when yaus have had a opportunity to see the entie available behavior. At all times please
focus onwhat you actually see and hear.This includeswhat the controller does and vhat
you might reasorably infer from the actions ofthe plots. Try to avoid inferrin g what you
think may be happening.If you do not observe relevant behavior or theesults of that
behavior, then you nay leave a spefic rating blank. Also, please wite down any
commentsthat may help improve this evaluation brm. Do not write your name on the
form itsdf. Your identity will r emain anonymous, as yourdata will be identified by an
obsever code known only to yourself and the researchers cnducing this study. The
observations you make do not needto be restricted to the perf ormance areas coered in

this form and may include other aeas that you think are mportant.

Assunptions: ATC is a canplex adivity that contains both observable and unolservable
behavior. There are so mag complex behaviors involved that no observational rating
form can co\er everything. A sanple of the behaviors is the best that can be achieved, and
a good brm focuses on those behaviors that controllers theselves have identikd as the
mog relevart in terms oftheir overall performance. Most controller performance is at or
above theminimum standards regading safety and efficiency. The goal d the rating
system is to differentiate performance alovethis minimum. The lowest rating should be
assignel for meeting minimum standards andfor anything below the minimum since this
should be a rare event. Itisimportant for the observe/rater to feelcomfortable using the
entire scale and to understand that all ratings shodl be based orbehavior that is actually
observed
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SCALE QUALITY SUPRLEM ENTARY
Least Unconfident Indecisive, Ineffi cient
1 Effective Disorganizd, Behind the paver curve, Rogh,
Leaves sometasks inomplde, Makes
mistekes
May issueconflicting instrudions; Doe not
2 Poor plan compleaey
3 Fair Distracied betveen &sks
4 L ow Satisfactory Postpones routine actions
5 High Satisfactory Knows the job fairy well
6 Good Works steadil, Solves most problems
7 Very Good Knows the job thorougy, Plans vell
Most Confident, Decisive, Eicient, Omganizd,
8 Effective Ahead of thegpowercurve Smooth, Completes

all necessartasks, Makes no mistakes
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| - MAINTAININ G SAFE AND EFFICIENT TRA FFIC FLOW
1. MaintainingSepaation and ResolvipPotential Conflicts............. 12
e usingcontrol instructions that maintain apprigpe aicraft and
airspae sepaation
« detecting and resolvingimpending conflicts early
e recanizing the reed forspeedestictions and wiae turbulence
sepaation

2. Sequencig Arrival, Depature,and En Route Airaft Efficiently.. 1 2
« usingefficient and aderly spaing techniques
e mantaining sde arrival and departureintervals tha minimize
delays
3. Using ControlInstructions Eféctively/Efficiently ........................ 12
« providingaccurate navigationahssistance to pilots
* issung econonncal clearances hatresut in need ér few
additiond instrudions to hadle aircraft compleely
e ensuringcleaanaes use minimum necesgdli ght path
charges
4. Overall Saé and Eficient Traffic Flow Scaé Rating.................... 12

Il -MAINTAINING ATTENTI ON AND SITUATI ONAL AWARENESS
5. MaintainingSituational AWaBNESS...........cccccvvviiiiiiiiiiiiiiieeeee e 1.2
 avoidingfixation on one aa of therada scope when othe
areas pedattention
 usingscanniiy patterns that monitor all airaft on therada
scope
6. EnsuringPositive Contral............cccceviiiiiiiiiiiiiiiee, 1.2
e tailoring control actions to situéion
e usingeffective procedures fo handlirg heawy, emegengy,
and unusual tréit situations
7. Detectirg Pilot Deviations from Contrdhstrictions................... 12
e ensumg that pilots follow assgnedcleaiancs corectly
e correding pilot deviations in atimdy manneg
e ensumg pilot adterence b issued @arances
8. Correctig Errasina Timey Manne .............coovvvvvviivivnnnnnnnnnn. 1.2
e acingquickly to correcterors
e charmging an ssued @arancewhen neessay to expedie
traffic flow
9. Overall Attention and Situation Awamess Sca Rating............. 12
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Il - PRIORITI ZING
10. TakingActions in an Appropete Order of Importance.................. 123456
* resolvingsitudions tha need immediate attention bdore
handling low priority tasks

« issuingcontrol instrutions in aprioritized, strudured, and
timely manne

11. PreplanningControl ACHIONS..........ccuvvvieeiieiiiiiciiiee e 1.2 3456
e scanning adjamt sectors to plafor future andconflicting
traffic
« studsing pendiryg fli ght strips in bg
12. HandlingControl Tasks foSeved Aircraft 1 23456

« shifting control tasks béween several aircraft when neessay
e communi@ting in timdy fashion whilesharingtime with othe actions
13. Marking Fight Strips while PerformigOther Tasks..................... 1.23456
e making flight strips acuraely while taking or peforming
other tasks
* keepirg flight strips carent
14. Overall PrioritizingScale Ratig ..o 1.2 3456

IV - PROVIDIN G CONTROL IN FORMATION
15a.ProvidingEssential Air Taffic ControlInformation...................... 123456
 providingmandatoy servies and advisoes to pilots in a
timely manne
e exchanging essential information
15b.ProvidingAdditional Air Trafic Control Information................... 123456
« providingadditional sernges wlen workload is not aattor
e exchanging additiond information
16. ProvidingCoordination..............uuueuvieeiiiiiiiiiieeeeeeese s 1.23 456
e providingeffective coordiration
e providingtimely coordinaion
e usingprope point-out procdures
e performirg handoff procedues progrly
17. Overall ProvidingControlInformation Scale Rating.................... 123456

V - TECHNICAL K NOWLEDG E
18. ShowingKnowledye of LOAs and SOPS..........cccooiiiiiiiniiinnnee. 1.2 3456
« controlling traffic as depicted in aurrent LOAs
« controlling traffic as depicted in aurrent SOPs
19a.Showing Knowledge of Aircraft Capabilities andimitations........ 123456
e usingappropiate speel, vedoring, and/or dtitude assgnments
to seaate aircrat with varied flight capabilities
e issuig cleaances hatare within arcraft peformance
paameters
19b. ShowingEffective U of EquIipment.............cccooevvvvvvvvvvnnnnnnnnn. 1.2 3456
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 updatingof data blocks
e usingequipment caabilities
20. Overall Tehnical Knavledge S@le Rating..............ccuvvvveeiiinnnn. 1.23 456 7 8

VI - COMMU NICATIN G
21. UsingPrope& Phraseolgy............cooooiiiiiiiiiiiiiiiiiieieeee e 1.2 345678
 usingwordsand phrasespecified in the 7110.65
e usingphraseology that is gopropride for thesitudion
e usingminimum neessay verbiage
22. Communicatinglearly and Bficiently .............cccccooiiiiiiiiiiiiiinnns 1.23 456 7 8
» speaking at the prep volume andate fa pilots to understand
» speaking fluenyl while scannig or performing other tasks
e ensumg cleaane delvetry is conplete
= speaking with confident, authoritative &oof voice

23. Listenirg to Pilot Readbacks and Reis..............cvvvvvviiiiiennnnnn. 1.2 3456 7 8
e correcting pilot readback erors
» acknowledjing pilot or othercontroller equests prompyl

24. Overall Communicatin§ale Ratim...............ooeeeeiieiiiiiiiiiiinee, 1.2 3456 7 8

Number Comments
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AppendixD
Entry Questionnaire

Instructions Pleag canplete the form below. All reporses will be lept confidenial ard your aronymity is

guaanteed.

1. What isyour age? years

2. Areyou wearingcorrecti\e lenses dring this experiment? O Yes O No

3. How long have you been an FPL controller? years

4. How long have you workedat your currert facility? years

5. How many months in the past year have you actively controlled traffic? months

6. What isyour current psition as an air tfidic controller? O Develgomental O Full O Other:

Paformance
Level

7. Please list ther facilities you have worked at:

8. Plea crcle the nunber hat bes degribesyour notsklled 1 2 3 4 5 6 7 8 9 10 extranely
current skill as an air tra ffic controller. skilled
Comments:

9. Plea® crclethe nunber hat bes degribesthe level of nosress 1 2 3 45 6 7 8 9 10 extremely
stressyou have experienced during thelast several high level of
months stress
Comments:

10. Plea® crcle the nunber hat bes desribesyour notmotivated 1 2 3 4 5 6 7 8 9 10 extremely

motivation to participate in thisstudy.

Comments:

motivated
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11. Plea® cicle the nunber hat bes desribesyour currert
state of health

Comments:

nothedthy 1 2 3 4 5 6 7 8 9 10 extremely

healthy

12. Plea® cicle the nunber hat bes desribesyour
experience wth video games.

Comments:

nbt 1 23 45 6 7 8 9 10 extremely

experierced

experierced
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AppendixE
Post-Scenario Questionna{iRSQ)

1. Plea® cicle the nunber hat bes desribeshow extremely 1 2 3 45 6 7 8 9 10 extremely
realistic the smulation was. unrealistic realistic

2. Plea® crclethe nunber hat bes degribeshow nt 1 23 45 6 7 8 9 10 extremely
representative the scenario s of a ypicalworkday. representative representative

3. Plea cicle the nunber hat bes dezribesif the no 1 23 456 7 8 9 10 extreme
ATWIT device interferedwith controlling traffic. interferance interference

4. Plea® crcle the nunber hat bed desribesif the no 1 23 456 7 8 9 10 extreme
oculometer interfered with cortrolling traffic. interference interference

5. Pleag crcle the nunber hat bes desribeshow wel the extrenely 1 2 3 45 6 7 8 9 10 extremely
simulation-pilots respanded to your clearages intems poor well
of traffic movement and call-bads.

6. Plea® crcle the nunber bebw that be$ deribeshow nothaed 1 2 3 4 5 6 7 8 9 10 extremely
hard you were work ing during this scenario. had

7. Plea crcle the nunber hat bes desribeshow well extrenely 1 2 3 45 6 7 8 9 10 extremely
you controlled traffic during this sceario poor well

8. Plea cricle the nunber hat bes degribesoverall extrenely 1 2 3 45 6 7 8 9 10 extremely
situation awareness during this scermrio poor well

9. Plea® crclethe nunber hat bed desribesyour extrenely 1 2 3 45 6 7 8 9 10 extremely
situation awareness for current aircraft locations poor well
during this scenario.

10. Plea® crcle the nunber hat bes desribesyour extrenely 1 2 3 45 6 7 8 9 10 extremely
situation awareness for projeted aircraft locations poor well
during this scenario.

11. Plea® cicle the nunber hat bes desribesyour extremely 1 23 45 6 7 8 9 10 extrenely
situation awareness for potential violations during this poor well
scerrio.

12. Plea® cicle the nunber hat bes desribeshow extrenely 1 2 3 45 6 7 8 9 10 extremely
difficult this scenario was. eay diffi cult

Do you have ary other comments abowtour experien@s durirg the simulatio
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AppendixF
Post-Exerimental Questionnaire

Plea® crcle the nunber tat bes desribeshow realistic extremely 1 2 3 45 6 7 8 9 10 extremely

the smulations were. unrealistic realistic

Comments:

Plea® cicle the nunber hat bed desribeshow not 1 23 45 6 7 8 9 10 extremely

representative the scenarios ere of a typical workday. representative representatiy
e

Comments:

Plea® cicle the nunber hat bed degribesif the no 1 23 45 6 7 8 9 10 extreme

ATWIT device interferedwith controlling traffic. interference interference

Comments:

Plea® cicle the nunber hat bes dezribesif the no 1 23 45 6 7 8 9 10 extreme

oculometer interfered with cortrolling traffic. interference interference

Comments:

Plea® cicle the nunber hat bes dexribeshow wel the extrenely 1 2 3 45 6 7 8 9 10 extremely
simulation-pilots respanded to your clearages intems poor well

of traffic movement and call-badks.

Comments:

Plea® crcle the nunber hat bes degribesif thehands- notadequate 1 2 3 4 5 6 7 8 9 10 adequate
on training was adequate onday 1.
Comments:

Was theae anything that you found particularly uniquein
the simulation tha you would nat see a your home
facility?

Comments:
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8. Were you constatly aware ofwearingthe oclometer, or
did you tune it out?

Comments:

9. Do you search the PVD in one gecial way for
information? If it depemls oncertainfactorswhat are
they?

Comments:

10. Plea® crcle the nunber hat bes desribesyour novetticl 1 2 3 45 6 7 8 9 10 aways
preference for vertical separaton during the semration vertical
experiment separation
Comments:

11. Plea® crcle the nunber hat bes desribesyour novectorr 1 2 3 45 6 7 8 9 10 aways
preference for lateral separaton (i.e.,“vectoring”) separation vector
during the experiment. separation
Comments:

12. Please circle th nunier that best describegour nospeed 1 2 3 45 6 7 8 9 10 aways speed
preference for speed controburing the experiment. cortrol cortrol
Comments:

13. Is there anyhing abou the sudy that we should have
askedor thatyou would like to comment alout?

Comments:
Plea® crcle the nunber hat bes desribesthe
importance of thefollowing aircraft information:

14. Aircraft Cal Sign extrenely 1 2 3 45 6 7 8 9 10 extrenely

low high

15. Aircraft Type extrenely 1 2 3 45 6 7 8 9 10 extrenely

low high

16. Aircraft BeaconCode extrenely 1 2 3 45 6 7 8 9 10 extrenely

low high

17. Controller Ownership extrenely 1 2 3 45 6 7 8 9 10 extrenely

low high

18. Entry Altitude extrenely 1 2 3 45 6 7 8 9 10 extrenely

low high

19. Entry Airspeed extrenely 1 2 3 45 6 7 8 9 10 extrenely

low high
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20.

Entry Fix

extremely
low

10

extremely
high

21.

Exit Altitude

extremely
low

10

extremely
high

22.

Exit Airspeed

extremely
low

10

extremely
high

23.

Exit Fix

extremely
low

10

extremely
high

24.

Arrival Airport (within secto)

extremely
low

10

extremely
high

25.

Departre Airport (within secor)

extremely
low

10

extremely
high

26.

Curren Altitude

extremely
low

10

extremely
high

27.

Current Airspeed

extremely
low

10

extremely
high

28.

Current Heading

extremely
low

10

extremely
high

29.

Current Aircratt Location

extremely
low

10

extremely
high

30.

Most Recetly Assigned Altitude

extremely
low

10

extremely
high

31.

Most Recenty Assigned Airspeed

extremely
low

10

extremely
high

32.

Most Recenty Assigned Heading

extremely
low

10

extremely
high

33.

Aircrat Holding/'Spinning

extremely
low

10

extremely
high

34.

Aircraft Waiting for Handoff/Release

extremely
low

10

extremely
high

35.

Aircraft Near Ext Fix/Arriva Airport

extremely
low

10

extremely
high

36.

Dersity of Aircraft on Radar Diglay

extremely
low

10

extremely
high

Plea® crcle the nunber hat bes desribesthe importance of the

following radar display information:

System Clock

extremely
low

10

extremely
high

VORs

extremely
low

10

extremely
high

Fixes

extremely
low

10

extremely
high

Airports

extremely
low

10

extremely
high

Restricted AeaBoundaries

extremely
low

10

extremely
high

Runways

extremely
low

10

extremely
high

Sector Bundaries

extremely
low

10

extremely
high

Filter Setthgs

extremely
low

10

extremely
high

Future Aircraft List

extremely
low

10

extremely
high
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10.

Cadllision Alert

extremely
low

9 10

extremely
high

11.

Aircraft History

extremely
low

9 10

extremely
high

12.

JRing

extremely
low

9 10

extremely
high

13.

Route Readout

extremely
low

9 10

extremely
high

14.

Vector Lines

extremely
low

9 10

extremely
high
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AppendixG

Gened Instructions

Instructions for Parti cipants (given before calbrati on of ocuometer)
First Experimental Scenario
Privacy Statement

Remember that all data is bgioollected without aypinformation which could laterdused to identify
you. You privagy is proteted.

Active Controllnstrictions (Scenaios 1 & 4)

During this senario ve would like foryou to control taffic asyou normaly would in the fieldIn
addition,you will be makig ATWIT ratings andansweringguestions over the landlinéd memory
recall prcedue will occurafter the scenario has stopped.

Monitoring Instructions(Scenarios 2& 8)

During this scenarigou will only have to monitor the air &ffic. Althoudh thereare no pilot/controller
communicationsyou may utilize all other normal control fcrons (j-ball, vector lines, routeadouts).
In addition,you will be makig ATWIT ratings, answeringquestions over the landlinédA memory
recall prcedue will occurafter the scenario has stopped.

ATWIT Instrictions

One purposefahis researh is to obtain anaurate evaluation of controlleworkload.By workload, we
mean all the pysical and nental efort thatyou must egrt to doyour job. This includes maintairgrthe
“picture,” planning coordinatimg, decision makingcommunicatingand whateer else is requid to
maintain a safand exyeditious traffic flow. Eery five minutes the ATWT devic, located to the fé of
theradar displaywill emit abrief toneand ten buttons will @pear. The buttons will renan visible for
only a limited amount of time. Theay you will tell us how hard/ou are workig is by pushirg the
buttons numbed from 1 to 10 whib will appea on theATWIT.

| will review what these buttons maen in tams of your workload. At thelow end of thescale (1 or 2),
your workload is low -you an accomplish everthing easily. As the numbers in@a®, your worklaad is
getting higher. Numbers 3, 4, ad 5represent inaeasing levels of moderate workload where the chance
of error is still low but stedily increasing Numkbers 6, 7, ad 8reflect relatively high warkload where
there is some chae d makirg errors. At the hgh end of tle scaleare numbers 9 and 1@hich
represent avery high workload, where it is likely that you will have to leave sometasks unfinishd.

All controllers, no méer how prdicient and experienced, will be exposel & onetime or another to d
levels of workloadIt does not detret from acontroller’s pofessionalism whendindicates that he is
working very had or that he is hdly working. Feel free to us the entiresaleand tell us honegtlhow
hardyou ae workirg. Do not sarifice the sée andexpeditious flow of traffic in orér to respond to the
ATWIT device. Rememler, your wakload rating shouldnot reflect how muchyou are working during
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the course of th sceario. Instead, your rating should eflect how much workloagou are experiencing
duringthe instant wanyou ae prompted to make thrating.

Do you have ary questions about usindpe ATWIT device?

SPAM Instructions

A sinde landline will be used for al coordindion purpose during theexperiment. In addition to
coordindion ectivities, d various times durirg thescenaio you will receive a cdl over thelandlinefrom
“Tech Cenér.” During the callyou will be aslked a question and will be igen two respons options.
Please answeeach quesbn as quikly andaccuragly as posdile. In ansvering each quesbn you may
use ai and all infornation normaly available toyou includirg the adar £ope andlight pragress
strips.

Do you have ary questions about usingnswerig questions over the landline?

Recal Procedue

After the senaio has been stop you will performa memoy recall prcedue. You will seea
repregntation of the airsgee onyour disply. Within the airspace will be thew rada returns, ector
lines, and leader lines as they gppeared when the seenario ended. At thebottom of thedisplay will be a
bin containingthe dita blocks fromall of the aicraft that weke in your airspa&e a otherwise undr your
control when the smario vas stopped. Yourask is to move the data block®in the bin to their
respedtive posiion in the arspaeas quckly and acurately as posiile.

To place a dtablock, slectthe daa block fromthe bin by using the kft buton on he rackbal. The
data blodk will change color when it is séected. After sdecting adaa block from thebin, movethe
cursor b the appopritate postion and pushhie kft buton o place he daa block. Oncea dasblock has
been plaed it will charge color in the bin (fromgreen togray). To remove a dta block that haalready
been phoed, sedct the placeddata block usig the left tackball button.Once seleced, the data block
will be highlighted in thebin. Move the cursa ove the highlited daablock in thebin and press theeft
trackball button.The data blok will move back into the bin.

Remember to complete thetd block pl@ements as quickland acuragly as possible.

Do you have ary questions befar we calibrate tle oculometer?
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Instructions for Parti cipants (given before calibrati on of ocuometer)

Subsequent Scenarios

Privacy Statement
Remember that all data is bgioollected without aypinformation which could laterdused to identify
you. You privagy is proteted.

Active Controlinstructions (Scenaios 1 & 4)

During this senario vwe would like foryou to contol traffic as yu normally would in the fieldIn
addition,you will be makig ATWIT ratings andansweringguestions over the landlineA memogy
recall pracedue will occurafter the scenario has stopped.

Monitoring Instructions(Saenarios 2& 8)

During this scenariggou will only have to monitor the air &ffic. Althoudh thereare no pilot/controller
communicationsyou may utilize all other normal control fcons (j-ball, vector lines, routeadouts).
In addition,you will be makig ATWIT ratings, answeringjuestions over the landlinéA memory
recall pracedue will occurafter the scenario has stopped.

ATWIT Instrwctions

One purposefahis researh is to obtain anaurate ewaluation of controlleworkload.By workload, we
mean whateer ptysical and mentalféort you must egrt to maintain safe arekpeditious traffic flow.
Buttons numbeed from 1 to 10 will @pear on the saeen toyour left. Push theébutton whid desaibes
your current level of wokload. At oneextreme, numbers 1 and 2present low workload you can
acconplish eveything easly. At the oher, nunibers9 and 10 epreenta vey high workload, wtere t
is likely that you will have to leave sometasks unfinishd.

All controllers, no méer how prdicient and experienced, will be exposal & onetime or another to d
levels of workloadlt does not detret from acontroller’s pofessionalism wheneindicates that he is
working very hard or that he is hdly working. Feel free to us the entire saleand tell us honesgtlhow
hardyou ae working. Do not sarifice the sée andexpeditious flow of traffic to espond to the ATWI
device. Remembeyour wakload ratirg shouldnot reflect how muchyou areworking during the
course of theeerario. Insteadyour rating should réect how mwech workloadyou areexperiencing
duringthe instant wanyou ae prompted to make thating.

Do you have ary questions about usindpe ATWIT device?

SPAM Instructions

You will receivecalls over tle landline fronfTech Center.” During the @l you will be asked a
guestion and will beigen tworesponse optionsPleaseanswer each question as quickhdaccuratey
as possiblen answering ech questionyou will be dlowed to useany and dl information normdly
available toyou includingthe radr scope and flght progress strips.

Do you have ary questions about usingnswerimg questions over the landline?

Do you have ary questions befar we calibrate tle oculometer?
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Recal Instructions (gvenimmediately after end of scerario)

In a momenyou will see a epresentation of the airape. Within the airspace will be thew rada
returns, vear lines, anddacer lines ashiey apparedwhen he senaio ended. Rce the daa blocks
from the bn in their respetive posiions n the arspae as quckly andaccuately as posdile.

Do you have ary questions about the call proedure?
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AppendixH

Visual Scanning

H.1 Visual Scannig Variables

The oculometerecaded e movements durgboth pactice senaios and eperimental
scenarios.H-1 provides a summng of theeye movement nesures.

Table H-1.Visual Scannig Variables

1. “Conditional information —Aircraft 21. Meandurationof fixations onradar retens
2. Conditiond information —Location 22. Number offixationson dag blocks

3. Conditiond information —Rarge 23. Meanduration of fixations on data block
4. Conditiond information - Tightness 24. Number offixationson other static objecs
5. Eye notion workload 25. Meanduration of fixations on other static obgcts
6. Pupil motion workload 26. Number offixationson PVD

7. Visual efficiercy 27. Meanduation of fixations on PVD

8. Meannunber of ixations 28. Number offixationson SCRD

9. Meanduationof fixations 29. Meandurationof fixations on SCRD

10. Meanfixation area 30. Number offixationson map

11. Meandistance ofsaccades 31. Meanduation of fixations on map

12. Meandurationof saccades 32. Number offixationsonflight strips

13. Meannunber ofdwells 33. Meanduation of fixations onfli ght strips
14. Meandwell area 34. Number offixationsonkeyboard

15. Meandurationof dwells 35. Meanduration of fixations on keyboard
16. Number offixationsontarget 36. Number of fixationson trackball

17. Meanduration of fixations ontarget 37. Meanduration of fixations on tradball

18. Number of fixationsoff target 38. Number offixationson ATWIT

19. Meanduationof fixations off target 39. Meanduration of fixationson ATWIT

20. Number of Fixations on radar retms
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H.1.1 Fixations

A fix ation is a sequence at least 6 oculometeamples with an intersample distanof kss
than 1 dgree of visual agle. At 1 meter distanethis coresponds to a @le with a 8.73 mm
radius. The distane between two samples is the norm of thectarial difference of the sample
coordinates.If 2 fixations are not sepaed by eitha a blink or a acade(see @finitions
below), thesdix ations should be combined within onedion. In summary

Fixation if:
D = V((Xi-Xi+1)? +(¥i-Yie)?) >8.73 mm
with D the distance betwea to subsequentsples xand
y the horiontal and vdical point ofgaze coadinates in
mm respectively
and:
n>6 with n the number of samples in a seqee
and

separadd by a blink or a acade
Related to a figtion the followingvariables ned to be calulated: Fixation Duration and
Fixation Area. Fixation Area is arapproxmation of the aracoveed by the POG da to ge
movements within afixation.
Fixation Duration:
FIXDUR = tsampe * ZSamples
With tsamieWhere the duration ofa sample (s second)
andXsanple is thetotd numbe of sanples within a

fixation
Fixation Area:
FIXAREA = (max(Xsix)-min(Xsix))*(Max(ysix)-min(Ysix))
with X;x andysx the sequeces of hoizontal and vertical
POG woordinaes within afixation respectively
H.1.2 Blink

A blink is thecompléee or patial closureof theeye. The oculomder will suggest tha the
velocity at the start and end a blink wasgreaer than 700 dgrees per seond which
corresponds with 6.108s. This is plysically impossible, but it doese usa way to determine
start and end d blink. A blink starts after th last sample of the gvious fixation and stops
before tle first sample of theaxt fixation. In summay:

Blink if:
VEL = V((XiXi+1)® +¥i-Yis1)?) / tsampe > 6.108"s
with VEL being the a crudeestimate of thetangential
velocity and xandy the horiontal and veical point of
gaze coordinates in mm resptively. The indexdenotes
the current sanplei and next samplei+1 respedively
and:

n>12 with n the number of samples in a seqee
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Rdated to ablink thefollowing variables need to becalculated: Fixation Durdion and Blink
Distance.Blink Distance is the distaecoveed bythe POG da to g/e movenents duringa
blink.

Blink Duration:

With tsamieWhere the duration ofa sample (s second)

andZzsanple is thetotd numbe of sanples within ablink

Blink Distance:
BLNKDST

(XnXp)*(Yn-Yp)

with x andy the haizontal and vertical point ajaze
coordinates in mm respiaeely. The indexdenotes the
last sample of the previous &¥on p and first sample of
the nex fixation n respectivel

H.1.3 Sacca@

A sac@de is the ballistic movement of tege from one fixation to the nek A saccade is
charaterized by fast ege movements of up to 70@giees per gcond. The cut-offfor a sacace
is a diffelence in distane between two subse@nt sacades that igreater orequal to 8.73 mm,
lasts at least 3 samples (oraoeity of 0.524"/,), and the @ocity is less or equal to 700 giees
per second6.108™/y). The sacadewill start a theend of thelast sanple of the previous
fixation and will end at the begning of thefirst sample of the ext fixation. In summay:

0.524 > VH > 6.108"/s
and:

n>2
Related to sa@des a numds of variables reed to becalculated: Saccace Durtion, Saccae
Distance, and &cack Velocity. The sacace distance § theangular distancetraveled durhg a
saccaeé in dggrees. The sacade @ocity is the aveage velocity within a sacade n degrees per
second.
Sacca@ Duraton:

SACDUR= tsampe * Zsamples

With tsamieWhere the duration ofa sample (s second)
andZzsanple is thetotd numbe of sanples within a
saccad
Saccae Distance:
SACDST = (XnXp)*(Yn-Yp)

with x andy the haizontal and vertical point ajaze
coordinates in mm respiaeely. The indexdenotes the
last sample of the previous &¥on p and first sample of
the nex fixation n respectivel

Saccae@ Velbcity:
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SACVEL = % (\/((Xi-Xi+1)2 +(yi'yi+1)2)) / tsarrple * Nsaccae

with tsanmpie Where tle duration of sample%o second)
and Raccae IS thenumbe of sanples within thesaccade

H.1.4 Dwell

A dwell is defined as sequece offix ations that return to a location within 1gtee of visual
from a taget location or within 1 dgee of visual agle if the POG does nogst on a taget.
This way included in a dwll arealso movingargets.

Related to dwells a numbef wariabks need to bealculted: Dwell Duration and Dvell Area.
Dwell Duration is thedurdion bdween thestart of thefirst sample of thefirst fixation and the
end of thelast sanple of the last fixation within adwdl sequence. Dwell Areais an
approxmation of the areaovered by the POG within a dell.

Dwell Duration:
DDUR = tnfixm - tifix1

with ty 5« 1 IS thestat of thefirst sanple of thefirst
fixation and {5x m isthe end (sample n) of thast
fixation (fixation m).
Dwell Area:
DAREA

(Max(Xsix)-Min(Xsix))*(Max(yix)-min(Yrix))

with X;x andysx the sequeces of hoizontal and vertical
POG oordindes within adwell respedively

H.1.5 Visual Efficiercy

Visud efficiency is ddined as the propation of thetotd scanning time tha is speat fixating.

VisualEfficiency:
VISEFF = (meanfIXDUR) * Ngy) /
(meanFIXDUR) * Nfx + mean(ACDUR) * Nga9
In fact, this is nothingmorethan theportion of thetime tha theeye is fixed one theblinks ae

removed:
VisualEfficiency:
VISEF = ZFIXDUR/ EFIXDUR + ZSACDUR)

with ZFIXDUR the sum of the duration of tfi ations,

> SACDUR the sumof the duraiton of he sacades and
TIME the total time in seconds.
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H.1.6 Eye Motion Workload

Eye Motion Workload is defineds the agrage sacace motion in degrees liie numier of
saccads, ofr:

Eye Motion Workloal:
EYEMWL = mean (SACDST) * Ny./ TIME

with Nsacthe numbe of saccades within theinterval
under stugl and TME the total time in seconds.
In fact, this is nothingnorethan thetotd distance traveled divided by thetotd the time:
Eye Motion Workloal:
EYEMWL = >SACDST /TIME

with ZSACDST the sumof the dstance of he sacacdks
in degeesand TIME the total time in seconds.

H.1.7 Pupil MotionWorkload

Pupil MotionWorkload is ddined as thesum of theaveragepupil diameter within afixation
divided by the total time within the interval under consatesn.

Pupil MotionWorkload
PUPMWL = % Imean(PRUPDIAM )iy i- mean(RIPDIAM)ixis1)|| / TIME

with PUPOAM the pupil diametein mm based on a
conversion from A8 arbitrary units to mm of 0.044 mm
per AS unit. The indexfix i and fix i+1 denote the i-th
and the i+1th figtion respective}
It seens if theauthor d thearticle tha this mesure was baed onwas afte the“distance”
traveled durig an interval. | is of course possible to safate the oculometesamples that do not
include blinks and then to calcudghe cumulative sum of the pupil diametififerences. This
may be a moreaccurateestimate of pupil workload:
Pupil Average Work:
for fixations or saccab:
PUPAW = Z||PUPDIAM; - PUPDIAM 4|

with i and i+1 oculometer sample i arlliresgectively.
In this @se the oculometesamples that @ur duriry
blinks ae removed from thetimeseies of daa.

H.1.8 Conditionallnformation

The conditional information is defined IBrillouin (1962) as dscribed in Ellis (1986).The
formula will here le given without gettingoo much into the details:
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CONINF = Z p * [Z pj * 102 (p,j)] withi#]

with p is simpe probaility of viewing target i, and p;; is
the probaility of atransition from taget i to target j.
Simple probabily was defired by Ellis (1986) as the
percendge of time spent orach @rticular target or
jumping beween each target. Here we will calculate it
not & a pecentageof time, but theratio of thenumler of
times on atarget and thetotd number of fixations and the
number of transitions and the total numbkesacades
for pi and p; respedvely.

H.2. Visual Scanning: Inferential Statistics

Table H—2. MANOVA Results for Sacace

Duration and Distares Fxation Number, Dugtion, and Aea

Wilks' |[Rao R Pillai- \% df 1 |df 2 |p-lewel
Lambda|Form2 |Bartlett
Trace

Task Load

.324 4.558§ 0.674 4.558§ 5/ 11 .017

Involvement

.612 1.394 0.388 1.394 11 299

a1

Task Load xInvolvement 874 0.316 0.12¢ 0.314 5| 11 .893

Table H-3. ANOVA Results for ige Movement RelateWariables (p < .01)

Mears sqr | Mears sqr | F(1,15 | p-level
Effect Error

Saccade dation |Load 0.001 0.00q 6.034 .027
Involvement 0.001 0.000 5.958 .028

Load xInvolvement 0.000 0.000 0.157 .707

Saccade Distae |Load 0.064 0.184 0.359 .559
Involvement 0.053 0.177 0.298 .593

Load xInvolvement 0.177 0.1271 1.40Q¢ .255

Fixation Number [Load 163248.5/8| 8132.08%| 2.007 .177
Involvement 556/6.9@0| 8278.891| 0.673 425

Load xInvolvement 25214.367| 107323.08| 0.235 .635

Fixation Duration |Load 0.004 0.001 3.454 .083
Involvement 0.001 0.002 0.944 .347

Load xInvolvement 0.000 0.002 0.194 .664

Fixation Area Load 0.00d 0.004 0.044 .837
Involvement 0.001 0.008 0.075 .787

Load xInvolvement 0.000 0.00§ 0.021 .887




Table H-4. MANOVA Results forBlink Number,Blink Duration, and Pupil Diameter

Wilks' |RaoR| Pillai- V |dfl|df2| p-lewel
Lambda | Form | Bartlett

Trace
Task Load .760 1.371 0.249 1.371 3| 13 .295
Involvement 500 4.328 0.500 4.324 3| 13 .025
Task Load xInvolvement 873 0.63] 0.127 0.631 3| 13 .608

Table H-5. ANOVA Results for Visual SnningRelated WorkloadIndicators ¢ < .017)

Effect Error F(1,19 | p-lewel
Blink Number |Load 12064.542| 1083%.18B 1.113 0.304
Involvement 7295088 1328.57 0.549 0.470
Load xInvolvement 7553572 8055369 0.939 0.3494
Blink Duration |Load 0.011 0.003 4,312 0.05§
Involvement 0.002 0.001 3.903 0.0671
Load xInvolvement 0.001 0.00Z 0.87Q 0.366
Puwil Diameter |Load 0.079 0.16(Q 0.493 0.493
Involvement 0.347 0.09¢ 3.866 0.068
Load xInvolvement 0.026 0.296 0.084 0.771

Table H-6. MANOVA Results forFixation Number, Duration, andr@a ly
Load,Involvement and Time

Wilks' | Rao R | Pillai- \% df 1| df 2| p-level
Lambda| Form 2 | Bartlett
Trace
Load .699 1.868 0.301] 1.864 3| 13 .185
Involvement 7020 1.841 0.299 1.841 3| 13 190
Time .000 353.723| 1.000 353.723| 15 1 .042
Load xInvolvement 987 0.054 0.013 0.054 3| 13 .982
Load xTime .006 11.6%| 0994 11.6%| 15 1 .224
Involvement x Time .014 4539 0984 4535 15 1 .355
Load xInvolvement x Time .05 1.144 0.945 1.144 15 1 .635
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Table H-7. ANOVA Results forinterval-Based Eye Movement Related striables(p < .017)

Mears sqr | Mears sqr| F(df1,2) | dfl | df2 | p-level

Effect Error
Number |Load 5107655 3995906 1.278 1| 15 .274
Involvement 138.047| 5709520 0.024 1| 15 .879
Time 1158.951| 838.25( 13.8%5| 4| 60 .00d
Load xInvolvement 400.65| 4525971 0.089 1 15 .770Q
Load xTime 2576260 889.213 2.897 4 60 .019
Involvement x Time 1718002 1101729 1.559 4| 60| .182
Load xInvolvement x Time 1292058 612.98 2109 4 60| .073
Duration JLoad 0.031 0.0058 6.184 1| 15/ .02§
Involvement 0.015 0.009 1.628 1| 15| .221
Time 0.021 0.004 19.00¢/ 4| 60 .00d
Load xInvolvement 0.000 0.008 0.013 1| 15 .912
Load xTime 0.002 0.002 1.164 1| 15 .33§
Involvement x Time 0.004 0.002 2.349 4 60| .049
Load xInvolvement x Time 0.001 0.001 1.134 4| 60| .350
Area |Load 0.003 0.034 0.083 1| 15 .777
Involvement 0.004 0.049 0.087 1| 15| .772
Time 0.067 0.009 7.49q 4 60| .000
Load xInvolvement 0.001 0.029 0.021 1| 15| .8886
Load xTime 0.014 0.009 1523 4| 60| .193
Involvement x Time 0.001 0.006 0.232 4 60| .947
Load xInvolvement x Time 0.009 0.005 1.983 4| 60 .09%
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Table H-8. Saccade Charactristics: MANOVA Results

MANOVA, adpusted Wilks' | Rao R | Pillai- V | dfl|df2]| p-lewvel
alpha=0.0169 Lambda|Form 2| Bartlett
Trace
Load 47§ 7.733 0525 7.733 2| 14 .005
Interval 1 936 0.474 0.064 0.474 2| 14 .630
Interval 2 760 2.211 0.24Q9 2.211 2| 14 144
Interval 3 385 11.177] 0.615 11.177 2 14 .00%
Interval 4 6220 4.25 0.379 4.25 2| 14 .034
Interval 5 449 8595 0.551 8595 2 14 .004
Interval 6 J74 2044 0.22 2.044 2| 14 .164
Involvement 662 3564 0.339 3569 2| 14 .054
Interval 1 967 0.23§ 0.033 0.23q 2| 14 793
Interval 2 649 3.791 0.351 3.791 2| 14 .048
Interval 3 414 990§ 0.58 9.90§ 2| 14 .002
Interval 4 621 4.271 0.379 4271 2| 14 .034
Interval 5 861 1.124 0.139 1.128§ 2| 14 351
Interval 6 704 2949 0.29 2949 2| 14 .085
Time .078 7.07q 0.922 7.07q 10| 6 .013
Low Load, Moritoring A77 2.785 0.823 2.785 10 6 111
Low Load, Active .019 30.28| 0.981 30.2%/| 10 6 .00d
High Load, Mortoring 2371 1932 0.763 1933 10 6 217
High Load, Active 309 1.340 0.691 1.340 10 6 374
Load xInvolvement 944 0.413 0.054 0.413 2| 14 .669
Load xTime 259 1.714 0.741 1.7184 10| 6 .262
Involvement x Time 170 2.920 0.830 2.920 10 6 101
Load xInvolvement x Time .099 5.459 0.901 5.459 10 6 .025
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Table H-9. Saccade Duration: ANDVA Results,Internal Based

Duration Mears sqr| Mears sqr| F(df1,2) | dfl | df2 | p-level
Effect Error
Load 0.007 0.001 9.227 1| 15 .008
Monitoring 0.005 0.001 4.449 1| 15 .052
Active Control 0.002 0.001 1.775 1| 15 203
Interval 1 0.000 0.000 0.924 1 15 .352
Interval 2 0.001 0.00d 4.679 1| 15 .047
Interval 3 0.004 0.00q 14.77 1 15 .002
Interval 4 0.000 0.00d 0.877 1| 15 .364
Interval 5 0.005 0.001 9.875 1| 15 .007
Interval 6 0.000 0.00d 1.134 1| 15 .304
Involvement 0.009 0.00% 6.778 1| 15 .020
Low Load 0.007 0.002 3.942 1| 15 .066
High Load 0.003 0.001 2.382 1| 15 144
Interval 1 0.000 0.00d 0.010 1| 15 .923
Interval 2 0.004 0.001 7.494 1| 15 .015
Interval 3 0.003 0.000 11.4& 1| 15 .004
Interval 4 0.002 0.00d 9.141 1| 15 .009
Interval 5 0.001 0.00d 1.206 1| 15 .289
Interval 6 0.002 0.00d 6.170 1| 15 .025
Time 0.001 0.000 4911 5| 75 .001
Low Load, Moritoring 0.000¢ 0.00d 2.401 5( 75 .045
Low Load, Active 0.001 0.00d 4.494 5( 75 .001
High Load, Moritoring 0.002 0.000 7.479 5( 75 .000
High Load, Active 0.00d 0.00d 1.871 5/ 75 109
Load xInvolvement 0.000 0.002 0.255 1| 15 .621
Load xTime 0.001 0.00d 4.091 5 75 .002
Involvement x Time 0.00d 0.00¢ 2.578 5 75 .033
Load xInvolvement x Time 0.001 0.00¢ 7.656 5 75 .000

H-10



Table H-10. Saccac Distane: ANOV A Results, hterval Based

Distancd Mears | Mears sqr| F(df1,2) |dfl|df2| p-lewvel
sqr Efectf  Error

Load 0.473 1.139 0.413 1| 15 .529
Monitoring 1.005 0.974 1.034 1| 15 .324
Active Control 0.001 0.822 0.001 1| 15 974
Involvement 0.932 1.097 0.849 1| 15 371
Low Load 1.437 0.481 2988 1| 15 .104
High Load 0.028 1.273 0.022 1| 15 .885
Time 0.601 0.141 4,257 5| 75 .002
Load xInvolvement 0.533 0.654 0.817 1| 15 .382
Load xTime 0.331 0.129 2557 5| 75 .034
Involvement x Time 0.147 0.131 1.114 5| 75 .359
Load xInvolvement x Time 0.291 0.154 1.8871 5| 75 .107

Table H-12. Fixation CharacteristicsypScere Plane :MANOV A Results

MANOVA, adjwsted apha=0.0253 Wilks' | Rao R | Pillai- \% df 1(df 2| p-lewvel
Lambda| Form 2 | Bartlett
Trace
Task Load 669 3.465 0.331 3.465 2| 14 .060
Scere Phre .00003090435 1.00Q 309.435| 14| 2 .003
Task Load xInvolvement 981 0.133 0.019 0.133 2| 14 .876
Task Load xScere Phre .054 2498 0944 2.498 14 2 .322
Involvement x Scene Phre .058 2.326 0942 2.329 14| 2 341
Task Load xInvolvementx Scene Phre 163  0.731] 0.837 0.731 14 2 713
Table H-13. Number of Fixations by Scene Pla@: ANOVA Results
Number Mears sqr | Mears sqgr| F(df1,2) | dfl| df2 | p-lewel
Effect Error

Task Load 2040%6.072| 1016.3%| 2.007 1| 15 A77

Flight Strip Bay 34920.801| 35612.473| 0981 1| 15 .338

Keyboard 6498.8@| 5993706 10.82| 1| 15 .005

TrackBall 2.68Q 251.&43| 0.0114 1| 15 919

ATWIT 44,80 302.32| 0.148 1| 15 .706

CRD/QAK 2412.621| 2069708 11.6@| 1| 15 .004

Map 192.180 95.6%| 2.008 1 15 A77

Land Line 554.147 243.016 2280 1 15 152

Task Load xScere Phre 7615680 12110.36l| 0.629 6| 90 731

Involvement x Scene Phre 16867.813| 137&.7%B| 1.226 6| 90 .295

Task Load xInvolvementx Scene Phre 10782.08| 11363.7%| 0949 6/ 90 A73
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Table H-14. Fixation Duration ly Scere Plane: ANDVA Results

Duration Mears sqr| Mears sqr | F(df1,2) | dfl | df2 | p-level
Effect Error

Task Load 0.057 0.019 3.014 1| 15 .103
Flight Strip Bay 0.001 0.0013 0.891 1] 15 .360
Keyboard 0.022 0.00§ 3.334 1| 15 .088
TrackBall 0.37(0 0.162 2.28§ 1| 15 151
ATWIT 0.000 0.004 0.063 1| 15 .805
CRD/QAK 0.164 0.005 33.4&| 1| 15 .000
Map 0.187 0.019 18.7/| 1| 15 .001
Land Line 0.035 0.017 2.104 1| 15 .168
Task Load xScere Phre 0.004 0.027 0.134§ 6| 90 .995
Involvement x Scene Phre 0.117] 0.027 4.142 6| 90 .000
Task Load xInvolvementx Scene Phre 0.002 0.028 0.074 6| 90 .999

Table H-15.Fixation CharacteristicsypScene Plane: MNOVA Resultsnterval Based

MANOVA, adjwsted apha=0.0253 | Wilks' | Rao R | Pillai- Y df 1| df 2| p-level

Lambda| Form 2 | Bartlett

Trace
Load 519 6.498§ 0.481 6.498 2| 14 .010
Scere .042 157.@7 0.958 157.2@7| 2| 14 .00dQ
Load xInvolvement .764 2.167 0.236 2.1671 2| 14 151
Load xTime 403 0.88§ 0597 0.883 10[ 6 .587
Involvement x Time .096 5.657 0.904 5.6577 10| 6 .023
Load xScene 911  0.683 0.089 0683 2| 14 521
Involvement x Scene 909 0.700 0.091] 0.700 2| 14 513
Time x Scere 027 21.4% 0.973 21.4%| 10 6 .001
Loadx Time x Scene 2720 1.604 0.724 1.604 10[ 6 .290
Involvement x Time x Scene 129  4.058 0.871] 4.054 10| 6 .050
Load xInvolvement x Time x Scere 178 2.765 0.827 2,764 10 6 113

Table H-16. Number of Fixations by Scene Plaet ANOVA Results]nterval Based

Number Mears sqr | Mears sqr| F(df1,2) | dfl|df2| p-level
Effect Error

Load 3.255 2515722 0.001 1| 15 972
Scere 7051866500 52165.211| 135.183| 1| 15 .000
Load xInvolvement 1665574 1972219 0.845 1| 15 373
Load xTime 1289157] 563.318 2288 5| 75 .054
Involvement x Time 586.43| 600.80 0.976 5| 75 438
Load xScene 2051382 5271664 0.389 6| 90 542
Involvement x Scene 807.3l7| 8940859 0.090 6| 90 .768
Time x Scere 2288B.40| 1751238 13.03%| 30| 90 .000
Load xTime x Scene 160.772| 1248355 0.129 30| 90 .984
Involvement x Time x Scene 5021814 1505616 3.339 30| 90 .009
Load xInvolvement x Time x Scere 8122203 1250881 6.493 30| 90 .00d
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Table H-17.Fixation Duration ly Scere Plane: ANDVA Resultsnterval Based

Duration Mears | Mears | F(df1,2) | dfl | df2 | p-level
s sg 1,15
Effect | Error
Load 0.073 0.00§ 11.2a 1| 15 .004
Scere 7.604 0.024 293.20 6| 90 .00d
Load xInvolvement 0.007 0.009 0.788§ 1f 15 .389
Load xTime 0.004 0.003 1.104 5/ 75 310
Involvement x Time 0.003 0.007 1.740 5 75 .136
Load xScene 0.004 0.003 1.104 6| 90 310
Involvement x Scene 0.004 0.003 1.376 6 90 .259
Time x Scere 0.01 0.003 5.7271 30 90 .00d
Load xTime x Scene 0.007 0.003 2.741 30 90 .02
Involvement x Time x Scene 0.002 0.003 0.870 30, 90 .506
Load xInvolvement x Time x Scere 0.002 0.003 0.557 30[ 90 .733
Table H- 18.Fixation CharacteristicsypRadascopeObject:
MANOVA Results, $enaio Based
MANOVA, adjwsted apha=0.0253|Wilks' |Rao R |Pillai- \% df1 |df2 |p-level
Lambda |Form 2 |Bartlett
Trace
Task Load .398 10.5& 2 14 .002
Task Load xInvolvement 8620 1.116 2 14 .335
Task Load xObject .383 2.684 6 10 .081
Involvement x Object 491 1.728 2 10 212
Load xInvolvement x Object .697 0.724 2 10 .641
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Table H-19 Fixation CharacteristicsypRadascopeObject: MANOVA Results IntervalBased

MANOVA, adjwsted apha=0.0253 | Wilks' | Rao R | Pillai- Y df 1| df 2| p-level
Lambda| Form 2 | Bartlett
Trace

Load 755 2.268 0.245 2264 2| 14 140
Involvement .824 149 0.17q 1499 2 14 .258
Radar Return .789 1.861 0.211 1.864 2| 14 191
Data Block 726 2.640 0.274 2640 2| 14 104
Time .081] 6.85] 0919 6.851 10| 6 .014
Object 482 7.51§ 0518 7.518 2| 14 .004
Monitoring 44 8.697 0554 8.691 2| 14 .004
Active Control 634 4.044 0366 4.044 2| 14 .04
Load xInvolvement 995 0.03q 0.00§ 0.03q 2| 14 .965
Load xTime .065 8.584 0935 8584 10[ 6 .008
Involvement x Object 762 2.189 0.23§ 2189 2 14 149
Time x Object 278 1.554 0.722 1555 10[ 6 .305
Load xInvolvement x Time .03 16.13%| 0964 16.1%| 10| 6 .001
Load xInvolvement x Object 909 0.701 0.0913 0.703 2| 14 513
Load xTime x Object .613 0.379 0.387 0.379 10, 6 914
Involvement x Time x Object 374 1.004 0.629 1.004 10 6 523
Load xInvolvement x Time x Object 254 1764 0.74q 1764 10 6 .252

Table H-20. Numkber of Fixations ty Radarsope Objet: ANOVA Results

Number Mears sqr| Mears sqr| F(df1,2) | df1 | df2 | p-level
Effect Error
Load 718.%1| 1388644 0.517 1| 15 483
Involvement 885.0l7| 38522031 0.230 1| 15 .639
Time 2285364 515.89| 4.437 5 75 .00
Object 4983.332| 6274989 7.951 1] 15 .013
Load xInvolvement 41.0%4 1699183 0.024 1| 15 .879
Load xTime 498.9M5( 322.89| 154 5[ 75 .184
Involvement x Time 1744968 541.4/6 3223 5| 75 .0114
Load xObject 418.%11| 914.811 0.458 1f 15 509
Involvement x Object 143%.219| 3427043 4.189 1| 15 .059
Time x Object 841.a5| 819.19] 1.0279 5 75 408
Load xInvolvement x Time 3377578 369.96 9.129 5/ 75 .000
Load xInvolvement x Object 49.247] 1265070 0.039 1| 15 .844
Load xTime x Object 314.%0| 455.20, 0.692 5 75 631
Involvement x Time x Object 646.86| 555.a3] 116 5 75 .334
Load xInvolvement x Time x Object 719.44| 306.Z76 2.348 5 75 .049
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Table H-21 Fixation Duration ly Racarscope Object: ANOVA Results

Duration Mears |Mears| F(df1,2) | dfl | df2 | p-level
s s
Effect | Error
Load 0.05¢0 0.011 4.391 1| 15 .054
Involvement 0.052 0.03( 1.747 1 15 .204
Time 0.040 0.003 12.3a 5 75 .00Q
Object 0.013 0.006 2.256 1 15 154
Load xInvolvement 0.002 0.021 0.074 1| 15 .789
Load xTime 0.013 0.005 282 5@ 75 .022
Involvement x Time 0.005 0.004 1.328 5 75 .262)
Load xObject 0.001 0.004 0.224 1 15 .643
Involvement x Object 0.003 0.003 1265 1| 15 278
Time x Object 0.002 0.002 0.854 5/ 75 .514
Load xInvolvement x Time 0.007 0.003 0.661 5 75 .654
Load xInvolvement x Object 0.003 0.002 1.172 1f 15 .296
Loadx Time x Object 0.009 0.002 0.11§ 5/ 75 .989
Involvement x Time x Object 0.002 0.002 1265 5| 75 .288
Load xInvolvement x Time x Object 0.001 0.002 0384 5 75 .858

Table H-22. ConditionallnformationIndices: MANOVA Results

MANOVA, adpusted | Wilks' | Reo R | PFillai- V df 1 |df 2| p-level
alpha=0.0126 Lambda| Form 2| Bartlett
Trace
Load 133 19.6@®@| 0.867 19.6@| 4| 12 .000
Monitoring .306 6.814q 0.694 6.814q 4| 12 .004
Active Control 143 17.93 0.857 17.93 4| 12 .000
Involvement 186 13.18| 0.814 13.18 4/ 12 .000
Low Load 663 1.5279 0.3379 1.5279 4| 12 .256
High Load 104 25.73 0.8949 25.731 4| 12 .00d
Load xInvolvement 156 16.172( 0.844 16.172 4/ 12 .000

Table H-23. Object-Based Conditiondinformationindex ANOVA Results

Duration Mears | Mears | F(df1,2) | dfl | df2 | p-level
sq |sgr Error
Effect
Load 0.008§ 0.000 54.32 1| 15 .00d
Monitoring 0.004 0.00¢ 9949 1| 15 .007
Active Control 0.007 0.000 76.68 1| 15 .00(Q
Involvement 0.003 0.000 6.33q 1| 15 .024
Low Load 0.000 0.00d 0.063 1| 15 .804
High Load 0.002 0.00Q 24.5% 1| 15 .00d
Load xInvolvement 0.003 0.00d 8413 1| 15 011
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H.3. Visual Scannigt ScenaridBased De<riptive Statistics

Table H-24. Saccack Duition: Mean and tandad Deviations ly Loadandlnvolvenent

Saccade Duation | Low High
(msec) Mean| SD | Mean| SD | Mean| SD
Monitoring 111 22 120 16 116 19
Active Control 121 19 127 19 124 19
11§ 21 124 17 120 19

Table H-25. Saccack Distane: Meanand Sandard [@viations ty Load andnvolvement

Saccade

Distance Low High

(inches) Mean| SD | Mean| SD | Mean SD
Monitoring 3.595 0.524 3.772 0.464 3.678 0.499
Active Control|] 3.757] 0.344 3.714 0.65§ 3.737 0.514

3.676 0.444 3.742 0.564 3.708 0.509

Table H-26.Eye Motion Workload: Mean and Standakviations ly Loadandlnvolvement

Eye Motion .
Workload Low High
) Mean| SD | Mean | SD | Mean SD

Monitoring 5.304 1.199 5.823 0.754 5.547 1.039
Active Control | 5.715 0.714 5.798 0.929 5.756 0.814

5.510 0.993 5.809 0.834 5.655 0.926

Table H-27.Number of Fixations: Mean and Standardelations ty Load andnvolvemnent

Number of Low High
Fixations Mean | SD | Mean | SD | Mean| SD
Monitoring 2699 503 2844 281 2769 415
Active Control 2799 299 2859 239 2829 26§

2749 410 2853 255 2799 349

Table H-28. Fixation Duration: Mean and Standdbeéviations ly LoadandInvolvement

Fixation
Duration Low High
(msec) Mean| SD | Mean| SD | Mean SD
Monitoring 441 71 430 52 436 62
Active Control 436 44 416 43 426 44
438 58] 423 47 431 53
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Table H-29. Fixation Area: Mearand Standard Daations ty Load andnvolvement

Fixation Area Low High

(sq.irches) [ 'Mean| SD | Mean| SD [Mean| SD
Monitoring 0.663 0.184 0.663 0.184 0.663 0.183
Active Control | 0.66q 0.11d 0.653 0.114 0.657 0.11§

0.663 0.154 0.65§ 0.149 0.66Q 0.15(

Table H-30.Visual Scanning Effi@ng/: Meanand Standar®eviations ly Loadand

Involverrent
Visual Scanmng ]
Efficiency Low High
() Mears| SD |Mears| SD |Mears| SD
Monitoring 0.795 0.05] 0.781 0.039 0.789 0.044
Active Control | 0.782 0.0379 0.765 0.033 0.774 0.03§
0.789 0.044 0.773 0.03¢ 0.781 0.04]

Table H-31.Number of Dwells: Mean and Stamd Deviations ty Load andnvolvement

Number of Low High
Dwells Mean | SD | Mean| SD | Mean | SD
Monitoring 2481 473 2611 258 2541 387
Active Control 2531 274 2615 265 2573 269
2506 382 2613 257 2558 329

Table H-32.Dwell Duration: Mean and Standardeldations ty LoadandInvolvement

Dwell Duration Low High
(msec) Mean | SD | Mean | SD | Mean| SD
Monitoring 482 79 4720 66 477 72
Active Control 489 53 463 58§ 476 56
486 66 467 61 477 64

Table H-33.Dwell Area: Mearand Standar®eviations ly Load andnvolvement

Dwell Area Low High

(sq.irches) | ' Mean| SD | Mean| SD | Mean | SD
Monitoring 0.7797 0.203 0.7740.184 0.775 0.199
Active Control 0.784 0.124 0.7590.124 0.771 0.127

0.78¢0 0.164 0.7650.154 0.773 0.161
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Table H-34.Number of Blinks: Means and StandaDevitions ly Load andnvolvenent

Number of Low High
Blinks Mears | SD | Mears| SD | Mears SD

Monitoring 388 | 177] 393 | 218 390 | 194
Active Control| 388 | 157 | 437 | 161 | 413 | 158

388 | 164 | 417 | 188 402 | 175

Table H-35.Blink Duration: Meansind Standard &iations ly Load andnvolvement

Blink Duration Low High
(msec)

Mears| SD | Mears| SD | Mears SD

Monitoring 256 58 238 55 248 56
Active Control| 254 | 99 218 | 43 236 | 78

255 80 227 49 241 68

Table H-36.Pupil Diameter: Mans and StandhDeviations ly Load andnvolverrent

Pupil Diameter Low High
(mm) Mears | SD | Mears | SD | Mears| SD

Monitoring 6.440 |0.839 6.548 |0.985 6.491 | 0.896]
Active Control | 6.628 |0.931] 6.658 |0.847] 6.643 |0.876

6.534 |0.877] 6.607 |0.900] 6.569 |0.88]]
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Table H-37.Number of Fixations by Scene Plam by Load andnvolvement

Number of Fixations| Scere Low High
by Scere Plares | Plane | Mears SD Mears SD Mears SD
RSN 1808 423 1898 308 1850 370
FSN 713 362 769 275 739 320
= KBN 48 75 52 52 50 64
E TBN 8 12| 10 14 9 13
= ATN 23 9 23 6 23 8
= CRN 78 39 67 46 73 42
MDN 10 13 3 6 7 11
LLN 13 13 24 37 18 27
RSN 1839 247 1868 170 1854 209
= FSN 721 232 660 226 691 227
= KBN 87 100 145 133 116 119
8 TBN 3 4 15 2 o 19
g ATN 29 32 20 7 25 23
:(3 CRN 96 32 130 83 113 64
MDN 10 10 10 14 10 12
LLN 12 12 11 11 12 11
RSN 1823 341 1882 241 1852 296
FSN 717 299 711 251 714 275
KBN 67 89 101 112 84 101
TBN 6 9 13 21 9 16
ATN 26 23 21 6 24 17]
CRN 87 36 101 74 94 58
MDN 10 11 7 11 9 11
LLN 13 12 17 27 15 21
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Table H-38 Fixation Duration (msec)ypScene PlaneylLoad andnvolvement

Number of Fixations by Low High
Scere Rares Scer Rare 5 TTSD [Mears| SD [Mears] D
Radar Sopd 502 72 492 58 497 65
Flight Strip Bay] 308 511 301 38 305 45
> Keyboarq 244 164 226 92 236 133
5 TrackBal| 305 743 254 274 281 565
% ATWIT| 331 86 322 89 327 86
= CRD/QAK| 392 104 353 91 374 99
Map] 174 183 103 134 141 164
Land Line] 270 174 263 137 267 154
Radar Sopq 493 56 479 571 486 56
B Flight Srip Bay] 313 28] 281 22 297 30
g Keyboard 200 91| 195 49 198 72
g TrackBalll 141 16 107 79 124 126
g ATWIT| 324 821 320 89 322 85
'§ CRD/QAK| 498 79 459 55 479 70
Map] 256 148 249 164 252 155
Land Line] 218 107 219 103 218 103
Radar Sopgd 498 64 485 571 492 60
Flight Srip Bay] 310 41 290 32| 301 38
Keyboarq 222 132 210 73 216 107
TrackBalll 223 53§ 176 204 200 408
ATWIT|] 328 831 321 88 324 85
CRD/QAK]| 445 104 410 9(Q| 428 100
Map] 215 169 181 167 198 167
Land Line] 244 143 239 120 242 131

Table H-39. Number of Fixations by Radarsope Objet by Load andnvolvement

Number of Fixations . Low High

Scere Rares Y [Recar Sope Ofect Mean | SD Meang SD| Mean SD
System Area 4 7 3 5 3 6

. Other Static Obgcts 19| 11 12| 14 16| 13
Monitoring Radar Returns 787 20 827 114 806 169
Data Blocks 926 258 987 250 955 252

System Area 2l 2 1 1 1 1

Active Control Other Static Obgcts 19 12 19| 18 19 15
Radar Returns 867 125 866 98 864 110
Data Blocks 900 146 924 99 912 123

System Area 3 5 2 3 2 4

Other Static Obgcts 19| 11 15| 16 171 14
Radar Returns 827 172 848 107 837 144
Data Blocks 913 207 954 184 933 196
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Table H-40.Number of Fixations by Radar Scop Object by Load andnvolvement

Number of Fixations . Low High
Radar Sope O@ECBW Radar Sope Ofects Mears, SD MearéJ SD [Mears| SD
System Area 4 7 3 5 3 6
Monitoring Other Static Objects 19 11 12| 14 16| 13
Radar Returns 787 204 827 11§ 806 169
Data Blocks 926/ 254 987 250 955 252
System Area 2 2 1 1 1 1
Active Other Static Objects 19 12 19/ 18 19, 15
Control Radar Returns 867 129 866 98 866 110
Data Blocks 900 144 924 99 912 123
System Area 3 5 2l 3 2 4
Other Static Objects 19 11 15 16 17| 14
Radar Returns 827 174 848 107 837 144
Data Blocks 913 207 954 184 933 194

Table H-41. Fixation Duration ly Radarscope Object ly Load andnvolvement

Fixation Duration by i Low High

Radar Sope Offects | Redar Sope Olfects [ = e =T e 5o
System Area 336 277 185 228 265 263
L Other Static Objecs 236 54 265 114 249 88
Monitoring Radar Returns 513 74 s06 79 510 74
Data Blocks 514 86 497 57 506 73
System Area 291 270 60 108 175 234
Active Other Static Objecs 213 65 193 71 203 68
Control Radar Returns 510 61] 493 571 502 58
Data Blocks 495 58 483 631 489 60
System Area 313 270 118 183 219 250
Other Static Objecs 224 60 227 10 225 81
Radar Returns 512 66] 499 62| 506 64
Data Blocks 505 73 489 60 497 67

Table H-42. ObjectBased ConditiondinformationindexObject ly Loadandlnvolvement

COB Low High
Mears| SD |Mears| SD |Mears| SD
Monitoring 0.151 0.0174 0.135 0.004 0.144 0.015
Active Control | 0.152 0.01d 0.121 0.009 0.137 0.018

0.151 0.014 0.128 0.013 0.140 0.0171
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Table H-43.Rarge-Based Conditionalnformationindexby Load andnvolvenent

CRA Low High
Mears| SD |Mears| SD [Mears| SD
Monitoring 0.993 0.014 1.002 0.014 0.997 0.01§
Active Control 0.991] 0.011] 0.998 0.01] 0.995 0.011

0.992 0.014 1.000 0.014 0.996 0.019

H.3.2 Interval -Based

Table H-44. Numkber of Fixations ky Load,Involvenent, and Time

Number of Low High
Fixations [ Mears | SD [ Mears | SD [ Mears | SD
502 58 506 55 504 56
469 60 500 52 484 58
CED 468 46 462 53 465 49
.% 445 44 471 50 458 48
S 472 44 444 a9 458 48
458 55 467, 53 463 53
469 53 475 55 472 54
481 61 494 44 487 53
- 465 65 486 48] 475 57
£ 469 471 482 49| 475 48
g 467, 53 469 51 468 51
% 463 54 461 46 462 50
< 453 55 464 45 458 50
466 55 476 47 471 52

491 60 500 49 496 59
467 61 493 50 480 57
469 46 472 51 470 48
456 49 470 50 463 50
467 49 453 48 460 48
455 54 465 48 460 51
468 54 475 51 472 53

H-22



Table H-45. Fixation Duration ly Load, Involvement, andime

Fixation Low High
Duration
(msec) Mears| SD |Mears| SD |Mears| SD
397 | 66 | 388 | 47 | 393 | 57
450 | 83 | 425 | 46 | 438 | 68
§’ 464 | 70 | 440 | 62 | 452 | 66
g 464 | 78 | 450 | 61 | 457 | 69
2 450 | 56 | 445 | 77 | 447 | 66
475 | 87 | 442 | 57 | 459 | 74
450 | 76 | 432 | 61 | 441 | 70
412 | 54 | 396 | 43 | 404 | 49
= 451 | 62 | 404 | 51 | 428 | 61
g 429 | 48 | 401 | 51 [ 416 50
© 447 | 53 | 430 | 57 | 439 | 55
g 440 | 50 | 433 | 57 | 437 | 52
< 444 | 61 | 438 | 64 | 441 | 62
437 | 55 | 417 | 55 | 428 | 56

405 | 60 | 392 | 45 | 399 | 53
451 | 72 | 414 | 49 | 433 | 64
446 | 61 | 421 | 59 | 434 | 61
455 | 66 | 440 | 59 | 448 | 63
445 | 52 | 439 | 67 | 442 | 59
459 | 75 | 440 | 60 | 450 | 68
443 | 66 | 424 | 59 | 434 | 63
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Table H-46. Fixation Area ly Load,Involvement, and Time

Fixation Area Low High
(inch?2)  [Mears| SD [Mears| SD [Mears| SD
0.607| 0.160| 0.619| 0.146] 0.613]| 0.151
0.677] 0.211] 0.589( 0.169] 0.635| 0.194
0.716( 0.226] 0.657| 0.212] 0.687| 0.217
0.685( 0.286] 0.674| 0.165] 0.679| 0.230
0.680( 0.209] 0.735| 0.194] 0.708| 0.200
0.666| 0.199| 0.704| 0.279] 0.685]| 0.239
0.671| 0.214] 0.663| 0.199] 0.667| 0.207
0.619( 0.142] 0.617| 0.119] 0.618| 0.129
0.626( 0.152] 0.626| 0.120] 0.626| 0.135
0.689( 0.143] 0.660| 0.120] 0.675| 0.131
0.659| 0.132] 0.661| 0.124] 0.660]| 0.126
0.691] 0.112] 0.698| 0.174] 0.694| 0.143
0.688| 0.115] 0.688( 0.132] 0.688| 0.121
0.662( 0.133] 0.659| 0.132] 0.660| 0.133
0.613( 0.149] 0.618| 0.131] 0.615| 0.139
0.651] 0.183] 0.608| 0.145] 0.630| 0.166
0.702| 0.185| 0.659( 0.170] 0.681| 0.177
0.672( 0.217] 0.667| 0.144] 0.669| 0.183
0.686( 0.163] 0.717| 0.182] 0.701| 0.172
0.677( 0.159] 0.696| 0.214] 0.686| 0.187
0.666( 0.177] 0.661| 0.169] 0.664| 0.173

Monitoring

Active Control
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Table H-47.Visual Efficiency by Load,Involvement, and Time

Visual
Efficiency
(-) Mears| SD |Mears| SD |Mears| SD
0.766| 0.063| 0.759| 0.053] 0.763| 0.058
0.806| 0.053| 0.801| 0.032] 0.803| 0.043
0.815| 0.040| 0.781| 0.047] 0.798| 0.046
0.802( 0.043| 0.806| 0.043] 0.804| 0.042
0.810( 0.042| 0.757| 0.056] 0.783| 0.056
0.811]0.041| 0.784| 0.049] 0.798| 0.046
0.801| 0.050] 0.781| 0.050] 0.791| 0.051
0.773]0.043| 0.762| 0.042] 0.768| 0.043
0.796| 0.047] 0.758| 0.041] 0.778| 0.048
0.780( 0.045| 0.750| 0.036] 0.765| 0.043
0.789( 0.037| 0.769| 0.035] 0.779| 0.037
0.780( 0.038| 0.765| 0.038] 0.772| 0.038
0.772(0.045| 0.776| 0.040] 0.774| 0.042
0.782|0.043| 0.763| 0.039] 0.773| 0.042
0.770( 0.054] 0.760| 0.047] 0.765| 0.050
0.801| 0.049| 0.779| 0.042] 0.791| 0.047
0.797(0.046| 0.766| 0.044] 0.782| 0.047
0.795| 0.040| 0.788| 0.043] 0.792| 0.041
0.794(0.042| 0.761| 0.047] 0.778| 0.048
0.791] 0.047] 0.780| 0.044] 0.785| 0.046
0.791| 0.047| 0.772| 0.045] 0.782| 0.047

Low High

Monitoring

Active Control
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Table H-48.Number of Dwells by Load,Involvement, and Time

Number of Low High

Dwells Mears|SD [Mears| SD|Mears|SD
462 57 469 55 463 55

433 61 457 45| 445 54

g 428 41| 42252 424 49
g 409 45 433 45 421 46
S 437 47| 411 a1 424 45
421 60| 429 51| 429 55

431 54 436 51 434 57

440 58] 450 500 445 54

= 421 60| 449 54 434 58
g 429 471 449 ad 434 48
o 421 47| 426 54 423 50
= 420 47| 419 51 419 48
< 404 55| 421 a9 4179 52
422 52| 435 51| 42 52

451 57| 458 52 454 55
427 60 452 49 439 56
425 431 433 51 429 47
415 46| 430 49 422 48
428 47| 415 46 421 47
4120 57| 425 49| 418 54
426 53] 435 51] 431 52
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Table H-49. Dwell Duration by Load, Involvement, andime

Dwell Low High
Duration
(msec) Mears| SD |Mears| SD |Mears| SD
432 | 76 | 427 | 61 | 430 | 68
492 | 94 | 468 | 55 | 480 | 78
.§’ 513 | 77 | 486 | 89 | 499 | 83
2 510 87 | 491 | 74 | 501 | 80
2 490 | 65 | 482 | 91 | 486 | 78
521 | 106 | 486 | 65 | 503 | 88
492 | 88 | 473 | 75 | 483 82
456 | 67 | 441 | 60 | 449 | 63
5 506 | 74 | 447 | 67 | 477 | 75
g 483 | 67 | 444 | 70 | 464 | 70
© 503 | 58 | 479 | 73 | 491 | 66
= 494 | 55 | 489 | 80 | 491 | 67
< 509 | 77 | 493 | 81 | 501 | 78
492 | 67 | 465 | 73 | 479 | 71

444 | 71 | 434 | 60 | 439 | 66
499 | 84 | 457 | 61 | 479 | 76
498 | 72 | 465 | 81 | 481 | 78
506 | 72 | 485 | 72 | 496 | 73
492 | 59 | 486 | 84 | 489 | 72
514 | 91 | 490 | 72 | 502 | 82
492 | 78 | 469 | 74 | 481 | 77
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Table H-50.Dwell Area ty Load,Involvement, and Time

Dwell Low High
Area Mears| SD |Mears| SD | Mears | SD
(sq. irches)

0.708 | 0.163] 0.724| 0.139| 0.716 | 0.149
0.786 | 0.222] 0.708 | 0.173] 0.748 | 0.201
0.847 | 0.251] 0.764 | 0.228] 0.806 | 0.240
0.812] 0.314] 0.776| 0.164] 0.794 | 0.247
0.792] 0.236] 0.837 | 0.215] 0.815 | 0.223
0.782] 0.216] 0.816 | 0.293] 0.799 | 0.253
0.787 | 0.234] 0.771| 0.207] 0.779 | 0.221

Monitoring

0.721(0.147] 0.732] 0.126] 0.726 | 0.135
0.738[ 0.165] 0.721 | 0.123] 0.730 | 0.144
0.815] 0.157] 0.748 | 0.119] 0.783 | 0.142
0.790] 0.158] 0.766 | 0.159] 0.779 | 0.156
0.827] 0.136] 0.824 | 0.214] 0.826 | 0.175
0.831( 0.111} 0.808 | 0.151] 0.820 | 0.130
0.787 | 0.149] 0.767 | 0.153] 0.777 | 0.151

Active Control

0.714 | 0.153] 0.728 | 0.130] 0.721 | 0.141
0.762 | 0.194] 0.715| 0.148] 0.739 | 0.174
0.831 [ 0.205] 0.756 | 0.179] 0.794 [ 0.195
0.801 [ 0.242] 0.771| 0.159] 0.786 | 0.204
0.810( 0.189] 0.831 | 0.211] 0.820 | 0.198
0.807 | 0.169] 0.812| 0.229]| 0.810 | 0.199
0.787 | 0.195] 0.769| 0.182] 0.778 | 0.189
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Table H-51. Saccace Dustion by Load,Involvementand Time

SDUM Low High
(msec)  [Mears| SD |Mears| SD [Mears| SD
119 | 29 | 123 | 26 | 121 | 27
107 | 27 | 105 | 15 | 106 | 21
g 103 | 20 | 124 | 23 | 113 | 24
g 112 | 23 | 109 | 16 | 111 | 20
2 106 | 23 | 141 | 28 | 123 | 31
108 19 | 121 | 23 | 114 | 22
109 | 24 | 120 | 25 | 115 | 25
119 | 19 | 124 | 24 | 122 | 21
= 115 | 23 | 130 | 20 | 122 | 23
g 121 | 25 | 133 | 20 | 127 | 23
o 117 | 20 | 128 | 20 | 123 | 20
% 128 | 21 | 131 | 22 | 129 | 22
< 129 | 23 | 124 | 19 | 127 | 21
122 | 22 | 129 | 21 | 125 | 22

119 | 24 124 25 121 24
111 | 25 118 21 114 23
113 | 24 128 22 120 24
115 | 21 118 20 117 21
117 | 24 136 25 126 26
119 | 23 122 21 121 22
116 | 24 124 23 120 24
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Table H-52. Saccack Distane by Load,Involvement, and Time

SDIM Low High
(inch 2 Mears| SD |Mears| SD |Mears| SD
3.684 0.731 3.939 0.824 3.804 0.78d
3.437 0724 3533 0.484 3.483 0.614
3.644 0634 3.861 0.619 3.754 0.626
3.68d 0651 3.473 0.47 3571 0.574
3.491 0394 3974 0.744 3.733 0.635
3561 0504 3.63d 0.54 3.599 0.517
3584 0614 3.73 0.644 3.659 0.632
3.739 0.454 3.750 0.744 3.744 0.604
3554 0.471 3.794 0.780 3.67q 0.646
3.711 0561 3.904 0.68] 3.803 0.619
3.77d 0.469 3.65d 0.734 3.713 0.602
4.003 0.45d 3.87d 0.674 3.940 0.563
3.797 0.469 3594 0.714 3.699 0.60d
3.762 0.48d 3.761 0.71] 3.767 0.603
3.714 0.609 3.843 0.78] 3.779 0.692
3495 0609 3663 0.654 3.577 0.632
3.68d 0584 3.88] 0.64d 3.779 0.619
3724 0554 3561 0.614 3.644 0.589
3755 0.49] 3924 0.704 3.83§ 0.604
3.681 0.493 3611 0.629 3.65d 0.559
3675 0554 3.74d 0.674 3.711] 0.620

Monitoring

Active Control
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Table H-53. Eye Motion Workload ly Load, Involvement, andime

Eye Motion Low High
Workioad

(inch/se) [ Mears| SD [Mears| SD | Mears| SD

5.724 1.349 6.104 1.184 5.909 1.26
5.314 1.20] 5.839 0.784 5.567 1.041
5.703 1.091 5.819 0.85q 5.761 0.964
5.567 1.059 5.331 0.87] 5.449 0.96]
5.479 0.644 5.819 0.944 5.644 0.814
5.447 0.96 5.626 0.93d 5.534 0.94]
5.537 1.06q 5.756 0.944 5.644 1.004
5545 1.164 5.811 1.334 5.674 1.234
5.433 0.829 6.007 1.244 5.711 1.073
5.769 1.04d 6.221 1.124 5.984 1.09(
5.930 0.834 5.621 0.85] 5.78( 0.844
5.973 0.784 5.97d4 0.95q 5.974 0.854
5.73Q 0.87 5.554 1.004 5.645 0.93]
5.730 0.924 5.865 1.094 5.79¢ 1.01(
5.6359 1.24d 5.959 1.24d 5.791 1.244
5.374 1.014 5.929 1.020 5.639 1.051
5.737 1.054 6.02d 1.00d 5.87¢ 1.029
5.754 0.954 5.47d4 0.854 5.617 0.91]
5.733 0.754 5.899 0.934 5.814 0.843
5.59 0.91d 5.59d 0.954 5.59d 0.931
5.63§ 0.9941 5.811 1.014 5.721 1.014

Monitoring

Active Control
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Table H-54.Blink Number ty Load, Involvementand Time

Blink Number Low High

Mears|SD |Mears|SD |Mears|SD

67| 31 69 39 68 34

66 28 65 34 66/ 30

g 69 29 63 3d 66 31
g 67| 271 66| 400 67| 33
2 68| 271 66| 38| 67| 32
68 32| 65 359 67| 33

68 28] 66/ 36| 67| 32

61 271 73 26 67 27

= 60, 28 75 25 68 27
g 66 30 75 30 79[ 30
© 68| 28] 70 321 69 29
% 63| 26 73 33 68 29
< 70, 271 73 32] 71 29
65 271 73 29 69 28

64, 29 71 33 67 31
63 28 70 30 67 29
67] 29 69| 32 68| 30
68| 27 68| 35 68| 31
66| 26 69| 35 68| 30
69 29 69| 33 69 31
66| 28 69| 33 68| 30|

H-32



Table H-55. Blink Duration ty Load,Involvement and Time

Blink Low High

Duration
(msec)

Mears |SD |Mears |SD |Mears |SD

278 96l 257 8¢ 268 91

251 78] 240 63 245 70

g 236 43 234 56 235 49

g 247 51 221 44 234 49

S 253 61| 237 46 245 54

255 65 229 46 242 57

254 68 236 58 245 64

2520 971 242 73 247 89

= 263 104 214 43 239 85

g 254 114 207 43 231 88

© 258 114 203 42 231 89

% 262 111 211 48 237 89

< 236 81 209 42 223 66

254 101 214 50 235 83

265 96 250 79 258 88
257 92 227 54 2420 77
245 86| 221 5] 233 71
253 86 212 43 233 71
258 89 224 48 241 73
246 73 219 44 233 62
254 86 225 55 240 74
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Table H-56. Pupil Diameter i Load,Involvernrent, and Time

Pupil Low High
Diameter
(mm)

Mears |SD |Mears |SD |Mears |SD
6.5 0.8 6.5 0.9 6.5 0.8
6.5 0.9 6.6 1.0 6.5 0.9

g 64 09 66 10 65 09
g 6.3 0.9 6.6 1.0 6.5 0.9
S 6.4 0.9 6.6 0.9 6.5 0.9

6.4 0.9 6.6 1.0 6.5 0.9

64 08 6.6 09 65 09

6.6 0.9 6.5 0.9 6.6 0.9
= 6.7 0.9 6.6 0.9 6.6 0.9
g 66 09 6.6 09 6.6 09
© 6.6 1.0 6.7 0.9 6.7 0.9
% 6.6 1.0 6.7 0.9 6.6| 0.9
< 6.7 1.0 6.7, 0.8 6.7, 0.9

6.6 0.9 6.6 0.8 6.6 0.9
6.6| 0.9 6.5 0.9 6.6 0.9
6.6/ 0.9 6.6 0.9 6.6 0.9
6.5 0.9 6.6 0.9 6.6 0.9
6.5 0.9 6.7 0.9 6.6 0.9
6.5 0.9 6.6 0.9 6.5 0.9
6.5 0.9 6.7 0.9 6.6 0.9
6.5 0.9 6.6 0.9 6.6 0.9
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Table H-57.Number of Fixations on a Taget by Load, Involvement, and Time

Number of Low High
Fixations an a
Target
Mears |SD [Mears |SD |Mears |SD
495 62 499 54 497 57
463 60 495 51 478 58
g a61] 45 458 54 459 4d
% 434 49 467 49 450 51
2 464 471 439 49 452 48
450 59 460 53 455 53
461 595 469 59 4695 59
479 61 491 44 485 53
5 4621 695 482 49 472 58
% 465 47 478 50 471 48
g 461 53 464 511 463 51
= 4560 53 452 471 454 49
< 447 53 452 51 449 51
4620 59 470 50 466 52

487 61 495 49 491 55
462 62 488 50 479 57
463 45 467 53 465 49
448 52 466 49 4571 5]
460 49 449 47 453 48
449 53 456 5] 4521 52
462 595 469 52 465 54
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Table H-58. Pacentaye ofFixations on TargetyLoad, Involvement, and Time

Percertage of Low High
Fixations a
Target Mears| SD |Mears| SD |Mears| SD

99 2l 99 KL 2

99 1 99 1l 99 1

g oof 1| 99 1 o 1
2 97 3 99 | o8 2
2 98 2l 99 f 99 1
98 2| o8 2| o8 2

98 2l 99 1| o8 2

100 o 99 1l 99 1

5 99 1 99 1 99 1
£ 9ol o] 99 1 99 1
© 99 1] 99 11 99 1
= 98 | o8 3 98 2
< 99 1| o8 6l 98 4
99 1l 99 3 99 2

99 2l 99 f 99 1

99 1 99 1 99 1

99 1 99 f 99 1

98 2] 99 1l 99 2

98 1l 99 2| o8 2

99 2| o8 4 98 3

99 2l 99 2l 99 2
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Table H-59. Duration of Fxations on Taget by Load, Involvementand Time

Fixation Low High
Duration on
Target Mears | SD |Mears| SD | Mears| SD
(msec)
404 74 394 48 399 62
4571 87| 430 46| 444 70
E 471 70| 4470 65 459 68
g 4777 78 454 61| 465 70
2 459 58 449 78] 454 68
484 88 450 60| 467 74
458 79 4371 62 448 72
414 54 399 43 407 49
5 455 64 4071 520 431 62
g 433  4g 405 53 41 51
© 453 53 435 58 444 55
= 4470 50| 4420 60| 445 54
< 449 58 451 720 450 64
4420 55 423 59 433 58

409 64 396 45 403 59
456 79 418 50 438 66
451 62 426 62 439 63
464 66| 444 59 455 63
453 54 446 68 449 61
466 79 450 65 458 70
450 68 430 61 440 69
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Table H-60. Number of Fixations not on Targt byLoad, Involvementand Time
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Table H-61. Fixation Area ly Load,Involvement, and Time

Fixation Area Low High
(inch) | Mears| SD |Mears| SD [ Mears| SD
0.607 0.16d 0.619 0.149 0.613 0.15]
0.6771 0.211 0.589 0.169 0.635 0.194
0.719 0.224 0.657 0.214 0.687 0.2171
0.685 0.284 0.674 0.164 0.679 0.23(
0.68Q 0.209 0.735 0.194 0.708 0.20d
0.664 0.199 0.704 0.279 0.685 0.239
0.671 0.214 0.663 0.199 0.667 0.2071
0.619 0.144 0.617 0.119 0.618 0.129
0.62 0.154 0.6249 0.124d 0.624 0.131
0.689 0.149 0.66Q 0.124d 0.675 0.131
0.659 0.134 0.661 0.124 0.660 0.124
0.691 0.114 0.698 0.174 0.694 0.143
0.688 0.114 0.689 0.1334 0.688 0.121
0.664 0.133 0.659 0.1337 0.6640 0.139
0.613 0.149 0.618 0.131] 0.615 0.139
0.651 0.184 0.608 0.144 0.630 0.164
0.702 0.18 0.659 0.17q 0.681 0.1771
0.6724 0.214 0.667 0.144 0.669 0.183
0.68 0.169 0.717 0.184 0.701 0.174
0.6771 0.159 0.694 0.214 0.684 0.187
0.664 0.174 0.661 0.169 0.664 0.173

Monitoring

Active Control
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Table H-62. Number of Fixations by Scene Plags ly Load,Involverrent, and Time

Fixation Monitoring Active Control Collapsed across Involvement

Number by Low High Collapsed Low High Collapsed Low High Collapsed
Scere Ranes Mean| SDJMean| SD|Mean| SD]Mean[ SD{Mean| SDIMean| SDIMean| SD}Mean| SD|Mean| SD
307 85| 294| 53] 301 711 293[ 44 309 320 301 39 300 67] 301 44 301 57

) 297 62 349 72) 322 71 319 47] 301 35 311 42] 308 56] 325 61 316 58
g 330 39| 324 44 327) 41 303[ 49 308| 41 305 44] 316| 46| 316| 43] 316 44
% 29| 47] 317| 52| 308| 49 326 48] 319] 41 323| 44] 313| 49| 318| 46] 316 47
g 320| 56] 28| 60| 303] 60 292 48] 311| 38 301| 44] 305 53] 29| 51 302 52
33| 43] 329 55 332| 49 306 43] 316] 24 310| 35 320 45| 32| 42 321 43

314/ 58] 317] 59| 315| 59 307{ 47] 311] 35 309 42| 310 53] 314 49 312 51

163| 104] 184 77 173 91 14 601 136 41 146 52 159 841 160 65 159 75

§ 136 72| 126 57] 131 64| 107 481 125 491 115 481 121 62| 125 52| 123 57
o 115 46] 103 35| 109 401 123 431 114 41) 118 42) 119 44 108 38| 114| 41
(7 112 701 124 51) 118 60 107 43 87 431 97 43| 109 57] 106 50 107 53
% 119 64 127 46] 123 55| 127 38] 96| 47 112 45 123 51) 111 491 117 50]
i 96| 62| 104 46] 100 54 104] 47 96[ 47] 100 46] 100 54 100 46] 100 50]
124 74 128| 59 126 661 120) 49 109 47) 1151 48] 122 621 118| 54} 120| 58

12| 16| 7 10] 9 13| 13 170 21 23 17] 20 12| 16] 14 191 13[ 17

- 14 23 5 7 9 18 14 16 24 22 18 20 14 20 14 19 14 19
?g 5 10| 6 8 5 9 19 25 29 26 23 26| 12 20 17 22, 15 21
S 6] 10 8 12 7] 11) 12| 16] 29| 28] 20| 24 9] 141 19| 23] 14| 220
§ 6 10] 11 12| 9 17 13 16] 26 22 19] 20 10 14 18] 19| 14 17|
7 12 13 15 10 14 16 17 25 20 20 19 12 15 19 19 15 17|

8l 14 g8l 11 g8l 13] 14 18 26/ 231 20 21] 11| 16| 17 201 14 19

1 3 1 2 1 3 0 1 1 1 0 1 0 1 1 1 0 1

_ 1 2 2 4 1 3 1 1 2 3 1 2 1 1 2 3 1 2
& 1 2 3 6 2 4 1 1 1 3 1 2 1 1 1 3 1 2
S 2 6 3 7 3 7 0 1 2 4 1 3 0 1 2 4 1 3
g 1 4 4 7 3 6 1 2 2 3 1 2 1 2 2 3 1 2
2 2 3 4 2 3 1 1 2 3 1 2 1 1 2 3 1 2

1 3 3 5) 2 5) 1 1 2 3 1 2 1 1 2 3 1 2

2 2 2 3 2 3 4 8 1 2 3 6 3 6 2 2 2 5

5 2 4 2 4 2 5 4 4 2 5 3 5 3 4 2 5 3

= 4 2 4 2 4 2 6 8 4 3 5 6 5 6 4 3 5 5
E 3 2 4 2 4 2 5 5 4 2 4 4 4 4 4 2 4 3
< 4 2 3 2 4 2 4 3 4 1 4 2 4 3 3 2 4 2
5 3 4 2 5 3 6 6 4 2 5 5 5 5 4 2 5 4

4 2 4 2 4 2 5 6 3 2 4 5] 4 5] 4 2 4 4
12| 13| 12| 9 12| 1] 12| 8 22 17| 17 14 12 8 22 171 17 14

a 16| 23] 11) 10f 13[ 10f 18 9l 27[ 131 22| 121 18 9l 27[ 13} 22| 12
o 11 6 15 14 13 11 15 6 24 21 19 16 15 6 24 21 19 16|
8 16| 13| 12| 13| 14 13 13 8 22 15 17 13] 13 8 22 151 17| 13
:g 17 14 8 7 13 12 24 101 21 170 23 14 24 10| 21| 171 23] 14
9 7 10 7 9 7 14 9 17 18 16 14| 14 9 17 18 16 14|
14 13} 11) 10f 13[ 11} 16 of 22 17 19 14 16 of 22 17 19 14

2 5 1 2 1 4 2 4 1 2 2 3 2 4 1 2 1 3

2 0 1 2 5 1 4 1 2 2 3 1 2 1 2 2 4 1 3
2 0 1 1 3 1 2 2 2 1 2 2 2 1 2 1 2 1 2
[a) 5 8 0 0 2 6 1 1 3 3 2 2 3 6 1 2 2 5
g 3 5 0 1 2 4 2 3 0 1 1 2 2 4 0 1 1 3
= ol 1] of 1] of af 3 4 2f 7 3 e 2 3 1 s 2 4
2 5) 1 3 1 4 2 3 2 4 2 3 2 4 1 3 1 4

2 3 5 12 4 8 2 3 3 3 2 3 2 3 4 8 3 6

o 1 2 2 4 2 3 1 2 1 1 1 2 1 2 2 3 1 2
.5 2 3 4 5 3 4 2 3 2 2 2 2 2 3 3 4 2 3
o) 1 2 2 4 2 3 3 2 2 2 2 2 2 2 2 3 2 3
8 D Y I O ) Y Y - Y
4 4 5 7 4 6 4 4 2 4 3 4 4 4 3 5 4 5

2 3| 4 7 3 5] 2 3| 2 2 2 3| 2 3| 3 5] 2 4
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Table H-63 Fixation Duration ly Scere Planes Y Load, Involvement, and Time

Fixation
Duration by
Scere Ranes
(mse)

Monitoring

Active Control

Collapsed across Involvement

High

Collapsed

W

High

Collapsed

Low

High

Collapsed

Mean

SD

Mean| SD

Mean|

SD

Mean|

SD

Mean|

SD

Mean|

SD

Mean|

SD

Mean|

SD

Mean|

SD

Redarscope

453| 56

63

449

59

462

61

465

64

451

56

458

60

530

94

472) 61

502

84

507

72

463

73

486

795

518

83

467

66

4A

79

526

79

49| 72

510

74

48

64

467

68

476

65

505

71

481

70

493

71

521

79

52| 71

522

74

502

57|

494

73

49

64

511

68

508

72

510

70

505

56

516| 82

511

69

492

79

4A

65

493

69

498

66

505

74]

502

69

527

80

503| 66

515

73

500

79

503

81

501

77

513

78

503

72

508

79

510

79

493 71

502

75

493

67

478

71

486

69

502

73

486

71

44

73

Flight Strip Bay

305

51

300] 54

303

52

308

36

292

29

300

33

306

43|

29%

43|

301

43]

302

50

321 60

311

55

308

45

273

80

291

66

305

47|

297

74

301

61

307

40

287 49

297

45

315

44

260

36

2838

49

311

42

274

44

293

47|

319

126

29| 33

304

92

304

31

258

80

281

64

31

89

274

63

293

79

290

92

278 94

284

92

332

36

267

82

301

70

311

71

273

87

292

81

300

74

281 49

290

63

298

90

280

50

289

73

29

81

280

49

290

67

304

76

293| 60|

298

68

311

51

272

63

292

60

307

64

282

62

295

64

Keyboard

223

252

166| 98

195

13

146

i1

178

101

162

106

185

19%6

172

98

178

155

164

116

128 132

147

124

163

124

181

89

17

107

164

118]

14

114

159

115

143

149

226| 153

184

14

14

114

184

48]

169

88

149

130,

205

113

176

124

123

146

134 129

128

135

14

135

178

87

165

113

139

139

156

110,

147

125

138

131

199 122

169

128

151

134

180

92

165

115

145

131

190

107

167

121

246

139

187 143

216

142

202

101

176

84

189

92

223

121

181

115

203

119

173

165

173| 132

173

149

162

119

180

83

170

103

167

143

176

110

172

128

Track Ball

63

87

46| 86

55

86

47

94

32

68

40

82

55

90

39

77|

47

83

39

74]

51| 110

45

92

73

163

81

88

77|

130

56

126

66

99

61

113

38

79

159| 261

98

19

48

79

68

110

58

95

43

78

113

202

78

155

258

783

87| 122

172

558

47

87

53

79

50

82

149

549

70

103

110

397

38

67

186 249

112

195

28

60

58

90

42

76

33

63

12

1%

77|

130

116

127

217 388

166

288

77

99

63

85

70

91

96

113

140

287

118

216

91

327

124| 232

108

284

54

101

59

87

56

94

72

240,

92

178

82

212

ATWIT

193

151

320| 239

24

206

157

151

247

280

201

224

175

149

283

259

227

215

286

97

444| 306

362

234

2%

138

317

127

305

131

290

117

381

239

334

190,

350

215

332 172

341

192

324

98

239

135

283

123

337

163

286

159

312

162

483

363

318| 190

401

297

331

126

316

147

324

135

404

275

317

167

361

230,

381

185

464| 271

423

232

37

309

362

14

371

243

380

253

413

223

3%

237

368

160,

306| 144

337

153

337

120,

370

324

353

237

352

140,

338

248

345

199

341

224

364| 230

352

227

304

182

309

210

306

195

322

204

336

221

329

212

Soft CRD

333

270,

303] 109

318

206

506

173

448

138

478

157

419

240

376

143

398

19

350

157

357| 166

353

158

490

134

454

104

472

120,

420

160,

405

144

413

152

385

193

328| 120

357

161

541

149

429

91

487

135

465

186

379

117

423

161

346

115

331 140

339

126

457

172

469

77

463

133

404

156

400

131

402

143

370

115

302 177

336

150,

511

159

450

157

481

158,

443

155

376

180,

410

170,

422

240

383| 185

402

212

483

193

467

214

475

200

44

216

425

201

440

207

367

189

334 151

351

171

498

162

453

135

476

151

434

187

393

14

414

173

Map Diaplay

44

123

47] 98

45

110

109

176

67

121

89

151

76

153

57|

108

67

132

20

82

35| 103

27|

91

103

180

98

157

100

167

62

144

66

134

64

138

71

172

70 131

71

150,

158

160,

94

191

127

176

116

169

82

161

100

165

109

160,

0 0

55

124

81

167

218

162

147

176

94

161

109

158

102

158

112

169

19 50

65

131

108

149

29

76

69

124

110

157

24

63

67

127

51

133

28] 81

39

109

137

166

58

125

99

151

95

155

43

105

69

134

67

143

33| 88§

50

120

116

164

94

152

105

158

92

156

64

127

78

143

Land Line

217

204

164 185

192

1994

115

120

135

141

125

128

166

173

150

162

158

166

138

160,

166 152

152

14

74

117

17

175

125

155

106

142

172

161

138

14

128

166

251 224

189

204

151

116

168

150,

159

131

140

140,

209

192

174

170,

106

138

255| 262

181

219

215

159

193

145

204

151

162

157

224

211

193

186

190

213

213| 186

202

197

209

219

149

104

180

173

200

212

181

151

191

184

215

192

229| 182

222

184

158

127

146

138

152

130,

185

162

188

164

187

161

166

181

213| 199

189

191

14

152

162

141

158

146

160

167

187

174

173

171
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[.1 ATWIT: Inferentia Staistics

Appendix|
Air Traffic Workloadlnput Tehnique

Tablel-1. ATWIT: MANOVA Results

MANOVA, adjwsted apha=0.0253 Wilks' Rao R |Pillai- \% df 1 |df 2 [p-level
Lambda |Form2 |Bartlett
Trace
Load 191 29.62 0.809 29.62 2| 14 .00d
Monitoring 674  3.397 0.324¢ 3.394 2| 14 .063
Active 148 40.3® 0.852 40.3®( 2| 14 .00d
Interval 1 .789 1.888§ 0.217 1884 2| 14 .189
Interval 2 379 1142 0.621 11.42( 2| 14 .001
Interval 3 316 15.1%5 0.684 15.1B( 2| 14 .00d
Interval 4 1720 33.8a 0.8249 33.8a 2| 14 .00d
Interval 5 A28 47.73D 0.879 47.73( 2| 14 .00d
Interval 6 324 14.5% 0.67¢q 14.5%( 2| 14 .00d
Involvement 198 28.4B 0.802 28.43B| 2| 14 .000
Low Load 4420  8.837 0.554 8.8371 2| 14 .003
High Load 131 46.2% 0.869 46.2%| 2| 14 .00d
Interval 1 319 14.9®D 0.681 14.9®( 2| 14 .00d
Interval 2 309 15.651 0.691 15.658 2| 14 .00d
Interval 3 255 20.43% 0.744 20.43%| 2| 14 .00d
Interval 4 227 23.841 0.773 23.84 2| 14 .00d
Interval 5 1420 42.261 0.858 42.2¢4 2| 14 .00d
Interval 6 A7 32977 0.824 3297/ 2| 14 .00d
Time-on-Task .081f 6.807 0919 6.807 10 6 .015
Load xInvolvement 221 24.6% 0.779 24.6% 2| 14 .00d
Load xTime-on-Task .08¢q 6.339 0914 6.339 10 6 .017
Involvement x Time-on-Task .037 15.58 0.963 15.58| 10 6 .002
Load xInvolvement x Time-on-Task 197 2.445 0.803 2.445 10, 6 143




Tablel-2. ATWIT Rating: ANOVA Results

ATWIT Rating Mears |Mears [F(df1,2) |[p-level
sq sq 1,15
Effect Error
Load 232.85( 5.510Q 42.25 .000
Monitoring 21.333| 3.100¢ 6.882 .019
Active 287.630( 3.864 74.447 .000
Interval 1 6.891 1.757 3.921 .064
Interval 2 34516 1.416 24.38 .000Q
Interval 3 47.26| 1.699 27.80D .000Q
Interval 4 72.2%| 2.317 31.1% .000
Interval 5 64.00| 1.533 41.73 .000
Interval 6 30.2%| 1.350 22.40 .000
Involvement 563.B6[ 10.05 55.98 .000
Low Load 112.547 5.969 18.8% .001
High Load 526.@8( 5.543 95.018 .000
Interval 1 37.516| 1.182 31.73 .000
Interval 2 4726 1.566 30.19D .000
Interval 3 102.516| 2.416 42.43 .000
Interval 4 105.063[ 3.063 34.3® .000
Interval 5 132.50[ 1.983 66.68L .000
Interval 6 175.%3| 2.662 65.9® .000
Time-on-Task 5.444 0.772 7.056 .00d
Load xInvolvement 76.18 1.454 52.32 .000
Load xTime-on-Task 4471 0.917 4.900 .001
Involvement x Time-on-Task 7.417 0.563 13.18 .000
Load xInvolvement x Time-on-Task 2.942 1.154 2.549 .035
Tablel-3. ATWIT Lateng/: ANOVA Results
ATWIT Latercy Mears |[Mears |F(df1,2)| p-level
sg sg 1,15
Effect Error
Load 2.344 5944 0.394 .539
Involvement 168.010] 25.5%| 6.574 .022
Time-on-Task 1.584 7.833 0.207 .96
Load xInvolvement 7.594 13.48 0.563 .4685
Load x Time-on-Task 19.510| 8.385 2.328 .051
Involvement x Time-on-Task 2.860 7.254 0.394 .85
Load xInvolvement x Time-on-Task 11.094 9514 1.166 .334




[.2. ATWIT: 5- Minute Interval Desciptive Statistics Bsed

Tablel-4. ATWIT Rating by Load,Involvement, and Time

ATWIT Low High
Raing Mears| SD | Mears| SD | Mears| SD
281 139 289 159 2.84 1.44
269 149 288 141 2.74 1.41
E 213 119 3.19 187 2.66 1.62
g 225 113 281 183 253 1.57
2 219 1294 344 213 2.81 1.84
219 133 3.0 194 2.63 1.72
238 1294 3.04 179 2.71 1.59
378 124 500 207 439 1.79
5 313 131 584 239 450 2.36
*§ 400 154 6.39 1.671 519 1.99
© 329 239 694 181 5.09 2.77
g 431 214 7.0 1.69 569 2.33
< 500 213 6.84 2.0d 594 2.24
391 189 6.3 209 513 2.31

3.28 1371 394 213 3.6] 1.8Q
291 139 43§ 244 3.64 2.1}
3.0§ 164 4.7 2394 392 2.2]
279 18794 488 2.7q 3.8] 2.57
3.2 203 525 263 4.25 254
359 229 497 27§ 4.2§ 2.59
314 179 470 2.5 3.9 2.32




Table 5. ATWIT Latency by Load, hvolvementand Time

ATWIT Low High

Latency
(secomls) Mears| SD |Mears| SD |Mears| SD

2.434 1.094 2.68§1.25( 2.563 1.164
2.313 1.014 2.18§1.16] 2.250 1.078
2.250 1.125 2.5631.314 2.409 1.214
2.625 1.544 2.4381.544 2.531 1.524
3.00Q 2.033 2.50Q01.364 2.75Q 1.723
2.688 2.469 2.18§1.109 2.43§ 1.90(
2.557 1.613 2.4271.279 2.490 1.454
3.063 2.439 4.2504.85] 3.659 3.824
2.563 2.069 4.7506.144 3.659 4.646
2.625 1.544 5.50(05.704 4.063 4.361
4.250 5.339 2.8751.36(Q 3.563 3.893
4438 4.74q 2.6881.819 3.563 3.644
4.625 5.34Q0 4.1254.924 4.379 5.059
3.594 3.911 4.0314.524 3.813 4.227
2.750 1.884 3.4693.574 3.109 2.85%
24384 1.609 3.4694.544 2.953 3.42(
2434 1.343 4.03114.331 3.234 3.284
3.43§ 3.95] 2.65¢1.45(Q 3.047 2.979
3.719 3.669 2.5941.583 3.154 2.85§
3.65¢ 4.209 3.153.6479 3.404 3.919
3.073 3.03q0 3.2293.411 3.151 3.227

Monitoring

Active Control




AppendixJ

Situaion Fresence Assesamt Method

J.1. Inferential Statistics

Table 31. SPAM Latency: ANOVA Results

ANOVA df Effect [Mears sqgr |[Error |Mears sqr|F(df1,2) |p-evel
Effect Error
Load 1 82.10 47 26.82 3.062 .087
Monitoring 1 53.13 47 22.8% 2.321 134
Active 1 404.560 47 25.400 15.92 .00¢
Involvement 1| 1029660 47 16.53 62.278 .00d
Low Load 1 80.8® 47 22.8%1 3.533 .064
High Load 1] 1324050 47 15.1D 87.5D .00g
Type 1 0.220 47 27.13 0.008 .929
Load xInvolvement 1 375.50 47 21.48 17.40 .00d
Load xType 1 20.1&7 47 31.9%6 0.631 431
Involvement x Type 1 25.67Z7 47 31.5@ 0.814 372
Load xInvolvement x Type 1 3.154 47 17.38 0.181 672
Table 32. SPAM Quey Time: ANOVA Results
ANOVA df Effect |Mears sqr|Error Mears sqr|F(df1,2) |p-level
Effect Error
Load 1 0.454 47 15.7% 0.029 .866
Involvement 1 0.023 47 13.8@ 0.002 .967
Type 1 0.055 47 10.52 0.005 .943
Load xInvolvement 1 11.200 47 9.930 1.129 .294
Load xType 1 0.060 47 10.510 0.006 .940
Involvement x Type 1 13.45%5 47 9.662, 1.389 244
Load xInvolvement x Type 1 22.23% 47 10.8% 2.041 .16
Table 33. SPAM Response Time: ANOVA Results
ANOVA df Effect [Mears  |Error |Mears  |F(df1,2) |p-level
sqr Efect sqr Error
Load 1| 66.50 47) 14.0& 4,721 .035
Involvemert 1 4213 47 7.444 5.661 .021
Type 1 4770 47| 11.17| 0427 .517
Load x Involvement 1] 50.7® 47| 11.6%| 4339 .043
Load x Type 1] 63.7® 47| 12.62| 5019 .03d
Involvement x Type 1] 48.05( 47 8.517 5.639 .022
Load x Involvement x Type 1) 119.88( 47 9.340 12.74| .001

Table 34. SPAM Response Time for Present Questions: ANM@Résults



Simple Effects, Rresen df Effect |Mears sqr|Error Mears sqr|F(df1,2) |p-evel

Questons Effect Error

Load 1| 130.185 47 13.99 9.332 .004
Monitoring 1| 291.94 47| 14.12 20.5@8 .000
Active 1 0.901 47| 8.214 0.110 742

Involvenert 1 90.0&4 47 5.748 15.6® .00d
Low Load 1 5.32(¢ 47| 4.994 1.065 .307
High Load 1| 247.33 47 9.214 26.847 .000

Load x Involvement 1 162.69 47 8.46( 19.22 .00d

Table 35. SPAM Response Time for Futu@estions: ANOVA Results

Simple Effects, Future df Effect |Mears sqr|Error Mears sqr|F(df1,2) |p-level
Questons Effect Error

Load 1 0.015 47, 12.82 0.001 .973
Involvement 1 0.096 47 10.213 0.009 .923
Load xInvolvement 1 7.169 47 1256 0.570 .454

J.2. Scenario Bsed Descriptive Statistics

Table 36. SPAM Response Timeyload, Involvenent, and Questionype

Resporse Time Low Load High Load
Mears SD Mears SD Mears| SD
Present 271 1.76 6.21 4.91 4.48 4.08
Monitoring  |Future 4.17 3.62 3.80 3.83 3.99 3.71
3.45 2.93 5.01 4.54 4.23 3.9¢
Presert 3.20 2.59 3.00 2.86 3.10 2.72
Active Control |Future 3.83 3.49 4.23 3.6 4.03 3.53
3.51 3.07 3.62 3.29 3.57 3.19
Present 2.96 2.22 4.61) 4.31 3.79 3.52
Future 4.00 3.54 4.02 3.7¢ 4.01 3.6
3.48 3.00 4.31 4.02 3.90 3.57




AppendixK
Red Time Objective Paformance

K.1. Depen&nt Varables

Table K-1. System and Perfonane Measuies

Performance Data

Conflicts:

No. Corflicts

Dur. Conflicts

seconds

Conflict API

No. Longitudinal canflicts

Closeg-point-of-approach(fee)

feet(meters)

Horizontal separatiomt CPA (feet)

Vertical separatiomat CPA (feet)

Complexity:

Averag System Activity CMAV

Altitude Changes

Heading Changes

No. Speed clirges

Handoff Efficiency:

No. Hand-offs autside boundary

Communications.

No. Ground-to-air contects

Dur. Grownd-to-air cortads

seconds

No. Plot messagekey strakes

K.2. Inferential Statistics

Table K-2. DRA Altitude, Heading, and Speed Gtnges: MANOVA Results

MANOVA, adjwsted apha=0.0169 Wilks' |ReoR |Pillai- |V df 1 |df 2 [p-level
Lambda |Form 2 |Bartlett
Trace
Load 244 13428 0.75q 1348 3| 13 .00d
Table K-3. DRA Altitude, Headig, and Sped Charmges: ANOVA Results
Effect of Task Load Mears sqr Eféct |Mears sqr Error|F(df1,2) | p-level
1,15

Altitude Changes 2.183 0.152 14.32 .003
Headng Changes 0.197 0.071 2.7697 117
Speed Ganges 0.078 0.015 5.058§ .040




Table K-4. DRA Distan® and Time Wder Control: MANO\A Results

MANOVA, adjwsted apha=0.0253 Wilks' |RaoR |Fillai- |V df 1 |df 2 [p-level
Lambda |Form 2 |Bartlett
Trace
Load .074 87.29 0.92q 87.29 2| 14 .000

Table K-5. DRA Distan® and Time Wder Control: ANGYA Results

Effect of Task Load Mears sqr Eféct |Mears sqr Error|F(df1,2) | p-level
1,15

Distance 1587033 24.671| 64.3B .00g

Time 1285%2.M00 1615184 79.59 .00g

Table K-6. DRA PTT: MANOVA Results.

MANOVA, adjwted apha=0.0253 Wilks' |RaoR |Fillai- |V df 1 |df 2 [p-level
Lambda [Form 2 |Bartlett
Trace
Load .658 3.11§ 0.343 3.11§ 2| 12 .081

Table K—-7. DRA PTT: ANOVA Results

Effect of Task Load Mears sqr Eféct |Mears sqr Error [F(df1,2) | p-level
1,15

Nurmber 0.56(Q 0.109 5.597 .034

Duration 7.349 1.252 5.87( .03

K.3. ScenaridBased Desciptive Statistics

Table K—8. Number of Altitude Chages: Mean and StandaBkeviations ly Load.

Number of Mean |SD
altitude changes

per aircraf Mears| SD
Low 1.39 0.42
High 1.91f 0.45




Table K-9. Numbe of Headirg Charges: Mean and Standd Deviations by oad

Number of Mean |SD
headingchanges
per aircraf

Mears| SD
Low 0.55| 0.27
High 0.39 0.23

Table K-10. Numbe of Speed Chages: Mearand Standard &iations ty Load

Number of Mean |[SD
speed canges
per aircraf

Mears| SD
Low 0.22| 0.15
High 0.13 0.13
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AppendixL

Subject Matter Epert RatingForm

TableL-1. ProvidingATC Information ly Loadandlnvolvement

Providing Essatial | Providing Additional Providing
Air Traffic Control Air Traffic Control Coordination
Information Information
Mears SD Mears SD Mears SD
Low Load 6.47 0.80 6.84 0.68 5.28 0.81
High Load 6.06 1.05 6.47 1.08 4.88 1.34
6.27 0.95 6.66 0.91 5.08 1.12

TableL-2. Prioritizing by Load

Taking Actions in an | Preplanning Control Handling Cantrol | Marking Flight Stiips
Approprite Orderof Actions Tasks fa Seved while Perbrming
Importance Aircraft Other Tasks
Mears SD Mears SD Mears SD Mears SD
Low Load 6.72 0.81 6.34 1.62 6.75 0.84 6.03 1.67
High Load 6.00 1.02 4.72 1.87 6.00 1.37 5.22 1.79
6.36 0.99 5.53 1.92 6.38 1.19 5.63 1.77
TableL-3. Attention and Situation Awaness ly Load
Maintaning Siuation| Enauring Positive Detectirg Alot Correcting Errorsin a
Awareness Control Deviations from Timely Manrer
Control Instructions
Mears SD Mears SD Mears SD Mears SD
Low Load 5.34 1.79 6.47 1.44 6.81 1.42 6.84 0.85
High Load 4.00 1.67 5.84 1.19 6.28 1.08 6.09 1.17
4.67 1.83 6.16 1.3§ 6.55 1.27 6.47 1.08

TableL-4. Detecting Pilot Deviations from Contrdhstructions kg Load

Detectirg Alot Correcting Errorsin a Maintaining Sequercing Arrival
Deviations from Timely Manrer Separation and ard Departire
Control Instructions Resdving Potential | Aircraft Efficiently
Conflicts
Mears SD Mears SD Mears SD Mears SD
Low Load 6.81 1.42 6.84 0.85 6.54 1.89 5.91 1.67
High Load 6.28 1.09 6.09 1.17 5.41 2.39 5.81 1.45
6.55 1.27 6.47 1.08 5.98 2.21 5.84 1.55
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TableL-5. Using Controlinstructions Eféctively by Load

Using Catrol Using Proper Communicating Listening to Filot
Instructions Phrasology Clearly and Readback ard
Effectively Efficiently Requests
Mears SD Mears SD Mears SD Mears SD
Low Load 6.38 1.54 5.81 0.97 6.88 0.79 7.16 0.57
High Load 6.00 1.49 5.75 1.09 6.34 1.15 6.44 1.22
6.19 1.5 5.78 1.07 6.61 1.04 6.80 1.03

TableL—6. ShowingKnowledge d LOAs and SOPsyLoad

Showing Knowledge

Showing Knowledge

Shawing Hfective

of LOAs ard SOPs of Aircraft Use ofEqupmert
Capabilities and
Limitations
Mears SD Mears SD Mears SD
Low Load 7.04 0.8 6.84 0.99 7.0Q 0.74
High Load 6.38 1.41 6.19 1.18 6.0Q 1.34
6.72 1.19 6.52 1.13 6.5Q 1.18

TableL-7. ShowingEffective Use & Equipment ly Load

Showing Effective Use of

Equipment Mears |SD

Low Load 7.00 0.72

High Load 6.00 1.34
6.50 1.19
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AppendixM
Recal
M.1. Inferential Statistics

Table M-1. Perent Corret Recall: ANOVA Results

df Effect |Mears sqr |df Error [Mears |F p-level
Effect o g
Error
Load 1 4204803 12| 169.54| 24.70 .000
Involvement 1] 1109539 12 186.8B3| 5.934 .03]]
Load xInvolvement 1 104.7339 12| 241.03| 0.434 523

M.2. ScenaridBased Descriptive Statistics

Table M-2. Perccent Corretly Placed Data Block byLoadandlnvolvement

Percert Corret Low Task Load | High Task Load
Mears SD

Monitoring 51.99 36.85

Active Control 64.07 43.25
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AppendixN

Post-Scenario Questionnaire

N.1l. Inferential Statistics

N.1.1 Realism
Table N-1.Realism: MANOVA Results
Wilks' |Rao R Pillai- |V df 1 |df 2 |p-evel
LambdalForm 2  [Bartlett
Trace
Load 319  14.92| 0.681f 14.92 2 14 .00d
Monitoring .837 1.36 0.163 1.366 2| 14 .287
Active 163 36.0®| 0.837] 36.00 2 14 .00d
Involvement 233 23.1071 0.767 23.10/ 2| 14 .00d
Low Load 338 13.75| 0.662 13.75 2 14 .001
High Load 212 25.98| 0.784 25.98 2 14 .00Q
Load xInvolvement 429 9.300 0.571 9.300 2( 14 .003
Table N-2.Realism: ANOVA Results
Realian Mears |Mears sqgr Error [F(df1,2)| p-level
o g 1,15
Effect
Load 0.141 0.741 0.190 .669
Involvement 54.39 7.257  7.495 .015
Load xInvolvement 0.016 2.349 0.007 .934

Table N-3. Repesentativeass: ANOVA Results

Represetativeness |Mears |Mears sqgr Error |F(df1,2)| p-level
so 1,15
Effect
Load 0.014 1.949 0.008 .930
Involvement 28.8a 5.357 5.393 .035
Load xInvolvement 1.266 1.864 0.678§ 423
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N.1.2. Difficulty

Table N—-4. Diffulty: MANOVA Results

Wilks' RaoR Fam 2 |(PFillai-Bartlett [V df 1 df 2 p-evel
Lambda Trace
Load .319 14.92 0.681] 14.92 2 14 .00g
Monitoring .837 1.366 0.163 1.366 2 14 .287)
Active 163 36.00 0.837 36.0® 2 14 .00g
Involvement 233 23.10 0.767 23.10r 2 14 .00d
Low Load .338 13.756 0.662 13.75H 2 14 .001
High Load 212 25.98 0.788 25.98 2 14 .00d
Load xInvolvement 429 9.300 0.577 9.300 2 14 .003
Table N-5. Working Hard: ANOVA Results
Hard Mears |Mears sqr Error |F(df1,2)| p-level
sor 1,15
Effect
Load 39.083 1.763 22.16 .000
Monitoring 3.78] 1.71§ 2.205 .158
Active 47.53 1.198 39.68 .000
Involvement 175.%3 4.329 40.53 .000
Low Load 47.53 2531 18.78 .001
High Load 140.381 2,948 47.5% .000
Load xInvolvement 12.29 1150 10.62 .005
Table N-6. Scenario Difficulty: ANOVA Results
Difficulty Mears |Mears sqgr Error [F(df1,2)| p-level
o g 1,15
Effect
Load 33.063 1.263 26.18 .000
Monitoring 3.125 1.592 1.963 .182
Active 40.5® 1.700 23.82 .000
Involvement 72.29 3.783 19.09 .001
Low Load 13.74 1248 11.08 .005
High Load 69.03L 4565 15.13 .00
Load xInvolvement 10.563 2.029 5.205 .039
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N.1.3. Interfererce

Table N-7. Interfererce: MANOVA Results

MANOVA, adusted [Wilks' Rao R Fam 2 |Pillai-Bartlett |V (4,12 |df1 df 2 p-level
alpha=0.0253 Lambda |( 4,12) Trace
Load 467 7.981 0.533 7.981 2 14 .005
Involvement 484 7.475 0.516 7.475 2 14 .004
Load xInvolvement .695 3.065 0.305 3.065 2 14 .079
Table N-8. ATWIT Interfererce: ANOVA Results
ATWIT Mears [Mears sqgr Error |F(df1,2) | p-level
sor 1,15
Effect
Load 15.06 0.882 17.01 .00
Involvement 19.14 1541 12.42 .003
Load xInvolvement 5.641 1.041 5.42(Q .034
N.1.4. Situation Awareness
Table N-9. Situation Awaeness: MANCG/A Results
MANOVA, adusted [Wilks' Rao R Fam 2 |Pillai-Bartlett |V (4,12 |df1 df 2 p-level
alpha=0.0127 Lambda |( 4,12) Trace
Load .340 5.824 0.66( 5.824 4 12 .008
Monitoring .531 2.645 0.469 2.645 4 12 .086
Active .264 8.372 0.736 8.372 4 12 .002
Involvement 416 4.218 0.584 4.218 4 12 .023
Low Load .509 2.893 0.491 2.893 4 12 .069
High Load 379 4.923 0.621 4.923 4 12 .014
Load xInvolvement 406 4.384 0.594 4.384 4 12 .021

Table N-10. Overall Situation Awareness: ANQA Results

Overall A Mears |[Mears [F(df1,2) | p-level
sq sgr Error (1,15
Effect
Load 1.00Q 1.667 0.60(Q 451
Involvement 1.563 3.429 0.456 510
Load xInvolvement 12.2%9 1917 6.391 .023
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Table N-11.Situation Awaeness fo CurrentLocations: ANOVA Results

SA for curent Mears |Mears [F(df1,2) | p-level
locations sq sgr Error (1,15

Effect
Load 18.083 0.799 22.6% .000
Involvement 4.000 3.933 1.017 .329
Load xInvolvement 10.5683 1.763 5.993 .027

Table N-12. Situation Awaness fo Projected_ocations: ANOVA Results

SA for projeced Mears |Mears [F(df1,2) | p-level
locations o g sgr Error [1,15

Effect
Load 13.14 1.507 8.714 .01d
Involvement 2.641 4807 0.549 470
Load xInvolvement 0.141 1.907 0.074 .790

Table N—13. Situation Awaness for Potential Violations: ANQVResults

SAfor potertia Mears |[Mears |F(df1,2) | p-level
violations o g sgr Error |1,15

Effect
Load 30.29 2.283 13.28 .002
Involvement 2.250 3.550 0.634 438
Load xInvolvement 1.000 2.033 0.497 494

Table N-14. Quality of Control: ANOVA Results

Load Mears |Mears sqiF(dfl,2) | p-level
s Error 1,15
Effect

Quality of Control 18.0® 1.333 13.50® .002

N.2. ScenaridBased Desciptive Statistic

N. 2.1 Realism

Table N-15.Realism: Mearand SDs ¥ Load andinvolvement

Realign Low Load High Load
Mears [SD |Mears |SD |Mears |SD
Monitoring 5.4 3.4 53 31 54 3.2
Active 7.3 12 7.2 1.4 7.2 13
6.3 2.7 6.3 25 6.3 2.6
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Table N-16.Repesentativeass: Mean and SDs lhpad andnvolvenent

N. 2.2 Difficulty

Represermativeness Low Load High Load
Mears|SD [Mears |SD |Mears |SD
Monitoring 5.69 2.98 5.44 2.63 5.5 2.77
Active 6.75 1.57 7.0 2.11 6.91 1.84
6.22 2.41 6.25 2.49 6.23 2.43

Table N-17.Working Hard by Load andnvolvement

Working Hard? Low Load High Load
Mears |SD |Mears [SD [|Mears (SD
Monitoring 2.94 1.95 3.63 2.42 3.28 2.19
Active 538 1674 781 1.7 6.59 2.0§
4.1 2.1 5724 294 4.94 2.7(Q

Table N-18.Difficulty by Load andnvolvement

N. 2.3Interfererce

Difficulty Low Load High Load
Mears |SD |Mears |SD |Mears (SD
Monitoring 4.00 1.86 4.63 2.33 4.31 2.10
Active 531 154 756 190 6.44 2.0§
466 1814 6.09 259 5.35 2.37

Table N-19.ATWIT Interference by Loadandlnvolvenent

ATWIT Interfererce

Low Load High Load
Mears |SD |Mears |SD [Mears [SD
Monitoring 1.25 0.58 1.63 0.89 1.44 0.74
Active 1.75 0.77 3.31 2.09 253 1.74
1.50 0.72 2.47 1.8Q 1.98 1.44

Table N—20.Oculometerinterference by Loadandlnvolvement

Ocuometer Interference

Low Load High Load
Mears |SD |Mears [SD |Mears [SD
Monitoring 2.31 2.34 2.69 2.33 2.50 2.31
Active 2.56 1.63 3.06 2.26 2.81 1.96
2.44 2.0Q 2.8 2.217 2.66 2.13
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N. 2.4 Situation Awareness

Table N-21.Overall Situation Awareess ly LoadandInvolvement

Overall A Low Load High Load
Mears |SD |Mears |SD [Mears [SD
Monitoring 6.79 2.08 7.3 1.49 7.0 1.79
Active 7.31 1.3§ 6.19 1.27 6.75 1.39
7.03 1.79 6.74 1.49 6.9 1.60

Table N-22. Situation Awaness for Cuent Aircraft Position ly Load and Inolvement

SA for Curert Aircraft Low Load High Load

Position Mears |SD |Mears [SD |Mears [SD

Monitoring 5.63 2.39 5.3 2.29 5.50 2.39

Active 6.94 2.39 5.0 1.69 6.00 2.23
6.28 243 5.22 1.98 5.75 2.24

Table N-23. Situation Awaness for Pr@cted Aicraft Position ly Load andnvolvement

SA for Projected Arcraft Low Load High Load

Position Mears |SD |Mears |SD [Mears [SD

Monitoring 6.5 2.27 5.79 2.02 6.1 2.13

Active 7.0 2.11 6.08 1.7 6.5 2.03
6.81 2.1 591 1.8 6.3§ 2.07

Table N-24. Situation Awaness for Potential Violationsg/h oadandinvolvement

SA for Projected Low Load High Load

Violations Mears |[SD |Mears [SD |Mears |SD

Monitoring 8.0 1.39 6.94 2.32 7.50 1.97

Active 7.94 1.34 6.31 1.92 7.13 1.83
8.00 1.34 6.63 2.12 7.31 1.89

Table N-25.Quality of Control ly LoadandInvolvement

SA for Projected Low Load High Load

Violations Mears |SD [Mears |SD [Mears |SD

Monitoring 8.0 1.39 6.94 2.32 7.50 1.97

Active 7.94 1.34 6.31 1.92 7.13 1.83
8.00 1.34 6.63 2.14 7.31 1.89
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AppendixO
Coordination Events

Scenario 1: Active High
Coordination Events
17:30
e GeneaHigh, Bravo Hgh
| need United 422BC 2024 at flight level 330
e (giveinitials)
33:00
e GeneaHigh, Charlie High
| need Carnial 11 BC 0674 at flight level 240
e (giveinitials)
36:30
e GeneaHigh, Bravo Hgh
| need Spirit Wngs 2249 BC 4655 at 250 knots.
e (giveinitials)
Notes:

Scenario 2: Monitoring Low

Coordination Events
19:30
e GeneaHigh this is Genexradio with aNOTAM. Advisewhen ead/ to copy.
e Southast VOR is NOTAMa out of servie until further alvised.
e (giveinitials)
36:00
e GeneraHigh this is theMilitary desk.
Whiskey 500 is active now stace to flight level 430.
e (giveinitials)
45:00
e GeneraHigh this is theMilitary desk.
Whiskey 500 is deactivate
e (giveinitials)
Notes:
Scenario 3: Practice

Coordination Events

18:30

e GeneaHigh, Charlie Cente

| need US Air 89BC 2049 at flight level 310
e (giveinitials)

29:00

e GeneaHigh, Alpha Hgh

| need Celta 957 BC 2016 at flight level 330

e (giveinitials)
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45:00(as soon as DAL259 is flashed to controller and AMX656 has switched, dont call
AMX656 is outside of boundgry
e GeneaHigh, Alpha Hgh
Aero Mexco 656 BC 0666 is requestinglower, request controleference Delta 259BC 3743.
e (giveinitials)
e Don’'t descendAMX656
46:00(as soon as datablock is flashed to controller)
e GeneaHigh, Bravo Hgh
Refereme Air Shuttle 471BC 2555) | incorrectly entered amassgned altitude of 260 in dat
block, he wants fight level 240.
e (giveinitials)
Notes:
Scenario 4: Active Low

Coordination Events
19:30
e GeneaHigh, Alpha Hgh.
Request control for US Air 2178C 461), | need him at flignt level 310.
e (giveinitials)
35:30
e GeneaHigh, Charlie Cente
Kiwi 421 (BC 3762)is looking for lower, my control iference US Air 1273 BC 2569.
e (giveinitials)
e Call typist, descend KIA421 to flight level 330
43:00
e GeneaHigh, Bravo Hgh.
Request US Air 83038 4243 and Critter 508BC 0636 cross lover at 250 knots.
e (giveinitials)
Notes:
Scenario 5: Practice
Coordination Events
26:00(After COA131 has switched frequghc
e GeneaHigh, Bravo Hgh
Request control for lowesn Continental 1318C 4233
e (giveinitials)
e Call typist and descend COA131 to flight level 290
34:00(If SJI707 has switched fregucy, request control for highgr
e GeneaHigh, Bravo Hgh
| need Sune& 707 BC 2033t flight level 330
e (giveinitials)
e If requested control for higher and it was granted, call typist and climb SJI707 to flight level
330
41:00(as soon as datablock flashed to contrgller
e GeneaHigh, Alpha Hgh
Northwest 1277BC 2023 is requesting flight level 330
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e (giveinitials)
e If controller asks “my control for higher?”, say “approved”
e If controller tells you to climb the aircraft, call typist and climVN1277 to flight level 330
48:00 (after DAL609 has switched frequeic
e GeneaHigh, Charlie Cente
Request control for lowesn Delta 6094BC 3733.
e (giveinitials)
« If controller says “approved”, call typist and descend DALG609 to flight level 290
Notes:
Scenario 6: Practice
Coordination Events
19:00(as soon as USA1647 is flashed to controller)
e GeneaHigh, Alpha Hgh
US Air 1647 BC 4654 and Delta 83 BC 253§ both hae assgned speds of 240 knots
indicated
e (giveinitials)
28:30(after USA242 has switched freqaghn
e GeneaHigh, Charlie Cente
US Air 242 BC 377] is requestig flight level 350, ny control fa desent?
e (giveinitials)
e If controller says “approved”, call typist and descend USA242 to flight level 350
41:00(as soon as COA1228 is flashed to controller)
e GeneaHigh, Alpha Hgh
Continental 1228 (BC 205 requesting flight level 270.
e (giveinitials)
54:00(as soon as USA1680 is flashed to controller)
e GeneaHigh, Alpha Hgh
US Air 1680 BC 2067 and US Air 656 BC 2555)both have assigned speedsf@35 knots
indicated
e (giveinitials)
Notes:
Scenario 7: Practice
Coordination Events
22:00
e GeneaHigh, Charlie Cente
| need Celta 1041 (BC 066pat flight level 310
e (giveinitials)
31:00
e GeneaHigh, Charlie Cente
| need US Air 1269BC 2527 at flight level 310
e (giveinitials)
42:00(as soon as UAS609 flashes to contrgller
e GeneaHigh, Alpha Hgh
US Air 609 BC 2534 is requestig flight level 290
e (giveinitials)
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» if controller says “approved” call typist and descend USA609 to flight level 290
46:15
e GeneaHigh, Alpha Hgh
US Air 1432 BC 0617 is requestig flight level 370, iy control eference Aeio Mexico 417
(BC 2565)
e (giveinitials)
e if controller says “approved” call typist and climb USA1432 to flight level 370
Notes
Scenario 8: Monitoring High
Coordination Events
26:00
e GeneaHigh this is Genexradio with aNOTAM. Advisewhen ead/ to copy.
e Northeast VOR is NOTAMed out of sevice until furthe advised.
e (giveinitials)
36:00
e GeneaHigh this is Genexradio with aNOTAM. Advisewhen ead/ to copy.
e Runway 18 left 36 right at Uptown, NORM closed fo mowing.
e (giveinitials)
42:00
e GeneaHigh, Gerera Radio
There is dorest fire repoted about 30 miles south of the Center VOR dwy pilots reported
it?
e (giveinitials)
Notes:
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AppendixP

Situaion Resence Asses@antMethod Queries
15:30
Will US Air 1650 and Continental 707 be in conflict if no further action is
taken, yes or no?
Yes
No
21:30
Will Lifeguard 99 Sierra Fox and American 966 be in conflict if no further
action is taken, yes or no?
Yes
No
25:00
Which will reach the Center VOR first, Aeromexico 758 or Carnival 11?
Aeromexico 758
Carnival 11
28:00
Are there any speed conflicts on the J74 airway, yes or no?
Yes
No
32:00
Which is traveling at a faster groundspeed, US Air 992 or Spirit Wings 2249?
US Air 992
Spirit Wings 2249
41:00
Which is at a higher altitude, US Air 153 or Delta 16767
US Air 153
Delta 1676
15:30
Will Continental 707 and US Air 1650 be in conflict if no further action is
taken, yes or no?
Yes
No
21:30
Will American 966 and Lifeguard 99 Sierra Fox be in conflict if no further
action is taken, yes or no?
Yes
No
25:00
Which will reach the Center VOR first, Carnival 11 or Aeromexico 758?
Aeromexico 758
Carnival 11
28:00
Are there any speed conflicts on the J74 airway, yes or no?
Yes
No
32:00
Which is traveling at a faster groundspeed, US Air 992 or Spirit Wings 2249?
US Air 992
Spirit Wings 2249
41:00
Which is at a higher altitude, Delta 1676 or US Air 1537
US Air 153
Delta 1676
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21:00

Which will leave the airspace first, Delta 1481 or US Air 29347

Delta 1481

US Air 2934

26:30

Which is traveling at a faster groundspeed, Delta 1190 or Jet Ex 9187

Delta 1190

Jet Ex 918

32:30

Which has a higher altitude, Aeromexico 470 or November 305 Alpha Bravo?
Aeromexico 470

November 305 Alpha Bravo

39:00

Which will reach the Center VOR first, November 4 Mike Delta or US Air 145?
November 4 Mike Delta

US Air 145

43:00

Which is traveling at a slower groundspeed, US Air 124 or Continental 19627
US Air 124

Continental 1962

46:30

Which will reach the Center VOR first, US Air 41 or November 65 Romeo
Charlie?

UsS Air 41

November 65 Romeo Charlie

21:00

Which will leave the airspace first, US Air 2934 or Delta 14817

Delta 1481

US Air 2934

26:30

Which is traveling at a faster groundspeed, Jet Ex 918 or Delta 11907

Delta 1190

Jet Ex 918

32:30

Which has a higher altitude, November 305 Alpha Bravo or Aeromexico 470?
Aeromexico 470

November 305 Alpha Bravo

39:00

Which will reach the Center VOR first, US Air 145 or November 4 Mike Delta?
November 4 Mike Delta

US Air 145

43:00

Which is traveling at a slower groundspeed, Continental 1962 or US Air 1247
US Air 124

Continental 1962

46:30

Which will reach the Center VOR first, November 65 Romeo Charlie or US Air
417

UsS Air 41

November 65 Romeo Charlie

24:00

Which will reach the Center VOR first, US Air 1273 or Delta 4177

Delta 417

US Air 1273

30:00

Which is traveling at a faster groundspeed, American 246 or Delta 1033?
Delta 1033
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American 246

34:00

Which is traveling at a slower groundspeed, US Air 4095 or Kacki Blue 29?
Kacki Blue 29

US Air 4095

41:00

Which will reach their final altitude first, Delta 1586 or Trans World 14327
Trans World 1432

Delta 1586

44:00

Which will reach the MIDLE intersection first, Carnival 609 or Critter 11767
Critter 1176

Carnival 609

47:00

Which has a higher altitude, Air Jamaica 656 or Continental 2257
Continental 225

Air Jamaica 656

19:20

Which has a higher altitude, Delta 1165 or US Air 21747

Delta 1165

US Air 2174

23:15

Which will reach the Center VOR first, Critter 2250 or Aeromexico 4547
Critter 2250

Aeromexico 454

28:45

Which is traveling at a faster groundspeed, Continental 670 or Carnival 471?
Continental 670

Carnival 471

32:00

Will Lifeguard 1640 and Delta 1165 be in conflict if no further action is
taken, yes or no?

Yes

No

37:00

Which should reach their final altitude first, US Air 189 or Continental 6707
US Air 189

Continental 670

41:15

Which has the lower altitude, US Air 1723 or Critter 16587

US Air 1723

Critter 1658

19:20

Which has a higher altitude, US Air 2174 or Delta 1165?

Delta 1165

US Air 2174

23:15

Which will reach the Center VOR first, Aeromexico 454 or Critter 22507
Critter 2250

Aeromexico 454

28:45

Which is traveling at a faster groundspeed, Carnival 471 or Continental 670?
Continental 670

Carnival 471

32:00

Will Delta 1165 and Lifeguard 1640 be in conflict if no further action is
taken, yes or no?

P-3



Yes

No

37:00

Which should reach their final altitude first, Continental 670 or US Air 1897
US Air 189

Continental 670

41:15

Which has the lower altitude, Critter 1658 or US Air 1723?

US Air 1723

Critter 1658
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