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Executive Summay

The Air Traffic Control Specalist (ATCS) Performance Measureent Database $ a conpilation

of performance measures and measurement techniques that researchers havemagbd.

applicable to other human factor research related to air traffic control (ATli&) database

provides a valuable tool to assist evaluations of air traffic equipniusihg standard database
techniques, a researcher can select measures appropriate foafi@ental questions under

study The database provides citations for the pringayrces from which the measure was

obtained and additional references for further informatkurther, the authors have included a
bibliographyof human performance measurement references as an additional source of reference
information.

The database represents an important tool that can be used in conjunction with ATC simulators,
generic sector configrations, scenarios, and other procedures used in assA3singstem
sdety and a@pecity. Having asd of measures with standadized paameters will increase the
reliability of results @ross eperiments and enable compaisons of reults &ross @aluaions.



1. Introduction

The Federa Aviation Administraion (FAA) has established strdegic gods of improvel Air
Traffic Control (ATC) systemsafey and capaty. Measures of ATGystem performance and
Air Traffic Control Specalist (ATCS) performance are reqeed b accuratly deermine whch
element of the sstemneed ¢ be chaned to acheve those gals and ® deermine when
progess has been attainetlhe primarygoal is to develop a comprehensive set of ATCS
performance measures that relate to ATSleay safetyand capacity Development of this
database is one of several objectives required to achievettiis g

1.1 Backgound

There are several well-known measures of overall ATIesy effectiveness used in assessments
(Hopkin, 1995).However, the task of controllers within ATCssgms primarilynvolves

cognitive ectivities, whit are difficult to measure directly. Instexd, researcher's must infe
evaluations of mangspects of ATCS performancAélthough a largg number of performance
measures have been used in ATC evaluations, their relationshipseim ®ffectiveness are
inconsistent and not well understodd/hereas mangf the elements affectingverall syptem
performance are well documented, the relationships between controller performancgend sy
effectiveness ae still in initial stages of exploration

ATCS performance neasures &bw researcher®texamne he rebtionshp betveen whathe
controller does and how well thestgm works.Performance measures are useful for a wide
range of activities, induding

e mitigation of risk;

« validation of operations concepts, operational requirements, and equipment
specficaions;

e evaluation of ATCS/computer functional allocation;

e assessment of the effectiveness of proposed procedures and ASi€@Bisyeractions;
e development of displagiesia;

e identification of design incompdibilitie s;

e evaluation of information displayand ATCS interface usability

» diagnosis of ushility and dfectiveness issusto identify limiting factors;

e deermining bendfits for cost-benefits andyses,

e identifying sources of human error and methods to reduce them; and

e selection and trainingf personnel.



A primarygoal of human factors research in ATC is to establish the link between ATCS
performance and system paformance. Oneof theobjectives of theongoing research activities &
the FAA William J Hudhes Technical Center has been to identify this rdationship. The
National Airspace 8stem (NAS) Effeciveness Mode(Figure 1) concepfalizes he rektionshps
betveen varables of NASsafey, efficiency capady, and contller performance.

This modeillustrates how theability of controllers to algpt to dhanges in thedynamic ATC
environment impacts stem effectiveness-or example, fluctuations in separation distances
influence system capecity and dfect thetaskloads of ontrollers. ATCSs must hee the ability to
allocate resources to adjust for chianggsystem demands without compromisis@fetyor
effectiveness. Theimpact of systan effectiveness on giation opeations is sigificant in tams
of safey, flight delys, and exess fuelisag. Facbrs such ase charadristics of he ar
traffic, weaher, andtie ar carrier operang procedures affe@&TC system effeciveness.
However, human paformance sut as thebehavior of ATCSs, arway facilities speidists, and
supervisors plaga major role in definingystem effectiveness.

National Airsp_ace Syste m

System Effectiveness Measures

Capacity Delay Time  Operational Errors
Safet
Separation Spacing \
System Capacity - || Air Traffic System
and Demand Efficiency
—
Taskload \ Productivity

Planning and Decision

Making Implementation

Situation Assessmen t

Controller Performance Measures
Conflict s, Errors, Communicatio n, Workload

Figure 1. National Airspace $stem Effectiveness Model

To studyATCS performance, it is necessémyunderstand their critical functions, tasks, and
associated behavior8ecause ATC is, in laggpart, a cogitive activity, ATCS performance
measures should be relevant to the performance oftoagtasks.PERITechnologes and its
contractors developed the ATC8rfetional Performance Model, shown irglre 2, throub
review of various ATC task anaiys of operations, concepts, current theories, and controller
input. The model identifies the relationships between the controller’s priatinyties and
assocated behaviors. These reationships idatify appropride measures tha assess thequdity

and dfectiveness of thosextivities and béaviors.



National Airspace System
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Figure 2. ATCS Functional Performance Model.

To analye the wide rang of ATCS activities, the model divides the overall task intmgs of
related activities that have a start point, an identifiable process, and an endpoint off hesult.
model classifies ATCS functions into three catigs (Situation Assessment, Plannargl
Decision Makingand mplementation) and describes the behaviors occumiagsequential
fashion. To make an effective decision, the ATCS must have developedh éelig) of situation
awarenessThese vaables influence sgtem effeciveness, and negréll of the contoller tasks
can be classified under one or more of these majorardsgEach functional categy is
characteried byits associated tasks, and each task involves observable behavisrsiodel is
usefulfor cakgorizing the many acceped and pognial performance neasureshatcurrenty

exist in theliterature

Manytools are needeatenabe ATC researcheroteffectvely apply this modeland evalaie
these performnce neasuresn the conéxt of their research.The perfornance neasurerant
database is one such tool.

1.2 Purpose

There are two important purposes for develoging appling a performance measurement
database Thefirst is to @mpile effective ATCS peformance measurement techniques into a
singe source.The second is to promote standaadiian of parameters across research projects
and, therefore, enable comparisons of results across evaluations.



This ddaabasewill be paticularly vauable for researchers with limited exposureto ATC research
methods.The authors assembled this database in MicrosailEather than in a more complex
database managbecause of its near universal availabiliBurther, such software allows
researchers to elore for measures appropriate to theemmental questions theye

addressing

1.3 Valueto ATC

The primaryobjective of performance measurement is to provide a better understahNiA&
critical elements and b hep to diaghose and sek system performance ssues.Froma hunan

factors research standpoint, one important question is how to establish the link between ATCS
performance and stem effeciveness.

The ATCS performance neasurerantdagbase $ a conpilation of measures and @asurerant
techniques that have been proven effective for use in human factor research related to ATC.
Figure 3 illustraes someof thepotentia applications for this deabase The following

paragaphs describe the elements igu¥e 3.

ATC
Simulation
Evaluations

\ /

Procedure RiSk_
Refinement Reduction

Equipment
Development

Functional
Prototype
Evaluations

Operational
Test &
Evaluation

Determine
Benefits

System &<— Criteria Measures of Actual Field Field
Requirements Effectiveness Performance Operations

\ Measures of Performance

Design Input Performance

Projected Field
__— Performance

Issues

Performance
Enhancement
Studies

Figure 3. Database applications.

Functional Prototges Measures of performance and effectiveness are essential for cost-
effective sgtem developmentunctional prototpes can provide data to determine the potential
benefits of proposed NAS function¥he cost of protofye evaluation is minor compared to the
cost of equipment development and desigangs late in the procesgvaluation of functional
performance can restrain the tendetecyesign sophisticated, complicated software with a heavy
investment and little demonstraed bendfits.




ATC Simulation EvaluationsATC simulation evaluations are used t@eixne the relationship
between proposed chassgn equipment, operatingocedures, and ATCS performandéese
comparisons can then be used to idemqdtential problem areas before major investments are
made in development and implementatidie results of simulations provide a basis for
changes that ensure compatibilityith the workforce and user acceptanGhangs made early
are much less costhnd less disruptive to the development schedule.

Equipment DevelopmenfThe equipment development process peeges througthe stags of
initial desigh concept, througdetailed desig to production.Performance measurement is the
only objective measure of progss duringlemonstrations and provides a basis for determihing
the equipment will achieve the peformance gods. Paformance measures tha mantain afocus

on end-item performance relative to theteyn gals help to ensure that the final product meets
expectations.

Operational Test &valuation (OT&). Performance measures can provide data to support or
refute the subgcive evaliaions of sulgct nmetter experts. Performance neasurerantimposes a
method that ensures reliability the results.Generic sectors and standard traffic scenarios can
be used to avoid the difficulgf comparingdata from ATCSs with different grrience.
Standadized proedures will help compaison of results from diffeent evaluations. OT&E often
does not adequatefddress human performance issuBse presence of a readdyailable
measurement sé¢ may improvethesitudion in thefuture

Field Operations Currently we measure ATCS effectiveness in terms of arrivals and departures
and the amount of delassociated with those operatiod$hese numbers are compared to the
engneered performance standards for a particular airport undeem\geather condition and
runwayconfiguration. Operational errors are calculated in numbers per faeifitiare used as
an indicator of safetgneasurementCertain individual ATCSs and teams of controllers are
more effective byeachinghigher numbers of operations while committiiegver operational
errors than otherdrield evaluations of sgem and individual performance are limited under
Labor Managment Relation (MR) Agreements and are subjectivelympleted bysupervisory
personnel as beingjther satisfactorgr not satisfactoryBasic tools for performance
improvenent and sgtens enhanceemtare restained byan exremely high percerdge of
satisfactorymeasurements in thessgm and the MR Agreements on over-the-shoulder and
tape-talk evaluationsThroudh performance issue studies, the Research Development and
Human Rctors laboratorylocated at the Technical Center can provide necedséayto
substantiate the needed support for ckang

2. Database

The database contains performance measures that researchers have used forAaBS&ssing
performance. The database and associated references are included as Appaddian also be
accessed and downloaded via the FAAldM J Hughes Technical webpadgwww.faa.tc.@v).

An additiond soure of human peformance measures are contaned in Appendix B. At this time

it is unlikely that the database includes all of the measures and measurement techniques that are
applicable to ATC assessmentdowever, it is intended to be an adaptive research tool, and the




authors invite gur nominations of other measures for the datab@se. of the most important
features of this database is that aey, valid measures of performance and measurement
techniques can be easihtegated and the database automaticafigated.

2.1 DatabaseDesaiption

The layut of the database and the process faaetnginformation from it appear inigure 4.
Filtering the database can be donesbkarchindkeywords, a specific reference, or measurement
type. Probablythe most efficient method of searchisgoymeasurement pe. As shown in
Figure 4, he defnitions for each masureranttype are bcatd wihin the datbase and can be
easly accessedFor exanple, if a researchesinteresed n whatperformance neasures are
assogated with examining situdion assessmat in theen routeenvironment, heor shecan filter

the database specificaligr those items.The database then produces a lisbhgeferences of
previous stidies, he perfornance neasures, andhé neasureranttechngues assoated with
situaion assessentand he en row envionment The researcher cahdn deaile on wheh
performance measure or measurement technique best suits requirements of the current research
question

Operationd definitions of
each measure can be

] Primary sourceis liged in bold, [] Vievyed by dicking here. %,
and a compl ete reference list and - %
. . .. z
bibliography of additional ATC rj =
performance measurement - z § % z
g i X indicates variabl es’ g gl gl | 437
5] resourcesare included. Indicates variabl es - E I 5 2| °o| &
5 inclusjon into specific = g 2 gl 3| 2| 3 El w
g of 4l «] 3 g g =l = @l & % E 5[ 3| «| 2
g measyrement type(s). % % % o &l 8| 5| 5| © 5 HEIE § g i
& VARIABLE NAME/ o\ g S| 2| 2| 5| & a| % 2| 2| 2| &| g &
| al Resouces DESCRIPTION | ABBREVIATIO| DEFINITION \
Cortroller keystrokes - CKEY The number of ke ke
Communication Acthity enzpeliiatigmlﬁrﬂoefss [ x| x X x| x| X X
5 keyboard
Pilot keystrokes - PKEY The number of keystrokes
Communication Activity entered at the simulation pilots X] X X X X| x| X| X
5] 10} 21 keyboard
Number of fights NFLT The number of flights
accumulated during an X X] X X
4 5 experimentd run
Hardofs HANDOFF | The number of hand- offs that
occurred during an X X| X Xl x| x| x X
4 2 5] 42 experimentd run
Air trf_xfﬁcwmkloadinput ATWIT Subjective workload measured
techrique atstandard intervals during he X R RS X x| x| X
5] 19] 21 simulation

Figure 4. Database construction and features.



2.2 Database Configration

The database is structured around four aateg in which ATCS and ATC measures can be
obtained: ATCS Performance Measures, Measures of Araffic Effeciveness,iie ATCS
Functional Performance Model, and the applicable Air Traffic EnvironmEme. types of
measuresnicluded wthin each cagory are defined n the folowing sectons.

2.2.1 ATCS Performance Measures

Performance measures included in this aatedescribe how effective the controller, control
team, or sgtem is in accomplishingTC activities. Some major measures are dslaytraffic
and violations of separation rules.

Conflict: Violaton of safe separan mnimabetveen wo arcraft In terminal airspace, a

conflict occurs when the distance between two aircraft is <3 miles laterallyg1000 ft

vertically. En route conflicts occur when spacibpgcomes <5 miles lateraland <1000 ft

vertically. At altitude above kght Level 290, the minimum vertical separation distance is 2000

ft (FAA, 1998). There are eseptions, such as when one pilot sees the aircraft ahead and accepts
visual separation, or both aircraft are established on parallel lexliz

Complexity: Secor and taffic charaaristics thatcunulatively add o creaé a conplex setof

rules, requirements, and tasks for thecontroller when controlling aircraft in the sector. ATC
complexty is composed of sector and traffic compigxXactors such as control adjustments (i.e.,
merging, spaing, and sped dhanges; dimbing and descendingflight pahs; aad mix of arcraft
types). However, the authors reaoige that a considerable amount of confusioistexabout this
construct and, like human workload, there is unlikelgver be universal eement concerning
its meaning.

Error (Conflict and Non-conflict): A conflict error (operational error) occurs when a failure of
equipment, human, procedural, and/asteyn elements, individuallyr in combination results in
less tha thesgoaration minima Non-oonflict errors indude but ae not limited to,
misidentification of information from the radar displagceptance of incomplete position
information, and interpretintlight progess strips incorrectly

Communication: Tgical ATCS-to-aircraft communications involve usiagtandard

phraseolog with aircraft identification, destinations, departure instructions, altituderassigs,
holdinginstructions, and fligt plan modifications.Communication between controllers includes
coordination between and within sectors, handoffs, and pointouts.



Taskload: $stem demands placed upon the controllethigycurrent situation, includireyr
traffic volume, mix complexty of routings, and weather; the number of tasks or frequeicy
task occurrence assated wih a spedic job.

Workload: The effects of taskload on the individual controller and theeeég which he/she
accepsit. Workload s influenced byhe contoller’s internalized sandards of perforance,
ability, and experience.

Other: ATC tasks and required procedures not specifioakyclusively captured under anyf
the above variable categes includinghe use of-¥ings, historytrails, and strip bay
manag@ment.

2.2.2 Air Traffic Effeciveness

Safetymeasures include counts of conflicts or separation violations that occurs HtRgCSs
and observers of stem safetyusingnotes, questionnaires, or debriefaiter each run or series
of runs), ad vaious mesures and indices of arcraft proximity sud as slant range distance and
the aircraft prokmity index (Paul, 1990).

Capacityis the maxmum number of aircraft and aircraft procedures that can be $efetited by
the ATCS and the equipment he/she is usiBgtem capacityaries as a function of a number
of variables such as weather conditions, radio frequenegestion, and sector &€z

Efficiency concerns the frequeneynd duration of delayalongwith fuel and resource
managment. ATC system efficiencyencompasses accuraalydata entryhandoffs, and
coordination between sectors.

2.2.3 ATCS FunctionalPerformance

Controller functional performance is a dmgtic of how a controller performs tasks as
distinguished from controller productive performandée distinction between this catey and
ATCS Performance Measures that, here,lte focus $ on e process raer han he resuis or
product. The development of the ATCSukctional Performance Modeliffare 2) resulted in the
identification of three behavior categories tha can dfectively dassify dl ATCS cognitive
performance: situation assessment, plardegsion makingand plan/decision implementation.

In the ATC environmaent, situdion esssessmat entals developing and mantaining the picture

For the purposes of the database, situation assessment represents the fakksiag shown in
Figure 5: a) acquiringlements of current situation, b) intafyngrelevant elements of the
situdion into thepicture, and ¢ evaluaing thesituaion to identify critical events/problens tha
need to be addresseAn ATC event can be thohgof as anysituation that needs attention,
regardless of whether it is actualéyproblem.For example, a conflict migt indicate a problem
or it might be a routine sequenciagd spacin@f aircraft onto the final approaclituational
assessment is considered a precursor to other ATCS behd@&#bose anyaction can be taken,
the controller must evaluate the situation to determine if there is a need for ddiba.
effective, the controller must have knowledyf the status and dgmics of the individual
aircraft, knowledg of relevant procedures, and a comprehension of the total situation.



Situation Assessment
Tasks

lements of
Situation LY &
Integrate

lements into

Picture

Evaluate
Situation

Planning &

Aefl . —Plan
Decision Making
c < Implementation
Monitoring

Figure 5. ATCS tasks in situation assessment.

Therecognition of ATC events within situéion assessmat is theimpetus for plaaningand
decision-makindehavior. Planningand decision makings shown in igure 6, is the process of
reviewingthe situation, determiningvailable options to achieve the desiredlgand deciding
which option to implenent. The ATCS deides on priorities, arcraft sequence, sped, dtitude,

and flight routes within the contéxf the situation.This behavior results in a decision, plan,
solution, or strateg Usually, the resultingolan or decision requires an action (gigsuinga
clearance for aflight plen change of heading, dtitude, or arspeed). Implementdion is the

ATCS'’s nex step.

W22z,
ATC
Event

Situation Picture
Assessment

Planning &
,~v 2 Decision Making

Review
Situation

Determine
Available
Options

Decide on
Option

F’Ian1

Compliance g
Moniforing < Implementation I

Figure 6. Planningand decision makintasks.



Implementation is the process Wwhich the ATCS acts on the previouslgtermined decisions.
Implementation behaviorsi@fure 7) include communication and coordination, issuing
clearances, and assessihg progess of the planProgess assessment, or compliance

monitoring simplymeans directingart of subsequent situation assessment behavior towards a

targeted search for information to evaluate the success of the implement&tisris
represented in the model byfeedback loopThe excution of a decision affects the situation
and, therefore, the situation must be continuoupljated and evaluated.

—/
ATC
Event

Situation Picture

Assessment
Planning &
. . I»PI
Decision Making an

Implem entation

Flight Plan
Update

Compli / Monitor

<
Monitoring Compliance

Figure 7. Implementation tasks.

2.2.4 Air Traffic Environments

The NAS includes threegs of environments: En Route, TRACON, and Tower (Nolan, 1994).
Although it is generallyconsidered part of the en route environment, Oceanic is included in the

daibase as a fourtar traffic envronment The diferentairspace cagories have dtnct
characeristics.

En Route: En route ATC service provided asttument kght Rules (FR) flight plans when
aircraft ae operatindgpetween departure and destination terminal areas.

TRACON: A termind ATC facility assocated with an ATC towe tha uses radar to provide
approach control services to aircraft.

Tower. A terminal facilitythat uses airlpund communications, visual sigling and other
devices to provide ATC services to aircraft operatmthe vicinityof an airport or on the
movement areaThe tower authoris aircraft to land or takeoff at the airport controlledHsy
tower or to transit the Class D airspace areardbgss of flidnt plan or weather conditiond=R
or Visual Aight Rules VFRs]).

Oceant: Operaing proceduresrack stucture, and sepaian sandards varacross dferentair
contol regons. Minimum separabns alowed overlie ocean are uch larger than n the
domestic airspace due to lack of aircraft surveillance and inefficiehtHgguency
communications.Therefore, oceanic airspace capastimited.
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3. Conclusion

Reliable information about the performance and effectiveness of ATCSs and how their
performance affects thestgm is essential to understandgggtem desig, selection, training
and operational concepts and procedui@svelopment and testiraf controller performance
measures are part of an ongg process, and the database has beenrazbig allow easy
integration of the nostcurrentATC research fidings. Researchers are encoueabp include
newly discovered measures of controller performance and to operatidafiig the eisting
measures within thedaabase This will increase therédiability of results and will foste the
development of standar@id parameters so that valid comparisons betwegeriexents can be
made.

Clearly, the ATCS is a vital element of ATCstgm operations, but there isapgn
understandinghe impact of chareg in controller performance onstgm effectivenessNew,
valid measures of controller performance are needed to understand factors that improve or
degade performanceA solid understandingf those performance factors is particularly
important to evaluate the impact of the various automation concepts in Afeinsgesig that
are beingoroposed.
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AppendixA

Performance Measureent Database



Primary Additional Resources NAME ABBREVIATION DEFINITION CIC|E|[|C|T|W O|S|S|E|S|P|I]|E|T|T|O
Reference OlO|R|O|A|O|T|Y|Y|F|Il]|]L|[M|NIR|O|C
N|MIRIM|S|R|H|S|S|F|T|A|P A| W| E
FIP{O M| K|KIE|T|T|I |U/ NJIL|R|C|E]|A
LILIRIU|L|L|R|E|E|C|A|N|E|O|O|R|N
I | E N| O O M{M|IT | T|I | M|U|N |
C| X I |A|lA E|I [N|IE|T C
T C|D|D S|C|N|O|G|N|E
T A A|lA|C|N T
Y T FIP|Y &| A
| E|lA A T
o} T|C S| DI
N Y| I S|E| O
T E|C| N
Y S|
S|S
M| 1
ElO
N| N
T
M
A
K
|
N
G
4 2 5 41 43 Standard conflict en route SCNF (ER) 5 miles lateral and 1,000 X X X X| X| X| X X
variable foot vertical (> FL290 =
2000ft vertical)
4 2 5 41 43 Standard conflict duration SCNFD (ER) 5 miles lateral and 1,000 X X X X| X[ X[ X X
variable foot vertical (> FL290 =
2000ft vertical)
4 2 5 41 43 Standard conflict terminal SCNF (TERM) 3 miles lateral and 1,000 X X X X[ X| X X | X
variable foot vertical
4 2 5 41 43 Standard conflict SCNFD (TERM) | 3 miles lateral and 1,000 X X X X| X| X X | X
cumulative durations foot vertical
variable
4 5 46 User specifiable conflict XCNF (ER) User specifiable conflict X X X X X| X| X X
variable criteria for lateral and
vertical separation
4 5 46 User specifiable XCNFD (ER) User specifiable conflict X X X X X| X| X X
cumulative durations criteria for lateral and
variable vertical separation
4 5 46 User specifiable terminal XCNF (TERM) User specifiable conflict X X X X X X| X
variable criteria for lateral and
vertical separation
5 10 41 61 Primary conflict measure LCNF Measures longitudinal X X X X X X | X
for aircraft that are on final conflicts of aircraft on
approaches and are in trail approach
of one another
5 10 | 41 46 61 The cumulative durations LCNFD The conflict duration in X X X X X X| X

of longitudinal conflicts

seconds
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61 5 10 Parallel conflict frequency PCNF Frequency of conflicts X X X X X X | X
variable between aircraft on
simultaneous parallel
approaches
61 5 10 Parallel conflict frequency PCNFD Duration of conflict for X X X X X X1 X
cumulative durations aircraft pair conflicting on
variable simultaneous parallel
approach
5 41 46 Between sector conflict BSCNF Conflict between aircraft X X1 X X X X| X| X| X| X
frequency variable pair when each aircraft is
under control by different
controller
5 41 46 Between sector conflict BSCNFD Duration of conflict between | X X1 X X X X| X X
frequency cumulative an aircraft pair when each
durations variable aircraft is under control
from a different controller
43 5 10 41 46 | 61 Aircraft proximity index API APl is a weighted measure X X X X X| X| X X
variable of conflict intensity where
100 is a mid-air collision
and 1 is a minor violation of
the separation standards
4 5 Airspace conflict frequency ASCNF Frequency of intrusion into X X X X| X| X| X| X
variable restricted airspace
4 5 Airspace conflict frequency ASCNFD Duration of the intrusion X X X X X| X| X| X

cumulative durations
variable

into restricted airspace
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5 Complexity measures CMAV Measure of aircraft X X X[ X| X X | X| X| X X
activity variance clustering within a user
specifiable criteria such as
10 miles. The higher the
index the more aircraft are
clustering and potentially
more likely to conflict
5 10 19 | 41 Altitude - Complexity ALT Frequency of altitude X X| X X| X| X X[ X| X[ X X
Measures clearances issued during a
run
5 19 41 Heading - Complexity HDG Frequency of heading X X | X X[ X| X X| X| X| X X
Measures clearances issued during a
run
5 10 19 | 41 Speed - Complexity SPEED Frequency of speed X X| X X[ X[ X[ X|X|X|X|X X
Measures clearances issued during a
run
4 5 10 41 Missed approaches - Non MISSAPP Frequency of missed X | X X X[ X| X X X[ X
Conflict Errors approaches executed
during a run
5 Handoff misses - Non HOFFMISS Frequency in which the X| X X| X| X X| X| X X
Conflict Errors aircraft crossed the sector
boundary before being
handed off
5 Handoff errors - Non HOFFERR Frequency with which the X| X X| X| X X| X| X X

Conflict Errors

aircraft was handed off to
the wrong controller

A-3




Primary Additional Resources NAME ABBREVIATION DEFINITION CIC|E|[|C|T|W O|S|S|E|S|P|I]|E|T|T|O
Reference OlO|R|O|A|O|T|Y|Y|F|Il]|]L|[M|NIR|O|C
N|MIRIM|S|R|H|S|S|F|T|A|P A| W| E
FIP{O M| K|KIE|T|T|I |U/ NJIL|R|C|E]|A
LILIRIU|L|L|R|E|E|C|A|N|E|O|O|R|N
I | E N| O O M{M|IT | T|I | M|U|N |
C| X I |A|lA E|I [N|IE|T C
T C|D|D S|C|N|O|G|N|E
T A A|lA|C|N T
Y T FIP|Y &| A
| E|lA A T
o} T|C S| DI
N Y| I S|E| O
T E|C| N
Y S|
S|S
M| 1
ElO
N| N
T
M
A
K
|
N
G
4 5 Number of hold/turn delays NDLY The frequency of hold X | X| X X | X| X X[ X| X[ X
messages sent to aircraft
and the number of turns of
greater than 100 seconds
duration - Non Conflict
Errors
5 41 Communication delay COMDLY The accumulated time X | X X[ X| X X| X| X
variable based on the
durations of time between
the aircraft calls for service
and the controllers initial
response
5 41 Number of communication COMDLYNBR This is the cumulated X | X X[ X| X X| X| X
delays frequency of COMDLY's
that exceed 20 seconds
5 41 Voice frequency - VOIFREQ The number of push-to- X X| X X| X| X| X| X
Communication Activity talks accumulated during
the run
5 41 Voice duration - VOIDUR The total duration of X X| X X| X| X| X| X
Communication Activity communications during a
run
5 Controller keystrokes - CKEY The number of keystrokes X| X X X| X| X X
Communication Activity entered at the controller's
keyboard
5 10 21 Pilot keystrokes - PKEY The number of keystrokes X | X X X| X| X| X[ X
Communication Activity entered at the simulation
pilot's keyboard
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Number of flights

NFLT

The number of flights
accumulated during an
experimental run

Landings

LAND

The number of landings
that occurred during an
experimental run

Departures

DEPART

The number of departures
that occurred during an
experimental run

Handoffs

HANDOFF

The number of hand-offs
that occurred during an
experimental run

19 21

Air traffic workload input
technique

ATWIT

Subjective workload
measured at standard
intervals during the
simulation

19

Operational errors -Safety

N/A

An operational error is one
in which the separation
standards were violated

19 38 | 46

Conflict alerts - Safety

N/A

The number of conflict
alerts which occurred
during the simulation

19

Use of halo (J Ring) -
Safety

N/A

The number of times the J-
ring or halo was used
during an experimental run
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Capacity

correctly assigns altitudes
to aircraft under his or her
control
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19 38 Vector lines - Safety N/A The number of times the X | X X X | X
vector lines were used
during an experimental run
19 38 History trail - Safety N/A Number of times history X| X X X | X
trails were used during an
experimental run
19 38 Data block offset - Safety N/A Number of times the data X | X X X | X
blocks were offset during
an experimental run
19 4 21 Average time in sector - N/A Average time an aircraft X X| X X X| X X
Capacity spent under a controller's
control
4 19 Fuel consumption - FUEL Fuel used by each aircraft X X X[ X| X[ X|X|X
Capacity in an experimental run for a
standard distance
19 Taskload per aircraft - N/A Number of tasks or X X| X X[ X| X[ X|X]|X
Capacity operations performed per
aircraft
19 Communication efficiency - N/A Extent to which a controller X | X X | X X| X| X| X[ X
Capacity can handle communication
tasks
19 Data entry efficiency - N/A Extent to which a controller X X| X X| X| X| X| X
Capacity can handle data entry tasks
19 Altitude assignments - N/A Extent to which a controller X X X[ X|X|X|X|X|X X
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19 46 R-Data entries - N/A Extent to which the radar X X[ X| X[ X| X|X]| X X
Performance controller enters data
quickly and accurately
19 R-Data entry errors - N/A Number of data entry errors X X X X X| X| X
Performance accumulated by the radar
controller
19 46 D-Data entries - N/A Extent to which the data X X | X X| X| X
Performance controller enters data
quickly and accurately
19 D-Data entry errors - N/A Number of data entry errors X X X X| X| X
Performance accumulated by the data
side controller
19 Timed performance of N/A Measures of task times to X X[ X| X| X| X[ X]| X|X
functions - Performance complete various ATC
functions
19 Measures of quality of N/A ATC services X X X| X| X[ X X X| X| X| X
service - Performance
19 2 36 | 43 64 Measures of controller N/A Over-the-shoulder ratings of | X | X | X | X | X | X | X | X| X | X | X | X| X| X| X| X| X
performance as evaluated various performance
by expert observers - dimensions by subject
Performance matter experts
19 64 Strip bay flight strip N/A Measure of how well the X X X| X[ X| X[ X X| X| X| X| X
management - participant is managing
Performance flight strips
4 19 Communication counts N/A The number of X | X X X| X| X| X| X
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19 Average workload N/A This is an average or an X X X X| X[ X[ X|X|X|X|X
overall rating of workload
given at the end of the
experimental run
19 36 Between-sector N/A Measure of the taskload X | X X[ X| X[ X| X|X]| X X
coordination generated by coordinating
with controllers in adjacent
sectors
19 36 Within-sector coordination N/A Measure of the taskload X| X X|X| X[ X[ X|X|X|X|X
(R&D teamwork) generated by the
coordination between radar
and data controllers
19 39 Environmental factors - N/A Measure of the impact of X X[ X| X| X X| X| X| X| X
Usability environmental factors such
as workspace lighting and
anthropometry on usability
19 64 | 65 Accessibility of controls N/A Measure of the usability of X X| X| X[ X X X| X| X| X
and flight strips - Usability the flight strips and
accessibility of the flight
strips bay
19 Traffic characteristics - N/A Fidelity of the simulated X X X X X X[ X| X| X
Simulation Fidelity traffic as representative of
the real world
41 10 Vertical separation VSEP Vertical separation of the X X X X| X
aircraft pair in conflict in
feet.
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41 Closest-point-of-approach CPA Slant range of the aircraft X X X X| X
pair in conflict measured in
feet
4 41 Number of aircraft path SPTH Number of times the aircraft X X X | X| X[ X X| X
changes changed heading speed or
altitude
4 21 41 Distance aircraft under FLOWN Distance flown in miles the X X X X | X
control aircraft handled flew in the
simulation
41 Number of pilot messages PMSG Number of simulation pilot X| X X| X
messages issued during an
experimental run of the
simulation
41 Number of acquisitions ACQ Number of times aircraft X X X| X
acquired the localizer
during an experimental run
4 21 41 Number of path PATH Total number of altitude, X X X X| X
change/data link heading or speed changes
messages issued by the controller
during an experimental run
10 Hold messages - Control HOLD Number of hold clearances X X | X X
Directives issued during an
experimental run
10 Information, clearances, MISC Number of miscellaneous X X| X X X

reports, beacon,
miscellaneous - Control
Directives

clearances issued during
an experimental run
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4 46 Hand offs to subject - HOIN Number of hand-offs X X | X X
Control Directives received by the participant
during an experimental run
4 Hand off delay time HOID Delay time from when the X X| X X | X| X[ X
(initiate to acknowledge) - aircraft was handed off to
Control Directives when the participant
controller accepted the
hand-off
4 46 Hand off from subject - HOUT Number of hand-offs the X X| X X
Control Directives participant made during an
experimental run
4 Maximum number of NIAC Maximum number of X X
instantaneous aircraft aircraft that were under
controlled - Occupancy control during an
experimental run
4 21 Number of ground-to-air NG2A Total number of X| X X
contacts - communications between
Communications controllers and pilots during
an experimental run
4 21 Duration of ground-to-air DG2A Total duration of X| X X
communications (seconds) communications between
- Communications controllers and pilots during
an experimental run
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43 Deliberate pilot Scenario variable where X| X| X| X X
noncompliance or simulation pilots may not
miscompliance - follow clearances
Simulation Conditions accurately or may make
path changes without a
clearance
43 Simulation of equipment Scenario variable where X X X X[ X| X| X
errors and/or failures - equipment failures test the
Simulation Conditions controller's ability to work
under degraded modes of
operation
43 The use of unusually high Scenario variable where X X X| X| X[ X
traffic rates to maximize unusually high traffic loads
pressure on the controllers present a stress test to the
- Simulation Conditions controller
43 10 Slant Range Miss Distance SRMD The shortest distance X X X
-measure of aircraft between two aircraft in
separation conflict. It is measured by a
straight line formed by the
aircraft centers
43 10 Vertical distance between DV Vertical component of slant | X X
A/C (in feet) range. It is measured in
feet
43 10 Horizontal distance (NMI) DH Horizontal component of X X

slant range. It is measured
in nautical miles
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41 10 Blunders and associated BLNDCNF An unexpected turn by an X X X X X
conflicts aircraft already established
on the localizer toward
another aircraft on an
adjacent approach
41 10 Blundering aircraft and the BLUNDERS Planned deviations from the | X X X X X
next aircraft receiving a localizer in which one
path change message aircraft crosses into the
landing path of another
41 10 | 60 Snapshot of aircraft within SNAPSHOT Offers ability to go back into | X X| X X| X X
a user-specified distance the data and extract events
or time-frame surrounding surrounding a specific
a particular event. incident (such as an
intentional blunder)
16 10 Entry into NTZ NTZNTRY Time an aircraft entered the | X X X X X
no transgression zone
16 10 Exit from NTZ NTZEXIT Time an aircraft that was in | X X X X X
the no transgression zone
left the zone
10 16 Range and altitude TRACKI/SEP Range and altitude X X X X
separation of conflict, or separation of conflict, or
aircraft tracking code for aircraft tracking code for
pilot, or NTZ actions pilot, or NTZ actions
10 Completed pilot keyboard PILOTMSG Completed pilot keyboard X| X
messages messages
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Instantaneous Aircraft
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transfers that occurred
during an experimental run
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4 10 Pilot keyboard entry errors PILOTERR Every backspace is X X| X X
(these are not necessarily counted, and if a CLR key
pilot errors. A controller is struck, every key in that
may have given an message is counted as an
incorrect command). error
10 16 Deviation (feet, L-left, R- DEVIATION Deviation from the ILS X X| X X| X
right), MX (maximum enter line in feet
deviation in feet)
10 Horizontal separation HSEP Horizontal separation of X X X X
(miles) - Conflicts aircraft pair in conflict and
is measured in miles
10 Vertical separation (feet) - VSEP Vertical separation of an X X X X
Conflicts aircraft pair in conflict
measured in feet
10 38 Relationship of ILS's (B-1 RELATION Relationship of ILS's (B-1 X X X X
side-by-side, B-2 an ILS side-by-side, B-2 an ILS
between, B-3 two ILS's between, B-3 two ILS's
between) - Conflicts between)
10 Clearance - Instantaneous CLEARED Number of clearances X X | X X
Aircraft Count issued during an
experimental session
10 Report messages - REPORT Number of report messages X| X X
Instantaneous Aircraft that occurred during an
Count experimental run
10 Frequency transfers - FREQXFER Number of frequency X | X X
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T C|D|D S|C|N|O|G|N|E
T A A|lA|C|N T
Y T FIP|Y &| A
| E|lA A T
o} T|C S| DI
N Y| I S|E|O
T E|C| N
Y S|
S|S
M| 1
ElO
N| N
T
M
A
K
|
N
G
10 Cancel flight - CANCEL Number of cancelled flights X | X X1 X
Instantaneous Aircraft that occurred during an
Count experimental run
12 Percent of time controller None The premise for this X X| X X| X X | X| X[ X
spends looking at a measure is that the more
particular display difficult a task, the more
time a controller will spend
looking at the display
12 Amount of in-track time None The amount of controller X X1 X X[ X| X X
spent inside the final monitoring inside the final
approach fix approach fix. This is
considered critical because
of the separation
compression that normally
occurs within the vicinity of
the outer marker
12 Number of uninterrupted None The objective of this X X1 X X X| X X1 X

dwell points alternating
between two ATC display
objects

measure is to sequentially
examine the relative
positions of aircraft to other
aircraft and aircraft to
geographical points on the
display
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I | E N|O| O M{M|IT [T]Il |[|M|U|N |
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E| O
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T
M
A
K
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N
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14 15 36 Situational Awareness SAGAT SAGAT can be used to X X[ X| X X[ X| X| X
Global Assessment focus on any one of the
Technique tasks within situation
assessment. The tasks
include acquiring the
elements of a current
situation, integrating the
relevant elements of a
situation into a picture, and
evaluating the situation
55 15 26 36 Situation Awareness SART The technique is based on X X| X| X X| X| X[ X

Rating Technique

the assumption that
situation awareness is
comprised of three aspects
of the operator's task which
are the operator's supply
attentional resources,
demands on those
resources and an operator's
understanding of the
situation
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35

Action Transition Graphs

None

The method involves
documenting all actions
taken by the operator
throughout the session. The
graphs show an operator's
transition from closed to
open loop performance.
These graphs are useful for
revealing changes in
performance in complex
systems

XKz~ x">»Z

57

36

Behaviorally Anchored
Expert Observations

None

These involve ratings of
various performance
dimensions by expert
observers. Rating
performance of specific
observable controller
actions reduces need for
observers to make
unreliable inferences about
controller performance

Rate of Gain of Information

ROGOI

Based on Hick's law which
states that the reaction time
is a linear function of the
amount of information
transmitted
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Domain Knowledge Test

None

Used to determine whether
one interface design is
superior to others in
facilitating the acquisition of
domain knowledge by
system operators

63

Subjective Workload
Dominance

SWORD

Allows subjects to make
pair-wise comparative
ratings of competing design
concepts along a
continuum that expresses
the degree to which one
concept entails less
workload than the other

Categorization

None

The basic assumption with
this method is that there is
a fundamental difference in
the ways that novices and
experts classify problems. It
may be a useful way of
discrminating between
different levels of operator
competence and
experience
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Controller Decision
Evaluation

CODE

The method presents a
traffic situation unfolding in
a film/video and requires
the controller to determine
the next appropriate action

XKz~ x">»Z

54

Verbal Protocol Analysis

None

The goal of verbal protocol
analysis is to map how
incidents unfold during the
completion of a scenario.
Types include think-aloud
protocols, retrospective
verbal reports and cued
retrospective verbal reports

68

Behavioral Protocol
Analysis

None

The goal of behavioral
protocol analysis is to
understand the evolution of
a scenario in parallel with
the controller's behaviors
and intentions

18

26

Critical Incident Technique

CIT

The CIT involves a set of
procedures that can be
used to collect direct
observations of controller
behavior to learn about the
controller's planning,
decision making and
problem solving behavior
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49

21

Clustering

None

Clustering refers to the
degree to which a
participant performs
actions, that are typically
performed consecutively, in
a consecutive manner.
Organized, systematic
behavior is expected to be
characteristic of well
thought out behavior

XKz~ x">»Z

System Effectiveness

Measures

SEM

The SEM set measures
many different factors
associated with the safety
and efficiency of the
system: confliction,
occupancy, communication,
and delay

12

Aircraft Pair Inter-Arrival

Error

IAE

The difference between
arrival errors of sequential
arrival aircraft defined in
terms of aircraft actual time
of arrival and scheduled
time of arrival
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32

Subjective Performance
Prediction

None

Subjective judgments by
subject matter experts can
be used in the evaluation
process to predict operator
performance. Judgments
may be made about system
design alternatives,
procedural alternatives etc.

XKz~ x">»Z

20

Task Load

None

Task load is the time
required to perform a task
divided by the time
available to perform the
task. Values above 1
indicated excessive task
load

Charlton's Measures of
Human Performance in
Space Control Systems

None

Charlton's measures to
predict human performance
in space control systems
are divided into 3 phases
(pre-pass, contact
execution and contact
termination) and 3 crew
positions (ground controller,
mission controller and
planner analyst)
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37

Nieva, Fleishman, and
Rieck's Team Dimensions

None

Nieva, Fleishman, and
Rieck defined five
measures of team
performance: (1) matching
number resources to task
requirements, (2) response
coordination (3) activity
pacing (4) priority
assignment among tasks,
and (5) load balancing

45

Unified Tri-services
Cognitive Performance
Assessment Battery

None

Made up of 25 tests which
were selected based on the
following criteria (1) used in
at least one Department of
Defense laboratory, (2)
proven validity, (3)
relevance and (4) sensitivity
to hostile environments and
sustained operations

Load Stress

None

Load stress is the stress
produced by increasing the
number of signal sources
that must be attended to
during a task
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50

Secondary Tasks

None

One of the techniques most
widely used to measure
workload is the secondary
tasks. The decrement in
performance of the
secondary task is
operationally defined as a
measure of workload

53

Analytical Hierarchy

Process

AHP

The analytical hierarchy
process uses the method of
paired comparisons to
measure workload.
Specifically, subjects rate
which of a pair of conditions
has the higher workload. All
combinations of conditions
must be compared

51

Bedford Workload Scale

None

Roscoe described a
modification of the Cooper-
Harper scale created by
trial and error with the help
of test pilots at the Royal
Aircraft Establishment at
Bedford England. The
Bedford scale retains the
binary decision tree of the
Cooper Harper Scale
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11

26

Cooper-Harper Rating
Scale

None

The Cooper-Harper Rating
Scale is a decision tree that
uses the adequacy of the
task, aircraft characteristics
and demands on the pilot to
rate the handling qualities
of an aircraft

44

Crew Status Survey

None

Contains 20 statements
describing fatigue status

58

Dynamic Workload Scale

None

The dynamic workload
scale is a seven point scale
developed as a tool for
aircraft certification. It has
been used extensively by
Airbus Industries

25

Equal Appearing Intervals

None

Participants rate the
workload in one of several
categories using the
assumption that each
category is equi-distant
from adjacent categories
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59

Flight Workload
Questionnaire

None

The flight workload
guestionnaire is a four item
behaviorally anchored
rating scale. The items of
the rating scale are
workload category, fraction
of time busy, how hard had
to think, and how felt
(relaxed to very stressful)

23

Hart and Hauser Rating
Scale

None

Hart and Hauser used a six
item rating to measure
workload during a nine hour
flight. The items were
stress, mental/sensory
effort, fatigue, time
pressure, overall workload
and performance

Magnitude Estimation

None

Participants are required to
estimate workload
numerically in relation to a
standard

31

McDonnell Rating Scale

None

The McDonnell rating scale
is a ten point scale
requiring a pilot to rate
workload based on the
attentional demands of a
task
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13

Mission Operability
Assessment Technique

None

The mission operability
assessment technique
includes two four point
rating scales, one for
workload and the other for
technical effectiveness.
Participants rate both
workload and technical
effectiveness for each
subsystem identified in a
task analysis

67

Modified Cooper-Harper
Rating Scale

None

A modified Cooper-Harper
scale was developed to
increase the range of
applicability to situations
commonly found in modern
systems.

22

NASA Bipolar Rating Scale

None

The NASA bipolar rating
scale has ten subscales. If
a scale is not relevant to a
task it is given a weight of
zero. A weighting procedure
is used to enhance
intrasubject reliability
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24

NASA Task Load Index

NASA TLX

The NASA Task Load Index
is a multi-dimensional
subjective workload rating
technique. In TLX, workload
is defined as the cost
incurred by human
operators to achieve a
specific level of
performance

59

Pilot Objective/Subjective
Workload Assessment
Technique

POSWAT

POSWAT is a ten point
subjective scale developed
at the FAA Technical
Center. The scale is a
modified Cooper-Harper
scale, but does not include
the binary decision tree

17

Pilot Subjective Evaluation

PSE

The PSE was developed by
Boeing for use in
certification of the Boeing
767. The scale is
accompanied by a
guestionnaire. Both the
scale and the questionnaire
are completed with
reference to an existing
aircraft.
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56

Profile of Mood States

POMS

The shortened version of
the Profile of Mood States
scale provides measures of
self-rated tension,
depression, anger, vigor,
fatigue and confusion

63

Relative Comparison

Technique

None

The basis for using the
relative comparison
technique is to draw upon
the aircrew's expertise with
a similar system. Relative
data are collected by
comparing each possible
item to the others.

48

The Subjective Workload
Assessment Technique

SWAT

SWAT combines ratings of
three different scales to
produce an interval scale of
mental workload. These
scales are time load,
mental effort load, and
psychological stress load
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40

Workload/Compensation/I
nterference/Technical
Effectiveness

WCI/TE

The WCI/TE rating scale
requires participants to rank
the sixteen matrix cells and
then rate specific tasks.
The ratings are converted
by conjoint scaling
techniques to values of 0 to
100.

XKz~ x">»Z

54

Shell for Performing Verbal
Protocol Analysis

SHAPA

An automated tool that has
been developed and used
successfully to aid in the
analysis of concurrent
verbal protocols

52

Enhanced Video
Recordings

None

A paper by Roske-
Hofstrand reported on the
use of combined video and
eye movement recordings

47

Structured Interviews

None

Participants in three groups
were asked questions
about their action priorities
under normal and heavy
workloads. Actions rated
included scanning the plan
view display, sequencing
traffic, calling and
coordinating, and
determining crosspoints
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27

Critical Incidents
Interviews

None

The technigue consists of a
preliminary interview
session to identify unusual
or difficult situations
encountered by participants
followed by a second
interview session to review
incident descriptions to
elicit possible alternatives
to each action

XKz~ x">»Z

28

Measure of spatial aspects
of the controller's mental
model

None

Controllers are shown static
air traffic scenarios
involving aircraft pairs. The
controllers are asked to
draw on paper the predicted
relationship of the aircraft at
the point of least separation

29

Multidimensional scaling

MDS

Multidimensional scaling
was used for direct and
indirect reconstruction of
cognitive maps as well as a
diagnostic version of the
methodology for studying
mental rotation of three-
dimensional objects
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26

Recall tasks

None

Recall tasks have been
used by several
researchers to study
memory in ATC

42

Dual Coding tasks

None

These are research tasks
that require participants to
compare perceived and
imagined objects, to
compare symbols, to make
mental transformations,
and to perform
computations based on
representational structures

30

26

64

Retrospective verbalization

None

This is where participants
reflect and verbalize what is
going on in an ATC
situation that has been pre-
recorded. This is used to
identify cognitive structures
and decision-making
strategies.

34

46

Sector size

None

This is the square mileage
a sector takes up. The
smaller the sector the
greater the complexity and
task load
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34

Aircraft mixture

None

This is the mixture of slow
and fast moving aircraft.
The greater the variety of
slow and fast aircraft the
greater the complexity due
to the potential for
overtaking conflicts

34

46

Number of intersecting
flight paths

None

This is the number of jet
routes or victor airways that
cross within the sector. The
greater the occurrence the
more stringent the
requirement for spacing
and sequencing as well as
vertical separation to avoid
conflicts at these crossing
points.

34

36

Number of require
procedures

None

This is the number of
procedures used to move
an aircraft through the
sector airspace.
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34

Number of military flights

None

Military flights may require
special handling that
imposes additional
taskload. They often make
special requests, do not
always conform to
procedures, and fly in
formations and may break
formation during a flight
imposing additional task
load on the controller

XKz~ x">»Z

34

33

Amount of coordination

None

Coordination requires
communication with ground
controllers and imposes
additional task load due to
point outs and waiting for
the coordinating sector to
approve or disapprove

34

33

Airline Hubbing

None

Airline hubbing cause more
complexity by bringing in
many aircraft with the same
company and similar call
signs and the fact that
many aircraft are arriving
and departing on few
airways
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34

Weather

None

Weather produces
complexity by limiting the
airspace available for
maneuvering, blocking
airways, and limiting
altitudes available for
vertical spacing

34

Complex aircraft routings

None

Complex aircraft routings
require more attention to
aircraft due to crossing
points, turns and potential
conflicts with other aircraft.
Ideally controllers would
like to send an aircraft
direct to a fix outside the
sector

34

33

Restricted areas, warning
areas and military
operating areas

None

Restricted areas restrict the
amount of airspace
available for spacing and
sequencing aircraft. They
have the same effect as
reducing sector size

34

33

Requirements for
longitudinal spacing and
sequencing

None

Increase spacing
requirements limit the
amount of aircraft one can
have in the sector due to
fixed sector size
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34

33

Adequacy of radar and
radio coverage

None

Incomplete radar or radar
coverage causes additional
complexity due to the lack
of automated aids available
with the radar and the need
to relay information from
aircraft that are in radio
coverage to aircraft that are
not directly accessible

34

33

Radio frequency
congestion

None

This adds to complexity due
to the increased difficulty in
communicating with a large
number of aircraft on the
same radio frequency
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