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EXECUTIVESUMMARY 

Thepurposeof this reviewis to summarizetheliteratureon airtraffic control (ATC) complexity 
in u.s. NationalAirspaceSystemoperations.Literaturewasobtainedthroughsearchesof the 
PsychologicalLiterature,NationalTechnicalInformationServicedatabases,FederalAviation 
AdministrationTechnicalCenterLibrary, DrexelUniversityLibrary, andPsychological 
InformationLibrary Service. 

The first section of the report discussesATC complexity and statesthat complexity accounts for 
a large proportion of controller workload. ATC complexity is defined as a multidimensional 
construct that includes static sectorcharacteristics(sector complexity) and dynamic traffic 
patterns (traffic complexity). A model is proposed that relatesATC complexity to controller 
workload through a setof mediating factors, including equipmentquality, individual differences, 
and cognitive strategies. 

The report reviews papersconcerning the definition and measurementof ATC complexity, both 
in the terminal and en route environments. A number of studieshave demonstrateda link 
betweenA TC complexity and a criterion measure,suchas controller workload. 

Theliteratureshowsthata largenumberof sectorandtraffic characteristicscaninfluencethe 
controller'sworkloadandtaskperformance.Humanperformancevariableswhichcorrelatewith 
ATC complexityincludecontroltaskduration,the numberof operationalerrors,andthe amount 
of controllercommunication. 

The report considers literature focusing on the relationships between infomlation display, human 
infomlation processing, and A TC complexity. The way infomlation is presentedto the controller 
may affect how complexity is perceived. There is evidence that the processing of air traffic 
infomlation changesas ATC complexity increases. With increasedcomplexity, controllers use 
more economical control proceduresto regulate their workload. Finally, literature relating to 
individual differences (suchas age and skill level) and their relationships to ATC perfomlance 
and sector complexity are reviewed. The findings are summarized in a seriesof tables at the end 

of eachsection. 

It is concluded that considerable researchhas beenconductedto identify a useful setof A TC 
complexity factors. While work to identify additional factors would be useful, it is 
recommended that the next phaseof researchin this areabe focused on the determination of how 
thesefactors affect ATC complexity and controller workload. This work, in turn, could allow the 
creation of guidelines that will improve control over sector configuration and traffic flow, 
leading to more manageablesectors. Finally, researchon the effects of complexity could help 
direct work on automation tools and proceduresto reduce controller workload. 
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1. INTRODUCTION. 

Air traffic control (ATC) operationsaretheprimary activityof theNationalAirspaceSystem 
(NAS). NAS facilities existto supportcommercial,private,andmilitary useof aircraft in the 
United States.Thegoalsof theNAS aresafetyof flight, expeditiousmovementof aircraft,and 
efficient operation(Holmes,1982). 

Safety of flight is of paramountconcern. Studies that have examined potential future scenarios 
for the ATC systemstatedthat if presentday practices continued through the next two decades, 
systemperformance and safetywill degrade(Wesson,Solomon, Steeb,Thorndyke, & Wescourt, 
1981). There are a number of sourcesof potential problems including controller and pilot errors 
and equipment malfunction. Controller errors can be the result of inadequate coordination 
betweensectors, poor communication, and mistakes in controller judgment (Wesson, et al., 
1981). It is expected that the number of errors will increasewith the higher air traffic load 
projected for the late 1990'sand thereafter. 

Hearings before the Committee on Public Works and Transportation indicated that sector 
configuration is a major contributor to controller workload (General Accounting Office [GAO], 
1986). The results of a GAO report concerning "Serious Problems in the Air Traffic Control 
Work Force" indicated that 45 percentof Air Route Traffic Control Center (ARTCC) supervisors 
and 33 percent of Terminal Radar Approach Control (TRACON) supervisorsreported that sector 
configuration was a major reasonwhy controllers were handling more traffic than they should. 

There is considerable agreementamong aviation experts aboutthe continued growth of civil 
aviation and the increaseddemand for ATC services. One method presently usedto 
accommodate growth in the systemis to redesignsectorsto becomesmaller, thereby reducing 
the amount of traffic in eachsector(Holmes, 1982). This practice is not very cost effective as it 
requires additional controllers to handle the sectors,more equipmentto display sector 
information, and an increasedamount of coordination betweenaircraft and ATC. Adding to the 
number of sectorsalso increasesthe requirements for coordination betweencontrollers. The 
strategyof creating smaller sectorsto reducetraffic volume becomesself-defeating when the 
coordination workload exceedsthe reduction in workload of other kinds (Hopkin, 1982). 

Given the present situation and the projected increasein traffic flow over the next ten years, a 
comprehensive understanding of the factors that create complexity in ATC is needed. 
Improvements in sector designcould yield substantial cost savings since more than 50 percent of 
recurring system cost is directly related to the number of operating sectors(Arad, 1964). Any 
reduction in the number of sectorswill reducethe total amountof sector-relatedequipment, yield 
better frequency management,reducethe amountof communication betweencontrollers, and 

reduce cockpit workload. 
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1.1 PURPOSE. 

The purpose of this review is to define the conceptof complexity in ATC and summarize the 
literature, focusing on specific studies that identify the factors contributing to A TC complexity, 
Particular attention is given to the measurementof complexity and its affect on controller 
workload. 

1.2 METHOD. 

Referenceswerefound throughsearchesof governmentandnon-government thedatabases, 
PsychologicalLiterature(PSYCHLIT)database,andtheNationalTechnicalInformationService 
(NTIS) database.LiteraturewasobtainedfromtheFederalAviation Administration(FAA) 
TechnicalCenterLibrary, Drexel UniversityLibrary, andfromthePsychologicalInformation 
(psychlNFO)Library service. Emphasiswasplacedonobtainingthe mostrecentliterature 
directlyrelatedto ATC. Boththe PSYCHLITandNTIS searcheswereconductedonarticles 
publishedbetween1985and1992. A largenumberof articlespublishedbefore1985was 
availablefrom previousliteraturereviewscompletedby CTA. Article summariesarepresented 
ata level of detail consistentwith the goalsof this report. 

The researchmaterial reviewed here primarily refers to the enroute A TC environment. 
However, a few authors focused on terminal operations when considering factors related to ATC 
complexity or workload. In addition, the papers cover a wide time spanduring which significant 
technological changeswere made in ATC automation. The readershould be aware that the 
context (in terms of both airspaceand time period) in which the original researchwas 
accomplished, will have a bearing on the type and weighting of identified ATC complexity 
factors. Nevertheless,the reviewers have included this range of sourcesin order to provide a 
thorough review of potential complexity factors. It is suggestedthat the readerinterprets the 
material presentedhere according to the application at hand. The factors and variables listed are 
not meant to be a definitive or prescriptive list, but a range of possible concepts that could be 
used to study ATC issues. In this sense,it was felt that it would be more beneficial to include a 
variety of sourcesas opposedto restricting the surveyto specific environments or technologies. 

2. DEFINITIONS OF ATC AND SECTOR COMPLEXITY. 

There exists somevaguenessin the use of the terms complexity, sectorcomplexity, and traffic 
complexity when discussing ATC. The terms are sometimesused interchangeably, resulting in 
confusion when attempting to review literature in this field and when undertaking new research 
projects. An example of this problem with terminology is found in how the FAA defines sector 
complexity. It is the number of arrivals, departures,enroute aircraft, emergencies,special 
flights, and coordination associatedwith a sector(FAA, 1984). This definition includes both 
sectorand traffic features. 

Grossberg(1989)madea usefuldistinctionbetweentheattributesof a sectorandtheir effecton 
the controller. He definedcomplexityasa constructthathasbothdynamicandstatic 
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characteristicsthat affecttherateat which controllerworkloadincreases.Controllerworkloadis 
the activities,bothmentalandphysical,whichresultfromhandlingairtraffic. 

A construct is a process which is not directly observable,but gives rise to measurablephenomena 
(Reber, 1985). This approachemphasizesthat, although there may be objective, measurable 
features of sectorsand aircraft, the conceptof ATC complexity is subjectively defined by the 
controller. It is developed from the controller's perceptionof and interaction with the sectorand 
the air traffic within it. 

Basedonthe literaturereviewed,ATC complexityis definedasa constructthatis composedof a 
numberof sectorandtraffic complexitydimensionsor factors. Thesefactorscanbephysical 
aspectsof the sector,suchassizeor airwayconfiguration,or factorsrelatingto the movementof 
air traffic throughthe airspace,suchasnumberof climbinganddescendingflights. Somefactors 
coverboth sectorandtraffic issues,suchasrequiredproceduresandfunctions(Mogford, 
Murphy, Yastrop,Guttman,andRoske-Hofstrand,1993). 

In this review,the term ATC complexitywill referto the effectonthe controllerof the 
complexityof the airspace.andthe airtraffic flying within it. In theory,the structureof a sector 
is separatefrom the characteristicsof the airtraffic. However,whenconsideringATC 
complexity,it is notusefulto separatetheseconceptsandconsiderthemin isolation. 

A certain constellation of sectorfeatures might be easyto handle with low traffic volume or 
certain types of flight plans. More or different traffic might completely changethis picture. 
When there is no traffic in the sector,there is no complexity. (At least, there is no effect on the 
controller. ) 

On the other hand, a given level of traffic density and aircraft characteristics may createmore or 
less complexity depending on the structure of the sector. Traffic density alone does not define 
ATC complexity, but it is one of the variables that influences complexity and so is a component 
of complexity. Its contribution to ATC complexity partially dependson the features of the 
sector. Sectorand traffic complexity interact to produce ATC complexity. 

ATC complexitygeneratescontrollerworkload. Studieshavedefinedseveralcomplexityfactors 
thatarepositivelycorrelatedwith controllerworkloador operationalerrors(Grossberg,1989; 
Schmidt,1976;Hurst& Rose,1978;Stein,1985;Stager,Hameluck,andJubis,1989). 

Schmidt(1976)definedworkloador control difficulty asrelatedto the frequencyof occurrence 
of eventswhichrequiredecisionsto bemadeandactionsto be takenby the controllerteam (p. 
531). Jolitz (1965)(discussingwork by Arad, 1963)usedthe termDynamicElementof Load 
(DEL) to describe"the loadimposedby onestandardaircraftover-flyingthe sectorareain a 
straightandlevel flight for onehour"(p. 2). 

Jolitz (1965) divided load into three categories:background, routine, and airspace. Background 
load is the load associatedwith basic monitoring of the radar screenwhether or not there is traffic 
in the sector. Routine load is the work of controlling a "standardaircraft following a straight and 
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level over-flight whenno interactionwith otheraircraftis considered.Finally, airspaceloadis 
the work of keepingaircraftseparatedin accordancewith the separationstandards. 

It is the thesis of this review that controller workload is also a construct and is influenced by four 
factors. The primary elementconsistsof a constellation of ATC complexity factors. Secondary 
components (acting as mediating factors) include the cognitive strategiesthe controller usesto 
process air traffic information, the quality of the equipment(including the computer-human 
interface), and individual differences (suchas ageand amount of experience). Figure 1 
illustrates a proposed model of controller workload. 

As indicatedin the figure, controllerworkloadoriginatesfromthe sectorandthe aircraft within 
it. Theproceduresrequiredin thesector,flight plansof theaircraft,traffic load,weather,and 
othervariablesform thebasisfor thetasksthe controllermustcomplete.This discussion 
employstheterm" ATC complexity"to describetheseelements. 

The amount of workload experiencedby the controller also may be modulated by the information 
processing strategiesadoptedto accomplishrequired tasks. Suchtechniques may have been 
learned in developmental training or evolved on-the-job and may vary in effectiveness. The 
influence of a complex ATC environment on workload can be ameliorated through the use of 
strategiesthat will maintain safetythrough, for example, simpler or more precise actions. 

Also relevant to ATC is the effect of equipment on workload. The controller's job may be made 
easierif a good userinterface and useful automationtools are available. This will ensure that 
adequateand accurate information is presentedto the controller to allow for effective task 

completion. 

Workload can also be influenced by personalvariables, suchas age,pronenessto anxiety, and 
amount of experience. Variations in skill betweencontrollers can be quite pronounced. These 
factors can have a strong effect on the workload experiencedby a given controller in responseto 
a specific array of ATC complexity factors. 

3. ATC COMPLEXITY FACTORS AND MEASUREMENT. 

The FAA described a method for calculating complexity workload in FAA Order 7210.46, 
"Establishment and Validation of En Route Sectors." The purpose of this order is to provide 
standardizedcriteria for the purpose of establishing and validating enroute sectors for ARTCCs. 
Complexity workload is measuredin terms of a formula consisting of counts of number of 
arrivals, departures,enroute aircraft (requiring control function), emergencies,special flights, en 
route aircraft (not requiring control function), and coordination. 

Counts are made for the peak traffic hour for the 90th percentile busiest day for the sectorof 
interest. The count for eachitem during the peak traffic hour is multiplied by a weighting factor. 
The weighted sum of the counts is totaled to arrive at a complexity score for the particular sector. 
(A form used for computation of the complexity workload formula is found in the appendix.) 
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MEDIATING FACTORS


RESULT 

SOURCEFACTORS 

'-

FIGURE FACTORSAFFECTINGCONTROLLERWORKLOAD 

A measureof traffic densityis alsocalculatedseparatelyfor eachsector. Otherfactorssuchas 
requirementsfor multiple controlfunctionsin orderto maintainseparation,limitations of radar 
andradio coverage,andmilitary activitiesarementionedasconsiderationsin validatinga sector. 
However,theyarenotincludedin the computationof complexityworkload,perhapsdueto the 
difficulty in measuringtheworkloadassociatedwith thesevariablesin a standardizedfashion. 

A number of studies have beencompleted which examinedthe effects of ATC complexity 
variables on controller workload, performance,and operational errors (Davis, Danaher, and 
Fischl, 1963; Kuhar, Gavel, and Moreland, 1976; Buckley, DeBaryshe, Hitchner, and Kohn 
(1983); Arad, 1964; Arad, Golden, Grambart, Mayfield, and Van Satin, 1963; Jolitz, 1965; 
Soede,Coeterier, and Stassen,1971; Schmidt, 1976; Stein, 1985; Hurst and Rose, 1978; 
Grossberg, 1989; Mogford, et al., 1993). Thesestudiesvary widely in the approachesused to 
assesscomplexity, the factors associatedwith ATC complexity, and measurementtechniques. 
The goal of this sectionof the report is to documentthe factors reported by theseauthors and 
compare the methods usedto measureand assesscomplexity. 

Davis, et al. (1963) examined three factors thought to be related to ATC complexity for approach 
control. Two radar controllers shareda 22-inch radar display which presentedtwo simulated 
approachcontrol sectors. The independentvariables included traffic density, traffic mixture 
(arriving and departing versus overflying traffic), and number of airport terminals. 
Traffic density was varied at four levels (50,65,85, or 100 percent)ranging from very light to 
near saturation. Trc;lfficdensitieswere basedon the actual densitiesof the approachcontrol 
sectorsbeing simulated (Great Falls ARTCC). Complexity with respectto the proportion of 
arriving and departing to overflying traffic was varied at three levels (30, 50 and 70 percent). 
The last variable was number of airport terminals; one and two terminal configurations were 
used. 
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Davis, et al. (1963) found that the total time the controller spentin control activities, manual 
operations, and communication time increasedas a function of traffic density. The results 
showed that controller communication and the amount of routine relay information was 
significantly higher in the 70 percentversusthe 30 percentarriving and departing traffic 
condition. Workload (amount of time the controller was active, time spent in communication 
activities, and amount of time spentin manual operations),was not affected by the number of 
airport terminals. 

Kuhar, etal. (1976)identified25 measurableworkloadindicatorsusedto assessthe impactof the 
AutomatedRadarTerminalSystem(ARTS)III uponATC systemproductivityandcapacity. 
Someof the indicatorswere: averagesectorflight time,controltypemessages,coordinationand 
flight dataactivity, othercommunications(i.e., directoral andvisualcoordinationrequirements), 
flight stripactivity, equipmentadjustmenttypeactivity, andkeypadactivity. In additionto the 
workloadindicators,otherrelevantinformation,includingtraffic volumeanddistribution, 
staffing,weatherconditions,airportandequipmentoperationalstatus,andpaceratings(a 
qualitativeassessmentof thecontroller'samountof activity)werealsorecorded. 

Theanalysesof theworkloaddatashowedanincreasein productivityandcapacitydueto the 
implementationof theARTS III. The airtraffic controllershandleda greaternumberof aircraft 
atthe samework pacein theARTS III environmentthanin thepre-ARTSsystem. 

Buckley, et al. (1983) performed two experimentsto assessthe,feasibility of using dynamic real-
time simulation procedures for ATC systems. The purposeof the work was "to determine the 
quality of measurementof systemperformance and statistical treatment that is possible and 
appropriate in dynamic simulation of air traffic control systems" (p. 1). The studies identified the 
important basic dimensions for measuring ATC functions in real time dynamic simulations. Of 
interest to the topic of ATC complexity is that Buckley, etat. (1983) addressedthe issue of the 
interaction of sector geometry and traffic density on various performance measures. 

The first experiment examined the effects on systemperformancemeasurementsof two en route 
sector geometries and three traffic levels ranging from very light to very heavy. Data were 
collected from two I-hour runs for eachof 31 controllers. The results of this experiment led the 
researchersto conduct a much less complex experimentusing only one of the possible six 
combinations of conditions of sectorand geometry. This secondexperiment examined the 
effects of replication and provided a sufficient amountof datato enablethe completion of a 
factor analysis. Twelve I-hour runs were conductedusing the same sectorwith the sametraffic 
level for eachof 39 controllers. 

One of the results of the first experimentwas a statistically significant effect of sector geometry 
and traffic density on almost all of the ten performancemeasures. There was also a significant 
interaction effect between geometryand density. The authors suggestthat "Sector [geometry] 
and [traffic] density are, as expected, important factors in determining the results which will 
occur in a given experiment, but they interact in a complex way. The nature and extent of this 
interaction depend upon the measuresinvolved" (p. 73). 
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This finding supportsthe assumptiondiscussedearlierthatstaticsectorcharacteristicsandtraffic 
patternscannotbeconsideredindependentlywhenexaminingATC complexity. They interactto 
producecomplexityandworkload. 

The dataresulting from Buckley, et al.'s (1983) first experimentwere cross-validated with the 
factor analysis derived from the secondexperiment. This yielded four operationally meaningful 
factors or measures:confliction, occupancy,communication, and delay. The confliction factor 
included measuresof three-, four-, and five-mile conflicts. The occupancy factor included 
measuresof the time an aircraft was under control, distance flown under control, fuel 
consumption under control, and time within boundary. The communications factor included path 
changes,number of ground-to-air communications, and the duration of ground-to-air 
communications. The delay factor included total number of delays and total delay times. Two 
auxiliary measures,number of aircraft handled and fuel consumption, were also relevant. 

The cross-validationof the repeatabilityanddependabilityof themeasurementsprovedto be 
reasonablysuccessful.Buckley, etal. (1983)advisedthatthe smallersetof datausedin the 
secondexperimentcouldbeusedwithouta majorlossin measurementaccuracyandwith a 
correspondingincreasein the interpretabilityof theresults. This setof measurementsprovideda 
statisticallyadequate,equivalentsetof variablesfor all of the sectorgeometryandtraffic density 
combinationsusedin the first experiment. 

Arad (1964) conducted an analytical and empirical study of workload in relation to sectordesign. 
As defined previously, Arad divided controller workload into three categories: the background 
load of the controller, the routine load of controlling a standardaircraft, and the airspaceload 
imposed by separationcriteria. 

Measurementof load was accomplished by calculating DEL. This was defined by the amount of 
work generatedin one hour by a standardaircraft over-flying a sectorwhen no interaction with 
other aircraft was considered. 

Since all aircraft and controller interactions with aircraft are not standard,Arad conducted field 
studies in 13 ARTCCs to derive traffic featuresand measuretheir difficulty. Thesefactors 
included: aircraft that had to be handed-off vertically, aircraft that had to be handedoff to a 
terminal area,climbing and descendingaircraft, and pop-up aircraft that required impromptu 
admission to the Instrument Flight Rules (IFR) system. 

Airspace load took into accountthe constraints of the separationrules under which the controller 
had to work. Arad defined an equation for airspaceload which incorporated the rules of 
separationin terms of nautical miles per aircraft (a), the averagespeedof the air traffic (V), the 
number of aircraft under control (N), the size of the sector(8), and the flow organization (g). 

Airspace Load = 2aVN2 / gS 
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Theoretically, this equationpredicts the number of conflicts in the sector. Examination of the 
equation leads to the conclusion that increasesin separationstandards,speeds,or number of 
aircraft would increasethe number of conflicts. Likewise, a smaller sector or tighter flow 
organization would also increasethe number of conflicts. 

This mathematical model did not specify any limits to the load equation. However, Arad, et al. 
(1963) consideredthe treatmentof very low traffic activity to be irrelevant since the loads 
imposed were below sensitivity levels. On the other hand, they suggestedthat very high traffic 
activity generatedadditional and very complex load componentsnot accounted for by the load 
equation. Therefore, the researchers'interestswere within prescribed limits of traffic activity that 
were consideredpractical for eachsector. 

Jolitz (1965)reporteda studywhereheinvestigatedthe relationshipbetweenthepredictionsof a 
mathematicalmodelthatcalculatedDEL (the sumof routineandairspaceload)andcontrollers' 
judgmentof workload. He wasalsointerestedin evaluatingtheroutineload,andthe numberof 
aircrafthandledperhouraspredictorsof workload. Using datafrom 16sectorsfrom 5 ARTCCs, 
heconcludedthatthemathematicalmodelwasnota goodpredictorof controllers'judgment 
aboutworkload. Jolitz (1965)stated,"Themathematicalmodelpredictsthemeanof controllers' 
judgmentof loadlessaccuratelythanan equivalentof the numberof aircrafthandledperhour, 
butmore accuratelythantheroutineload componentof themathematicalmodel"(p. 63). 

Soede,et al. (1971) conducted a correlational study where they analyzedthe types of tasks 
required of approachcontrollers and their relationship with ATC parameters. For 134flights, the 
performance of an approachcontroller was recorded by measuringthe times for selected task 
components. Thesetimes were correlated with counts of airspaceparameters. The ATC tasks 
included: time betweenreceiving a flight strip and the first call to an aircraft, duration of the first 
call to an aircraft, duration of transfer of communication to the tower frequency, tasks associated 
with a conflict situation, and number of communications. 

The airspaceparameterswere: the number of communications with other aircraft, the number of 
communications with other sectors,the number of path changesin inbound traffic (arrivals), the 
number of path changesin outbound traffic (departures),and the speedof aircraft recorded in the 

aIrway. 

The results indicated that the greaterthe number of communications with aircraft, the longer it 
took the controller to transfer an aircraft to the tower frequency. Secondly, the presenceof 
conflicts in a sectorwas related to the number of internal communications with other sectors. 
Lastly, the number of path changesin arrivals was related to the time betweenthe receipt of an 
aircraft flight strip and the first call to that aircraft. Communication, conflicts, and path changes 
could be considered complexity factors basedon their positive correlation with variables related 
to controller task loading. 

Schmidt(1976)describeda sectorworkloadmodelintendedto aid in the designandevaluation 
of airspace.The authordefinedATC workloadasthe frequencyof eventswhichrequired 
decisionsto bemade,the actionstakenby the controlleror controllerteam,andthetime required 
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to accomplishthetasksassociatedwith theseevents.Eventcategoriesincluded:potential 
conflicts betweenaircraft at airrouteintersections,potentialaircraft-overtakingconflicts along 
air routes,androutineproceduralevents. 

The technique Schmidt usedto measurecomplexity was called the Control Difficulty Index 
(CDI). This index was calculated by multiplying a weighting factor (basedon the task execution 
time) by the expected number of eventsoccurring per hour. The CDI is expressedas: 

CDI = "W.E.
L.. J. J. 
i 

where: 

CD! = control difficulty index; 

Wi = the weighting for eventi (basedontaskexecutiontime); and 

Ei = the expectednumberof typei eventsperhour. 

Schmidt(1976)conductedfield surveysto determinetherelativedifficulty of processingthe 
eventsusedin the calculationof theCDI. Examplesof eventsincludedcontrollerhand-offs, 
coordinationbetweencontrollers,andpilot requests.Schmidtconductedstructuredinterviews 
andvideotaperecordings,andmadedirectmeasurementof factors,whenfeasible,to calculate 
theweightingfactors. Someof thetypesof events(in orderof difficulty) included: 

a. preventinga crossingconflict; 
b. preventinganovertakeconflict; 
c. handoff; 
d. pointout; 
e. coordinationwith othercontrollers; 
f. pilot requests;and 
g. traffic structuring. 

Stein(1985)conducteda simulationto detemlinethe relationshipbetweena numberof airspace 
factorsandcontrollerworkload. Workloadwasmeasuredby the Air Traffic WorkloadInput 
Technique(ATWIT) in whichthe controllerpressed1 of 10buttonsona consolewith 1 
representinglow workloadand10representinghighworkload. 

Ten air traffic controllers participated in a seriesof one-hour simulations. Subjects experienceda 
low, moderate, or high task load as defined by the number of aircraft in a sectorand the 
clustering of aircraft in a small amountof sectorairspace. Controller input to the A TWIT was 
performed once per minute. Stepwiseregressionswere done using A TWIT scoresas a criterion 
measure. Four airspacevariables produced a multiple correlation ofR = .85 with the workload 

measure. Thesewere (in order of entranceinto the stepwise regressionequation) clustering of 
aircraft in a small amount of sectorairspace,number ofhand-offs outbound, total number of 
flights handled, and number of hand-offs inbound. 
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The study demonstrateda strong relationship betweencontroller workload and a subsetof 
airspacevariables. In addition, controllers were able to provide real-time workload estimates 
using the A TWIT without any noticeable decrementin performance. Workload was best 
predicted through a multivariate combination of airspacevariables. 

Hurst and Rose (1978) studied sectorworkload and job difficulty in both the New York and 
Boston ARTCCs. Controllers were rated according to their behavioral responsevia pace ratings. 
Paceratings involved expertsrating the pace or degreeof activity and behavioral arousal of 47 
controllers working radar sectors(Kuhar et al. 1976). Modified control load factors based on 
Arad's (1964) work were also calculated for eachsectorfor a one-hourperiod (the hypothesis 
being that control load factors would act asbehavioral stressors). In addition, traffic counts, 
communication times, and other objective parameterswere measuredfor eachsector. It was 
found that pace ratings were positively correlated with hourly traffic (r = .49) and peak traffic 
counts (r = .70). The study failed to show any relationship betweenArad's control factors and 

pace ratings. 

Grossberg (1989) found a statistically significant relationship between sectorcomplexity, as 
defined by FAA Order 7210.46, and operational errors at the Chicago ARTCC. Operational 
errors occur when two or more controlled aircraft violate the separationstandardand the causeis 
attributed to ATC. The relationship was statistically reliable, but was low in magnitude. This 
provided impetus for obtaining more information on factors that affect sectorcomplexity. 

Ninety-seven controllers rated the degreeto which 12 factors contributed to the difficulty or 
complexity of operations in their particular sectoror areaof specialization. The complexity 
factors most frequently cited in the Chicago ARTCC included: control adjustmentsinvolved in 
merging and spacing aircraft, climbing and descendingaircraft flight paths, mixture of aircraft 
types, frequent coordination, and heavy traffic. 

Grossbergcombined the factors with the four highest ratings to form a complexity index. He 
found that this index was correlated with the number of operational errors found in sectors in the 
Chicago ARTCC. Data were collected for 21 months in 1987and 1988. The complexity index 
was highly correlated (r = .74) with operational errors. Correlations betweenthe standard FAA 
formula and the sameoperational error databasecorrelations were not as high (r = .44). The 

results of this study implied that a betterpredictive measureof controller error could be 
developed than the standardmeasurecurrently being usedto evaluate sector complexity . 

Mogford et al. (1993) conducteda study to examine the cognitive processesassociatedwith 
ATC. Controllers from the five specializationareasin Jacksonville ARTCC participated. The 
purpose of the researchwas to identify complexity factors associatedwith A TC and compare the 
use of direct (questionnaire and interview) versus indirect (statistical) methods for factor 
identification. 

Direct methods involved asking controllers to suggestand then rate complexity factors in terms 
of how they made sectorsmore or less difficult to control. Indirect methods involved having 
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controllersmakepairedcomparisonswith respectto complexitybetweenmapsof sectorsin five 
specializationareas.Multidimensionalscaling(MDS)wasusedto formulatecomplexityfactors 
by determiningwhetherthe arrangementof sectorsalongeachMDS axiscorrespondedto the 
increaseor decreasein somevariableor factorrelatedto complexity. 

Thirteen of the 19 total complexity factors were produced by both methods showing a close 
correspondencebetween direct and indirect techniques for determining ATC complexity factors. 
The 19 variables were regressedover an overall complexity criterion formed by ratings of 5 
traffic managementunit staff memberswho were familiar with all sectorsin the ARTCC. The 
factors of complex aircraft routings, spacingand sequencingfor departuresand arrivals, and 
frequency congestion during peak periods formed a significant multiple correlation (R = .85) 
with the overall complexity criterion. 

Table1 providesa completelist of ATC complexityfactorsandthemethodof their measurement 
from the abovestudies. A commonthemeamongcomplexitystudiesis the attemptto definea 
relationshipbetweenairspacefactorsandcontrollerpe,rformanceorjudgments. While nearlyall 
of the studiesdiscussedfound statisticallysignificantrelationships,notall airspacefactorswere 
relatedto the samecontrollermeasures.In addition,thereis a problemwith comparingthe 
resultsfrom differentstudiesbecauseof a wide varietyof measuresusedto assesscomplexity. 

However,table1 providesa usefullisting of theATC complexityfactorsidentified in FAA 
Order7210.46anda numberof scientificstudies.Giventherangeof differentapproachestaken, 
this tableshouldrepresenta fairly comprehensivecatalogof complexityfactorsaffecting 
controllerworkload. 

There are two potential applications for table 1. One is to help orient researchersinterested in 
assessingthe benefits of new A TC systemsor procedures. In order to be effective, such 
innovations should in some way addressthe sourcesof controller workload found in table 1. 
Secondly, researchersworking in the areaof ATC complexity should refer to the factors and 
sourcesfound in table 1 as a starting point for additional investigations. 

4. RELATIONSHIP OF INFORMATION DISPLAY AND ffiJMAN INFORMATION 
PROCESSING TO ATC COMPLEXITY. 

Considerableresearchhasbeendoneonthe infomlationdisplayandprocessingfactorswhich 
makeATC tasksmoreor lessdifficult or complex. Thereferencescited belowfocuson how 
infomlation displayissuesandthe mannerin whichthe controllerprocessesATC infomlation 
canaffecthowthe controllercopeswith ATC complexity. 

Hopkin (1982)statedthat complexity(definedasa failure in taskperformance)in ATC could 
resultfrom a mismatchbetweensystemrequirementsandhumaninformationprocessing 
capabilities. Crucial informationincludes: 

a. 
b. 

Physical distance betweentracks on the radar display; 
The scaleof the radar display; 
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TABLE 1. ATC COMPLEXITY FACTORSAND METHODS OF MEASUREMENT 
(continued) 
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TABLE 1. ATC COMPLEXITY FACTORSAND METHODS OF MEASUREMENT 

(continued) 

Mogford etal. (1993) Amount of climbing or 
descendingtraffic. 

Questionnaire rating 
I scales. 

Final fist of 15 complexity 
factorsdeveloped. Subsetof 
thesefactorscorrelatedwith 
controllerjudgmentsof 
complexity. 

Aircraft mix. Multidimensional 
scalingof paired 
comparisonof 
complexityjudgments. 

Numberof intersectingflight 
paths. 

Multiple functions. Correlationof 
complexityratingswith 
overallcomplexity 
criterion. 

Numberof required 
procedures. 

Numberof military flights. 

Amount of coordination. 

Airline hubbing. 

Weather. 

Complexaircraftroutings. 

Restrictedareas,warning 
areas,andMilitary Operating 
Areas. 

Sectorsize. 

Requirementsfor longitudinal 
sequencingandspacing. 

Adequacyof radioandradar 
coverage. 

Radio frequencycongestion...-, 

c. 
d. 
e. 
f. 
g. 
h. 
1. 

Therelativeandabsolutespeedsof aircraft;

Theaircraftheadingsandanglesof approach;

Thetime until two aircraftconflict;

Theaircraftaltitudes;

The aircrafttypesandmaneuverability;

The easeof contactinganaircraft;

The knownintentionsanddestinationsof anaircraft;
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The knownquality or reliability of the dataontheradardisplay;

The separationstandardsand/orotherinstructionsin force;and

The amountandbehaviorof otheraircraftunderthecontrolof the samecontroller.


Hopkin (1982)assertedthat anyvariancebetweenthe infonnationrequiredby the controller 
(items a-I)andpresentationof thatdatawould increasethe complexityof the controller'sjob. He 
alsostatedthatthe infonnationpresentedto the controllershouldbe ata level of detail which 
allows taskperfonnance.Too muchortoo little detailwouldmakethecontroller'sjob 
morecomplex. Anothercommonproblemis thatATC is a teamactivity, yet manyfonns of 
computerassistanceareorientedtowardindividualcontrollers. 

Hart (1982) also found that infonnation display is an important variable in ATC workload. Hart 
conducted an experiment involving a Cockpit Display of Air Traffic Infonnation (CDTI) which 
provided the aircrew with infonnation about their position relative to other aircraft. Professional 
pilots and controllers participated in a simulated ATC task in which flight simulators were 
equipped with CDTIs. The results showed that verbal workload was stable for pilots using 
CDTIs compared to those using radio proceduresonly, but lower for air traffic controllers when 
CDTIs were used. In addition, spacing betweenaircraft was lessvariable when the CDTIs were 
used. This study suggestedthat the current mode of infonnation display (radio) can be optimized 
through the use of cockpit visual displays depicting air traffic. 

Krol (1971) found that air traffic controllers tendedto report less workload when they controlled 
an aircraft on a radar screenversusmonitoring a track on a radar screen. He explained the effect 
by assuming that when a controller issuescommandsto an aircraft, it is possible to predict its 
position for many secondsafter the command is issued. Krol statedthat when a controller is 
merely observing the flight path of a radar track, there is more uncertainty as to what the pilot 
will be doing and therefore more workload comparedto the control task. Thus, the perception of 
being in control of the system (which can also be influenced by human-machine interface design) 
can affect workload. 

Coeterier (1971) conducted a study examining the effect of the amount of maneuvering involved 
in controlling airspaceand traffic density on the flexibility of strategiesused by approach 
controllers. The experimental variables included the number of arrivals (4,5,6, or 7 aircraft) to 
eachof two simulated runways. One runway was in an areaof restricted airspacedue to three 
military airfields in the vicinity. The secondrunway had a greateramount of maneuvering space 
for sequencingaircraft. The controller's task was to establisha landing sequencefor the aircraft 
in eachexperimental condition. 

The results showed that controller strategieswere more uniform for the runway with restricted 
airspace at all levels of traffic density, and were more uniform for both runways as traffic density 
increased. The type of information requestedby aircraft was also more consistentas traffic 
density increased. The results were explained in terms of flexibility of controller strategy. When 
traffic density is high and/or if there is little airspaceavailable for maneuvering, few possible 
solutions are available. To prevent conflictions, planning hasto be done at an earlier stage. 
However, when traffic density is low and there is ample maneuvering space,there are more 
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optionsavailablefor sequencingaircraftandlessformalized,moreimprovisationalstrategiescan 
beused. The studysuggestedthatflexibility in operatingproceduresis relatedto the complexity 
of the sectoranddensityof traffic flow. 

Sperandio(1971)foundthatenrouteair traffic controllersmodified their strategiesto regulate 
theirworkloadastraffic densityincreased.Controllersprocessedincreasinglyfewertraffic 
variablesin orderto regulatetheir mentalworkload. Forexample,in a low traffic situation 
controllerstook into accountaircraftperformancedata,geographicaldata,andflight levelsof 
aircraft. However,asthetraffic level increased,controllerslookedat only the mostcritical data 
(i.e., flight levelsof aircraft)in orderto regulatetheirworkload. In a laterreviewof field studies 
amongair traffic controllers,Sperandio(1978)foundevidencethatcontrollersselectedoperating 
proceduresbasedoneconomy. Thatis, certainoperatingprocedureswerelesscostlythanothers 
in termsof theworkloadtheygenerated.He foundthatasair traffic densityincreased,the 
controllersusedlesscostlyproceduresto avoidan abruptonsetof overload. In addition,he 
repeatedlyfound thatastraffic densityincreasedcontrollerssacrificedsecondaryobjectivesin 
orderto maintaintheirprincipalobjectives. 

It is clear from suchstudies that flexible controller strategiescan ameliorate workload. Table 2 
lists the information processingvariables related to ATC complexity. In general, the studies fall 
into two groups. Hopkin (1982) and Hart (1982) looked at the input or perceptual aspectsof 
information processing. They consideredthe effect that the display of information can have on 
controller workload. Thus, impact of complexity on the controller may be ameliorated or 
worsened by the quality of information display. If the "lens" betweenthe userand the domain is 
good, the controller will experience few restrictions on the amount and quality of required 
information. However, if the medium is poor, workload will increase. 

This first groupof studiesis concernedwith "datalimited" informationprocessingasdefinedby 
NormanandBobrow(1975). Theynotedthatsometypesof decision-makingareencumberedby 
a lackof informationwhile othersarelimited by a lackof internal(cognitive)resources.The 
following authorsaremoreconcernedwith this latter,"resourcelimited" problem. 

Sperandio(1971),Kro1(1971),andCoeterier(1971)focusedonthe cognitiveaspectsof ATC, 
finding thatthe choiceof strategycanaffectworkload. Theirresearchsuggeststhatastraffic 
complexity(definedastraffic density)increases,theprocessingof ATC informationchanges. 
Specifically,conti'ollersusemoreeconomicalcontrolproceduresandmorestandardstrategiesto 
control air traffic at highertraffic densities.In addition,thereis someevidencethatthis shift in 
controllerstrategyis an attemptto regulateworkload. Controllersappearto be flexible in their 
responseto ATC complexityandcanadapttheir informationprocessinganddecision-making 
strategiesto suita givensituation. In this way, theyconservetheircognitiveresourcesavailable 
for thetask. 

The insightto be gainedfrom studiesin this sectionis thatATC complexityis nota "given." It 
is not a staticsetof elementsthataredirectlyperceivedandinterpretedin the sameway by all 
controllersin everysituation. The qualityof the systemtransmittingthe informationaboutthe 
sectorandthe aircraft within it effectsthe adequacyof the informationreachingthe controller's 
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TABLE 2. RELATIONSillP OF INFORMATIONPROCESSINGVARIABLES WITH ATC 
COMPLEXITY. 

procedures. 

senses.Oncethis infomlationhasbeenperceivedandclassified,thecognitivetacticsusedto 
identify problemsandmakedecisionswill alsoinfluenceworkload. Therefore,whendealing 
with the issueof ATC complexityandits effectonthecontroller,infomlation displayand 
cognitivemediatorsmustbeconsideredin orderto assesstheultimateeffectof complexity. 

5. INFLUENCE OF INDIVID1JAL DIFFERENCES ON ATC WORKIJOAD. 

Although individual differences do not directly causeATC complexity, they have been shown to 
affect controller performance (Cobb, 1967,Cobb, Nelson, and Mathews, 1973; Buckley, 
O'Connor and Beebe, 1969; Collins, Schroeder,and Nye, 1991). Knowledge of the individual 
difference factors which affect workload and related measuresis important for conducting 
accurateA TC complexity research. Age, skill, anxiety level, and other factors may playa major 
role in determining the amount of workload experiencedby a controller in responseto a given 
level of A TC complexity. 

Cobb (1967) investigated the relationships betweencontroller ageand years of experience with 
ATC perfomlance. He distributed three experimentally derived field questionnairesof job 
perfomlance to over 500 ARTCC journeymen radar controllers. The subjectsin the sample 
ranged in age from 26 to 51 years. About half of the samplehad 10 or more years of experience 
and over 90 percentof the samplehad greaterthan 6 years of experience. He found low (r = -.14 
to -.18), but statistically significant negative correlations between controller age and 
perfomlance. There was no statistically significant relationship between controller experience 
and job perfomlance ratings. 

Cobbetal. (1973)conducteda similar studyof severalhundredjourneymenradarcontrollers 
who worked atoneof 17hightraffic densityTRACONfacilities. Experimentallyderivedrating 
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scaleswere developed to allow the collection of performance evaluation data from supervisors 
and peers. The sampleranged from 27 to 60 yearsof age with over 56 percentof the respondents 
falling betweenthe agesof 31 and 37. Significant negative correlations (r = -.36 to -.44) were 
found between controller age and performance. 

Significant negative correlations were also found (r = -.23 to -.29) betweenA TC experience and 
perfonnance. However, when the variance associatedwith agewas removed, controller 
experiencewas only negligibly correlated with perfonnance. Thesetwo studies demonstrated 
that age might be a significant factor affecting ATC perfonnance. In addition, when the sample 
of controllers was taken from high traffic density environments (i.e., busy tenninal approach 
areas),the correlations betweenage and perfonnance were strongercomparedto samples from 
the en route environment. However, datawere basedon subjective ratings which may have 
included an element of agebias. 

Collins etal. (1991)assessedthe relationshipbetweenanxiety,asmeasuredby the StateTrait 
PersonalityInventory,andsuccessof post-strikeairtraffic controllerspecialisttraineesatthe 
FAA Academyandduringfield training. Thesamplewascomprisedof traineesin an enroute 
facility curriculum. Both state(the currentlevelof anxietywhenmeasured)andtrait (proneness 
to anxiety)weremeasured.Traineeswho hadrelativelyhighscoresona combinedindexof state 
andtrait measuresexhibiteda higherpercentageof Academyfailures,higherpercentageof 
optionswitchesin the field, andhada higherpercentageof overall attritionthandid traineeswith 
low combinedscores.It wasalsofoundthat,overall,traineeshadlower anxietyscoresthan 
collegestudentsor military recruits. Theresultssupportedthe notionthata low anxiety 
characteristicis importantfor ATC job success. 

Buckley et al. (1969) conducted a simulation studyto examine the relationship betweenmeasures 
of controller performance and ATC systemmeasures. The study also examined the relationship 
betweentraffic density and controller performance,personality, and age. The study was done 
using a simulated sector from the Los Angeles ARTCC. The results challenged the assumption 
that all controllers perform about equally. There was evidenceof a considerablerange in 
controller skill that becamemore pronounced in problems with higher air traffic densities. 
Controller performance (as measuredby supervisoryand peer ratings) was moderately correlated 
(r = -.23 to -.31) with measuresof systemperformanceand included: the number of conflictions, 

the number of delays, the delay time, and the aircraft time in the system. 

Moderate correlations (r = .50) were found betweencontroller personality variables as measured 

by a personality test and systemperformancemeasures. The superiorperforming controller 
tended to be free from depression,lacking in timidity, relatively free from anxiety, and somewhat 
non-conformist. 

The relationshipbetweentraffic densityandcontrollerageyieldedsimilarresultsto Cobb's 
(1967)study. Low but statisticallysignificantnegativecorrelationswerefound betweenageand 
someof the proficiencyratingdata. Somepositivecorrelationswerefound betweenexperience 
andsomeof the field criteria. Low positivecorrelationswerefoundbetweenthe ageand 
experiencevariablesandsomesimulationperformancemeasures.However,mostof thesewere 
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not statistically significant. There was a trend (significant at the p < .10) for more delays as age 
increased. 

Buckley et al. (1969) concluded that chronological agewas not a good predictor of proficiency 
(based on field ratings) or of simulation performance. However, they found that there were 
qualitative effects of age on performance. Aging tendedto correspond with greater caution and 
safety with an accompanying tendencyto delay traffic. Personality factors (as measuredby a 
personality test) were correlated with controller performance. He also found large differences in 
the degreeof skill evidenced by controllers as they handled identical traffic problems in 
simulated A TC exercises. 

Table 3 summarizesthe relationships of individual differences among controllers that may affect 
workload. The researchreviewed in this sectiondemonstratesthat chronological age may play 
somerole in controller performance although years of experiencemay not be a factor. Some 
personality variables suchas general anxiety level, depression,assertiveness,and conformity 
seemalso to be connectedto performance in someway. Most evident from this researchis that 
controller skill levels vary widely and may eveneclipse the effects of ATC complexity on 
workload. 

6. CONCLUSIONS. 

The growthof civil aviationandthe concomitantdemandfor airtraffic control (ATC) services 
placeconsiderablepressmeontheNationalAirspaceSystemto improveserviceswhile 
maintainingsafety. An understandingof the taskenvironmentof the air traffic controlleris 
necessaryto monitorandcontrolworkloadastraffic densityincreases.Specifically,ananalysis 
of thecharacteristicsof ATC complexityis neededto determinehowthesefactorsaffect 
controllerworkload. 

The definition of ATC complexity adopted for this review is that it is a construct composed of a

number of complexity dimensions or factors. Thesefactors arethe physical aspectsof the sector

(sector complexity) or are related to the movementand characteristicsof the air traffic (traffic

complexity) occupying the airspace. ATC complexity generatescontroller workload. The

transformation of ATC complexity into controller workload is mediated by the quality of

information display, information processingstrategies,and personal variables. This is depicted

in a workload model, as shown in figure 1.


Many studies have beenconductedto identify and evaluatethe factors or processesunderlying

ATC complexity. Much useful work has beendone to isolate potential causesof complexity and

controller workload. In many cases,it has beenpossible to find simple or multiple correlations

between complexity factors and systemmeasures(suchas number of conflicts) or subjective

workload. Although this has tempted someauthors (suchas Arad, 1964)to take a more

aggressive approachto quantifying and formalizing theserelationships, theoretically-based

mathematical models have not proven to be very successfulin accounting for controller

judgments of workload. A simple measureof number of aircraft per hour has beenmore

effective (Jolitz, 1965).
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TABLE 3. RELATIONSillP BETWEEN INDIVIDUAL CONTROLLER 
DIFFERENCESAND PERFORMANCE. 

An analysisof infonnationdisplayissues,controllercognitivestrategies,andpersonalfactorshas 
shownthat ATC complexityis notexperiencedandhandledthesamein all situations.The effect 
of sectorstructureandtraffic flow patternsonworkloadis filtered by the qualityof the 
computer-humaninterfaceandcommunicationsystem,aswell asby the perceptualandcognitive 
processingstyleadoptedby theuser. Age andskill levelhavealsobeenshownto influencehow 
the taskenvironmentis experienced. 

Further studies on ATC complexity should not necessarilyemphasizethe identification of 
additional complexity factors (although efforts should be made to updatethe knowledge baseas 
new A TC technologies are introduced). A significant amount of work has beendone (as 
expressedin table 1) to generatea long list of items. Many have beenlinked, in some way or 
another, to relevant criterion measuresto indicate that they have meaning in the ATC 
environment. It would be more beneficial to focus further investigation on ATC complexity on 
refining our understanding of the complexity factors so that intelligent sectordesign and traffic 
flow managementstrategiesbecomefeasible. It should be possible to discover how much 
weighting each salient complexity factor has in determining overall complexity and controller 
workload. In this way, ATC environments could be createdthat have predicable effects on the 
controller. 

Given that there will always be somelevel of ATC complexity with which the controller must 
cope, it will also be important to discover how complexity factors, display and communication 
systems,perceptual and decision-making strategies,and personal variables can be adjusted to 
ameliorate the resulting workload. Suchefforts should also help to identify the critical 
information that should be displayed to the controller and suggestautomation tools to improve 
the controller's ability to cope with complexity. Training in proceduresadaptedto complexity 
could help modify information processingstyles and reduceworkload. Lastly, information on 
controller characteristics that interact positively with sector complexity could help channel the 
right people into the bestfitting task environments. 
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DEFINITIONS


TaskLoad 

Workload 

Traffic Density 

Sector 

ATC Complexity 

Performance 

Work 

The numberof tasksor frequencyof taskoccurrence 
associatedwith a specificjob description. 

Thetotal effectonthe workerof all physical,sensory, 
andmentalactivitiesrequiredto performtasksrequired 
of a specificjob description. 

Thenumberof aircraftunderthecontrolof an air traffic 
controllerresponsiblefor a givensectorof airspace. 

A volume of airspacedefined by vertical and lateral 
boundaries. 

Sectorand traffic characteristicsthat cumulatively add 
to createa complex setof rules, requirements, and tasks 
for the air traffic controller when controlling aircraft in 
the sector. ATC complexity is composedof sectorand 
traffic complexity factors. 

An activity or setof responsesthathasan effectonthe 
environment(Reber,1985). 

Expenditureof energyor applicationof effortto 
achievesomepurpose. 
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APPENDIX A 
SECTORCOMPLEXITY WORKLOAD WORKSHEET 



,/
/ 

Sector 

8FT Peak Hourty Coortt ~.
o'~ 

~~ 
.c.o-$" 

~ve~~ 
o'~"~ 

A. DEPARTURES 

B. ARRIVALS 

c. RADAR VECTORED ARRIVALS 

D. EN ROUTE (r~iring :antral functions) 

E. EN ROUTE (no control functions) 

F. EMERGENCY 

G. SPECIAL FLIGHTS (7110.65. CHAPTER 7) 

H. COORDINATION (additional points when aOOve 
furd~ns require coordination) 

POINTS 

5 
4 
4 
4 
3 
2 

COMPLEXITY WORKLOAD FORMULA 

.L FUNCT10NS 

(aa) DepartUres 
(~) Arrivals 
(cc) En Route requiring control functx,n 
(dd) Emergerq 
(ee) Special flights 
(ff) En Route (no controf function) 
(gg) Coordination (additional poinvs when 

above furgx,cvs require coordination) 1 

~ An en route aircraft is classified as an aircraft that originates outs'Kje and passes through the sector 
witOOutlaroing. 

~ An en route aircraft operating at an altitude which will transit approach control airspace aOOis harx1ed-off 
to the awroach control, then back to the same sector, is coonted as an en route (2 points) arxt a coordinatk>n(1 
point) factor. 

! A -POP-iJP' (airfi!e) en route is coonted as a departure (5 points) and 1 point ~r each coortiinat"X>n functjon 

necessary. 

.5. A -pop-up' or special VFR arrival is counted as an arrival (4 points) aoo 1 point for each coordir\at~n 
furd 'k)n necessazy. 

.§. Special flights (7110.65, Chapter 7) are counted as an addit"K)nat 3 points, e.g., departure complex"dy 
poirrts plus special flight points and 1 point for each coordinat"K)n function necessary. 

I Arrivals that are radar vectored to final approach acki an ack1itional(2 points). 
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