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results of a limited inquiry on job aids being used today by active air traffic controllers to 

identify additional ideas for memoryaids. Finally, criteria for evaluatingpotential aidswere 

developed. These criteria were based on the nature and purpose of this project, and were 

agreedupon in conversationsbetweenthe contractorsand the COTR. The results of each 

stageof the analysisare discussedin more detail below. 

Human memory is thought to be composedof three subsystems:sensorystorage, 

working memory, and long term memory (Sandersand McCormick, 1987;Wickens, 1987; 

Wickens, 1984). Controller tactical working memory is defined by its functional 

requirements, contents, organization, operational capacityand limitations. The functional 

requirements are (1) attention is required for sensoryinput to be processedinto working 

memory, and (2) rehearsal is required to maintain the contentsof working memory for the 

three to five minute tactical window. The contentsinclude information suchas: 

..Current altitude, airspeed, heading, size and type for each 
controlled aircraft 

Projected altitude, airspeed, and heading based on planned 
tactical maneuvers 

changeRecent communications such as 
flight/ altitude, clearancerequests,etc. 

in ofroute 

Weather conditions, runwayconditions,navigational aids status 

Each aircraft's positions under his control in the controlled 
airspace, and in relation to other traffic 

" ~ Projected potential conflictions between aircraft based on the 
above information. 

This information is hierarchically organized in working memory, with the most 

important items at the top (e.g., conflict or no conflict between two aircraft) and less 

important information below (e.g.,type or speedof eachaircraft). The items are probably 

chunked in some fashion. The number of aircraft being controlled probably determines 

chunking strategy (Bisseret, 1971). The controller's operational strategiesdetermine the 

sequenceof mental operations and the number and kinds of data used in those operations 
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Information is also organized to project future statesof aircraft(Sperandio, 1971, 1978) 

(Bisseret, 1971). 

The capacity of working memory is 7 ..:t.2 chunks of information (Miller, 1956). 

Interference due to similarity between items (e.g., similar call signs), proactive and 

retroactive inhibition affect searchand retrieval from working memory (Wickens, 1987; 

Fowler, 1980). The demand on the controller's attentional resourcesto update working 

memory contents is quite high. The controller's training, proceduresin use, and preferred 

control strategieswill affect storage,searchand retrieval functioning. 

In order to understand how controller memory lapsesoccur,we adapted a model of 

cognitive control of behavior to air traffic controller performance. The model is based on 

Rasmussen's(1982, 1986)model of cognitive functioning for operators of complexsystems. 

We used it to provide a framework and logical link betweenoperational errors, cognitive 

errors and their memory components,and job aids that are appropriate for eachcognitive 

level of performance. The model is hierarchically related to a decreasingfamiliarity with 

the environment. At eachlevel, certain kinds of cognitive errors can occur due to human 

variability or inappropriate adaptationto systemchanges. At the lowestlevel is skill-based 

behavior (most familiar environment), governed by sensorimotor schema, and consisting of 

automatic, over-learned behaviors such as rolling the trackball to a target and marking flight 

strips. At the next level, rule-basedbehavior, the controller recognizesa situation and 

associatesit with a stored rule or procedure for executingthe tasks. At the highestlevel, 

knowledge-basedperformance, the controller must analyzethe environment, form a goal 

and develop a plan or strategy. Each of these levels of cognitive control of behavior and 

their associatedcognitive errors were related to specific typesof operational errors. 

Operational errors were classifiedbasedon Kinney, Spahnand Amato's (1977)analysisof 

controller and supervisorperformance. Operational error categoriesinclude: 

Controlling aircraft in another's airspace 

(2) 

(3) 

(4) 

Processingflight data manually interjintra-facility 

Inter jintra-facility coordination 

Assuming separation will exist 

Improper radar/visual scannjng 



(6) Inappropriate phraseology/voice communications 

(7) Overuse of automation (NAS dependence). 

The frequency of operational errors were examined using a sample of NASA's 

Aviation SafetyReporting Systemreports. Becausethe reports are submitted voluntarily, 

the underlying population is unknown and valid statistics cannot be reported. For this 

reason,a further analysisof FAA Operational Error Report Profiles was undertaken and 

will be submitted under a separatecover. 

Using the controller cognitivemodel, operational errors were analyzedto determine 

the contribution of memory lapsesto theseerrors. For eachtype of operational error and 

its associatedmemory component,we identified potential memory aids. Ideas for memory 

aids came from a review of the available literature on job aiding functions in general, and 

research on job aids for air traffic control. We also reviewed studies and papers on the 

effect of increased automation on controller performance. The authors contended that 

poorly designed increases in automation force the controller into a monitoring mode, and 

do not allow for flexible control strategies. Thus, we incorporated the goals of keeping 

controllers active and in the control loop, while allowing for flexibility, into our proposed 

job aids. Finally, job aids were evaluated againstsubjective criteria, with the objective of 

recommending certain job aids for testing in the second year of this project. 

The major conclusion of this study is that reliability of air traffic controller memory 

is a significant problem affecting aviation safety and efficiency of the National Airspace 

System. Identification of practical, effectivememory aidsis the first steptoward the solution 

to this pervasiveproblem. 
.. 
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SECTION 1.0 INTRODUCfION 

1.1 Background 

The FAA hasbecome increasinglyconcernedabout actual and potential operational 

errors of air traffic controllers. In April 1987,an FAA Administrator's task force on ATC 

operational errors identified a number of factors that contributed to the nature and 

frequency of controller errors. Two areasin particular were highlighted by an operational 

error analysiswork group. Thesewere controller memorylapsesand controller information 

scanning. This report concernscontroller memory lapses. 

The air traffic control systemis highly complexand very dynamic. As newhardware 

and software systemsare developed,it is essentialthat we establisha clear understanding 

of how controller memory will be influenced. Each controller is exposedto a virtual river 

of information which flows through his/her work station at a pace that he/she cannot 

control. In order to managethe airspacewithin his/her domain, a cenain amount of this 

information must be captured and retained primarily for tactical (three to five minute) use 

and secondarily for strategic planning, which is a concept still in its infancy for air traffic 

control. Memory is one of a number of elusive constructswithin the human performance 

equation. It can never be observeddirectly and must be inferred based on environmental 

cuesand the behavior of the individual operator. 

Given current technology, the human operator must learn and retain critical 

information or he/she must establisha strategyfor obtaining what is neededin the here and 

now. Failure to store, search,and/or retrieve key elementsof operational data can lead to 

inaccuracies of detection and/or decisionswith resulting errors in the clearancesissued. 

Until now, there has been no clear documentationconcerningthe memory demandsplaced 

upon controllers in their daily activities. The purpose of this project is to make maximum 

use of available information to analytically determine the nature and extent of air traffic 

controller memory lapses in the current National Airspace System(NAS). 
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SECTION 2.0 METHOD 

A structured researchstrategyhas been used to define the elusive contribution of 

memory to ATC operational errors and the potential of memoryaids to improve controller 

performance. That strategy consistsof severalstageswith cross checksand feedback to 

assurethe credibility of the conclusionsand the resulting memory aids. The first stagewas 

to develop anunderstanding of ATC tasks,operational errors and the memory contribution 

in controller tasks;memoryis everpresent,but unmentionedasa factor in job performance 

and operational errors. The secondstage,therefore, was to expandthe analysisto include 

memory as an active element. The third stagewas to develop conceptsof memory aids. 

And the fourth stage was to refine the memory concepts and select candidates for 

experimental evaluation. 

The conceptual baseline for this work is an understanding of the controllers' task 

performance with the current National Airspace System(NAS) equipment. Controller task 

analysisand performan\I'" data provide the factual data for the baseline. However, the role 

of memory is not well-defined in the operational error reports or literature. The literature 

suggestsa number of factors that may impair information processingor lead to memory 

lapses, but does not provide a clear cut relationship between specific kinds of memory 

problems and operational errors. Therefore, the relation of memory to identified 

operational problems has been developed by an analysis of selected critical tasks by an 

experienced air traffic control specialist (ATCS) working in conjunction with a research 

psychologist. 
The analysiswas accomplishedin a seriesof stepsshownin Figure 1 and which are 

describedbelow. 

2.1 Step 1: DevelopUnderstanding of Memory in Controller Performance 

The first step in the analysis of the short term memory load placed on air traffic 

controllers involved a searchand review of the available literature on controller memory 
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and performance. The literature wasobtained from the FAA's Technical Center library and 

from the contractor's extensiveBehavioral Sciencelibrary. (Uterature review findings are 

presented in the next major section of this report.) Key words such as "controller 

performance,""memory,""cognitivestrategies,""workload,"and "controller errors"were used 

to search the literature. The literature included technical reports, journal articles, 

incident/ accident data and operational error data. Each document was reviewed and 

pertinent findings and conclusionswere abstractedon a summaryform. At the sametime, 

controller taskanalysisdata (Ammerman, Fligg, Pieser,Jones,Tischer,& Kloster, 1983)was 

reviewed to develop a greater understanding of controller tasks in today's operational 

environment. Another sourceof information wasNASA's Aviation SafetyReporting System 

(ASRS). A sample of near mid-air collision (NMACs) reports and other incident reports, 

filed during January 1, 1986to December31, 1987,was also reviewed to assessthe kinds 

of operational errors that result from controller memory lapses. 

There are two products of the controller memory literature review. The first is a 

definition of tactical working memory. The secondis a controller cognitive model, which 

servesa conceptual framework for analyzingcontroller memory lapsesand limitations, and 

for identifying potential memory aids. 

2.2 Step2: Identify Memory Problem Areas 

A list of potential memory problem areaswasdevelopedfrom the memory literature 

review summarysheets. These problems were then analyzedby the technical team, which 

included an Air Traffic Control Specialist (ATCS). The ATCS served as the in-house 

subject matter expert (SME). The analysisof the problem areasinvolved two major tasks: 

(1) 	 Develop a list of controller operational problem areas in relation to specific 
controller tasks,usingthe FAA's operational error reports, ASRS reports, the 
MITRE Report (Kinney, Spahn and Amato, 1977) and controller task 
analysis; 

(2) Determine the specific memory lapsesrelated to each type of operational 
error. 

. 

A. 

, 
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The analysisof memory in relation to FAA operational error reports is ongoing. 

Some of the results will be included in this report, but the majority of the analysisand 

conclusionsdrawn from the FAA operational error data will be provided under a separate 

cover in the near future. 

2.3 Step 3: Identify Potential Memory Aids 

This phase of the effort involved determining appropriate job aids that reduce or 

eliminate identified memorylapsesand related operational errors. Literature on job aiding 

approachesin general, and job aids specific to air traffic control was reviewed. A limited 

inquiry of active air traffic controllers was conductedto identify job aids being used. The 

result of the job aiding literature reviewwas a list of techniques,approaches,and concerns 

pertaining to the development of controller memory aids. 

Many of the job aiding approacheswere gleanedfrom the literature. However,some 

of the proposedmemory aids are basedon informal proceduresand "memoryjoggers" that 

controllers/facilities use today. 

2.4 Step 4: Evaluate Potential Memory Aids 

Criteria for evaluating potential aids were developed. These criteria were based on 

the nature and purpose of this project, and were discussedand agreed upon in conversations 

between contractor personnel and the COTR. These criteria and their definitions are 

presented in Table 2: 

, 
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TABLE 2. EVALUATION CRITERIA AND THEIR DEFINITIONS 

A list of potential job aids was prepared and evaluatedusing the subjectivecriteria. 

Based on these criteria, the highest-ranking aids are proposed for empirical testing in the 

secondyear effort. 

The next sectionof this report presentsthe resultsof the controller memoryliterature 

review, including the definition of tactical working memory and the controller cognitive 

model. The analysisof controller operational errors and tasks,discussionof job aids, and 

the proposed memory aids will be presented in subsequentsections. 
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SECTION 3.0 THEORIES AND RESEARCH ON WORKING MEMORY 

f' 

3.1 The Conceptof Working Memory 

Human memory is thought to be composedof three subsystems:sensorystorage, 

working memory, and long term memory (Sanders& McCormick, 1987; Wickens, 1987; 

Wickens, 1984). Visual, auditory, and other sensoryinputs are temporarily held in sensory 

storage for a few secondsor less. If attention is not directed to sensorystoragecontents, 

the contents will be lost. Directing attention towards sensory input will transfer it into 

working memory. Information in working memory is "temporary, fragile, and limited." 

(Wickens, 1987, p. 81). Working memory is limited by time, attention, space, and 

characteristicsof the information itself (e.g., similarity betweenobjects). Since it mirrors 

the three to five minute tactical window generallyused by controllers, working memory is 

the primary focus of this effort. 

Information is transferred from working memory to long-term memory (LTM) by 

semantic coding, or applying meaningto the information and relating it to what is already 

in LTM (Sanders& McCormick, 1987). LTM is of interest in this project to the extent that 

it helps br hinders the development of strategies for information search, storage, and 

retrieval. 

In the absence of attention devoted to rehearsal, little infonnation is retained in 

working memorybeyond 10to 15seconds(Peterson& Peterson,1959;Wickens, 1984). For 

exampie, Loftus (1979) asked subjects to remember navigational information (without 

rehearsal), such as that given to a pilot by an air traffic controller. He found that most 

information decayedafter 15 seconds. Moray and Richards (1980,cited by Wickens, 1984) 

found a similar decaytrend for radar controllers attempting to recall displayedinformation 

on a radar scope. 

The number of unrelated items that working memory canhold, evenwith rehearsal, 

is limited. The capacity of working memory is "the magical number sevenplus or minus 

two." (Miller, 1956). However, individual items can be "chunked" into familiar units, 

regardlessof size,and these canbe recalled as an entity. For example,IBMJFKlV is more 
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difficult to recall than IBM JFK TV (Sanders& McCormick, 1987). Indeed, when Loftus 

(1979)examinedsubjects'ability to recall air traffic control infonnation, he found that four-

digit codeswere better retained whenparsedinto two-digit chunks("seventeeneighty-five") 

than when presentedas four digits ("one seveneight five"). 

The number of attributes of a single object that mustbe rememberedaffect its ability 

to be chunked(Wickens, 1987). For example,Yntema (1963,cited in Wickens, 1987)found 

that subjectsshowed much better memory for a small number of objects that varied on a 

greater number of attributes than for many objects that varied on few attributes. The 

implication for air traffic control is that altitude, airspeed,heading,and size of two aircraft 

would be better retained than the altitude and airspeedof four aircraft, eventhoughin each 

case eight items are to be held in working memory (Wickens, 1987). 

What causespeople to forget items in working memory? Two major causesseemto 

contribute to the disruption of the memory'trace: (1) the memory"decays"and becomesless 

meaningful as time passes,(2) a competing activity disrupts the trace through interference 

(Wickens, 1984). Interference canresult from similarity, retroactive inhibition, or proactive 

inhibition. When a group of items to be remembered are very similar, more forgetting 

occurs(Wickens, 1987). For example,Fowler (1980)discussedthe problem of similar fleet 

numbersamongaircraft. The interference due to similarity betweenitems makesit difficult 

for the controller to maintain their separateidentities (i.e., by time of arrival) in working 

memory (Fowler, 1980). 

Retroactive inhibition is interference due to any activity that takesplace betweenthe 

time that the material is encodedinto memoryand the time that it is retrieved for later use 

(Wickens, 1984). The retention and retrieval of Task B information, for example,maybe 

inhibited by performing a Task C which follows and which intervenesbetweenthe learning 

and retrieval of Task B information. Likewise, TaskA which precedesTask B mayinterfere 

with retention of Task B material. The latter is referred to as proactive inhibition. A 

manifestation of proactive interference was observed by Loftus (1979) in the study of air 

traffic control communications. He found that recall on a given trial was significantly 

disrupted if it followed the preceding trial by less than 10 seconds. Intervals of greater 

10 



length apparently allowed the material from the preceding trial to dissipate, so that its 

subsequentinterference with new material would be minimized. 

The above discussiondescribes human limitations of search and retrieval from 

working memory. However, capabilities and limitations of infornlation storageshould also 

be considered. Directing attention towards stimuli is required for information to be 

processed from sensorystorage into working memory. Wickens (1984) discussedthe 

searchlight metaphor to describethis perceptual type of attention: "Momentary direction 

of 2.ttention can be thought of as a searchlight. ..Everything within the beam of light is 

processedwhether wanted (successfulfocusing) or unwanted (failure to focus)" (p. 250). 

There are three different typesof situations, or tasks,which determine how this "beam" of 

attention is focused(Sanders& McCormick, 1987). In the first, selectiveattention,a person 

monitors several sources of information to determine whether a particular event has 

occurred. For example,a controller scansinformation on the radar scope to determine if 

a particular aircraft has "acquired". In the secondtype of task,focused attention,a person 

attends to one source of information and excludesall others. For example, a controller 

listens to a pilot's clearancerequest on the radio and shuts out ,all other noise. Finally, in 

a divided attention situation, the person must perform two or more tasks simultaneously, 

which requires time-sharingof attention between the tasks. For example, the controller 

utters clearance delivery information while simultaneouslymarking the flight strip. 

In the last type of attention task, a broader range of human performance must be 

considered than merely perception. Wickens (1984)describesthis broader range in terms 

of resources,in which a limited amountof mental processingcanbe directed toward two or 

more simultaneoustasks. Wickens' multiple resourcetheorypostulatesseveralindependent 

resourcepools, and states that when taskssharethe sameresourcepools, performance will 

be disrupted. While much theory building and researchhas been accomplishedusing this 

model in recentyears,predictions on the outcome of time-sharing real-world tasks,suchas 

in air traffic control, are still somewhatpremature (Sanders& McCormick, 1987). 

I 
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Reviewof Air Traffic Controller Memory Research 

The functioning and organization of working memory in air traffic controllers has 

been experimentally investigated by few researchers. These studies are briefly described 

below. Implications of the results for controller working memory are also discussed. 

Leplat and Bisseret(1966)developeda working model of controller mental processes 

in which they propose that the primary mental task of controllers is a categorizationtask. 

Aircraft are defined by attributes and their specificvalues. Attributes that a controller uses 

depend on his goal, which is to maintain separationbetweenaircraft. The controller is not 

concernedwith individual aircraft, but pairs of aircraft, specifically,future statesof aircraft 

pairs. The future statesare classifiedinto two maincategories: conflicting pairs and others. 

Leplat and Bisseret analyzed verbal protocols (think aloud technique) and interviews to 

determine the organizationand functioning of controller mental processes.They found that 

the following six attributes of aircraft pairs are compared in this order: 

1) Level 

2) Flight paths 

3) Longitudinal separation 

4) Relative speeds 

5) Direction of flights after reporting points 

6) Lateral separation. 

After comparisonof data at eachattribute, the controller determines conflict or no 

conflict If there is no conflict, he takes no further action. If there is conflict, he issues 

control instructions and continues monitoring the situation. 

In a later study,Bisseret(1971)used this model to examinethe effects of controller 

qualification level and amount of traffic on what he called the controllers' 

567). Controller qualification levels were trainee, controller, and first (p memory" 

controller, Traffic levels were 5 aircraft, 8, aircraft, and 11 aircraft. Operative memory was 

measured by the following dependent variables: 

1.2 
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information should be presented in sucha manner so that it is easilychunked. Important 

piecesof information should be highlighted and made easilyaccessible. 

A colleague of Leplat and Bisseret, Sperandio (1971) examined the effects of 

workload on controller cognitivestrategies.Sperandio proposed that increasingworkload 

does not necessarilyimpair performance, rather, workload affects operational strategies 

which enable controllers to maintain a chosen level of performance. By varying their 

strategieswithin the flexibility allowed by the task, controllers can maintain their workload 

at a level compatible with information processinglimits. 

Sperandio tested this idea by presenting 15 approachcontrollers with varying levels 

of traffic on a simulated radar display. The display included a video map and distance 

markers with aircraft and correspondingcall signs. The number of aircraft on eachdisplay 

varied from 4 to 8 (five levels), and the number of aircraft already under control (already 

given landing instructions) was either zero, two or four (three levels). Controllers were 

instructed to sequence the "non-controlled" aircraft for landing and give control instructions 

accordingly. To do so, they had to request data such as headings, flight levels, speeds, 

aircraft types, etc. The experimenters collected the following information: (1) routing 

solu~ionschosen (direct approaches,standardizedroutings, use of holding patterns, and 

separationdistancesbetween aircraft), and (2) the data requested by each controller and 

the order of this data. 

Sperandiofound that, under low traffic levels,controllers used more direct routings. 

At higher traffic levels, they tended to use sta17.dardized,outings and more holding patterns. 

Secondly, when traffic increased from four to eight aircraft, the number of data relative to 

performance (aircraft type, size, speed,rate of descent,etc.) increased from 4 to 6, then 

decreasedfrom 6 to 8. When routing wasdirect, performancedata were requestedfor 85% 

of tqe aircraft. When routing was standard, perfornIance data were requested for only 30%. 

Basttd on this evidence, Sperandio suggested the following model: when traffic was low, the 

controller used more direct routing strategies which required him to know more 

performance data necessaryto separate the aircraft. When traffic was high, the controller 

immediately used standard approaches which did not require knowledge of performance 

data except to give more precise instructions. Thus, when traffic level increased. the

1.4 
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controller reduced the number of variables he must process. Controllers seemedto 'self-

regulate"their operating strategies. They usedmore economicalmethods when traffic load 

reached their capacitylimits and lesseconomical methods when traffic load did not stress 

their limits. Sperandiosuggestedthat, with low workloads,the lesseconomicalmethod also 

fulfilled the controllers' need to maintain activity. He concluded that automatedaids must 

beflexible enoughto follow the controller'sstrategies. 

The implications of Sperandio'sand Bisseret'swork for the organization of tactical 

working memory and for the designof memory aidsare clear. First, information in working 

memory is probably organizedhierarchically. The more important a piece of information, 

the more frequently it is likely to be used (for example, flight level) and accessible. This 

idea is consistentwith Bisseret's conclusionthat working memory is "a temporary memory 

of real data, organized and structured by the processesof work" (cited by Sperandio, 1978, 

p. 198). It contains information both useful (alwaysretained in memory) and useless(only 

retained within the limits of "availablespace"). Secondly,job aids should be designedto be 

flexible enough to vary with controller strategies. For example, the controller may 

sometimesneed additional information for each aircraft, but this information should not 

alwaysbe presentedbecauseit would clutter the scopeand the controller's mind under high 

traffic loads. Under low traffic loads,the controller shouldbe able to easilyselectan option 

to display the additional data. 

3.3 A Definition of Controller Tactical Working Memory 

We have developed a definition of controller tactical working memory based on 

general knowledge of memory functions and organization. Our definition includes general 

characteristicsof controller tactical working memory, in terms of functional requirements, 

contents,capacity,limitations and organization. The functional requirements are: 

1. Attention is required for sensoryinput to be processedinto working memory. 

Rehearsalis required to maintain the contents of working memory for the 
three to five minute tactical window. 

2. 
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The contentsof controller working memory in tactical operationsinclude data such 

as: 

Current altitude, airspeed, heading, size and type for each 
controlled aircraft 

~ 

Projected altitude, airspeed and heading based on planned 
tactical maneuvers(clearancesto be given) 

... . 
Inchange ofroute... Recent communications such as 

flight/altitude, clearancerequests,etc. 

Weather conditions; runwayconditions,navigational aids status.. 

Each aircraft's position under his control in the controlled 
airspace,and in relation to other air traffic 

Projected potential conflictions between aircraft based on the 
above information. 

.. 

1 

The above items are probably chunked in some fashion because the number of 

individual items exceeds 7 .:!:.2. The number of individual items in working memory will 

also vary by the number of aircraft in a controller's airspace, which probably affects 

chunking strategies within memory, as well as operational strategies that determine memory 

organization. As demonstrated by Sperandio's (1971, 1978) and Leplat and Bisseret's (1966, 

1971)Iwork, traffic loads and situations affect decision processes, and decision processes 

affect both the sequence of mental operations and the number and kinds of data used in 
! 

those operations. Thus, working memory is organized hierarchically, with the most 

important information at the top (e.g., conflict or no conflict between two aircraft) and less 

important information below (e.g., type or speed of each aircraft). Information is also 

organized to project future states. 

i The contents of tactical working memory are constantly changing. Existing 

information is updated, new data is added, and old information is thrown away. There is 

a great potential for interference due to similarity between items, proactive and retroactive 
I 

inhibition. The demand on the controller's attentional resources to update working memory 

contents, in response to the dynamic environment, is quite high. 

16 



The contentsof longtennmemoryaffect storage,searchand retrieval of information 

from tactical working memory. The controller's training, procedures in use, and preferred 

control strategieswill affect storage,search,and retrieval functioning. 

Thus, our definition of controller tactical working memory consistsof functional 

requirements (attention and rehearsal), contents (aircraft data, position, etc.) capacity (7 

.:t.2),and limitations (interference) within a three to five minute tactical window (Figure 2). 

The organization of information within tactical working memory depends heavily on 

individual differencesand situational factors, suchastraffic load. The controller's training, 

procedures in use, and personal preferences,all of which reside in long term memory, 

determine specific searchand retrieval mechanisms. However, the main objective of this 

effort is to develop a sufficient understandingof working memory in relation to controller 

tasks, and to determine memory lapses that lead to controller operational errors. It is 

toward this objective that the remainder of the report is focused. 
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automatically. Examplesof controller skill-basedperformanceinclude radar scopescanning, 

rolling the trackball to a target, and marking flight strips. At this level, the controller uses 

sensorymemory, which lastsa few fractionsof a second,and short term memory which lasts 

a few minutes. Errors can occur at any processingstage. At the perceptual stage, the 

controller can misread or mishearinformation. For example,the controller mishearsthe 

aircraft call sign becausethere is noise or static on the line. This is often a problem when 

the ATCS is controlling two aircraft with similar call signs,and he confusesone for the 

other during communications(Mona~ 1983). 

A second group of skill-based errors involve the motor component, and can result 

from normal human variability in performance. For example,the controller pushesbutton 

B instead of button A. Rasmussen (1986) calls this group of errors "man-system 

mismatches",specific types of which include motor variability, topographic misorientation, 

and stereotype takeover. Motor variability results from a lack of precision in the motor 

movement. Topographicmisorientation occurs when the person misjudges the physical 

environment. Stereotypetakeoveroccurswhen another motor schematakescontrol because 

the person's attention from the original schemawas diverted. The main point here is that 

skill-based errors due to human variability will occur, therefore, systemsshould be made 

error tolerant. The implication for designof job aidsis that they shouldbe compatible with 

the existing design of work stations and tasks,and should also be tolerant to variability in 

skill-based performance. 

A third type of error that can occur doesinvolve cognitive processingand memory, 

specifically, the encoding and rehearsal of data in working memory. If the controller is 

distractedor his attentional resQurcesare overlytaxedduring this processing,the data is lost 

from working memory. Examplesinclude not taking notes properly and forgetting what was 

supposed to be written down, and not completing one transaction before going on to 

another. 
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4.2 Rule-basedBehavior 

Rule-basedperformance is at a higher cognitive level and consists of use of 

proceduresand rules. The controller recognizesa situation and associatesit with a stored 

rule or procedure for executing the tasks. Rules and procedures come from either 

instruction or experience and are maintained in long term memory (LTM) Working 

memory is used to processthe new, incoming data. Any interference or distraction during 

this processing can result in forgetting, or errors in recall. Rasmussen(1986) identified 

several error types for this performance level that result from human ~riability. They 

include forgettingan isolateditem (e.g.,a frequency), omission of an isolatedact (forgetting 

to inform another controller of something), incorrectrecall of isolateditems (transposing 

numbers, confusing similar call signs),and mistakeamongalternatives(choosingthe wrong 

procedure to enact for a situation) 

second group of error types result from improper human adaptation to 

system/environment changes. In these cases,changes in the environment require the 

operator or controller to shift to a higher level of behavioral control, but for some reason, 

he or shedoesnot. Rasmussen(1986)callsthis failure to activate knowledge-basedcontrol 

'familiar associationshott-cut"(p: 58). Changesin the systemthat require rational reasoning 

(i.e., knowledge-basedreasoning)are not perceivedby the operator. Instead,the operator 

relies on familiar signs that do not normally require analytical interpretation. Rasmussen 

(1"986)assertsthat there is a considerableprobability that this type of error occurs with 

highly skilled (i.e., experienced)operatorswho have a large repertoire of convenientsigns 

and procedural short-cuts. 

4.3 Knowledge-based Beha-vior

Knowledge-basedperformance is the highestlevel of behavioral control. It involves 

the formation and maintenanceof anindividual's mental model of the operationalsituation. 

This level is especially critical for dealing with novel situations At the knowledge-based

level, the controller must analyze the environment, form a goal, and develop a plan or 

strategy. His analysisof the situation dependsuponhis internal representationof the system 
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he is controlling --his mental model or "picture" of the system. An example of knowledge­

basedperformanceis that of a controller just corning on to position. He must analyzethe 

traffic situation, form goals in terms of keeping specific aircraft separated,and develop a 

strategy(e.g.,vectoring, speed/altitude changes,etc.) for doing so. If the controller has not 

beenbriefed properly by the previous controller at the position, or if he hasforgotten what 

he had been told, his mental model, goals,and strategiesmay not be appropriate for the 

traffic situation. Obviously,both working and long term memory are involved in knowledge­

basedperformance. Processingor memory errors that occur at the lower levels of skill- and 

rule-basedperformancewill ultimately affect processingat the highestlevel. Similarly, the 

controller's goals and strategiesfor dealing with a situation will affect the proceduresand 

rules he enactsto carry out tasks,as well as the tasksthemselves. 

Errors that occur during knowledge-basedreasoning result from improper or 

inadequate adaptation to systemchanges. Rasmussen(1986) classified these mismatches 

into two groups: 

Adaptation to system/environmentchangesis outside the person's capability 
limits --knowledge is not available due to excessivetime or workload 

requirements. 

1. 

2. Adaptation is possible,but unsuccessfuldue to incorrect decisionswhich result 
in acts upon the systemthat are inappropriate. 

An example of the first type occurs when the controller losesthe "picture" because 

of excessiveworkload or stress. An example of the secondtype of error is provided by an 

accident that was originally described by Danaher (1980). An L-1011 wide body jet was 

diverted from its night approach to Miami International Airport becauseof an apparent 

malfunction in the nose landing gear system. The pilot followed an ATC clearance to 

proceed west from the airport at 2000 ft altitude, at which time he engagedthe autopilot 

to reduceworkload so theycould determine the causeof the malfunction. Preoccupiedwith 

this malfunction, the crew did not notice a gradual descent resulting from inadvertent 

disengagementof the autopilot. At one point during the diversion, the Miami approach 

controller noted an altitude reading of 900 ft in the flight's data block on the radar scope, 

and inquired, "How are things comin' along out there?" (Danaher, 1980,p. 542). the 
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flight crew respondedwith an indication of satisfactoryprogressand intent to return to the 

airport. This response,plus the knowledge that the ARTS-Ill equipment could indicate 

incorrect information for up to three scans,led the controller to believe that the flight was 

in no danger. Less than 30 sec after this last exchange,the aircraft struck the ground, 

killing 99 of the 163 people aboard. A different outcome may have occurred if the 

controller had been prompted to advise the flight of its altitude based on his displayed 

altitude indication. Instead, he apparently made an inappropriate decision which went 

undetected at the time. 

The various error types discussedabove are summarized in Table 3. These error 

categories will be used to analyze and describe controller operational errors, and are 

discussedin Section5.0. 

TABLE 3. SUMMARY OF COGNITIVE ERROR CATEGORIES1 

lRasmussen,1986 
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SECTION 5.0 CONTROLLER MEMORY AND OPERATIONAL ERRORS 

A number of factors are at work in the efficient control of aircraft: the air crew, 

controllers,airline personnel,prevailing conditions,andthe operationalstatusof the aircraft. 

An operational error usually involves some combination/interaction of the above factors. 

To monitor and evaluatesucherrors, the FAA hasinstituted the National Airspace Incident 

Monitoring System(NAIMS) which providesdata on operational errors and deviations,near 

midair collisions,and pilot deviations. The Operational Error System(OES) is a component 

of NAIMS that provides data on preliminary and Final Operational Error and Operational 

Deviation Reports (Forms 7210-2and 7210-3)submitted to the Office of Aviation Safety 

from air traffic field facilities throughout the nation. Operational errors are "violations of 

the applicable minimum separation criteria between two or more aircraft, or between 

aircraft and terrain, obstacles,or obstructions" (FAA, 1987,p.1). 

In 1986,1352operational errors were reported to the FAA and recorded in the DES 

database. About 96% of these errors were attributed to human error, as opposed to 

equipmentmalfunction, etc. (FAA, 1987). The impact of human error wasalsonoted about 

ten yearsearlier, in an analysisof controller and supervisorperformance to identify factors 

underlying systemerrors. Kinney, Spahn& Amato (1977) analyzedthe existing database 

(the SystemEffectiveness Information System),and reported that more than 90% of the 

errors were attributed to failures in attention,judgement,andcommunication. Kinney, Spahn 

and Amato also visited several air traffic control facilities and observed controller 

performance to determine the elements and underlying causesof systemerrors. System 

error elementswere defined as "those control techniques or work habits which contribute 

to, lead to, or directly bring about a systemerror" (p. 4-1). The most frequently observed 

systemerror elements (not in any order of importance) included: 

1) controlling in another controller's airspace 

2) timing and completenessof flight data handling 

3) inter-positional coordination of data 

4) use of altitude (Mode C readout) on display 
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5) procedures for scanningand observing flight data and displays 

6) phraseologyand use of voice communication 

7) use of human memory, especiallyin avoiding mental blocks 

8) dependenceon automatic capabilities. 

We adapted Kinney, Spahn and Amato's system error element categories in our 

analysis of near mid-air collision reports (NMACs) filed with NASA's Aviation Safety 

Reporting System(ASRS) (Table 4). The purpose of this review was to determine how 

controller work habits and techniques, as categorized by Kinney et al., contributed to 

memory failure and resulted in the NMAC. A sample of 69 ASRS reports, filed between 

January 1, 1986to December31, 1987was analyzed. The analysiswas accomplishedmore 

to gain insightinto the nature of memory-relatederrors than to determine statisticallyvalid 

frequencies of occurrence. (ASRS reports are submitted voluntarily, thus they cannot be 

used for statistical purposesbecausethe underlying population is unknown. However, the 

FAA's OES databasecanbe usedto determine frequenciesof operational error occurrence. 

An analysisof these reports (FAA, 1987,1988) is ongoing and,will be submitted under a 

separatecover.) By understandingthe nature of controller work habits and techniquesthat 

contribute to memorylapses,we can then identify job aids (new devicesand/or procedures) 

that provide controllers with structuredproceduresthat enable them to prevent errors from 

occurrIng. 

Each ASRS report in the sample \vas reviewed and placed into one of the system 

error categories. Basedon the information provided in the ASRS narratives,a scenariowas 

developed that describeda "typical" sequenceof events and controller actions that lead to 

the system error category. For each systemerror category, a list of potential underlying 

causeswas generated. For example,the underlying causesthat result in controlling aircraft 

in another's airspaceinclude lack of proper coordination, utilizing ARTS readout and not 

verbal communication, and shortcutting or attempting to expedite aircraft movement. Any 

of these causativefactors could have been the true source of the error. 
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TABLE 4. OPERATIONAL ERROR CATEGORIES AND CAUSATIVE FACTORS


a. 
b. 
c. 

Lack of proper coordination. 
Utilizing ARTS readout and not verbal communication. 
Shortcutting or attempting to expedite aircraft movement (pilot intimidation.) 

PROCESSING FLIGHT DATA MANUALLY "NTER/J~~!~2. 

a. 
b. 

c. 
d. 

Inappropriate use of intercom. 
Assuming message has ceen received wnen tnere is no vercal acknowledgement. 
Issuing ciearance IntO anotner sector's airspace before receiving verbal permission, 
Failure to verify message information. 

a. 
b. 
c. 
d. 

Inattention or lack of discipline in updating/scanning radar displays for potential conflictions. 
Inattention or lack of discipline in updating/scanning traffic patterns for potential conflictions. 
Focusing attention in one quadrant of radar scope or traffic pattern when events dictate complete scanning. 
Inappropriate mental checklists while scanning radar displays/traffic patterns, thus failing to understand what is 

seen. 

INAPPROPRIATE PHRASEOLOGYAND IMPROPER VOICE COMMUNICATIONS. 

a. 
b. 
c. 
d. 
e. 
f. 

g.
h. 

Nonstandard phonetics and numbers. 
Improper usage of control instructions. 

Homespun phraseology. 
Poor intercom procedures. 

Levity, non-ArC-related conversations. 
Cut off transmissions. 
Failure to control frequency. 
Inattentiveness to readbacks. 

a. 
b. 
c. 
d. 
8. 
f. 
g. 

Non-verification of essential information. 
Failure to assign proper priority to the exchanging of essential traffic information. 
lack of symbology indicating non-existence of aircraft. 
Relying on the automated system to provide control solutions. 
Invalidation of Mode C readout. 
lack of stripmarking to assist in the event of system failure. 
Using information or lack of information as a causative factor when explaining "what happened." 
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Systemerror categoriesand their descriptivescenarioswere alsorelated to the cognitive 

error categoriesidentified by Rasmussen(1986) that were discussedin Section4.0. We 

determined the underlying cognitive processesthat result in various types of error and 

related them to the controller cognitive model. In this way, we could identify the memory 

component(s) that contributed to the error and potential memory aids. The memory 

factor(s) associatedwith each systemerror categoryare discussedin terms of our concept 

of controller tactical working memory (Section3.0). For someerror categories,we provided 

supplemental information that is not directly related to memory, but contributes to an 

understanding of the sourcesof error and potential ways of eliminating them. Table 5 

provides a summaryof operational error categories,cognitive errors, and memory factors 

that are discussedin detail below. 

TABLE 5. OPERATIONAL ERRORS, COGNITIVE ERRORS AND MEMORY 

Controlling aircraft in 
another's airspace 

Manual processing of flight 
data 

Inter/intra-facility 
coordination 

Assuming separation will 
exist 

Improper radar/visual 
scanning 

Inappropriate phraseology/ 
voice communication 

OVeruse of automation 
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5.1 Controlling Aircraft in Another's Airspace

Scenario: Controller A, at pilot request, clears a departure aircraft directly to a 

departure fix, turning the aircraft inside of the 10 mile mandatoryturning area. He 

then climbs the aircraft to assignedaltitude without coordinating with Controller B 

for usage of his airspace. The result is lack of standard separation between his

aircraft and one of Controller B's aircraft. Controller A's rationale is that he "quick-

looked" (alphanumeric key entry that allows controller to observeon the radar scope 

aircraft not under his control) Controller B's aircraft and didn't see any traffic. 

CausativeFactors: Improper coordination procedures,i.e., use of ARTS readout for 

required information rather than verbal communication;short-cutting or attempting 

to expedite aircraft movement. 

RelationshiI2to Controller Cognitive Model: This type of operational error corresponds 

to the cognitive error omissionof an isolatedact associatedwith rule-basedbehavior. 

By attempting to expedite the situation, the controller forgot (or did not want) to 

inform the other controller of what he was doing. 

Memory Factor: Under low traffic loads, controllers tend to use procedural shortcuts 

in order to expedite traffic movement. Standardizedprocedures are learned in 

training, and generally followed under high traffic load situations, but not always 

under low traffic loads. A memory aid that fosters use of proper procedures (via 

reminders or checklists, for example) would eliminate this type of operational error. 

5.2 ProcessingFlight Data Manually Inter/Intra-facility 

Scenario: Radar approach controllers relay the landing sequence,including types of 

aircraft, to the tower AssistantLocal Controller (ALC). This information is placed 

on flight strips in front of the Local Controller (LC). Due to a changing traffic

picture, approach control then revises information including type of aircraft and 

position in the landing sequence, so that movement of strips and written revisions are 
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required. ALC should tell LC of changesimmediately (both written and verbally), 

but waits and forgets some of the information which leads to a runway incursion. 

Causative Factors: Delay in processing infonnation that will be shared by other 

controllers; failure to upgradecomputerentriesandassociatedmanual strip updating; 

improper processing or sequencingof active data; not manually noting pertinent 

information but reliance on recall memory; poor housekeeping. 

Relationshil2 to Controller Cognitive Model: This type of operational error is related 

to the cognitive errors inco"ect recall of isolated items and forgetting an isolated item 

associated with rule-based performance. By not using appropriate note-taking 

procedures, the controller forces himself to rely on recall, which is highly susceptible 

to interference, rather than recognition. 

~o~ Factor: As mentioned above,reliance on recall rather than recognition places 

a higher load on memory and attentional processes. Kinney et al. (1977) observed 

that poor note-taking and organization of flight strip data (what they called "poor 

housekeeping")was a major source of operational errors. Frequently observed 

controller note-taking actions that did not facilitate memory included (a) not taking 

noteswhen there was an opportunity to do so,thus increasingreliance on recall, (b) 

not taking notes in such a way that the form and content were organized in 

accordance with what had to be remembered, (c) not canceling old items on notes 

and strips, which caused confusion as to which items were current or active, (d) not 

adopting a fixed scheme or method for use at all times, (e) not writing large enough 

or legibly enough, thus failing to aid memory effectively, and (f) not keeping notes 

in such a way as to aid passing relevant information to. another controller when 

relieved at the position. A procedure or job aid that can enhance note-taking and 

use of flight strips will eliminate this source of operational errors. 
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5.3 Inter/Intra-Facility Coordination 

Scenario: Controller A clears an aircraft to deviate awayfrom adverseweather without 

coordinating with Controller B whose airspacewill be penetrated by the deviating 

aircraft. Controller A has plenty of time to perform coordination but is distracted 

by non-work-related conversationon the intercom. Controller A then tries to hurry 

up and complete the coordination, but can't get through to Controller B who is 

extremelybusydue to the adverseweather. He usesthe intercom to request aircraft 

deviation but does not receive anyverbal acknowledgement. Controller A assumes 

Controller B got the information, and turns his attention to other tasks. In the 

meantime, the deviating aircraft is not recognized by Controller B in enough time to 

prevent less than standard separation with another aircraft. 

Causative Factors: Issuing clearance into another sector's airspace before receiving 

verbal permission; assumingmessagehas been received when there is no verbal 

acknowledgement; failure to verify message information 

Relationshiu to Controller Cognitive Model: This type of operational error is related 

to the cognitive error omission of an isolated act associated with rule-based behavior. 

By allowing himself to be distracted by non-work-related conversation, the controller 

did not remember to enact the correct procedure in enough time to prevent an 

incident. 

Memo~ Factor: In low to moderateworkload situations, controllers are more prone 

to distraction and socializing. In this scenario, Controller A did not forget to 

As with operationalcoordinate with the other controller, but remembered too late, 

error # 1, a memory aid that ensurescontrollers use proper coordination procedures 

would eliminate this source of operational errors. 
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5.4 Assuming SeparationWill Exist 

Scenario: Controller A has severaldeparture aircraft under his control, one of which 

he is radar vectoring to a center controller's airspace at 9,000ft with a final altitude 

requestof 11,000ft. This aircraft will go between two arrival aircraft at 12,000ft 

that are under control of Controller B. Controller B assumesthe departure aircraft 

will stop climb at 9,000,which is the lateral limit of his airspace,and descendshis 

arrival aircraft to 10,000ft. well within his airspace. Controller A, using Mode C 

altitude readout on Controller B's aircraft, assumes the arrival aircraft are 

maintaining 12,000ft. Controller A climbs his departure to 11,000ft. without verbal 

coordination. Due to computer altitude readout lag, he fails to see the arrival 

aircraft descending. This results in a less than standard separation between the 

departure and arrival aircraft. 

CausativeFactors: Climbing or descendingone aircraft when not in control of other 

aircraft; using Mode C altitude of aircraft not under control as barometer for issuing 

clearance; assuminginformation presented is factual; lack of positive control; not 

issuingtraffic information in a timely manner. 

Relationshi12to Controller CognitiveModel: This type of operational error is associated 

with a failure to activate knowledge-basedcontrol that results in familiar association 

sho.rt-cut. The controller did not perceive a change in the traffic situation that 

required him to shift to knowledge-basedreasoning. Instead, he relied on familiar 

signs, i.e., Mode C readout. Assuming the arriving aircraft were actually at the 

displayed altitude, the controller went ahead and climbed his departing aircraft, 

leading to an error. 

Memo~ Factor: Controller training and experience,reflected in long term memory, 

influencesthe occurrenceof this kind of operational error. A controller can develop 

a habit of using inappropriate control proceduresbecausethey seemto lighten his 

workload. This is reflected in what Kinney et al. (1977)called the "hot rod attitude" 
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seenin some controllers. A controller with a hot rod attitude thinks that his way of 

doing things is as good as or better than anyone else's, including recommended 

standardsand required practices in FAA handbooks,etc. Mandated use of certain 

procedures,supplementedwith directivesto and supportof supervision(i.e., detecting 

and dealing with the hot rod attitude) would.eliminate this source of operational 

errors (Kinney et al., 1977). 

5.5 Improper Radar/Visual Scanning 

Scenario: Controller A has several aircraft spaced 10 miles apart descending from 

17,000to 10,000for hand-off to approachcontrol. Knowing that aircraft enter the 

back of Controller A's holding pattern airspace at 13,000ft, Controller B requests 

permissionto use 12,000for a slow, light aircraft that will barelypenetrate Controller 

A's airspace. Controller A, who is not holding, approves it. A moment later, 

approachcontrol advisesController A that holding is necessary.Controller A starts 

to establish a holding pattern, stacking his aircraft 1,000 ft apart from 10,000to 

14,000ft. He becomestotally involved in obtaining vertical separation on his own 

aircraft, and doesn't see the aircraft at 12,000ft in the back of his holding pattern. 

This results in two aircraft at 12,000ft with less than standard separation. 

CausativeFactors: Inattention or lack of discipline in updating/scanning radar displays 

for potential conflictions; focusing attention in one quadrant of radar scopeor traffic 

pattern wheneventsdictate completescanning;inappropriate mental checklistswhile 

scanningradar displays/traffic patterns, thus failing to understand what is seen. 

Relationshil2to Cognitive Model: This type of operational error correspondsto one of 

the knowledge-basedcognitive error concerning adaptation to systemchanges. In 

this case,adaptation waspossible,but unsuccessfuldueto inco"ect decisions/acts. By 

focusingentirely on controlling the holding pattern, the controller failed to take into 

considerationthe light aircraft. 

34 



Memo~ Factor: In the scenariodescribedabove,the controller focusedhis attention on 

stacking the holding pattern, rather than dividing his attention between the holding 

stack and other aircraft in his airspace. A job aid that would help controllers 

prioritize tasks would enable them to develop an optimum time-sharing strategy 

(Sanders& McCormick, 1987). 

5.6 Inappropriate Phraseology/Voice Communications 

Scenario: Controller A is controlling EA234 at 10,000ft, Dl.349 at 12,000ft and EA123 

at 14,000ft all within a 10 mile radius. He issuesinstructionsto EA234 to descend 

to 8,000. Due to being extremelybusy, the controller does not key his transmitter 

long enough for the entire signal to transmit. The abbreviated call sign of "EA23" 

comes out on the other end. EAl23 hears the clearance, acknowledgesit, and 

descendsto 8,000ft. The controller does not hear EA123 read back the clearance 

and assumesthat EA234 is descending. The result is less than standard se?aration 

between the three aircraft. 

Causative Factors: Use of non-standard phonetics or numbers; improper usage of 

control instructions; homespunphraseology;poor intercom procedures;levity, non-

ATC-related conversations; cut off transmissions; failure to control frequency; 

inattentivenessto readbacks. 

Re1ationshi12to Cognitive Model: This error type correspondsto the skill-based error 

stereotypetakeover. Stereotype takeover occurs when the person's attention to the 

original motor schemais diverted and another motor schematakes control. The 

controller was in a hurry and did not key the microphone long enough for the 

complete transmissionto be issued,and then did not "hear" EA234 read back the 

clearance. He was not expectingEA234 to readbackand therefore paid no attention 

when they did, 
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Memo~ Factor: The problems associatedwith ATC/pilot communicationsare well-

documented (e.g., Monan, 1983). Mechanical misuseof the microphone combined 

with incorrect/inappropriate phraseology contributes to a variety of 

misunderstandings in ATC/pilot communications. Controller expectation, or, 

"hearing what you expect to hear" is probably the reason for missing/failing to 

acknowledgereadbacks.A memoryaid or procedure that fostersuseof correct radio 

communication procedureswould eliminate this sourceof operational errors. 

Overuseof Automation (NAS Dependence) 

Scenario: Controller A observesa radar beaconreturn in his airspace. Sincethere isn't 

a data tag associatedwith the target, nor had anyone coordinated with him, he 

assumesthe aircraft to be below or above his terminal control airspace. He 

continuesseparatinghis traffic and ignoresthe aircraft. An incident betweenone of 

his aircraft and the unidentified, untagged aircraft occurs. The controller says, "I 

didn't see him.' 

Causative Factors: Non-verification of essential infonnation; lack of symbology 

indicating non-existenceof aircraft; using information or lack of infonnation as a 

causative factors when explaining "what happened", 

Relat!onshir;!to Cognitive Model: This error type correspondsto the skill-based error 

stereotypetakeover. Stereotype takeover occurs when another motor schematakes 

control becausethe person'sattention from the original schemawasdiverted. In this 

case,the controller observedthe unidentified radar return, but continued with his 

regular control actions, forgetting about the non-taggedaircraft. in his mind, he 

never "saw" anythingbecauseit did not conform to his expectations(i.e., if it really 

was an aircraft, someonewould have told him about it). 

Memo~ Factor: The unidentified aircraft was never processedinto the controller's 

working memory because insufficient attentional resources were devoted to it. 
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Controllers tend to ignore untaggedradar returns. A newprocedure or memory that 

draws controllers' attention to untaggeditems and forces them to ascertainwhether 

it is an aircraft or not would eliminate this source of operational errors. 
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SECTION 6.0 JOB AIDS FOR AIR TRAFFIC CONTROL 

In section5.0,we discussedseventypesof operational errors that result from observed 

controller practices. Using the cognitivemodel andRasmussen'serror classificationscheme, 

we inferred the kinds of memorylapsesthat result from inappropriate control practicesand 

contribute to the incidence of operational errors. In this section,we will discuss(1) general 

functions and purposesof job aids and (2) some of the recent researchon job aids, and (3) 

job-aiding techniques and approaches currently being investigated by the FAA. This 

research is discussed to provide a sense of the scope and magnitude of job-aiding 

techniques,approachesand concernsthat are being investigatedtoday. In addition, we will 

usethe controller cognitive model to matchjob-aiding functions to the appropriate cognitive 

level, and therefore, to cognitive error and memorylapses. This is done to provide a logical 

link between the operational problems/memory lapses discussedin Section 5.0 and the 

potential memory aids presented in section7.0. 

6.1 Purposes and Functions of Job Aids

Job aids are "deviceswhich are designedto increasethe human capacityfor information 

storage and retrieval. They reduce not only the amount of decision-making necessaryto 

perform a task, but also the need for human retention of procedures and references" 

(Swezey,1987,p. 1040). Traditionally, the developmentof job aids has focused on tasks 

which involve the following of long, complicated procedures, such as maintenance or 

troubleshooting (Swezey,1987). However, job aids can serve in other capacities, suchas 

cueing, aids to association,analogs,and examples. Cueingaids direct the user's attention 

to certain characteristicsof information (via highlighting, arrows,underlining, etc.) or signal 

the useras to what actionsto take for a specific situation (e.g.,checklists). Associativeaids 

enable the user to look up data relating to existing information, such as code books or 

graphs. Analogs present information that cannot be displayed directly, suchas schematic 

diagramsor mimics. Examplesillustrate the responsesrequired to complete a task, suchas 

a sample form with filled in data (Swezey,1987). Managementinformation systemsand 
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automateddecisionaids are more advancedfonns of job aids that enhancedecision-making 

as well as recall of information (e.g., Sinaiko, 1977). Management information systems 

facilitate storage and retrieval of information, and provide time cues,triggers and models 

that aid rapid decision-making. Similarly, automated decisionaids provide predictive data, 

automatic alerts and warnings, and alternative coursesof action for tactical and strategic 

decision makers. In Table 6 we have linked thesejob-aiding functions to the appropriate 

cognitive level of performance. 

Thus, job aids that provide the user with TABLE 6. JOB AID FUNCTIONS AND 
COGNITIVE LEVELinformation he/she would otherwise have 

to retain in memoryare essentiallymemory 

aids. Job aids that function as cues,aids in 

association, analogs, and examples are 

a,ppropriate memory aids for air traffic 

control tasks. Procedural aids would likely 

not be effective because controller tasks 

tend to be of short duration and very 

dependept on the dynamic operational 

situation. Managementinformation systems 

and decisionaids are more technologicallyadvancedversionsof aids that facilitate decision-

making as well as storage, searchand retrieval of information. 

Considerations and Approachesto the Designof Job Aids for Air Traffic Control 

Most of the recent literature on development of job aids for air traffic control 

focusedon concernswith increasinglevelsof automation. For example,Hopkin (1982,1987, 

1988, 1989)emphasizedthe impact of increasingautomation on controller job satisfaction, 

skill development, and task structure. He assertedthat the influence of future changesin 

the man-machine interface, such as replacing paper flight strips with electronic ones, on 

memory and recall of relevant data has not been fully considered. On the other hand, a 

potential benefit of increased automation is more efficient gathering, collating, and 

presenting of information. For example.the data tag associatedwith eachaircraft depicted 
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on the radar displaycould be expandedto include whether it is in level flight, climbing or 

descending(Hopkin, 1989). 
Other researchershavesystematicallyinvestigatedthe effectsof increasedautomation 

of controller taskson controller performance. The concernis that automation will reduce 

controllers' active involvement in the system,therebyimpairing their knowledgeand overall 

appreciationof systemstate(Narborough-Hall, 1987). Usingpictorial problem-solvingta.sks, 

Narborough-Hall found that when operators adopted a passiverole (more decision-making 

was automated)memory performancewasimpaired. He concludedthat automation should 

be designedto aid controllers in their tasksand keep them in the control loop. 

Erzbergerand his colleaguesat NASA-Ames (Davis, Erzbergerand Bergeron, 1989; 

Erzberger and Nedell, 1989; Erzberger and Nedell, 1988)have developed a hierarchy of 

automationtools for air traffic controllers that are designedto keepcontrollers "in-the-Ioop". 

Using a human-centeredautomation approach, they have designed automation tools that 

"complement the skills of controllers without restricting ~heir freedom to manage traffic 

manually" (Erzberger and Nedell, 1988,p. 2). These tools are designedto be incorporated 

into the new controller suitesas part of the FAA's Advanced Automation Systemand are 

discussedbelow. 

At the highestlevel of the automation concepthierarchyis the Traffic Management 

Advisor (TMA). Its primary function is to plan the most efficient landing order and to 

assignoptimally spacedlanding times to all arrivals. The TMA will assistthe Center Traffic 

Manager in coordinating and controlling traffic betweenCenters, betweensectorswithin a 

Center,and betweenthe Centerand Terminal Radar Approach Control (TRACON) facility. 

TMA also allows the Center Manager to specifyrunway acceptancerates and to override 

computer generated decisionsmanually (Erzberger and Nedell, 1989). 

The next level of automation tools is design,edfor Center controllers who handle 

descenttraffic that flows into the TRACON. The Descent Advisor (DA) is driven by the 

output of TMA, receiving the specified gate arrival time for each aircraft passingthrough 

the arrival sector. The DA providesthe controller with continuallyupdated advisorieswhich 

they can use to keep the aircraft on time (Erzberger and Nedell, 1988). 
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The third automation tool is designed for TRACON controllers who take over 

control of traffic at feedergates. Thesecontrollers merge the traffic convergingon the final 

approach path and make sure the aircraft are properly spaced. If the center controllers 

have delivered the aircraft at the feeder gates at correct times using the DA, then the 

TRACON controllers will normally need to make only minor corrections to achievethe 

desiredspacing. The Final Approach SpacingTool (FAST) assiststhe TRACON controller 

in making these minor corrections with high accuracyand a minimum of headingvectors 

and speedclearances(Davis, Erzberger and Bergeron, 1989). 

All of these automation tools incorporate an interactive graphical interface that 

allows the controller or manager to select a desired level of computer assistance. For 

example,the controller canuse the tools to gain insight into the effect of planned actions, 

or he/she can use the tools to issue computer generated clearancesto the aircraft. The 

researchand ideas discussedabove(e.g.,Hopkin, 1989;Narborough-Hall, 1987)has shown 

that keeping the controller active and "in-the-loop"is an essentialcomponentto the success 

of newautomation. However, a primary concernis the developmentof aids that controllers 

can use in the presentATC systemto help meet increasing traffic loads. 

Engineers at MITRE Corporation have developed one aid that addressesthis goal 

(Mundra, 1989). The displayaid is designedto help arrival controllers conductconverging, 

staggeredapproachesto the runway. Convergingstaggeredapproachesare used at some 

airports, but they presenta difficult taskand highworkload for controllers. The displayaid, 

called the "ghosting" display, converts the convergingapproachesgeometry to simulate a 

single runway approachgeometry. For example,supposeApproach A and Approach Bare 

the final approachpaths for two intersectingrunways. Each has three aircraft along these 

approachpaths (AI, A2, A3 and Bl, B2, B3). The ghosting displayputs reference images 

of AI, A2 and A3 along Approach path B such that the distance of reference image Al 

from runway threshold B is equal to the distanceof aircraft Al from runwaythreshold A 

As aircraft progresson Approach A, their referenceimagesprogresson Approach B by the 

sameamount. This displayaid effectively transformsthe problem of controlling converging 

runway approachesto that of controlling a single runway. The ghostingdisplayis currently 

being field tested by the FAA and may be implemented by 1992(Mundra, 1989). 
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A third approach to the design of job aids is found by going to the controllers 

themselvesand asking, "What informal procedures/techniques/devicesdo you use now as 

aidsto memory?" Once this information is gathered,a systematicevaluationof effectiveness 

of eachaid could be determined. This kind of surveyapproachwas unfortunately outside 

the scope of this project. However, we did accomplisha limited, informal survey of this 

nature at a nearby facility, and also used subject matter expertise to determine effective 

memoryaids that controllers haveused in the past. Theseideasprovide the foundation for 

some of the aids that we propose in the next section. 
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SECfION 7.0 POTENTIAL CONTROLLER MEMORY AIDS 

For eachoperational problem area and its associatedmemory/cognitive errors, we 

Some of these aids are based on informalhave identified potential memory aids. 

procedures/techniques that controllers past and present have used as "memory joggers". 

Other aids are suggestedby literature findings that indicated the need for manual backup 

systemsto keepcontrollers active and "in-the-Ioop"(e.g.,Hopkin, 1982). The remainingaids 

are being developedby other researchersfor NASA and/or the FAA. In this section,we 

will describeeachmemoryaid and discusshow eachaddressesa particular memoryproblem 

There is no one-to-one correspondencearea (see Table 7 at the end of this section). 

between memory aids and problem areas --they often overlap. 

provided figures and illustrations of the potential memory aids. 

Where possible,we have 

7.1 Descriptions of Potential Memory Aids 

1. 	 CAN-Hand off Check off Blocks on Fli~ht Stri~s. These are four additional 
blocks proposedto be added to flight strips. Fo\lr boxes with the letters C, 
A, N, and H will be preprinted on strips. Controllers checkoff eachblock as 
the task that it representsis completed: 

C -Clear of all conflicting traffic 
A -Climbing/descending or at assignedAltitude 
N -Predetermined radar vector or on own Navigation 
H -Handoff to adjacentcontroller, sector, or facility. 

(SeeFigure 5 for illustration of CAN-Handoff blocks strip.: 

The first three boxes,marked C, A, and N are checkedoff when each 
respectiveitem hasbeenaddressedby the controller (they canbe checkedoff 
in any order). Once all three items, or tasks, are accomplished to the 
controller's satisfaction,the controller then hands off the aircraft to the next 
controller, sector, or facility. If the aircraft is on a radar vector, the controller 
must ensure that he has communicatedthis information to and coordinated 
with the next controller to handle the aircraft. 

Mandated use of the CAN-Handoff check off blocks forces the 
controller to en.surethat eachof thesethree items (represented by C, A, and 
N) has been taken care of prior to handing off the aircraft. The checkoff 
blocks also serve as a reminder or back-up of which tasks have been 
satisfactorily completed and which remain to be accomplished. Criteria for 
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checking off each block will probably vary from situation to situation; these 
criteria need to be identified before useof the CAN-Handoff checkoff blocks 
can be systematicallyinvestigated. 

The CAN-Handoff checkoff blocks were designedso that the letters 
"CAN" provide an easyto remember mnemonic device for the controller. 
Both new and experiencedcontrollers can be quickly taught what each letter 
standsfor, and training for this new procedure should be minimal (once the 
conditions for checkingoff eachblock are identified). The mnemonic "CAN" 
could potentially become another term in controller lingo, for example, "Is 
that aircraft CANned yet?" 

Becausethe blocks canbe checkedoff individually at anypoint in time 
while the aircraft is under his control, use of the CAN-Handoff blocks can be 
adaptedto suit various controller strategies. For example, in a low workload 
situation where the controller has just a few aircraft under his control 
simultaneously, he may employ a strategy that utilizes more refined and 
coordinated control solutions (e.g., expeditious routings), requiring him to 
processmore data per aircraft, which then takes more time and attentional 
resources. The controller can mark off each block at his leisure, as he 
completes eachitem representedby the block. If he is distracted by another 
task during this process, or should there be any interruption of automated 
data on his radar presentation, the block(s) already checked off provide a 
backup or record of what he has already done, and he can easily pick up 
where he left off. Alternatively, under medium and high workloads where the 
controller will use more standardizedroutings and control procedures, or is 
working with a holding pattern, he can quickly perform and check off the 
three required blocks (C, A, and N) before making the handoff or before 
directing his attention to the next aircraft. 

While it is proposed here that use of the CAN-Handoff check off 
blocks will reduce memory load in all of low, medium and high workload 
situations, the actual effect may prove to be the opposite under certain high 
workload conditions. It is stronglyrecommended that use of these check off 
blocks be thoroughly investigated in an experimental setting. 

The CAN-Handoff procedure is designed to be used in the existing 
NAS, but is also designedto be implemented in a fully automated system. 
The four checkoff blocks can be incorporated into the electronic flight strips 
designedfor the Advanced Automation System(AAS). In a fully automated 
scenario,this placesthe controller in an active participant role rather than in 
a monitoring function. The controller will be alert and able to intervene 
should a non-standardsituation or emergencypresent itself. 

Timesharing of data on data block using Quick look feature or trackball slew. 
The data block for eachidentified aircraft on the radar scope indicates the 
aircraft call sign, its present altitude and present airspeed. Additional 
information can be "timeshared"and presented in the data block once it is 

45 

2. 



entered into the ARTS computer. The proposed additional information 
should include last assignedaltitude, last assignedheading,and an arrow to 
indicate whether the aircraft is climbing or descending(no arrow if the 
aircraft is maintaining). For arrival aircraft when control is being passedto 
the tower, additional, timeshared information should include runway 
assignmentand type of aircraft. The controller canaccessthis information by 
an alphanumerickeyboard entry ("quick look") or by slewingthe trackball out 
to the target and pressingenter or a function key. (SeeFigure 6a, 6b and 6c 
for illustrations of Timesharing data blocks.) 

3. S~stemAtlanta Information Disp:layini S~stem. An air traffic control 
management information system, such as. System Atlanta Information 
Displaying System (SAIDS), could be installed on networked personal 
computers and located at various control and supervisorypositions. System 
Atlanta is a menu-driven systemthat can be custom-designedfor individual 
facilities. It provides information suchas position relief checklists,composite 
weather, equipment outages, Center flow restrictions, special activities, 
weather forecast, center, tower, and TRACON frequencies,navaids, center 
sectorconfigurations,approachaltitudesandminima, holding patterns,Inissed 
approachprocedures,emergencyprocedures,and emergencyphone numbers. 
Additional menus can be added or deleted depending on individual facility 
requirements. The total capacityis 250 "pages"or menu options. 

All the information that SAIDS can provide through simple menu 
selectionsis data that controllers normally haveto spendtime and attentional 
resources to locate. Usually this information is provided in binders that 
controllers checkbefore signingon, or large statusboardsplaced in a central 
location in the control room. The advantagesof an automated systemsuch 
as SystemAtlanta over the traditional methods are: (a) information can be 
instantly updated, (b) all controllers have easyaccessto important data via 
simple menuselections--they do not haveto completely draw their attention 
away from the radar scope, (c) temporary information such as frequency 
changesare stored electronically(versuson paper) and thus cannotbe thrown 
away prematurely, (d) it provides easy access to infrequently used and 
emergencyinformation. The overall advantageis that the systemprovides 
controllers with easyaccessto important ATC information. This, in turn, 
allows controllers to concentrate on decision-making and control actions, 
rather than searchingfor neededdata. 

Non-automated Handoff. Reverting to a non-automated handoff in which the 
controller must slew to the target and hit enter to accept the aircraft provides 
the following advantages: (a) controller can ensure the aircraft has the right 
transponder code, (b) if an aircraft is on the wrong transponder code, it allows 
enough time for the pilot to realign the transponder code or change to backup 
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68. ALPHA NUMERIC (AIN) DATA BLOCK 

AIRCRAFT CAll. SIGN 

PRESENT AIRSPEED 

6b. TIME SHARE lAIN) DATA BLOCK FOR TRACON & CENTER 

6c. TIME SHARE (AIN) DATA BLOCK FOR TRACON TOWER 

-e- ACTUAL AIRCRAFT 
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equipment, and (c) ensures the aircraft will not go through the airspace 
undetected. Non-automated handoffs force the controller to focus his 
attention on the aircraft, thus reducing the chancehe will forget about them. 

5 Color codin~ of fli~ht stri~ holders for route direction. This can be used in 
centers and TRACONS to indicate route of flight and direction of 
departure/arrival, respectively. For example,in the Center, one color should 
be used for North/East flights and another color for South/West flights. This 
should minimize the amount of time controllers spendscanningthe strip bay 
looking for a particular flight, thus, allowing more time for decision-making 
tasks. Color coded strip holders should also aid the controller in organizing 
and maintaining his flight strip data, making housekeepingeasier. 

6. Enlarged Stril2 Bays. Expansionof the strip bays so that strip can be offset 
to the right or to the left will help two adjacentfinal controllers organize their 
flight strips when they share the same airspace. In centers, the bay 
modification could be used to effectively separate North/East flights from 
South/West flights. This bay modification coupled with color coded strip 
holders would reduce the amount of valuable time and attention spent 
scanning,which takes away from the controllers' primary task of separating 
aircraft. (See Figures 7a and 7b for illustrations of strip bays.) 

Use of Red to indicate wamin~ or revision on fli~ht striI2s. This would 
eliminate some of the problems associatedwith updating flight strip data, if 
it is used consistently. In the scenario in Section 5.2, if the Assistant Local 
Controller had marked the changeson the flight strips immediately, usingred, 
then he wouldn't have forgotten some of the data and the Local Controller 
would have noticed the changes. Additional verbal coordination, although 
recommended,would not have been necessary. 

8. Voice Reco nition S'stem Ta A Readback. The primary function would be 

to alert controllers by either a visual or auditory signal that a prior 
transmission was cut short or a call sign transposed. ff the controller utters 
an incomplete or incorrect aircraft call sign, the system would recognize that 
an error occurred and would alert the controller. In addition, the system 
would allow controllers to play back priortransrnissions should any doubt exist 
that clearances were incorrectly issued or received. It would serve as a 
memory jogger if a controller was distracted or his attention ;diverted to 
another task. It would also allow other controllers/supervisorstoretrieve 
control information instantly without having to "witch from one 'recorder to 
another, as is the current practice. 
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78. PRESENT TRACON/CENTERBAY STRUCTURE 

NORTH/EAST 

SOUTH/WEST 
SOUTH/WEST 

NORTH/EAST 

NORTH/EAST 

SOUTH/WEST 

7b. PROPOSED TRACONICENTER BAY STRUCTURE 

NORTH/EAST 

SOUTH/WEST 

SOUTH/WEST 

NORTH/EAST 

NORTH/EAST 

SOUTH/WEST 
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Installation/Color Codin~ of stril2 chutes from Tower to TRACON. Some 
facilities alreadyhave strip chutes--the feasibility of installing them in more 
facilities should be investigated. In addition, strip chutes canbe color coded, 
using the same schemeas for strip holders. This should prevent the receipt 
of incorrectjunrevised flight strips in the TRACON. It minimizes the 
possibility of having inactive strips in front of the controller, reducing 
potential for confusion. When the controller receivesthe strip, he will know 
it is active. 

10. Stri1;2Location Format. This providesa standardizedmethod for placing flight 
progressstrips in front of terminal controllers. Departure/arrival controllers 
would place the aircraft closestto the airport at the bottom of the departure 
lineup (bottom of the bay). By scanning from the bottom up, controllers 
would have an instant recollection of the aircraft's position, aswell as manual 
backup systemshould an ARTS failure occur. At facilities with two final 
controllers, the final controllers would place the aircraft closestto the airport 
at the top of the arrival lineup. This system,used in conjunction with offset 
strip holders, would minimize confusion resulting from a rapidly changing 
traffic picture. It would also assistin establishinga more accurate approach 
lineup. 

Challenge-res12onseChecklist. This is a checklist similar to aircraft checklists 
and is proposed for position relief briefings. When an item on the checklist 
has been addressedby both controllers, the lever is moved from left to right 
and the word "Completed" appears. This will ensurethat the controller being 
relieved passesall pertinent information to the relieving controller. Position 
relief briefing should be a three-stepprocess: 

(1) Relieving controller should plug in and listen for two minutes 
while scanningthe radar scopeto fully identify all traffic being 
worked by the controller being relieved. 

(2) Both controllers perforn1challenge-responsechecklist. 

(3) After list is completed, relieved controller should plug in for 
two minutes to ensure that relieving controller has the picture 
and is controlling all traffic. (See Figure 8a, 8b, and 8c for 
illustrations of a Challenge-responsechecklist sequence.) 
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15. 

12. Indicator Light S~stem. This would seNe as a visual reminder that control 
instructions have beenissuedand further acknowledgementis pending (red) 
or is not required (green). The indicator lights should be installed in 
TRACONS and towers and used for departures. For example, when the 
aircraft is airborne and Departure Radar hasacquiredthe aircraft, he will flip 
the switch to green so that the tower knows he has acquired and can accept 
another aircraft. Similarly, the light systemcan be installed in the tower and 
used for runway crossings. When Ground Control asksLocal Control for a 
runway crossing, Local Control (or the assistant)flips the switch to red, 
indicating runway in use. When the pilot reports clear of the runway to 
Ground Control, Ground Control flips it backto green,indicating clear of the 
runway. The lights would be set up along a mimic of the runwaysto that the 
runway in question would be indicated. (See Figures 9a, 9b and 9c for 
illustrations of Indicator Light System.) 

13. "Ghosting" disL11a~.This display aid is designedto help arrival controllers 
conduct converging,staggeredapproachesto the runway, and is meant to 
increase airport capacity. The ghosting display converts the converging 
approachesgeometry to a single runway geometry by displaying reference 
images of the Approach A aircraft on Approach B. As aircraft progress on 
Approach A, their reference imagesprogress on Approach B by the same 
amount. In effect, the display aid transforms the problem of controlling 
converging runway approachesto that of controlling a single runway. 

14. Traffic Management Advisor (TMA). The primary function of TMA is to 
plan the most efficient landing order and to assignoptimally spacedlanding 
times to all arrivals. It will assistthe Center Traffic Manager in coordinating 
and controlling traffic betweenCenters,betweensectorswithin a Center, and 
between the Center and Terminal Radar Approach Control (TRACON) 
facility. TMA allows the Center Managerto specify runwayacceptancerates 
and to override computergenerateddecisionsmanually. 

Descent Advisor (DA). DA is driven by the output of TMA, receiving the 
specifiedgate arrival time for eachaircraft passingthrough the arrival sector. 
The DA provides the controller with continually updated advisories which 
they can use to keep the aircraft on time. 
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16. Final Al2l2roachSl2acin~Tool (FAST). FAST is designed for TRACON 
controllers who merge the traffic convergingon the final approachand make 
sure the aircraft are properly spaced. If Center controllers have delivered the 
aircraft at feeder gates at correct times using the DA, then the TRACON 
controllers will normally need to make only minor correctionsto achievethe 
desired spacing. FAST assiststhe TRACON controllers in making these 
minor correctionswith high accuracyand a minimum of headingvectors and 
speedclearances. 

7.2 Operational Error Categoriesand Potential Memory Aids 
1. 	 Controlling aircraft in another's airs12ace.This type of error results from lack 

of proper coordination procedures and attempting to expedite traffic 
movement. There are five memory aids that addressthis type of error: 

(a) CAN-Handoff Checkoff Blocks on flight strips -Use of this checklist 
serves as a reminder and a cueing aid to conform to prescribed 
procedures. 

(b) Timeshareddata in data block -Alerts controller A of controller B's 
intentions, thereby allowing time for changing plans or to challenge 
controller B's decision. Minimizes confusionasto what control actions 
other controllers are taking that may affect your decisions. 

(c) Traffic ManagementAdvisorjDescent AdvisorjFinal Approach Spacing 
Tool -Provide automated proceduresto fIX aircraft on predetermined 
routes eliminating shortcutting route of flight. 

Processin fli ht dat m n 11 in r in r -fa ili. This category of 
operational errors result from delays or failures to process information, 
improper sequencingof active data,relying on recall and not taking notes,and 
poor housekeeping. Six potential memory aids address this category of 
operational errors: 

SystemAtlanta infonnation system-minimizes delays in processing 
information. Control information (i.e., runways in use) is always 
current and easily accessed. Reducesreliance on recall memory. 

Challenge-responsechecklist-eliminates relying on recall memorywhen 
relieving or being relieved from control position. 
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Color-codedflight stripholders-Minimizes errors due to placementof 
strip holders in the wrong sector. Eliminates confusionand delaysdue 
to receipt of incorrect flight strips. 

Strip locationJonnat-minimizes errors due to improper processingor 
sequencingof active data. 

Enlargedstrip bays-minimizes time spent searchingfor active strips 
when two controllers share the same airspace. 

(1) Redas warningonflight strips-alerts controllers of impendingproblem. 
Minimizes delay in acting to correct a problem. 

3. Inter/intra-facilitY coordination. This categoryof operational errors results 
from inappropriate use of the intercom, assuming messageshave been 
received when there is no verbal acknowledgement,issuing clearancesinto 
another sector's airspace without permission, and failure to verify message 
information. The following six potential aids addressthis category of errors: 

Timeshareddata on data block -alerts all controllers of a controller's 
intentions, therebyallowing more time for changesin plans. Reduces 
the amount of verbal coordination between controllers. 

Non-automatedhandoffs -Eliminates assuminga handoff has been 
made. Allows controller to decide when he/she wants to relinquish 
control of a particular aircraft. Eliminates possibility of controller 
making a handoff prematurely or erroneously. 

Color-coded strip holders -Eliminates confusion and increased 
coordination resulting when two controllers ieceive the wrong strips. 

Indicator light system-Verifies receipt of active data on a flight. 
Minimizes possibility of forgetting about an aircraft. Serves as a 
backup to voice communication. 

Strip location fonnat -Allows other controllers and supervisory 
personnel to quickly compose the traffic picture when changing 
positions and/or combining positions. 

4. Assuming separationwill exist. This categoryof errors results from incorrect 
control procedures such as using Mode C altitude readout of aircraft not 
under control as barometer for issuing clearance, assuming information 
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presentedis factual, lack of positive control, not issuingtraffic information in 
a timely manner. There are five potential memory aids that addressthis 
problem: 

(a) Timeshareddata in data block -alerts all controllers of a controller's 
intentions, there by allowing more time for changing plans and/or 
challenging his decision. 

(b) Ghosting display -Minimizes improper control decisions when 
controlling approacheson converging runways. Provides a tool for 
proper spacingof approachtraffic. 

(c) Traffic ManagementAdvisor/DescentAdvisor/Final Approach Spacing
Tool -These automated tools provide automated procedures to 
separateall flights. Minimizes useof improper control proceduresand 
decisions. 

5. Improper radar/visual scannin~. This category of errors results from 
inattention or lack of discipline in updating/scanningradar display or traffic 
patterns for potential conflictions,focusingattention in one quadrantof radar 
scopeor traffic pattern wheneventsdictate complete scanning,inappropriate 
mental checklistswhile scanningradardisplays/traffic patterns,thus failing to 
understand what is seen. Sevenpotential memory aids addressthis problem: 

(a) Timeshared data in data block -The additional information in the data 
block (last assigned altitude, heading, and arrow indicating climbing or 
descending) will help controllers understand their own as well as other 
controller's traffic picture. 

(b) CAN-Handoff check off blockS'on flight strips -Use of the checklist 
helps controller maintain awarenessof entire traffic pattern. Servesas 
a reminder to conform to prescribed procedures and to scan entire 
scope or traffic pattern. 

(c) Ghostingdisplay-Aids approachcontrollers who are merging traffic 
onto converging runways. Simplifies the problem of merging traffic 
from two approachesinto simply controlling traffic on one approach. 

(d) Traffic ManagementAdvisor/DescentAdvisor/FinaI Approach Spacing 
Tool -Provide automated procedures, reminders and warnings for 
separatingtraffic. Eliminates errors resulting from failing to properly 
scanthe scope or traffic pattern. 

60 

4 



Redas warningonflight strips-Alerts controller to impendingproblem. 
Minimizes delay in acting to correct problem. 

6. Ina1212ro12riate12hraseolo~and im~ro~er voice communications. This type of 
operational error results from use of nonstandard phonetics or numbers, 
improper use of control il1Structions, homespun phraseology, poor 
intercom/microphone procedures,levity and non-ATC-related conversations, 
cut off transmissions,failure to control frequency, and inattentiveness to 
readbacks. One memory aid addressesthese communication errors: 

Voice recognition system/play back -Alerts controller when he 
transposescall sign numbers or gives an incorrect/abbreviated call 
sign. Use of play back allows controller to correct inappropriate 
transmissions. 

Also recommend increased controller awareness of inappropriate 
phraseologyjvoice communicationsthrough training, staff discussions, 
and increasedsupervisorycontrol and awareness. 

7. Overuseof automation (NAS Deuendence). This group of operational errors 
result from improper procedures such as non-verification of essential 
information, failure to assignproper priority to the exchangingof essential 
traffic information, lack of symbology indicating non-existence of aircraft, 
relying on the automated systemto provide control solutions, invalidation of 
Mode C readout, lack of stripmarking to assistin the event of systemfailure, 
and using information or lack of information as a causative factor when 
explaining "what happened". There are five memory aids that addressthis 
problem: 

CAN-Handoff check-off blockf on flight strips -Use of the checklist 
servesas a reminder to conform to prescribed procedures. 

Timesharingof data in data block -alerts all controllers of a controller's 
intentions, thereby allowing more time for changingplans. 

Non-automatedhandoff -allows a controller to decide when he/she 
wants to relinquish control of a particular aircraft. Keeps the 
controller activelyinvolved. Preventsan aircraft from taking off on the 
wrong transpondercode, resulting in no ARTS tag. 
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(d) Indicator light system-provides a visual signalthat servesasa reminder 
that control instructions have been issued and further 
acknowledgementis pending (red) or is not pending (green). 

(e) Voice recognition system-allows controller to play back previous 
transmissionsshould he forget or doubt that he/she gave the correct 
clearanceinstructions. 

TABLE 7. OPERATIONAL PROBLEMS AND POTENTIAL MEMORY AIDS 
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TABLE 8. KEY TO EVALUATION CRITERIA 
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SECfION 9.0 SUMMARY AND CONCLUSIONS 

This report presentsthe results of the first year's efforts in a three-year project to 

identify, develop,test, and evaluate air traffic controller memory aids. The goalsof the first 

year were to (1) developanunderstandingof memory in controller performance, (2) identify 

controller memory problem areas, (3) identify potential memory aids, and (4) evaluate 

potential memory aids. .
The first goal was accomplishedby reviewing the available literature on air traffic 

controller memory and performance. These resultswere discussedin Section3.0, and an 

included a definition of controller tactical working memory. We alsodevelopeda controller 

cognitive model (Section 4.0) which wasbased on a model developedby Rasmussen(1982, 

1986)for operators of complex systems. The cognitive model was used to relate cognitive 

errors and memory componentsto operational errors (Section 5.0) and job aids (Section 

6.0). 
In section 5.0, we presented the results of our analysisof operational errors, using 

a classificationschemefirst used by Kinney et al. (1977). By relating operational errors to 

the controller cognitive model, we inferred memoryerrors and/or overload that contributes 

to operational errors, accomplishing the secondgoal. In section 6.0, we presented the 

results of our review of the available literature on the functions of job aids, and job aids 

specifically for air traffic control. Most of the ATC job aids discussedin section 6.0 are 

being developedand evaluated by the FAA and/or NASA We also found that researchers 

have major concernsabout the effectsof proposedincreasesin automation on controller job 

satisfaction,performanceand taskstructure. Theystressthat keepingcontrollers active and 

in the control loop is of primary importance in designing new ATC systemsand will 

determine the acceptability and effectivenessof new systems. 

Thus, we used subject matter expertise and the results of a limited inquiry on 

memory aids controller use today to develop additional ideas for potential memory aids. 

Some of the aids are based on informal procedures/techniques that controllers past and 

present have used as "memory joggers". Other ideas for aids were suggested by the 
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literature which indicated a need to keep controllers active under all traffic loads and 

reduce reliance on automation to solve all control problems. The potential memory aids 

were presented in Section 7.0, including a discussionof memory/cognitive problem areas 

addressed. We also establishedqualitative criteria for evaluating potential memory aids. 

The criteria were based on discussionsbetween the contractors and the COTR, with the 

objective of recommending some of the aids for testing in Year Two of this project. In 

Section 8.0, the results of our subjective evaluation were presented, concluding with 

recommendationsfor which memory aids should be tested in the secondyear. 

Those memory aids recommended for testing include: 

(1) CAN-Handoff check off blocks on flight progressstrips 

(2) the timesharing data block which includes last assignedaltitude and heading,and 

an arrow indicating whether aircraft is climbing or descending;additional information 

for terminal controllers should include runway assignmentand type of aircraft 

(3) SystemAtlanta or other infomlation managementsystem. 

(4) non-automated handoffs 

(5) color coded flight strip holders for route direction 

(6) enlarging strip baysto allow for offsetting strips 

(7) use of color red to indicate warning or revision on flight strips 

(8) a voice recognition system for detection of incorrect/incomplete call sign 

transmissionsand for play backsof previous transmission 

(9) standard fomlat for placing and locating strips in strip bays 

(10) challenge responsechecklist for position relief briefings. 

Each of these memoryaids addressesone or more memory/cognitive problem areas 

in one of two ways: (a) by providing controllers with a structure or procedure that enables 

them to prevent and/or detect errors, or (b) by providing storage and retrieval of 

information controllers would otherwise have to store in working memory or seek from 

other ATC personnel. 

The major conclusionof this project is that reliability of air traffic controller memory 

recall is a significant problem affecting aviation safety and efficiency of the National 
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Airspace Systemoperation. Identification of practical, effective memoryaidsis the first step 

towards the solution to this pervasiveproblem. 
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