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NOTICE 

The Automatic Traffic AdvisorY and Resoltion Service (ATARS> 

was a concePt that envisioned Sround-based Discrete Address 

Beacon SYstem <DABS> sensors eGuiPPed to Provide a collision 

avoid~nce service. In October 1981, the Federal Aviation 

Administration discontinued develoPment work on the ATARS 

concePt, as beinS redundant with decisions to imPlement a 

Sround-indePendent collision avoidance sYstem' TCAS. 

This documents data derived from the ATARS 

develoPment Prosram and describes technical characteristics 

of such a collision avoidance service. The PUrPose of the 

fePort is technical documentation. No imPlementation or 

further develoPment of ATARS is anticiPated. 



ABSTRACT 

This rePort Presents the results of a larse scale sYstematic 

field exPeriment conducted at the Federal Aviation 

Administration Technical Center to evaluate the utility, and 

the human factors aspects of an automatic advisorY service. 

The automatic advisory servi~e is comPosed of two services; 

1 • a Traffic AdvisorY Service <TAS> which disPlays a 

continuallY uPdated, course-uP traffic map of the airspace 

around the subJect aircraft, and 2. a Resolution AdvisorY 

Service <RAS) which sussests conflict avoidance maneuvers 

calculated on the basis of sround radar surveillance 

information. 

AnalYses of Pilot opinion data examines the Pilots' 

assessments of the· information content of the display, and 

their accePtance of the automatic advisorY service. 

ObJective data, taken bY on-board observers and 

sround-based surveillance e~uiPment, is used to analyze 

Pilot reaction to advisories, seParation results, and visual 

ac~uisition Performance. 
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E~ECUIIVE SUMMARY 

This rePort Presents the results of a larse scale sYstematic 

field exPeriment conducted at the Federal Aviation 

Administration Technical Center to evaluate the utility, and 

the human factors aspects of an automatic advisor~ service. 

The automatic advisorY service is comPosed of two services~ 

1. a Traffic Advisor~ Service CTAS> which displays a 

continuallY UPdatedv course-uP traffic maP of the airsPace 

around the subJect aircraft, and 2. a Resolution AdvisorY 

Service CRAS> which sussests conflict avoidance maneuvers 

calculated on the basis of sround radar surveillance 

information. 

The flisht test Prosram involved 12 subJect Pilots flYinS 72 

flishts (6 flishts each), in a total of 424 near miss 

encounters. PhYsical (flisht) data were taken bY on-board 

observers, and bY sround-based masnetic taPe recorders. 

SubJective data concernins Pilot oPinion and Perception were 

collected with Post-flisht and post-encounter debriefinss. 

The analYsis of these data is divided into the followins 

five catesories: 

o DePendence of Data on Test Conditions 

o Pilot Utilits Assessment of the AdvisorY Service 

o Pilot Acceptance of the AdvisorY Service 

o Use of the Advisors Service 

o Characteristics of the Trainins Prosram 
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In sub~ective measures o~ oPinion and obJe~tive measures o~ 

Per~ormance, the advisor~ service was ~ound·to ~ave a hish 

desree o~ Pilot accePtance, and it was ~ound to aid the 

Pilot in manasins midair encounters. There w~s a distinct 

Pre~erende shown ~or the TAS over the RAS. Analwsis o~ data 

on th~ Closest Point n~ APProach <CPA> showed tha{, ·for' 

encounters wi{h CPA less than 1000 ~eet; the averase 

achieved minimum slant ranse increased bw 22.9 Percent when 

Pilots comPlied comPlete!~ with the resolution advisories 

over when thew did not. 

The results o~ the analwsis lead to ~ollowil"l!-1 

conclusions: 

o Hbrizontal and vertical maneuvers in resPonse to an 

automatic advisorhl service sre ef~ective in increasins 

aircra~t separation. 

o SuPPlementars in~ormation' over and above the basic:· 

Position and relative motion in~ormation' is unwanted bs 

.c~nd :i. nte T'fe res w :i th thf.~ :iT' comP T'<i'hf.~nr:i :ion fJf 

traffic situations. Conflict resolution .advisories are 

seen as less imPortant than this basic information. 

I 

o Certain characteristics of Pilot :interaction with an 

autom~tic advisors service' ( r:;uch ""'(.-<:>.:> tht! abi l i t\:1 to 

maximize achieved seParation), are established bw the 

vers first flisht exPerience with the service• while 

other char~cteristics (such as satisfaction with the 
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service and time to visual acQuisition) take four flisht 

exPeriences to mature. 

o Self-studw with a comPrehensive ·trainins manual l 
. .,. 

.:> an 

effective method for training Pilots in the use of an 

automatic advisorw service. 

,-... 
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lbiiEi:ODUCIIObl 

This report Presents the results of a large scale sYstematic 

field exPeriment conducted at the Aviation 

Administration Technical Center to ev~luate the utility, and 

human factors asPects of an automatic advisory service. The 

automatic advisorY service is composed of two services. The 

first, called Traffic AdvisorY Service <TAS), consists of 

disPlaYed sYmbology dePicting the actual location of nearbY 

traffic. The second is a Resolution AdvisorY Service <RAS) 

which susgests Possible avoidance maneuvers. The PUrPose of 

the advisorY service is to increase safetY bY Providins the 

Pilot with detailed information on nearbY aircraft. 

See-and-avoid has been the PrimarY means of avoidins midair 

collisions for Pilots flYins under Visual Flisht Rules <VFR> 

and Instrument Flight Rules CIFR) in Visual Meteorolosical 

Conditions <VMC>. Once an aircraft is visuallY ac~uired~ the 

Pilot makes a threat assessment. At Present, the information 

used in makins a threat assessment <such as velocity, 

headins, and altitude of an aircraft) i ~;; de·tf~ T'ITI i n€~d b\::: 

visual observation suPPlemented bY data obtained from ATC 

advisor'ies. 

One of the Soals of the TAS is to Provide enough information 

Qn btJth PT'C)}:imate and PQtt;'HYtiall!:l thr'eat~?nin£~ aircraft so 

that a Pilot can visuallY ac~uire the aircraft, make an 

accurate threat assessment and avoid increasins danser and 
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the necessitw for extreme maneuvers. At Present, air traffic 

controllers suPPort see-and-avoid oPerations bY Providins 

advisories to the Pilot on a work-Permittins basis. The 

automatic advisorY service is desisned to ~rovide hish 

aualitY advisories as a fulltime service for all eauiPPed 

aircraft within the coverase area. 

The rePort is divided into the followins sections: 

o Backsround 

o System overview 

o Flisht Test Prosr~m ObJectives 

- o Test Structure 

o Test Execution and Data Collection 

o Data Reduction and Analysis 

o Results 

o Conclusions 

o Recommendations 

The first section Presents a brief historY of studies 

involved in the develoPment df various collision avoidance 

systems. 

The nsYstem Overview• Provides an exPlanation of the 

ensineerins desisn of both the hardware and sbftware system 

structures. 

The third, "Flisht Test ProSram ObJectives,• describes the 

obJectives of this studY. 



The "Test Structure• section is divided into six subsections 

and a summar8 describin~ the various aspects of the flisht 

test Pro~ram. Reasons for fli~ht Pattern selection and 

Procedure~ for Pilot selection and trainin~ are·P~esented as 

well as a discussion of the test Plan structure. 

The fifth section, •rest Execution and Data Collection," 

describes the execution of the fli~ht test prosram and how 

the dat<:~ was ~a-t. he red, P l'(Jcessed' and ente T'ed into a 

comPrehensive data base for anal~sis. ToPics covered are 

activities before, durin~' and after a test flisht. 

The sixth section, "Data Reduction and Anal~sis,• is divided 

into fiVe subsections and a summar~. The dePenden~e of test 

results on either test desi~n characteristics (e.~. · flisht 

Pattern t~pe) or other factors not strict!~ controllabie is 

examined. Pilots' evaluations of the disPla~ed information 

and comments resardins the information level are examined. 

Evidence of Pilot satisfaction and accePtance are also 

examined in detail. Visual acmuisition data and Point of 

closest aPProach information are examin~d to identif~ Pilot 

behavior. The trainins Prosram is assessed in the subsection 

•characteristics of the Trainin~ Pro~ram.• 

The last three s;ections' •Results, .Conclusions and 

Recommendations,• summarize the findin~s of this stud~. 
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B~CKGROUND 

The reouirement for the develoPment of a discrete address 

beacon s~stem was identified in the 1969 DePartment of 

TransPortation <DOT) Air Traffic Control CATC) AdvisorY 

Committee StudY <Reference 1). The stud~ recommended 

modifications to the Present Air Traffic Control Radar 

Beacon Swstem CATCRBS> which would imProve the surveillance 

accuracY and the reliabilit~ of the s~stem. SPecificall~' a 

discrete address mode data link function <Mode 8) was 

ProPosed which would suPPort a s~stem which automaticall~ 

transmitted traffic advisories to the Pilot. This sround 

based swstem, called Intermittent Positive Control CIPC), 

would OPerate in the multi-comPuter Mode S Sround eouiPment. 

The IPC al~orithm would Process raw surveillance data 

SUPPlied bw the radar site and send individual messases to 

each aircraft eouiPPed with a Mode S transPonder and related 

disPla~ eouiPment. The Pilot would receive the traffic 

advisories on a disPlaw installed in the aircraft instrument 

Panel. 

Both the comPuter alsorithms and the cockPit disPlaws for 

this service have undersone a stead~ evolution since the 

1969 DOT stud~. A sinsle-site alsorithm was published in 

1975 <Reference 2). A multi-site alsorithm' called IPC 

Chanse 2, was Published in September 1976 <Reference 3) and 

subseouentlw tested at the Federal Aviation Administration 

Technical Center and at sites in Clementon and Elwood, New 
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Jersew. Fli~ht tests of the sin~le-site al~orithm were 

conducted at the Mode S exPerimental facilitw at Hanscom Air 

Force Baser Massachusetts from October 1974 to Februarw 1977 

bw Lincoln Laboratorw <Reference 4). A second studw which 

came out of this testins examined the effects of the IPC 

disPlaw on visual acouisition <Reference 5). Lincoln 

Laboratorw was concerned with the desisn of a traffic 

advisorw service that comPlemented the around-based 

resolution service while maintainins comPatibilitw with 

other aPPlications beins developed for the Mode S data link. 

Thew develoPed the messase formats that Provided the Pilot 

with the information that he reGuires while attemPtins to 

minimize the workload involved. There were 103 fli~hts 

comPleted in this test series. The results of this testins 

of the ori~inal IPC alSorithms demonstrated the usefulness 

of the traffic advisorw Portion of the IPC as an aid to 

visual acouisition of traffic~ however, it. was also found 

that in manw cases the Pilot was unable to make a threat 

assessment based on the limited amount of information 

Provided bw the IPC disPlaw. Clock Position and relative 

altitude information alone did not Permit effective 

determination of the direction in which it was safe to turn. 

The Present advisorw service alSorithm Cthe Automatic 

Traffic Advisorw and Resolution Service' ATARS> is based on 

the results of the Lincoln LaboratorY tests, knowledse 

Sained from operation of IPC Chan~e 2, and simulation 

studies of sinSle-site IPC done b~ the Technical Center 
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<e.a. Reference 6) and the MITRE CorPeration. 

In October 1981 the Federal Aviation Administration 

discontinued work on the ATARS concept, deemins it redundant 

.with decisions to imPlement a Sround~indePendent collision 

avoidance s~stem' the Traffic Alert and Collision Avoidance 

S~stem <TCAS>. 

6 



SYSIEM O~ER~IEW 

The automatic advisorw service u~ed in this test Prosram 

utilizes the Mode S around swstem to communicate with 

airborne disPlaY instrumentation. The relationshiP between 

the sYstem comPonents is Presented in terms of two 

swstem-level block diasrams; one showins the hardware 

confiSuration and one showins the software confiauration. 

The hardware desisn for the automatic advisorY service is 

shown in Fisure 1. The three main blocks are •Intruder 

Ai~craft,• •subJect Aircraft,• and •Mode S Sensor.• The 

intruder aircraft is suPPlied with an ATCRBS transPond~r 

which rePlies to Mode S sensor interrosations.. The subJect 

aircraft also resPonds to the Mode S interrosations and 

receives data link messases throush the Mode S transPonder. 

AnY advisory, whether TAS or RAS, is siven PrioritY for use 

bw the disPlaY. The Mode S Sround swstem includes a 

surveillance function' the advisorY service comPDter' 

function and a data link function. The surveillance function 

sathers altitude, Position, aircraft identification number, 

and aircraft eGUiPaSe information which the advisorY service 

function Processes to identifY Potential conflicts. The 

Mode S data link function then transmits the TAS and RAS 

messases develoPed bY the advisory service function to the 

subJect aircraft via the surveillance function. 
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The software block diasram <FiSure 2) shows the data flow 

the advisor~ service function. Surveillance 

inf~rmation is Processed b~ the •sector Processins• module 

where aircraft velocit~ and Positioh information <which 

comPrise the •state vector•) is smoothed. This track data is 

then turned over to the •Aircraft UPdate• module where the 

Prediction time for each state vector within a current 

sector is UPdated to a common time. The aircraft under 

advisor~ service coverase are ordered b~ x coordinate' and 

aircraft with both low altitude and low sPeed are entered in 

the •x-List• with all other aircraft entered in the 

•EX-List.• The next steP in the process is the •coarse 

Screen• where each aircraft is assisned a three-dimensional 

window. If other aircraft are detected inside this window, 

the~ become potential Pairs. This list is then examined b~ 

the conflict detection alsorithm which classifies traffic 

i nt,o two cateso r i es; P r·o~·' :i. mate and Threaten ins. These 

classifications are made on the basis of velocities, current 

separation' closins rates and a proJected miss distance 

calc~lated from current traJectories. <Table 1 shows the 

advisor~ threshold criteria for these classifications' and 

for the issuance of conflict resolution advisories.) The 

t~Pe of service reGuired <TAS or RAS> is then determined. If 

a resolution is reGuired, the •Master Resolution• module 

determines which t~Pe of resolution messase is aPProPriate. 

Positive advisories are those that advise the Pilot to 

maneuver in a sPecific direction <e.s. turn left>. 
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Ne~ative advisories are those that advise the Pilot not to 

maneuver in a sPecific direction <e••• do not climb). If a 

tra·f'fic advisorY alone is recwi r·ed, the • Mastf?T' F~E~!'.;olution • 

module is bYPassed. Both the RAS and TAS are then Processed 

by the •nata Link Messase Constructionu module which 

PrePares the formats and messase strinSs for the 8 Mode S 

Data Link Function.v More sPecific details of the messase 

formats can be found in References 7 & 8. 
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ELIGHI IESI eROGR~M OBJECIIUES 

The obJective of this fli~ht test Pro~ram was to determine 

the characteristics of Pilot interaction with an automatic 

traffic and resolution advisor~ service. The characteristics 

were divided into the follo~in~ areas for analYsis: 

o Pilot Utilit~ Assessment of the Advisorw Service 

o Pilot AccePtance of the Advisorw Service 

o Use of the Advisorw Service 

o Characteristics of the Trainins Pro~ram 

In the first area, "Pilot Utilitw Assessment of the Advisorw 

Service,• the flisht test Prosram examines the usefulness of 

the service as reflected in the Pilots' ratinss of the 

disPla~ed data. 

The second area, "Pilot AccePtance of the Advisor~ Service,• 

considers the Pilot's assessment o~ the credibilitY and 

accuracy of the TAS and RAS. Some of the auestions addressed 

are: Do Pilots like the swstem?; Are Pilots satisfied with 

the swstem? 

Under the third cate~brY' •use of the Advisorw Service,• the 

fli~ht test Pro~ram exPlored the extent to which subJect 

Pilots used information obtained from the disPlaY when 

mana~ins encounters. Questions such as, "Did the subJect 

Pilots use the RAS to make these avoidance maneuvers or did 

the~ use the traffic advisorY service to assess their own 

maneuvers?" are examined in detail. 
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FinallwP •characteristics of the Trainins Prosram" addresses 

Questions resardins the amount and twpe of trainins that the 

Pilots need before thew can use the swstem effectivelw. 

:1.4 



IESI SIRUCIURE 

l~IRODUCIIO~. 

This section covers the test Plan structure and is divided 

into the followin~ seven main sections: 

o Fli~ht Path Geometries 

o Schedulin~ 

o Pilot Selection 

o Trainin~ 

o Fli~ht Activities 
I 

o Factors Outside of Strict Cont~ol 

o Summar~ 

The first section examines the six fli~ht Patte~ns used in 

the test Pro~ram' how the~ were selected' and the reason for 

the encounter arran~ements. 

Schedulin~ ·Of Pattern t~Pe and Pilot seGuencins are 

exPlained in the section, •schedulins.• The orderins of 

fli~ht Patterns' eGual distribution of time of da~ and 

distributed learnins asPects were accomPlished b~ means of a 

latin sGuare desi~n. 

There were several restrictions in the subJect Pilot 

selection Process that had to be stricti~ observed. The 

determination of these restrictions and the selection 

Process are examined in the section entitled "Pilot 

Selection.• 
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The fourth section discusses the three t~Pes of trainins the 

Pilots received: a Pilot's Manual (Reference 9), sround 

school and one familiarization fliSht in the subJect 

ai r·cr·aft. 

The section "Flisht Activities• examines the Procedures of 

the test flisht, the subJect Pilot's exPerience and the 

resPonsibilities of the observer and test safet~ Pilot. 

Certain conditions hamPered some tests and sometimes caused 

a flisht to be cancelled or aborted. "Factors Outside of 

Strict Control," explains what these 

relative to the flisht tests. 
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£LIGHI e~IH GEOMEIRIES. 

This section is divided into two subsections: 

o Selection of Fli~ht Patterns 

o Ehcounter Arran~ement <Conflict Geometries> 

SELECIIO~ OE ELIGHI e~IIER~S. A total of six fli~ht P~tterns 

were develoPed; each Path usin~ the same four navisational 

Points <see Flisht Patternsr APPendix A>. The selection of 

the fli~ht Path ~eometries was limited bY certain Practical 

considerations such as sensor coverase areas' naviaational 

workload, the need to avoid the PhiladelPhia terminal 

control arear New York Center airsPace, and the McGuire AFB 

.control area. The encounter arransements were desisned to 

maintain an even distribution of encounte~ tYPes <head-on' 

tail-cha~erand lateral) over all six flishts. The soal in 

selectins the flisht Paths was to establish a series of 

fli~hts for the Pilot that were: 

o Consistent with normal and exPected fliSht 

oPerations. 

o Confined to the 60 nautical mile <nm> coverase area 

of the Clementon, New JerseY Mode S sensor. 

o EasilY observed and controlled from the Technical 

Center. 

o EasilY manased bY Center test Pilots so that the 

reouired encounters could be set UP and executed 

successfullY. 
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E~COU~IER ~RR~~GEME~I CCO~ELICI GEOMEIRIES>. Th~ conflict 

seometries were selected so that theY exercised the full 

ranse of the advisorY service disPlaY capabilities. Durins 

the desisn stases of the flisht test Prosram several 

decisions were made in order to oPtimize the varietY of 

rnuestions that could be answered and the reliabilitY of the 

answers to these ~uestions. 

One of the issues concerned the number of aircraft that 

would be used durins the flight tests. AnalYsis of the 

nature of the aircraft conflict led to the restriction that 

onlY those conflicts that involve Just two aircraft would be 

considered. Two aircraft encounters are not the onlY tYPes 

that arise' and ParticularlY in heavilY trafficked terminal 

areas, maneuvers desisned to reduce the accident Potential 

of one conflict maY create a domino effect with resPect to 

other traffic. However' in order to reduce the number of 

desisn variables in the test, maintain safety, and to 

incJ'easf? the !:>tati!'.d:.ical T'el:i.ab:~lit!:l of thi~ T'€~sults, thE~ 

Planned encounters were limited to two aircraft encounters. 

The second asPect of the aircraft conflict is that the 

intruder vector maY contain a vertical as well as a lateral 

comPonent. Therefore conflicts maY arise bt.•causi·? 

intrudins aircraft descends toward the subJect aircraft, or 

climbs UP into the subJect aircraft. Because examination of 

oPerations durins vertical flisht encounters was not the 

subJect of this test, such vertical comPonent conflicts were 
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ruled out as s~stematic variations in the desisn. Althoush 

encounters durinS turns and altit~de chanses did 

occasionallw occur, senerall~, the intruder flew str~isht 

~nd level into and throush the encounter. 

This left conflicts betwee~ aircraft at stable altitude 

differences which were Partitioned into three seneral 

classes dePendins uPon the lateral Position of the intruder. 

These conflicts were called "head-on• when the intruder 

aircraft was closins with the subJect aircraft within Plus 

or minus 45 desrees of the subJect aircraft sround tratk 

headins. Encounters were ~onsidered as •lateral encounters• 

if the intruder aircraft was aPProachins 90 desrees, Plus or 

minus 45 desrees relative to the subJect aircraft headins. 

Finall~ •tail-chase• encounters were those in which the 

intruder was aPProachins the tarset aircraft within 45 

desrees of the reciProcal of the subJect aircraft headins. 

This Partitionins of encounter t~Pes while arbitiar~, i~ a 

reasonab1e comPromise to reduce the number of test variables 

and increase the statistical reliabilitY of th~ test 

results. 

The subJect aircraft was a twin-ensine Beech Baron <BE-55) 

flown at a sPeed of 120 knots. The intruder aircraft Was a 

Cessna 210 flown at 165 knots. 
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SCI:IEDULlbiG. 

Six different Patterns were used in the test series. Each 

Pattern was flown emuallY often bY each Pilot and the 

!:;ew.Jence C)f th£~ Patterns wa!:; d:i!;tr•ibuted. so that each t!:IPe 

followed another emuallw often. This was accomplished bY use 

of a latin smuare de~isn. 

The criteria used to schedule the flishts were as follows: 

o The order in which the flisht Patterns were flown was 

different for each of the six Pilot Pairs. This was 

desirable because the Patterns maY not be the same 

in difficult!~ nav i !!1at :i on;:J 1 ,_..,or'kload). 

Fu r·the r·mo Y'€-~, because of the course seometrY certain 

Patterns contain encounters that are Part:icularls 

difficult to resolve. In o r•df~ r to d :is t Y' :i.l:.11..1tP tl·1e 

effects of fliSht exPerience evenlY over the six 

Patternt:; <thereby avoidins anY biased we:ishtins of 

nne) each Pattern occurred in each position emualls 

often. To avoid carrw-nver effects each Pattern ~as 

Preceded bY each other Pattern emualls often. 

o In order to avoid the Possibls unemual effects of 

time of dan:l <mornins and afternoon) 

resultsv each Pattern was flown an emual number of 

times in the mornins ~nd afternoon. In addition, 

each Pilot flew an emual number of mornins and 

afternoom flishts. 

n In order to take advantase of distributed learnins, 

subJect Pilots experienced a wa:itins Period between 
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flishts. 

The ~irst and second criteria were satisfied usins a latin 

sGuare <Table 2) to assure that no two se~uences were 

identical. For examPle, for Pattern se~uence 5, Pilot E flew 

Pattern D in the mornins for his third flisht, and Pilot G 

flew Pattern D in the afternoon for his third flisht. The 

third criterion was accomPlished bw stiPulatins that: 

o No Pilot could flw more than one flisht Per· daw. 

o No Pilot could flw more than two flishts Per week. 
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TABLE 2 - LATIN SQUARE FOR SCHEDULING 

PATTERN SEQUENCES 

1 3 4 5 6 

PILOTS -- F/D B/K A/I C/L E/G HIJ 

1 D F (
~ 

~ A B 
a/b a/b alb a/b a/b a/b 

2 A B D F r r 
b/a bla bla b/a bla bla 

F N 3 r r A B D r J 
-

L u a/b a/b a/b a/b alb alb 
I M 
G B 
H F 
T R 4 c E B A F D 

b/a b/a bla bla bla bla 

5 B A 1-- D c 
a/b a/b alb alb alb a/b 

6 D F c F B A 
b/a b/a b/a bla bla b/a 

KEY: 

Letters A - F: Desisnate the Pattern t~Pes used <see 

APPendix A for Pattern diasrams). 

Letters a I b: Desisnate the time of da~ that the flisht 

took Place <mornins and afternoon, resPectivel~)i 



eiLOI SELECIIO~. 

The fli~ht test Pro~ram reGuired the ParticiPation of 12 

~overnment emPloYees, multi-en~ine rated Pilots with at 

least 6 hours of fli~ht time in the Previous 3 months and a 

minimum of 200 hours of total fli~ht time. ProsPective 

subJect Pilots were notified bY letter, Center newsPaPer and 

Public address sYstem' of a meetin~ which would brief them 

on the Pro~ram and its reGuirements. At the close of the 

meetin~ all .interested Pilots submitted aPPlications for 

Participation in the fli~ht test Pro~ram. The aPPlications 

contained the Pilot's aircraft ratin~s and fli~ht hours, 

which were used to determine who was Gualified. Out of those 

who Gualified, twelve were chosen at random and letters of 

selection were sent to those twelve Pilots. 

Those selected were assi~ned identification letters which 

were to be used throu~hout the test series~ and each Pilot 

was asked to fill out a bio~raPhical back~round 

Guestionnaire which became Pa~t of the data base. All 

references to a Particular Pilot were made bY identification 

letter, never bY name. 
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IRai~I~G. 

The Prime concern in the Pilot orientation was the 

reuuirements necessar~ ~or the Pilot to understand the 

advisor~ service well enou~h to use the information 

e~fectivel~. Each Pilot received a Pilot's Manual ~or 

self-stJd~ one week Prior to sround school. Exams were Siven 

at the beSinninS and at the end of the Sround school. The 

~irst was to see how much the Pilots learned from the 

self-stud~ material and the second was to see if the Sround 

school enhanced the Pilot's understandins of the material. A 

familiarization flisht in the subJect aircraft was also 

Provided as a trainins or PreParatorw aid before anhl flisht 

testins besan. 

The first steP durins the sround school session was the 

administration of a test covering the advisorw service. This 

test Srade became Part of a Permanent data file of the 

trainins Prosram for each Pilot. The Sround school training 

besan a~ter the first test was comPleted and sraded. The 

entire swstem was reviewed with special emPhasis Placed on 

the areas identified as trouble sPots from the first exam. 

A~ter the sround school session was comPlete, the Pilots 

took a second examr similar to the one thew had taken at the 

besinnins of the session. Grades between the Pilot 

test/re-test scores were comPared and averased. Pilots were 

then Paired to the extent Possible so that each o~ the 6 

flisht seuuences would be flown bw two Pilots with similar 



sc~ores. 

ELIG~I ~CIIUIIIES. 

This section is divided into the fallowin~ subsections: 

o Test Fli~ht 

o Communications 

o Ai~ Traffic Control <ATC> 

IESI ELIG~I. Befo t·e each test f 1 i ght the safet8 Pi 1 ot' Arc 

coordinator' observers, and subJect Pilot discussed the 

flight, Procedures' altitudes, communications and fli~ht 

test reauirements. The subJect Pilot did not PariciPate in 

those briefings in which the encounters were Planned and 

discussed, since that Part was to be acted uPon b~ the 

subJect Pilot when the situation occurred. In order to keeP 

the scoPe of these tests within reasonable bounds' certain 

Parameters of the Planned encounters were held constant 

throu~hout the test series. These fixed aspects of the 

encounters were clearlY communicated to the subJect and 

safety Pilots during briefin~s to ensure their understandins 

of the flisht t•st Parameter constraints: 

o The subJect Pilot considered both aircraft to be 

operating under VFR conditions (visibilitY 4 nm, 

ceilins more than 3000 feet>. 

o The intruder aircraft was eauiPPed with an altitude 

encodin~ altimeter and transPonder. Aircraft without 

altitude encoding eauiPment were not Processed bY 



the around-based advisor~ service eauiPment. The 

intruder was not eauiPPed with the advisor~ service 

caPabilit~. 

o No ATC involvement was stased. The subJect Pilot did 

not receive or ask for traffic advisories. However, 

traffic advisories on aircraft other than the two 

test aircraft were uPlinked bw ATC in the event that 

the~ were not Mode C eauiPPed. 

o The safet~ Pilot, who was the Pilot-In-Command <PIC), 

was resPonsible for ensurins adeauate seParation 

throushout the test series. The safet~ Pilot 

sUPPorted the subJect Pilot durins the test flisht 

b~ handlins the communications. No helP was Siven to 

the subJect Pilot durine the flisht with resPect to 

brinsins his attention to the disPla~ or Pointins 

out aircraft for visual acauisition. The intruder 

did not resPond to the conflicts, onl~ the subJect 

aircraft initiated maneuvers, if the subJect ~ilot 

deemed it necessar~. The intruder aircraft was 

considered blind to the Presence of the subJect 

aircraft throushout all Phases of the encounters. 

Encounters were desisned so that this last constraint did 

not Produce an~ unreasonable demand on the subJect or safet~ 

Pilots. The velocit~ differences between the subJect 

aircraft were small so that modest maneuvers of the subJect 

aircraft were effective. Althoueh the disPla~ contains a 

number of features selectable b~ the Pilot, all flishts were 
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flown under the followin~ conditions <Reference 9 Sives a 

detailed exPlanation of these features>: 

o DisPla~: DisPla~ed ran•e set on auto-adJust 

o Proximate Mode: Option 5 (full s~mbolo~~ for threats 

and non-threats except that when a threat exists 

simultaneous!~ with a proximate the 

p~oximate aircraft will not disPla~ the altitude and 

velocit~ vector). 

o Proximate Priorit~: No information other than the 

advisories were transmitted to the disPla~. 

o Information Level: All fli~hts were flowri with the 

full advisor~ service. 

Before a test fli~ht the observers would comPlete a fli~ht 

lo~ with information about the weatherr airPort conditidns, 

aircraft status' and time of da~. The subJect Pilot 

comPleted a Prefli~ht exam Prior to the da~'s flisht 

briefin~. Durins the fli~ht, the observer ~omPleted the 

encounter lo~ recordin~ the Ph~sical data before' durins, 

and after an encounter. Immediate!~ followin~ each encounter 

the observer asked the subJect Pilot ~ue~tions concernins 

the encounter Just completed and recorded the answers on the 

encounter debriefins form. After the flisht, the subJect 

Pilot comPleted the fli~ht debriefin~ which was concerned 

with the entire fli~ht exPerience. 
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COMMUNICAIIONS. Durins all fliShts a site control Point 

called Mode S Control was located at the Technical Center 

radar site. All communications' air-to-sround and 

sround-to-sround, went throush Mode S Control. OccasionallY 

a vector was siven to the two test aircraft from Mode S 

Control to aid intercePtion of the subJect aircraft. Since 

the subJect Pilot was not to know from where the int~uder 

aircraft was comins, a coded form of communications between 

the intruder aircraft and subJect aircraft was necessarhl. 

This was accomPlished bY havins the intruder ask for 

Position rePorts from the subJect aircraft when visual 

acmuisition was lost. Ad~isories from ATC were Siven to the 

subJect onlY when reauested bY the safetY Pilot. 

AIR IRAEEIC CONIROL. The ATC coordinator Provided uPdated 

information concernins the airsPace used bY the Technical 

Center. ATC was aware of the reauirements durins the flisht 

test and was provided with the followins information: 

o TransPonder codes of both aircraft involved in the 

flisht test. 

o Altitude of each aircraft durins the flisht test. 

o Intended route of flisht (see Flisht 

APPendix A>. 

o Time flisht w~s exPected to besin. 
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EaCIORS OUISIDE OE SIRICI CO~IROL. 

A flisht would not be attemPted if the visibilitY was less 

than 4 nautical miles' the ceiling <cloud laYer) was less 

than 3000 feet, or the wind velocitY was sreater than 35 

knots at flisht test altitude. Hardware failures <in such 

eGuipment as the radar sensor or airborne instrumentation), 

software ma~functions, or aircraft maintainence Problems 

caused delaYs and/or cancellations. UnPlanned encounters 

were welcome since theY Provided additional data for 

analysis and the OPPortunitY to comPensate for missed 

encounters. 
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SUMMaF.n:. 

This section described the test Plan structure and was 

divided into the followins six sections: 

o Flisht Path Geometries 

o Scher.:itll ins 

o Pilot Selection 

C) Train:i.n!.\t 

o FliSht Activities 

o Factors Outside of Strict Control 

There were six flisht Patterns <A-F> used in the test 

series. The order in which the Pilots flew the six Patterns 

was determined b~ usins a latin sGuare desisn. 

Followins a series of announcements and a briefins on the 

fl:i.Sht test Prosram, aPPlications were received from 

potential subJect Pilots. The aPPlicants were then screened 

for QUalifications such as multi-ensine ratins, current 

medical certificate, and 200 hours of flisht time with ~t 

least 6 in the Past 3 months. A total of 12 Pilots were 

chosen to Partici~ate in PT'O!.\tT'aiTI <· 

n(:>tificat:i.on C)f accePtanc(~ int<J the PJ'.C)!.\tr-am' thf:! Pilots; w~:!T'<'·! 

siven a self-stud~ Pilot's Manual to familiarize themselves 

with the advisor~ service s~stem. These manuals were siven 

to the subJect Pilots one week prior to the sround s~hool 

trainins session. At the beS:innins of the trainins session 

an exam was administered to test the knowledse Sa:i.ned fr-om 

the ~:;f? l f····l:; tud~ P il <Jt '1:; Manua 1 • Thf? s•.Jbl:;(;~c~u<~!nt ins t r·uct i Dn 
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covered the trainins manual contents and answered an~ 

~uestions the Pilots had concernins the advisorY service. At 

the conclusion of the course a similar exam to the first was 

siven to the subJect Pilots, this time with the PurPose of 

identif~ins an~ increase in knowledse of the service that 

occurred as a result of the trainins session. 

Radar sites at the Technical Center and at Clementon' New 

Jersew were used in the flisht test Prosram. The Technical 

Center was the headauarters for communications between the 

aircraft and the Clementon radar site. The flisht 

coordinator briefed the Air Traffic Control watch suPervisor 

about the altitudes' flisht Patterns' and aircraft numbers 

of the daw's flisht. The subJect Pilot, safetw Pilot and 

observers Participated in a Preflisht briefins. The observer 

comPleted a flisht los while the subJect filled in a 

Preflisht exam. Durins each encounter the Gbserver comPleted 

an encounter los with Phwsical data resardins the encounter. 

The observers aueried the subJect Pilots about the advisorw 

service subseauent to each encounter' therebw Providins 

answers to the encounter debriefinS form. At the comPletion 

of a test flisht the subJect Pilot comPleted a flisht 

debriefins form which asked for an evaluation of the 

advisorw servibe. The safetw Pilot was the Pilot-In-Command 

<PIC> and was resPonsible for assurins safetw durin~ the 

flisht. The safetY Pil6t handled the com~unications because 

the intruder Pilot needed freauentlw updated Position 

information from the subJect aircraft, in order to Plan his 
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aPProaches. If the visibilit~ was less than 4 nautical 

miles, ceilins was less than 3000 feet, or hiSh winds 

existed at flisht level' cancellations would occur. If these 

thresholds were violated after a flisht besan, the flisht 

was abor'ted. Other' factors which caused del a!:~s;, 

PostPonem<oO'nts. or cancc~llation~:; were malfuncticlns d•.Je to 

aircraft maintainence Problems' eGu:ipment failures' or 

software Problems. 

A summar~ of the flisht test conditions is Presented in .,. 

Table 3. 

TABLE 3 - SUMMARY OF FLIGHT CONDITIONS 

TYPE SPEED SEF~VICE 

SUBJECT Beech 55 120 Ec~uiF'Pf~d 

AIRCRAFT 

INTRUDER 16~:) Unec.1uiPPed 

WEATHEI~ Vis.>4 nm. Wind at 3000 ft.<35 kts. 

ENCOUNTERS StJ'aisht & Level On~~ I nt T'ud~~ T' 



IESI EXECUI10~ ~~D D~I~ COLLECI10~ 

l~IRODUCilON. 

Test execution and data collection are described in the 

followins six sections: 

o Airborne Instrumentation 

o BiosraPhi~al Data 

o Ground School TraininS 

o Flisht Data Collection 

o Data Processins 

o Data Base Construction 

All the data collection activities are illustrated in Fisure 

3. The test data were obtained bw means of examsv 

ouestionnaires' los forms, and masnetic tapes. The~e data 

were entered into a co~Prehensive data base for analYsis. 

The airborne instrumentation section explains the screen 

position relative to the Pilot's ewesisht and how the imases 

disPlaYed on the screen are Perceived. The human factors 

asPects of the disPlaY are described in detail. 

The bioSraPhical data consist of the aviation exPerience and 

certification levels of the subJect Pilots. 

The Sround school trainins served as a formal cl~ss for th~ 

subJect Pilots subseouent to individual study of the Pilot's 

Manual. 
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The flisht data collection section describes the test 

flishts and the data collected during the flights. There 

were two catesories of flish~ data: written <manual) flisht 

data, and s~stem extraction data. Before each flisht the 

subJect Pilot comPleted a Preflisht exam, while the observer 

filled out the initial Po~tions of the flight los. Durins 

the flisht the observer comPleted the flisht los and two 

other forms' the encounter los, and the encounter 

debrie~ins. The encounter los was co~Pleted durins each 

encounter' and the encounter debriefins was the observer's 

transcriPtion of the subJect Pilot's resPonses to debriefins 

~uestions asked immediate!~ after the encount~r. A flisht 

debriefins was comPleted b~ the subJect Pilot after the 

flisht was finished. 

Masnetic data extraction taPes were collected at the Mode S 

site for each flisht. These taPes contained surveillance 

information, time' aircraft identification numbers' and the 

automatic advisor~ service data. 

The data Processins section describes the procedure of 

reducins all the obtained data to a format that facilitated 

f?nt r~ into the data base. 

The data base construction section describes the data base 

structure and the Process of data entr~ and validation. 

Finall~r the entire data collection Procedure is summarized. 
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~IRBORNE INSIRUMENI~IION. 

A Bendi~ weather radar color disPlaY was adaPted to displaY 

the TAS and RAS information. A detailed exPlanation of the 

desi~rtn is found in Reference 8 bhl Lincoln 

Laboratorw. The disPlaw was installed in right 

instrument Panel <Fi~ure 4) of a BE-55 Beech Baron <Figure 

5). The ModeS transPonder' disPlawv Power sUPPlY and losic 

units were installed in the rear seat area of the BE-55. The 

screen of the disPla~ was located aPProximatelw 45 desrees 

from the Pilot's line of sight in the horizontal Plane and 

app T'O~·~ i mate 1 Y 10 degrees down in the vertical plane. 

Although some periPheral information from the disPlaw maw be 

available to the Pilot while scannins other instruments, 

brinsins the disPlaw into the oPtimal visual zone (30 desree 

cone, see Reference 10) reGuired the Pil6t to turn his head. 

Insofar as the disPla~ is not a Primary flisht instrument, 

this limitation is not ciritical. Howeverv notice that 

bec~<3U!:>e of its l!:Jcation, thf:n'€~ maw be occasicms when 

auditorY sisnals would helP alert the Pilot to uPcominS 

traffic information. 

The disPla~ itself subtends a visual angle of aPProximatelw 

7 desrees (maximum) which is t~Pical for this kind of 

aircraft (see Table 4). 
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" 

Screen 
Tilt. Location 

No R:isht Panel 

Yes Center Console 

Yf.·)~;. F~:i.!:.iht PanE)l 

Yt:·)S; Rii:Jht Panel 

Cr~w Size 
VFR 

1 

3 

1 

r) 
.<.. 

IFR 

~ 

' 

3 

'') ··-

... ) 
~~.· .. 



Since the foveav the resion of the e~e with hishest visual 

acui t\:1 v subtends an an~le of aPProximate!~ 
..... 
... -:. 

CRef~rence 11) e~e movements are necessar~ in order to brins 

resions of the disPla~ into foveal vision. These movements 

will necessaril~ be saccadic <Reference 12). APP.l'()}~ i m<:lt<·~ 1 ~ 

four saccades can be executed Per se~ond and it takes 

aPProximate!~ 0.1 to 0.2 seconds exposure to establish 

Ill B)·( :i. llt a]. SCI . .I :it~~ <Reference 13). Given an uPdate rate of 4.7 

seconds on the disPla~v there will be ade~uate time between 

updates for information extraction and intesration. The 

threshold of acuit~ is aPProximate!~ 1/60 of a desree for 

the normal observer <Reference 14). This 1s the visual ansle 

subtended b~ an obJect of 0.05 inches at a distance of 15 

ft:~et. Dbv i ou!:;l \:1 v th~:: ~.:! raPh:i. ca 1 !:>!:lmbo 1 Cl.~.:l\:1 anr:.i a 1 f''ha····num~:~ r· :i. cs 

of the disPla~ are well above threshold. 

contrast sensitivit~v the modulation transfer funct :i. on 

estimates of SQUare wave sPatial freQuencies at levels that 

aPProximate the disPla~ show a maximum between 2 and 10 

:1. ~'.'.i ) • This is close to the 

stroke-width values of the disPla~v and 

that the disPla~v if not oPtimalv 

ad<-::><:-~uat<-::>. 

The above descriPtion of the human factors characteristics 

of the disPla~ allows onl~ a coarse evaluation of its human 

ensineeri~s ProPerties. In Particular' the nature of the 

d~namic interaction of the disPla~ with the ~ilots scan of 

flisht instruments and visual scene cannot be adeQuate!~ 
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assessed from the available information. For examPle' it h~s 

been shown <Reference 16) that Pilots do not read. all 

instruments in eoual detail. This becomes evident when 

oculosraPhic data are examined which show different 

distributions of slance times for different instruments 

durins simulated flisht. It is imPortant to know at what 

level of detail the disPlahl is read. Much of the detailed 

information on the traffic shlmbol is Probablhl isnored bhl the 

Pilot whose main interest is focused on monitorins the 

develoPins encounter at a hishe~ cosniti~e and PercePtual 

level and checkins for the Presence of the resolution 

advisor~, or formulatins his own. 
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BIOG~AeHICAL D~IA. 

Confidential bioSraPhical data were obtained from each 

subJect Pilot. The biosraPhical Profile of a t~Pical subJect 

Pilot is presented here. 

Each selected subJect Pilot was !'.l:i. Vf.')n backs J'ound 

info J'm<:1t :ion c~U(i-!Stionn<:!i T'f.~ tel COmP 1 (~~t(·? • Th(·? ~;upp 1 i (i-!d 

information was examined for comPleteness. If an~ item was 

found incomPlete, the form was returned to the Pilot for 

clad.f:ication. 

The information solicited b~ the b:ioSraPhical data form 

includes the followins: 

o Aviation certification histor~ 

o Different aircraft exPerience 

o Pilot-in-Command hours 

o Simulator exPerience 

Throushout the test Prosram pilots were identified b~ code 

letters onl~Y therebs suaianteeins confidentialit~ of the 

:information. 

The 12 Pilots that were chosen for the test reflect a broad 

ranse of ase, education, and exPerience. Their ases ransed 

from 30 to 60 with an averase ase of 37.4 ~ears. The level 

of education sPanned from hish school Sraduation to two ~ear 

Post-baccalaureate deSrees wit~ a mean of 4.1 sears Post 

h :i. ~.:!h schoDl • The number of ~ears since receiPt of first 

Pilot's license ransed from 5 to 39 with an averase of 12.5-
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wears from orisinal licensure. The total number of hours 

flown ransed from 300 to 11v800 with an averase of 2016.6 

hours Per Pilot. Of these hoursr 20 to 5v500 were in 

multi-ensine aircraft. 

GROUND SCHOOL IRAlNlNG. 

The trainins of the subJect Pilots consisted of two Parts: 

self-studw bw the Pilot of the Pilot's Manual, and a Srouhd 

school trainine session. 

One week before the scheduled sround schoolv each subJect 

Pilot was Siven a coPY of a 32-PaSe Pilot's Manual for 

self-studw. The Pilots' knowledee of the automatic advisorY 

service was t~sted bw examinations, ~iven at the beeinnine 

and at the end of the around school trainine session which 

ran from 8:30 AM to 11:50 AM on October 17v 1980. 

Durins the around schoolr the advisorw service wa~ exPlained 

and the test flisht Prosram was discussed. The Pilots were 

esPeciallY instructed not to discuss their OPinions of th~ 

service with one another. The Pilots were not told how to 

use the automatic advisorw service i~formationv but were 

told to use the information thew deemed aPProPriate durins 

test flisht encounters. 

The sround school exam scores were used to Pair the subJect 

Pilots so that two Pilots with similar scores would be 

scheduled to flw the same seouence of six flieht Patternsv 
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alternatins the order of mornins/afternoon flishts. Table 5 

shows the averase test scores for the Pilot Pairs. Two of 

the six Pairs of Pilots were not SrouPed accbrdins to score 

because of late chanses or rePlacement. Pilot Pair C-L 

differed in their scores bs 5 Points because Pilot L was a 

FePlacement for a Pilot who drOPPed out of the t~st series. 

Pilot Pair A-I were "leftovers" from the oriSinal Pairins 

Process. 
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TABLE 5 - GROUND TRAINING TEST SCORES 

Pilot Pairs 

C - L 

B - K 

D - F 

A - I 

E - G 

H - J 

45 

Test Scores 

11.5- 16.5 

12.0 - 12.0 

12.5 - 13.5 

14.0 - 19.0 

16.0 - 15.0 

17.5 - 17.5 



ELIG~I DAIA COLLECIION. 

The successful execution of flisht tests dePended uPon the 

weather and the test eauiPment. A total of 72 flishts (12 

Pilots flhlins 6 flishts each) was successfull.s concluded 

from November 14, 1980 to Mas 13v 1981. Durins these fliSht~ 

a total of 424 encounters were achieved. The collected data 

were contained in written forms and ssstem data extraction 

taPes. In thlS section the test execution will be 

summarized. The forms which were used to Sather manual data 

will be described~ 

IESI ELIG~IS. The maJor factors which could Prevent a 

scheduled test flisht from beinS carried out were w~ather 

and eauiPment conditions. Thereforev shortls befcire each 

flisht a final confirmation was obtained on the visual 

meteorolosical cond1t1ons ahd the oPerational status of 

various eauiPment comPonents. After these items were 

determined to be satisfactors~ the subJect Pilotv safets 

Pilot, and observ~rs were briefed on the flisht Patternr 

altitude, and flisht procedures. The subJect Pilot was Siven 

a Preflisht exam, and the observer started to comPlete the 

flisht los. The Pilots and observers th~n boarded th~ 

aircraft, and the flisht coordinator took his Position at 

the communications site (called ModeS Control), where he 

handled communications between the ai~craft and the Mode S 

sensor. The aircraft taxiedv rePorted ATC assisned aircraft 

identification numbersv and the flisht besan. As soon as the 
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subJect aircraft reaehed a strai~ht and level course, the 

observer com~leted th~ fli~ht lo~. Durins ~ach encounter in 

the fli~ht, the observer comPlet~d an encounter lo~. After 

each encounter' the subJect Pilot was asked a series of 

ouestions concernin~ the conflict situation Just comPleted, 

and the answers were recorded on the encounter debriefins 

form. After the fli~ht was finished, the subJect Pilot 

comPleted a fli~ht debriefins form. 
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ELIGUI SUMMARY. The test seauence consisted.of 77 scheduled 

flishts. Five of these fliShts encountered Problems with 

either eauiPment malfunctions or weather chanses which 

in a decision to abort the fliSht. The """} ... ) 
~ ..... . 

successful test flishts bccurred from November 18v :1.980 tel 

Ma~ 13, :1.981, half of the flishts beinS in the morninss and 

the other half in the afternoons. Each flisht had at least 

two encounters. Sixtw-one (82 Percent) of the flishts had 

five to seven encounters. A total of 424 encount~rs were 

involved onl~ the subJect aircraft and the ~redesienated 

:i.ntr·udel' aircl'aft fl~:lin£i tht.• Plannc:-.>d c·?ncountc:~r· !:.ic:?omc"'triE·~~;. 

There were 32 multiPle aircraft encounters which involved 

non-PrbJect aircraft. The remaining 65 encounters were 

unPlanned encounters i~volving ~ither non-ProJect aircraft, 

or the Predesignated intruder fl~ing on unPl~nned encounter 

geometries, The distribution of all encounter tsPes was as 

folJ.CJI,IS: 

94 (22%) - Head-on en~ounters 

:1.8:1. (43%) - Lateral Encounters 

149 (35%) - Tail-chase encounters 

MANUAL DAIA EORMS. Five forms were used ~o collect m~nual 

flisht data <Data CollectioM Forms, APPendix B). These were 

the Preflight exam' flight losv encounter loev encounter 

debriefing, and flight debriefins. The data from these 

seParate forms were l.inked b~ the subJect Pilot code letter 
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and the number of the Pilot's flisht <1- 6). 

~xefli~bt E~am. The Preflisht exam, consistins of nine 

auestions concernins the automatic advisor~ service disPla~, 

was siven to the subJect Pilot durins the Preflisht briefins 

in order to test his recollection of the disPla~ s~mbolos~. 

Elisbt Los. The flisht los was comPleted b~ the 

observer to describe the test conditions of the flisht, 

includini:t: 

o The identification codes of th~ ~;afet\:1 Pilot, 

intruder Pilot, and observers 

o The t~Pes of aircraft used 

o The weather conditions 

o The deParture time 

o The time when the aircraft first reached a straisht 

and level course. 

These data were either Provided to the observer b~ the 

<:~PPrOPT'iate technical Pt;>r·sonnel (<~!.~3. in t,ht?. ca~:;c~! of wc-?at..her' 

information), or were obtained b~ him 

ins t r•.Jmentat ion on-bc)a T't.:i SI.Jb,Jf?Ct 

d:i r·ectl\-J 

a :i. r·c r·aft. 

fronr 

The~! 

information contained in the flisht los made it Possible to 

subseauentlw catesorize the data base bw such features as 

Pilot, flisht number, and visibilitw. 



EccouoieE Los. The observer comPleted the encounter los 

to describe the conditions and events ·Of each encounter. 

o Turbulence at the besinni~S of the encounter 

o TwPe of encounter (i.e. head-on' lateral encounter' 

(J r ta :i.l····cha~:;E)) 

o T\~P(~) of adv i soT' :i. f?!!; received from the a• .. rtclm<:vt :i. c 

o Evasive action taken b~ the subJect Pilot in 

to ccJnfl :i.ct . l ~· . 
~:; :1. ··,u;:~ ~~ :r. on and thf:~ 

ratinss of various asPects C:lf" t.h(""' 

conflict manasement b~ the subJect Pilot such as 

altitude and course maintainance, :i. n~:; t rumf:)nt. anci 

maneuver coordin~tionv a:i. r·~:;PP!-:)d 

controlv fuel manasement and workload. 

Er:tcor.Jr:t:!:.e.r.: :Oeb.r~ief:ir:.S. I mmf:)cf:i. att:)·l \:! aft<·:~ r <:~ach (~)ncount<~) T' 

the observer asked the subJect Pilot a series of auestionsv 

and comPleted an encounter debriefins. The twelve auestions 

asked concerned the Pilot's oPinions about the automatic 

adv :i. ji;o T'\:l service ·for the encounter. The answers were 

collected on~board the aircraft while th~ subJect Pilot's 

imPressions of the encounter were still fresh. 
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Elisbi Deb~iefios. At the end of the flisht when the 

subJect Pilot could reflect on his ove~all exPerience' he 

comPleted a flisht debriefins form. This form contained 

twent~-five ouestions in different resPonse formats. The 

data thus collected was comPrised ofl 

o The ratinss of the utilit~ of the seneral asPects 

and individual comPonents of the automatic advisor~ 

service disPla~ 

o The evaluation of the relative merits of the 

advisor~ services <TAS and RAS> 

o The descriPtion of the attitude toward and the 

utilization of the automatic advisor~ service 

o The evaluation of the overall s~stem oualit~ of the 

service 

SYSIEM D~IA EXIBACIION. Masnetic taPes were used to record 

s~stem data at the Mode S sensor. The extracted data 

contained: 

o Time and scan number 

o Surveillance rePorts 

o Tracked aircraft Positions and velocities 

o Traffic and resolution advisor~ messases sent to the 

subJect aircraft. 

For most of the flishts, coverase was Provided bs the Mode S 

sensor at Clementonv New Jerse~. In order to reduce the 

s~stem load, the resular 60 nautical mile radius coverase 
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area was reduced to a wed~e extendin~ from the 90 desree 

azimuth to the 21a de~ree azimuth. This wed~e-shaPed area 

did not include the traffic in and around the PhiladelPhia 

terminal control area <TCA). There were a few instances when 

some swstem Problems hamPered the oPeration of the Clementon 

site. In these cases, the Technical Center site was used to 

cover the test flishts. 



Daia £BOCESSI~G. 

Before bein~ entered in the data base' the bio•raPhical 

data, ground school exam results and manual flisht data were 

all muantified. The s~stem data tapes were Processed to 

extract the aircraft conflict information and the 

surveillance rePorts of all the involved aircraft from which 

the closest Point of aPProach <CPA> was calculated for each 

encounter. Final!~, the fli~ht data and s~stem extracted 

data were correlated so Lhat all the s~stem data Pertainins 

to test encounters were collected. 

Ma~UaL Daia QUa~IIEICaiiO~. The data obtained manuall~ in 

the biosraPhical muestionnairev ground school exam and the 

fli•ht manual data forms were muantified and entered into 

the data base. Most of the data remuired ver~ little 

PreParation. For example' the temperature, wind velocit~, 

and ratins scales could be entered directl~ into the data 

base. The multiPle-choice muestions and ~es or no muestions 

Produced results which cciuld also be readil~ stored. 

However, the answers to an "oPen-ended" muestion had to be 

classified into 21 basic catesories before the~ could be 

entered into the data base. 

SYSIEM Daia EXIRaCIIO~ Ia£ES. The sYstem data extraction 

taPes contained the surveillance rePorts of all ai~craft in 

the Mode S sensor coverase area as well as the automatic 

53 



~. 

adv i so T'\:1 service data of thos~ aircraft in Potential 

conflict. To determine the identitY of the aircraft involved 

in the encountersv a correlatin• Process was Performed. This 

was done b!:l examininS two 

infor'mation: 

of CDr J'obo r<:~t :i n~lf 

o Plots of aircraft Positions and the automat,ic 

advisories from the data taPes. 

o Listinss of possible intrude~ aircraft from the data 

For most of the flishts a Sround observer sittinS in fro~t 

of the Plan Position indicator <PPI> screen at the Mode S 

site monitored the flisht and recorded sisnificant events in 

Prosress' such as the identification of the aircraft in 

conflict, the encDunter time and scan numbers' the autDmatic 

advisor!:~ contents and the s!:lstem data extraction taPe 

numbt~ T'~:;. 

The Plots of known aircraft Positions and listinss of 

relative ranse Snd bearins of the intruder' were all PrePaPed 

from the s!:lstem data taPes. These visual rePresentations 

were then comPared with the manual data of the observer's 

loss. Usuall!:~ this simPle Process of correlation was 

sufficient to identif!:l the intruder aircraft which was 

involved in a sinsle encounter. Howeverv durins an encounter 

a non-ProJect aircraft misht be in the immediate area, and 

cause an unPlanned or multiPle encounter. For the unPlinned 

and multiPle encounters an exhaustive search for ~11 
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aircra~t was accomPlished b~ comParins Plots and Printouts 

o~ all relevant tracks. 

A~ter all of the aircraft involved in an encounter were 

discovered and verified bs these correlation efforts, actual 

CPA and Predicted CPA data were calculated. The actual CPA 

is the minimum distance between the subJect and intruder 

aircraft durins the encounter. The predicted CPA the 

minimum miss distance which was ProJected bs th~ automatic 

advisors service tracker function durins an encounte1·. 
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DAIA BASE CONSIRUCIION. 

In this section the data base structure is described. The 

data were entered and validated in the data base and 

software was develoPed tc allow retrieval cf the data for 

data reduction and analssis. 

DAIA BASE SIRUCIURE. The data base is comprised of fou1· 

distinct files: biosraPhical filev Sround school exam file' 

flisht data file, and text file. These files were all linked 

bY subJect Pilot cede numbers. The data cf the flieht data 

file and the text file were chronclceicalls ordered, The 

basic record cf the flisht data file was the information fer 

an individual encounter which was d~rived from the followins 

six sources: 

c Form 1 Preflisht exam 

c Form 2 Flisht los 

o Form 3 Flisht debriefins 

c Form 4 Encounter los 

c Form 5 Encounter debriefins 

c Form 6 SYstem extraction data taPes 

All the encounters cf a sinsle flisht have the same data in 

the first three forms. The data fermat of each file is 

briefls described as fellows. 
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Bio~£aebical Eile. Th~ biosraPhical file contained the 

backsround data for all 12 subJect Pilots. The data for e~ch 

Pilot were coded in a sinsle 80-column ~ard. 

G£ouod School E~am Eile. The around school exam file 

contained the scores of each of the two exams taken bs each 

of the 12 subJect Pilots. One score is missinS because one 

Pilot missed the second exam. 

EliSbi Daia Eile·. The flisht data file contained the 

data for all 424 flisht encounters •. Each encounter had six 

forms. The first five forms of the manual flisht data were 

coded in a fixed lensth data block containins tweMt~-four 

72-column lines. The ssstem data for each encounter had 

variable lensth and contained the CP0 information (predicted 

CPA, and actual vertical CPA)y followed bs a block of 

surveillance and automatic advisors service data durir1S the 

entire encounter. 

Ie~i Eile. The text file contain6d all the Pilot 

comments made at the end of each flisht. These comments were 

classified into 21 distinct statements, and the statement 

numbers were used to code the comments in the data base. 

After the data were entered, the data base was validated. 
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SUMMAR.'l. 

The test execution and dat.a col lf-1ct:i.on F' POV i dt::•i.:J 

comPrehensive data base. The entire data colle~tion effort 

is summarized in Fi~ure 3. The bio~raPhical :i. nfo rmat. ion=' 

~round £chool exams, and manual fli~ht data were coded and 

entered into the data base. fli~.=.iht dat<:l 

extraction taPes were Processed to Produce flisht Path Plots 

and Position listinss, from which the aircr~ft involved in 

the encounter were identified and confirmed bs correlation 

with the man0al fli~ht data, then the Pelevant ssstem data 

were extracted and entered in the d~ta base. 

anal~sis was Performed, the data base was subJected to a 
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DAIA frEDUCIION a~D A~ALYSIS 

. Ii'.HEi:ODUCIIO~. 

The data anal~sis is divided into five maJor sections. 

o DePendence of Data on Test Conditions 

o Pilot Utilit~- Assess~ent of the Advisor~ Service 

o Pilot AccePtance of the Advisor~ Service 

o Use of the Advisor~ S~rvice 

o Characteristics of the Trainins Prosram 

The first section addresses whether or not. the data are 

sisnificantl~ affected b~ either the test desisn Parameters' 

or those factors outside of strict control. 

The second section examines the Pilots' r' a t: :i. n ~.=!. ~:; u ·r· t h f:·) 

utilit~ of the disPla~ed infbrmationY and t.h(:,):i. r- comnri-:·•nt·::; 

resardins the information level of the s~stem. Parti~ular 

attention is devoted to rankine of the 

effect of the number of exPeriences with the automatic 

advisor~ service in stabilizins those rankinss. 

The third section examines evidence of Pilot satisfaction 

PC)st-·fl:i.~lht debr'i€·)fin~l and thr.~ t?ncountr.,•r· dE~br·:i.f:~firr~~i. Dvt:)rall 

ratinss of the advisor~ service and of the disPlas, a l CHI~:.i 

with indices of satisfaction cbnstructed from Post-encountel' 

c~uestions' are used to determine the level of satisfaction 

and the wa~s in which that level is influenced bs increasins 



exPerience with the s~stemv and b~ the different t~Pes of 

encounters which occur. 

In the fourth section Pilot behavior and ~erform~nce are 

discussed. Data on visual acauisition are examined with 

respect to encounter t~Pe and the level of exPerience with 

the service. Pilot maneuvers are examined with respect to 

the different levels of comPliance with the Resolution 

Advisor~ Service <RAS)v Predicted riskv encounter t~PeY 

level of exPerience~ and the Performance in maximizin~ the 

seParation between aircraft. 

The last section Provides an anal~sis of the methods used to 

train the Pilots in the use of the s~stem. Exams are used to 

assess the relative effects of a self-studs manual, a ~round 

school trainin~ session,. and knowledse . ' ~a1nea from actual 

fli~ht exPerience with the ssstem. 
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DEeE~DENCE OE DQIQ ON IESI CONDIIIONS. 

Within the data anal~sis sectionv Pilot's Slobal ratinss of 

of Pilot satisfaction with the automatic advisor~ service. 

In addition, a combined index of Pilot satisfaction is 

constructed usine a weishted sum of resPonses to encriunter 

debriefins ouestions and the two slobal ratinss. In u~:; :i. n1:.~ 

information from these data to form conclusions~ it is 

imPortant to determine the desree to which the data are 

influenced b~ the test conditions. 

The test conditions considered were the factors built into 

the df.~s;i sn c:>f the~~ tc~!!:; t P Y'C)!i.l'l'am ( thf.~ :i. nd :i. v :i. dua 1 f 1 :i. !.=.Hd. 

flown' and the distribution of mornins/afternoon flishts), 

and those that were outside of strict control (cloud 

C.' f.~ i 1 i n:<:.t, r·anSE.' of vi!:; :i. b i 1 i t·::l v and t\:IF··~:! o·f· c 1 oud cove~! r) ,. Th (:·• 

two r·atin!'.l!:;' thf;) COITtb i nE•d :i.ndf:-!i·: (Jf F· :i.]. i.:Jt. 

satisfaction, and five ouestions from the flisht debriefin~ 

(ouestion numbers 3v 20v 21v 23, and 24) were tested asainst 

these conditions usinS trend anal~sis, anal~ses 6f variance' 

t-tests, and ~ontinsenc~ tables. 

There were three Possible dePendencies seen in the anal~sis; 

1. the slobal ratins of the disPlaY showed a siSnificant 

desree of variation with flisht Pattern seouence, 

confidence in the resolution advisories Couestion 23 of the 



fli•ht debriefin~) when the cloud ceilin~ was lower' and 3. 

both the slobal ratinss and the comb :i. nrad of 

satisfaction showed a tendencs to increase as the sks became 

more overcast. The latter two tendencies were aPParent uPon 

insPection of the data, I:Jut. not ~:; t.at. :i. s t i c:a 11•::1 

sienificant below the 10 Percent level. On the other hand, 

the variation in slobal disPlas ratin~ 

Pattern semuencef while statisticalls sienificant <F= 4.65; 

P< 0.05), is more likels to reflect differences between the 

Pilot Pairs flsins the different Pattern semuences than 

differences in the flisht Pattern semuences themselves. This 

apparent dePendencs wasv therefore~ discounted as a random 

f?vent. 

This eeneral lack of sienificant dePendencies indicates that 

counter-balanc:ine ( lat:i.n ~:;c:-~• . .1a 1'f.·~) 

successful in eliminatins ssstematic data dePendenciesv and 

the meteoroloeical limitations imPosed on the flishts were 

sufficient to avoid maJor random dePendencies. 

In addition, all of the encounters were subJect to the 

followinS three constraints: 

r·atc-:.> or· m<:~neuvt:~ r· :i. n~.=.{ f.~ncoun t.c·2 T'~;;. t.·Jf! J·c·:! 

flDwn. 

2. ND Planned multiPle aircraft encounters were flown 

(32 unPlanned multiPles occured). 

3. The intruder aircraft were not emuiPPed with. the 

autDmatic advisDrs service. 



The test 

constraints not been in effect. 
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eiLOI UIILIIY ASSESSME~I OE IHE ADVISORY SERVICE. 

I~IRODUCIIO~. In the course of the Post-flisht debriefinss, 

the subJect Pilots rated the utilit~ of 11 distinct features 

of the disPla~. All ratinss were made en a ten-point scale' 

ransins from the lowest ratins of 0 to the hishest value of 

9. Pilots' ratinss of the disPla~ed data were examined to 

determine what information was used b~ them to manage midair 

encounters durinS the fliSht test Prosram. The anal~sis is 

divided into the followins four subsections. 

o Rankins of Pilots' Ratinss of DisPla~ed Data 

o Variabilit~ of the Ratinss 

o Stabilit~ of DisPla~ed Data Rankinss with Fllsht 

Numbet· 

o Information Level 

In the first subsection the disPla~ed data are ranked i11 

order· of thf~' i r· avc;.n·a!.:H:~ y·at :i. n~:! b~ th(:·~ F' :i.l ot~:;. Th i ,; -.·ard,: . .i. n!'.i 

Provides an assessment of the relative worth of the var·ious 

information comPonents of the disPla~. 

In the second subsection an anal~sis of variance is 

Performed to determine the maJor sources of variabilils lri 

ratin£!!:;. Thf~' fact(JJ'·::; "P:i.lot!'" "Fl:i.~:.lht NuJn!.)f:!r'" 

"DisPl.a~ed Data,• and the two-factor interactions between 

these are examined. 

r·ankE-~d for· f.~Vf.-)r\:l fl:i.~.~ht numbf:)J' in_ or·d<~)r to .-:.!Ptf·•rm:i.r·il':·• hut--• 

much experience 1s necessarhl to stabilize Pilot OPinion of 
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the relative value of disPlawed data. 

In the last subsection the answers to two 

CHJes ·t i ens' solicitin~ essentiallw the same information' are 

used to determine whether the level of disPlawed information 

was insufficient or suPerfluous. Also' Pilots' resPonses to 

the •open-ended• (;!IJ!:o'S t :i. on fpr 

sus~estions are examined to determine t,.Jhich 

features of the disPlaw thes did or did not like. 

6 c:· 

'·' 
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RA~KING OE eiLOIS' ~AIINGS OE DISeLAYED DAIA. Qu~stions 6 

throush 16 on the Post-flisht debriefing asked the Pilots to 

"Rate C0-9) each comPonent of the traffic advisor~ service 

in terms of how useful it is to sou in manasirlS an encounter 

situation?" It was exPlained to the Pilots that 9 was the 

hiShest ratins and 0 was the lowest. Table 6 shows the means 

of the ratinss for each of the disPlased data over all 

test flishts, with the disPla~ed data listed in the order of 

their mean rated Preference. 

IABLE 6 - RANKING OE ADUISORY SERUICE DISCLAYED DAIA 

NUMBER 

OF DATA MISSING MEAN 

DISeLAYED DAIA eOINIS DAIA RAIING 

Relative Altitude 72 0 8 • 
~ 
J 

Basic Traffic Position<"+" s~mbol> 72 0 ~ 

I .5 

Relative Motion line 72 0 7. 1 

Ranse Rins 0 7.0 

Point of Closest APProach 72 0 6 n 
y J 

Resolution Command 72 0 6 .B 

Vertical SPeed 64 8 6 .4 

Traffic Course Track 72 0 6. 4 

Out-of-Ranse Traffic (•~· S~mbol) 43 29 ~ 
J 0 8 

Turn Status 70 ~ ~ 3 ~ J 0 

0 ~ 1 J 0 Own Aircraft Course Track 
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It is aPParent from the~e ratin~s that the most PoPular 

disPla~ed data are those that ~ive basic :i. nf<J Y'IYI.::l t i Clt"i 

resardin~ the Position and relative mCJtion of the intruder. 

The ratin~ of Vertical Speed information mas have been 

different if vertical rate encounters had been Part Df the 

test, however' all encounters flown were essentialls in the 

horizontal Plane. The ratin~ of the Out-of-Ranse Traffic 

data was omitted from most of the statistical analsses 

described below because of its larse number of missins 

valties. The Pilots often omitted ratins this festure because 

it rare!~ occurred. 



UQ~IQBILIIY OE IHE ~AIINGS. The raw ratinss of the remainins 

10 disPla~ed data (after the omission of Out-of-Ranse 

Traffic data) t-Jf.-) r·<~) Put th rou~;ih a r<~)P~~)atf?d .. ··m<-:~a ~:>• .. t T'f:·.>:::. ana 1 '::n:; :i. s 

of variance. Since onl~ 10 of the 720 Possible scores weT'e 

missin~!, usual strictures resardins imbalance in 

rePeated-measures desisns ma~ be waived. Because the score 

samPle involves ratinss of 10 disPla~ed data~ made b~ 12 

Pilots, over 6 flishts Per Pilot, the Primars sources of 

variabilit~ examined are "DisPla~ed Datav" nFlisht Number,n 

and "Pilot.• Variances resultins f~om eithef of the first 

two factors are s~stematic' due to the desisns of the 

automatic advisor~ service and the flisht test Prosram, 

while variance resultins from "Pilot• is random due to the 

random nature of subJect Pilot selection. It is found that 

P T' :i.ma T'\:1 factor·~==· <:1nd tt-Jo·-·f act.o r· 

interactions account for t.h(·:.' va "i' :i. ab :i.l :i. "1:.!:1 in 

the ratinss, the remainins 25 Percent beins attributible to 

residual error resultins from unidentified sources. 

1 a\~Dut Df the anal~sis is modePatel~ complex' it 

cDnvenient to Present the results in a summar~ table. 

7 Sives the values Df mean-s~uared errDr resultins frDm each 

factDr' the F-ratiD describins the sisnificance Df each 

factor, and the P-value describins the PrDbabilits of the 

result Dccurrins b~ chance. Since variance resultins from 

the interaction of a s~stematic factor and a ranclon, factor· 

is itself randDm' the sDurces of variance involvins the 

factor "Pilot• are all con~idered randDm • 
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!ABLE 2 - SOURCES OE UaRIABILIIt IN DIS£L~YED DAIA RAIINGS 

SOURCE O'E UARIANCE 

DISPLAYED DATA (8) 

FLIGHT NUMBER <S> 

PILOT <R) 

DATA*FLIGHT <S> 

PILOT*FLIGHT <R> 

RESIDUAL ERROR (R) 

DE 

9 

l1 

4 ·=· '·' 
99 

1!!"1::­
... I,..J 

48:::; 

70.62 

:~. :~6 

64.69 

:1 .• 97 

10.:30 

:3.71 

1.94 

E G:AIIO P-VALUE SIGNIEICANI 

6.86 <O.OOO:I. YES 

0.91 0.50 NO 

3:~ + 35 <0.0001 YES 

i.(H (). 4~::; NO 

~:;.:H <O.OOOl YES 

:1. + 91 <0.0002 )'ES 

DF= Desrees of freedom F= F distribution P~== P robab :i.l it~,~ 
< S) ··· f.l\:1s tem<.=d, i c (f<) •.. r<andom 

The estimated mean-souare for "Pilot" is hish, as would be 

exPected from a trul~ random samPle. The mean-souared error 

for 8 Pilot*Data• is lar~e indicatin~ a sisnificant desree of 

variation amons the Pilots in the ratins order of their 

Preferences for the individual disPla~ed data, which in turn 

contributes to the estimated mean-souare of the factor 

"DisPlawed Data.• When tested asainst "Pilot*Data,• however, 

the variabilitw unioue to "DisPla~ed Data" is hi!.'Jhl~:l 

reliable statisticallw <F= 6.86; DF= 9,99; P<0.0001). This 

hish variabilitw attributable to •DisPla~ed P~la" :i. nr.l :i. ca"LI'·)~;; 

that Pilots a T'f:O' ransin~ and variable 

discriminations in their assessments of the value of the 

automatic advisor~ service. Aside from the random variance 

comPonents for "Pilot,• 



<all of which are sisnificant)r the main effect of 

"DisPla~ed Data• i~ the onl~ s~stematic variation in these 

data. 

The absence of an~ main effect of uFlisht Numbe~,· or of the 

•nata*Flisht,• is more interestins. The failure 

of "DisPla~ed Data• to interact with "Fli!'.tht. NuiJ•C.lE) r· • 

indicates that the Preference Profiles are consistent across 

"Flisht Number.• There is no evidence of an~ consistent 

tendenc~ for data that were initial!~. rated hiShl~ to 

decrease in ratins dramaticall~, or for initiall~ unPoPular 

data to advance sreatl~ in ratine as exPerience increases. 

Fisure 6 Presents the mean ratinss for the datar averaeed 

over successive blocks of two flishts, and shows that no 

disPla~ed data Sained or lost more than one ratinS Point. 

The lack of interaction between •nisPla~ed Data" and "Flieht 

Number a also shows that an observed absence of an~ trend in 

the combined means of all 11 disPla~ed data 

bf.~ 1 i f:)Vab 1 e. The comb i hE)d Ill<·:·) an~:; c>f a 11 1 :1. r-at in~:.{~;; fo Y' thf.·) ~:; :i. ;-: 

fl:i.sht numbf:)T'r:; aJ'f.·)' in OJ'df:)T': 6.4, 6.6, 6.~iv ?.o, 6.!".i, and 

6.b. 
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KEY 

Flight Numbers 
1 & 2 

[777] 

Flight Numbers 
3 & 4 

[~-- --] 

Flight Numbers 
5 & 6 

f/0'/A 

-...j 
1-' 

a. Own Aircraft Course Track 
b. Turn Status 
c. Point of Closest Approach 
d. Range Ring 
e. Relative Motion Line 
f. Resolution Command 
g. Traffic Course Track 
h. Vertical Speed 
i. Basic Traffic Symbol (+) 

j. Relative Altitude 

00 
c:: 
•.-l 
.j..l 

~ 
c:: 
~ 

~ 

(BLOCKS OF TWO FLIGHT NUMBERS) 

Mean Ra~ing 
9r-----~--------~------------------------------------~ 

8 

7 

6 

5 

4 

3 

2 

1 

~ I 1 I VA I A 1£1 1£1 VJ [ I 1/1 I .J Y.d I ..; Vl [ l Y4 VI Vl y I rA VI L1 I 

a b c d e f g h i j 
FIGURE 6 - RATINGS OF DISPLAYED DATA 
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SI~BILIIY OE DISeL~YED D~I~ R~~Kl~GS WII~ ELIG~I ~UMBER. The 

stabilit~ of the ratins Profiles was examined b~ convertins 

the mean ratinss for each flisht number to ranks. Table 8 

exhibits the rankinss for the six flisht numbers. 

I~BLE 8 - R~~KI~G DE DISf~L~YEII n~r~ BY EL!G~I tJUMBEB 

ELIG~I NUMBER 

II!Sf~LAY.ED DAIA 1 '") ... 3 :1 5 6 SUM 

Relative A 1 t i ·t,I.JdE-:~ :L 0 l.O l.() :1. () l.O 1.0 60 

Basic Tt·affic Pos:i ti<Jn ::) • 5* 9 9 9 9 9 !:'iO. !5 

t~elative Motion l ... inf.~ a ~.) (o ~) 4 7 8 a 40.~5 

Ranse Rins 3 ~). 5 8 8 7 7 3B. :'.'i - Resolution Command 9 8 6 4 1::· 
,J ~=.:i 37 

Point of Close~;t AI~PT'oach 
~., 

I 7 3 6 6 6 3~) 

Tr·affic Course TT·ack !7i (o !:5 4 7 :3 4 4 .-).... r: 
"·· / + ,J 

Vertical. SPeed 4 :3 ~.i' •::· •• J 3 ::~ 2~5 

T•.IT'n Status 1. :~ :1. 
. .... '") ::.~ :LO . .;:. ,: .. 

Own A i rc y•aft CouT'!!><~ lT'ack '") ,.· .. :1. ~~ 1. :1. 1. B 

* The value~ 5. ~=; indicatt-~~:; i:) tj,f.:>. 

A ~:=il anc.e ac T'C)s~; the top t·ows of Tab l. €·~ 8 =>hows t,hat the 

·-
disPl.a~ed data that Pilots consistent].~ found most useful 

Pertain to basic information resardins the. location and 

r•elativ~? . m!Jticln of :i. nt r·ud~? , .•. An i nt !~~ Y'f? ~:; t. :i. n ~:.i 

characteristic of these data is the decline in the rel~tive 

rankins of the RAS feature' "Resolution Commandr" which 

started out as one of the most hiShl~ ranked data and 
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- steadil~ fell to fifth Place in the rankins. Most of the 

other disPla~ed data rankin•s were relative!~ stable. 

-
To investisate the stabilit~ of the rankinss~ the 1'\t•nd<.~ 11 - coefficient C)f con<:C) T'dance, ·w· <Reference 17)v was 

comPuted. For the six flisht numbers, that coefficient 

eGuals 0.82. The most straishtforward wa~ to interPret this - descriPtive statistic is to convert it into an averase of 

rank-order correlations amons flisht numbers. There are 15 

Possible Pairinss amons the flisht numbers: 1 with 2 throush 

6; 2 with 3 throush 6, and so on. The result above imPlies 

-- that the mean rank-order correlation for all 15 Pairinss 

would be 0.79, indicatins a fair amount of stabilit~ across 

all of the flisht numbers. 

- As mentioned before, no trend is seen in the masnitude of 

the combined means of all 11 ratinss for each flisht number, 

but there is an obvious effect of time uPon the stabilit~ of 

the rankinss. The columns of Table 8 that correspond to the 

fi T'St thre£~ flisht numbers exhibit fluctationsv whereas . fJ ~:~ 

flisht number four, the rankinss are virtuall~ "set in 

concrete.• For the first three ~lisht numbers as a unit, the 

- concordance coefficient W is 0.79, imPl~ins an averase 

correlation of 0.68 for the .three Possible Pairinss. For the 

last three' W is 0.98, and the averaSe correlation amons 

-- flisht numbers 4 throush 6 is 0.97. This stabilit~ sussests 

that four flishts with the advisor~ service are sufficient 

to stabilize Pilots' attitudes toward the various disPla~ed 
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-
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data. 

INEORMAIION LEUEL. On~ ot the most strikins results of the 

Post-·fl :i.Sht debT' i E!f in!!.{ was the loP-sided maJorit~ of 

resPonses to a Particular ~uestion which was, :i. n f:!fft:'!ct ¥ 

asked twice. When Pilots were asked •would an~ additional 

traffic advisor~ information be useful to ~ou in decidins 

what or what not to do?" 86 Percent of the resPonses were 

NO. The r·e was ?PPa T'f?nt P bu1~ not st<:lt,:i !:> t,:i ca 11 \:~ 

sisnificant, tendenc~ for nesat:i.ve answers to become less 

Prevalent as the Pilots sained exPerience with the s~stem. 

When the ~uestion was Put in the form: 

unnecessar~ information disPla~ed?" the overall resPonse was 

constant at 72 Percent YES (see F i !i.!U T'C:~ without 

specification as to the unnecessar~ elements. The bottom 

rows of Table 8 Provide some Suidance as to what information 

is seen b~ the subJect Pilots as unneeded. 

In order to determine what features the Pilots sPecificall~ 

did not like' the fre~uencies of the resPonses to ~uest1on 

27 of the flisht debriefins cucan ~ou sussest an~ mods or 

imProvements in the disPla~?·> were examined. The subJect 

Pilots answered this ~uestion in text form' and the comments 

were extracted and classified into 21 distinct statements. 

The fre~uencies of the comments are siv~n in Table 9. 
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. QUESTION 5: 

WAS TllliRE UNNECESSARY INFORMATION DISFLAYED? 

t:O 28% 
l~ 

NO BSX 

QUESTION 4: 

WOULD ANY ADDITIONAL TRAFFIC AbVISORY 
INFORMATION BE USEFUL TO YOU IN DECIDING 
WHAT OR WHAT NOT TO DO? 

...-. 
.~ X X 

~- ~ 
..... 

~ 
,. .. ?!J 

l' 

~ 
:10 
)(' ?< .. 

~ 
~)(J' 

YES 14% 

PILOT OPINION ON INFORMATION LEVEL 

FIGURE 7 



TABLE 9 - FREQUENCY OF PILOT COMMENTS 

COMMENTS 

01 REMOVE THE TIC MARKS 
02 REDUCE THE INTRUDER SYMBOL TO THE BASIC "t" 
03 SOMETIMES THERE IS TOO MUCH CLUTTER 
04 MOVE THE SCREEN CLOSER TO THE PILOT 
05 ENLARGE THE SCREEN 
06 MAKE THE SCREEN SUNLIGHT READABLE 
07 THE THREAT SHOULD BE RED 

Number of 
Fli•hts 
Comment 
Was Made 

3 
21 
16 

8 
4 

10 
~ 
~ 

08 THERE SHOULD BE AN AUDIO SIGNAL TO ALERT THE PILOT OF A PROX 12 
09 THE "X" AT THE END OF THE POINT OF CLOSEST APPROACH 

SHOULD BE A DIFFERENT SYMBOL 
10 I RECIEVED A LATE ADVISORY THIS FLIGHT 
11 THERE IS TOO MUCH INFORMATION IN TOO SMALL OF AN AREA 
12 THE "+" "-" TO DENOTE VERTICAL DIRECTION WAS GOOD 
13 THE ADVISORY AREA SHOULD BE INCREASED 
14 THERE WAS A LOT OF OVERLAPPING 
l. ~S THE OUT·-·DF··-f;:ANGE SYMBOL NEEDt) TCJ BE USED FlORE OFTEN 
16 A TIME FILTER ON TAIL CHASES WOULD HELP ALOT 
17 I RECIEVED A BAD COMMAND THIS FLIGHT 
18 I WOULD LIKE TD SEE ATARS OPERATE IN A BUSY AREA 
19 THERE SMOULD BE A COUNT DCJWN TO TIME CJF CLCJSEST APPROACH 
20 THE THREAT SHOULD BE FLASHING 
21 NO CCJMMENTS 

...... 
0'\ 

~ 
~ 

1 
2 
2 
3 
4 
1 
1 
4 
2 
4 
~ 
~ 

1~ 

Number of 
Pilots Who 

Mad~ Comment 

~ 

' 
10 
10 
~ 
~ 

~ 
~ 

7 
~ 
~ 

6 
2 

1 
~ 
~ 

~ 
~ 

7 
~ 

3 
1 
1 
3 
2 
3 
1 
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Some of the fisures in the column "Number of Flishts Comment 

was Made• maY seem artificiallY hiSh due to individual 

Pilots rePeatins a sinsle comment on a number of flishts, 

therefore a second column •Number of Pilots who Made 

Comment• was included. 

LookinS at the comments that were made bY more than three 

Pilots narrows down the list to five maJor items (comment 

numbers 02, 03, 04, 06, and 08). Most of the Pilots (83 

Percent) made nesative comments concernins the information 

resardins control and e~uiPaSe of the intruder aircraft 

which ausmented the basic traffic sYmbol (a "+"> and the 

•clutter• associated with the encounters that were close 

enoush for the sYmbols to overlaP. Additionally, 50 Percent 

of the Pilots indicated that there should be an audible 

sisnal of some kind tel al.f.)rt thf.? Pilot of a PT'o:dmatf? 

advi~sory. 

Other comments were directed toward Problems in readins the 

disPlaY in direct sunlisht and the Position of the disPlaY. 

Comment number 17, "I received a bad command ••• ,• was 

examined seParatelY. It was found that in 3 of the 4 cases• · 

the resolution advisorY Provided to the Pilot was safe and 

aPProPriate, but the subJect Pilot was not satisfied. The 

fourth comment was in response to a bad command caused bY a 

three aircraft encounter. Since the RAS used in these tests 

was not desiSned to handle multiPle aircraft encounters' 

this was a limitation and not a failure of the RAS loSic. No 
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statistical!~ sisnificant imPact on results bw these 4 cases 

was ot:1se r·ved. 

SUMMAF.n:. In the course of the Post-flisht debriefinSsr the 

subJect Pilots rated the utilit~ of 11 kinds of disPlased 

data. All ratinss were made on a ten-Point scale, ransins 

from the lbwest ratins of 0 to the hishest value of 9. 

Pilots' ratinss of the disPla~ed data were examined to 

determine what information thew found us~ful :i. n mana~j ins 

midair encounters duri~~ the flisht test Prosram. The 

anal~sis was divided into four main subsections. 

o Rankins of Pilots' Ratinss of DisPla~ed Data 

o Variabilits of the Ratinss 

o Stabilits of DisPlawed Data Rankinss with Flisht 

Nun.ber· 

o Information Level 

The fi r·st ~:;ubsc;,•ct :i. on~• t.h\~) 

variabilit~, and time-stabilit~ of the ratinss. The seneral 

results are that the subJect Pilots showed the most 

aPPreciation for the basic elements of the TAS which sive 

information about the Position and relative motion of the 

intruder. The RAS was initial!~ one of the most hishl~ 

ranked features but declined steadils to fifth Place in the 

Post-hoc rankins b~ the fifth flisht exPerience, indicatins 

a distinct Preference for the TAS features over the RAS. 

Differences between the disPlased data and those betw~en the 

'individual Pilots themselves were the maJor sources of 
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variabilit~ in the ratin~s. The Preference Profiles for the 

disPla~ed data were basicall~ indePendent of the level of 

exPerience with the advisorw service. Althoush the rankinss 

showed sam• chanse throush time' thew were virtuallw fixed 

b~ the fourth flisht exPerience. This Provides some evidence 

that four fli~ht exPeriences with the service is sufficient 

to stabilize Pilots' workins attitudes toward disPlawed 

info rmat, ion. 

U~ins two different QUestion formats, the Pilots were asked 

about the level of disPlawed information. The overwhelminS 

maJorit~ of resPonses indicated that too much information 

was disPla~ed and that no crucial information was lackins. 

Had multiPle or ve~tical encounters been included in the 

test scenarios' the Pilots maw have heeded and wanted more 

of the disPlawed information. 

Pilots, resPondins to an •open-ended• QUestion askins for 

sussestions and comments, exPressed a desire for a reduction 

of the traffic SYmbol to its basic form <a •t•> and for a 

reduction in the amount of clutter. AdditionallY, 50 Percent 

of the Pilots indicated that th~re should be an audible 

si~nal of some kind to alert the Pilot of a Proximate 

advisorw. 
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eiLOI QCCEfiA~CE OE IHE QDUlSORY. SERUICE. 

l~IRODUCIIO~. The deb r i ~'!f :i. nss and the 

debriefinss that took Place in the cockPit subseouent to 

each encounter contain information that bears on the central 

issue of how hishl~ the Pilots resarded the service. The 

anal~ses of these data on satisfaction and accePtance are 

divided into the followins subsections. 

o Flisht Debriefins 

o Encounter Debriefins 

o Combined Index of Pilot Satisfaction 

o Encounter T~Pe a~d Satisfaction 

In the first subsection, slobal ratinss of the disPla~ <e.s. 

size, lesibilit~, and color; called Rl> and of the automatic 

advisor~ service <TAS and RAS) as a whole <R2) contained on 

the flisht debriefins are examined to determine the level of 

satisfaction after each flisht. Differences 

between these two slobal ratinss and their dePendence on the 

number of flishts with the advisor~ service are examined. 

In the second subsection' resPonses to four Guestions from 

the encounter debriefins are added for each encounter in a 

Particular flisht and averased over all of the encounters in 

that flisht to create an index of satisfaction <Sl) that is 

based on encounter debriefinss. The characteristics of this 

index are examined with resPect to level of resPonse and the 

waw in which that level chanses with the number of 
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In the third subsection a combined index of Pilot 

satisfaction CS2> is formed from both the ~lobal ratin~s R1 

and R2, and the encounter-based satisfaction index Sl. The 

S2 index is analYzed as a function of level of exPerience 

with the advisory service, and is also comPared with the - Prefli~ht exaa scores to identifY to what de~ree anY chanse 

- is attributable to increasin~ familiaritY with the system. 

- In the fourth subsection, responses to the four Guestions 

that were used to construct Sl are averased over individual 

- encounters to construct a ()f 

satisfaction (83). This Si index is examined as a function 

of encounter tYPe <Head-on <HO), Lateral encounter <LE>' and 

- Tail-chase <TC>> to determine whether or not the Position of 

- the intruder relative to the subJect aircraft influences the 

Pilot's satisfaction with the advisorY service. 

--
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ELIGHI DEBEi:IEEib!G. The Post--flight deb riefings .-s~;ked for' 

ratings of the disPla~ (~uestion 25> and of the advisor~ 

service as a whole (Guestion 26). Over the 72 test flishts 

both slobal ratinss, (called R1 and R2 resPective!~), ransed 

from a minimum of 3 to a maximum of 9. The averase ratinss 

for both were Guite hish: the srand mean for R1 was 7.06, 

with a standard error of 0.17, and for R2 these statistics 

were ?.?2 and 0.14. For ease of Presentation' the 

time-course of these Slobal ratinss is siven in Table 10 

broken down b~ blocks of two successive flisht numbers. Each 

of these means is based on 24 observations' hence the~ are 

somewhat more stable than the means for individual flishts. 

I~BLE 10 - ME~b! GLOB~L R~IIb!GS OE IHE SERUICE ~biD IHE DISeL~Y 

BLOCKS DE IWO SUCCESSIUE ELIGHI b!UMBERS 

FIRST MIDDLE LAST ALL 6 

DISPLAY <R1> 6.6? "7.08 ?.42 "7. ()6 

SERVICE <R2> ?.29 "7.83 8.04 7."72 

All of the above means are !:>atisfactori 1~ hish ·and the 

tendenc~ of both sets of means to increase is statistical!~ 

reliable. A repeated-measures anal~sis of variance of these 

data ~ielded a residual mean-s~uare for error of 0.52, on 55 

DF •. The difference between the srand mean for R1 and that 

for R2, thoush slight in magnitude, was hishl~ sisnificant 

statistical!~ <F= 9.6; DF= 1,11~ P= 0.01). The uPtrend for 

both ratings across the six flishts was also statistical!~ 
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sisnificant <F= 2.9U DF== 5,55; P= 0.02>. The inter·action 

betwe~n t~Pe of ratins and flisht number did not aPProach 

statistical sisnificance <F < 1), indicatins that the.srowth 

cu~ves as a function of flisht number were essentiallY 

Parallel for the two ratinss. The observed trend in means 

averased over both ratinss was monotonic as shown in Table 

11, indicatins that satisfaction with both aspects of the 

swstem increased constantlw. 

TABLE 11 - AVERAGE MEANS FOR GLOBAL RATINGS 

AS A FUNCTION OF FLIGHT NUMBER 

1 2 3 6 

<FU+R2>12 6.75 7.21 7.33 7.58 7.71 7.75 
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E~COU~IER DEBRIEEI~G. Data obtained from the debriefins that 

cccurr·ed afteT' <-:·)nc<Junte r contain addi ticn<3l 

information bearins uPon Pilot satisfaction. In constructins 

an encounter-based index of satisfaction, <called 81), the 
I 

followins four Guestions were seen as most relevant. 

Question 5 Did the disPla~ lisht uP in time? 

ChJestion 6 [I i d th€~ th T'e<:1t <:~dvi so T'!:l occu T' tDCl ea J' 1\:1 <J T' 

teo late? 

Question 7 Did ~:IOI.J find [the TA8 and RA8J useful in 

avc:lidins tr·affic? 

Question 1!5 Would ~(JU r·ather· havf? the~ C:TA8 and HA8J 

atdvisDT'ies OJ' t r·aff :i. (~ cDntPoller 

adv i soT' :i. f?~;? Both!' 

These four GuestiDns wepe chosen on the basis Df their 

content validit~. In Particular, an answer to an~ Df them 

that denoted disfavDr toward the service would Point to some 

senuine Problem. The Possible answers "Nor the disPlas was 

tard~ in aPPearins,a or "Nov th• service was no helP at 

all," Provide amPle OPPurtunit~ tD ventilate dissatiifaction 

with thf? !:;~stem. 

The 81 index was constructed usins a weishted sum of 

resPonses to the four muestions. Table 12 shows the 

weishtins used • 
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TABLE 12 - WEIGHTING OF THE ENCOUNTER-BASED 

INDEX OF SATISFACTION, S1 

QUESIIO~ ~UMBER RESeO~SE WEIGHII~G 

S~IISE~CIORY= 2 U~S~IISEACIOSY= -1 

5 Yes= 2 No= -1 

6 OK= 2 Late/Earl~= -1 

7 Yes= 2 No= -1 

15 The service or Both=.2 ATC alone= -1 

For each encounter' these values were summed across the four 

auestions. The sum was then avera~ed over the encounters 

that occurred durin~ the fli~ht, and that avera~e was stored 

in each fli~ht record as variable Sl. 

Before Presentin~ summar~ data on s1, it mi~ht be well to 

exhibit concretel~ what the discrete values of 

constituent sums represent. Table 13 shows the mea~inss of 

the total •score• for an encounter (disre~ardin~ the rare 

missin~ value). 



TABLE 13 - MEANINGS OF THE SUMS OF 

THE ENCOUNTER DEBRIEFING QUESTIONS 

SCORE MEA~lNG 

8 All four satisfactorwv no unsatisfactorw 

5 Three satisfactorw' one unsatisfactorw 

Two satisfactorw' two unsatisfactorw 

-1 One satisfactorw' three unsatisfactorw 

-4 All four unsatisfactorw 

Table 14 Presents summarw statistics for S1. 

IABLE lA - SUMMARY SIAilSilCS EOE IHE E~COUNIEE-BASED 

INDEX OE SAilSEACilO~, Sl 

ELlGHI ~ Ml~ MAX MEA~ SID EBB 

1 12 1.7 8 5.55 0.58 

~ 
~ 12 3.2 8 6.06 0.45 

3 12 2.8 8 6.11 0.47 

4 12 5.6 8 7.32 0.24 

5 12 5.8 8 7.32 0.24 

6 12 5.3 8 7.08 0.26 

Table 14 exhibits characteristics that are common to these 

data and the mean slobal ratinSs in Table 10 <R1 and R2). As 

beforev there is an uPtrend across flisht numbers, which 

flattens out around the fourth flisht. This Pro0ides more 

evidence that four flishts is sufficient to stabilize Pilot 

oPinion of the advisorw service. 
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A Slance at the maxima and minima reveals another common 

characteristic: the imProvement over time stems Primaril~ 

from the elimination of unfavorable reactions~ On the first 

flisht, the individual who is least enamored of the advisor~ 

service emits an averase of Just over two unsatisfactor~ 

resPonses Per encounter <score of +1.7). B~ the fourth 

flisht no Pilot averases as much as one unsatisfactorY 

resPonse Per encounter <all scores exceed 5). Thus the 

seneral uPtrend see~ consists PrimarilY of the truncation of 

the lower tail of the distribution of responses' as 

dissatisfactions are eliminated. On all flisht numbers~ the 

maximal observed score is the hiShest attainable, and the 

distributions Per flisht number tend to concentrate at the 

hish end in the latter stases of the flisht test Prosram. 
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COMBINED INDEX OE eiLOI S~IISE~CIIO~. A combined index of 

Pilot satisfaction <called 82) was fo~med from s scaled sum 

of the ~lobal rstina of the disPlaw R1v the ~lobal rstina of 

the advisor~ service R2, and the satisfaction index based on 

the encounter debriefing 81. The R2 indexv owins to its 

smaller variabilitw and the nature of its conterit¥. received 

a wei~ht of 2. The S2 index has been scaled to a ceilin~ of 

100. Table 15 exhibits the descriPtive statistics for this 

I~BLE 15 -· SUMM~E.n: SI~IISIICS EOEi: II::IE COMBINED 

INDEX OE E:ILOI S~IISEl!ICIION, S"> .:.. 

ELIGI::II N MIN M~X ME~N SIII EEi:Ei: 

1 12 :33 98 75.1 ,,. ") 
,.J + ,A,._ 

2 12 4'7 99 79.5 4.1 

3 12 65 99 81.5 2.7 

4 12 69 100 86.8 2.6 

5 1.2 76 99 87.2 2.0 

6 l2 66 10() 87.5 2.9 

As befor·e, a consistent and statistical!!:~ reliable I.JPt T'f.~nr.J 

is seen <F= 4.42; DF= 5v55; P= ().002), which reaches an 

as~mPtote of around 87 Percent at the fourth fliaht number, 

imPl~in~ that Pilot oPinion has stabilized bY the fourth 

fli~ht exPerience with the advisorw service. 

The results from the Prefliaht exam ~how a similar uPtrend 

which can be attributed to increasina familiarization with 
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the advisor~ service. Table 16 shows means for each fli~ht 

number with a maximum attainable score of 18. 

1 

I~BLE 16 - ME~~ SCORES OE 2REEL~GHI EX~M 

EOR E~CH ELIGHI ~UMBER 

ELIGHI ~UMBER 

2 3 5 

15.8 16.7 17.1 17.2 

6 

17.1 

Obvious}~, no ~reat interPretive wei~ht can be Placed uPon a 

trend such as this which' althou~h statisticallY reliable 

<F= 2.54~ DF= 5,54; P< 0.05), shows such a limited. dYnamic 

ran~e. The UPPer iimit, about 17 <a~ain, reached b~ flisht 

number 4), reflects less than one error Per fli~ht in the 

nine aspects of the advisorY sevice which the exam exPlores. 

The sli~ht Pro~ress seen in these mean scores ProbablY stems 

solei~ from the elimination of the few Pilot errors that 

were seen initial!~. The P~arson Product-moment correlation 

between the exam scores and S2 is 0.58 which imPlies that 

about one-third <0.58 sauared) of the variation in 

satisfaction is associated with increasins familiaritY with 

the advisor~ service' insofar that familiaritY is 

reflected in the scores of the Preflisht exam. 
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E~COU~IEE: IYeE A~D SAIISEACIION. Of the 424 recorded 

encounters' 94 were classified as Head-on <HO), 181 as 

Lateral <LE), and 149 as Tail-chase <TC>~ The responses to 

the encounter debriefin~ form are now examined as a function 

of encounter tYPe. The discussion focuses on the four 

auestions which were the constituents of the encounter-based 

index of satisfaction 81. 

Q•Jestion 5 

Question 6 

Q•Jestion 7 

Quest,ion 15 

Did the disPlaY li~ht UP in time? 

Did the th~eat advisorY occur too earl~ or 

trJo late? 

Did YOU find [th• TAS and RASJ useful in 

avoidin~ traffic? 

Would you rather have the [TAS and RASJ 

advisorier:) 

advisories? 

DT' 

Ifc)th? 

tr·affic cont T'<J 11 f? T' 

Tables 17 - 20 show the resPonses to these auestions broken 

down into the three encounter twPes. The column •TOTAL• 

shows the number of encounters in that encounter twPe for 

which the auestion was answered. The numbers in the two 

columns for the resPonses to the auestion are percenta~es of 

that total number. Thus, the entries in the first row of 

Table 17 si~nifY that answers to Question 5 of the encounter 

debriefin~ were recorded on a total of 89 HO encounters. Of 

these 89 answers 13.5 Percent <i.e. 12> were NO, and the 

remainin~ 86.5 percent were YES. Data in the second and 

third rows have the same structure for LE and Tt encounters. 
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IQBLE 12 - RESE:ONSE IO GUESIIO.N 5 < DISE:LQ~ IIMING > QS Q 

EUNCIION OE ENCOUNIER IXE:E 

IXEE 

HO 

LE 

TC 

RESEONSE 

<X OE IOIQL> 

NO 

13.5 

6.6 

3.5 

YES 

86.5 

93.4 

96.5 

<CHI-SQUARE= 8.54; DF= 2; P< 0.02) 

IOIQL 

89 

169 

149 

IQBLE 18 - RESE:ONSE IO GUESIION 6 (QDUISOR~ liMING> 

AS Q EUNCIION OE E~COUNIER IYEE 

RESE:ONSE 

(/. OE IOIQL) 

IYEE EARLY/LQIE 01.{ IOIQL 

HO 23.6 76.4 89 

LE 14.6 85.4 15l. 

TC 11.3 88.7 l.33 

<CHI-SQUARE= 6.34; DF= 2; P< 0.05> 
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I~BLE 12 - RESeONSE IO QUESIION 2 <USEEULNESS OE IHE 

SERUICE> ~S A EUMCIION DE ENCDUNIER I~eE 

IYf~E 

HO 

LE 

TC 

<CHI-SQUARE:::: 

Ei:ESf~ONSE 

(% OE IOIAL> 

biO ~ES 

11.4 88.6 

9.6 90.4 

l .• 4 98.6 

10.73; IIF::::2; F'< 

IOI~L 

88 

167 

l.39 

o.o<>~;> 

IABLE 20 - Ei:ESeONSE IO QUESilON 15 <SERUlCE US. ~IC> AS A 

EUNCIION OE ENCOUNIER.IYeE 

I~f:E AIC SERUlCE OR BOIH IOI~L 

HO 17.4 82.6 86 

LE 7.5 92.5 159 

TC 1. 4 98.6 139 

<CHI-SQUARE:::: 19.5; DF:=: 2; F'···· ... o. 0001) 

The Pearson Chi-sQuared statistic that accomPanies each 

table tests for the existence of a statistical relationshiP 

between encounter twPe <HO, LE, or TC> and the distribution 

of resPonses to the Question. Responses to all four 

QUestions are sisnificantlw related to encounter twPe. The 

nature of the relationshiP is evident from insPection of the 

tables. The freQuencw of resPonses to each QUestion which 

are unfavorable to the advisorw service is never sreat, but 
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that freauenc~ l .•.. • :> invc:n•iabll:l less for LE than for HO 

encounters' and still less for TC than for LE. In terms of 

favorable resPonse, the encounter t~Pes are consistentlw 

ranked in the order tail-chase first, lateral s•cond, and 

head-on third. 

Since the rankins of encounter t~Pe in each of the four 

auestions was so consistent, it was decided to combine the 

four auestions into a sinsle index <called S3) which would 

reflect satisfaction on a Per-encounter basis. The 83 index 

was constructed usins a weishted averase of the resPonses to 

the four auestions. Table 21 shows the weishtinss for the 

Possible resPonses. 

I~BLE 21 - WEIGHIIMG OE IHE EER-EMCOUMIER 

IMDEX OE S~IISE~CIIOM, S3 

rlUESIIOM MUMBER RESEOMSE WEIGHIING 

S~IlSE~CIORY.= 3 UMSAIISEACIORY.= -1 

5 Yes= 3 No= -1 

6 OK== 3 l ... ate/Earll:l•-= -1 

7 Yes•-= 3 No= -1 

15 The service or Both= 3 ATC alone= -1 

These rescorinss were averased over all recorded answers to 

the four auestions in everw encounter. The resultins 

averases were multiPlied bw 4, and rounded' to scale all 

derived scores to ranse from -4 to 12. The obtained scores 

are interPreted in Table 22. 
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I~BLE 22 - ME~~I~GS OE IHE U~LUES OE IHE eER-E~COU~IER 

INDEX OE S~IISE~CIIQN, 83 

U~LUE ME~NING 

No •..tnsat i !'.>factor~ T'esPonses out CJ"P t,h T'C~e OT' fOUl' w..testiont:; 

8 One unsat is facto T'\:~ rc~!:->PC:)nse out (Jf fcJur c:~Uf.'!f:;tions 

7 One •..tnsat is facto T'!-J T'eSF'OnSC~ out CJf th T'f:~e Guest ions 

4 Two unsat :is f ac:~to r~ ref:>PC:Wt!:>es C:)I..Jt of fw..t r c~•..testiont:; 

1 Two •.tnsat i sf ac:~tc:) T'\:1 T't'!1>PC:)nSe!:; out (Jf th T'f~e c:~uest:ic:)ns 

0 Three unsatisfactor~ resPonses out of four Guestions 

-4 Four unsatisfactor~ responses out of four auestions 

The distribution of S3 was extreme!~ skewed. The Prevalence 

of the maximum Possible score' 12, ranSed from 70 Percent in 

HO encounters to 89 Percent in TC. Fisure 8 Presents an 

overview of these data. The caPtion "All DK• in the l.':laT' 

chart denotes an absence of unsatisfactor~ answers Ci.e. the 

value of S3 l 
..... 

-· 12). All f.-)COT'f?S les• than 12 have b~en 

srouPed into the catesor~ •GRIPES." The aPProval score of 

the Pilots concernins the advisor~ .service is seen to be 

stronsl~ dePendent uPon encounter t~Pe. The.mean score of S3 

for HO encounters was 9.5, risins to 10.5 fo~ LE, and 

PeakinS at 11.4 for TC encounters. A conventional anal~sis 

of variance to test for differences amons these means would 

in the lisht of the extreme skewness of 

the data. A Kruskal-Wallis one-wa~ anal~sis of variancev 

based on ranks' ~ielded an aPProximate Chi-smuared statistic 
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FIGURE 8 - PER-ENCOUNTER INDEX OF SATISFACTION, S3 

AS A FUNCTION OF ENCOUNTER TYPE 
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-------------------------------~ ~~ 

The Probabilitw of a statistic this larse.arisins bY chance 

is less than 0.02. 

From the strons dePendence of s~tisfaction uPon encounter 

it can be concluded that the advisorw service is 

viewed bw the Pilot as beins of most use when the intruder 

is unseen' as in the case of overtakins traffic. 
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SUMM~RY. The Post-fli~ht debfiefinss and the debriefinss 

that took Place in the cockPit subseauent to each encounter 

contain information that bears on the central issue of how 

the Pilots resarded the service. The analwses of these data 

on satisfaction and acceptance were divided into the 

followins subsections. 

o Flisht Debriefins 

o Encounter Debriefins 

o Combined Index of Pilot Satisfaction 

o Encounter TwPe and Satisfaction 

In the first subsection, slobal ratinss of the disPlaw 

<called Rl> and of the advisor~ service a ~ - a whole <R2), 

were examined to determine the level of satisfaction 

exPressed after each flisht. In the second subsection, 

resPonses to four auestions from the encounter debriefins 

were added for each encounter in a Particular flishtv and 

averased over all of the encounters in that flisht to create 

a Per-flisht index of satisfaction (Sl) based UPon encounter 

debriefinss. Third!~, a combined index of Pilot satisfaction 

<S2) was formed from both the slobal ratinss R1 and R2 and 

the encounter-based index of satisfaction Sl. 

There was a sisnificant Preference shown in the slobal 

ratinss for the service as a whole over the disPla~. Both 

the Pilot's ratinss and the constructed indices were auite 

hish throu~hout all of the flishts, but there was a marked 

uPtrend which flattened out around the fourth flisht. 

Correlatins the combined index of Pilot satisfaction with 
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the data from the Preflisht exam indicates that 

aPProximate!~ one-third of the increase in Pilot 

satisfaction is a result of increasins familiarit~ with the 

s~stem. 

In the fourth subsection' res~onses to the four encounter 

debriefins Guestions that were used to construct the 

Per-flisht index of satisfaction Sl were averased over 

individual encounters to construct a Per-encounter index of 

satisfaction (93). When this 83 index was examined as a 

function of encounter t~Pe <Head-on <HQ), Lateral encounter 

<LE), Tail-chase <TC)), it was seen that satisfaction is 

hishest for the rc, lower for LE, and lowest for HO 

indicatins that Pilots resard the advisor~ service most 

hishlhl when the intruder is least likelhl to be visible, and 

that the~ value the advisorhl service least when the intruder 

is most likelhl to be in sisht. 
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USE OE I~E ~D~ISORY SERV.ICE. 

INIRODUCIION. Utilization of .the automatic advisor~ servjce 

can be examined b~ lookin~ at how well the advisories aid in 

visual acauisition' whether or not Pilots follow the RAS, 

and whether or not comPliance with the RAS increases the 

seParation between aircraft. These anal~ses are divided into 

the followin~ subsections. 

o Visual Acauisition 

o Pilot ResPonse 

o Closest Poiht of APProach <CPA> 

o Distribution of CPA Data 

o Pilot Behavior as a Function of S~stem Estimates of 

Risk 

In the first subsection the time between the Pilot's receiPt 

of a first advisor~ and h1s achievement of visual contact is 

taken as an index of time td visual acauisition. This index 

is examined as a function of both the number of exPeriences 

with the advisor~ service and the encounter t~pe. Additional 

anal~sis of visual acauisition in the tail-chase situation 

is Presented because the advisor~ service <TAS and RAS> ma~ 

have sPecial value in situations where the intruder is 

unseen. 

The second subsection examines statistics concern in~ 

maneuvers made b~ the subJect Pilots. The auestion of 

whether Pilots differ in their ProPensities to maneuver is 

addressed and the freauenc~ of maneuvers with resPect to the 
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number of exPeriences with the advisor~ servic~ is examined. 

The data extraction tapes from the Mode S •rouhd swstem were 

Processed to obtain data on the closest Point of ~PP~oaeh 

<CPA) which is the minimum three-dimensional separation 

between the subJect aircraft and the intruder durins an 

encounter~ In the third subsection the actual and 

sYstem-predicted closest Point of aPProach CaCPA and PCPA> 

are examined with resPect to four defined Pilot reactions to 

the RAS. For those encounters with aCPA's less than 1000 

feet the individual horizontal and vertical comPonents of 

the CPA are Plotted with respect to each class of Pilot 

reaction. 

In the fourth subsection an examination of the aCPA data 

distribution shows a Sreat desree of variabilit~v positive 

skewness' and tail-heaviness <kurtosis) which renders it 

unsuitable for analYsis b~ standard Parametric methods. 

Thoush a variety of transformations fail to comPletelY 

stabilize and normalize the variance' the transformation 

is chosen as a continuous estimator of 

Performance. This Performance estimator is examined as a 

function of maneuver tYPe, number of exPeriences with the 

advisorY service, latencY (time to Pilot's awareness of an 

advisorY), and intensitw of maneuver. 

In the last subsection, PCPA's are catesoricallY Partitioned 

into classes of the sYstem's estimate of risk, and the 

Pilots' ProPensitY to maneuver is examined with resPect to 
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this cate~orical risk estimate and with resPect to encounter 

t~Pe. Also' an anal~sis is presented o~ ~actors af~ectins 

outcome <defined as ~ood if the aCPA exceeds the PCPA b~ 10 

Percent or more). The ~actors risk' maneuver' encounter t~pe 

and their two-factor interactions are investi~ated to 

determine which most significant!~ influence a Pilot's 

Performance in achievin~ safe separation • 

101 



UISU~L ~CQUISIIION. One waw to tell how well the Pilots 

learn to use the disPlaY to helP find traffic is to measure 

how soon after the first advisory theY acGuire visual 

contact and how this chanses as theY Sain exPerience with 

the sYstem. Table 23 shows the averase time in seconds to 

visual acauisition for each flisht number for head-on' 

lateral, and tail-chase encounter~. 

I~BLE 23- ME~N.IIME <IN SECONDS> IO UISU~L ACQUISIIION 

ELIGHI NUMBER 

ENC. IY~E 1 2 3 ~ 5 6 

Head-on <HO> 42 29 40 28 27 ~~ 

'~ 

Lateral <LE> 46 33 34 20 36 43 

Tail-chase CTC) 144 99 105 86 88 88 

The exPected learnins curve Pattern is seen in each case. 

The means (excePt for LE in flisht number four) established 

their final levels bY the fourth flisht. Fisures 9, 10, and 

11 show the freauencw distributions for each flisht number 

Per encounter tYPe. Thoush the data for the last two flishts 

in the LE catesorY show an increase in the ave~ase time to 

visual acauisition' the freGuencw distribution in Fisure 10 

shows that the most common values were clustered around the 

15 - 30 second ranse with two isolated cases each at the 

UPPer end of the scales which weisht the averases upward. 
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In addition it can be seen that flisht number four in the LE 

catesorw contains fewer data Points than the other flisht 

numbers for this encounter twPe <this appears to be a random 

occurrence). Visual acmuisition was not achieved in all 

encounters; Table 24 shows the number of encounters Per 

encounter twPe and fli~ht number f6r which v1sual 

acmuisition data does not exist. 

IABLE 2A - ~UMBER OE CASES WIIHOUI UISUAL ACQUISIIION 

ELIGHI NUMBER 

1 2 3 A 5 6 

Head-on 4/13 4/17 6/14 6/14 8/17 4/19 

Lateral 8/28 11/30 16/32 15/27 18/37 7/25 

Tail-chase 16/25 12/22 14/27 13/30 12/21 15/24 

Entries are a/b where a is the number of 
cases without visual acmuisition' and b is the total number 
of encounters in each encounter twPe and flisht number. 

The observed imProvement in ans measure of Performance in 

visual acmuisition <e.s. time to visual acmuisition)v b~ 

itself, cannot be construed as beins caused bw the Presence 

of the advisorw service since there are too few data on 

encounters without the service. For examPle, it could be 

that the subJects became more adePt at sPottinS the 

intruder' or thew sPent more time lookinS outside of the 

cockPit. In the examination of visual 

acmuisition data for head-on and lateral encounters' 

althoush interesting, Provides no conclusive information on 

the utilitw of the disPlaw. The data on tail-chase 
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enco•.Jnters' howeveT'' aT'(0 of special sisnificance. 

" Since an aircraft comins UP from behind is well outside of a 

Pilot's field of vision' visual acouis~tion seldom occurs 

without the PromPt of a traffic advisor~. A detailed 

examination shows that visual acouisition occurs in 18 of 

the 45 tail-chase encounters that occurred in the last two 

flisht numbers. Additional!~, visual acouisition occurred in 

11 cases before closest point of aPProach while the intruder 

Wi.!JS behind ttl f.) subJect. The ranse at which visual 

acauisition occurred varied from 640 feet to over 10,000 

feet with 11 instances of visual acouisition at a ranse of 

over 2000 feet. These data stronsl~ sussest that the 

advisor~ service did helP the Pilot to visuall~ acmuire 

intrudins traffic in t~il-chase encounters whf.) T'(;~ th(~) 

likelihood of visual acouisition without a traffic advisor~ 
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eiLOI RESeO~SE. A prominent concern is to what extent the 

subJect Pilot maneuvers at anw time durin~ an encounterv and 

how this is influenced b~ the advisorw service. Of the 424 

encountersv 54 Percent did not •enerate .a maneuver as 

r·ecCJrded the CJbserver. This susa~sts that visual 

acauisition aenerated confidence that the miss distance 

would exceed the Pilot's maneuver threshold. An imPortant 

first GuestiDn is whether the PilCJts differ amona themselves 

in terms of their PrDPensitw tCJ maneuver. The answer is that 

there are marked sianificant differences amons the Pilots. 

The observed fraction of encCJunters on which an individual 

PilDt maneuv~red ransed from a minimum of 25 Percent to a 

maximum (Jf 75 Percent. An eleven de~ree of freedom 

chi-sGuared test wielded a chi-sGuare of 36.9v indicatins a 

Probabilit~ of 0.0001 that this amount of variation would 

randomlw occur in a homoseneous Pilot samPle. 

The tendenc~ to maneuver can also be ex~mined as a function 

of fliaht number, Ci.e. the exPerience level of the Pilots). 

The fli~ht numbers are not homoaeneous with resPect to 

maneuvers. The observed tendencw is for the Prevalence of 

maneuvers to diminish throush time. A five dearee of freedom 

chi-sGuared test wielded 16.8 indicatins a Probabilitw of 

0.005 that the observed desree of decrease would randomls 

occur if the tendencw to maneuver were independent of flisht 

numbc.~r·. 

The trend of decreasina ProPensitw to maneuver is more 
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easilY seen bw combinins the s1x flisht numbers into thr~e 

blocks of two flishts each. Of the 135 encounters that 

occurred on the first two flisht numbers' 58 percent 

resulted in maneuvers. This Percentase droPPed to 46 Percent 

of 144 encounters in the second two fli~hts, and to 35 

Percent of the 145 encounters that occurred in the last two 

flishts. 

A Plausible interPretation of this decrease in ProPensitY to 

maneuver' based on a multitude of studies of the PSYchology 

of novel exPerience, <References 18 & 19), sussests that 

durins adaPtation to this new SYstem, the Pilots were overlY 

sensitive to disPlaY information, and tended to resPond more 

freGuentlw earlY in their exPerience. 
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CLOSES! £0I~I OE ~££~0~CH <C£~>. The PUrPose of the CPA 

analwsis is to examine how the advisorw service was used bw 

the Pilots in mana~inS encounters. InPut for the analwsis l·~ .~ 

surveillance data which was recorded bw the Mode S sround 

swstem and Processed to comPute the CPA's of the subJect 

aircraft and the intruder aircraft for each encounter. Two 

kinds of CPA were extracted; the achieved CPA <aCPA> and the 

Predicted CPA (PCPA>. The aCPA is the actual minimum 

three-dimensional seParation of the aircraft in conflict as 

determined from Mode S reports. The PCPA is the minimum 

value of the Predicted three-dimensional miss distance 

durins the encounter. 

To examine the effect of comPliance or non-comPliance with 

the RAS on the aCPA, the data were Partitioned into the 

followins five mutuallw excusive and exhaustive catesories: 

1. Followed RAS. This is the case if each and everw 

maneuver mad~ bw the Pilot corresPonds comPletelw with each 

and everw Positive resolution advisorw issued. If onlw 

nesative advisories are issued, the Pilot's lack of anw 

maneuver is construed as comPlete comPliance~ as is 

8 Positivization" of the nesative advisorw (e.s. turnins left 

in resPonse to a •no risht•). 

2. Differed from RAS. This is the case if the Pilot 

maneuvers' but his maneuvers neither contradict nor 

comPletelw follow the RAS. 
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3. Did Not Maneuver. This is the case if the Pilot made 

no maneuver when Positive advisories were issued. 

4. Contradicted RAS. This is the case if anY or all of 

the Pilot's maneuvers contradicted anY or all of the 

resolution advisories <e.~. a left turn when a •no left" or 

a •risht• is issued). 

5. No RAS. This is the case if no resolution advisorY 

information was issued to the subJect aircraft. This has no 

relevance to the waYs in which Pilots resPond to resolution 

advisories' but is included here for the sake of 

comPleteness. 

Fisure 12 shows the averase achieved mini~um seParation for 

each of the five cases of Pilot reaction to advisories. 

Three values are siven for each case: the ave rase 

three-dimensional slant ranse, and its horizontal and 

vertical comPonents at the aCPA. Notice that when Pilots 

comPlied comPletelY with the disPlaYed resolution 

advisories' the averase achieved minimum slant ranse was 

Sreater than 2000 feet and the minimum vertical seParation 

was well over 400 feet. For cases of Pilots not maneuverins 

or contradictins the resolution advisories, the averase 

seParations are consistentlY s~aller with an ave rase 

achieved minimum vertical seParation of 318 feet for the 

latter case. The last columns illustrate that resolution 

.advisories were indeed consistentlY issued when small 

seParations were imminent. 
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The encounters which had an aCPA of less than 1000 feet were 

subJected to ar1 additional anal ~!.=>is. Fi S•~re 13 ~~hows the 

vertical and horizontal seParations for each case of Pilot 

reaction to issued resolution advisories. In <-311 those;~ 

encounters durins which the Pilot comPlied comPlete!~ with 

the RAS, the achieved vertical se~aration was at least 300 

feet. In the remainins encounters' the achieved vertical 

seParation was fremuentl~ less than 300 feet and in one case 

the aircraft were co-altitude. 

There is a difference in the averase absolute vertical 

seParation between tho~e cases when the intruder was above 

the subJect aircraft (458 feet) and those cases when he was 

below (331 feet). At-test between the cases above and those 

s;hows; th;;~t this difference is statistical!~ 

sisnificant <P < 0.0001). There was no such statistical 

difference in the mean minimum horizontal separations. 

An examination into the reasons for this difference resulted . 

in the non-exPerimental!~ verified but Plausible h~Pothesis 

that the observed difference is attributable to one or more 

of the followins factors: 

1. When maneuverins for collision avoidance it is 

likel~ that aircraft descent rates exceed climb rates; hence 

achieved vertical seParation at CPA is likel~ to be sreater 

for maneuvers involvins descents. 
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2. In encounters where vertical seParation is small and 

visual contact is achieved, it is difficult for the Pilot to 

accuratelY Judse the masnitude and direction of the vertical 

seParation. It has been observed (by FAA Technical c•nt~r 

test Pilots exPerienced in collision avoidance SYStem 

testins> that for a tliven absolute vertical seParation the 

intruder from above aPPears to have less vertical seParation 

and hence aPPears to be more threatenins than the intruder 

from below. Pilots are therefore more likelw to maneuver and 

increase seParation for intruder aircraft that are above. 

3. Aircraft are more visible ~hen theY are above versus 

below the horizon. The increase in achieved vertical CPA 

seParation when the intruder aircraft are above maY be a 

manifestation of the tendencY for Pilots to maneuver more 

freQuentlY when they Perceive a threatening encounter and 

have visual contact as comPared to when theY do not have 

visual contact. 

4. A small but nevertheless potential factor may be 

caused by the intruder Pilots. These Pilots were instructed 

to maintain a Siven altitude throushout the encounter. For 

safetY reasons, P~ior to visual contact the intruder Pilots 

tended to carefullY monitor the altimeter and to ensure that 

any deviations from assisned altitude were on the side of 

increased vertical seParation. Once visual. contact was 

established, however, there was no lonser the need to 

maintain this Positive safetY factor and vertical separation 
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distances ma~ have tended to sli~htl~ decrease. The fact 

that the intruder Pilots established visual contact more 

freGuentl~ when the subJect aircraft was above ma~ 

contribute to the ob~erved differences. 

To investi~ate the effects of the difference in vertical 

Position the Pilots' reactions to the advisories were broken 

down b~ vertical Position of the intruder. Table 25 shows 

the freGuenc~ of resPonses in each catesorw. 

IABLE 25 - EREGUE~C~ OE RES£0~SES IO IHE RAS AS A 

EUNCIIO~ OE I~IRUDER £051!10~ 

NO EOLLOWED 
RAS RAS 

ABOVE 1 33 

BELOW 1 19 

TOTAL ~ 
~ 52 

DIEEERED 
EROM RAS 

2 

11 

13 

DID ~OI 
MANUV.ER 

13 

30 

44 

CONIRADICIED 
RAS 

5 

4 

9 

It can be seen that the Pilots comPlied comPletelw with the 

resolution advisories most often when the intruder was above 

them' and thew made no maneuver most often when the intruder 

was below. Indeed, most of the Pilots' resPonses fall into 

cate~orw. The other three cate~ories have too few occuren~es 

to warrant seParate statistical analwses. Therefore~ to 

Proceed with an analwsis of the effects of Pilots' 

comPliance and the vertical Position of the intruder, the 

cate~ories •Differed From RAs• and •contradicted RAS" ha0e 
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been combined with the •No Maneuver• catesor~ into one 

catesor~ called •NoncomPliance.• The two ."No RAS• 

observations have been droPPed from the followins anal~sis 

as the~ have no bearins on comPliance with the advisories. 

Table 26 shows the freGuenc~ of resPonses as a function of 

intruder Position, and Fisure 14 shows the horizontal and 

vertical seParations for these two new catesories. The 

sreater vertical seParation achieved b~ Pilots when the~ 

comPlied versus when the~ did not is clearl~ illustrated b~ 

Fisure 14 where the non-comPlied cases are seen to cluster 

closer to the zero seParation axis and the comPlied cases 

farther awa~. 

I~BLE 26 - EREQUE~CY OE COM~Ll~~CE/~O~COM~Ll~~CE WliH IHE 

R~S ~S ~ EU~CIIO~ OE I~IRUDER £0SlilO~ 

COM£LlED ~O~COM~LlED 

ABOVE 33 20 

BELOW 19 

TOTAL 66 

Table 27 Presents the results o~ an anal~sis of variance 

usins slant ranse as the dePendent variable and comPliance 

and vertical Position as the susPected sources of variation. 
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!ABLE 2Z - SOURCES DE UARIABILIIY I~ SLA~I RA~GE 

CeA'S BELO~ 1000 EEEI 

SOURCE OE UARIAIIO~ 

VERTICAL POSITION 

COMPLIANCE 

POSITION*COMPLIANCE 

RESIDUAL 

DE 

1 

1 

1 

114 

E-RAIIO e-V.ALUE SIGNIFICA~I 

11894 0.346 0.56 

419142 12.181 0.001 

3045 0.089 0.77 

34395 

NO 

YES 

NO 

The failure of "Vertical Position• to reach siSnificance 

indicates that whether the intruder was above or. below did 

not contribute sisnificantlw to the three-dimensional slant 

ranse. Therefore' the best estimate available for slant 

ranse is the srand mean of the total samPle, 640 feet. 

Assumins the Pilots demonstrate a random ~amPle of behaviors 

from some lar~er POPulation' one can be confident that there 

is a 95% Probabilitw that the larser POPulation mean will be 

within the interval 606 feet to 673 feet. This ranse aPPlies 

onlw in the situation of forced encounters' with an 

automatic advisorY service Present, and aCPA of less than 

1000 feet. 

The failure of the interaction of vertical Position and 

statistical sisnificance 

indicates that differences in mean slant ranse between the 

comPliance catesories are not dePendent uPon vertical 

Position of the intruder. 

The onlw factor found to sisnificantlw affect the seParation 
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was that of the Pilot's comPliante ~ith the RAS. Table 28 

shows the mean slant rahse separation, the estimates of the 

standard error of the means, and the 95% confidence interval 

of the POPulation mean for slant seParation as a function of 

comPliance catesor~. 

I~BLE 28 - ce~ SL~~I R~NGE ~S ~ EUNCIION DE COMeLI~NCE 

WIIH IHE R~S <aCeA'S BELOW 1000 EEEI> 

N MEAN SID ERR 25/. CONEIDENCE INIERVAL 

COMPLIANCE ~~ 
J' 714.8 23.99 666.6 to 762.9 

NONCOMPLIANCE 66 581.5 23.70 534.2 to 628.9 

DIFFERENCE 14 133.3 34.16 66.4 to 200.3 

TOTAL 118 640.2 16.96 606.7 to 673.8 

The difference in means rePresents a 22.9 Percent 

imProvement in seParation when Pilots comPlied comPlete!~ 

with the RAS over when the~ did not. l~ese anal~ses of the 

data for slant ranse less than 1000 feet indicate that when 

a Pilot comPlies with the resolution advisor~ service he 

maintains a larser CPA than when he fails to comPl~. This 

sussests that a Resolution Advisor~ Service can contribute 

to airspace safet~. 

In discussins Pilots' "Performance,• it should be mentioned 

what or how the Pilots were instructed to Perform. The 

Pilot's manual, Siven to the Pilots one week Prior to the 

around school trainins session' states the followins: 

•so far no mention has been made of what ~ouv the 
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Pilot, should do. The PUrPose of [the automatic 

advisorY service] is two-fold: to issue traffic 

advisoy•ies and J'e!:>o 1 t.Jt ion advisorif.~s to 

automaticall~. 

whether and how to make use of these advisories.• 

In additionr the Pilot~ were told before each fli~ht that 

the~ were to do whatever the~ felt was nec•ssarY to maintain 

safe separation. In this context Performance measures do not 

indicate the Pilot's "success• in achievin~ a stated ~oal so 

much as theY reflect the Pilot's actual use of the automatic 

advisor~=~ ser·vice. C)n}Y mention made ·t.he 

SYstem-Predicted closest Point of approach CPCPA> was that 

it was represented as an •x• at the end of the relative 

motion liner and that it marked the ranse and relative 

bearin~ of the intruder at the Predicted Point of closest 

aPProach. The interPretation and use of PCPA was UP to the 

individual Pilot. 
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DISIRIBUIIO~ OE CeA DAIA. The Precedins subsection dealt 

with Performance as it relates to the automatic advisors 

service' focusins sPecificall~ on the differences in aCPA as 

a function of the level of comPliance with the RAS. In this 

subsection' the level of exPerience with the automatic 

advisor~ servicev as well as other factors that are 

indePendent of the advisor~ service, are examined to 

determine their effects uPon aCPA, and aCPA relative to 

The initial approach to the CPA data consisted of an 

examination of the ProPerties of the statistics~ the 

construction of indices rePresentins Perfbrmance adeouac~, 

and comparisons of these statistics with desisn and action 

variables. 

The PCPA was recorded in 342 cases, and the aCPA were 

recorded in 345 cases (341 in common). The vertical 

comPonent of the aCPA <aCPvA) has been converted to absolute 

values and is based on 345 observations. Table 29 shows the 

descriPtive statistics of these data. 

IABLE 22 - SIAIISIICS ON DISIRIBUIION OE CPA DAIA 

UARIABLE MEAN MDN MIN MAX S.D. SKEW KURI 

a CPA 2414 1424 163 11759 2527 2.0 3.5 

PCPA 1228 588 6 11634 1784 3.5 13.6 

aCPvA <abs) 411 400 0 1600 177 1.4 t ~ 
0•~ 

All values (excePt skew and kurtosis) are in feet. 
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The most strikins ~eature of these data is their hish 

variabilit~. The actual and Predicted CPA both have 

coefficients of variation in excess of one hundred. Notice 

that all of the distributions are Positive!~ skewed and the 

tail-heaviness (kurtosis) ranses from marked in the case of 

aCPA to extreme in the c•se of PCPA. Coefficients of 

kurtosis shown here are larser than the Gaussian norm 

kurtosis of three. The distributional ProPerties of these 

data render them unsuitable for analwsis bw standard 

Parametric methods. There are two ways around thi~! 1. 

trans~ormations that stabilize and normalize variance~ 2 •. 

analYses based on catesories or rank statistics. 

A varietY of transformations were a~Plied to the data. The 

sauare root of aCPvA Yields values that approximate a normal 

distrib~tion. The .los<aCPA> and loS(PCPA> are much less 

asswmetric than their arsuments, but still tail-heavY. 

Althoush these transformations still do not comPletelY 

stabilize variance, 10loS(aCPA/PCPA> was chosen as a 

continuous estimator of Performance, Pl. 

From the Precedins analYses of Pilot oPinion and visual 

acGuisition, it misht be exPected that Pi would show an 

increasins trend with exPerience, however' various one-waY 

analYses of variance failed to show anY relation between Pl 

and flisht number. The absence of any effect of flisht 

number on Pl is borne out bY Parametric as Well as 

non-Parametric analYses of variance. 
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-----------------------------

Similarlw, no relation was found ·to exist between Pl and the 

Presence or absence of an~ maneuver. However, when sPecific 

contrasts were examined between Presence or absence of turns 

or altitude chansev Performance was sisnificantl~ influenced 

bw these sPecific maneuvers. Since the arithmetic mean of 

lo~.'iaT'ithmic values is emual to the losarithm of the 

seometric mean of the actual valuesv a second Performance 

:i.nde:·~' P2v was defined as the seometric mean of the ratio 

(aCPA/PCPA) in order to examine sroups of data foJ' 

encounters in the sPecific classes of maneuvers. Of those 

intrusions that lack anw lateral course chansev P2 is eaual 

tel 2' whereas on those encounters in which course chanse 

occurred P2 is eaual to 3. This difference is statisticallw 

(and Practicallw> si~nificant at the 0~001 in a 

Wilcoxon two-samPle test. This result confirms anw Pilot's 

intuition that turns are an effective avoidance maneuver. 

The same kind of result was also seneratedv as misht be 

bw altitude chansesv 

differences c6nstitute a relativelw small Portion of the 

three-dimensional seParation between aircraft, :i.t :i. ~;; mo r<~ 

meaninsful to examine the aCPvA alonev rather than with 

resard to the PCPA. On those encounters in which the Pilot 

either climbed or descended, the mean absolute vertical 

seParation, called P3v exceeded 500 feet. When such altitude 

chanses are not Present, P3 is less thaM 400 feet. The mean 

Sain in seParation 1s about 150 feet. the Probabilitw of 

such differences in means occurrins bw chance 1s virtuallY 
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nil. 

The Precedins analYses are based UPon the Presence or 

absence o~ turnins and climb/dive maneuvers. One may· then 

ask whether' within the class of maneuvers themselves, there 

is any Positve relation between intensitY of maneuver and 

effectiveness. The answer to this Guestion is flatlY no. 

Total de~rees of course chan~e or ansle of steePest bank' 

thoush themselves hi~hlw correlated, are unrelated to 

·Performance effectiveness. The same holds true for altitude 

chan~es whether sisned or unsisned. 

Insofar as Pilot resPonse intensity is unrelated to 

Performance effectiveness' the Possible relations between 

resPonse latencY and obJective Performance were examined. 

The overall mean time to visuallY acGuire the intruder 

aircraft was 54 seconds. These data ran~e from 30 seconds 

Prior to the first advisory to 4 minutes after the advisorY. 

The mean time to note the disPlaY was seven seconds with a 

standard deviation of 15 seconds. These times ran~ed from 

instantaneous to two and a half minutes. Correlations of 

these latencies with the three CPA performance indices are 

all of trivial masnitude. 

The failure of late~cw and intensity variables to Predict 

obJective Performance measures is not unusual in research 

endeavors df this kind. Indeedr it would be surPrisins to 

find such relations. Attempts at Pswcholosical. 

interPretations of such simPle observables fail to recosnize 
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that their variabili~~ is intrinsic and not constrained b~ 

the c<:>nte~d,!:; in which the!:~ occur·. 

Measurement methods used in laborato~~ exPeriments ~uch as 

reaction time or latenc~ measures' resPonse amPlitude, or 

error measure are often useful to helP in the desisn of 

disPla~ devices and s~stems' but it is almost certain!~ the 

case that such measures' because of their suscePtibilit~ to 

Perturbation' are useless in the field assessment of such 

devic<~s. 
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eiLOI BEH~UIOR ~S A EU~CIION OE SXSIEM ESIIM~IES OE RISK. In 

this subsection catesorical Partitions of CPA data are 

emPloYed to examine Pilot behavior as a function of "risk.• 

As mentioned earlier' Pilots were not Siven sPecific 

instructions on how to react to the Predicted CPA indicator 

in their manaaement of an encounter' but reaardless of how 

individual Pilots did use it, the PCPA does have value in 

determining the relative Potential danser of encounters 

after the fact. Table 30 associates with ranees of PCPA 

values, risk catesories numbered 1 throush 4, where 4 

indicates the closest ranee of system-Predicted miss 

distance. 

I~BLE 30 - DEEINIIIONS OE "RISK• C~IEGORIES 

CAIEGORX eCeA RANGE <EEEI> EREQUENCY OE OCCURENCE 

1 >2500 35 

951 to 2500 79 

3 421 to 950 114 

4 < or ~ 420 114 

The first hYPothesis to be tested bY these dat• is that the 

ProPensitY to maneuver would be sreater in situations of 

hiSher risk. Usins as the dePendent variable the Presence or 

absence of a maneuver of anY tYPe' Table 31 disPlaYs the 

Percentases of maneuvers in each risk catesorw broken down 

by encounter tYPe (before determinins the estimated 

Percentage, the value 0.5 was added to each cell to account 
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for bias). 

IQBLE 31 - eERCENIAGES DE MANEUUERS AS A EUNCIION 

DE "RISK" LEUEL AND ENCOUNIER IY.eE 

MANEUUER 

RIS~ CAIEGORY. ENC. IY.£E (% DE IOIQL) IOIAL 

Y.ES NO 

HO 90 10 4 
1 LE 69 31 20 

TC 62 38 11 

HO 66 34 21 
LE 60 40 38 
TC 17 83 20 

HO ~~ 
~~ 48 27 

3 LE 54 46 48 
TC 44 56 39 

HO 71 29 28 
4 LE 46 54 37 

TC 37 63 49 

Anal~sis of these data shows that the onl~ sisnificant 

factor of the two which influenced the ProPensit~ to 

maneuver was t~Pe of encounter which ~ielded a chi-sQuared 

statistic of 12.51 on two desrees of freedom. This indicates 

a Probabilit~ of less than 0.002 that the observed deSree of 

correlation between encounter t~Pe and Propensit~ to 

maneuver would occur randoml~. Table 31 shows that the 

encounter t~Pes were ranked in the order HO-LE-TC, with 

respect to the freQuenc~ of .maneuver. Notice that this 

orderinS 1s the reverse of that found earli~r for Pilot 

satisfaction. The Pilots tended to maneuver least in 
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tail-chase encounters, which is th~ condition in which thew 

exPressed the hishest resard for the utilitY of the advisorw 

service. This tendencw maw be influenced bY the Pilot's 

PercePtion of the collision threat and the time available to 

react. In a tail~chase the pilot has amPle time to evaluate 

the traffic situation and to avoid unnecessarY maneuverins. 

This is esPeciallY true in tail-chase encounters where the 

Pilotv PromPted bw the disPlay, is able to establish visual 

contact. Bw contrast, in the HO encounter the Pilotv aware 

of his inabilitw to accuratelw assess the encounter 

situation in the limited time available' attemPts to 

maintain a safetw factor bw maneuverins more fre~uentlY. 

Contrarw to the hwPothesisv but statisticallw borderline, it 

is noted that Sreater risk does not induce increased 

maneuverins tendencies. the sreatest tendencw to 

maneuver arises when the Predicted Point of closest aPProach 

exceeds 2500 feet. 

The ratio of actual to predicted CPA was partitioned into 

catesories reflecting an encounter's outcome. Table 32 shows 

the definition of the two catesories of outcome' called 
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IABLE 32 - DEEINIIION OE "OUICOME" CAIEGORIES 

CAIEGORX 

GC)Od 

Poor· 

1 • 1 CH' mo l'E~ 

< :L • :1. 

EREQUENCX OE OCCURENCE 

:~~?9 

62 

The effects of the defined risk cstesories, the Presence or 

absence of maneuvers, and the thlPe of encounter upon outcome 

were examined. Presence of maneuver and thlPe of encounter 

were at most of borderline imPortance. In a maJor analhlsis 

that incorporated all three of these indePendent factors, 

there is a slisht indication of an interaction between the 

influence of risk and maneuver affectins outcome' however? 

it is the risk factor that has the most dramatic influence 

on outcome. This influence is seen most clearlhl in Table 33 

relatins risk to outcome. 

Ei:ISI:i: 

:1. 

3 

4 

TOTAl ... 

IABLE 33 - "OUICOME" AS A EUNCIION OE "RISK" 

eCeA RANGE CEEEI> 

9~:i 1 to 2~:;oo 

42:1. to 9~:'.i0 

< 0 l' :::: 420 

OUICOME 

GOOD 

aCPA/PCPA~1.1 aCPA/PCPA<1.1 

49% !=.:; :L% 

6H% 32% 

1:1. /~ 

93% ?% 

B2% :I.B% 

JOIAL 

~3~:i 

:?9 

1:1.4 

:1.1:3 

:341 

In Table 33 it 1s seen that outcomes that are nominallhl 

unsatisfactorhl (in the sense that the actual Point of 
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closest aPProach does not marked!~ exceed the Prediction and 

ma~ even be le!:;-:;), terid to be most heavilw corl!~entT'<:d,.:~d· 

where the~ will do the least harm. Failure of the Pilot to 

better the Prediction does little to endanser an encounter 

that does not reall~ materialize. But as the risk increases 

the value of the advisor~ service to ~id the Pilot in 

increasins separation results in ~uantitative advantase to 

the~ f 1 i !.'.{ht. 

SUMMAR~. To examine the wa\:Js in which the Pilots use the 

automatic advisor\:J service it is useful to look at their 

observed Performance. Performance was examined· in this 

section b\:J lookins at how well the advisories aided in 

visual acGuisition' whether or not Pilots followed the RAS, 

and whether or not comPliance with the RAS increased the 

seParation between aircraft. These anal~ses were divided 

into the followins subsections. 

o Visual Acauisition 

o Closest Point of APProach <CPA) 

o Distribution of CPA Data 

o Pilot Behavior as a Function of Swstem Estimates of 

In the first subsection the time between the Pilot's receiPt 

of a first advisorw and his achievement of visual contact 

was taken as an index of time to visual acauisition. It W ··~G' <i:).,) 

seen that Pilots were achievins visual contact sooner as 
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their exPerience with the advisor~ service incre~sed. This 

imProvement, ~ombined with the fact that in the later 

fliehts visual contact often achieved earl~ on in 

tail-chase encounters when the intruder was still behind the 

subJect aircraft, stronel~ sueeests that the automatic 

adviSor~ service aids the Pilot in achievine visual contact. 

The second subsection examined statistics concern ins 

maneuvers made b~ the subJect Pilot. It was noted that the 

Pilots differed ereatl~ in their ProPensit~ to maneuver' and 

that the seneral tendenc~ to maneuver diminished with the 

number of flisht exPeriences. Whether this decrease is due 

to oversensitivit~ to disPla~ed information in the earl~ 

fliehts or an increase in confidence resultins from 

exPerience with the advisor~ service or with the flisht test 

Proeram itself is indeterminate. 

The data extraction taPes from the Mode S er6und s~stem were 

Processed to obtain data on the closest Point of aPProach 

<CPA) which is the minimum three-dimensional seParation 

between the subJect aircraft and the intruder durine an 

encounter. In the third subsection the actual and 

s~stem-Predicted closest Point of aPProach (aCPA and PCPA) 

were examined with resPect to four defined Pilot reactions 

to the RAS <1. comPlied comPlete!~ with the RAS, 2. comPlied 

Partial!~ with the RAS or maneuvered different!~' 3. ienored 

the RAS, 4. contradicted the RAS). It was seen that the 

smallest averaee aCPA's were achieved when the Pilots 
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isnored or contradicted the RAS. For those encounters with 

aCPA's less than 1000 feet the individual horizontal and 

vertical seParations were Plotted. It was seen that the 

subJect Pilots comPlied with ·the RAS more often when the 

intruder was ~bove the subJect aircraft than when he was 

below and that separations were siSnificantl~ hiSher when 

Pilots comPlied comPlete!~ with the RAS than when the~ did 

not. 

In the fourth subsection an examination of the aCPA data 

distribution showed a sreat desree of variabilit~, Positive 

skewness, and tail-heaviness <kurtosis> which rendered it 

unsuitable for anal~sis b~ standard parametric methods. 

ThouSh a variet~ of transformations failed to comPlete!~ 

stabilize and nbrmalize the variance' the transformation 

10losCaCPA/PCPA) was chosen as a continuous estimator of 

Performance. The onl~ factor that was found to have a 

sisnificant effect UPon this estimator was the Presence or 

absence of sPecific maneuvers which altered the course or 

altitude of the subJect aircraft. Both horizontal and 

vertical maneuvers were found to sisnificantl~ increase the 

seometric mean of the ratio of actual to Predicted CPA. 

Other factors examined which failed to imProve Performance 

are exPerience with the advisor~ service (flisht numb•r>' 

latenc~ <time to Pilot's awareness of an advisor~), and 

intensits of maneuvers. 

In the last subsection' PCPA's were catesoricall~ 
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Partitioned into classes of the s~stem's estimate of risk. 

The ProPensit~ to maneuver was found to have no relationshiP 

to the PCPA but a strons relationshiP exists between 

ProPensit~ to maneuver and encounter t~pe; Pi 1 ot~;; mane•.Jve T' 

most often in head-on <HO) situations, less often in l~teral 

C-?ncountc.;~ T'!!; <LE)r and least often in the tail-chase CTC) 

encounters. This orderins is the reverse of that found 

earlier for Pilot satisfaction, and-ma~ be influenced b~ the 

time available to react which is necessaril~ shorter in the 

HO situation. Finall~' an anal~sis of factors affectins 

outcome <defined as 'Sood' if t~e aCPA exceeds the PCPA b~ 

10 Percent> determined that of risk, 

and their two-factor interactions, 

sisnificant in determinins outcome' with 

percentase of sood outcomes occurrin~ in the hisher risk 

encount<~~r-~;. 
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CH~R~CIERISIICS OE IHE IR~I~I~G eROGR~M. 

A Sround school exam <APPendix B> was administeied to the 

subJect Pilots before and after the around school trainins 

session. The exam scores were used for three PUrPoses: 1. to 

match Pilots in the rePlicated latin sGuare of the 

exPerimental . desisn, 2. to obtain an obJective index of the 

subJect Pilots' comPrehension of the advisorw ~ervice Prior 

to the first fliahtv and 3. to assess the value of the 

trainina session. Althoush a half daw of ~round school was 

conducted for the subJect Pilots, the results of the two 

exams did not show a sisnificant difference <means of 72.5 

Percent on the first and 75.0 Percent on the second). The 

Performance on the first around school exam indicates that 

the trainins manual Provided the Pilots with a useful bodw 

of information. 

An additional exam was comPleted bw the subJect Pilots Prior 

to each fliaht (preflisht exam, APPendix B>. This Permitted 

determinins if anw imProvement in aPParent knowledse of the 

swstem occurred as a result of flisht exPerience' .and to 

estimate the relative value of the sround school with actual 

flisht exPerience. The Preflisht exam data were complete 

excePt for one missina value for Pilot K (flisht number 2). 

This Pilot also received an unusuallw low score on the first 

and third exam administrations. OmittinS this subJect aives 

a ranse of exam scores between 10 and 18 <out of a Possible 

18), with a larse ProPortion of scores between 16 and 18. 
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Analwsis of variance indicates that the averase scores 

differed between flishts (probabilitw of this beins a random 

result eGuals 0.04>·• The siSnificance of this difference 

increases slishtl~ if the anomalous subJect K is omitted. 

However, a rank order correlation of the means for the six 

flisht numbers with a Perfect monotonic uPtrend fails to 

reach sisnificance CP = 0.05), with or without Pilot K. It 

misht therefore be concluded that there was no Preflisht 

test imProvement as exPerience increased. However, an 

examination of the exam score versu~ flisht number curve 

<Fisure 15) shows that the failure of the rank correlation 

to reach sisnificance is attributable to the small revers~l 

of means (17.7 to 17.08) between flishts five and six. A 

"learnins curve" of Just this kind, is the most common!~ 

noted trend for Pswcholosical test scores and performance 

measures of this twpe <Reference 20)~ 

The homoseneit~ of the Pilot samPle can be assessed with the 

intraclass correlation coefficient. With or without Pilot K 

this coefficient is aPProximatelw o.so. A between~subJect 

correlation of o.so indicates a fair amount of homoseneitw, 

especiallw in view of the narrow d~namic ranse of the exam 

scores. Since the F-ratio is statistical!~ reliable, this 

correlation coefficient is also reliable. 
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I~ESULIS 

INIROOUCIION. 

This rePort described a flisht test Prosram involvins 12 

sub . .iect Pilots, flwins 72 fliehts <6 flishts each), with a 

total of 424 midain encounters, usins an automatic advisorw 

The automatic advisorw service was comPosed of two 

St~ T'V i Cf?S; :1. • a Traffic Advisorw Service CTAS) which 

dis~lawed a continuallw uPdatedr course-up traffic maP of 

the airsPace around the subJect aircraft, and '') 
,!( •• f. 

Resolution Advisors Service CRAS> which suesested conflict 

avoidance maneuvers calculated on the basis of sround radar 

i nfD r·m<:lt :i. on. Phw~ical data were taken bw 

on-board observers, and bw SrDund-based masnetic 

T'(-?CO r•de T'S • SubJective data concernine Pilot oPinion and 

PercePtion were collected with Post-flisht debriefines and 

Post-encounter debriefinss. All of the encounters were 

subJect tD the fDllowinS three constraints: 

:1.. Ncl v.:::· r·t :i. ca 1 rate Dr maneuverins encounters were 

flown. 

2. No Planned multiPle aircraft encounters were· flown 

(32 unPlanned multiPles occured). 

3. The intruder aircraft were not emuiPPed with the 

automatic advisorw service. 

results maw have been different had these 

constraints not been in effect. 



This section summarizes the maJor findinss of the data 

anal~sis' and is divided into the followins five sections. 

o DePendence of Data on Test Conditions 

o: Pilot Utilit~ Assessment of the Advisor~ Service 

o Pilot Acceptance of the Advisorw Service 

o Use of the AdvisorY Service 

o Characteristics of the Trainins Prosram 

139 



DEeENDENCE OE DAIA ON IESI CONDIIIONS. 

o The counter-balancin~ desisn <latin sGuare) used in the 

flisht test Prosram was successful in eliminatins anY 

maJor sYstematic data dePender.c ies' and the 

meteoroloeical limitaticins imPosed on the fli~hts were 

sufficient to avoid the maJor random dePendencies (pa~e 

62) + 

eiLDI UIILIIY ASSESSMENI OE IUE ADUISQRY SERUICE. 

o The subJect Pilots showed most aPPreciation for those 

eleR,ents of the TAS which save basic information 

resardins the location and relative motion of the 

intruder (pa~e 66). 

o There was a distinct Pr~ference shown in the Pilots' 

ratinss for the TAS features over the RAS. The RAS was 

initiallY one of the most hishlY rated features' but 

declined steadilY trJ fifth Place in the F'ost-hoc rankin~ 

of the Pilots' ratin~s' bw the fourth flisht (pase 72). 

o The stabilitY of the rankine of Pilots' ratin~s of the 

disPlawed data indicates that four fli~ht experiences 

with the service are sufficient to stabilize Pilots' 

workine attitudes toward disPlaYed information (pa~e 73). 

o The subJect Pilots felt ihat no crucial information was 

lackine in the disPlaYed data, and, in sene~al, too much 

information was disPlawed (pase 74). 
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o The subJect Pilots exPlicit!~ exPressed a desire for the 

basic traffic s~mbol alone, and for a ~eneral reduction 

in the level of disPlaYed information (pa~e 77>. 

o Fift~ Percent of the subJect Pilots indicated that there 

should be an audible sisnal to alert the Pilot of a 

Proximate advisor~ (p~~e 77). 

eiLOI accEei~NCE DE IHE ~DUISORY SERUICE. 

o The subJect Pilots showed a hiSh re~aTd for the automatic 

advisor~ service and the disPla~ in ever~ measure of 

Pilot satisfaction. The expressed satisfaction with the 

s~stem' althou~h uniformlY hi~h for all fli~ht numbersr 

leveled out and reached its essential maximum on the 

fourth fli~ht (pa~es 82, 86r 88). 

o The subJect Pilots showed a si~nificant Preference for the 

automatic advisor~ service <TAS and RAS> as a whole' over 

the disPlaY <e.~. size, le~ibilit~, and color> (page 82). 

o APProximate!~ 

satisfaction 

one-third of the 

with exPerience maY 

increase in 

be associated 

increasin~ familiarit~ with the s~stem (pa~e 89). 

Pilot 

with 

o The subJect Pilots regarded the automatic advisor~ service 

most highlY when the intruder was least likel~ to be 

visible (pase 94). 
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--------------------------------------------------------------------------------------------------------

USE OE IHE ADUISOBY SEBUICE. 

o An observed decrease in the time to visual ac~uisition of 

traffic sussests that the automatic advisorY service aids 

the Pilots in achievins visual contact with the intruder 

aircraft (PaSe 107). 

o Minimum seParations were sisnificantl~ larser when Pilots 

comPlied comPlete!~ with the RAS than when the~ did not 

(paSes 111v 120). 

o The subJect Pilots comPlied comPlete!~ with the RAS more 

often when the intruder was above the subJect aircraft 

than when he was below (paSe 116). 

o There was no sisnificant imProvement in achieved 

seParations as exPerience with the automatic advisor~ 

service increased (paSe 123). 

o Both horizontal and vertical maneuvers were found to 

siSnificantl~ increase seParations between aircraft (PaSe 

124). 

o The subJect P11ots maneuvered most often in head-on 

encounters, less often in lateral encounters' and least 

often in tail-chase encounters (page 128). 

CHABACIERISIICS OE IHE IRAI~I~G ~BOGBAM. 

o The subJect Pilots Sained most of their knowledse of the 

automatic advisor~ service throush self-stud~ with a 
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Pilot's Manual. A classroom trainin~ session did little 

to increase knowledse of the s~ste~ over and above that 

alread~ Sained from the manual (pase 135). 

o The subJect Pilots Sained additional knowled~e of the 

s~stem throu~hout the flisht test Prosram as a result of 

actual flisht exPeriences, but their increase in 

Performance on the Prefliaht exam leveled out at its 

maximum b~ the fourth fliaht (paae 135>. 
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COt-:ICLUS!Ot:IS 

o Horizontal and vertical maneuvers in response to an 

automatic advisorw service are effective in increasins 

aircraft separation. 

o SuPPlementer~ information, over and above the basic 

Position and relative motion information' is unwanted bw 

Pilot!:;, and interferes with their comPrehension of 

traffic situations. Conflict resolution advisories are 

seen as less imPortant than this basic traffic advisorw 

:i nfc> rmat i <:>n. 

o Certain characteristics of Pilot interaction with an 

automatic advisorY service, 

maximize achieved seParation), 

<such as the abilits to 

are effective from the 

verw first flisht exPerience with the service' while 

other characteristics, (such as satisfaction with the 

and decrease in time to visual acmuisition), 

take four flisht exPeriences to mature. 

o Self-studY with a comPrehensive trainins manual 

effective method for trainins Pilots in the use of an 

automatic advisory service. 
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RECOMME~DAIIQ~S 

o The level of disPlawed information should b• kePt to a 

minimum for the sak~ of claritY ih communicating to the 

Pilot onlY the location and Predicted relative motion of 

intruding aircraft. 
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FLIGHT PATTERNS 

APPENDIX A 

This appendix contains a copy of each of the six flight patterns 

(patterns A - F). The solid line represents the planned path for 

the subject aircraft and the dashed line represents the planned 

path for the intruder. All six paths use the same four navigational 

points; Atlantic City Airport (ACY), Millville Airport (MIV), 

* ** Rainbow NDB (RNB), and the Sea Isle VOR (SIE). 

* Non-directional Radio Beacon 

** . VHF (Very High Frequency) Omni-directional Range Station 
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DATA COLLECTION FORMS 

APPENDIX B 

This appendix contains the blank forms that the pilot, observers, 

and the flight coordinator completed throughout the flight test· series. 

Page 

Form 1 - Preflight Exam B-2 

Form 2 - Flight Log B-4 

Form 3 - Flight Debriefing B-5 

Form 4 - Encounter Log B-8 

Form 5 - Encounter Debriefing B-10 

Ground School Exam B-11 
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------------------------ ----------~---- ----

PRE FL.IGHT BRIEFING FOR SUBJECT PILOT 

PILOT ID: MISSION NUMBER: DATE: 

1. WHAT DOES THIS ~UMBER REPRESENT? 

2. WHAT COLOR IS THIS SYMBOL? 

3. WHAT DOES THIS LINE REPRESENT? 

4. WHAT DOES THE LENGTH OF THE ARROW REPRESENT? 

5. WHAT DOES THE CIRCLE REPRESENT? 

6. WHAT COLOR ARE THESE SYMBOLS? 

7. WHAT DO 'XHESE SYMBOLS REPRESENT? 

8. WHAT DOES THIS SYMBOL REPRESENT? 

9. WHAT COLOR IS THIS ADV~SORY? 

FORM 1 - PREFLIGHT EXAM 

(page 1 of 2) B-2 



6,7 

-04 

1 PREFLIGHT EXAM FORM -

(page 2 of 2) 

' 
2. 

.5. 
8 

RIGHT 
9 
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OBSERVER'S LOG 

[1] DATE: (2] TIME (LOCAL): 

[ 3] TEST PILOT ID: [4] PILOT MISSION #: 

[5] SAFETY PILOT ID: 

[6] OBSERVER ID: [7] FLIGHT ID (A to F): 

[8] TEST AIRCRAFT ID: [9] INTRUDER AIRCRAFT ID: 

(10] PRE-FLIGHT CHECK OK (YIN): IF NO, SPECIFY PROBLEM: 

[ 12] CEILING: [13] VISIBILITY: [11] WEATHER: SKY(0-9): 

[14] OBSTRUCTIONS TO VIS: [15] TEMP: 

[16] DEW POINT: 

[18] VELOCITY: 

[17] WIND DIR: 

[19] ALTIMETER: 

[20] PREDICTED WINDS ALOFT (AT 3000 FT): 

[21] DEPARTURE TIME: 

[22] ABORT (Y/N)? (DESCRIBE IN "NOTES" BELOW): 

[23] AUDIO RECORD START (Y/N): 

[24] STOP WATCH START: 

[25] ELAPSED TIME STRAIGHT & LEVEL: 

[26] ALTITUDE STRAIGHT & LEVEL: 

[27] DME FROM ACY AT S & L: 

PRE-FLIGHT NOTES: 

FORM 2 - MISSION LOG 

(page 1 of 1) B-4 
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DEBRIEFING FORM 

[1] Test Pilot ID: [2] Pilot Mission #: 

[3] What did you think of the colors used to code the ATARS 
information? 

[4] . Would any additional traffic advisory information be . useful 
to you in deciding what or what not to do? 

[5] Was there unnecessary information displayed? 

Rate (0.,-9) each component of the traffic advisory service in terms 
of how useful it is to you in managing an encounter situation? 

[6] basic traffic symbol + 

[7] relative altitude 

[8] . out-of-range traffic symbol ~) 

[9] vertical speed 

[10] traffic course track 

[11] own aircraft course track 

[12] relative motion line 

[13] range ring 

[14] point of closest approach 

[15] turn status 

[ 16] resolution command 

AT ARS provides traffic advisories and resolution advisories. How 
would you evaluate the relative contribution of these two services 
in maximizing your safety? For example 50-50, 2 to 1, 1 to 10, 
or what? 

[17] Traffic Advisory: Resolution Advisory 

FORM 3 - MISSION DEBRIEFING 

(page 1 of 3) 
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[18] Did the information in the. traffic advisory prompt you to 
take avoidance maneuvers prior to receiving c1 resolution 
advisory? 

Never 

Sometimes 

Often 

Always 

[19] How confident _were you of the advisability of these 
maneuvers? 

Not at all 

Somewhat 

Very 

[20] In a threat situation, did the· traffic advisory service aid 
you in visual acquisition of the traffic? 

Never 

Sometimes 

Often 

Always 

[21] Once you had visually acquired traffic, did you: 

forget about the screen. 

continue to consult the traffic and 
resolution advisories 

ignore further traffic advisories, but 
respond to resolution 
advisories 

continue to consult traffic advisories, 
but ignore resolution 
advisories 

FORM 3 - MISSION DEBRIEFING 

(page 2 of 3) 
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[22] How adequate was the traffic advisory service in preparing 
you for the resolution advisory? 

not useful ai all 

somewhat useful 

very useful 

. 
[23] How confident are you that the resolution commands maximize 

the miss distance. 

not at all confident 

somewhat confident 

very confident 

[24] If you never see the traffic how do you feel about following 
the resolution advisories? 

not at all confident 

somewhat confident 

very confident 

[25] Please rate (0-9) how you feel about all aspects of the dis­
play format together (size, legibility, color, etc.) 

[26] On the whole, please rate (0-9) how you feel about ATARS 
service. 

[27] Can you suggest any mods or improvements in the display 
or service? 

FORM 3 - MISSION DEBRIEFING 

(page 3 of 3) 
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( J l ll;J'J:CS ICN t:UH:~;:;:: (;>) TL:.'l l'l Lu .. ~ J . '. 
"' 

(J) PILOT HISS ION NUHnER: (4) FLIGHT Ll:L~ ( l 2 3 4 

(5) ALTITUDE MAINTENANCE: (6) COURSE HAINTENANCE: 

(7) TURBULENCE? HOW HUGH? (8) ~lORK LOAD BEFORE INTRL1510N 

(9) TIME OF FIRST ADVISORY: (10) TIME PILOT NOTES ADVISORY: 

(11) STAGE PILOT NOTES ADVISORY( P TH R ) 

(12) 'XIHE·,OF .llLSUAL ACQUISITION:· (13) IF ONE WAS IT-PLANNED? 

(14) ADVISORY TYPE( P TH RES ) 

(15) INTRUSION TYPE( HO PU TC) {16) IF MORE THAN ONE, DP~W SYMBOLOGY: 
WAS THE MOST CRITICAL PLANNED? 

(17) TRACK INTRUSION: 

(18) PROX 

. . !OCCURS :time)l 
MANEUVER( YIN) 

.THREAT 

I 
RES AD 

I 
(19 ) ON SCREEN RES MA'NF.UVF.R TAl(F.\Il . 

TYPE MANEUVER 
CLI,DES,RiGHT,LEFT) 

RATE 
(BANK OR FT/HIN) 

COURSE CHANGE 
(FEET--DEGEES) I 

(20) DOES PILOT HEAR THREAT? (21) TYPE COMMAND RECEIVED: 

(22) DOES PILOT HEAR CLEAR? (23) TIME BACK ON COURSE: 

(24) CRITICAL EVENTS?(E.G.OTHER TRAFFIC) 

(25) ADVISORY TIMMING---TO SOON. _ ____;ABOU':! RIGHT. __ TO LATE 

(26) RESOLUTION: CORRECT NOT CORRECT DONT KNOW ------- ----- -----

FORM 4 - INTRUSION LOG 

(page 1 of 2) 
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RESPONSE CHECK LIST: 

(ALL RATING SCALES 0-9) 

[30] ____ ALTITUDE DURING INTRUSION (RANGE IN FT.) 

[3l) ____ COURSE DURING INTRUSION (0 - 9) 

[32] ____ MAINTAIN INSTRUMENT SCAN (Y/N) 

[33] ____ MAINTAIN EXTERNAL SCAN (Y/N) 

[34] ____ MANEUVER COORDINATION (0 - 9) 

[35] ____ AIRSPEED CONTROL (0 - 9) 

[36] FUEL MANAGEMENT (OK I NG) LAST INTRUSION ONLY ----
[37] PROP SYNC (OK I NG) ----
[38] ____ WORKLOAD RATING (0 - 9) 

FORM_4_ - INTRUSION LOG 
' 
' (page 2 of 2) 
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'--·----·-------------- ----------------

[ 1) 1 ntrusion Number: 

[2) Test Pilot ID: [3) Pilot Mission #: 

[4) Where did the intruder come from (clock position)? 

[5] Did the display light up in time? 

[6) Did the threat advisory occur too early or too late? 

[7] Did you find ATA RS useful in avoiding the traffic? 

[8] Did you maneuver before you received an advisory? 

If yes, why? 

[9) Did you find the resolution advisory or the display the most 
· helpful? 

[ 10] What did you think of the resolution advisory? 

[ 11] Was the intruder going faster or slower than you? 

[ 12] Was the intruder A TARS equipped? 

[13] Was he above/below you or at same altitude? 

[ 14] How would you rate the workload of the intrusion (0'-9)? 

[15) Would you rather have ATARS advisories or traffic controller 

advisories? Both? 

FORM 5 - ENCOUNTER DEBRIEFING 

(page 1 of 1 ) B-10 
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ATARS Orientation Test Format 

1. Which of the following might occur several minutes before 
point of closest approach? 

1) Proximate advisory· 

2) Traffic threat advisory 

3) Resolution advisory 

4) Both 1 and 2 

2. If you choose to ignore a resolution advisory, and decide· 
to maneuver at yol,lr own discretion: 

3. 

1) Your ATARS display will automatically shutdown leaving 
you to rely on manual resolution of traffic conflicts. 

2) You will have violated FAA regulations. 

3) The probability of in-flight conflict decreases. 

4) 

Upon evaluating the traffic situation depicted above which 
aircraft is (are) the most critical threat(s)? 

1) The aircraft at 3 o'clock. 

2) The aircraft at 3 o'clock and 10 o'clock. 

3) The aircraft at 7 o'clock. 

4) The aircraft at 10 o'clock. 

B-11 



4. Which of the following is false? 

1) The threatening aircraft is 200 feet below you. 

2) The threatening aircraft is climbing. 

3) The . most threatening intruder is located at 10 o'clock. 

4) The large "X" represents the point of closest approach. 

-02 
~· 

5. Which of the following is false? 

6. 

1) Proximate aircraft are displayed because they set limits 
on possible maneuvers to avoid or resolve a conflict. 

2) Proximate aircraft are displayed because they can at 
any time, become a threat. 

3) Proximate aircraft are never displayed when a critical 
threat appears. 

4) Proximate aircraft advisories occur with any altitude 
separation of less than 2000 feet and range less than 
2 nautical miles. 

The symbol ~· means: 

1) The aircraft is A TARS equipped. 

2) The aircraft is controlled by ATC. 

3) The aircraft is a threat. 

4) None of the above. 
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7. If your screen is clear (no traffic), the ATARS display will 
alert you to the presence of a threat by: 

1) Displaying the relevant symbols on your screen. 

2) Emiting a 'beep-beep' every 4. 7 seconds. 

3) Emitting a synthesized voice warning 'threat'. 

4) Both 1 and 3. 

A B 

8. Upon evaluating the two separate situations above, one can 
conclude that: 

1) In situation B the threatening aircraft will pass 
behind you. 

2) In situation A the threatening aircraft will pass 
in front of you. 

3) In both situations the altitude of the threatening air­
craft is identical to yours. 

4) In both situations the estimated point of closest ap­
proach will occur in 30 seconds. 

Given a threatening aircraft at 12 o'clock with the following pro­
perties: 

o velocity is less than yours. 

o aircraft is 200 feet above you and descending. 

o range is 2 nm. 

o aircraft is turning. 
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----------------- ·-----------------------

9. Which figure will appear on your ATARS display? 

A 

1) 

2) 

3) 

4) 

Figure a 

Figure b 

Figure c 

Figure d 

c 

-%2··· 
t\ 

10. All simultaneous threats will: 

1) be represented by green target symbols. 

2) be supplied with relative motion lines. 

3) cause a resolution advisory to be displayed. 

4) be represented by a red '?1
• 
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11. A resolution advisory will: 

1} occur several minutes before the time of closest ap­
proach. 

2} compel the pilot to take the recommended evasive 
action. 

3) typically occur at most 30-40 seconds before the time 
of closest approach. 

4} never occur when you really need it. 

12. A yellow circle centered on the asterisk representing your 
own aircraft: 

1} defines a range of 4 nautical miles. 

2} defines a range within which an intruder will be identi-
fied as threatening. 

3} defines a range of 2 nautical miles. 

4} defines the advisory picture area. 

13. Proximate aircraft which fall outside of the advisory picture 
area: 

1} cannot be displayed by ATARS. 

2) will be represented by an "X" at the appropriate bear­
ing and at the edge of the picture area. 

3) will be represented by a green triangle which will 
always appear at the lower left of the picture area. 

4) will be represented by a green triangle at the appro­
priate bearing and at the edge of the picture area. 

14. Which symbol within the advisory picture area provides a 
graphic display of threatening traffic? 

1) a green '.!fl' 
2) a yellow asterisk 

3) a red 'T' 
4) a red ·~· 
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15. When a red '+02' symbol appears next to a traffic symbol: 

1) a threatening aircraft is located 200 feet below you. 

2) a proximate aircraft is iocated 200 feet below you. 

3) a threatening aircraft is located 20 feet above you. 

4) a threatening aircraft .is located 200 feet above you •. 

16. An up <f> or down (~) arrow is displayed next to the alti­
tude information to tell you: 

· 1) whether your separation from the aircraft is increas­
ing or decreasing. 

2) the direction of vertical movement of a threatening 
aircraft. 

3) the predicted point of closest approach. 

4) the direction of vertical movement of proximate or 
threatening aircraft. 

For questions 17, 18, and 19, refer to the Figure below. 

17. The symbol 
is: 

1) '!.f' 
2) "+04 

3) j*, 
4) '7' 

II 

RIGHT 
NO CLI 

which depicts the present position of your plane 

FAA WJH Technical Center libra 

IIIII/I IIIII 1!111 IIIII /III/IIIII IIIII /llll/ll/1111 ry 
00027231* 
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18. The predicted point of closest approach of the threat ±s: repre­
sented by: 

1) * 
2) Right 

NO CLI 

3) 'X' 

4) '-If 

19. The symbol that depicts a threatening aircraft, its relative 
motion, course, and point of closest approach is: 

20. 

1) LJ.I 
2) +04 

:: \' 
Fast moving threats have: 

1) short course arrows. 

2) relative motion lines angled close to their 
course arrows. 

3) relative motion lines angled far away from their 
course arrows. 

4) blinking threat symbols. 
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