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NOTICE
 

The Automatic Traffic Advisor~ and Resoltion Service (ATARS) 

was a concept that envisioned Sround-based Discrete Address 

Beacon S~stem (DABS) sensors eauipped to provide a collision 

avo i dc~nce se I'V i Cf~. I n ()ct(Jb~~ I' :to 9B:l ., th(-:~ F PClE~ T'a:l. Av i at i on 

Administration discontinued development work on the ATARS 

concept, as beinS redundant with decisions to implement a 

9 I'ound""· i nd~;~p(-:~ndf~nt co 11 is i on avo:i danc(-~ SYS tE~I1I" TeAS + 

Th :i. ~:; Y'E'F'O pt d()cum~~nts data derived from the ATARS 

development proSrsm and describes technical characteristics 

of such a collision avoidance service. The purpose of the 

J' E,\ r:, D r t :i. 5 t (-:~ c h n i cal doc U ITI E~ n tat i () n ,) NC) :i ITI pIe ITI (-~,.., tat ion 0 J' 

further development of ATARS is anticipated. 





{'}BSTF~ACT 

This report presents the results of a lar~e scale sYstematic 

(~~}~ ~::. e J' :i ITI f? n t conductf.~d at the Federal Aviation 

Adm:i.nistrat:i.on Tf:·~chnical C(·:·~nt~~r· to f?valuate th(~.;o I..It:j.lit~:~v ancj 

the human factors aspects of an automatic advisors service. 

The automatic advi50r~ service is composed of two services; 

:I. • a Traffic Advisory Service (lAS) which displays a 

cont i nua 11 ~~ updat(~~ci 'I COUJ'SE·~····t..IP tJ'affic lTIap of thE'~ sf rSF'8Cf.:\ 

around the subject aircraft'! and 2. a Resolution Advisors 

wh i c h 5 U f.~ ~~t .::.! s t. ~:; con f :I. :i. etav (] :i. danc (.;~ ITI a n (~\ u v ~:.! )" ::; 

calculat.::·~(.i on thf.! t:.ia5:j"~; of ~.:.~rol..lnd ~:;u J'V(':~ :i. 11 anc(·:·! 

info r'l1Iat ion" 

of pilot opinion data examines the pilots' 

a 5~; f:~ f:; ~:; IJI (-:~ n t 5 0 f t h €.~. :i. n f () J' ITIat :i. 0 ncon t f:'~ n t (] f t h f.~ d :i. 5 F' :I. a ~:I , and 

t h f:'~ :i. T' of thf! automatic aciv:i.~:;()J'~:I ~:;f:~rvicf:! + 

ObJ<-:-:·ct. :i. Vf.~ (lata, taken by on-board and 

~round-based surveillance eGuiplTlent, is used to analyze 

P i lot 'f' (:-! act ion to a d vi":::. 0 r :i. (.~I ~:; ~:; (.:.! p a J' a t ion J' f? 5 U :I. t. ~:;!1 an (1 v i. ~:; u a 1'I 

a C C~ u :i. S :i. t i. (] n F' €~ r f 0 T' III a n c (-~ + 
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EXECUIIVE SUMMARY
 

Th :i. s Y' f:'~ f,' C) y't.. p l' f:~ ~:> (:~ n t. s t h f~ Y' t~~ suI t ~:; 0 fa], a r ~.:.~ Eo' sea 1 f? ~:; ~~ f:) to' e III a tic 

field experiment conducted at F f:~d(~·~ Y'a 1 Aviat:i.on 

1:1 dill i n :i. s t.. rat :i. (J n T f:~ c h 1"1 i c a ], C €.~ 1"1 t (.:~ Y' to (.:-:. val u a t (.:.~ t h €~ uti 1 :i t~:J 'I and 

th(~~ human facto Y'S asP€·~ct~:; of an automat :i. c adv :i. so T'~:~ ~:;(.~, T'V :i. cf.·~ (. 

Th (.:~ aut (] ITI a tic c~ (.1 v :i S (J T' ~~ S f..~ r vic f:·:· i s COlli F" 0 ~:> f:-~ (.1 0 f t. w<:) S E.\ l' vic (7,\ S " 

a Traffic Advisors Service ( T (.~S ) 

continualls uPdated, course-up traffic map of the airspace 

around thf:'~ sub ,..i€-?c t. a:i.rcraftll anc1 2~ a F«:·~~:;olut.:i.on A(jvisC)Y'~~ 

Se "(' v :i. c €-~ (F~ AS) whieh ~; u ~.:.~ ~.:.~ f:-~ ~:> t ~:; con f 1 :i. etav 0 :i. danc f~ ITt a 1"1 €.~ U V co? Y' 5 

ca], cu], atf:"!('} on thE\ ba~::.:i.~:; of ~.:.~ round T'a(1(:~ f' Sl..l 'j'V€·~ :i.11 anCE"! 

:i. nfo 'i'llIat. :i, on + 

T/-', f:"! 'f' 1 :i. ~.:.~ h t t. t:~ ~:> t. F" r D ~:J y' a III :i. n v D ], V (.:.~ "'-.f :/. 2 s u tJ ,j ~~~ c t P i 1 D t 5 f 1 ~:~ i n ~3 72 

flishts (6 fli~hts each)~ :i.n d total of 424 near miss 

(fl :i.~.~ht.) data WE~rt~~ takf;~l"t b~:J on ..··tJoarc1 

SUb,jf:-~ct:i. Vf:-? data conc(-':~ 1'1""1 :i. n~:~ F' :i.1 ot. OP :i. n :i. on and pe rC(·:~F··t :i. on Wf;~ 1'f;~ 

collected with post-fli~ht and post-encounter debriefinSso 

Th €-~ a n a ], ~:~ 5 :i. ~:; 0 f t h (~~ 5 f~ d a t. a :i. ~::. (} i v :i. c1 f:'~ d :i. n tot h (o? f 0 11 D win ~.:.~ 

f :i. v (~ cat. (-:.~ ~.:.~ 0 l' i (~~ ~::. : 

o D(':~F"E~ndt:~\nCE~ of Dat.a on T(~·~st Condi t:i.C)n~:; 

o F':i. 1 () t. Uti 1 :i. t ~:~ A ~::. ~:; €-~ S S III t·;·\ n t. 0 f t h (~.~ I~ d v :i. S 0 l' ~:~ SE\ T' vic (.:.~ 

o F' i lot. Ace (.:.~ r·· t. d n c c:·~ 0 f the·:·! A i:.l \l i ~:; 0 r ~:~ S (.~ y'v :i. C (~~ 

D Ch a rae t f..~ y' :i. ~:; t :i. C ~:; 0 f t. h E' T J' a :i. n :i. n ~t F' r 0 ~.~ T' a In 
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In sub~ective measures of oPinion and obje~tive measures of 

p,:.:~ T'f() rlTlanc€-~, th~? adv i so r~;~ se I'V i c€~ was found· to hav€-~ a· h i ~~h 

desree of pilot acceptance, and it was found to aid the 

pilot in manasin~ midair encounters. There was a distlnci 

F~ T' e fer e n c' f:~ r:; hown f (] J"' t h (~~ TAS 0 ve r the· f:: AS. An a 1~ ~:; :i. s 0 fda t a 

on the Closest Point of A~~'F" T'oach (CPA) showed t.hat. l' fo T' 

encounters with CPA l.OOO feet, 

a chi eved IT, i n i n, '..1ITI ~:) ], ant pan ~.:.~ (:-~ inc r E~ a 5 E~ d b ~~ 22. 9 peT'c (~n t when 

p :i.1 ots COITJP 1 i f:~d COITIP 1 (~t.€-~ 1 ~:~ w:i. th th(·:·~ r·E~~;o:l. '..It :i. on adv:i. s;'o T' i f~~S 

OVt:'~ T' wh(-:·~n thE~':~ did not. 

The T'f.·~~.ul ts of th€~ ana],~:ls:i.~; l(-:~ad to thf.·~ f () 11 (.') wi 1", ~1 

cone I us ion'!:;: 

() H() T' i z (] n t a ], and v f..~ r t :i. c a :I. man (~~ u v f? T' ~:; i n f' (.? ~:; F' 0 n '::) €.~ t~ () an 

automatic advisor~ service are effective in increasins 

aircraft separation. 

o SUF'P 1 (~'~IJI(7:'nta J'~3 :i. nfC) rmat :i. on 1I over and above the basic 

p o~:; i t,. i () nand j" (.:.~ ], at i v (.:~ ITt 0 t ion :i. n f 0 T'tT1 a t :i C) n" i sunwan t E~ d b ~~ 

p:i.lot~:; , and :i. ntf:~ T'ff.~ r(~s I.rJ :i. th tht~ i T' cOmF'I'(-:~hf.·~nf:):i. on of 

traffic situations. Conflict resolution advisories are 

seen as less important than this basic information. 

o	 Ce T'ta :i. n cha T'act(~~ r:i. s t :i. c~:; of pi], ot :i. ntE~ ract :i. on w :i. th an 

automatic advisor~ service, <such as the abi:l.it~ to 

maximize achieved separation), are established b~ the 

V E~ r ~~ of :i. T' 5 t of 1 i ~.t h t f:~ >~ P (-:-~ r :i. (~n c 0~ w:i t h t h f:'~ 5 (:~ r v :i. c ~~~ 'f Wh:i :I. (.:-~ 

other characteristics <such a~:; sat i ~:; fact. i on hi i th t.hf:

iii 
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service and time to visual acouisition) take four flight 

experiences to mature~ 

o Sf:~l f-"5tl.Jd~~ with a c()lTIpr'(·:~h(·:"~n~:;:i.vt~"~ . tT'a:in:i.n~t manual is an 

F.~ f f f:":' c: t i. v (..:\ In (:~ t h (] d f C) Y' t r" a :i. n :i. n ~.:!. P :i. :I. 0 t 5 i nth €.~ u ~:; (.;:0 0 fan 

automatic advisory service~ 

iv 
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IblIRODUCIIObl 

This report presents the resDlts of a large scale sYstematic 

field experiment conducted at the F f.~df:·~ ra 1 Aviation 

Administration Technical Center to ev~luate the utilit~, and 

human factors aspects of an automatic advisor~ service. The 

automatic advisor~ service is composed of two services. The 

first, called Traffic Advisory Service (TAS), consists of 

displa~ed s~mbolo~~ depictins the actual location of nearb~ 

traffic. The second is a Resolution Advi50r~ Service (RAS) 

which SUSSests possible avoidance maneuvers. The purpose of 

the advisor~ service is to increase safet~ bs providins the 

p:i.lot with detail~\d inforlTJstion on neaT'tl~J air'cr-aft. 

See-and-avoid has been the primap~ means of avoidins midair 

collisions fop pilots fl~inS under Visual Flight Rules <VFR) 

and Instrument Flight Rules (IFR) in Visual Meteorolo~ical 

Conditions (VMC).Once an aircraft is visuall~ ac~uired, the 

pilot makes a threat assessment. At present~ the information 

used in making a threat assessment <such as ve1ocit~, 

headinS, and altitude of an aircraft) i 5 detf:~ pm i nt~d b':::~ 

visual observation supplemented by data obtained from ATC 

adv i so T' i f:~S • 

on (~~ (:) f t h Eo' ~.3 () a 1 s () f t h (-:~ TAS :i ~:~ t () F' T' (;) v :i. d (-? f:~ n ()u ~~ h :i n f (J T' III a t :i. 0 n 

on both proximate and potentially threateninS airc~aft so 

that a F' :i.l ot can v 1 sl..J(:~ 11 ~:~ acc~u:i. T'(':~ thf.:' a i Y'C raft" makEl (:~n 

accurate threat assessment and avoid increasinS danSer and 

:I. 



the necessit~ for extreme maneuvers. At present, air traffic 

controllers support see-and-avoid operations bs providin~ 

advisories to the pilot on a work-permittin~ basis. The 

automatic advisor~ service is desi~ned to provide hish 

aualit~ advisories as a fulltime service for all eQuipped 

aircraft within the coveraSe area. 

The report is divided into the followin~ sections: 

o Back~.:.t T'c)uncf 

o S~stem overview 

o Flisht Test Pro~ram Objectives 

o T(·:·!s t St T'uctU l"f? 

o Test Execution and Data Collection 

o Data Reduction and Analssis 

o F~(,:,~sl..ll ts 

oCone 1 u~:;:i. ons 

o Recommendations 

Th (.:.~ f :i. T'~; t 5 (o? c t ion p T' (-:~ s €~ 1"1 t 5 a b I' :i. e 'f his tOT' ~~ 0 f ~:;. t u d :i. (-:~ ~:; 

involved in the development of vaT'ious collision avoidance 

s~:~s t,ems • 

Th(·:~ "S~stem OveT'view· provides an explanation of thf:! 

f~ n ~':1 i n E~ €~ I' :i. n H d f:~ 5 :i. ~':.t n () f both the haT' d wa T' f:'~ and ~:; 0 f twa I' (::' ~:; ':.~ ~:; t (-~, HI 

5 t T'uctu res. 

The third, "Fli~ht Test PT'oSram ObJectives,U 

objectives of this stud~. 



The -Test Structure· section is divided into six subsections 

and a summar~ de5cribin~ the various aspects of the flisht 

test proSram. Reasons for fliSht pattern selection and 

procedures for pilot selection and trainin~ are·p~esented as 

well as a discussion of the test plan structure. 

The fifth section, "Test Execution and Data Collection," 

describes the execution of the flight test proSram and how 

the data was gath~red, processed, and entered into a 

comprehensive data base for anal~sis. Topics covered are 

activities before, during, and after a test flisht. 

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

into fiVe subsections and a summar~. The dependence of test 

results on either test desiSn characteristics (e.S. flight 

pattern twpe) or other factors not strictl~ controllable 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 aCQuisition data and point of 

closest approach information are examined to identif~ pilot 

behavior. The training proSram is assessed in the subsection 

·Characteristics of the Training ProSram." 

The last three sections, "Results, Conclusions and 

Recommendations,· summarize the findings of this stud~. 

3
 



B~CKGE~OU~D 

The reGuirement for the development of a discrete address 

beacon s~stem was identified in the 1969 Department of 

Tran~:;poT'tati()n ([lOT) AiT' TY'sff:i.c Cont.r'ol (ATC) Ai:.iV:i. so T'~~ 

COIJlITI :i. t te€:l (Reference 1)~ The study recommended 

modificatic>ns to th(-:~ F'T'es€'~nt 1~:iT' Traffic ContT'ol f\aciar 

Beacon Ssstem (ATCRBS) which would improve the surveillance 

aceU l' a c ~~ and t h (:-~ I' €'~ 1 i a b i :I. :i. t ~:t 0 f t h €'~ 5 ~:l 5 t (0.":1 In ~ S }":., E~ C :i. f :i. c a 11 ~:~ , a 

d i ~:; C I' (~~ t, (.:~ add T' ~~ ~:; 5 IT, 0 d (.:.~ (.1 a tal :i. n k f 1..1 net ion ( ~'l 0 fj (.:~ S) wa ~:; 

proposed which would support a sYstem which automaticalls 

tT'ansmitt(-:~d traf·f:i.c advisoT'i €:ls to th(~ pilot~ This ~.:.~rounci 

ba~:;f.~d s~~s tE~ITI' ca 11 (.? ....j I nte I'm i:t t,f:.1nt Pos it i V€:l Cont 1'01. ( I PC) , 

W0 1..11 ci 0 P <:~ rat 0~ :i. nth (-:~ ITI U 1. t :i.._. com F' u t f.~ I' M()d 0~ S ~:.f T' () un d e G u i F·' III e n t.• 

Th (.:~ I F'Cal ~.~ 0 r i thIn w() u 1d F·' T' (] C e ~:; ~:~ T' a w 5 U T' ~./ (-~ :i. 1 1an c (-:~ d a t a 

SUPPlied b~ the radar site and send individual messaSes to 

each aircraft eGuipped with a Mode S transponder and related 

displaY eGuipment. The pilot would receive the traffic 

advisories on a dispJas installed in the aircraft instrument 

F'an(·:~ll • 

Both thf:~ COITIPut(~~T' a I sfo T' i thlTls and the CDC 1-:. F' :i. t ci i ~:;F' 1 a~:~s fo T' 

this service have under~one a stead~ evolution since the 

1969 DOT study. A sinsle-site alSorithm was published in 

1 9 7 ~:-j ( I:;: (~~\ f (~~ T' E-~ n c E~ 2). A ITJ u 1 t :i. .._~; i tea 1 ~~ 0 I' :i. t h IYI !' C a 11 f~ dIPC 

ChanS (-? 2, wa ~:; F" IJb 1 :i. s h f.~ ....,t :i n S €.~ P t (~.~ mb (-:.~ T' 19 '7 6 (I:~ (-:~ f f..~ l' €.~ n c l~'~ 3) and 

subseauentl~ tested at the Fede1'al Aviation Administration 

Tf.":lchn:i.cal C(-:~nt(·:~r anci at S:it.l::·~~:; in CIE~ITlf:~nton anci Ell"l(]od" Nl::'~W 
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Jersey. Flisht tests of the sinsle-site algorithm were 

conducted at the Mode S experimental facilit~ at Hanscom Air 

Force Base, Massachusetts from October 1974 to Februar~ 1977 

by Lincoln Laborator~ (Reference 4). A second study which 

came (Jut of this testins f:!~<amined thE! effects of thE! IPC 

di5pla~ on visual aCGuisition (Reference 5). Lincoln 

Laboratory was concerned with the desisn of a traffic 

advisory service that COITIF' 1 elll~)ntE!d thf..\ 9 l"'ound--based 

resolution service while maintaininS cOffiPatibilit~ with 

other applications being developed for the Mode S data link. 

They developed the message formats that provided the pilot 

with the information that he reQuires while attempting to 

minimize the workload involved. There were 103 flights 

completed in this test series. The results of this testins 

of th€-! () T':i gina I I PC a], gO r i thlTts ctE!IYIOnS t T'atf..)d thf:~ useful nf:!SS 

Df thf? t paff ie adv i ~;o J'~:I f'··() y,t i on of th€~ I PC a~:;. an aid to 

visual aCGuisition of traffic; however, it was also found 

that in many cases the pilot was unable to make a threat 

assessment based on the limited amount of information 

provided b~ the IPC displa~~ Clock position and relative 

a1 ti tudc-:! :i.nt'oT'mat.ion al()nE~ did not F'f.·~r'lTtit (-:!ffect.. i V(.;.~ 

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

The present advisor~ service a],~orithm (the Automatic 

Traffic Advisor~ and Resolution Service, ATARS) is based on 

the results of the Lincoln Laborator~ tests, knowled~e 

~~~a:i.ned fT'olTt OF'f.o~r'ation of IPC ehan~.~€·~ 2., and simulation 

studies of single-site IPe done b~ t.he Technical Center 



(e.s. Reference 6) and the MITRE Corperation+ 

In October 1981 the Federal Aviation Administration 

discontinued work on the ATARS concept, deemin~ it redundant 

,with decisions to implement a ~round~independent collision 

avoidance s~stem~ the Traffic Alert and Collision Avoidance 

S~stem (TeAS)+ 
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SYSIEM OUERUIEW
 

The automatic advisorY service u~ed in this test proSram 

utilizes the Mode S sround s~stem to communicate with 

airborne displaY instrumentation. The relationship between 

the sYstem components is presented in terms of two 

s~stem-Ievel block diasrams; one showins the hardware 

confisuration and one showins the software confiSuration. 

The hardware desi~n for the automatic advisors service 

shown in Figure 1. The three main blocks are -Intruder 

Ai~craft,- ·SubJect Aircraft~· and -Mode S Sensor.- The 

intruder aircraft is SUPPlied with an ATCRBS transponder 

which replies to Mode S sensor interro~ations. The subject 

aircraft also responds to the Mode S interrosations and 

receives data link me5sa~es throush the Mode S transponder. 

An~ advi50r~, whether TAS or RAS, is siven priority for use 

by the displas. The Mode S sround s~stem includes a 

surveillance function, the advisory service computer 

function and a data link function. The surveillance function 

sathers altitude, position, aircraft identification number, 

and aircraft eGuipase information which the advisor~ service 

function processes to identif~ potential conflicts. The 

Mode S data link function then transmits the TAS and RAS 

messaSes developed by the advisor~ service function to the 

subject aircraft via the surveillance function. 
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The software block dia~ram (Fi~ure 2) shows the data flow 

throu~h the advisory service function. Surveillance 

information is processed by the "Sector Proce5sin~' module 

where aircraft velocit~ and position 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 

advisory service cove raSe 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, 

theY become potential pairs. This list is then examined b~ 

the conflict detection alSorithm which classifies traffic 

into two catesories; Proximate and Threatenin~. These 

classifications are made on the basis of velocities, current 

separation, closins rates and a projected miss distance 

calculated 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 messa~e is appropriate. 

Positive advisories are those that advise the pilot to 

maneuver in a specific direction (e.S. turn left). 
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TIME UNTIL TIME UNTIL 
CLOSEST CLOSEST 

PROJECTED POINT OF POINT OF 
MISS ALTITUDE VERTICAL HORIZONTAL.. 

DISTANCE SEPARATION RI~NGE APPROACH APPROACH 
(Nt Mi) (FEET) (N(, Mi.) (SEC) (SEC) 

PROXIMATE 

if <2000 <2 

or if <2000 «V1+V2)X30 

THREATENING 

if <1 <900 <1 '0).,,~. 

or if <1 <1 • 2 <~3() 

or if <1 <50 <50 

or if <1 <900 <~7jO 

RESOLUTION 
ADVISORY 
IS 
ISSUED 

if 

or' if 

or' if 

(),' if 

ADVISORY 
IS: 
NEGATIVE 

if 

<1 

<1 

<1 

<1 

>0. ~5 

<750 <0.75 

<0.75 <2~j 

<2~j 

(Jr if 

POSITIVE 

if <0. ~; 

>375 

<3"75 

ADVISORY THRESHOLDS 

TABL.E 1 
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Ne~ative advisories are those that advise the pilot not to 

maneuver in a specific direction (e.S. do not climb). If a 

traffic advisor~ alone is reauired, the HMaster Resolution H 

module is b~passed. Both the RAS and TAS are then processed 

by the "Data Link MessaSe Construction" module which 

prepares the formats and message strinSs for the "Mode S 

Data Link Function." More specific details of the message 

formats can be found in References 7 & 8. 
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ELIGHI 1ES1 eROGReM OBJECIIUES 

The objective of this fli~ht test pro~ram was to determine 

the characteristics of pilot interaction with an automatic 

traffic and resolution advisory service. The characteristics 

were divided into the followinS areas for anal~sis: 

o Pilot Utility Assessment of the Advisor~ Service 

o Pilot Acceptance of the Advisory Service 

o Use of the Advisory Service 

o Characteristics of the TraininS Program 

In the first area, ·Pilot Utilit~ Assessment of the Advisor~ 

Service,· the flisht test proSram examines the usefulness of 

the service as reflected in the pilots' ratin~s of the 

displa~ed data. 

The second area, ·Pilot Acceptance of the Advisory Service,· 

considers the pilot's assessment o~ the credibility and 

accurac~ of the TAS and RAS. Some of the Guestions addressed 

are: Do pilots like the s~stem?; Are pilots satisfied with 

the S~;~5 telTl'~ 

Under the third category, ·Use of the Advisory Service,· the 

flight test program eXPlored the extent to which subject 

pilots used information obtainei.j fr'olTl the di~;pla~;~ when 

manasinS encounters. Questions such as, -n i d thE.\ subJf.~ct 

pilots use the RAS to make these avoidance maneuvers or did 

the~ U5f.~ the t raff i.c adv i so T'~ 5f.~ T'V:i. cf.~ to BSSf?55 the i T' own 

maneuvers?- are examined in detail. 
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Finall~? ·Characteristics of the Training ProSram" addresses 

Questions regardins the amount and type of training that the 

pilots need before the~ can use the s~stem effectively. 
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lES1 S1~UC1URE 

INIRDDUCIIO~. 

This section covers the test plan structure and is divided 

into the followinS seven main sections: 

o Fli~ht Path Geometries 

o SchedulinS 

o Pilot Selection 

o Trainin~ 

o Fli~ht Activities 

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 arranSements. 

Schedulin~ of pattern t~pe and pilot seauencins are 

eXPlained in the section, BSchedulins." The orderin~ of 

flisht patterns, eaual distribution of time of da~ and 

distributed learninS aspects were accomplished by means of a 

latin sauare design. 

There were several restrictions in the subject pilot 

selection process that had to be strictly observed. The 

determination of these restrictions and the selection 

process are examined in the section entitled ·Pilot 

Selection. B 
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The fourth section discusses the three t~pes of trainins the 

pilots received: a Pilot's Manual (Reference 9), ground 

school and onE.\ f am iii a r i :~~ at i on f 1 i gMt i n th(~~ SljbjE~ct 

a i rc T'aft • 

The section "Flisht Activities· examines the procedures of 

the test fli~ht, the subject pilot's experience and the 

responsibilities of the observer and test safet~ pilot. 

Certain conditions hampered some tests and sometimes caused 

a f 1 :i. 9 h t t () b €:.\ caneel J. E~ d 0 l' abo T' ted. "Fac tor 5 () 1..1 t sid E.\ (] f 

S t T' i etC() n t T' 0 1 , • f..~ >~ )'.~ 1 a :i. n~; what t h E~ 5 (~~ conci it ions 

relative to the flisht tests. 



ELIG~I eAI~ GEOMEIRIES. 

This section is divided into two subsections: 

o Selection of Flight Patterns 

o Encounter Arran~ement (Conflict Geometries) 

SELECIID~ DE ELIG~I e~IIER~S. A total of six flisht patterns 

were developed; each path usins the same four navisational 

points (see Flight Patterns, Appendix A). The selection of 

the fli~ht path geometries was limited b~ certain practical 

considerations such as sensor coverage areas, navigational 

workload, the need to avoid the Philadelphia terminal 

control area, New York Center airspace, and the McGuire AFB 

control area. The encounter arrangements were desiSned to 

maintain an even distribution of encounter t~pes (head-on, 

tail-chase,and lateral) over all six flights. The ~oal in 

selecting the fli~ht paths was to establish a series of 

flishts for the pilot that were: 

o	 Consistent with normal and expected flight 

operations. 

o	 Confined to the 60 nautical mile (nm) cove raSe area 

of the Clementon, New Jerse~ Mode S sensor. 

o	 Easil~ observed and controlled from the Technical 

Center. 

o	 Easil~ mana~ed b~ Center test pilots so that the 

reGuired encounters could be set UP and executed 

successfully. 
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ENCOUNIER ~RRANGEMENI (CONELICI GEOMEIRIES). Th~:~ conf 1 ict 

~eometries were selected so that the~ exercised the full 

range of the advisor~ service displas capabilities. Durins 

decisions were made in order to optimize the v3riet~ of 

co{ u (.:~ s t. :i. 0 n ~:; t hat. co U 1 d l:.i E~ a n ~:; WE\ T' f..~ c1 an .-:.1 t. h (.~\ r ~:.~ 1 :i. a t:.l iIi t ~:~ 0 f the 

answers to these ~uestions+ 

One of the issues concerned the nUffiber of aircraft that 

would be uSf?c1 durins th€~ fl isht tf?~:;t~:;. Anal~:~~:;i~:~ o·f t.h(-:~ 

nature of the aircraft conflict led to the restriction that 

only those conflicts that involve Just two aircraft would be 

cons i .....f(~ r(~d. Two aircraft encounters are not the onlY types 

that arise, and particularly in heavily trafficked terminal 

a r'€·~a~:~ , lTIanE~I.JV(~~ 1'5 de~:; i i.:tn(~~d to T'E:~\dIJCE~ the ace i d,::?nt. F'ot(~~nt i a I 

of one conflict may create a domino effect with respect to 

(] the T' t r a f fie. HDWf:~VE~T' , in order to reduce the number of 

desiSn variables in the test, maintain safets, and to 

increase the statistical r'f:.\l:i.ab:~lit~:l of th(~~ T'€-'\~:~ults, t.h<-:·! 

planned encounters were limited to two aircraft encounters. 

Th<-::\ sf.·~cond BSP€:\ct of th(.;.~ a:i I'e T'aft conf 1 :i ct i~; that th(~·! 

intruder vector may contain a vertical as well as a lateral 

COITIF··on(~~nt• Therefore conflicts ma~ arise becaus(·:·~ 

intrudin~ aircraft descends toward the subject aircraft, or 

climbs UP into the subject aircraft~ Because examination of 

operations durin~ vertical f :I. :i. ~.t h t E~ nco I.J n t f? l'S was n () t t h t:~! 

~; u b ,j f:~ c t, <:> f t his t.. f:-,\ s t, sueh v E~ r t :i. c a :I. COllI P () n (-:~ n teon f :I. :i. c t. ~:; wE·~ I' (.?! 

l.B 



ruled out as s~stematic variations in the desisn. AlthouSh 

€-~nc()unt€-.\T'~; (.11..1T' i n~.~ turns ancf altitl..ld€·~ ci:i.d 

(] C cas ion a 11 '::~ <:) C CUi' l' ~:j €.~ n (.? l' a I I ~:I , t. h (.:.~ :i n t T' U c1 (~~ r f :I. (.:.~ '-'J s t r (:~ :i. ~~ h t 

~nd lev~l into and throush the encounter. 

This left conflicts betwee~ aircraft at stable altitudE 

(1 :i. ffe T'€-~nces wh i eM we r'e PB T't i. t i onf.~d into th r'e€-.' ~.~ e n (.:~ T' a 1 

classes dependinS upon the lateral position of the intruder. 

Th~:~~:;~:: con'f'licts W(-:'~T'(-::' callE~d "h(~ad--on· whf:~n th(~ intT'l.Jdf:~r 

aircraft was closins with the subject aircraft within plus 

4 1::'or ll.inus ..I deS1'ees of the subject aircraft sround tra~k 

headinS. Encounters were considered as ·lateral encounters" 

minus 45 deSrees relative to the subject aircraft he2ding~ 

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 f'~ a T' tit i <:) n :i n ~.~ (J f (~~ neD u 1"'1 t ,~? r t ~:~ p (.:~ s wh :i :I. f? a T' bit T' a T' ~:~ '1 i::; a 

reasonable compromise to reduce the number of test variables 

anci :i.l"'lc T'f:~a~:;(~ thf.~ ~:; tat i r:; t :i. Cd 1 r~:~:I.:i.ab:i.l:i,t~:1 of the t.(.:'st 

rp~::.u:l. ts • 

The subject aircraft was a twin-enSine Beech Baron (BE-55) 

f 1. (;) Wn ill t asp (~(O:~ d C) f 12() k not r:;. Th f.~ i n t, T' '-l d f.~ T' a :i. l'C 'f' aft wa .:;> a 

Cessna 210 rlown at 165 knots. 
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SCI:JEDULlhlG. 

Six different patterns were used in the test series. Each
 

patt(~T'n was flown €:,ouall~~ ()ft(·:·~n b~~ f~ach F/ilot snci the
 

S f.~ C-~ U e n c (~~ () f t h f.~ F' a t t e T' nS was (i :i ~:; t T' i bute d s () thate a c h t ~~ F' (.:-~
 

followed another eauallY often. Ttlis was accomplished b~ use
 

of a latin SQuare desisn.
 

The criteria used to schedule the flights were as follows:
 

<:) Th(~ OT'd€'~T' in which th€-:- f1 i~~~ht F/attf?T'nS W(':-:-1'(':~ flown W ··'<':·(:) .... 

different for each of the six pilot pairs. This was 

d e~:; i T' a b 1e t,\ e c au 5 e t h E~ F' a t t (0 r n ~::. ma ~:~ not b (~~ t h f~l S a ITI t·:·: 

in di fficul t~:~	 nav i ~~tat.. i Dna 1 1.""0 r'y" 1 o2ci) • 

Fu T'the rlTJo Y'f.·~ , b€·~caU~:;E' of th€-:- cou r~:;E: £~e(]fTl(·:~t r~:1 c(-? r·t.d :i. n 

patterns contain encounters that are particularls 

difficult to resolve. In 0 rdEl l' to d :i. 5 t Y' :i. but. f·! t11(':'~ 

f:~fff?ct~; of f 1 :i. ~:{ht e}<F/0~ T' :i. ElnC(·:: €~Vf:!n 1 ~:~ ov~:·~ r thE! s :i. ::< 

Flat t€-:- rns (therebs avoidin~ an~ biased wei~htin~ of 

(] n El) e a c h pat t f:! J' n () c cur T' f::..l (1 i n €.~ a c h PO 5 :i. t i (]n (~ C~ 1..1a 1 ], ~3 

often. To avoid carrs-over effects each pattern was 

preceded bs each other pattern eaualls often. 

o	 In order to avoid the possib1s uneoual effects of 

time (morninS and afternoon) upon l.hE! 

r (~.! suI t ~:;" f::) a c h ~'.:,. a t t,. e-:~ T'n was f 1C) wnan f~l C~ U a ], n UIlI beT' C) f 

t i ITIf?S :i 1"1 th€-~ ITID l'n i n~~~ and aftf:! 1'1"1001"1. I n add i t i on, 

each PIlot flew an eQual number of morning and 

afternoolTJ fli~hts. 

<:)	 I nor (f (.:.~ Y' tota k. (.:~ .ad van t a ~.:{ e n f d :i. s t T' i but f? c1 ], f? a r n :i n ~~ ., 

subJect pilots experienced a waitin~ period between 



fli~hts. 

The first and second criteria were satisfied using a latin 

SGuare <Table 2) to assure that no two seGuences were 

identical. For example, for pattern seGuence 5, pilot E flew 

pattern D in the morninS for his third flight, and pilot G 

flew pattern D in the afternoon for his third flight. The 

third criterion was accomplished bY stipulatins that: 

a No pilot could fly more than one fli~ht per'daY. 

o No pilot could fly more than two flishts per week. 
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TABLE 2 - LATIN SQUARE FOR SCHEDULING 

PATTEHN S[C~UENCES 

1 -4 

P I 1... ()T~3 ._..... F /D A/I C/I... E/G H/J 

,...:/. " II F r.- A B 
alb a/t,) a/I:) alti B/tJ all) 

,,·.,··· ..A B II I I
bla tJ/a t.l/a b/<:~ Li./a tJ./a 

F N :-5 r C (~ B II r:' 
I... l.J d/f:.l alb i:~/t.l a/f:.l alti a/lJ 
I M 
G f.'.\ 
H F 
T I:~ 4 C E B A F D 

tJ/a tJ/ a b/a Li/a t:.i/ a tJ ../a 

..,.J r' 
a ../b alb a/tJ alb a/i'.') alr:.i 

J::' B A II F C 

..6 II r C F B A 
tJ/a tJ/a bla tJ/{:~ Li/a t)/ a 

KEY: 

AF- F' end :i. ~{ A f () T' pat t (.:? T' n i.".i :i. a ~:.~ T' a ITI S) • 

tool~. p:l. ac(-:·~ (/TID rn :i. n~.:!. anci aftp 1'nool'"l l' T'PSF.. pct, :i. \J(.:! J ~3) '" 

.,.) .,.) 
,,,,:.. ....:. 



E:llOI SElECIlOt:JI. 

The fli~ht test proSram reQuired the participation of 12 

~overnment emplo~ees, multi-ensine rated pilots with at 

least 6 hours of flight time in the previous 3 months and a 

minimum of 200 hours of total flisht time. Prospective 

subject pilots were notified b~ letter, Center newspaper and 

public address sYstem, of a meetin. which would brief them 

an the proSram and its reQuirements. At the close of the 

meetins all interested pilots submitted applications for 

participation in the flight test proSram. The applications 

contained the pilot's aircraft ratings and fli~ht hours, 

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

who uualified, twelve were chosen at random and letters of 

selection were sent to those twelve pilots. 

Those selected were assigned identification letters which 

we T'(·? to be used th rC)I.JSht1ut th€~ tes t s)e T' i es, and t'ach pi 1nt. 

wa~; asked to fill ()ut bi (J~:.~T'aphical back~jround 

uuestionnaire which became part of the data base. All 

r(~:'f€~ rences to a PB T't i cu I a T' pi lot we I'e made b~J i dent i f i cat i on 

letter, never b~ name. 



IH~It-llhlG. 

The prime concern in the pilot orientation t.hE~ 

reGuirements necessar~ for the pilot to understand the 

advi50r~ service well enou~h to use the info T'lflat i on 

effectivel~. Each pilot received a Pilot's Manual for 

5elf-stUd~ one week prior to ~round school. Exams were Siven 

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

first was to see how much the pilots learned from the 

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

school enhanced the pilot's understandinS of the material. A 

familiarization flisht in the subject aircraft was also 

provided as a traininS or preparator~ aid before an~ flight 

test:i raS b(~san. 

administration of a test coverins the advisors service. This 

t (0;.0 ~:; to' ~.:~ T' a d E~ bec a ITI E,' par t () f a p f:'~ T' II. a n e n t d a t a f i :I. E~ 0 f the 

t l' a i n :i. n ~:~ pro:st r a III for E'~ a c h F·' i 1 (J t. ThE.' ~~t T' 0 U n d s c h 0 0 1 t Y' a :i. n :i. I""i ::J 

b(o;:ogan aftE~r thE~ f:i. pst t(-:~st was cOlTlPlf~tE~d and ~.:.tradE'd. The 

the spess identified as trouble spots from the first exam. 

After the ground school session was complete, the pilots 

took a second exam, similar to the one thes had taken at the 

beginning of the session. G T'adf?s b t~ t w(.:.~ f~\ n F'i lot 

test/re-test scores were compared and averaged. Pilots were 

then paired to the extent possible so that (~ach of i.thE! \.) 

fli~:.{ht SE~GI..IE~nc€-~!:~ would bf? flown b~~ two r"':il()t~:~ with ~:;:ilTlilar' 
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SCfJ res. 

ELIG~I ACIIUIIIES. 

This section is divided into the followinS subsections: 

o Test Flight 

o Communications 

o Air Traffic Control (ATC) 

lESI ELIG~I. Before each test flight the safet~ pilot, ATC 

coordinator, observers, and subject pilot discussed the 

flight, procedures, altitudes, communications and flisht 

test reauirements. The subject pilot did not paricipate in 

those briefinSs in which the encounters were planned and 

discussed, since that part was to be acted upon b~ the 

sub..ject pi lot when the 5i tuat ion ()CCU T' red. In 0 T'df? r to k.e(·:~r· 

the scope of the~)e tests within T'€~asonable bounds, Cf.~T'ta:in 

parameters of the planned encounters were held constant 

throushout the test series. These fixed aspects of the 

encounters were clearl~ communicated to the subject and 

safet..~ pi lots du T' i nS b r i ef in~:j~;' to ensl.J reo thf? i J' unde T'stand i n~:J 

of the fli~ht test parameter constraints: 

o	 The subject pilot considered both aircraft to be 

operating under VFR conditions (visibilit~ 4 nm, 

ceilins more than 3000 feet). 

o	 The intruder aircraft was eauipped with an altitude 

e neod i n~:j a I t i ITI f.~ t eran d t I' an S F' 0 n d e T'. Ai T' C r aft wit. h 0 u t 

a 1 t i tl..If.'.if? f?ncod i ns E:-~Gu:i F'm(~nt we-=, I'Co? not r·· rOCf?sSt::,d t.J~:~ 



t.. hf? ~.~ round'-'based aciv:i. so r~~ ~i;.e 1'\/ :i. C€~\ f:'~GU i. fo:·lTIc·::i n t.. .. Thc·;.· 

intruder was not eQuipped with the advisors service 

ca?ab i]' i t~:~ .. 

o	 No ATC involvement was stased. The subject pilot did 

not receive or ask for traffic advisories. Howeverv 

t T' a f f :i cadv i ~::. c) T' i f.~ 5 () n a i T' C T' aft <:) t h f:~ T' t han t h E\ t W(J 

t €-~ ~:d.. a ire T' aft wc-:~ r c::' I.H:·· linke ci b ~:{ ATe i nthE' c·:~ v f:~ n t t ha t 

the~ were not Mode C eQuipped. 

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

was responsible for ensuT'in~ adeQuate separation 

th r'()u~:.~h<:)l.Jt th€~ The safet~ pilot 

SUF"F"ortf?d thE~ Sl..Ib.JE!ct pi lot durin~.:.~ thf:'~ t(·:·~·::;.t fl i5.:~ht 

b=~ hand]'in~.~ thf:'~ cOlTlmun:i.cat:i.C)n~;;. ND h~:~lF" was ~j:i.ven to 

thf.~ ~;;.ub.jf:~ct r:'ilot (:iurin~j thc::, fl:i.5.:.~ht l-Jith r(,:~sF··C·?ct to 

b r- :i ngin9 his at,. t.. f? n t :i. 0 n toth e d i ~;. p ]. a ~:; 0 J' F" () :i. n t :i. n ~:.~ 

out aircraft for visual aCQuisition. The intruder 

did not.. T'e~;;'F"()nd to th(~·~ conf:l.:i. ct~i;" on], ~:; thc·:~ subjc:':'ct 

a :i. T' era f t :i. nit :i. at f? d man (.:.~ u v (-:~ T'~,i. l' i f t h (~~ ~:;. u tJ J (-:~ c t pi], 0 t 

deemed it necessar~t The intruder aircraft was 

c () nsid E~ I' f.~ d b 1 i nd toth t:\ P r €~ s f:'~ n c c-:~ C) f t h ~:! ~:; 1..1 b j pc t. 

a i rc raft th T'()I..I~:jhout a 11 pha~:;.(::,s of thf:-~ (·:~ncount.€·!T'~:;· + 

Ene() U n t. p 1'S W €-~ T' E~ d f? S :i. ~-f n <:~ d sothat t. h :i. s 1a ~:;. t con ~:;. t r a :i. n t.. d :i. (.) 

not produce an~ unreasonable demand on the subJect or safets 

F.. :ilots. Th(.;;· velocit~ differences between the subJect 

airc1'aft were small so that modest maneuvers of the subJect 

aircraft were effective. Althoush the displa~ contains a 

n U IT, b co? r 0 f fE' at U T' (.:~ s 5 t:~ 1 (.:.~ eta tJ 1 (-:~ f:.l ~;~ the ~'.:- :i. lot. y ,i~ ],:1. f 1 :i. !.:~ h t ~:; l..1e r (~~ 



flown under the following conditions (Reference 9 ~ives a 

detailed explanation of these features): 

o Displa~: Di5pla~ed ran.e set on auto-adjust 

o	 Proximate Mode: Option 5 (full symbology for threats 

and non-threats except that when a threat exists 

simul taneouslY wi th a ~""'T\oximate a i T~C raft, 

p~oximate aircraft will not displaY the altitude and 

velocity vector). 

o	 F' I' 0 ~.~ i ITI ate p I' i 0 T' i t ~: No i n f fJ r III a t ion 0 the T' t han the 

advisories were transmitted to the display. 

o	 Information Level: All flights were flown with the 

full advisory service. 

Before a test flisht the observers would complete a flisht 

loS with information about the weather, airport conditions, 

aircJ'aft status, and time of da~. The subject pilot 

completed a preflisht exam prior to the da~'s flisht 

briefins. DUJ'inS the flisht, the obs,e rve T' cOIJIF··I f~ted thp 

encounter loS recording the ph~sical data before, durinS, 

and after an encounteT'+ IlTImediatel~ followins each encounter 

the observer asked the subject pilot Questions concernin~ 

the encounter Just completed and recorded the answeT'S on the 

encounter debriefing form. After the flight, the subject 

pilot completed the flight debriefing 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 

rada T' ~;; i te. All cOlTlmun i cat :i. on~:;, a :i. T'····to····~.:.~ round (Jl""\cj 

9 T'c)und·-·to····~~~ round 'I went throu~h Mode S Control. Occasionalls 

a v E~ ct. (J T' was ~.1 i. v (~~ n toth (::,\ t l,J (:) t (~~ s t a i T' C r' aft f r () IT. M0 ci f.:' f:) 

Control to aid interception of the subject aircraft. Since 

the subject pilot was not to know from where the intruder 

aircraft was cOffiin~, a coded form of communications between 

the intruder aircraft and subject aircraft was neceS5ar~+ 

Th i. 5 wa~:; accorflP]. :i. sheci b~; hav i n~.~~ thE' i nt ruc.1(·;:. T' ask fo T' 

position reports from the subject aircraft when visual 

a c Co? u :i. s :i. t. :i. 0 n waf::'.L 0 ~:; t;. Ad vis0 Y' :i. t::' ~:~ fro Ilr ATe \,oJ f:'~ r (.:~ ~.:.~ :i. v (.:.~ n tot hE') 

subject onIs when re~uested b~ the safets pilot. 

AIR IRAEEIC CO~IROL+ 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: 

a Transponder codes of both aircraft involved in the 

f:l. i	 ~':fht tf~~:; t + 

o AI tit IJ d f:'~ 0 f (~ a c h a i T' C r' aft c.i u T' :i. n £f t h (-:.~ f':I. i ~l h t t (·:-,\S t ;. 

o	 Intended route of flisht
 

A p P t~~ n d i. ;:.~ A) +
 

o Time flight was expected to baSin. 
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EACIORS OUISIDE DE SI~ICI CO~IROL. 

A flisht would not be attempted if the visibility was less 

than 4 nautical miles, the ceilinS <cloud la~er) was less 

than 3000 feet, or the wind velocit~ was ~reater than 35 

knots at fli~ht test altitude. Hardware failures ( il1 such 

eouipffient as the radar sensor or airborne instrumentation), 

software ma~functions, or aircraft maintainence problems 

caused dela~s and/or cancellations. Unplanned encounters 

were welcome since the~ provided additional data for 

anal~sis and the opportunity to compensate for missed 

encounters. 
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Th :i. ~; s f.~ C t ion ci (:.~ ~:; c T' :i. b E~ d t h p t (-:.~ s t r' :I. d n s t T' U c t U T't."') anci \lJ a s 

divided into the followins six sections: 

() Fli~:~ht P<3th G(?olTl£·~tri(~~~s 

o Schf?(juIi n~.~
 

a Pilot Selection
 

o T T'a:i. n :i. n~.:t 

o Flisht Activities 

o Factors Outside of Strict Control 

There were six flisht patterns (A·_·F) used in the test 

The order in which the pilots flew the six patterns 

was determined b~ usins a latin SQuare design. 

F 0 1 :I. 0 w :i. n ~t a 5 €~ r i E~ f;; 0 fann C) un c €-~ III f:-~ n t sandab T' :i. f:.\ f :i. n ~~ 0 nth (.:.~ 

f:l. i ~.:jht t~\st P T' 0 ~':.t T' a III , applications were received from 

pot f.~ n t. i a ]. ~; IJ b ,je c t p i :I. (] t ~:; The a p p 1 :i. can t s W (? T' Eo' t h f..~ n ~:; c T' P E'~ n l~:~ ....:it 

f (] r C~ uali of :i. cat i (J n~;; 5 u chas ITI U 1t :i .... (? n ~.:f. :i. n E~ rat i. n ~j, cur I' ,:-~ n t 

medical certificate, and 200 hours of fli~ht time with at 

:I. f:~ a ~; t c) :i. nth (,1 F' a ~.; t :3 ITI () nth s + A t () tal (] f 12 F' :i. lot 5 lAl f:~ T' c·:·! 

chOSf=n to F'a T't i c :i. F'at(-:~ :i.n P T' 0 ~_:.{ T' a 1TI (. Aft(·:-~ l' 

notification of acceptance into the proSrsm, the pilots were 

siven a self-study Pilot's Manual to familiarize themselves 

with th~~ adv i so l'~:~ SE~ rv :i. ceo? s~~s tf~m. Thf?st~ manua]. 5 W£-~ I'(·? S i V(·:~n 

to th(:·~ SUb .. jE\ct F,:i.1 c>t,~; one wE~ek F' T' :i. <:) r to th(o:·~ ~.:.~ T'Ol..lnCl S-chOD 1 

t- T' a i n :i. n ~.:_t ~:; E~ s ~:; :i. 0 n + At t. h (.:.~ t;.\ €~ ~':.t :i n n :i. n ~_:_~ () f t h f:-~ t T' a :i. n :i. n ~.:_t ~) (.;~ s ~; 1 0 n 

an f:~~·~alTl was acini in:i. s tp I'(-:~d to tE~~:; t. thE\ know]. c-:·~d~.:.~c·? ~_:.ta:i. nt~~,·.:i from 

the s<·::~:I. f····s tud~~ Pi]. ot ' s Manud]. + The-:.' ~::.ul:.lS(·:·~<:~u(~:~nt. ins t T'uct i on 
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covered the trainins manual contents and answered ans 

ouestions the pilots had concerninS the advisor~ 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 knowledge of the service that 

occurred as a result of the trainins session. 

Radar sites at the Technical Center and at Clementon, New 

Jerse~ were used in the flisht test proSram. The Technical 

Center was the headQuarters 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 theda~'5 flisht. The subject pilot, safet~ pilot and 

observers participated in a preflisht briefins. The observer 

completed a fliSht loS while the subject filled in a 

prefliSht exam. During each encounter the observer completed 

an encounter los with ph~sical data reSardinS the encounter~ 

The observers Gueried the subject pilots about the advisor~ 

service subseQuent to each encounter, thereb~ 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 

advisor~ servite. The safet~ pilot was the Pilot-In-Command 

(PIC) and was responsible for assuring safet~ during the 

flisht. The safet~ pilrit handled the com~unications because 

the intruder pilot needed fre~uentl~ updated position 

information from the subject aircraft, in order to plan his 
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approaches. If the visibilits was less than 4 nautical 

miles, ceil ins was less than 3000 feet, or hish winds 

existed at flisht level, cancellations would occur. If these 

thresholds were violated after a flight besan, the fli~ht 

Dthe T' factors wh:i.ch caused del a~:J5' 

postponements or cancellations were malfunctions due to 

aircraft maintainence problems, e~uipffient failures, or 

software problems. 

A SUffimar~ of the flisht test conditions is presented in 

Table ~3. 

TABLE 3 - SUMMARY OF FLIGHT CONDITIONS 

TYPE SPEED SEF~VICE 

SUBJECT 120 EGU i p:::.. (-:~d 

AII:<CRAFT 

INT~\UDEF\ Cessna 210 Un(·~Gt..I i F"pf.~d 

Vis+>4 !""1m. C(~~i 1 in~.~>300() ft y Wind at 3000 ft.<35 kts. 

ENCOUNTEF~S On€~ I nt rudf.·~ T' 



rESI EXECUII0~ A~D D~I~ COLLECII0~ 

1~IRODUCII0N. 

Test execution and data collection are described in the 

followin~ six sections: 

o Airborne Instrumentation 

o Bio~raphical Data 

o Ground School Trainin~ 

o Fli~ht Data Collection 

o Data Processing 

o Data Base Construction 

All the data collection activities are illustrated in FiSure 

3. The test data were obtained bw means of exams, 

ouestionnaires, lo~ forms, and masnetic tapes. These data 

were entered into a comprehensive data base for analwsis. 

The airborne instrumentation section eXPlains the screen 

position relative to the pilot's eHesisht and how the imases 

displa~ed on the screen are perceived. The human factors 

aspects of the disPlaH are described in detail~ 

The bioSraphical data consist of the aviation experience and 

certification levels of the subject pilots. 

The sround school training served as a formal cl~ss for th~ 

subject pilots subseouent to individual stud~ of the Pilot's 

Manual. 
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DATA COLLECTION BLOCK DIAGRAM 

FIGURE 3 

Diorraphical ..... 
In:rannation ;;­~ 

. ­
.....IGround School 
",Exams 

-

W § 
.p. .......
 

.p 
o --

--_... _---
~f&n113l Flir.ht Ditta Collection' 

Preflight Exam 
Flip:ht Lor~ 

Encounter Lor:~ 

Encounter Debriefinge 
Flight Debri~fing3 

System Flight Dat~ 

_____1Extraction Tape~ 

,.;'fJ 
r-f 
cj 
o 
~ .p
 
Cl3
 

Q 

~
 
~
 
be 

oM 
-7­r-4 

r%.4 

Dat~ 
Data 
Heductionna~e ...., and 
Analysis 



The flisht data collection section describes the test 

fli~hts and the data collected durin~ the fli~hts. There 

were two cateSories of fli~h( data: written (manual) fli~ht 

data, and sYstem extraction data. Before each fli~ht the 

subject pilot completed a preflisht exam, while the observer 

filled out the initial po~tions of the fli~ht lo~. Durin~ 

the flight the observer completed the fli~ht lo~ and two 

other forms, the encounter and the encounter 

debriefing. The encounter log was completed during each 

encounter, and the encounter debriefinS was the observer's 

transcription of the subject pilot/s responses to debriefin~ 

Questions asked immediately after the encounter. A flight 

debriefing was completed b~ the subject pilot after the 

flight was finished. 

Magnetic data extraction tapes were collected at the Mode S 

site for each flight. These tapes contained surveillance 

information, time, aircraft identification numbers, and the 

automatic advisory service data. 

The data processing section describes the procedure of 

reducing all the obtained data to a format that facilitated 

entrY into the data base. 

The data base construction section describes the data base 

structure and the process of data entrw and validation. 

Finally, the entire data collection procedure is summarized. 
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AIRBORNE INSIRUMENIAIION. 

A Bendix weather radar color displa~ was adapted to displa~ 

the TAS and RAS information. A detailed explanation of the 

desi~~n is found in Reference 8 bs Lincoln 

Laborator~. The displa~ was installed in right 

instrument panel (F i ~:1u T'('? 4) of a BE ····5~j Beech Ha ron (F i ~11.J l'f~\ 

5). The Mode S transponder, displa~, power sUPPls and logic 

unit 5 w€-~ r (~~ i n ~:; tal I f? din t h (~\ T' f~ a r 5 E~ a taT' (o? a 0 f the BE ..·· 5:j. Th €~ 

screen of the disPlas was located approximatel~ 45 degrees 

from the pilot's line of sight in the horizontal plane and 

10 deSrees down in the vertical plane. 

AlthouSh some peripheral information from the displa~ ma~ be 

available to the pilot while scanninS other instruments, 

b T' i n£t i n~3 th(~~ d i SF' I a~ i ntc.l th(·:·~ opt i ilIa I v:i sua]. ';:,".ont~ (30 df.~9 T'ee 

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

Insofar as the disPlas is not a primal'S flight instrument, 

this limitation is not crItIcal. However, notice that 

because of its location, t.ht:~T'€-~ lYIas bf.·~ ()ccas:i.()ns wl1en 

auditors sisnals would help alert the pilot to upcominS 

traffic information. 

The displa~ itself subtends a visual ansle of approximatel~ 

7 deSrees (maximum) which is tspical for this kind of 

aircraft (see Table 4). 



SUBJECT AIRCRAFT COCKPIT WITH DISPLAY - FIGURE 4 37
 



;"'V 
:.,\y.~. '..... 

-4: '.' 

I ": ' ~~:~:> (::
~,: ~ \' 

,\, 

:?i'~ ;. '.
',0, • 

.:7· ~ ..~''' . 
.. ".. 

~~l~"~'~ • 

" .. ~" '. 

.~, . 

:; ...~ ?:i,' :t,
 
\.
 

" 

,. ... 

.~~ :'.. 

t··~· 
:'t~ . 

SUBJECT AIRCRAFT 38 



TABLE 4 - COCKPIT DISPLAY SPECIFICATIONS 

f.l i PC raft Yoke to E~E~ tD E~:~E~ to S :i. ~=(~.~ & Se r'f:~(~n Cr(~w SiZt' 
T~lP€~ Sc r'ef:·~n Be r'l:~f:·~n P an.;:·~:I. T ~:~PC-:'~ T:i,lt Locat :i, Dn ljFH IFR 

Test Ale I::'
,.J SG in 

Bf:~ech ~5~5 ::?O" 2B" 22" Bpncl :i. >~ ND F~ :i. ~.fht PanE~ 1 :I. r)
..:.., 

B() f::- i n ::,~~ "7 ~.~ l 20 II 3B Il 32" YP~:~ C(-:~nt(·:~ T' Conso 1 f? 3 :3 

CE~s~:)nG~ 402 :1.6" ::.~S" H 24" y f:~~:, F~ :i. s~ht P anE~ 1 :l ...\ 
,.-.: 

Convai i' ~5BO 21" 34" 36" Y(.:.~ '::~ F<:i. ~Jht, Pane 1 .-) ...:.. ."j 
1. 

4 
•• 

W 
\0 



S :i. n c ~~ t h (.:~ f 0 \I f..:. d... t h €.~ l' (~~ ~.:.~ :i. <:) n D f t. h f:·! f:! ~:~ (.:! w:i. t h h :i. ~.;:~ 1'1 (.;~ ~:; t V :i. ~:; u a :I. 

.. ··1acu:i. t~;~,	 .,::. 

B F·' F·- ro>~ :i. matf.! l':;~ 0 ~ :I. 

nla>~:I. Hla.l. acu:i t.~:~ 

seconds on the disPlasv there will be adeGuate time between 

:i. n f 0 't'ln a t. ion (.:.~ >~ t. rae t. :i. on an (l 

t h J' (.:.! ~:; h 0 :I. d 0 f a cui t ~::~ :i. ~:; d F·' ~..~. T' 0 >~ :i. ITI a t (.:! J ';;!, :I. ./ b 0 <:) f {:~ ......i (-:~ :-3 r Eo! (.;! f D r 

t h f:~~ no Y" Il' a 1 (] t,\ S (.:.! )" \/ E' Y" (F~ (.;! f (.:.! T' f.~ n C f:·! :I. -4 ) ~ 'f h :i..::;. :I. ~;;. the v :i. ~:; u a :I. a n ::.:.~ :I. ('::' 

above threshold. I n t <-:.~ r III ~;;. C) f 

contrast S f~ n ~:; :i. t i v :i. t ':::~ ~. t h f·! mod 1../1 at :i. Dr, t ran s f (.:~ T' 'fune"/:, :i. on 

estimates of SQuare wave spatial freQuencies at levels that 

Th:i. ~:;. :i. ~::. c:l. O~:;'F:! to th(·:·:· 

stroke-width values of the displas, and 

t hat t. h (.::. .....~ :i. s ~..~. ], a ':;~ ~I :i. f' not opt :i. IYJa 1 ... i ~::. GU:i. tf:' 

T h (':'~ a b <:) v (-:~ d (.;! ~:; c rip t. :i. 0 n 0 f the h I..IITJ a n fa c t <:) T' ~:; c haT' act (.~ T' i 5 t :i. c ~:; 

ofth <-:.! d :i. 5 F' :I. a '::~ a 1 :I. 0 W ~:; 0 n 1 ':;~ (:~ co aT'S <-:.! (~:! va :I. u a t :i. 0 n 0 '1'" :i. t 5 hum an 

d'::~nalll :i. C :i. n t p rae t :i. 0 n 0 f t h p	 ('.1 :i. ~:~ F·' 1 a ':;~ w:i. t. h t. h P F' :i. :I. 0 t ~:~ sea n 0 f 

f	 :I. i ~;.~ h t. :i. n s t. l' U ITll:;) n t ~::. an cl '../ :i. ~;~ 1..1 a :I. 
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assessed from the available information~ For example, it has 

been shown (Reference 16) that pilots do not read all 

insti"'ulTI(-:~nt~:; in E-~c~ual d~\ta:i 1 + This becomes evident when 

() C I.J 1(;) 9 r a F' h i c d a t a a T' (~ f:'~ }~ ami n €~ d which ~:;hDW .....1i. ff(-:~ r(-:~nt 

distributions of ~lance times for different instruments 

(1,-, T' :i. n ~~ ~:; :i. IJI U :I. a t f.~ d f :I. i 9 h t. I tis i ITI F' 0 T' tan t t () k n [) W at what 

level of detail the disp:l.a~ is read. Much of the detailed 

:i. n f 0 Y' ITI a t ion 0 nth f:'~ t J' a f f :i c ~:; H mb C) I :i~; ~.:, r C) b a l:.ll ~:~ i £~ nor (.:~ d b ~:~ t h E-~ 

pilot whose main interest is focused on lTIonitorins the 

developinS encounter at a hi~her cosnitive and perceptual 

I eVE-!]. and check i n~.:.t fa T' th(·~ p Y'f.~SenCE~ of thf.·~ J'E~SO 1 ut:i on 

adv i ~:;o T'~I' [) T' fo T'lTIU 1at i n~.~ h:i ~5 own + 
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BIOG~A~HICaL nAIA. 

Confidential bio~raphical data were obtained from each 

subject pilot. The bio~raphic2l profile of a tupical subject 

p i lot i s P l' f:~ ~j €~ n t (~, d h (-:~ l' (.:~ • 

Each selected subject pilot was ~:.~ :i. v f.'~ n backs J'fJund
 

info T'lTlat:i. on Ou(-:~s t :i. anna i T'(-:~ to COIlIP], et(·?
 

:i. n f [) r ITI a tiC) n was €.~ }~ a ITI i npdf 0 reo ITI p ]. f~ t E~ n E~ 5 ~:j.. I fan ~~ :i. t (~...\ITI Wa ~:j.
 

found i neonIF']. €~t€·:l 1I the form was r(-:·~tuJ'nf.~d t.o thf.·~ F-:i.:l.ot for
 

claT':i.f:i.cation.
 

Th (-:~ :i. n f () T' ITI at ion sol :i. c :i t (~:~ (\ t) ~:~ t h f~ b :i. 0 ~.:j raph i c i:~ :I. d a '1:- a f [) T' ITI 

includes the fo]'low:in~: 

o (.) v :i. <:> t :i. 0 n c (-:~ r t :i. f :i. cat. ion h :i. ~:; t (J T' ~:~ 

o P:i.l ot-· i n·-·CoITIHlanc.i hou T'~:. 

Th rDJ..I~Jhol..It th(·:~ tf~~:j. t. p T'o~;i rani F' :i.l ots W(·? T'e :i. d(·:·~nt :i. f :i. (·:~d b~:J cDdf:'~ 

:i. nfo T'mat:i. on. 

T /"1 e :L 2 P :i. lots t hat wE'~ r €.~ c h (] ~:j. e n f (] T' t h f.~ t f:~ 5 t T' (-:~ f :I. ('::'eta b l' 0 a d 

T' a n S (-? 0 f a ~~i e" €~ d 1..1 cat i <:) n" an(i f:' ~< F- i;:.~ r :i. (-;:' n c (-:~. Th f:~ :i. T' a <.:.~ (.:.~ ~;j. J' a n ~.:.{ (-:~ d 

fT'DITI 30 to {.)O with an aV(-:~T'a~.~(·:·~ a~.;.~f~ Df ::1"7.4 ~:~(·?ar~::·v Th€·~ l(-:~vl",,,,'l 

o f (.;.~ (.1 u cat :i. 0 n f.> F' ann p d 'f J' () ITI h :i ~.:.~ h ~:; c hOD 1 ~.:.{ l' a (} u (:~ t :i. 0 n tot. t'" D ~:~ P B l' 

F' 0 s t ..... tl ace a :I. a l..I J' f~ a t p d f~ ~~~ J' f:~ (-':~ ~:; w:i. t h a IT! t·~ a n 0 f 4 • :1. ~;~ (~ d T'S PO S to' 

h :i. ~':.ih schoo:l. • T h p n t../IJI b (.;.' l' (] f ~:~ f.~ a T' S sinc (-:~ l' {.:~ c (.:~ :i. F' t. .0 "1" f :i. T' ~:) t. 

F' :i. lot, ; s :I. :i. C (-~ n s t:.~ T' a n ~.;.~ ~:.~ (1 fro m ~::j t 0 3 <"I w:i. t han a v f.' l' d ~.:~ (~} 0 f :I. :? " ~:5 

.... r)
4tA·.. 



years from ori~inal 1 :i. CE-~n~:;u l'E! " Th\~:-~ tota:l. nUIJlbf:~ r of hDI..I r~:;
 

l' ], 0 wn J' a n ~i e d f T' 0 Ifl :300 t (] :1.:1., BOO w:i. t han a v C-:~ r' (:~ ~':f. (.:~ 0 f 20 :I. (:~ + 6
 

hours per pilot. Of thesE~ hou J'~; ,
 

InU 1 t i M"f.~n9 i nf~ a :i. J'C raft.
 

G~OUND SCHOOL IRAINING. 

The traininS of the subject pi:l.ots consisted of two parts: 

self-studs by the pilot of the Pilot's Manual, and a Srouhd 

school trainins session. 

One week before the scheduled ~round schuol~ €~ach ~:;lJb,..i(:·!ct 

pilot was siven a copy of a 32-PBse Pilot's Manual for 

self-study. The pilots' knowledSe of the automatic advisor~ 

service was tested by examinations, siven at the besinnin9 

and at thE.' f?nd of the ~.:.~ T'ound schoo 1 t T'a i n i nJ.:.~ SE~~:;~:; :i. on wh i ch 

ran from 8:30 AM to :1.1:50 AM on October 17, 1980. 

Durin9 the Sround school, the advisory service was explained 

and the test fli~ht 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 

U5f.~ th(·:-~ automat :i. C B(iv :i. ~50 T'~:1 ~:;E~ J'V i C(~~ :i nfo "mat.:i. on" but WE-? T'f.·~ 

to 1d t.o USf? th(·::' :i nfo I'lJIat i on thE~~~ dE-?elTl€·~d app rop l' :i. ate du T' :i. n~.:t 

test flight encounters. 

The ~-1 T' Dund s c h [) 0 1 (.~ ~< a III ~:; COT' (~! S W f~' f't·? used t D F·:' a i T' t h (.::,\ subJ (.? c t 

p 11 Dt~:> so t.. hat two F'i 1 ()t.~;~ w:i. th s i IJI :i.l a T' ~:;co l·'f.-~S wou 1 d f.) (-:.:. 

f:> C h (:~ d u 1 f.:' d t <:) f], ~J t h (.;.! sa ITI (.~ !;> (.:-.' G u e n c €.~ 0 f s :i. >~ f :I. i ':.t h t F' a t t (-:.~ r' n 5 1I 
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shows the aver3~e test scores for the pilot pairs. TWD of 

t h €.~ 5 :i >~ p a :i. l' S (] f F' i. lot ~:; liJ (:.~ l" (:~ n (] t ~.:.~ l' D U F' f::o d ace 0 Y' din ~.:~ t. 0 ~:. c 0 i" f~ 

Pilot pair C-L 

ct:i, ffE\Y'ed in their scores bs 5 points because Pilot L was 2 

P:i.lot F'2i y' A···· I I;J t:-~ I' Ei "], (.:.~ f to V f'~ r ~::." f r D III t h (:.~ 0 r :i. ::.:.~ :i. n a :I. p a i T' i n ~.:.~ 

p roc(·~~;~:; • 
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T (~ BI... E ~:.) .... GF;: C) UN[I '1" F< (1 I NI NGTEST SC0 F~ ES 

P:i.lot Pa:i. rs 

r .... L. 

B .... 1< :1. 2 ~ 0 .... 1 2 v () 

D F 

(~ I :1. -4 • () .... 1 <t ~ 0 

roo G :I.6~() .... :I.~:.:;.() 

H J :I.·7.~5 .... :I.?~:.:; 



[LIGHI DAIA COLLECIION~ 

The successful execution of fli~ht tests depended upon the 

weather and the test eouipment. A total of 72 fli~hts (12 

pilots flsinS 6 fli~ht5 each) 

f T' () III Nov f~ mlJ E~ T' :l. -4 ., :J. <"} B() t (:) 11 a ~:) :J. 3., :1. <"} B:I. ~ Du r :i. n ;:.:.:; t. ('I (.:.~ .::; E\ f :I. :i. :::.~ h t ~::. 

a total of 424 encounters were achieved. The collected data 

w(-:~ T' f~ C () n t a i n (~~ d :i. n l'J r :i. t to' (~~ n f (] l' III 5 ~:~ n d ~:; ~::: 5 t f:~ HI (i a t a (-.~~ ~< t T' act. :i. 0 n 

In th:i.·:;; ~;;. E' C t. :i. D n t. h (.:~ t. (~~ ~:; t (.:~ }:: (-:~ cut :i. 0 n t~ :i. ]. :I. tl f;\ 

S I.J /TIITI a r :i. ;.-::. (~~ (.i (0 Th (~~ 'f 0 r ITI ~:; t..) h :i. c h l..1(.:.~ r <-:-~ u ~::. (.:.~ d t 0 ~.:.~ a t h f:'~ r III anu a 1 c.) a t. a 

w:i. 11 b(·~ dt7~SC l':i. b(:·.I(i ~ 

1E81 ELIGI::fIS + T h f~ HI a ,j () T' f act. C) T' ~:; l:J h :i. c h C D U .I. rj F" l' f.~ \..' e n t ~:; 

and eouiplTlent conditions. Th f:~ T' (.:.~ f 0 f' (-:.~ .,
 

f I i ~:Jht. a f :i. na 1 con'f :i. rlTl(:~t.:i. on wa~::. obt.a :i. n(·:~d on t,h(~;~ '.... :i. ~:;U<~~ J
 

In (.;~ t (.;:. 0 J' 0 :I. 0 ~!. :i. cal con d i t :i. 0 n ~::. d n (1 t h (-:~ <:) F' f:'~ f' a t :i. C) n a I ~:; tatu~::. o'f'
 

va r :i. nus f:·~e~u i F'lTlf:int. cDmPDnent.~::.•
 

({ (:.~ t (-;~ T' ITI :i. 1"1 f.~ (i to b t::\ 5 a tis f act 0 T' ~:~ ,
 

r-' :i. 1 C) t II <:~ n r:.t Db s (.:.~ T' v f..~ l' ~:; I..... f~ r (.;~ ~) r :i. (.;~ f ~:.~ Cl D n to' h E~ f l' :i. ~~{ h t. F' ~:~ t t (.;:0 r n ,
 

a ], t :i. t u d t-:~" and f:l.:i. ~:.{ h t F' T' 0 C P r:.f 1..1 r f;~ S v Th (:.~ s u t.".' ,j Eo C t p:i. lot (~a ~:; ~~~ :i. \/ f~ n
 

a F' T' f.-~ f 1 i ~.~ h t" p ~.~ a III? and t h (~~ 0 b 'E> (.;~ l' V (~~~ l' S 1:, a y' t p cl toe 0 III F' 1 €-~ t (-~ t h (.:!
 

f]. :i ~~ht 1 ()~.:.{ v The pilots and observers th~n boarded the
 

a :i. rc ,'aft, an .....i thE\ f]. i. ~.{ht coo T'd :i. nato r t,Dok h :i. S F"O~:'~ :i. t i on at 

thf.·~ COlTIlTlun:i. cat i on~:; s i te-? (ca 11 f.·~(:i Modf.~ S Cont I'o 1 ) sa 

hand 1 t~~ ci CD 1l'lTII..I n :i. cat :i. 0 II ~:; betw (~.~ f~ n t,. h (-:.~ a i. T' C T' aft ~:~ n cl t. h f:'~ Nn ci f:':' ~:) 

s (.:~ 1"1 S 0 r v Th f~ a :i. T' era f t t. d >~ :i. l~:'~ d \I T' (-:.~ PO r t. (~.~ (.f ATe a s ~:~ :i. ~J 1"1 (.:~ i.".l a :i. l'era f t, 

:i. (I f:'~ n t :i. f :i. cat :i. (] n n 1..1 ITt b f.~ r ~:;, d n d t h p f:l.:i. ~.:.~ h t l,') (:-~ ~.:.{ a n ~ (~ ~:; ~:; 0 0 n a ~:; the 
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subject aircraft rea~hed a straight and level coursey the 

observer completed th~ flisht los. Durin~ ~ach encounter in 

the flisht, the observer completed an encounter los. After 

each encounter, the subject pilot was asked a series of 

Guestions concerninS the conflict situation Just completed, 

and the answers were recorded on the encounter debriefinS 

fo T'ftI. Afte T' th(~ ·f 1 :i ~~ht wa~; f:i. n ish~?d, tJ'l(-:~ sub,..if.~ct F·' il ot 

complf~\t(·~d a fl:i.~,:jht d(·~)bri(-:~f:in~.~f form. 
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"") "")ELIGHI SUMMAE~Y + ; ; schc-?r..lu 1 (·?d 

f 1 i~ht~; + F i vc~·~ of thE~f:;(-? f:l. :i. ~.~ht~::. ~-:oncountp f'(·:~cf F·' rob 1 E~ms w:i. "L.h 

either eQuipment malfunctions or weather chan~es which 

""J r) 
••0 ......r·f.~~~l..Il t.. E~d :in a dE~c:i~:~ion to aboJ't thf::\ fli~.:.~ht+ 

successful test f:l.i~hts occurred from November l8y 19BO to 

t·1 a '::~ 1 3 , :I. 9 B 1., h d :I. 'f' 0 f t h (:~ f 1 :i. ~.~ h t..;;> ~:.\ f~ :i. n ~:.f :i. nth (:~ ITI D j' n :i. n ~.:.~ ~:; a l"J (,1 

the other half :in the aftprnoons. Each fli~ht had at least 

two (-:~ncount(:;~1's. S :i. }~ t ~~ .... 0 n <-:~ ( B2 F·' e r- c f:~ n t) (:) f t h E~ 'f']' i ~':.f h t ~;:. had 

f i v c·:·~ t.. <:) 5 e v (~ n f:~ nco t..I n t (.;.~ r ~;) t I~ t C) t a :I. 0 of -42 ..1 c·:·~ nco u n t. p r s t,,' e T' (-:~ 

ach:i. f:.\vf.·~c1 • 32/ Wf:'~ 'j'(-:'~ )"-"-1 an n(·::o i.":i encol..lnt.c"-:' r··::;. l..Jh.i. ch 

i n v (] 1 v (.:~ d (] n 1 ~:~ t h (.? sub,j (.:.~ eta i j"' era f tan(.l the :.:.: r E' (.f (.:~ ~:> :i. :3 natP ij 

Thf.~ J'(.:.~ \.oJ(-:~ Y't:o 32 ml..ll t:i. F·' I ~~\ a:i T'e ra·f·t (·:·~nc Dunl.p T'~::. wh :i. ch i n\lo 1 \1(0:"/ 

non-project aircraft. Thc::~ rf:-Il,a :i. n i n~;.f 6::) f.·~ncol..lnt.c·:·~ r~:; IIJ(:~ r'(':'~ 

foJ.lot..-Is: 

<Y' 4 (2 2 :~~;) .... HC7~ a c1 .... () n f:-'\ n c~ (] 1..1 n t (.:.~ r ~:; 

1B :I. (o4:3;{.) .... I... a t (.:~ J' alEneD l..I n t P l" S
 

:J. 4 <? (:-3 ~) %) .... Tail .... C h d ~:; (.:.~ f.~ n c C) u n t (-:~ Y'S
 

MANUAL nAIA EORMS. F:i.ve fOY'IlI~; Wf~T'(':~ us(:·~(',i to co:l.l<:~ct. manual 

fli~ht data (Data Collectioh Forms, Appendix B). These were
 

the prefli~ht exam, f 1 i ~':.~ht :I. O~.~" f.-:-ncount.. f:-~ T' :I. C)~.:.~ 'I c·:~ncDunt.. f·~ T'
 

c1<-.~\1:.l l' :i. f:~\ f :i. n~.:.~ , anc:.f f 1 :i ~.:.~h t d f:~ b r :i. (.:.~ f:i. n ~:.~ (.
 

~:; £:0 par a t p f (] r ITt s t..-l C·:·.\ r f.-~ :I. :i. n k. (:.~ f.i b ~:~ t. h (~.\ ~:; 1..1 b ,j (.:.~ c t F··:i.]. n t. cod e :I. (.::, t t e r
 

4B 



and the number of the pilot's fli~ht (1 - 6). 

~ .c e f 1 i 9 b i E ~~ Q III. Th f:~ F' r (.:~ f :I. i ~:j h t E~ >~ a ITI)' C (J nsis tin~:-t (J f n :i. n E~ 

auestions concernins the automatic advisors service displa~~ 

was siven to the subject pilot dUl'in~ the preflight briefin~ 

in order to test his recollection of the displa~ s~ffibolog~. 

Elisbi Log. Th €.~ f 1 i s.~ h t ]. () g was C (] 1TI F" :I. f..~ t f.-~ d b ~::! thE' 

o b ~:; €~ r v (~~ T' t (J cl esc r :i. b (-:~ t h €~ t (~~ s teon d :i. t. ion ~:; 0 f t h (.;~ f':I :i, ~.:.{ h t " 

includin~~{ : 

o The identification codes of the saf(,?t~:~ r' :i, 1 () t , 

intruder pilot, and observers
 

(] The t~pes of aircraft used
 

o Thf:~ w€·~athe 'f' cond:i t :i. ()n~:; 

o The departure time 

D	 T h (::~ tilT! f.'~ t.... h E~ nth E~ a :i. T' era f' t f :i. T' ~j t T\ (-:'~ a c h f..~ (1 a s t r a :i. ~~ h t, 

and level course. 

Th (o? 5 f:~ d a taw f:'~ r (o? €~\ i t h €-~ r F·' r 0 v i d (.~\ .....1 toth t:~ (J b s (.;~ T\ V f.~\ r t,i ~:> t. he 

a P P T' 0 F' T' i a t.. €~ t ~~ c h n i cal F' f.':\ T' 5 (] n n E\ 1 (<-:!. ~~{. i nth (-:.~ c <::: ~:;, (-:-:' 0 f w<-::\ a t. h e f' 

i n f () Y' ITI a t, ion) l' or were obtained bs him d:i T'(·:~ct 1 ~:~ f T'OIYI. 

i n~; t rumentat i on ()n"-boa I'd thE~ 5ub,..if?Ct a:i. roc I'aft.. • Thf:! 

i n f 0 Y' ma to' i (J n c () n t a i n E\ (I i nth f:·! f 1 i 9 h t 1() ~.~ III (:~ C\ f:~ i. t ~':o' [) S S i l.J 1 f::\ to 

subseGuentl~ categorize the data base b~ such features as 

pilot, flight number, and visibilit~+ 
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to	 describe the conditions and events of each encounter. 

This 1()~.:.~ conta:i.nf~d t.. h(·:·! fol1,Dwin~.:.{ :i.n·fof'ITlat:i.Dnt 

C) TI../ rbu 1 f:~nce at t.he·:! b(-:·~~.:.~ :j. nn:i. n:~;.~ Df t.he·:! (-~ncC)unt.c-:-:·l" 

o	 THF'f:! of f:~ncount(·~·r' (:i.• \-:.! + h(·:!acl ..··on' f·! n C (J 1..1 "'1 t. (.:~ l' '! 

(J r ta :i.1··.. c ha~::.e ) 

o	 T ~::~ F·' (.::. <:) 'f a d v :i. ~:> C) r i (.:.! ~:> received from the dutomat.ic 

a d './ :i. ~:> (J r ~::~ ~;; (-:! r \..' :i. C (.:.! 

o	 Evas :i v (.:.! act :i. 0 n t .. d k c·:·! 1"1 b ~::! the ~:; u b ,j f! C t F·' :i. :I. C) t :I. n 

to the·:·! conf'l :i. ct ';:> :i. t.uat. :i. on and thf:" 

a d v :i. ~::. 0 r :i. <-:.:' '::; 

of' 

con·f]. :i. ct mdna~.:.;i(·:·!m(·:!nt I)~:~ t.h(:·! subjr;·ct. r··:i.:I. ot ~:;I..lch d'::; 

a:l. t :i. tuci(·:! an(.1 COI..I Y"'::;(:'! mi:~ i nta:i. nanc(·:·:', :i. n~:; t rl..lm(·:!nt. and 

f~ ~< t (.:.! J' n a :I. II' (:~ 1"1 (·:·!u 'v'E' T' coo }"'i."j:i. l"ldt. :i. on ~' a :i. f' '::;. F" <-:! P (.f 

con t T' 0 1 y f 1..1 (-:~ 1 ITI a n a ~.:.~ (-"2 III (-:.~ n t .:::: n d ttJ (] r·t<. loa ci y 

the observer asked the subject pi:l.ot a series of Questions, 

a,.., ci com p :I. f~ t. <-.;! C) d n f:;i ncou n t (.:! r C) f! t\ T' if'! f :i. n ~.:.~ + Th t·! t.t..,1 f·! :I. \,.. <-;.! 01..1 (.:.! ~;; t :i. on s; 

ask f:! C) con c c·:·! r n~? d the·;! p :i. ], C) t .' '::i- n p :i. n :i. (;) 1"1 ~:; 3 b D l..I t. t h (':'!' aut () ITt at :i. C 

aeJv :i. so J'~:~ ~:> (;:0 f' \ ..' :i. C (.:.~ ·r·' D I' t. h c·:·~ E' n c Dun t f:~ r (. Th (.:.~ an';::. w(.:~ f' ~;: trJ (.:.! r- (.~l 

c <:) 1 ]. ('::' c t f.:\ don.:.. t.) 0 a }. ri t. h f..~ air C Y" d f t.. ltJ h :i. :I. (.:~ t.. h (.:~ ::; u t:... j pet P :i. :I. 0 t ! ~:; 

~;.;j () 



Elisbt DebxiefiDS. At the end of the flisht when the 

S I.J b ..i €.~ C t F' i I C) t cou I d r (o? l' 1f? C ton his 0 v e l'a 1 1 f.:~ >~ }"., f~ T' :i. f~ n <;~ (-:~ , (} f? 

completed a flight debriefins form. This for In c () n t a i n E~ iJ 

twenty-five Guestions in different T'f.-~~;pon~:;(7~ 1'0 T'mats.. Thf:~ 

data thus collected was comprised of: 

o	 The ratinss of the utilits of the seneral aspects 

and i n d i v i d u a 1 COlT! F' 0 n f~ n t 5 0 f t h f~ aut 0 III a t :i. c a ci vis 0 r ~~ 

~5(~ T'V i Cf? d i SF' 1a ~:I 

o	 The evaluation of the relative merits of the 

advisors services (TAS and RAS) 

o	 The description of the attitude toward and the 

utilization of the automatic advisory service 

()	 Th (o? e val ua t i () n 0 f t h E~ 0 V (:~ T' a 11 '!:; ~J s t. (.:~ ITI 0 t..I a ]. :i. t ~~ 0 f t h (o? 

Sf? T'V i ce 

SY.SIEt1 DAIA EXIE:ACIION. Ma~:~nf?t:ic tapf.-~s w(-:~r(·? t..Isf:~d to r(~~cor(J 

C ont.a :i. n€"~d : 

o	 Time and scan number 

o	 Surveillance reports 

o	 Tracked aircraft positions and velocities 

o	 Traffic and resolution advisory messaSes sent to the 

subject aircraft. 

For most of the flishts" cove raSe was provided bs the Mode S 

sensor at Clementon!' New Jerses. In (] T'clf~ T' to rpduc\:;:~ t.h(·? 

t h f.~ r- e ~3l.J 1 a T' I.> () n aut i c a :I. III i I f:~ Y' a d i t..I S C 0 v (':'.~ r a ~1 f:'~ 



area was reduced to a wed~e extendins from the 90 de~ree 

a z i IlIIJ t h t () t h (.;~ 2 1 0 d f~ ~j T' f.:~ ('::0 a -:.:~: i ITII..I t. h + Th i~::. wf:~ (.i ~i e···· S h a F' edar f:'~ a 

did not include the traffic in and around the Ptliladelphia 

t f.:.\ r ITI ina]' CD n t r () 1 a f- f.~ a (T CA).. Th f~ T' f~ Wf:~ T' (.:~ a f (.:~ "'" :i. n s; tanc e s wh f? n 

some sYstem probleffis hampered the operation of the Clementon 

si t(~~ .. In th€:O~5f.:o casE.\S 'I thf:'~ T(:?chn:i.cal CE~nt(~~r ~:):i. tf:~ "Ja~:; us(.;~d to 

C DV~~ r th€·~ tf.·~s t f 1 i ~:.fht 5 .. 



DAle ~ROCESSING. 

Before bein~ entered in the data base, the bio~raphical 

data, Sround school exam results and manual flight data were 

all (~uantifj,ed. The sYstem data tapes were processed to 

ai reT'aft conflict info T'mat ion and thf? 

5 I,J T' V f? :i 11 e~ n c €~ T' (~P 0 l" t ~:; 0 faIl t h (~~ i n v (] :I. v (-:~ .....1 a i Y' C T' aft fro m whieh 

the closest.. PO i nt. of aF'p T'oach (CPA) was ca 1 cu I atf:·~d fo r f;~ach 

encounter. Finally, the flight data and s~stelTl extracted 

data were correlated so that all the s~stem data pertainin~ 

to test encounters were collected. 

MA~UAL DAIA QUANIIEICAIION. The data obtained manuall~ in 

the bioSraphical ~l,Jestionnaire, sround school exam and the 

flisht manual data forms were ~uantified and entered into 

the c1ata base + Most of thf;~ data r'f:'~Gui T'ec1 veT'~:~ 1 :i.1:,tl(·? 

preparation. For example, the temp8rature, wind velocit~y 

and ratinS scales could be entered directl~ into the data 

base. The multiple-choice Guest-ions and yes or no Guestions 

F' T'(]r:.iuc(·:·~d T' f.~ S IJ I t ~:; wh :i. c h c 0 U 1 d a 1sob E' T' f:~ d ci :i. 1 ~:~ ~:; tore t:.i + 

uHowever, the answers to an "open-ended Guestion had to be 

cIa ~:; 5 i f i (.?din t (J 2 1. bas icca t (.:~ ~.:.~ () r i (~~ ~:; b f:~ f (] T' f.~ t h f:! ~~ co1..11 d tJ (.? 

Elnte T'f.~d i nto th~~ data ~Ja~:;e + 

SYSIEM DAIA EXIR~CIIO~ IAEES. The s~stem data extraction 

tapes contain~d the surveillance reports of all aircraft in 

the Mode S sensor cove raSe area as well 3S the automatic 



adv:i.~:;OT'Y service data of those aircraft ·in potential 

can f 1 :i c t + To d f:~ t E~ r IJI i n f.~ t h (-:~ :i. d (~.~ n t. i t .. ~:t () f t h f~ a:i r C "f' aft :i. n vol v e d 

:in the encounters~ a correlating process was performed. This 

was done b~ examininS two of co r robo rat :i. n~j 

info T'lJIat i·on: 

o	 Plots of aircraft positions and the automatic 

advisories from the data tapes. 

o	 Listings of possible intrude~ aircraft from the data 

F () T' 1YI0S t of th€~ f:l. :i. ~.:.~ht~:> a ~~~ round Ob5(':~ T'Vf~ r s:i t t :i. n~.:'~ in front 

n f the F' 1an p 0 ~:; :i. t :i. 0 n :i. n die a tor (P F' I) 5 c l' (-:~ (-:~ n (:~ t t h f.~\ Mod (.:.~ ~~: 

5 i t E~ ITI (J n :i. tor f.~ d t h (-:.~ f 1 i ~~~ h tand T' e cord (-;:\ c1 ~:; i !:.t n i f :i. can t l-:~ V f~ n t .~; :i. n 

proSress, such as the identification of the aircraft in 

conf]' i. ct" th(·:·~ (·:~ncnl..lnt(~~l' t i 1Yt(-:~ a 1'"1.-.:1 ~:;can numtlf:'\ T'5 II thf:~ autOJlli:~t :i. c 

nUlTlbE~ 1"5 + 

Th(-:·~ P 1 01:..5 of k.nown a :i. PC r'aft pus:i. t. :i. ons ani.".l 1 i ~5 t :i. n 9 ~:; 0 f 

r€~lat:i.vf.~ l'anse and bE~arin~.:.{ of th€~ intrucieT' w(·:·~r(·:~ all pr(-~F'2}"ed 

f r (] ITI t h E~ 5 ~ 5 t e tTl d a tatape 5 '" Th f:~ ~::. (-:~ v :i. 51..1 i:~ ]. r (.:.~ F·' r f~ 5 (-:~ n tat ion ~:; 

weT' E\ t .. h f~ nco ITt paT' (.? (1 wit h t h f;\ ITI a n 1..1 aIda tao f' t h f..~ 0 b S P T' V ,;~. l" ,. ~; 

:r.or.4s. Usua 11 '::1 ttl iss:L ITIP 1 f:'\ P T'OC(O:·~S~; of C'O"i' y,(~.~:I. at. :i. on ...·Jd·::; 

suff i c :i. ent to :i. df:~nt :i. f~~ th(~ :i. n t T' 1..1 d €.~ T' a :i. Y' era f' t. {,.I h :i. C h was 

:i. n vol v e (,1 :i. n a ~:; :i. n ~.:.{ :I. ,,-:~ (-:.~ nco U n t (-:.~ T' ~ H0 l,J (.:~ v f:~ r' ~ ...J'..1r' :i. n ~.:~ i3 n €~ ("·r C 0 1..1 n t. (-:.~ f" 

a non .... p T' 0 j (.:! eta :i. reT' <:~ f t. ITI i ~:.{ h t b (.:~ :i. n t. h (~.~ :i. III III (:.~ c) :i. a t. p a rp d l' d n d 

Cal..lSf:~ an I..InF.. l i3nn(·:!(.i 0 r lYIu], tip]' (.:.:. (:·~ncount.(-:.\ T' ~ F 0)'"' l.he·:;' unF··l <;::l"In<-:-:o(.; 

an (1 Iflul t :i. F' :I. e f! nco U n t f:~ 1'S an (.;.:0 ~< h a u ~; t. :i. \.1 (.:! ~::. (.:.~ d r c h -r-' Cl Y' d J J 



a i J' C Y' aft, was a c c () IYI F' 1 :i ~:; h f:~ d ~J ~;~ co tTl }'.:. d r' :i. n ~:{ F··:I. 0 t ~::. a r'j d F·' l' :i. n t 0 u t. s; 

(J f a :I. 1 l' C-:! 1 e van t t, T' a c k ~:; • 

~)fte T' a 11 of th(:·! a:i r'c T'aft :i. nvo]. v e·:! d :i. n an (·:·~ncol..lntp r (·"E' f"(-:'! 

disc C) V €.! T' c-:·! dand v (.::\ T' :i 'f i f;':' d b ~! t. h f::- ~::. f:·! eDT' r f! :I. a t :i. 0 n (~:. f f D rt. ':;;., ;:~ c t. 1..1 a ]. 

CF' A and F' T' t:?' d :i c t t::! c1 CPA d a t a It,1 e r (':';' cal cuI a t c·:·:' (.f (0 Th f! .:::: C "I:.. 1..l a :I. CP tl 

:i ~:; th(~! ITI :i. n :i.ITIUITI d :i. S tanc(~~ tJc·:~tw ....:·! ....:·~n the~! sut).je·:!ct anci :i nt. r·u .....i ....:·! r 

The·:·! F" r<-:'i.'.t:i. ctc·;'i..i cPt. .1. :;;. 

ITJ :i. n i ITJ U IT. IT! :i ~:; s ci :i. ~:; tanc (.:.! l·'" h :i. C h ~\l a ~:;. F' T' C) , ••i c·:·! ct.....:!::.1 t) ~:~ t h f! d uL () Hi .::;~ t :i. c 

a cl v :i. ~:; D r ~~ s eo? r v :i C (~! t T' a c k f! r f '..1 net :i. () I"t (.~ U l' :i. n ~.:{ a n C-~ nco I..l j", t (-:';' OJ' {. 



DAIa BASE CONSIRUCIIOM. 

:r: nth :i. s ~:; (o? c t i ()n t. h (-;! ci a t. a tJ a ~::. p ~:; t,. l' U c t t..I l' t! :t. ::;. i.".\ f:·:' ~:; c r :i. b (.:"! ci '" T j"'i (.:.~ 

data reduction and analssis. 

DAIA BASE SIRUCIURE. Th (.:! Cl a t a tJ (;$ ~;; (-;:' :i. ~:; co !"ill:" 1"" :i..:::. I.:':' (.f D f 'f" D U "I" 

dis tinc t f :i. 1 f·! ~:;: b :i. (] ~.:.~ r- d F' h :i c .;:~ :I. f :i. 1 (-;-!" ~J r 0 u n ...:i '::; c h C) U J t:·:, >~ a III 'f' :i. :I. E' !I 

f 1 i ~.:.tht efata f i:l. (.:!, 2Flei t.::-!}~t. f :1.1 E' ,. Th(·:!~:;.(·:·! f .i. 1 (·:!s hiE:' r'('::' ,:~.:I.:I. :I.:i. nl":.f~i,':i 

b,::~ ~:;ub.j(~ct F·' i :I. ot cocf.,::·! nUITJLlE'! rs (0 The·:! (-jat..:::: Df t.hf:~f·l :i. ~;.;;h t. .....l,::. l.a 

f :i. :I. (o:! and t h (o:! t (~! >~ t f:i:l. (.:! w f:'~ I' f..! C h ron 0 1 (.I ~:.~ :i. c a :I. "I. ':::~ (J r.-.:) (.:! f' [.l",) ~. T h (.:.:. 

bas:i. c r.,::~\co r·d of the·:! f 1 i ~.:~ht cfata f :i. 1 .,::-! ~I<:::':;; ·the i nf'oi'lH a t. i on f'u,..· 

an :i. nd i vi dua 1 (-:·~ncount(·:! l' wh i ch l-'Ja~::: ij[.~ r:i v (·;!(i f ,"'om l.he·:.;. fo J :I. Ul··J :i. n:·.:.~ 

o F (] l' ITI 1 P l' f:! f 1 i ~.:.~ h t i::'~ ;;B In 

o Fo I'm 2 F:I. :i. ~jht 1 O~.:.~
 

() F (J T'1lI 3 F 1 :i. ~J h t (.f E' t) J' :i. f:' f :i. n ~.:.~
 

o F 0 T'IT! 4 Ene 01..1,.., t. (.:.! r :I. 0 ~.:.~ 

t h (-.~ f :i. T' ~:; t t. h T' (-::' (-::' f 0 T' Ift~; '" Th (.:~ ij a t. a f (J T' III a t. 0 'f f·! d t.:. hi"' i. :I. (.::! :I. .::. 

b J' :i. <-:.~ f :I. ~;~ d (-~, ~; C T' :i b (.:.~ d a ~:; f C) lID w~:; ~ 

1::' .{ 
d\.) 



Bi CJ 9 .ca e b i cal E i 1 e. Th f:~ t) i D ~.:.~ "j"' a phi c a :I. f :i. :I. f'~ C (J n t. a :i. n E-l C) t. h \-:., 

back~:j T'(]l..lnd data fo l' (:~ 11 12 ·::;l.Jb,j(·:~ct. p:i 1 0 t.~::." Th<-:-~ c.fat.a fu l' f: ·;~c j"'j 

pilot W(O~J'('? CDd(·:~ld :i.n a sin~.{lt~:~ BO ..··column cdI'd+ 

G.c CJ U [j d Sc b 0 Q 1 E~ a III Ei 1 e" Th (.:~ ~~ l' 0 unci ~::. c h () 0 :I. p >~ {:~ III f :i. ]. (.:.~ 

con t a i n e i.) t h (.:~ ~:; c (] T' (7:' ~:; C) f f? a c h C) of t. h t~:~ t,l--J n c·! >~ c~ nI ':; t. a k (-:' n b ~3 E' a c h 

of th£-~ 12 ~:;t1b,j(·~\ct F'i 1 C)t~:; ()n(o:~ ~;:·co r(~~ is'.... :i. ~:;s:i. 1"1::.:.:; bi;:,:·c·au~:;(·:! Dltt·:!(0 

pilot missed the second exam. 

Elisbt Data Eile. Th <-:-~ f]':i ~.~: h t (1 a t a f :i. J (-:.: C D n t 3 :i. n c· ci t h t·:·.' 

(1 a t a f (J T' a 11 424 f' 1 :i ~.~ h t f..! n c (] U 1"1 t. (,::1 r ~::. ,. . Ea c h <.;.! neD u n t E' f' h d ri :::> 1:·; 

fOT'ITIS+ Th(::' f i 1"5 t f :i. V(·:·~ fo T'IYIS of t.h(-:~ manua:l. f 1 :i. :;.:.~ht. l'Jat..:;;: {"I c·:·, I'f·· 

cod (o?din a f i >~ (~~ d 1 (.:: n ~.:.~ t h d a t a t.\ ], DCkeD n t. d :i. n i I"J ~j t. hi \~:~ n t. ':::' ..··r:· (:.. u r 

72-column lines. 

vaT' :i. a b 1 E: 1 €I n ~.:.~ t hand con t a i n t::~l d t h f:-~ CP (~ i n f D r In a t. :i. D n (;::.. j' (-::. i..-; :i. C t. 1.:':- d 

CPA, and actual vertical CF'I~ ) Y 

S l..I T' 'v' f.~' i 11 anC f? and aut. D In a t :i cadv :i. -::; 0 y. ~::: '::. (::' r- v :i. C (.:: (,1 d t,. a (11..1 T' :i. 1"1 ~.:.~ t. h F' 

entire encounter. 

Ie;.,.d. Eile + Th (~~~ t (:.! >~ t f i ], f:: C C) n t a :i. n (.:.: Cl d 1 :I. 

COITIITI(::,nts madc-? at the (:~nd of E~ach 'f 1 :i. ~.:~ht .. + Th(':'\~:~f~' c()lnm(·:,!nt~::. l"lp '·C·.' 

cIa ~; 5 :i. f i (::'dint () 2 1 dis t :i. net ~:; t. d t (~~\ IYI f:: n to' ~::. '1 an (:i t. h f~ ~;~ '1'.. a t f! III P n t. 

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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o Pilot Acceptance of the Advisor~ Service
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The f :i Y' 5 t 5 (.:~ c t i () n add i" (-:.~ s ~; e ~:; t.,l h E'~ t h f:'~ j" 0 r n n t t. (\ c, C.l a '1:., ;:~ d r' (~:'~ 

5 i. 9 n i fie ant I ~:~ a f f (-~ c t (~~ d b ~:~ (-:.~ :i. t h (-:'~ r t. h (.:.~ t F::' ~::. t,. C.) f~ 5 i. :::.~ n :::...:;;: r a lit f::i t. e j' ::;. ~. 

Of' tho~;(-:~ factoT'S Dl..lt~:>:idf.1 of stY'ict control (> 

Th (-? 5 e cond s E~ C t :i. 0 n (-:.~ >~ a ITI :i. n (::' ~::. t. h f:' )':o' :i. 1. <:) t s "
 

ut :i.l:i t,::~ of the d :i. SF·J. a~:~(:~d :i. nt'c) l'1TI(:~t.:i. on ~I dnd lhl::'} :i. J" COITIIlI(·int.. ·:;.
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f~ >~ p f:~ T' i. (7.\ n c (o? with t h E·~ ~:~ ~;~ s t E:' ml' d n d t.l ':~ t h f~ ij :i. 'f f t::·! 'j" E-~ n t. t. '::~ F' (.:. ~::. u f 

E~ncc)l..Int(-:-! 1'S wh :i. ch occur. 

discussed. Data on visual ae 01..1 :i. ~:~ :i. t. :i. on a rf'~ (·:-!~<alll:i. nE~d (I.) i l.h 

th(-:~ Sf.·~Y'V:i.Cf?+ P:i.lot ITlanf~UVt::~r~:~ ar(·~' (·:·!}~anl:i.nf::ICl w:i.t./') r(·:·~~::.F'Pct to 
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:I. (-:~vc·:~:I. 

Th f:~ :I. a ~;':' t, ~::. (-:~ c t :i. 0 n F' ¥' 0 v :i. d co? ~> anana :I. ~;:: ~::. i S 0 'f t h (.? JYr (.:.! t,. h C) i.J ~:' u ~; f~ (:.) t.o 

t r a :inth(::' F' :i. :I. (:) t s :I. nthf! U ~:; (.;! 0 f t h (.:! ~::. ~:~ S t (.:.:. Ill,· E}; d II,·:::· d f"' '.:.! t..I ~::. f::' c; t u 

schoo:l. t r<3 :i. n:i. n~.;.~ -::;('::'~:>~:) i on li' and k.nD\-J:I. p .....i~;.:; ..·:·! ~jd:i. n(,:·:'ci i" I'·om dct.Ud:l. 
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DErE~DENCE OE nala ON rES1 CONDITIONS. 

Wit h :i. nth f? d a t a a n a :l.1;;~ ~~ is'::; (:.! c t :i. C) n Y F·' :i. :I. 0 t "::: ~.:~:I. () ~J ,:;~ 1 rat :i. n ~.:.~ ~;; 0 -f' 

of P :i.l ot ~;at i sfact ion w:i. th t.h(:·! aut.omat:l. C d(jV :i. '::;0 r~:~ ~:;(.::, r·'·/:i. (',.;:0 ~ 

I n add :i. t i ()n 'J a c () IYI t:.l i n Eo! ci i n d E' }~ 0 f F' :i. :I. 0 t ~::. d t. :i. ~::. 'f' d C t. :i. 0 n :i. ~::. 

constT'ucted usin~=1 a Wf:-!:i.~':lht(·:·~c1 SUIYI of T'f:!~:;pons(·~'s t.o (·:·~nCOl..lnt.E·T' 

debriefinS ouestions and the two ~lobal I n us:i. n::.:~ 

i n f <:) r IT! a t :i ()n f T' () ITI t h (~) '5 (.;! d a tat0 f C) r'lYI con c ], u ~:; :i. 0 n '::>!! :i.t :i..;;:. 

important to determine the desree to which 

influenced by the test cond:i.tions~ 

Th (~ t c-:.! s teon d i to' :i. 0 n ~:> cons :i. d (-:-:. r (-:-:' ci \,oJ f.~ r (.::.' to' h (.:.~ fa ct.. D r (::. Li 1..1 i :I. t :i. I' i i .. (.I 

the desi~n of the test pro~ram ( th~:·! inciiv:i.c.iuel 

}'.~. a t.. t.c-~) T'n~:; , 

flo wn" and the d :i. ~:; t T' :i. but ion <:) f IH (J r n i n ~.:.~ .,/ a '1" t. (:.~ r no (] n 'f :I. :i. :-.:.~ t'l L .:::. )'1 

and those that were outside of strict cont. I'C)]. . ( c J Dt..l;·j 

c <:.~! :i. :I. :i. n::.:t !I ran f:=l Eo! 0 f vis :i. b :i. ]. :i. t 'd!1 an (i to' ~:! F·' i::'~ (] 'f c:l. Dud C U ',..' \-:-! f') ;. T h c-:' 

two i rid(-:·!;·~ Df F" i :I. c) t. 

~; a t :i. ~:; f act ion, and f i ....... f:'~ G u f! ~:~ t :i. 0 n £; 'f r (] ITI t. h f~ f:l.:i. ~.:.l h t. ;·...i (.~i (:.1 f' i (.:.:. 'f' :i r I :A 

t h c-:-! s (~! c C) n d i. t ion ~; us :i. n ~.:.l t r f..! n (f a n ;:~ ], ~::: .:;> :i. ~:;!I a n a I'::! '::;. (.:.:. ':> 0 'f" v a r- ian c: (.:.' , 

1. • th(~ ~11 Obd 1 rat :i. n~.~ of t.. h E·! d i SF':I. a~J ShDWf.·:·d a ~::. i ~.:.~n :i. f :i. can to' 

d f? f:=1 T' f.~ f? 0 f vaT' i at :i. (] n w:i. t h f 1 :i. ~.:.l h t pat t (.:.~ J' n s (-:.~ t~ U E·> II C i::.! !' 

was a s 1 i 9 h t t E! n d (.:.~ n c ~:! for' t h €~ F' :i 1(] t s t (] f~ ;< F' Y' c·~ (:;. ':~ ~:.i '1' C-:.:. d t. p r 

confi.dence in the resolution advisories (Guestion 23 of the 

bl 



f 1 i !.~~ h t.. deb T' i (-:.~ f :i. n ::.:.~) l"! h (:~ n t. h (.:.~ c 1 0 t..I (j C (~.~ :i. 1 :i. n ~.:.~ t·" a ~::. :I. 0 v,1 (:.~ 1'!1 a n C.\ :?:. ~ 

both the Slobal com~.".\ :i. l",t:-i.'.l :i. n(i(-:-!~< 

III 0 T'(.:~ o v (7;\ T'ca~:; t ,. Tht·:! 1at te r tltJO tpnd(-:·~nc :i. (:.!~:; I..J(·~ I'f·:' ar·:F" a r(·:!nt U;'::'on 

:i. nsP€~ct:i. on of tht"-:.' e1ata, t:.iut. I",ot.. ~:;. t ii:: t. :i. ~:; t. i cal J ':::: 

s i ~~~ n :i. f :i. can t. b (.:: :I. D ltJ t h t::: :/. 0 r·· (:.! T' C 0! n t :I. El V P]. ~ (] I"t t h f-~ (] t h f·.l f' h d 1'1 d !1 

th(·~ va l' i. at. :i. on :i. n ~.~{:I. Dba:l. ci :i. -:;; F' 1 a ~3 r·at.:i.n::.::; J"' (.:.! ~;:. U J tin ~.::~ f Y' 0 UJ 

pat t t:! f' n s (.:! G U (~! n c (.:! ~ l"l h i :I. t.:: ~::. tat :i. ~:. t :i. C a :I. :I. I;;! ~::. i ::J I", :i. 'f" :i. C d n t. (F :::: -4;. c') ~:-j y 

p -::: () ~ ()~) ), :i. ~:; III (J T' P :I. i k f-~ ]. :;~ tor (-::~ f 1 (.:.: c t. ci :i. 'ff (.;.! r (.:.! ,... c' (:.:' '::; tJ (.:.! t hI (.:.:, (~:' n t .. h (.:.:­

P :i. :I. 0 t F' a :i. r s 'f 1 ~::: i n ~:.{ t h EI C\ :i. f f f·! T' (.:.;. n t F·' ~:~ t t (.:.! y',.., ~::. (0:.1 G 1..1 C·! n c (::' ~:; t. h d n 

d :i f f (-~ r f~ n c (.:! s :i. nthf·! 'f 1 :i. ~,{ h t p a tt (.:.:- f' n ~:; (.:.! C~ U E' n c (~! ~::. t h (.:.'IYI',::. c:- :I. \./ f·; ~::.,. Th :i. ':;;. 

Y'·anc.\oHt 

T h :i. s ~.;.~ (~~ n e l" a :I. :I. dek (J f s i ~.:.~ n :i. 'f :i. can t () (i') F" (.:.) n i.'.i (.:.:- n c i (::0 ':::.. .i. n d :i. c· d t. p ~::. Lh d t 

count.(·:·~ T'··.. bi:~], anc i n~3 (.i(:·~s :i. :::.';1"1 ( :I. at :i. n ~:; n U dl' c: ) 

SUCC(·::\~:;~i- fu 1 :i. n (o:.~:I.:i. Ill:i. nat.. i n~.:!. ';;~,~~:; t'(':-:-l'ildt :i. c dd td ij(.:.:o:::.. (,:,:·n ...-.if·~nc:i. E'!~:' ~ dni.:i 

the meteoro:l.o~ical :I. i III :i t d t. :i. D n .~:. i Il' P 0 ~::. (~! (:i D n t. h p ·f:l.:i. ~.:.~ h t. ~:; VJ C~ I' (::! 

suff :i. c:i. ent to aVD :i. d IT'd,,,iO r Y',:~ndolT' .....l(·:·~F .. eni.-..if:·nc :i. (.:1(';. ;. 

I n a d c~ :i. t. :i. () n , a l]' 0 f t h f:! \.::, nco lJ n t. c·! r ~::. l..J (.:~ f' C:' .:::. U 1:.1 j (.:.~ c t. tot. h c· 

f C) 1 :I. ot-J :i. n ~.:.~ th T' (;~<-::. c orl ~::. t. r a :i. n t -::; : 

1.. No V(O:~ T't :i. Cd I 

flol.,!,.., .. 

( 32 1•./ n r·· 1 ann f·! d IfI U :I. t. :i. F" J f~ ~::. 0 C C 1..1 r p .....) ) + 

automat :i. C df.'.lv:i. SO Y'~J S(-:~ I'v:i. Ct·:! ~ 



ThE~ te~;t T'E.~SI.J 1 ts tTIa~ havE~ b~~f~n c:i:i. f f(-:·! rf!nt had t. hi,:':' ".::f·:' 

constT'a:i.nt~:; not b(·~(-:~n in (0ff<·:-!ct. 



~ILOT UIILITY ASSESSMENT DE IHE ~DVISOBY SERVICE. 

I f.'Il I ROIl UC:r I O~.l + I nth p CD U r ~:~ P o'f t. h (.:.:. F' () ~;; t ..... f :I. :i. ~.:.~ h t. (.1 (.".• t, r :i. €.~ f :i. n <.:.~ s ~ 

t h f:~ sub,j (.;.;0 c t p i :I. D t ~::. T' a t p C) t. h Co:'~ t..I t .. :i. 1 :i. t ~:~ D f :1.:1. d :i. ';;;. t :i. net. f E'~ -i::: t. u r (.:.~ ~::. 

[) f t h (~.~ dis r·... 1 a ~:~. f~'1 :I. 1 rat. :i. n ~:.t ~;; t,J (.:.~ r ff III a ci P (Jnat (:.! n .... F" 0 :i. n t.·:::. C d :I. i.':'~ !! 

T' a n ~.~~ :i. n ~:.~ f Y' 0 ITI t. h p :I. 0 l,..J (.:.! s t l' a t :i. n ~.:.~ D ·f () t D t h (:..! h :i. ~.~{ h P ';;> t. va:l.l..I E' 0 f' 

de t Co? r ITI :i. n (.;.! what i n 'f 0 l' ITI a t. :i. D n v,1 (:3 S I.J '::~ (.;.;0 d b ~:~ t h (.:~ III t. D III dna ~J (.:.~ ITt :i. Cl a :i. 1" 

f~ncounte 1's du T':i n~;.t th(.;.! -f 1 :i. ~.~ht. t.(·:·!~::. t.. F' l'D~:.~ 1'<:::111. Thp and 1 ::~~:;:I. ~;; :r. .:::. 

ci :i. v :i. d(·:~ci :i. nto thp f·o:l.:I. Ol-J :i. n~.:.t fol..l i" St..lt'~:;(·:~ct. :i. on~:> ;. 

o Han /-:. i n ~.:{ 0 f F':i.:I. u t ~:;., F~ d t. i n ~.:~ ~::. 0 'f D:i. ~:; F" :I. a ~:~ (.:.! (:i Ddt. d 

o Variability of the Rat:i.n~s 

o Btab :i. 1 :i. t. ~:~ () 'f' II :i ~:; F·' :I. d ~:~ P .....) II e t .. a I;: a n kin :;.:~ ~;:. l-J :i. t h F 1 .i. ~J h t 

o Information Level 

I nthe f :i. T' ~;; t ~;; I..l j'.) ~:> f.~ c t :i. 0 n t. h (.:~ dis F' :I. a ~;$ f~' ci d a t d d f'l,::'.' r d n 1--:. r' 1.1 :i. n 

D T' d f:! T' <:) f t h f~\ :i r' d v (.;.! T' d ~.~~ <-:-~ I' (:~ t. :i. n ~.:.~ L. ~;~ t h (-:.~ f·· :i. :I. Dt ~::. i- Th i. S f' d Ill·,:. .i. I J ~.:.:; 

info I'mat.:i. on C()mF"Dn<-:-~nt~:; of t.h(·:~\ ():i SF':I. a~;;~ ~ 

I nth (.:! S E! C (] n d·::; 1..1 b ~:; E:\ c t :i 0 n B nana 1 ~::~ ~;; :i. ~::. u 'i"' \' .::!- f' :i. a rOI C (..:. :I. ';:: 

F"f?rforlTlf~c1 to ci(·:-!t.€·~Y'lTJin(·:·~ t.hl,::· lYIajor- :::oourc(·.-:'~:; of \ldJ··ief.Ot:i.l i l... ·::;~ .i. Ii 

the F.. :i.lots·' rat :i. n ~;.{ s + T h f::\ f iii: C t (J r' '::;. P :i. :I. D t.~! II F 1 :i. ~o:j h t NU j il i"::r (~.' 1'~' "II II 

"D:i.~:;pla~;~c-:-!d DataI'" ancl thE' tI.rJo····factor :i.nt(·:·~ract:i.ul·I·;:. 

these arc-:-! examined. 

rank(·:~d fo T' (·:·~V(·::\ l'~:~ 'f 1 :i. ~.;.{ht. nl..lfilfJt-:·~ l' :i. n. 0 r-(i(·:·~ l"' t.n ;:.if-.\ Le f"H1 :i. 1""1('" jO,Ul-,1 
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the relative value of displa~ed data. 

:r nthe 1 a ~:~ t 5 U b s €~, C t ion t. h f..~ an S l'J E'~ T' ~;;. t, D two 

<:~U(~S t i on~:; , sol :i. c :i. tin ~:.~ c-:~ ~:; 5 f:: n t :i. a 11 ~:~ t h f:~ .:::. a m(.:! :i. n f 0 rtfl a t :i. 0 n!1 d r c·:·:' 

USE'd t. (] d E~ t f? T' ITI i n €.~ wh f.~ t h f.~ T' t h (.:.~ 1e 'v' (~ ], 0 f cf :i. S F' 1 i3 ';:~ f:! din f D T' HI (:~ t. :i. C.I n 

was :i. n s 1..1 f fie i f:~ n t () r s 1..1 F·' (.:: T' f 11..1 (;) I.J ~::.. I:) I s (] l' F·' i 1 0 t s " f' (.:.:. ~;:. F·" 0 n ~;; c· '::~ t. u 

thE~ • oPE~n-endf.~d· C~I.Jf.·~~:; t :i. on a~::.k:i. n~J fpr' comITI(-:~nt.~::. anci 

l"Jh:i.ch ~::. F· c· c :i. f :i. C 

features of the displa~ thes did or did not like. 



E~ADlIS:I~JG DE F'::I LOIS .' H~":JIING S OF III SE~L{;iy.En Dt.J I f"?i + . nU(~~f::. t .. i. un ~:~ \~;. 

t h T' 0 U ~~ h 1 I:> 0 n t.. h (::~ p 0 ~::. t ...... f :I. :i. ~.:{ h t. d f:! b r :i. (.:~ f :i. 1'1 ;;.{ a ~:; k. (.:.! d t. h (.:.:. F' i :I. 0 t. ';;;. t. C) 

"I~atf:'! (0 .... <'1) E~ach cOITIPon(·:·~nt .. of thf! t.l'af·f :i. c ad 'v} :i. ~;:·o T"::~ ~::.(.:., r-v i c(·::, 

:i.n t(::,\T'lYIS of how USt'0f'ul it :i.~:~ t.o 'dOU in ITIdn;~~.:{:i.n~J an t::·ncount.(·::·j'"' 

t f:! s t of:l. i ~j h t s, l,..,1 i t h t h (.:.~ (J i ~:. F·' ], d I:) (.;.i () ci a t,. .t:~ ], i s t. f:! (J i 1"1 t· h f:~ 0 r- d f! ,. 0 .f' 

theiT' mean rated preference+ 

I~BLE 6 - RADIKING DE ADVISORY SERVICE DIS2LAiED DAIA 

DISF:LAYED DAIA E::OINIS EI:)lING 

Relative Altitude () C) ,. ~::.iu 

I::'Basic Traffic PD~:;i t:i.on ( n +" ~:)~:~lYtt\Dl) '72 () ..- (. ,.J 

Relative Motion Line 0 '7 v J 

'''J 
y0 / 0 

Point of Closest Approach () (;) ,. 9 

.... ")
F~eso lut i on COlTllllani.'.l / A.. () 6 \\ d 

p
I:) <":.i } -4 

Traffic Course Track 72 C.. 6 y -4 

,::.01..1 t .... Df .... I:<an~d(·:·~ T J'af·r :i. c ("~" S~:~IlIL\o1 ) 43 :"?'):- ,.J y 0 

.", r::' .." T U T' n S t. a t t..l ~; )'0 .",':. ...J v "':, 

I::'Own Aircraft Course Track 0 ,J ,. J 



I tis a p p a l' (0 n t f Y' 0 m t h E'~ ~:; (? J'at :i. n ~J s t.hat. t h f~ III 0 '::~ t F' U F' U :I. d f' 

:i. nfo rIYI::~ L i Df' 

r' ega T' c1 i 1"19 t h f? ~'.:. C) S :i. t :i C)nancl T' f..! lat. :i. ,/ (.:! ITIO t :i. <:) n (,. 'f t h f: :i. n t r' u 1:.1 (-;:, r (. 

Th (o? T' a tin!~ (] f Vt::' T' t :i cal S ~'.:r e (.;! c) i n f C) T' ITI a t. i (J n IJI a ~::~ h a v f:-~ t.i c-:.~ (~ n 

d iff ~~ r e n t :i. f v (~, 1't :i. cal Y" a t, (o? (.:! nco '.J n t (~~ Y's had b f.-~ I:'~\ n F' d T' t. 0 'f -1', ;'1 (:.~ 

t €~ S t l/ howe veT' y a 11 (.:! nco u n t to! T' -:;; f ]. (J wnw i::~ Y' i:2 l;~ S ~;:. (:'! n t i a J :I. ~::~ :i. n t. h (.:~ 

horizontal plane~ Th(·~ r·at:i. n:=':.f of thi:::' Ol.Jt.··.. Df··..·I:~an~.:.~(-:·! T 'j"·aff:i. c' 

d a tawas () tTl itt (.:~ ci fro m IT! <:) ~; t 0 f t h (? ~::. tat :i. '::> t. :i. cal and 1 ~::~ ~::' p .:::. 

described below because of its lar~e number of miss:i.n~ 

val u e~;. Th E~ }::r i 1[) t ~:; c:r f t .. (.:~ n D tTl :i. t t (.:! ci I' a tin ~.:.{ t his 'f e b t. u 'j" C-' b ('::' c a u s (.:.~ 

it rarely occurred+ 
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!oJ ~~;: I ABI LI 1 Y. 0 E I I::J E E~ t?I I IN GS + Th f::'! T' a l,J rat. :i. n ::.:!, ';:; 0 f' t, h f.' r E'IYJ d :i. n :i. n:J 

10 disPlased data ( aft f:? r' t h (.;~ 0 HI :i. .:::. ~::. :i. 0 n (I'f 0 u t ...··0 'f' .... F< d n ;.:.~ c·:·! 

T T' a f of :i. c d a t a) {,J f..~ r (7~ F' U t t h r 0 I..f ~.:.~ h (:~ r (-:.~ F·' C·;! a t. c·::' (} .... ITt (.:.~ a'::;· u r f:' .;::. a n a :I. '::n:> :i. '::; 

the usua:l. ~; t "f' :i. C t.1..J (.....:.! ~::. 

~;; a IT! F' ]. (~~ :i. n vol v f:'~ i:; T' a t. :i. n ~:j ~:; 0 'f' 

F' i :I. 0 t i:>" 0 v (.;~ T' I.) f 1 :i. ~,;j h t ~:; p c-:.~ l' F·]..I. D t ~'
 

vaT' i a b :i. :I. :i. t.~:J (~\ >~ ami n f.~ d a T' E' II II i SF' :I. a ~:~ (.::\ d Da t a ~,II If F :I. :i. ~:.~ h t. Nun, (OJ c! r !.'
 II 

and II P i :I. (J t +. Va ria n c (-;~ ~> T' E.\ S 1..11 tin :;.:.~ f T' C) III f!:i. t. h E' ( 0 f' t.h(~! f':i. r~:; t.
 

two factors are ssstematic" C.l u f~ t. 0 t h c·:·! C.l c·:' ~:; :i. ::;':; n ~:; C) 'f t h (:.:'
 

aut 0 IT. a t.. :i. c a (i v :i ~;; () r ~;~ s (.:~ r v :i. C e and t. h (.:.! f :I. i ~.:.~ h t t. (.:.~ ~;; t F·' f' () ~.;.{ r d m?
 

t-Jh i :I. (-;! va r :i. anCf'~ r(-:·~su 1 t. :i. n~.:.{ 'f rDn, "F' :i.l ot II i ~:;. ranC10Hl C:il..lf! t.D ·thE'
 

T' and 0 ITl nat I..J T' f..! 0 f ~:; 1..1 b ,..i e c t F' :i. :I. 0 t '::; (:~ :I. E' C t :i. un tIt. :i. ~::. f (,) U 1"1 ci t. hat.
 

f ac to Y'~::. t.he:i. )". t. hi 0 .... f d c: t (J r'
 

:;. n t (.:~ T' act. :i 0 n sacC 0 u n t '1" 0 T' :/ ~5 F:- P f' C (.:.! n t 0 f t" h C) \,1 a "j' :i. db :i. ]. :i. t. H :i. l"J
 

T' f::' ~;; :i. Cl t..I a :I. (-? 1" T' 0 T' T' (.:~ S 1..11 t :i. n ~.:.~ f r u IYI 1..1n :i. c,l (o;! n t :i. f :;. (.! C.l .:::. 0 t..I r c' E·) ~::. f 

.I. a~:~out. of thp anaJ~;}~>is :i. ~:; "I 0 dE'! "j' a t. c·:~ :I. ~;:~ COlli f,' 1. f! ::< , it. I.S 

factor!'
 

t' act <:) T" an c.1 t h (.? P.... ~./ a 1UP r:.) c-:! SCI' :i. tl :i. n ~J t h (.:~ :::, T' 0 t.' a b :i. ]. :i. t. ~::~ D f t. i"', (:.!
 

t. h (~! :i. n t ('::' T' act :i. 0 n 0 f d ~:; ~J s t. (.:.! IT! a t :i. c f (:~ c tOT' an r:.l d ran .:.) 0 ", fa c t.o I' 

:i.s :i. tS(-:~ 1 f T'ancJDm y t. h f:~ ~:; () u J' c (:.~ ~:; 0 f v a r- :i. d n C f! :i r I v 0 :I. \l :i. n ~:.~ Lh p 

fa c t 0 J' " P :i. 1 D t II a T' C7~ a 11 C (J n s·:i. I.'.l f! T' P d y. and0 III ;. 



IABLE 2 - SOURCES DE UARlABILIIY IN DISPLAYED DAIA RAIl~GS 

SOURCE OE UARIANCE [IE Mbl SU F HAIlO P····VALUE SIGNIEIC{;lNI 

DISPLAYED DATA (8) 9 "7().t>2 1.>.86 <0.000 :1. Y'ES 

FLIGHT NUMBEF~ (8) ~j 3.36 0.91 () • ~:=jO NO 

PILDT (R) :1.1 \1)4.6<;') 33.35 <0.000 :/. YE~:} 

DATA*FLIGHT (S) 4 1::' :1.• 9/ :L.O:!. o. 4~5 NO,.J 

PII... DT*DATA ( F~ ) 99 :1. () • 30 ~:) • 3:1. <0 + 000:1. YES 

1::-1::­PILDT*FL.IGHT ( F~ ) ,"".J 3.'71- :I. • <1:1. <0 v O()O2 '{ES 

f~ESIDUAL.. EI:;:I:;:DF~ (R) 4B~.:j 1. <-94 

DF:::: Df.~g T'(.;:o(.;:os c)f f T'eedolTl F:::: F d i ~:; t r i but :i. Dn p:::: F' T'ol.... ab i ], i t.\;·~ 

(8) - S~stelTlatic (R) - Random 

The estimated mean-SQuare for "Pilot H is hi~h~ as would be 

€~ ~.~ pee t €-~ d f T' 0 ITt a t y' u 1 ~:l J' a n (j (;) rTl ~:; a ITt F" :I. (~~ v Th (::~ ITI ~:~ an ..·· ~:~ C~ u a r f~ ...J E~ r J' C) r 

l' 0 T' H P i 1 (;) t *[Ia t a· i 5 1 a T' ~.~ ~~ i n d :i cat :i. n ~:,t a 5 :i,~':.t n i f :i, can t d (.:~ ~.;i T' (.:~ (-:~ (J 'f' 

vaT' i at i (;) n a ITI ()n ~.~ t h (-? F' i 1() t f:; i nth (-:.~ rat i n ~:.~ 0 r' d (-~. )" 0 'f t. h c·~ :i, r 

preferences for the individual displa~ed d3t2~ which in turn 

contT'ibl..lt(·?s t.o the (·::\stimatf?d trIf:)an·-~:;Gl..lar(-? of t.h(·? fact.or 

• [I i 5 pIa ~~ (~d Da t a • II Wh f.'~ n t f? ~;; t (~::' d a ~:.~ a :i. n ~:; t "F' :i. :I. 0 t *0 {:~ t {:~ , h 0 hi (.:~ v f~ T' 'III 

t h €-~ vaT' :i. a b i 1 :i. 't ~~ IJ n i C~ IJ (.? t C) R D i. SF·' 1a ~:~ f:~ d It a t a " :I. 5 h :i. ~;J h :I. ';::~ 

reliable statisticall~ (F= 6.86; DF= 9,99; P<O~OOOl). This 

h i. ~i h vaT' i a b :i. 1 :i t ~~ at t I' i but a b 1 €~\ ton D:i. 5 F' ], a ~:~ (.:~ () 1:1 a t <:~ :i. n die d t \.:.~ ~::.II 

that pilots a T'(':) ma/-:o i. ns~ w:i. d(·:~ ran ~.:.~ :i. n ~.:.~ a n (,1 \I a Y" i d b 1 (.:.! 

dis C 'f' :i. III ina t :i. [) n 5 i n t. h e i J' a ~:) s E:~ 5 S 1lI~::' n t 5 () f t h f.::' \,.' a J u <-:.) (] f t. h \.:.:, 

aut() ITI a t :i. cadv :i. 5 () T' ~:~ seT' v :i: c e. A ~:) :i. (i (.:.~ f J' 0 /TI t. 1"1 P 1" d n C) D IYI \l i:~ Y' :i. a n c c' 

components for "Pilot,· • P :i. 1 (] t *F I :i. ~.;~ h t l' /I an (:i " F' :i. :I. u t *It <::: t d ~I • 

1.>9 



II 

<all of wh i ch are s :i. ~.:.fn:i. f :i. cant.) J.' the main effect of 

" It i -:;; p ]. a '::~ (7~ d [I a t a II is t h f:-'\ 0 n 1 ~:~ ~:;. ~::! S t t:'111 a t :i c 'v' a r :i..:::: t. :i. 0 n 

data .. 

Th f:'~ a b senc (~...\ 0 fan ~~ ITI a :i. n (.;:0 f f (.:~ c t 0 f II F 1 :i ~:J h t NU Hi t\ (.:.:. J"'!! D I' (] f t. h E' 

:i. ntf:~ I'act:i. on U Dala*F 1 :i. ~.:.{ht!' n :i. '::; IJID r(-:~ :i. ntf~ J"·E\~;:. t :i. n::.:~,} Th(·:~ 'f a :i. 1 U Y'(-;! 

of to interact with n F' :I. :i. ~.:.~ h t Nl..lmb(:.~ J"' II 

R F:I. i £~ht NUlTlbE\ T' t • 

i n :i. t i a 1 I'::!. I'ateci h:i. ::':.~h 1 ~::! t.o 

i n rat i n ~.~ d T' a IJI a t. :i. C a 11 ~~!' 0 r f C) l" :i. n :i. t :i. c:: ], :I. ~:~ 1•.1 n F' 0 F' t..I 1 a r 

d a tat C) a ci van c €~ ~~ T' f'~ a t 1 ~:!. :i. n rat :i. n ~.:.~ a ~:; f~ ~.; r:' (.:.! T' :i. c·:' n c t:-! 

(J veT' sueC E! S ~; :i. v €~ 1::' :I. (] c I~. S 0 f t.t'" 0 f:l. :i. ~.:.~ h t '::; ?
 

d:i.spla~E!d (.lata ~.:.~ain(·:·!ci Dr 1D~:;.t. ITIDr(·:·! t.han onE' r-dt.:i.n~.;:: F··oint,.
 

Th f::' lac J.;;. 0 f :i. n t f:'! T' act :i. 0 n bet (,,1 (.:! E' n HIli ~;; F' :I. a ~:!' (.;:0 .....i Ii <:? t. a" an ci F' ], :i. '.:.{ h t.II 

NUlTlbf:! T' II 

the combined means of all :/.1. d i sp:l. a~;:!E!(.i dat.a 

b (.:;0 :I. :i. Eo! v a b 1 ~\ to Th €;\ com b :i. n (:.! d III (.:.! a n ~:; 0 'f a 11 1:1. f' a t :i. n ~.:.;; b· f 0 T' t. h !'::.! ';;; :i. >~ 

f 1 :i. ~:.fht nl..lnlb~:·~ T'S a I'(·:·!, :i. n D T'i.:)(':! r: {. y -4? ·6 + 6 y 6 + :::.; l' '.?~ 0 l' 6 + ~:.i~. and 

"?() 
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KEY 

Flight Numbers 
1 &2 

lZZZJ 
Flight Numbers 

3 &4 
( I, 

Flight Numbers 
5 &6 

W/h1 
-....J 
to-' 

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

jo Relative Altitude 

(BLOCKS OF TWO FLIGHT NUMBERS) 

Mean Rating
9 i 

B 

7
 

6
 

bO 
c: 5•.-1 
~ 

~ 
~ 
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~ 
Q) 4 
~ 

3 

2 
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srABILIIY DE DISPLAtED DarB Ra~KINGS WIIH ELIGHI NUMBER. The 

stabilit~ of the ratin~ profiles was examined bs convertinS 

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

exhibits the rankinSs for the six flisht numbers. 

IABLE 8 - RA~KI~G DE DISeLAYED DAIA BY ELIGHI NUMBER 

EL.IGl:II DfUMBEIi: 

' ... 1::'
I:IISE~LAY.ED nArA 1 .:.: :3 4 ..J 6 SUM 

F~€~ I at i v(~ Al t i tl..l(J€~ 10 10 10 :1.0 1.0 :1.0 60 

Basic TT'affic Pos :i. t ion ~::i • ~::j * 9 9 '/ 9 9 ~:.:jO. !5 

1::' I::'
I:~e 1. at :i. ve Mot:i.on I...inf.~ P., ,.J • ,.J -4 "7 B B 40 • ~::.; 

1::' 1::'
F~an~.~e Ring 3 ,.1 + ,.J B B "7 "7 3B • ~.:j 

~:.:jResolution COlTJmand 9 B 6 -4 ~::i 37 

.IPoint of CloSE~st AF"PT'oach ~'I "7 3 6 6 6 3~:) 

,::. ,::'TI'aff i c CeJu T'S€-.\ TJ'ack ,.J + ,.J 4 )' :-3 4 -4 :?"7 + ~) 

,::. "XVf:~ pt i ca:l. SF'eed 4 :-5 ~5 ,.} :3 ,.1 23 

r, r) "'jTUT'I""! Status :1, .....: :I. ::~:: A"•• ..~•.. 10 

r)Own (~:i. rc T'aft Cou T'~;(-:~ IT'<3ck ...... :I. 2 :I. :I. :1. H 

* The va I UE~ 5. ~::; i nd:i cat(-:~s a t :i,E~ ..
 

A Slance across the top rows of Table 8 shows that the
 

displa~ed data that pilots consistentl~ found most useful 

pertain to basic information resardinS the location and 

motion of :i. nt rud(-:·:- T' i· :i. n t (.:~ T' (.:.~ ~:; t. :i. n s.~ 

chaT'act{~r:i.~;t:i,c of thf.·~~;(-:: data is t.h(:-: c.iecl:i,n(-:·~ in th(-:·~ J'e·:~lativ(-;) 

rankins of the RAS feature, nF~f~solut:i.on CDlTImand,..1I ....lh:i.ch 

started out as ()n€·~ of tht~ most hi~.:.~hl~:~ T'Bnkc-:-~ci .....iata ant) 
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- steadily fell to fifth place in the rankin~. Most of the 

other displa~ed data rankin~s were relativel~ stable. 

To investi~ate the stabilit~ of the rankin~s, the Kendall 

coefficient coneD T'dancf.-~' (Reference 17), was 

computed. For the six fli~ht numbers, that coefficient 

eQuals 0.82. The most straishtforward wa~ to interpret this 

descriptive statistic is to convert it into an ave raSe of 

rank-order correlations amon~ flisht numbers. There are 15 

poss i b 1e PB i r i n~js amon~3 thE.~ f l:i. ~iht nl.JlTtbf.~ 1'5: :I. l--J:i. th 2 th T'ou~:.~h 

") 

-
6 , 

A 
A'.. with 3 through 6, and so on. The result abov(~ 

t hat the mea n T' a nk .... 0 r d £~ T' co \"' f' (.~ 1at i (] n f (J r (:~ 11 :I. ~~; p a:i. r :i. n ~.;J s 

W<.lU 1d be O. 78, i n(i i c<st:i. n~=1 a fa i l' amount of 5 tab :i. 1 i t~~ ac ros~:; 

all of the flisht numbel's. 

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

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

but th(~ re is an obv i ous (~~ffect of t i ITI(':~ UF"on th(-:~ 5 td~) :i. I :i. t~3 o'f 

the T' ankin9s. Th (~~~ col umn 5 (J f Tab 1 f:·: B t hat. CD J' r (.:.i ~:~ r·· 0 n ,j toth (.:.~ 

fiT'S t t h r e €~ f 1 :i ~.~ h t n U ITI bel's f..: ~.~ h i b :i. t f 11..1 C tat i (J n ~:;" wh E~ r (.;! a s; i':,l ~;!-

fli~ht number four, the rankinss are virtuall~ "set in 

concretf~.· For thf.:' fiT'St thT'f::E~ fl:i~jht numbE~r'<:~ as a un:i."!:.? th(-~~ 

concordance coefficient W is 0.79, 

correlation of 0.68 for the three possible pairin~5. For the 

last thT'ee, W i.s 0.98, and thf.-.:o aVE~ra£tf:'~ COf'l"(::ilat.:i.Dn amon~.:'~ 

flight numbers 4 through 6 is 0.97. This stabilit~ sUS~ests 

that four flights with the advisory service are sufficient 

to stabilize pilots' attitudes toward the various displaYed 
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data. 

INE0 Ei: MAI ION LEUEL. + [} 1"1 f:-'\ 0 f t h €~ IYJ (J s t s t T' i kin ~3 f' co? ~:; u 1 t ~:; 0 f thE' 

post·_·fl :i.sht deb T' i €·~f:i n~.~ was t h (-~. :I. 0 P ..- ~:; ide ci ITI a .,j 0 T' i t ~:~ 0 f 

responses to a particulaf' 8uestion which was~ :i. n f:·~f·fc~~ct. ~ 

a~;ked twiCE'. Whf:~n P :i. 1ots "'IE~ T'C~~ askc·:~(i "~Iou 1 (f an~:~ add it.:i. ona:l. 

traffic advisor~ information be useful to sou in decidin~ 

what or what not to do?" 86 percent of the responses were 

NO. Thf.~ T'e was an t.'.lut.. not ~:; tat i ~:; t :i. ca 11'3 

sisn:i. ficant, ten(ic·:~nc~:~ fOT' nf:~~~~at.iv(·:~ anSWE~r'~:~ t.o bE'~COITl(-:~ 1(·:~1~:;!:; 

prevalent as the pilots Sained experience with the ssstem~ 

the Guestion was put in the form: n lAJ a 5 t h f..~ T' E\ 

un1"1 e c €~ s saT' ~ i n f () T' IYJ at ion d :i. 5 F" 1 (:~ ~:~ (.:~ (j? H t h (-:~ 0 v c·:·~ r' a 11 r r:' '::; P 0 n ~:; C~~ wa ~; 

constant at 72 percent YES lAl i thout. 

spec i f i cat i on as to t,hf:-'\ unnf.~CE:·ssa T'~:~ c-:~ 1 c-:'Imc':'Int ~::. + The:·:· bot t.om 

T'DW5 of Tab 1 e B P T'OV i df:'\ SOITIf.~ ~:.!u:i. (ianCE~ as to l..Jhat :i. nfo rnldt. :i. on 

is seen b~ the subject pilots as unneeded. 

I nOT'd (.~ T' to d co? t (~~ T' ITI :i. n f:~ what f (.:~ a t u T' i::~ s t h (-:-~ ~..~. :i. ], 0 t 5 S F" (-:~ c :i. f :i. c a :I. 1 ~J 

did not 1 :i. k f? , t h (o? f T' 0.\ e:~ u €~ n c :i. esC) f t h f:-~ y' (-:-! ~:~ F' 0 n ~:. (-:-:. ~:~ t 0 C~ U c-:.~ ~:~ t. :I. D n 

27 0 of t h f::O f :I. i g h t (f f.~ bpi e f :i n g . ( H Can ~~ <:) U S l..I ~~~ ~.:~ pst a n '::~ m(J d ~:~ C) r 

i ITI}'':' T' 0 V e IT! e n t 5 i nth E~ d :i. s pIa ~J "l) n) W (~.l l' f..~ P ~.~ a ITI :i. n f.~ d to Th E~ sub j i:.::O C t 

pilots answpred this Question in text form, and the comments 

werp extpacted and classified into 21 distinct statements. 

The f l' (~ C~ U f? n c i f? ~:; 0 f t h c:~ com ITI E~ n t ~; a J' C-:-~ ~.:~ :i. v €-~ n i n T c~ t.'.l :I. (.:-~ (? + 

-
 74
 



QUESTION 5: QUESTION 4: 

WAS TllliRE UNNECESSARY INFORMATION DISPLAYED? WOULD ANY ADDITIONAL TRAFFIC ADVISORY 
INFORMATION HE USEFUL TO YOU IN DECIDING 
WHAT OR WHAT NOT TO DO? 

28% 

~ 
t:o 

~ 

~ 
I•I 

NO 86% 

-..,J 
V1 

YES 14: 

YES 

PILOL~NION ON INFORMATION LEVEL 

FIGURE 7 



TABLE 9 - FREQUENCY OF PILOT COMMENTS
 

COMMENTS 

OJ REMOVE THE TIC MARKS 
02 REDUCE THE INTRUDER SYMBOL TO THE BASIC nt" 
03 SOMETIMES THERE IS TOO MUCH CLUTTER 
04 MOVE THE SCREEN CLOSER TO 
O~5 ENLARGE THE SCREEN 
06 MAKE THE SCREEN SUNLIGHT 
0'7 THE THREAT SHOULD BE RED 
OB THERE SHOULD BE AN AUDIO 
09 THE "X" AT THE END OF THE 

THE PILOT 

READABLE 

SIGNAL TO ALERT THE PILOT OF 
POINT OF CLOSEST APPROACH 

SHOULD BE A·DIFFERENT SYMBOL 
to I RECIEVED A LATE ADVISORY THIS FLIGHT 
:1.1 THERE IS TOO MUCH INFORMATION IN TOO SMALL OF AN AREA 
:1.2 THE "t" "-" TO DENOTE VERTICAL DIRECTION WAS GOOD 
13 THE ADVISORY AREA SHOULD BE INCREASED 
:1.4 THERE WAS A LOT OF OVERLAPPING 
1 I::" .....1 THE OUT-OF-RANGE SYMBOL NEEDS TO BE USED MORE OFTEN 
:1.6 A TIME FILTER ON TAIL CHASES WOULD HELP ALOT 
j "7 
••t I RECIEVED A BAD COMMAND THIS FLIGHT 
lB I WOULD LIKE TO SEE ATARS OPERATE IN 
l';.:} THERE S~OULD BE A COUNT DOWN TO TIME 
20 THE THREAT SHOULD BE FLASHING 
2:1. NO COMMENTS 

~ 
0\ 

A BUSY AREA
 
OF CLOSEST
 

Number of 
Flishts 
Comment 
Was Made 

A PROX
 

3 
21 
16 

8 
4 

10 
I::' 

'''' 
:1.2 

")
A_ 

:L 
'') .,.... 

...
f" 

;:. 

:.3 
4 
l 
:I. 
·4 
.",..:.: 

Number of
 
Pilots Who
 

Made Comment 

.") 
J/.••• 

1.0 
lO 

~5 

::.~ 

I' 
r,
.0::. 

6 
:~~~ 

:I. 
::~ 
r) 
.""0. 
'".f ....­
3 
:I. 
:I. 
:-5 
::.:.~ 

APPROACH -4 ..:) 

r\ 
<h':. l­

t6 10 



Some of the fiSures in the column "Number of Flishts Comment 

was Made· may seem artificially high due to individual 

pilots repeatins a single comment on a number of flishts, 

therefore a second column HNumb€-~r of Pilots l,Jho Madf.·~ 

Comment· was included. 

LookinS at the comments that were made bs 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 concerning the information 

resarding control and eGuipage of the irltruder aircraft 

wh i c h aug IT. e n t f.~.-.:i the bas i c t l' a f f :i. C ~:; ~~ III b 0 1 (a II +II) an ci t. h (:.~ 

·clutter· associated with the encounters that were close 

enough for the symbols to overlap. Additionallsy 50 percent 

of the pilots indicated that there should be an audible 

signal of some kind to alert the pilot of a proximate 

advisor~~• 

Other Ct1IT1IT1E~nts we T'f.? d i Y'ect(~~d tOt.-JB T'd F' T'ob 1(-:'~1TJ5 i n rt:~ad:i n~.3 thf'~ 

d:i.sf~la'::~ in di,'(-?ct sunlight and th(·~\ r:..osition of th(:·~ d:i~:;.pJ.a'3<-

Comment number 17, AI l'eceived a bad cOffiffiand+~.,R 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 

th T'ee a i T'e: T'aft e .... c(Jt..Intf.·~ I'. B:i nee th£-~ F~AS us(-:~d :i. n th(·:·~ ~::.(-:.~ tf::'~s t ::; 

was not designed to handle multiple aircraft encounters, 

this was a limitation and not a failure of the RAS loSic. No 
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statisticall~ siSnificant impact on results bs these 4 cases 

was obse rVf;:ad ~ 

SUMMARY: ~ In the course of the post-fli~ht debriefin~s? the 

5ub,ject pi 1 otf:> T'at(~d thf;) ut i:l. i t~:~ of:l.1 k i nd~::. of d i ~:;p], a~:;(.;~(i 

r,jata~ All ratinss were made on a ten-point scale, ransinS 

from the lowest ratins of 0 to the highest value of 9. 

Pilots' 

dete T'ITt:i ne what info rlTlat :i. on thE~~:; found uSf~'fu I :i. n nlana~.:.~ i n~3 

ITI i da i Y' E~ncount(:·~ T'S du r :in~~ t.hf:·~ f], :i. ~:.~h t t(~~; t F' rO;:.:J r .::~m t Thf:~ 

ana 1 ~~~5 i~; was d i. v:i. df;~(:1 :i. nto fou r ITia i n St..lbS(7~Ct i on~:.; t 

o RankinS of Pilots' Ratings of Displa~ed Data 

o Variabilits of the RatlnSs 

o	 Stab i 1 :i t ~;~ 0 f Dis P 1a ~~ (.:.:. (J Da t a F~ a n 1.-:. :i. n ~.;j ~:~ lrJ :i '1:, h F ], :i. ~.;.~ h t 

NUITIbe T' 

o Info T'mat :i. on L.(7~V(7~ 1. 

Thf~ fi T'st th l"(7~f.·~ ~:;l..Ibs(-:·~ct:i.on~:; (-:~ >~ a III i n (.:.~ d rank:i. n~.:.{~' 

va Y' :i. a b i I :i. t ~l 9 and t i ITI f;~ ._. 5 tab :i. :I. :i. t ~:~ 0 f t h (-:.~ rat :i. n ~:j ~::. t Th f:'~ ~~~ (.~ n E' 'f" a ]. 

trIo::;t 

a P P T' (~C i at ion f 0 T' t h f':' bas :i C if:! 1 E~ ITI (-:.~ n t 5 0 f t h c-:.! T I; S t..J hie h ;:.:.~ :i. v f:·! 

information about the position and relative motion of the 

:i n t	 r IJ d f? T' • The RAS was initial Is one of the most hishl~ 

ranke (of f eatu T' (7~ s b I.J t d <-::' C :I. :i. n f? d s t (-:~ a d :i. :I. ~;t t D f :i f t h F':I. a c (~~ :i. nthe 

P (J 5 t _. h (Jeran k :i. n ~l t.'.\ ~:~ t h f.~ f :i. f t h f 1 i ~t h t (.:.~ ~< F' (.:.~ r :i. f:'~ n c f..~, :i. n d :i. cat :i. n ':.{ 

a distinct preference for the TAS features over the RAS. 

DiffeY'enc(~'~; b(.:.:ot.w(~(7!n t,hE~ displa~:;<-;~d cfata and thos(-;! b(~~t.l",(-:·~(~!n t .. hf~ 

. :i. n d i. v i d u alp i. :I. 0 t 5 t h (~1lI S (.;:a :I. V (.? S W (.:.~ T' (.? thE.' III a ...j C) r S D U r c e ~::. 0 f 
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va r i all iIi t~ in the T'at i ngs. The P T'eft? renee Fo°l'of i 1 (:'~'::; fo T' thE~ 

displa~ed data were basicall~ independent of the level of 

experience with the advisor~ service. Althou~h the rankinSs 

showed some chan~e throuSh time, the~ were virtuall~ fixed 

b~ the fourth flisht experience. This provides some evidence 

that four flight experiences with the service is sufficient 

to stabilize pilots' workins attitudes toward displa~ed 

informat.ion. 

Usins two different Question formats, the pilots were asked 

about the level of displa~ed information. The overwhelminS 

maJorit~ of responses indicated that too much information 

was displa~ed and that no crucial information was lackinS. 

Had multiple or vertical encounters been included in the 

test scenarios, the pilots ma~ have needed and wanted more 

of the displa~ed information. 

Pilots, respondin~:j to an ·oF~(-:·~n·"·e,..,ded· oue~:;tion (:s~:;king 'for 

5 U!3 r4 e~;; t :i. () nsand c (.1 ITt ITJ e n t So, f.~ >~ F·o r (.~ ~:; ::> ~") dad t~\ ~; ire f 0 l' a r f? due t :i. <:> n 

of the traffic symbol to its basic form (a ntH) and for 3 

reduction in the amount of clutter. Additionall~, 50 percent 

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

signal of some kind to alert the pilot of a proximate 

adv i so T'~. 



eILDI ACCEeIA~CE DE IHE ADUISO~Y SERUICE. 

I~IRDDUCIIOhl. Th(~ pos t.·_·f Ii sht deb Y' i (~\f i n~~~s and th(·:~ 

debriefinss that took place in the cockpit subseauent 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 

a Encounter T~pe and Satisfaction 

In thf? f :i. rs t subsect :;. on" ~.~ I o~Ja:l. I'at:i n~.~s <:) f thf? d :i. sp 1 a~:~ (t-! ~~.:l + 

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 aft.(·:~ Y' E\Bch f], i. ~.~ht. 

between these two slobal ratinss and their dependence on the 

number of flishts with the advisor~ service are exami.ned. 

In the second subsection, responses to four Questions from 

the encounter debriefinS are added for each encounter in a 

particular flight and averaged over all of the encounters in 

that flisht to create an index of satisfaction (81) that is 

based on encounter debriefinss+ The characteristics of this 

index are examined with respect to level of response and the 

wa~~ in which that IE::~vf?l chansfi's wi th th€-~ numb(~)I' of 

e~·~p(~ T' i ent~es + 
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In the third subsection a combined index of pilot 

satisfaction (82) is formed from both the ~lobal ratinSs R1 

and R2, and the encounter-based satisfaction index 81. The 

82 index is anal~zed as a function of level of experience 

with the advisory service, and is also compared with the 

prefli~ht exam scores to identif~ to what desree any chanse 

is attributable to increasin~ familiarit~ with the system. 

In the fourth subsection, responses to the four Questions 

that were used to construct 81 are avera~ed over individual 

encounters to construct per-encounter index of 

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

of encounter type (Head-on CHO), 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 advi50r~ service. 
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ELIGHI DEBRIEEI~G. The post-flisht debriefinSs asked for 

ratings of the displa~ (uuestion 25) and of the advisor~ 

service as a whole (uuestion 26). Over the 72 test flights 

both global (called R1 and respectivel~), ransed 

from a minimum of 3 to a maximum of 9. The averaSe ratings 

for both were uuite high: the Srand mean for Rl was 7.06, 

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

were 7.72 and 0.14. For ease of presentation, the 

time-course of these Slobal ratinss is given 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 flights. 

IABLE 10 - MEA~ GLOBAL eAIINGS OE IHE SER~ICE aND I~E DIS~LAY 

BLOCKS DE IWO SUCCESSIUE ELIGHI ~UMBERS 

FIRST MIDDLE LAST ALL 6 

DISPLAY (Rl) 6.67 7.08 7.42 7.06 

SERVICE (R2) 7.29 7.83 8.04 7.72 

All of the above means are satisfactoril~ high "and the 

tendency of both sets of means to increase is statisticall~ 

reliable. A repeated-measures anal~si5 of variance of these 

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

DF. The difference between the srand mean for Rl and that 

for R2, thouSh sliSht in magnitude, was hishl~ sisnificant 

statisticall~ (F= 9.6; DF= 1,11; P= 0.01). The uptrend for 

both ratinss across the six flishts was also statisticall~ 
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sisnificant (F= 2.91~ DF= 5,55; P= 0.02). The interaction 

betwe~n t~pe of rating and fli~ht number did not approach 

statistical sisnificance (F < 1), indicating that the "growth 

curves as a function of fli~ht number were essentiall~ 

parallel for the two ratings. The observed trend in means 

averaged over both ratinss was monotonic as shown in Table 

11, indicating that satisfaction with both aspects" of th~ 

sYstem increased constantl~. 

TABLE 11 - AVERAGE MEANS FOR GLOBAL RATINGS
 

AS A FUNCTION OF FLIGHT NUMBER
 

123 ~ 5 6 

(Rl+R2)/2 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 debriefing that 

OCCU T' T'ed aftf~ y' (-:~ v e f' ~:~ €·~ncounter contain acfdit:ional 

information bearinS upon pilot satisfaction. In constructing 

an encounte r'-based i nde>~ of sat :i. 5 fact :i. on, (ca 11l:~cl S:I. ) , t.h(·~ 

followin~ four Guestions were seen as most relevant. 

Question Did the displa~ light UP in time? 

C~uestion 6 [I i d t h (~ thY'eat ad vis 0 Y' ~:~ 0 C C U y' t () C) f? a r 1 ~:~ a Y' 

too late? 

(~uestion 7 Did ~ou find [the TAS and RAS] useful in 

avoidins traffic? 

(~uestion :L~j	 Would ~ou rather have the CTAS and RAS] 

acfv i so r :i. r.~s Dr' tT'affic con t. T' 011 e r 

acfv i 50 Y' :i. f::OS? Both? 

The~:;E~ fou r Guest i ons WE~ T'(::,\ chos(·:·~n on thE~ bas i ~:; of th<-,:'l :i. r 

content validit~. In pa y,t :i. cu 1a T', an anSl"'t.~ r to anb! of th€-~nl 

that denoted disfavor toward the service would point to some 

senuine problem. The possible answers "No, the disPlas was 

tard~ in appearinS," or "No, the service was no help at 

all," provide ample oppurtunit~ to ventilate dissatisfaction 

wi th thf? ~5~stelTl. 

The 81 i 1"1 d f~ >~ was con 5 t y' u c t f:'~ d U'5 i n 9 awe i ~~ h t f:~ d ~;; IJ III 0 f' 

to the four auestions. Table 12 shows the 

Wf:~ :i. ~~ht i n~.;.~ used. 
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TABLE 12 - WEIGHTING OF THE ENCOUNTER-BASED
 

INDEX OF SATISFACTION, 81
 

aUESIIO~ ~U~BEB REseO~SE WEIG~Il~G 

SAIISE~CIOR~= 2 U~SAIISEACIDRY= -1 

Yes= 2 No= -1 

6 OK= 2 Late/Early: -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 

Guestions. The sum was then averased over the encounters 

that occurred durin~ the flisht, and that averaSe was stored 

in each flisht record as variable 51. 

Before presentinS summar~ data on Sl, it miSht be well to 

exhibit concretel~ what the discrete values of 

constituent sums represent. Table 13 shows the meaninSs of 

the total ·score- for an encounter <disresardins the rare 

missing value>. 
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TABLE 13 - MEANINGS OF THE SUMS OF 

THE ENCOUNTER DEBRIEFING QUESTIONS 

SCORE MEANI~G 

8 All four sati5factor~v no unsatisfactors 

Three satisfactor~, one unsatisfactor~ 

2 Two satisfactor~, two un5atisfactor~ 

-1 One satisfactor~, three unsatisfactor~ 

-4 All four unsatisfactor~ 

Table 14 presents summar~ statistics for S1~ 

IABLE lQ - SUMMASY SIAIISIICS EOR THE ENCOUNIER-BASED
 

INDEX DE SATISfACIION, 51
 

ELIGHI N MIN MAX MEAN SIn ERR 

1 12 1.7 8 5.55 0.58 

~ 
L 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 ~lobal ratin~s in Table 10 (R1 and R2). As 

before, there is an uptrend across fli~ht numbers, which 

flattens out around the fourth fli~ht. This provides more 

evidence that four fliShts is sufficient to stabilize pilot 

opinion of the advisors service. 

86 



A ~lance at the maxima and minima reveals another common 

characteristic: the improvement over time stems primari18 

from the elimination of unfavorable reactions. On the first 

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

service emits an ave raSe of Just over two unsatisfactor~ 

responses per encounter (score of +1.7). B~ the fourth 

flisht no pilot ave raSes as much as one unsatisfactor~ 

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 DE ElLOI SaIISEACIION. A combined index of 

pilot satisfaction <called 82) was formed from a scaled sum 

of the ~lobal ratins of the displaY Rl, the global ratins of 

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

the encounter debriefins 81. The R'?".. ow :i. n~~ to its 

smaller variabilit~ and the nature of its conterity received 

a weisht of 2. The 82 index has been scaled to a ceilinS of 

100. Table 15 exhibits the descriptive statistics for this 

inde~< • 

IABLE 15 - SU~MA~Y SIAIISIICS EOR IHE COMBINED 

S'':)INDEX DE ~ILOI SAIISEACIIO~, .... 

ELIGHI t.'i MIN MAX MEAN SIn ER6: 

I::' roo1 1 ').... 3~3 98 '7~j • 1 ,.J • ,,':• 

,.) 1 ':) 47 99 79.5 4.1,J(_ 

.(. t::·
:~ 1 ') .... \.) .J 99 81.5 2.7 

4 12 b9 100 86.8 2.6 

5 1.....':) 76 99 B7.2 2.0 

6 .... 66 100 8"7.5 2.91 ':> 

As befo J'e, a con's i 5 tent and stati5tical1~~ rE~liab1e upt T'f.~nd 

is se(-?n <F:::: 4.42; DF:::: ~j, ~5~); p::-.: (). 002), wh i cM J'(·:~aChf?S an 

as~mptote of around 87 percent at the fourth flisht number, 

implyinS that pilot OPinion has stabilized b~ the fourth 

fli~ht experience with the advisor~ service. 

Th f:~ res U :I. t 5 f J' 0 III thE' F·' T' f.~ f 1 i £t h t f.:.' >: a ITI S how a 5 :i. III i I a J' u F·' t r f~\ n c} 

which can be attributed to increasinS familiarization with 
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the advisor~ service. Table 16 shows means for each flisht 

number with a maximum attainable score of 18. 

IQBLE 16 - ~EQ~ SCORES OE ~REELIGHI EXAM
 

EOR EQC~ ELIG~I ~UMBER
 

ELIG~I ~UMBER 

1 2 3 ~ 5 6 

15.7 15.8 16.7 17.2 17.1 

Obviousl~, no great interp,'etive weight can be placed upon a 

trend such as this which, althoush statistically reliable 

(F= 2.54; DF= 5,54; P< 0.05), shows such a limited d~namic 

ranSe. The upper iimit, about 17 (aSain, reached by 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 

solely from the elimination of the few pilot errors that 

were seen initiall~. The Pearson product-moment correlation 

between the exam scores and 82 is 0.58 which implies that 

about one-third (0.58 sGuared) of the variation in 

satisfaction is associated with increasinS familiarity with 

the advisory service, insofar as that familiarity is 

reflected in the scores of the preflight exam. 
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ENCOU~IE6: IY~E A~D SAIISEACIION. Of the 424 recorded 

encounters, 94 were classified as Head-on (HO), 1.81 a· <:..)
• 

L.atr.H'al (LE), and 149 as Tail-chase (Te). The responses to 

the encounter debriefins form are now examined as a function 

of encounter t~pe. The discussion focuses on the four 

Guestions which were the constituents of the encounter-based 

index of satisfaction S1. 

QuestirJn	 Did th(~ displa~:~ 1 :i.sht UP in tilTl€~1~ 

l~Uf?St ion 6 Did the threat advisor~ occur too earl~ or 

too late? 

QIJestion 7 Did ~ou find [the TAS and RAS] useful in 

avoidinS traffic? 

Question 15	 Would ~ou rather have the [TAS and RAS] 

adv:i ~;;.o r i (-?~:; o T' tT'affic cont T'D 11 f? T' 

advisoT'ies? Bc)th? 

Tables 17 - 20 show the responses to these Guestions broken 

down into the three encounter t~pes. The column "TOTAL­

shows the number of encounters in that encounter t~pe for 

which the Guestion was answered. The numbers in the two 

columns for the responses to the Guestion are percentages of 

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

Table 17 signif~ that answers to Question 5 of the encounter 

debriefinS were recorded on a total of 89 HO encounters. Of 

these 89 answers 13.5 percent (i.e. 12) were NO, and thE~ 

remaininS 86.5 percent were YES. Data in the second and 

t hiT' d T' 0 Ws h a v Eo~ the ~; a 111 €~ S t T' U c t U T' E~ f 0 T' LEan d Tt; f:~ nco u n t e r~; + 
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IQBlE 11 - RES£O~SE IO GUESIID~ 5 (DISE~la~ lIMING) as A 

EU~CIIObi OE E~COUblIER I):E:'E 

RES£O~SE 

(7. OE IOIaL) 

IY£E biD YES IOIAL 

HO 13.5 86.5 89 

LE 6.6 93.4 169 

C"TC 3 .0.} 96.5 149
 

(CHI-SQUARE= 8.54; IlF= 2; PO::: 0.02)
 

IABLE 18 - REseO~SE 10 aUESIIO~ 6 (ADUISORY IIMlblG) 

AS A EU~CIIO~ DE ENCOUblIER IyeE 

RESE:O~SE 

- (7. DE IDIAl) 

IYP.E EARlY/lAIE 01.\ IOIal 

HO 89 

LE 14.6 85.4 15:1. 

TC 11.3 88.7 133 

(CHI-SQUARE= 6.34; DF= 2; P< 0.05) 
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I~BlE 12 - BES~D~SE 10 QUESIID~ Z (USEEUlNESS DE rUE 

SERUICE) AS A EU~CIION DE ENCOUNIER IYEE 

Ei:ESE~DblSE 

(% DE IOIAl)
 

IYE:E biD YES IOIAl
 

HO 11.4 88.6 88
 

LE 9.6 90.4 167
 

TC :1. .4 98.6 13(~
 

(CH I -'SCHJARE:::: 10. '73; DF::::2; F·····". O.O()~;) 

IaBLE 20 - RES£O~SE 10 aUESIIO~ 15 (SERUICE US. AIC) AS A 

EU~ClION DE E~COU~IER.IYEE 

I::tE~E AlC SEf,:UICE OR BOlU IOIAL
 

HO 1"7.4 B2.6 86
 

LE 7.5 92. ~5 1 ~.:;9
 

TC :L .4 98.6 1:3(~
 

(CHI-SQUARE:::: 19.5; DF:::: 2; P< 0.0001) 

The Pearson Chi-sQuared statistic that accompanies each 

table tests for the existence of a statistical relationship 

between encounter t~pe (HO, LEy or Te) and the distribution 

of responses to the Question. Responses to all four 

Questions are siSnificantl~ related to encounter t~pe. The 

nature of the relationship is evident from inspection of the 

tables. The freQuenc~ of responses to each Question which 

a T'f.~ unfavo Y'ab I €.~ to the adv i 50 Y'~:I ~~E\ T'V ice· i. 5 1"'i(:~Vt\ T' ~.~{ Y'eat ,,' but 
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that freQuenc~ invariabl~ less for LE than for HO 

encounters, and still less for Te than for LE. In terms of 

favorable response, the encounter t~pes are con5istentl~ 

ranked in the order tail-chase first, lateral s~cDnd, and 

head-on third. 

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

Questions was so consistent, it was decided to combine the 

four Questions into a sinsle index <called 93) which would 

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

was constructed usin~ a weishted ave raSe of the responses to 

the four Questions. Table 21 shows the weishtinss for the 

possible responses. 

IABLE 21 - WEIG~II~G DE I~E ~ER-E~CDUNIER 

INDEX DE SAIISEACIIO~, 83 

QUESIION ~UMBER REseO~SE ~EIGHIING 

SAIISEACIORY.= 3 UNSAIISEACIORY.= -1 

5 Yes= 3 No= -1 

6 OK= 3 Late/Earl~= -1 

7 Yes= 3 No= -1 

The service or Both= 3 ATC alone= -1 

These rescorinss were averaged over all recorded answers to 

the four Questions in every encounter. The resultins 

averages were multiplied b~ 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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IABLE 22 - MEANINGS DE IHE UALUES OE IHE ~E~-ENCOUNIER
 

INDEX DE SAIISEACIION, 83
 

UALUE MEANING 

:1.2 No unsatisfactor~ responses out of three or four Questions 

8 One unsatisfactor~ response out of four Questions 

7 One unsat is f acto r~J J'(~SF··onS(~ Dl...It of th Y'f~f.·~ C~uf?~;ti()n~) 

4 Two unsat:i sfacto r~~ ()ut of four (~uE.'st ionsr(-:~~j.p()nses 

1 Two unsat i sfacto J'~:J J' €-~ S P 0 n 5 (o? 's (Jut of th rf?e <:~u€-~st i on~:; 

() Three unsatisfactor~ responses out of four Guestions 

"-4 Four unsatisfactor~ responses out of foul' Guestions 

The distribution of 83 was extremel~ skewed. The prevalence 

of the maximum possible score, 12, ranged from 7() percent in 

HO encounters to 89 percent in TC. Fisure 8 presents an 

()Vf:~ T'V i f.-~w c)f thes€~ data. ThE~ capt :i. on 

chart denotes an absence of unsati5factor~ answers (i.e. the 

value of 83 is 12). All scores less than 12 have been 

Srouped into the cateSor~ -GRIPES." The approval score of 

the pilots concerninS the advisor~service is seen to be 

strongl~ dependent upon encounter t~pe. The mean score of 83 

for HO encounters was 9.5, risins to 10.5 for LE, anti 

peakinS at 11.4 for TC encounters. "A conventional analysis 

of vaT'i.ance to t€-~~::.t for difff:·~r'(-?nc(-:~s alTlon~;'f thE~~:;(7~ means) would 

be :i. nap? T'OF" r i ate, i nthCo:.' I :i. ~.;j h t 0 f t h (.:~ e ~.~ t .. I' E~ ITI E\ S 1.-:. f-~ Wn f..~ 5 S 0 f 

the data. A Kruskal-Wallis one-wa~ anal~si5 of variancev 

based on ranks, ~ielded an approximate Chi-sGuared statistic 

of 7.9, with 2 DF. 
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The probabilit~ of a statistic this larse arisin~ by chance 

is less than 0.02. 

From the stronS dependence of satisfaction upon encounter 

it can be concluded that the advisor~ service is 

viewed b~ the pilot as beins of most use when the intruder 

is unseen, as in the case of overtakinS traffic. 
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SUMM~eY. The post-flisht debriefin~s and the debriefings 

that took place in the cockpit subseQuent to each encounter 

contain information that bears on the central issue of how 

the pilots re~arded the service. The anal~ses of these data 

on satisfaction and acceptance were divided into the 

followinS subsections. 

o Flisht DebriefinS 

o Encounter Debriefin~ 

o Combined Index of Pilot Satisfaction 

o Encounter T~pe and Satisfaction 

In the first subsection, Slobal ratinss of the displa~ 

<called Rl) and of the advisor~ service as a whole (R2), 

were examined to determine the level of satisfaction 

expressed after each flight. In the second subsection, 

T'es;ponser.; tCJ fou T' (~UE~S t ions f T'om the e~'ncountf::Or d(~b l' :i. ~\f :i. n:':J 

were added for each encounter in a particular flightv and 

averased over all of the encounters in that flisht to create 

a per-flight index of satisfaction (Sl) based upon encounter 

debriefing~>+ Thi.rdl~:l' a c()mb:i.n€~d incie~< of F":i.lot ~5atisfact:i.on 

(82) was ffJ rlTl€~d f T'om both the-? ~:j 1oba 1 I'at:i. n~.:;ts F~ 1 and ':~2 anti 

the encounter-based index of satisfaction S1. 

There was a significant preference shown in the slobal 

ratinss for the service as a whole over the display. BDth 

the pilot's ratinss and the constructed indices were Quite 

h i ~jh th T'OU~3h(Jut a 11 of the f l:i shts, but th€.' T'e was a ma l'kpci 

upt"t-~nd which flat.t.f~n(-:~d out ClJ'ounr:.f thf:·~ -j-'ol..II,th fli::.:.~ht.. + 

Correlating the combined index of pilot satisfaction with 
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the data from the preflisht exam indicates that 

approximatel~ one-third of the increase in pilot 

satisfaction is a result of increasinS familiarit~ with the 

s~stem. 

In the fourth subsection, responses to the four encounter 

debriefin~ Questions that were used to construct the 

per-fli~ht index of satisfaction 81 were averased over 

individual encounters to construct a per-encounter index of 

satisfaction (S3)~ When this 83 index was eXBmil1ed as 

function of encounter t~pe (Head-on CHO), Lateral encounter 

(LE)~ Tail-chase (TC», it was seen that satisfaction is 

hishest for the TC~ lower for LE, and lowest for HO 

indicatins that pilots reSard the advisor~ service most 

hishl~ when the intruder is least likel~ to be visible~ and 

that the~ value the advisor~ service least when the intruder 

is most likel~ to be in sisht~ 
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USE DE IHE aDUISORX SERv.rCE~ 

INIRODUCIIO~. Utilization of the automatic advisory service 

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

visual aCQuisition, whether or not pilots follow the RAS, 

and whether or not compliance with the RAS increases the 

separation between aircraft. These analYses are divided into 

the followinS subsections. 

o Visual ACQuisition 

o Pilot Response 

o Clo~;f.~st Poiht of Ar:.rp1'o<3Ch (CPA)
 

a Distribution of CPA Data
 

o Pilot Behavior as a Function of SYstem Estimates of 

Risk 

In the first subsection the time between the pilot's receipt 

of a first advisory and hlS achievement of visual contact is 

t,aken a~; an i nde>~ of t i mf.·~ to v i sua 1 acc~u is i t:i on + Th i ~::. :i. n(f(·:·~>~ 

is examined as a function of both the number of experiences 

with the advisory service and the encounter type. Additional 

analysis of visual sCGuisition in the tail-chase situation 

is presented because the advisory service CTAS and RAS) mas 

have spec i a I va IIJf:~ ins i tuat.. :i ons Whf~ Y'e thf.~ :i. nt T'I•.IdE·~ r :i. ~:; 

unSf.~en • 

The second subsection e~·~am i. nes stat:i.stics conc(·~ rn :i. n~J 

tTl a n f? u veT' 5 ITI a (1 E~ b ~:~ the 5 u b ,j f.~ C t p i 1 () t, 5 • Th(-:~ OUPS t. :i. on Df 

wh (~ t h f.~ T' pi], 0 t 5 ct :i. f f (':,\ T' :i. nth f~ i l' F' T' 0 F' P n s i. t :i. (.~ ~; to IT! d n (-;-~ U v E\ T' :i. ~:; 

<3f.id T'eSSf?d and thf:'~ of T'(-:~GUenC~J of lTIanf~UVl::~1'5 l.J :i. th l"f~SF'c-:·ct. t.o th(o:~ 
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number of experiences with the advisor~ service is examined. 

The data extraction tapes from the Mode S ~round 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 durins an 

encounte T' (, In the third 5ubs€·~cti on actual an .....1 

s~5tem-predicted closest point of approach (aCPA 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 

T'f~acti(]n• 

In the fourth subsection an examination of the aCPA data 

d i ~:; t T' i but i (] n ~,; h 0 hI ~j a ~.:.t r' f.:~ a t (.1 (7~ ~,:.~ i' f:;' E~ 0 f v a riab :i. lit ~~ !I p()sitiv(·;~ 

and tai l'-'hE~avinf?~:~~:~ (kl..lrt.osis.) which renders it 

unsuitable for analssis bs standard parametric methods. 

Thoush a variet~ of transformations fail to COIT,)';,·l et,~:;.l ~:~ 

~:;. tab i :I. :i ~::f~ and no T'IT,a:l. :i. :~·:~e th(·;.) va T' :i. ancf.·~ l' the transformation 

:1.0:1. O~.:t ( aCPA/F,CPA) i s ChOSf;~n as a c()n1:, i nuol..l~:; f..~~:; t i mato r of 

performance. This performance estimator is examined a~ a 

func t ion (;) f ITI a n f~ l..l veT' t ~ F' f..~, n u mb f;~ T' 0 f E~ >~ F' E~ f" :i. (.;~ nC l:;"\ ~:; w:i. t. h t h €:­

<:1 dvisa r ~:l 5 e T' vic (.;..\ , :I. a t (.;~ n c ~:~ (t i ITI E~ t (J pi], 0 t 's a ltJ a r f;~ n E~ ~:; S D f i:~ n 

advisors), and intensit~ of maneuver. 

In the last 5ubsection!l pCPA's are cate~oricall~ partitioned 

i ntoe :I. <:~ 5 ~; f? ~; 0 of' t h f? -:-:> ~~ ~; t (-:~ ITI .' S est :i III a t t~ (] 'f T' i ~:; k, an Cl t h (.;~ 

pilots' propensit~ to maneuver is examined with respect to 

:too 



this cate~orical risk estimate and with respect to encounter 

t~pe. Also, an anal~sis is presented of factors affecting 

outcome <defined as good if the aCPA exceeds the pCPA b~ 10 

percent or more). The factors risk, maneuver, encounter t~pe 

and their two-factor interactions are investigated to 

determine which most significantl~ influence a pilot's 

performance in achieving safe separation. 
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UISUAL ACaUISIIION. One wa~ to tell how well the pilots 

learn to use the displa~ to help find traffic is to measure 

how soon after the first advisor~ the~ aCQuire visual 

contact and how this chanses as the~ sain experience with 

the s~stem. Table 23 shows the averaSe time in seconds to 

visu a lac (~u i sit i () n f (] T' €~ a c h f lish t n u ITI b (~ r f 0 T' head"" ()n , 

lateral, and tail-chase encounters. 

IABLE 23 - MEAN 'lIME (IN SECONDS) IO UISUAL ACQUISITION 

EL.IGI::JI NUMBEf~ 

ENe. IYE~E 1 2 3 :!l :5 6 

H€~ad-'()n (H() 42 29 40 28 27 ~.~ ~5 

I... at(~ral (LF) 46 33 34 2() 36 43 

Ta i I'-chase (TC) :1.44 99 :I.0~:; 86 88 88 

The expected learnins curve pattern is seen in each case. 

The means (except for LE in flight number four) established 

t h f~ i l' f :i. n a 1 lev (-:~ l~:; by t h f:~ f 0 U y' t h f I :i. ~3 h t. F :i. ~.:.~ 1..1 r (-:.:' ~:; ("1, :I. O!l and 

:1.1 show the freBUenCY distributions for each flight number 

per encounter t~pe+ Thoush the data for the last two flishts 

in the LE categorY show an increase in the ave raSe time to 

visual aCQuisition, the freGuenc~ distribution in FiSure :1.0 

show~) that th(·:~ ITIOS t COlTllTIDn va 1 UE::'~S we r(~~ c 1 us t.(~! J'(-:-~(l a T'oune1 th(·;:. 

:I. ~:) _.. :-5 () sec 0 n cf T' a n ~.:.~ E~ w:i t h t. W0 i s; C) I a t (~(1 cas E~ ~:; (~~ a c hat t h f:~ 

uppe T' f.o~,..,d of the sea 1 f.~S wh :i. eh l-..If.o~ i sht th(·::.\ ave r·a~.:.~(·:~s UPIr-Jd I'd. 

:1.02
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In addition it can be seen that flisht number four in the LE 

catesor~ contains fewer data points than the other flisht 

n u mbeT' f:; for t his en c () u n t (.:~ l' t ~~ f-' (:~ (th i~:; a F" }".:r e a I' s to be a T' and () m 

occurrence). Visual aCGuisition was not achieved in all 

f?nCC)Ur,te T'S ; lat:.ll E~ 24 shot"':;; thf? numb(::o r' of (0nCount(:~I'~:; F"E:~ T' 

encounter t~pe and fli~ht nUmbf.~T' f6r wh:i.ch vi~:;ual 

aCGuisition data does not exist. 

IABLE 2A - ~UMBER DE CASES WIIHOUI VISUAL ACQUISIIION 

ELIGHI NUMBEH 

,.\1 .:. :3 :4 5 6 

HE~ad'-'(Jn 4/:1.:3 4/:1.7 6/14 6/:1.4 B/t7 4/1 '? 

Lateral B/2B ll/30 :1.6/:32 1~:)/21' 1B/37 '7/2~j 

Ta :i.l··-chase 16/25 :1.2/22 :1.4/27 :1. :3/30 :1.2/21 :1.5/24 

Entries are alb where a is the number of 
cases without visual aCQuisition, and b is the total number 
of €:\ncolJnt(~~T'S i n €·~ach encount(·:·~ r t~:~P(~~ an ..J f:l. i ~~{ht nUlYlb(:·~ Y" + 

The observed improvement in ens measure of performance in 

v :i. 5 U a :I. a c c~ u i ~; i t :i. 0 n ( (.~\ (. ~.:~ • t :i. III f.~ t () v :i. ~:; u a :I. a C G 1..1 i ~:; :i. t .. :i. on) y b \:~ 

itself, cannot be construed as beinS caused bs the presence 

of th(·:~ adv:i.~i;Dr~;; ~:;€~f'vice sinCE' thE\T'(':~ arf:~ too f~:~l"" ciata on 

encounters without the service. For example, :i. t CDl..ll .....f b(:·~ 

thcBt the S I.J b ..i (.::\ c t ~; tJ €~ C a ITI f:~ ITIO T' (.? ad <-;;:0pta t ~; pot tin ~.~~ t h f! 

intruder, or the~ spent more time lookinS outside of the 

cocy"p:i. t. In F-ar·ticular· , t .. he (-:~~·~alY' i nat i on of vi~;)ual 

acc~1J :i. 5 i t i on data 1"0 T' hf?ad····on an .....i ]. atE' T'a:l. (·:~nc(]Unt(:-~ r~:;. 'J 

a :I. tho u ~:j h :i. n t (:-~ T' E~ 5 tin ~~ ~ F·' T' 0 v i (:f (-:.~ ~:; no con c 11..1~:; i v (:.;0 :i n f 0 T' ITI a t :i. (]non 

t,he ut :i.1 :i. t~ of th(::' d i SF']. a~:~. Th(·~' data Dn ta :i.l·-·cha~:;(:-:\ 

:LOI.> 



encounters, however, are of special sisnificance. 

~ 

Since an aircraft cominS UP from behind is well outside of a 

pilot's field of vision~ visual aCQuisition seldom occurs 

without the prompt of a traffic advisor~. A detailed 

examination shows that visual aCQuisition occurs in 18 of 

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

flisht numbers. Additionalls, visual aCQuisition occurred in 

11 cases before closest point of approach while the intruder 

was behind the subject. The ranSe at which visual 

aCQuisition occurred varied from 640 feet to over 10,000 

feet with 11 instances of visual aCQuisition at a ranSe of 

over 2000 feet. These data stronSly sUSSest that the 

advisory service did help the pilot to visuall~ aCQuire 

intrudins traffic in t~il-chase encounters where the 

likelihood of visual aCQuisition without a traffic advisory 

is small. 
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eILOI ~ES~O~SE. A prominent concern ·is to what extent the 

sub,'; (:-~ c t p :i. lot ITI a n f.~' Ij veT'S a tan~ t i ITi €:' d U T' i n g an f? nc () un t e T' l' and 

how this is influenced b0 the advisor~ service. Of the 424 

encounters!' 54 percent did not Senerate a maneuver as 

1'c-;;ocorded thE~ ob5e T've T' • Th i 5 5u~it~;jes ts that v :i. ~;ua 1 

aCGuisition Sene rated confidence that the miss distance 

would exceed the pilot's maneuver threshold. An important 

first Question is whether the pilots differ amon~ themselves 

in te rlTts of th€:' i r P l·'OF"f.:'ns i t~~ to msnf.:'uve r. Th(·? an~:;w(-:~ f' :i.~; that 

the T'e a T'(o? ilia rkf?cj 5 :i. sn if:i. cant d i fff~ r€·~nce5 alTJ(Jn~.:~ thf:'~ P :i.l ots. 

Thf.:' (Jb~;(~·~ rved f ract:i on of f:~ncount(~~1'5 on l",h i ch Bn i ncf :i. v :i. dUB:I. 

pi lot lTIanE~UV(~T'<-:.\d ran~~(-?d off'om a minimum of 2~) P(-?T'C(·:~nt to a 

ITla>~ i mUlTI of 

chi "- 5 (:~ I.J a r (o? d t (.? So t. ~:~ :i e :I. (I Eo' (I a chi .... ~; G U a T' (-:.~ () of 36. S>" :i. n d :icat. :i. n ~:~ a 

probabilit~ of 0.0001 that this amount of variation wuuld 

l' and (J nil ~~ 0 c CUT' ina h 0 ITt 0 ~ (.:~ n e 0 1../5 P i 1 (] t ~; a ITI F' :I. €.~ • 

Th(,? tend(-?nc~ to msnf?UV(·;;o T' can a 1 ~:;o bE-~ (-?;.~alTl i nE~d a~:; a funct :i. on 

of flisht number, Ci.e. the experience level of the pilots). 

The flisht numbers are not homoSeneous with respect to 

lTIan(-:~uv(~~T'~:;. The ()bSE~ T'VE'ci t(-::'n(i(·?nc~:1 :i.s fo T' thE;' F" r(·:·~va 1 (':'~I"JC(~~ of 

ITlan(·?uv(~~T'S t.o d i 1TI:i n :i. sh t .. h T'DIJ~':.fh t i m(:-~ A f :i. v(-:·~ Cif:'~.:~ r·e(·:~ of f r(·:·~(:·~(iOll"l(0 

chi-sauared test yielded 16.8 indicatlns a probability of 

0+005 that the observed deSree of decrease would randomly 

(] C C 1•.1 r i f t h (~~ tenci El n c ~:~ t.o ITI a n f:~ u v E-~ l' we r (~~ i n d f.-~ f·... (.;:0 n d.E~ n t <:) f f :I. i ~.:.~ h t. 

nUlTlb(o? T' • 

The t rene! of d(·:·~c T'(o?as :i. n~.~ p T'OPE~ns i t~1 to lTIan(-:·~I../V(·:·~r is ITt 0 r(:~ 

lOB 



easil~ seen by combininS the six flisht numbers into three 

blocks of two flights each. Of the 135 encounters that 

occurred on the first two flight numbers, 58 percent 

resulted in maneuvers. This percentage dropped to 46 percent 

of 144 encounters in the second two flishts, and to 35 

percent of the 145 encounters that occurred in the last two 

A plausible interpretation of this decrease in propensits to 

maneuver, based on a multitude of studies of the ps~choloss 

of novel experience, (References 18 & 19), sUSSests that 

durinS adaptation to this new s~stem, the pilots were overl~ 

sensitive to displa~ information, and tended to respond more 

freGuentlw earl~ in their experience. 
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CLOSESI ~OI~I DE ~eeRDAC~ The purpose of the CPA 

analysis is to examine how the advisor~ service was used by 

the pilots in mana~in~ encounters. Input for the analysis is 

~)u T'V(~ iII anCf? data wh i ch was J'f::\CO rdf?d b~:~ thE~ Modf~ S 9 rounei 

5'::IS t(~1TJ and F' r'(JcE~~:;5ed to COITIF'l..It(-~\ the CPA I ~:; 0 f th€:\ SUb,,jf:~ct 

a i T'C raft and th(-:·~ i nt T'l.Jd€~ T' a :i. T'C I'aft f(J T' \,:;~ach (·?ncounte r. Two 

kinds of CPA were extracted; the achieved CPA (aCPA) and the 

( F··CPA) • 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 

val U f? 0 f t h f~; P J' E~ ci i c ted t h T' f.o~ (:-~ .... dim (-::' n 5 :i (] n a 1 ITJ :i. s ~5 d i ~~ tan c e 

durinS the encounter. 

To e>~alTl:ine the f.:~ff(~ct of comp1 ianc(:; OT' !"I(Jn-"coITIF,1 i.ancf.o~ wi th 

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

followins five mutually excusive and exhaustive categories: 

1. Followed F~AS. Thi~5 i~:; thE~ ca~:;(·:~ :i.f (::~ach and ev(·:.\r·~:!. 

maneuver mad~ b~ the pilot corresponds completel~ with each 

and every positive resolution advisory issued. If onl~ 

negative advisories are issued, thE~ F' i1 ot " 5 J dCI-:. of an~:~ 

lTJaneuver is construed as complete compliance, is 

H po 5 i t :i. v :i. :~:-: a t :i. (J n H D f t h f:~ n e ~J a t i v E~ a":,1vis <:> y' ~:~ (p (. ~.;j. t u Y' n :i. n ~:.{ :I. <-:~ -j-' t 

in reS;F'onse t.o a n no T':i ~.~ht " ) + 

") 
... + Differed from RAS. This is the case if the pilot 

ITlan€-~uvp1'5' but h:i ~:; lJIanpI..lVf:~ r~;; n€·~ i thf? T' cont T'd(i:i. ct noT' 

completely 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 an~ or all of 

the pilc)t's maneUV(~J'S contJ'adictc~d an~~ or' all of thE~ 

resolution advisories (e.~. a left turn when a Ana left" or 

a ·risht A is issued). 

5. No RAS. This is the case if no resolution advisor~ 

information was issued to the subject aircraft. This has no 

relevance to the wa~s in which pilots respond to resolution 

advisories, bl,Jt is includf:~d here for the sake of 

comp letE~ness. 

FiSure 12 shows the ave raSe achieved minimum separation for 

each of the five cases of pilot reaction to advisories. 

Three values are Siven for each 

three-dimensional sl ant T'an!:1e, and its horizontal and 

vertical components at the aCPA. Notice that when pilots 

COITI?1 ied cOIJIF,l ete1 ~~ with the Cl i SF' 1a~~ed rf?solution 

advisories, the ave raSe achieved minimum slant 

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, 

separations are consistently smaller with an a v f.~ T' a £~ (.:~ 

achieved minimum vertical separation of 318 feet for the 

latter case. The last columns illustrate that resolution 

adv i 50 J' if.~S were indeed consistentl~ issued when small 

separations were ilJlminent. 
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The encounters which had an aCPA of less than 1000 feet were 

subjected to an additional anal~si5. Fis~re 13 shows the 

vertical and horizontal separations for each case of pilot 

reaction to issued resolution advisories. In all those 

encounters durins which the pilot complied completel~ with 

the RAS, the achieved vertical separation was at least 300 

feet. In the remainin~ encounters, the achieved vertical 

separation was freGuentl~ less than 300 feet and in one case 

the aircraft were co-altitude. 

There is a difference in the averaSe absolute vertical 

separation between those cases when the intruder was above 

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

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

below shows that this difference is statisticall~ 

si~nificant (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-experimentalls verified but plausible h~pothesis 

that the observed difference is attributable to one or more 

of the fol1owin~ factors: 

1. When maneuverins for collision avoidance it is 

likel~ that aircraft descent rates exceed climb rates; hence 

achieved vertical separation at CPA is likely to be ~reater 

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 

Sf.~paration• I t ha~; bt.~en obse J'ved (by FAA TE~chni ca I Centf.~ J' 

test pilots experienced in collision avoidance 

testins) that for a Siven absolute vertical separation the 

intruder from above appears to have less vertical separation 

and hence appea r~:; to be RIO J'f:'~ th rea ten i rlS than th<:::' i nt l'ude T' 

from below. Pilots are therefore more likel~ to maneuver and 

increase separation for intruder aircraft that are above. 

3. Aircraft are more visible when 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 

freGuently when the~ perceive a threatenin~ encounter and 

have visual contact as compared to when theY do not have 

visual contact. 

4. A small but nevertheless potential factor may be 

c aus f? d b ~~ the i n t r I.J (j £~ r F~ i I () t s. The 5 e p i. lot~;; wE~ T' e ins t T' U c t (o? d 

to maintain a siven altitude throuShout the encounter. For 

safety reasons, p~ior to visual contact the intruder pilots 

tended to carefull~ monitor the altimeter and to ensure that 

any deviations from assigned altitude were on the side of 

increased vertical separation. Once visual contact was 

established, however, there was no lon~er the need to 

1T,C3 i nta i n th is pos it i V(-:·~ ~:;af(-:~t~l f" acto T' and v (.::, T't i ca I SE.'F'a T'at i on 

:1. :L ~:.;; 



distances ma~ have tended to slightl~ decrease. The fact 

t hat the i n t T' I.J d f~\ T' F··:i. lot s esta b lish f.~ d visu a ]. con t act mOT' f? 

f T'e(~I..If.~nt 1. ~ when th(~ subject aircraft was above ma~ 

cont r :i. butE.\ to th(~ obsf.-~ T'v(~d d i ffe Y'f?nCes. 

To investigate 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 cateSor~. 

IABLE 25 - EREQUE~CY OE RES£O~SES 10 I~E RAS AS A 

EU~CIIO~ DE I~IRUDER ~OSIIIO~ 

NO EOLLOldED DIfEERED nIn hlOT CONlr~ArrICIElJ 

RAS G:AS fROM G:t:ilS ~HH1UV.ER F.~AS 

....a••ABOVE :L :3:~ 
r) 13 

BELOW :L :1.9 1.l 30 4 

,.) r.:-r)TOTAl... ,;.. ,.1 ..·.. 13 44 9 

It can be seen that the pilots complied completel~ with the 

resolution advisories most often when the intruder was above 

them, and the~ made no maneuver most often when the intruder 

was below. Indeed, most of the pilots' responses fall into 

the -Followed RAS- cateSor~ or the -Did Not Maneuver" 

categor~. The other three categories have too few occurences 

tDwa T' T' ant 5 €.~ F' a T' a t f.~ Stat]. 5 t :I. cal a n a 1 ~~ s (~5 • T h (.:.~ J' f~ f (J r (.~\ l' t .. 0 

of F··ilo'l".. s' 

COntF" 1 i anc(~\ and thE' V(~ T't i Cd:l. F'OS i t:i on of th€~ :i. nt T'ud(·:·~ T'" thf.~ 

categories -Differed From RAS" and ·Contradicted RAS" ha~e 

1:J.1.>
 



been combined with the -No Maneuver" cateSor~ into one 

cate~or~ called -Noncompliance.- The two "No 

observations have been dropped from the followinS anal~sis 

as the~ have no bearing on compliance with the advisories. 

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

intruder position, and Figure 14 shows the horizontal and 

vertical separations for these two new catesories. The 

~reater 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 away. 

IABLE 26 - EREQUE~CY DE COM~LIA~CE/~O~COMeLIA~CE WrIH IHE
 

RAS AS A EU~CIION DE INIRUDER EOSIIION
 

COMELIED NONCOMPLIED 

ABOVE 33 20 

BELOW 19 4~J 

~~ 
~~TOTAL 66 

Table 27 presents the results o~ an anal~sis of variance 

usin~ slant ranSe as the dependent variable and compliance 

and vertical position as the suspected sources of variation~ 
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IABLE 22 - SOURCES OE UARIABIlIIY I~ SlANI RANGE 

C~A'S BELOW 1000 EEEI 

SOURCE DE UARIAIIOt-1 DE MhJ Sf] E-RAIIO r-UAlUE SlGNIFICAblI 

VERTICAL. POSITION 1 11894 0.346 0.56 NO 

COMPL.IANCE :1. 419142 12.181 0.001 YES 

POSITION*COMPL.IANCE 1 304~5 0.089 0.77 ND 

I=<E8 I DUAl... 114 3 ..1395 

The failure of ·Vertical Position' to reach si~nificance 

indicates that whether the intruder was above or. below did 

not contribute siSnificantls to the three-dimensional slant 

ranSe. Therefore, the best estimate available for slant 

ran~e is the ~rand mean of the total sample, 640 feet. 

AssuminS the pilots demonstrate a random sample of behaviors 

from some lar~er population, one can be confident that there 

is a 95% probabilit~ that the larSer population mean will be 

within the interval 606 feet to 673 feet. This ranSe applies 

only in the situation of forced encounters, with an 

automatic advisor~ service present, and aCPA of less than 

1000 feet. 

The failure of the interaction of vertical position and 

compliance cateSorY to reach statistical ~) i £tn i f :i. canCf.:l 

indicates that differences in mean slant ranSe between the 

COIfI? 1 :i. anCE~ catf~~.;Jo Y' i es a T'e nDt dePf?nd€-~nt UF"on Vf~ ,(,t i ca:l. 

position of the intruder. 

The onl~ factor found to si~niflcantly affect the separation 
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was that of the pilot's compliance with the RAS. Table 28 

shows the mean slant l'anSe 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~. 

IABLE 28 - CeA SLA~I RANGE QS ~ EU~CIIO~ DE COMeLIANCE 

~IIH IHE RAS (aCrA'S BELO~ laOa EEEI) 

N MEAhl SIn ERE: 25X CONElItENCE INIEE~Vf:~L 

COMPLIANCE 52 "714.8 23.99 6bb.6 to "762.9 

NONCOMPLIANCE 1.)6 581. • ~5 23.70 ~::j34+2 to 62B. ('I 

DIFFEF~ENCE 1.4 133.3 34. 1 t) 66.4 to 200. :'5 

TOTAL.. llB 640.2 16. (?6 1.>06 + "7 to 673.B 

Tht? d i ffc-? T'(-?nce in represents a 22.9 percent 

improvement in separation when pilots complied completel~ 

with the RAS over when the~ did not. These anal~ses of the 

data for slant ran~e less than 1000 feet indicate that when 

a pilot complies with the resolution advisors service he 

maintains a larser CPA than when he fails to comply. This 

su!~~~ests; that a F:(.;~solution f~c)v:i.~)or~~ St?T'v':i.cc-? c~:~n contr:i.but(·:~ 

to airspace safet~. 

In discussins pilots' ·performancey· it should be mentioned 

what. 0 Y' how t h €.~ F·· i 1 D to' ~:; l-.I (-;~ r (~~ :i. n 5 t l'u c ted to F·' (.:~ r f (] r Il.. Th p 

F' i 1 (J t. ; S IT! a n u a:l., ~j :i. v (-:~ n t (] to' h (-:~ F" :i. 1 C) t s C) n (::\ w(::\ f..~ 1.-:. F" T' :i. (] r t. (J t. h (-:.~ 

9 Y- C) unci ~; c h C) D 1 t T' a :i. n :i. n ~.:~ s co? ~:; ~:; :i. (J n y s tat. t? s t h (.;~ f C) 11 0 l'J :i. n ~.:.~ : 

I/S o faT' no rYt(0ntion ha~:; LlP£:\n I"aci(:~ of what. ~:~()u,.. t.hp 
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pilot, should do. The purpose of [the 

advisOT'Y s€-~rviceJ :i. ~:; two'-fo I d : to issue traffic 

(-)dv i so T' i es and T'f~S() 1ut i on adv i ~;o T' i f:'~5 to 

al.JtolTlaticall~. y ()I.J·····-th£·~ pi I ()t,·..·-a T'(~~ f r'(·?(~ to· choose 

whether and how to make use of these advisories." 

In addition, the pilots were told before each flisht that 

the~ were·to do whatever the~ felt was necessar~ to maintain 

safe separation. In this context performance measures do not 

indicate the pilot/s "success" in achievins a stated Soal so 

much as theY reflect the pilot/s actual use of the automatic 

adv i ~)() r~:l seT'vice. Th(~ on I ~:l mention of t.hf~ 

s~5tem-predicted closest point of approach (pCPA) was that 

it was represented as an ·X" at the end of the relative 

motion line, and that it marked the ranSe and relative 

bearinS 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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DISIRIBUIION OE C~A DAIA~ The precedinS subsection dealt 

with performance as it relates to the automatic advisors 

service, focusing 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 

advi so T'~~ service, as well as other factors that are 

independent of the advisor~ service, are examined to 

determine their effects upon aCPA, and aePA relative to 

pCPA. 

The initial approach to the CPA data consisted of an 

e>~am:i. nat i on () f the P T' (] P (.:~ r t :i. ~:~ 5 0 f t h E~ ~; tat :i. 5 tic~; !' t h ~? 

construction of indices representins performance adeGuaes, 

and comparisons of these statistics with desiSn and action 

vaT'fables. 

Thf? pCPA l-J8S reeo r(if.~d :i. n 342 ca~:;f.~~S, and t.h(·:·~ aCPf~) w(:-~ T'(:'~ 

I'E-CO T'df:-~d :i. n 34~::j cases (34 :1. in cory/lTlon). Thf:'~ v€·~ rt :i. ca I 

component of the aePA (aCPvA) has been converted to absolute 

va :I. ue 5 and :i. 5 bas (:.~ ci 0 n ~3 4 ~) (] b 5 f.'~ T' vat :i. (] n 5. Ta tJ 1 (-:.~ 2 9 ~:; h () l-J ~:; t h (.::, 

de~;c T':i. pt :i. VE.\ r;; tat. i 5 t :i. cs of thc7.\s(7.\ (,-jata y 

IABLE 22 - SIAIISIICS ON DISISIBUIION DE CrA DAIA 

UARIABLE MEAN MItN MIN MAX S.D. SI~EW KUK[ 

aCPA 2414 :1.424 :1.63 :1. 1 7~~j9 2~::j2? ~~~ • 0 :3 ~ :::i 

pCPA 122B ~~jBB f.) :1.1634 :l.7B4 :3 ~ :::.i :I. 3 ~ f.:. 

aCPvA (abs) 41:1. 400 0 :1.600 :1.77 :I. .4 c'>.2 

A l:l. va :I. u €.~ 5 (C7~ ~.~ C (7.\ F' t s 1.-:. (.::, W d nd /--:.1..1 I' to' (;) S :i s) a r (-:-~ :i. 1"'1 f (:.~ (:-~ t • 

:1.22 



The most strikinS feature of these data is their hish 

variability. The actual and predicted CPA bc)th have 

coefficients of variation in excess of one hundred. Notice 

that all of the distributions are positivel~ skewed and the 

tail-heaviness (kurtosis) ranSes from marked in the case of 

aCF'A to e~·~t T'eme :i n thf? caf:)€~ of pCPA. Co(~~ff i c i f~\nt~; of 

kurtosis shown here are larSer than the Gaussian norm 

kurtosis of three. The distributional properties of these 

data render them unsuitable for anal~sis b~ standard 

parametric methods. There are two wa~s around this: 1. 

'')transffJ rlTlat ions that stab :i.l :i ~~€~ and normalize variance? ...... 
anal~ses based on cate~ories or rank statistics. 

A variet~ of transformations were apPlied to the data. The 

SQuare root of aCPvA ~ields values that approximate a normal 

d:i.stribution. Thf? .los(aCP(.1) and los(pCPA) aT'f:'~ much l(~~~;;~; 

assymetric than their ar9uments, but still tail-heav~+ 

Although these transformations still do not completel~ 

stabilize variance, 10Io9(aCPA/pCPA) was chosen 

continuous estimator of performance, Pi. 

F T' 0 ITt the p T' (~c (~d :i n ~.:.~ a n a 1 ~~ s e 5 () f p :i. 1. (;) t C) P :i. n :i () nand v :i. ~;; u a :I. 

ac(~uisi t:i.on ,. it lTI:i.~.~ht b€-~ €~~·~F'f?ct€·~I·.:f that P:I. wOl..llcl ShDhl (:~n 

i. n C J' e a 5 i '-'9 t r (~n d l.... i t h f? ~.~ P f.~ J' i f.:' nee, how f? v f:~ J',. va r :i. 0 U ~:; 0 n f..:. •..·l.... a ~:!' 

ana 1 ~~Sf.~S of va Y':i ance fa:i 1 t~d to shDw an~~ T'f:~]. at :i. on b<·:~t.\-,If.:o<-::;n F':1. 

and f:l. :i. ~lht nUlTlbE'~ J" t Th<·? absE:.:~nc(~·~ of' an~:~ pfff:·~ct. of 'j·':I.:i ~Jht. 

rl l..I1T1 J:.l (~ T' () n F' :l :i. ~;:. ~:.l 0 r n f? 0 U t b ~:~ para m€~ t.. T' :i. c a ~:; w(.;:0 11 a s 

non-parametric analsses of variance. 



Similarl~~ no relation was found -to exist between Pi and the 

p ,'esence 0" ab~)t\nce of an~~ JYlanE~UV(:~Y'. HowevE~1'" wh(·:~n ~:;'F'(·:~C i of' :i. c 

con t r a s t 5 W f.~ J' Eoi e ~.~ a ITI i n (.;:0 d b f~ t wf.~ E\ n p y' (o? sen C (o? 0 Y' a b ~:) (o? n c E~ 0 f t, u f' n ';:) 

() r a 1titudechan ~~f f:~" p E~ T' f () r' IT, a 1"1 C (.:.! wa';;)' s:i ~':f n :i. fieant :I. ~:~ :i n f lu (~.~ 1"1 C €.~ r.l 

b~~ thf?~;;t~ spec :i. f :i. c manf:'~UV(~\ T'S + ~):i. nCf~i th(·:·! a r:i. thlTlf~\t :i. c ITI(-:·~an of 

1 o~.~a T' :i. thm i c values is e~ual to the 1o~~a,' :i. t.hm of thf.-! 

Seometric mean of the actual values" a second performance 

:i. n d Eo\ ~.~ " was d f:'~ fin (-:~ d a ~; t h f:'! ~4 f:! 0 1TI f.~ t r :i. C IT/ (7! a 1"1 0 f t, h co? rat i [) 

in order to examine groups of dat.. a 'for 

(~nC(]Untf?1'S in thc:-! ~;P(-:·!c:i. f:i.c class(';"is of manf.:\uv(~~r~::-~ Df thos€~ 

i nt Y'US ions that 1 ack. dn~:~ :I. at.(·? r'd], cou PSf:! chan~.:.~EI \I P2 :i. 5 C-:-~Gua 1 

to 2" wher (7;\ ason t h (] ~;; f:~ (-::\ nco 1..1 n t e l' ~; :i. n l'" h :i. c h CD U r ~5 f:'! c han ~_:{ f:! 

o C C U J' Y' E\ ('.1 P2 i ~:) e G u a :I. to :-3 + Th i~:; d iff (-:~ T' (-:~ 1"1 c f:~ :;. sstd t :i. ~:. tica 11 ~~ 

<and practicall~) siSnificant at the 0.001 :i.1"I a 

Wilcoxon two-sample test. This result confirms ans pilot's 

:i. n t I,j :i. t i. <:) ntha t t I,j l' n '::; a y' C-:~ a n (.:.~ f f E\ C t :i. v c-:.~ a v 0 :i. dancelT! a n (.;~ 1..1 'v' (::! r- • 

The same kind of r- (:~ 5 U 1 twa ~:; a 1. 5 (J ~.;.~ (~.~ n (.:.~ T' a t (.:! d \I .d ~::. ITI :i. :;.~~ h t tl (.:~ 

b~:~ a:l. t :i. tU(i(7~ chan~.~(·:·!~:; 'I hc)wE~vf:~ Y' \I sinc e a :I. t. :i. t. t..I ci (-;! 

differences constitute a r(·:·!:l.ativ(·:~l~:~ ~:;ma:l.l port.:i.on of' th{::·~ 

three-dimensional separation between aircraft~ it :i. S InO rc·~ 

IT/(·?an :i. n~.~fu 1 t n E~ ~{a III i n (.:-;l the a CPv A a I (] n f? " f' d t h (~\ r t han l'J :i. t. h 

reSard to the pCPA. On those encounters in which the pilot 

either climbed or descended" t. h f:~ ITI (.:~ a n a t:.l 5 0 :1.1..1 t. (.;~ \I f! ~'-t. :i. c a :I. 

separation, called P3y exceeded 500 feet. When such a:l.titude 

chan~.:j(.:~~; a T'f:~ not. F' r(:·~~:;(·:~nt, P3 :i. s 1 c·:·!~:;s than 400 fc-:~(-:-d.. " Thf'~ 1Yj(·:~an 

~:,{ai n :i.n seF'a T'at :i.o"" 'j. ~:; abo u t :I. ~:,:; 0 of ('::l c::~ t. T h (.:! F'~' [) ~.) d t,l i :I. :i. t ~~ n f 

such d :i. ff(·:·~ T't~nCE~S i n nl(·:-:oan~:; occu l' l' :i. n~:.{ ~J~:~ chancf:'~ :I. ~:; v :i 1"' t U d :I. I ~:~ 
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rd. I + 

The precedinS anal~ses are based upon the presence or 

absence o~ turnin~ and climb/dive maneuvers. One ma~ then 

ask whether, within the class of maneuvers themselves, there 

is an~ positve relation between intensit~ of maneuver and 

effectiveness. The answer to this Guestion is flatl~ no. 

Total de~ree5 of course chan~e or an~le of steepest bank, 

thou~h themselves hiShl~ correlated, are unrelated to 

·performance effectiveness. The same holds true for altitude 

chan~es whether si~ned or unsi~ned. 

Insofar as pilot response intensit~ is un T'(o:~ 1 at,f~\r..i to 

performance effectiveness, the possible relations between 

response latenc~ and objective performance were examined. 

The 0 veT' a 11 mea n t i ITI e t () v i ~; u a 11 ~l a c (~u i. T' E~ t h f.-.' i n t T' U d e r 

aircraft was 54 seconds. These data l'anSe from 30 seconds 

prior to the first advisor~ to 4 minutes after the advisors. 

The mean time to note the disp1a~ was seven seconds with a 

standard deviation of 15 seconds. These times ranSed 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 latencs and intensity variables to predict 

objective performance measures is not unusual in research 

endeavors ot this kind. Indeed, it would be surprisin~ to 

find such T' ~\ 1 at :i 0 n 5 • F" ~; ~:~ C h 0 1 (] ~.:.~ :i. c a I 

interpretations of such simple observables fail to reco~nize 
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that their variability is intrinsic and not constrained b~ 

the contexts in which theY occur. 

Measurement methods used in laboratory experiments such as 

reaction time or latenc~ measures, response amplitude, or 

error measure are often useful to help in the design of 

displaY devices and sYstems, but it is almost certainl~ the 

case that such measures, because of their susceptibilit~ to 

perturbation, are useless in the field assessment of such 

devices. 
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ellOI BE~~~IOR AS A EU~CIIO~ DE SYSIEM ESIIMalES DE RISK~ In 

this subsection catesorical partitions of CPA data are 

emplo~ed to examine pilot behavior as a function of nrisk+" 

As mentioned earlier, pilots were not Siven 

instructions on how to react to the predicted CPA indicator 

in their mana~ement of an encounter, but reSardless of how 

individual pilots did use it, the pCPA does have value in 

determinins the relative potential danSer of encounters 

after the fact. Table 30 associates with ranSes of pCPA 

values, risk catesories numbered throush 4, where 4:I. 

indicates the closest l'anSe of s~stem-predicted miss 

distance. 

IABlE 30 - DEEI~IIIO~S DE "~ISK· CAIEGORIES 

CAIEGORY eCPA ~~NGE (EEEl) EREQUENCY DE OCCURENCE 

1 >2500 

951 to 2~:500 79 

421 to (,;>~:;O :1.1.4 

<: OT' :=: 420 114 

The first h~pothesis to be tested b~ these dat~ is that the 

propensit~ to maneuver would be Sreater in situations of 

MiSher risk. Usins as the dependent variable the presence or 

absence of a maneuver of an~ t~pe, Table 31 disPlass the 

Pf:~ r'Cf:·~nta~JE\S of lTIan(-?UVf:'~r'~:) i n (.;.~ach r :i. ~:~k cat(·:~~':.{(J r'~:~ t:.' r'DI.-;.f:·~n down 

d (.:.\ t f.~ T'IT. :i. n :i. n ~.:.t th(·:~ (':'~ ~;; t.. i III a t f:.' d 

percentaSe, the value 0.5 was added to each cell to account 
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fOT' bia~:;). 

laBlE 31 - ~ERCENIAGES DE MANEUUERS AS A [UNCI ION 

DE R~IS~· lEUEl aND ENCOU~IER lyrE 

MANEUUEH 

E~ISI.\ CAIEGOE\Y E~C+ lyrE (% DE IOIAl) IOIAl 

YES NO 

!--I 0 90 :1. () 4 
:J. l..E 60:.;> :3:1. 20 

TC 62 :3B :1.:1. 

HO 66 34	 2:1. 
1.•. [ 60 40	 3B 
TC 1."7 B:3	 20 

!--ID ~.)2 48 27 
I...E ~:)4 46 48 
TC 44 56 39 

HO 7:1. 29	 28 
4	 l...E 46 ~54 37 

TC 37 6:3 49 

I!')nal~:~~:;:i.s of thf.~sf.-~ clat.a shol,..I~:; that. th(~\ Dnl~:~ ~::.i~.~n:if:icant 

of act 0 J' () f t h f'~ t lrJ D Wh :i c h :i. 1"11" 1 U~? n c f:~ d t h (.:.~ F' Y' 0 F' (::~ n s :i. t. ~:~ t D 

lYIanf:'~UV~:!J' t-,I(:~~:j. t~:;F:f~ of (·:~nc(J'..Int.(·:~"j' wh:i.ch ~:~:i(-:~lci(~·~d a ch:i.····~:;(~l..IaT'(·~d 

statistic of	 12.51 on two deSrees of freedom. This indicates 

a p Y' 0 b a b :i. J. i t '::~ 0 f 1 (..~ s ~;j. t. h a ,.., () to () 0 2 t. hat t h f...\ 0 b 5 f:~ T' v (~~ (1 d (.:..\ ~.~f r E~ (.:~ 0 f 

CD l' T'E~ 1 at :i. on 

IYI a ,.., (~.~ u v (.:.~ r t-J 0 1..11 d () c C 1..1 Y" ran () o!TIl ~J + Tab 1 (-::\ :3 :1. ~::. how ~:j. t hat t h f? 

p n c () u n t (:~ r t. ~::~ F" E-~ ~:; l.-J f'~ r (.:~. ran 1<. f·~ ....1 i nth (~\ 0 T' d (.:~ r . H() .... I... E .... T C!I trJ i t h 

T' P ::; F' (.:~ c t t D t h f\ f r c·~ C~ U ('.\ n c \::! 0 f III a n (.:~ u v f:~ T' • ND t :i. c f:~ t.hat t: h :i s 

o r ci (.:.~ J' :i. n '..~ i. ~:; t. h C~ l' P \,.. (~~ r ::; (.:.~ (] f t. hat. f 0 U n d l::~ a l' :I. :i. f~ l' f 0 l' r: :i. ], D t 

~;i d t :i. ~:; f act ion t Th p r" :i. :I. (J t. :;~ t (.:.~ n [J f::\ (".f to IJI an p 1..1 V (~~ l' ], e a ~:; t. :i. n 
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tail-chase encounters, which is the condition in which the~ 

expressed the hishest resard for the utilit~ of the advisor~ 

service. This tendency may be influenced b~ the pilot's 

P f~ T' C f:~ F" t i ()n 0 ft h f.'~ C (J 11 i s ion t h r- f:~ a tan cf the t i ITt (o? a v a i I a b 1 f.~ t () 

T'eact. In a tail~chase the pilot has ample time to evaluate 

the traffic situation and to avoid unnecessar~ maneuverins. 

This is especiall~ true in tail-chase encounters where the 

pilotv prompted b~ the displa~, is able to establish visual 

contact. B~ contrasty in the HO encounter the piloty aware 

of his inabilit~ to accuratel~ assess the>? 

s:i. tuat. :i. on in the limited time available,
 

maintain a safets factor b~ maneuverins more fre~uentls+
 

ContT'ar~~ to th(o:~ h~F,·oth~:~5:i.sy but ~;.tatisticall~:~ b()T'd(7:'T'I:i.nf.·~' :i.t 

is noted that Sreater risk does not induce increased 

maneuverins tendencies. the Sreatest tendency to 

ITI a n f~ 1•.1 V ~:~ 'i' a T' i s f? ~:;. ltJ h f? nth €~ p T' f~\ (i :i. C t €'~ d F" () i n t () f c I osest a F' P T' () a c h 

exceeds 2500 feet. 

Th (7:' T' a t :i. 0 (] f act ua :I. t (] F" T' f;~ ci :i. c t. ~:~ (J CPA was F' a T't :i. t :i. 0 n f.~ din t 0 

catesories reflectinS an encounter's outcome. Table 32 shows 

th€~ ci€~f:in:iti()n of t.hf:·~ two cat(~~~:.~or:i.f:~~:; of out-comf?'! call(·:~(i 
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lADLE - DEEINIIION DE "OUICOME- CAIEGORIES 

C(;)IEGOH:( EREQUENCY. DE OCCURE~CE 

Good :l ~:l. or IT,O rf-~ . 

Poor <:ttl 6:::.~ 

The effects of the defined risk cate~ories, the presence or 

absence of maneuvers, and the t~pe of encounter upon outcome 

were examined" Presence of maneuver and t~pe of encounter 

W E~ T' (.:~ a t. ITI (] ~> t. 0 of i·.",i () r (1 \.? T' :I. i n ~;~ :i. mF' 0 T' t, a n c (.:.~ tIn a ITI a ,j 0 rana 1 ~:l ~:; i ~:; 

that :i. nco rF··O J'atE1d a 11 th r(-;~(·:·~ of t.h(-:~~:;f:~ :i. n(if:~pt:·~nd(-:~nt. of acto rf:; l' 

thE'T'P :i. s a ~:;]':i. ~.;.{ht :i nd:i cat i on of an :i. ntf:'~ ract :i. on b(·:~t.WE-.'(·:·~n t..h(·:-.' 

i n f :I. u f:'~ n c (.:.~ 0 f J' i ~:~ k a l"I d man c-:.~ u v (.:.~ r a f f f:'~ c t :i. n ~:.~ D 1-1 teo ITI f:~ l' h (] l", t:~ v (.:~ T' ~ 

:i. t.. :i. ~:) t. h (.:~ T' :i. S 1--:. fa etc) r' t h i:~ t has t. h f..~ ITI 0 ~::. t. d r a tTl a t :i. c :i. n f :I. u f:~ n c (.? 

re:l.atinS risk to outcome" 

IABLE 33 - "OUICOME" AS A EUNCIION DE "RISK­

OUICOME 

ecrA R(;)NGE ([EEl) OOOD POOf~ lOIt~L. 

aCPI~/F .. CPA~:: 1 + :I. aCP()/F'CP{)<:I. :I.t 

1::- -, ,,~:1. .....1 •• .1·.. ::) ~::i 

')'(?32% 

42:1. to 9~:50 :I. :I. i;' :l. :1.4 

4 <: 0 T' ;;;; 4:?O '7% :I. :1.3 

TOTAl... 02% :I.B~(' :':)4:1. 

In Tablc? 33 :i.t :i.s ~:;(-::'\:::ln that nut.cDITI(·:·~~:;' that al'f~ nOITl:i.nd:r.l~:;: 

u n ~:) a t. :i. s 'fact D T' ~:l ( :i. n t. h (-:.~ s f~ n ~:; (-:~ t hat t. h Co? de t 1..1 d :I. F'D :i. n t. u f" 
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closest approach does not markedly exceed the prediction and 

ma~ even be less), terid to be most heavils concentrated' 

where theY will do the least harm. Failure of the pilot to 

better the prediction does little to endan~er an encounter 

that do€·~s not r(~all~ mat~'?T':i.al:i.;;·~(:~'. But a~:; th(~~ T'i~;I-:. incT'f?a~:;(~~~::. 

the value of the advisor~ service to aid the pilot in 

increasing separation results in Guantitative advanta~e to 

thE~ f 1 i ~:.~ht to 

SUMMARY. To examine the wa~s in which the pilots use the 

aut 0 ITI i:~ t :i. cadvis (] T' ~:~ ~;) \~.~ T'V :i. c (.:~ i t :i. ~:; u ~:; (.::, f '.J 1. to I 00kat t h €.~:i r 

observed performance. Performance was examined in this 

5 ~? C t ion ~J ~:~ :I. (] (] k :i. n ~~ at h 0 l·.... ...., f..~ 11 t h €.~ a ci v :i. ~;; 0 T' i f;:o ~:; a :i. ci f.~ c.1 :i. n 

v :i. sua 1 i3 C C~ u :i ~:; :i. t i <:) n 'I wh (~:' t h E~ T' 0 r not p:i lot ~:; f 0 11 (:) wf:~ d t h E~ F~ AS, 

anc) whf.·~thE~ l' 0 l' not COITIP],:i. anc€·! w:i. th t.he RAB i nc r'f:~a~:;f:~c.i th(-:~ 

'::; f:'~ paT' a t :i. 0 n b (-:.~ t w(~{.:.~ n a i T' C T' aft to Th f..~ S \~:\ a n a 1 ~:~ ~:; (~~ 5 W€~ T' e ci i v :i d (-:.~ d 

into the following subsections. 

o Visual ACGuisition 

o P :i.l ot F~(-:~sF,·on~:;(,:·~ 

o C]. C) ~:; f:'~ s t Po :i. n t. 0 f AF" P T' (] a c h (C PA ) 

o Distribution of CPA Data 

(] F':i.:I. 0 t B (:'~ h a v i () T' a ~:;. a F t..I net, :i 0 n () of B ~:~ s t.. e ITI Est i IT. a t, f.~\ S () f 

F~:i ~:;k 

In t.h{-:·~ f:i. f'st, ~~uLtsf:·~ct:i,on thE-;l ·t:i.IfI(~~ bE~tW(~(,:-~n th{-:-~ F··i lot' s r(,:~cE·~:i.F,t 

of a first advisor~ and his achievement of visual contact 

was taken as an index of time to visual aCQuis:ition~ It was 

seen that pilots were achievin~ visual contact sooner as 
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th(~ :i. T' (·:"~·~P€·~ r :i. E~nCE~ f,rJ :i. th th(::~ adv :i. so r'~:~ S(~~ 1'V :i. c(~~ i nc Y'€~as(~,~d • This 

imp T'()VE'IYI(-:~nt, CDlYltJ i n(:~cf with th(:..., fact. that :i. 1"1 thE;' 1atE~ y' 

flishts visual contact was often achieved earl~ on in 

ta:i.l ..··cha~:;(~~ f:·:nCC)ljntpr~::. whE~n t,h(·:·~ :i.n'Lrl..lc.i(::'T' wa~; st:i.ll b(:·~hind th€·~ 

sut:.i,j(-:~ct. a :i. I'C raft, stronsls 5uSSests that the automatIc 

advisors service aid~ the pilot in achievins visual contact. 

The second subsection s t. a t :i. ~:; t :i c ~:~ concc~ T'rJ i n~.~~ 

ITlan(::~uv£o~ r~; fTI8c1<-.:;. b~::! thf~ ~;ut... ,jE·~ct. r·· :i. :I. nt,. .I. t wa~:; noted that thE' 

p:i.lot~:; diff(·:~T'(·:.'d ~:.~T'(·:~at.. l~:~ in t.hf,~iT' F'roF'f:~n~:;:i.t~~ to lTIan(-:~I..IVf.·~r, and 

that thE' ~':.~(-:~n(-:~ral tE'l"Jd(·:~nc~:~ to lTIanf:~UVf.~T' d:i.m:i.nish<-.:;.ci with t.hc·? 

t 0 (] v c::' T' ~:; (-:.~ n s :i t :i. v :i. t. ~:~ t () ".:i :i. 5 F' I a ~:~ e ci :i. n f C) r ITI a t :i. (] n i nth (~ f? a r 1 ~:~ 

f ], :i. ~;.~ h t ~:; OJ' <::: n inc J' (.:~ a ~::. (~.~ :i. ncon f :i. d E~ n c (~~ Y' e ~:) u ], t :i. n ~.:.~ f I' (] ITJ 

r' T' 0 ~.:,{ J' a ITI :i. t ~:; E~ 1. f :i. 5 i n d (.:~ t (:'~ Y' ITI :i. nat,. E\ • 

Th(·:~ data (·:~>~t T'act i on t.i:~F'(-:~S f rom th(·:·~ rfod(~ S ~~~ T'Dunei s~:~s t(:~1TJ W(:~ rf:.\ 

proc (.:~ s ~:; (~~ d too t:.\ t i:~ i n d a taon t. h (-:.~ c:l. 0 ~:; <::0 s t F' 0 :i n t. 0 f a P F' T' D (:~ c h 

(CPA) l..... h :i. c h :i. s -1:, h (::,i m:i. n :i. ITI U IYt t h l' (~~ E'~ .... (,1 :i. ITI (.:.~ n s :i. 0 n a :I. ~:; (.:'~ P a J' a t :i 0 n 

In third sutJS(:·~cti Dn th(~! actua land 

~:; '::~ ~:; t (.:.~ ITt .... F·' J' (~~ d :i. c t. E-:~ d c I D ~::. e ~:; t. f,' 0 :i. n t 0 f a p p r () a c h (a CPA a n c~ ,...:. CPA) 

were examined with respect to four defined pilot reactions 

toth <.:~ F~ Af) (:1. + CD tTl P 1. :i. (.:! (.~ C () Il, P 1 f:~ tel ~:~ w:i t h t h (.;~ ,:~ (~S, 2 + co ITI P 1 :i. (,:~ d 

partialls with the RAS or maneuvered differentIs, 3. iSnorf:.\d 

the RAS, 4. contradicted the RAS). It was seen that the 

smallest averdSe aCPA's were achieved when the pilots 



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 above the subject aircraft than when he was 

bel ()wand t hat 5 f~ F' a I' a t i () n s wf:'~ T' (-:,' 5 i s n i fie ant I ~~ h i ~.:j h f.-~ T' Wh f.~ n 

pilots complied completel~ with the RAS than when the~ did 

not. 

In the fourth subsection an examination of the aCPA data 

distribution showed a sreat desree of variabilits, positive 

skewness, and tail-heaviness (kurtosis) which rendered it 

unsuitable for anal~sis b~ standard parametric methods. 

Thoush a variet~ of transformations failed to completel~ 

stabilize and nbrmalize the variance, the transformation 

10IoS(aCPA/pCPA) was chosen as a continuous estimator of 

P(~·~ T'fo T'mance. Th(·:~ on:l. ~:~ facto T' that was found to hav(·:~ a 

W ';}("~:;:i.~1n:i. fic-ant €-~fff:~ct UF'on th :i. ~:; (~~~:; t i mate) T' (., .~ p T'(-:~SE-~nc(·? o T' 

absence of specific maneuvers which altered the course OT' 

a], t i tU(jf:-~ of th(~~ sut:,\,j(-:~ct a :i. T'C r<:~ft. Both horizontal and 

V (.? T't i c a I ITI a n E~ u v (~~ r S l,,1 (-:~ r f:~ of (] U n d to 5 :i. ~j n i fie ant 1 ~:~ inc l' f:~ a ~:; {-:,' t h (.:~ 

~eometric mean of the ratio of actual to PT'edicted CPA. 

Other factors examined which failed to improve peT'formance 

a y' f~ f? ~.~ P f? T' :i. f:~ n c e wit h t. h f..~ a (f v :i. SOT'~:J ~;; f:~ T'V i c f:'~ (f' I :i. £~ h t n U ITI b f:~ T' ) , 

latencY (time to pilot's awareness of an advisors), and 

:i. ntf~ns :i. t~~ Df nlar'f'!UV(-:'~ T'E t 

In last sl..lbs(-:~cti Dn,. pCF'A' ~j. were catesorically 



F' a l't :i. t :i. 0 n E'~ din t () c lass (~~ E 0 f t h p So ~;I S t E,\ ITJ I ~:; (-:~ s t :i IT! a t E~ 0 f r i ~:; k + 

The propensity to maneuver was found to have no relationship 

to the pCPA but a stron~ relationship exists between 

P :i. I ots lTIanf~UVf:~J' 

mo~:;t oft.;:~n in hf:·~ad"··nn (HD) s:i.tuat.:i.()n~;l' l(~:'~;;s oftE~n in lat(:·~ral 

~~ n c [) I.Jn t f:~ J' s (I... J:::) l' <::; n d 1 (.:~ a ~::. t 0 of t (.:.~ 1"1 i nth(-::\ t a :i ]. .... c h a ~:; (.? (TC ) 

E~ ncou n t (-:~ T'S t Th :i. S D I' cl p r :L n ~:~ ]. ~::. t.h €~ J' f? V t:;~ y' ~:; f:'~ 0 f t hat f [) U n d 

earlier for pilot satisfaction, and -maY be influenced by the 

t :i IYt €~ a v <:3 :i. 1a t:.ll E-.~ t D I' f:~ act t,,1 h :i. c h :i. ~:; n f:'\ C (~5 sal' i 1 '::~ ~:; hoY' t (.:.~ r :i. n ·th (7~ 

HD ~::.:i. tuat :i. on ,. F :i. na:l. J ~:~ '! an ana:l.~:~~:;is of factors ~:~ff€·~ct:i.n~=3 

t () F'(::~ l'C(·;~nt) d€·~tt:-! T'ril :i. n(-:·~d that of r :i. sl.-:. l' nlant~l..IVf:·~T' " (·:~ncount.<-:-~ r 

and th(·:~i J' t.ItJo·-·factoY' :i.nt(·:~Y'act:i.on~:;'1 T' :i. ~:> I~. i 5 ITIO '::> t 

s :i. ~.:t n :i f :i. can t,. :i. n cf ,:-:.~ t. (.:~ J" III i n i n ~J C) ute (;) ITI f? ,.. with hi ~':.~h(·?s t 

F' (.:~ T' c (-:~ n t a f.~ €~ 0 f :::.~ n 0 c.i 0 ute0 ITI (.? ~:; (;) c C I.J Y' r :i. n!~ :i. nth (.:.~ h :i. ~.:.t h €~ r T' :i ~:; k 

f:~ nco U 1"1 t (-:.~ T' 5 + 
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CHARACIERISIICS DE IHE rRAl~I~G ~ROGRAM+ 

A ~round school exam (Appendix B) was administered to the 

subject pilots before and after the sround school traininS 

session~ The exam scores were used for three purposes: 1. to 

match pilots in the replicated latin SQuare of thf:~ 

e ~'~ peT' i m€-;' n t a I . d (~~:) i 5J n , 2. toob t a inanob.j f.-;' C t i v f~ :i. n c1 f.~ >~ () f t h E~ 

subject pilots' comprehension of the advisor~ service prior 

to the first fli~ht, and 3. to assess the value of the 

trainins session. Althou~h a half day 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 sround school exam indicates that 

the trainin~ manual provided the pilots with a useful bodY 

of info 1'lTlat:i. on I 

An additional exam was completed b~ the subject pilots prior 

t 0 (~'? a c h f I :i ~t h t ( f·i l' (-:~ f 1 :i. ~3 h t f:~ >~ a IT! , Ap F' €'~ n d :i x B) + Th :i 5 F' e r ITt itt f.~ (1 

d \~~ t E~ J'1lI :i. n i n ~:.~ i fan ~;~ :i. ITI p J' 0 V E~ ITt f~ n t. ina p p a J' f? n t 1-:. now 1 €'~ d ~:.t €~ 0 f t h (-:~ 

S~~~:) tem occu l' T'(-?d as a r\~~lsu 1 t of f 1 i ~tht (~'~~'~Pf:~ l' i E~nc~::\ , .anc1 to 

estimate the relative value of the sround school with actual 

flisht experience. The preflight exam data were complete 

except for one missing value for pilot K (flisht number 2). 

Th :i. s F' :i.l ot a 1 so T'(·:·~c(-:·~:i v(~d an t..Inu~:;t.Ja11 ~:~ low seD 1'E~ on the f :i. T'f:; t 

and t. h :i. l' d €'~ ~'~ a ITJ (3 ct ITJ i n :i. ~:; t rat :i. () n s. 0 ITJ itt i n ~':.t t. his ~:; t..I t.l ,.; (-:~ c t ~~ :i. V f? S 

a l'an~J€·~ of €·~>~alTl SCD T'PS bf?tWf.~(·:·~n :1. () and 1 B (out of a poss i b 1 (~ 

18)~ with a larSe P1'oportion of scores between 16 and 18. 



Anal~sis of variance indicates that the average scores 

differed between flights (probabilit~ of this beins a random 

result e~uals 0~04). The siSnificance of this difference 

increases slightls if the anomalous subject K is omitted. 

However, a rank order correlation of the means for the six 

flight numbers with a perfect monotonic uptrend fails to 

reach significance (P = 0.05), with or without pilot K. It 

might therefore be concluded that there was no preflight 

test improvement as experience increased. H(]WE~Vf:'~T', an 

examination of the exam score versus flisht number curve 

(FiSure 15) shows that the failure of the rank correlation 

to reach significance is attributable to the small reversal 

of mf.~ans (:I.? + 7 to t 7 ~ OB) b(-:-~twE~€·~n f I :i. ~.~hts f :i. vf.~ and 5 :i. ~.~. f~ 

"learning curve" of Just this kind, IS the most cOffiffionls 

The homogeneity of the pilot sample can be assessed with the 

:i. n t r a c ]. ass COT' T' (.;:0 :I. at :i. 0 n c (] e f f' i c i f:~ n t. Wit hOT' w:i. tho t..I t p i lot 1-< 

this coefficient is approximatel~ O~50. A between-subject 

correlation of 0.50 indicates a fair amount of homogeneit~, 

(:-~ 5 F' (:-~ c :i. a 11 ~:~ :i. n \/ :i. f~ l,tJ 0 f t h f? n arT' 0 l,-.I C1 ~:~ n a ITI icY' a n ~.~ f::O 0 f t h C:.~ €~ ~.~ a III 

Since the F-ratio is statistically reliable, this 

CO T' T'f:~:I. at :i. on CO(·:·!·;·'f :i. c i pnt :i.s a:l. so T'E'~ 1 :i. ab I €~. 
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I:~ESULIS 

INI[~OnUCIION • 

This report described a flisht test pro~ram involvinS 12 

-::;ubjf:~ct F·' i lots l' fl~ins 72 flishts (6 flishts each), with a 

tota], of 424 ITI i da :i. r' (-:~ncountf.·~ Y'5, 1..I!:;.:i n!:.{ an automat:i c adv:i 50 r'~:1 

~;f:~ T'V :i. Cf.~ • The automatic advisor~ service was composed of two 

5E~y'v:i.C(·?S; a T r a f fie Ad v i ~:; 0 T' ~:/ S e~ y'v :i. c f."-:' (TAS) which 

displa~ed a continuall~ UPdated, course-up traffic lTIap of 

,.)the·? a:i.rspace~·~ around th(....~ ~:;ub,jc.~ct aiY'cr-aft, anCl ~..... of. a 

Resolution Adv150r~ Service (RAS) which suSSes ted conflict 

avo i dancf.·~ rnanf:~uve·:·~ T'~;; ca 1cuI at(·:~ci on thf:'~ tJS!:; :i. s of ~.:~ T'ound rada T' 

~:;u r've....~ :i. 11 ance·:~ i nfC) "{'mat :i. on ~ Ph~sical data were taken b~ 

on"-bOB r'Cl obs(....~ r'vt::~ y":::. ~ a n ci b ~::~ ~.:.~ T' 0 U n (.1 .... b a !;; e·:·~ cl ITI a ~3 n (.:~ t :i. c 

T'peo T'df? 1'5. Subjective data concer-ninS pilot OPinion and 

F' (.:.~ T' C f:! F·' t :i. (] n w(:':' l' e·::\ col 1. ,~ c t. (-:~ d t..J :i. t h F·' 0 ~::. t .... f 1 :i. ~.:.~ h t d (::~ t.i r i (:.~ f :i. n £~ 5 and 

F'05 t .... pncountf? r df~b 'f' i (·:~f:i. n~J~:;.
 

-:; U b ,j (-:.~ c t tothe 'f 0 11 0 W :i n ~.~ t h }" E' (.:~ c (:) n ~:; t T' a :i n t ~:; :
 

:/. ~ Nove:·:· y,t :i. C i:~ 1 T' d t (.;~ 0 r ITI a n E~ u v e-:·~ l' :i. n ~.;.~ f:'~ nco 1..1 n t (.:~ T'S Wf:~ T' (~ 

flDwn .. 

2 (. N() F' ]. ann (:..~ d mu 1 t :i. F" :I. e·~\ a :i. l'c r a '1'" t. (~n c () u n t (.:~ }" ~:; w,-.;~ T' e - f 1 <:) Wn 

( :32 un p ]. ~3 n n (:..~ (,1 IJII..! :I. t. i p :I. (.:.~ ~;; 0 c CUT' (.:.~ (f ) + 

3 y Th ,-.;~ :i. n t r 1..l;:.1 p }" a:i r era f t wE~ l' e:~~ n () t (.:~ (:i U :i. F·' F·' (-:~ (i ItJ :i. t h t. h (.:~ 

Th(·:·~ t. (.:.~ ~:; t. 

c () n ~:; t r d :i. n t ~:; not t,l f·: e n :i. n f~ f f (.:.~ c to' " 

1.3B 



This section summarizes the major findin~s of the data 

anal~5i5' and is divided into the followins five sections+ 

o Dependence of Data on Test Conditions 

o· Pilot Utility Assessment of the Advisor~ Service 

o Pilot Acceptance of the Advisor~ Service 

o Use of the Advisory Service 

o Characteristics of the TraininS Prosram 
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DEeE~DE~CE OE DAIA O~ lESl CO~DIIlO~S~ 

o	 The counter-balancin~ design (latin sQuare) used in the 

fli~ht test program was successful in eliminating any 

major sYstematic data dependencies, and the 

meteorological limitations imposed on the flights were 

sufficient to avoid the major random dependencies (page 

62). 

ellOI UIILIIY ASSESSMENI OE IUE ADUISORY SERUICE. 

o	 The subject pilots showed most appreciation for those 

elements of the TAS which Save basic information 

regarding the location and relative motion of the 

intruder (page 66). 

o	 There was a distinct preference shown in the pilots' 

ratings for the TAS features over the RAS. The RAS was 

initiall~ one of the most hi~hl~ rated features, but 

declined steadil~ to fifth place in the post-hoc ranking 

of the pilots' ratings, bs the fourth flight (page 72). 

o	 The stability of the ranking of pilots' ratings of the 

displayed data indicates that four flight experiences 

with the service are sufficient to stabilize pilots' 

working attitudes toward displayed information (page 73). 

o	 The subject pilots felt that no crucial information was 

lackins in the displaYed data, and, in Seneral, too much 

information was displaYed (page 74). 
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o	 The subject pilots explicitl~ expressed a desire for the 

basic traffic s~mbol alone, and for a ~eneral reduction 

in the level of displa~ed information (paSe 77). 

o	 Fifty percent of the subject pilots indicated that there 

should be an audible si~nal to alert the pilot of a 

proximate advisory (pa~e 77). 

~ILOI eCCE£IANCE OE IHE ~nUISORY SEBUICE. 

o	 The subject pilots showed a hish resard for the automatic 

advisorw service and the displaY in every measure of 

pilot satisfaction. The expressed satisfaction with the 

s~stem, althouSh uniforml~ hish for all fli~ht numbers, 

leveled out and reached its essential maximum on the 

fourth flisht (pa~es 82, 86, 88). 

o	 The subject pilots showed a siSnificant preference for the 

automatic advisorw service (TAS and RAS) as a whole, over 

the displaY (e.~. size, leSibility, and color> (pase 82). 

o	 Approximately one-third of the increase in pilot 

satisfaction with experience may be associated with 

increasins familiarity with the s~stem (paSe 89). 

o The subject pilots reSarded the automatic advisory service 

most hiShly when the intruder was least likely to be 

visible (page 94). 
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USE DE IHE aDVISORY SERVICE. 

o	 An observed decrease in the time to visual ac~uisition of 

traffic suggests that the automatic advisor~ service aids 

th(·~ F' i lots :i. n ach :i. E'~""/ :i. n~.=l v i sua I conto'act w:i. th th€·~ :i. nt r'l..Id(·~ T' 

aircraft (page 107). 

o	 Minimum separations were significantl~larger when pilots 

CO HI P I i (.:~ c.1 com r-:' :I. t·:·~ t (-:~ 1 ~:~ w:i. t h t h f:~ RAB t han when t h f:'~ ~ d i ci not 

(pa~es lllv 120). 

o	 The subject pilots complied complete:l.~ with the RAS more 

(:) f t f~ n when t. h Eo} :i. n t y' u d (-:~ T' was abo v (~.~ t h (~.~ ~:; u b ,j (~~ cta:i T' C T' aft 

than when he was below (page 116). 

~:~ i £~n :i. f i cant. :i. IlIF' rC)v(·:~m(~-}nt, in achiev(·?d 

separations as experience with the automatic advisor~ 

service increased (PBSe 123). 

[) Both h01'i::.·'::orrtal anc.i '.1(';;> I'to' i ca:l. ITlan€-~UV(~~rs W(·:·~ r€-~ foune:l to 

siSnificantls increase separations between aircraft (paSe 

1.24) ~ 

o	 Th (-:~ sub ,j E\ C t F" i 1 D t 5 III a n (~':'I..I v <-:-~ T' (~\ d ITI 0 '!i; t (] f t f:~ n :i. n h (~~ a ....:1 .... 0 n 

f:.·nCOl..lnt.e r'f.~' less often in lateral encounters, and least 

oft (~~ n i n t a :i. 1 .... c h a ~::. (-:~ (~~ nco u n t. (.:~ r 5 (F" a ~.:.~ f:~ :J. 2 B) • 

CHaRACIERISIICS DE THE IRQINING ~ROGRaM+ 

aut 0 III a t :i c a (t v :i. ~:; 0 l' ~:~ S f:-} r v :i. c f:'~ t h l" () U ~i h ~:; f:~ :I. f···· stud ~~ l'll :i. t. h a 

:1.42 



Pilot's Manual. A classroom training session did little 

to increase knowled~e of the s~stem over and above that 

already gained from the manual (page 135). 

o	 The subject pilots gained additional knowledge of the 

sYstem throushout the flight test program as a result of 

actual flisht experiences, but their increase in 

performance on the preflight exam leveled out at its 

maximum by the fourth flight (page 135). 

143
 



COt:JCLUSIOt.-lS 

o	 Horizontal and vertical maneuvers in response to an 

automatic advisor~ service are effective in increasins 

aircraft separation. 

C) Supp 1E~ITI(·:~nta Y'~ :i. nfC) Y'mat :i. on, over and above the ba!:;ic 

position and relative motion information, is unwanted b~ 

pilots, and :i. ntt\ Y'ff? y'(.:-:,5 \,oJ i th the i r CDITtP Y'€-:,hen~:;i on of 

traffic situations~ Conflict resolution advisories are 

!:; f~ f:~ n a ~:; 1 (.? 5 5 i III P () y' tan t t h i:~ nth i ~:; bas i c t T' a f 1" :i. cadvis c) T' ~~ 

infoT'lTfation. 

o	 Certain characteristics of pilot interaction with an 

aut.o IYI a t :i. c a (} \I :i. ~::. 0 Y' =!- .:::. f:'~ r v :i. C f.'~ y (such as the abilits to 

IY, a ;.~ i m:i. ;:.:-: f:~ a chi f.~\ V {.:.~ (f !:; (~~ F" i:~ T' a t :i. C) n ) , are effective from the 

ver~ first flisht experience with the service, while 

o t h f:~ Y' c haY' act €.~ r' i 5 tic 5 , ( ~:; u c h a ~:; ~:; a t i !:> fa c t ion "." i t h t h €.~ 

5 €.~ T' V :i. C (.:~ l' and decrease in time to visual aCQuisition), 

o S (.? 1 f M" 5 t u ci ~~ w:i t..hac 0 m}',J Y' E~ hen s i v f.~ t r a i n :i. n ~.:,~ ITI a n U d :I. :i. ~:; an 

t::·~ff(::~ct.iv(·:~ 1YI(·:·~th()(j foY' tY·ain:i,n~.{ pilots in thf:'~ I..I~:;(.:~ of an 

automatic advisor~ service. 
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RECOMME~D~IIONS 

o The level of displa~ed information should be kept to a 

minimum for the sake of clarit~ in communicatins to the 

pilot onl~ the location and predicted relative motion of 

intrudins aircraft. 

145
 



E~EEEEi:EhlCES 

1. Department of Transportation, Reeo~t of the Deeaxtmeot 
of I£aDseo~tatioo Qi£ I~affic Cont£ol Qd~iso~~ Committee, 
Ben Alexander, Chairman, Washinston D.C., GOP, 2 volumes, 
DE~celTlber 1969. 

2. McFarland, A.L., et al., lnte~mitteDt Positi~e Control 
Comeute£ Algo£itbms fo~ lest Bed E~ee£imeDts, MITRE 
Corporation, Contract DOT FA70WA-2448, FAA Report EM 74-2 
(MITRE Technical Report MTR-6528), April 1975. 

3. McFarland, A.L.y et al., Multisite lnte£mittent 
~osi1i~e Control Algorithms £0£ the Disc£ete Add£ess 
Beacon S~siem, MITRE Corporation, Contract DOT 
FA 7 0 WA._. 2 4 4 B , FA f-l R€.~ F·' (.) r t. EM 74····4· , ( M:r: THE T (:~ c h n :i. c a :I. F~ f~ POT' t 
MTR-6742 ChanSe 2), Mas 1976. 

4. Andrews, J.W., et al., lee Design Ualidaiioo and 
Elisbt lesting, Massachusetts Institute of Technoloss, 
Lincoln Laborators, Contract DOT FA72WAI-261y FAA Report 
F~ II 7"7 .... 1 ~j 0 (I... inc (;) 1 n L <:~ tJ (] J' a to ....·~~ F~ (-:~ F' 0 rt ATe .... 8 ~j ), 1'1 a f' C h 1978 • 

5. Andrews, J.W., Ai£-to-Qi£ Uisual Ac~uisition 

ee£fo~maoce With Piloi Wa£oioS Iost£umeots (rWI), 
t1as;sachl.Js;f:~tts In~:;t:i tl..ltf.:' of Tf:~chnolo~.f~:~:-, Lincoln 
LaboratorYy Contract DOT FA72WAI-261, FAA Report RD 77-30 
<Lincoln Laborator~ Report ATC-73), April 1977~ 

6. Windle J., et al., Al~RS/AIC Simulation lests with 
Siie-·AdaF!. tati OD Losicy FAA Report RD 78-138 CNA 78-42)y 
Janua T'~:~ :I. 9"79. 

7. Lucier, E., Ueliok Iofo£matioo ~£o~ided b~ AIARS, FAA 
S ~:~ s t (~~ ITI ~:; Rp ~:; t~ arch &: II (::' V (~ 1 0 F'IT' €.~ n t S(.~ r vic €~, S F~: DS T f:~ C h n i c a :I. 
Letter Report RD-80-11-LRy April 1980. 

8 v G(~~ rt;:·:,: l' J. I... ,. y I[Ii:t..ial DesiSn aDd E~1:~e.eialental 

Imelementatioo of the lraffic ad~iso£~ Se£~ice of AIARS, 
Mas sach 1..1 S (~~ t t sIn s t :i. t ute 0 f T f:~ c h n 0 1 0 ~:"f ~:~ , I... :i. n c [) 1n 
L. abo T' a t () T' ~~ , Con t. J' act.. D() T FA 7 2 ·"·l.oJ AI···· 2 6:L 5' F AA f~ f.~ F' 0 J' t F~ II 
80~i17 (lincoln Laborators ACT-lOl), November 1980. 

9. Ps~:::choph~~sics J...(3borat(]r~:~9 E:ilot's Manual, ColulTIlJ:i.a 
Universit~, New York, 1980. 

1. () v DE~pa J'tIYlE~nt of Df.~fE~nsE~' I::lJJmaD E(lgi(Jee.T.~i(JS DesiSo 
C~ite~ioo fo£ ~ilita£~ S~stems, EGuiement and Eaciliiies, 
Militar~ Standard, MIL-STD-1427B, Dec. 3:1., 1974. 

11. I~ i s£h; , L.A.y Vision, In T.W. KlinS and L.A. Risss 
«(·:·~ds. ) y Woo d W0 l' t han(1 Gc h 1 () s b f:'~ r~:j , s E >~ F·' (-~l r i IT! f~ n tal 
F's~:lcho 1 o~,{~:~ ( :3 T' d (-::\ d. ), New Yo T'I.-:.: H(] :I. t , Ri n (-:~ haY' ci t & Win s t.. 0 n , 

146 



Inc. 1.971. 

12. Alpern, M., Effecto~ Mechanisms io Uisioo, In Klins & 
RiS~s (see abo~e)+ 

13. Graham, C. H. & Cook, C., Uisual Acuit~ as a Eunction 
of InteQsii~aDd E~eosu£e lime, American Journal of 
Ps~cholo~~, 1937, 49, 654-691. 

14. Hochber~, J., re£ceetioo, EnSlewood Cliffs, N. J.: 
Prentice Hall, 1978. 

15. Campbell, F.W. & Robson, J.G., AeelicatioD of Eou£iex 
Aoal~sis to the Uisibilit~ of G£aiioSs, J. of Ph~siol., 

1968, 197, 553-568. 

16. HaT'T'i~:), R.L. & Christhilf, D.M., What Do Pilots See 
in DisEla~s?, Human Factors Societ~, Los An~eles, CA, 
Octob(~T' 19fJO. 

17. Winkler, Robert L., & Ha~:~~:; , William 
Siatisiics-P£ohabilit~, Infer.eoce, ar:.d Decision, 
York: Holt, Rhinehart, and Winston, 19"7~7; • 

18. Reich, John W., & Woodford, Barbara, Stimulus ~o~elt~ 

aod Mediation as Eacior.s io Catesor.izatian Comele~it~, 

Journal of General Ps~cholo~~, 1970, 82, 145-152. 

19. Collins, William E., Effecti~e Aeer.aacbes to 
Diso~ientaiiao Eamiliar.izatioo for. A~iatioD Per.sonnel, 
FAA Office of Aviation Medicine, November 1970. 

20. ~andboak of E~eer.imeoial rs~cbalaS~, S.S. Stevens 
(Ed.), New York: John Wiles & Sons, 1950. 

14'7
 





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 o 

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 FLIGHT 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 THESE SYMBOLS REPRESENT? 

8. WHAT DOES THIS SYMBOL REPRESENT? 

9. WHAT COLOR IS THIS ADVISORY? 

FORM 1 - PREFLIGHT EXAM 
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, 

-04 
2. 

.5 
8 

RIGHT 
9 

FORM 1 - PREFLIGHT EXAM 
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OBSERVER I SLOG 

[ 1 ] DATE: [2] TIME (LOCAL): 

[3] TEST PILOT 1D: [4] PILOT MISSION #: 

[5] SAFETY PILOT ID: 

[6 ] OBSERVER ID: [7] FL IGHT ID (A to F): 

[8] TEST AIRCRAFT ID: [9 ] INTRUDER AIRCRAFT ID: 

[10] PRE-FLIGHT CHECK OK (YIN) : IF NO, SPECIFY PROBLEM: 

[11] WEATHER: SKY(0-9): [12) CEILING: [13] VISIBILITY: 

[14 ] OBSTRUCTIONS TO VIS: [15] TEMP: 

[16] DEW POINT: [17] WIND DIR: 

[18] VELOCITY: [19] ALTIMETER: 

[20] PREDICTED WINDS ALOFT (AT 3000 FT): 

[21] DEPARTURE TIME: 

[22] ABORT (YIN)? (DESCRI BE IN "NOTES" BELOW): 

[23] AUDIO RECORD START (YIN): 

[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 
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DEBRIEFING FORM 

[1] Test Pilot 10:	 [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-or-range traffic symbol ~) 

[9 ]	 vcrtical 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 

ATARS 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 informa tion in the· traffic advisory prompt you to 
take avoidance maneuvers prior to receiving a 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 

ig nore 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 dis tance. 

not at all confident 

somewhat confident
 

very confident
 

[24]	 If you never see the traffic how do you feel about follo\.,ing 
the resolution advisories? 

not at all confident
 

somewhat confident
 

v~ry	 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 (O-9) how you feel about ATARS
 
service.
 

[27]	 Can you suggest any mods or improvements in the display
 
or service?
 

FORM 3 - MISSION DEBRIEFING 
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( 1 1 l~aTLSlct~ t:U~L:: ~:, : CJ) TL::l i'l LUJ~ "1 ; J : 

( J) PILOT HISS10N NiRWEn: (4) FLIGHT L~:l: ( I / 3 4 

(5) ALTITUDE HAINTENANCE: (6) COURSE H.I\ un ENANCE : 

(7) TURBULENCE? BOW HUCH? (8) \JORK LOAD BE i;'ORE INl'RllSION 

(9) TIME OF FIRST ADVISORY: (10) TIME PILOT NOTES ADVISORY: 

(11) STAGE PILOT NOTES ADVISORY( P TH R ) 

(12) TIME,; OF ~ llLSUAL ACQUISITION: (13) IF ONE WAS IT~PLANNED? 

(14) ADVISORY TYPE( P TH RES > 

(15) INTRUSION TYPE( HO PU Te) (16) IF MORE 
WAS THE 

THAN 
MOST 

ONE, DRAW SYMBOLOGY: 
CRITICAL PLANNED? 

(17) TRACK INTRUSION: 

.( 18 )lOCCURS -( time >I-P-R-O-X----I:THREAT RES ADI .., 
~NEUVER(Y/N) 1--------., 

. 1-----­
(19 ) ON SCREEN RES MANEUVER TAKEN . 

TYPE MANEUVER 
~CLI,DES,RIGHT,LEFT) 

RATE 
(BANK OR IT/MIN) 

COURSE CHANGE 
(FEET--DEGEES) / 

(20) 

(22) 

(24) 

DOES PILOT HEAR THREAT? ( 21> 

DOES PILOT HEAR CLEAR? (23) 

CRITICAL EVENTS?(E.G.OTHER TRAFFIC) 

TYPE 

TIME 

COMMAND 

BACK ON 

RECE I YED : 

COURSE: 

(25) ADVISORY TIMMING---TO SOON ABOUr-­ 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.) 

(31] COURSE DURING INTRUSION (0 - 9) 

[32] MAINTAIN INSTRUMENT SCAN (YIN) 

[33] MAINTAIN EXTERNAL SCAN (YIN) 

[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 ] W0 RKLOA D RAT ING (0 - 9) 

FORM_4.. - INTRUSION LOG 

~ (page 2 of 2) 
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[1] Intrusion Number: 

[2] Test Pilot ID:	 [3] Pilot Mission #: 

[4] Where did the intruder come from (clock position)? 

[5J Did the display light up in time? 

[6]	 Did the threat advisory occur too early or too late? 

[7]	 Did you find ATARS 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 AT ARS 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 
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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 your own discretion: 

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) None of the above. '__-__. 

3.	 Upon evaluating the traffic situation depicted above which 
aircraft is(are) the most critical threat(s)? 

1) The aircraft at 3 0' 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.
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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. 

5.	 Which of the following is false? 

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 
threa t appears. 

4)	 Proximate aircraft advisories occur with any altitude 
separation of less than 2000 feet and range less than 
2 nautical miles. 

6.	 The symbol +' means: 

1) The aircraft is ATARS 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 presertce 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? 

1) Figure a 

2) Figure b 

3) Figure c 

4) Figure d 

A 

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 '.!.f7t. 

B-14
 



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 IlX" 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 'J.fJ' 
2) a yellow asterisk 

3) a red '~'
 

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 located 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 (t) 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. 

RIGHT 
NO CL\ 

17.	 The symbol which depicts the present position of your plane 
is: 

1) '~' 

2) "+04 "
 

3)
 i*' 
4) 'Yr' 
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18.	 The predicted point of closest approach of the threat is repre­
sented by: 

1)	 * 

2)	 Right
 
NO eLI
 

3) 'x'
 

4) '-if
 

19.	 The symbol that depicts a threatening aircraft, its relative 
motion, course, and point of closest approach is: 

1) '-"
 

2) +04
 

3)--....\~~ 
4) \ 

20.	 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. 

B-17
 




