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This repnrt presents the results of a series of interviews taken
with 17 pilots who had experience with either the Automatic
Traffic Advisory and Resalution Service (ATARS) or

the Cockpit Display of Traffic Information (CDTI) flight testing.
The purpose of this study was to determine what the

pilots considered to be the salient features of a traffic

situation display.

The pilots expressed that the most important features are
those that alert the pilot to the existence of other aircraft
and show the aircrafts’ relative location. The pilots’
satisfaction with the thresholds used in the previous tests
indicates that the diplay range need not normally exceed

four nautical miles except in the case of high speed

aivcraft closing from the forward direction.
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INTRODUCTION

Seventeen pilots who participatad in the testing of either

the Automatic Traffic Advisory and Resolution Service (ATARS)
or the Cockpit Display of Traffic Information (CDTI) were
asked to re-evaluate and comment on these services in a series
of structured interviews (see the Appendix for a copy of the
interview form). The purpose of this interview series was

to narrow the focus of future system design and testing by
identifying the salient features of such displays, their
applicability in different situations, and how this may

relate to certain personal characteristics of the pilots

such as age: education, experience., and type of work.



BACKGROUND

From November 1980 to February 1781, two major flight tests were
performed at the Federal Aviation Administration Technical Center
(FAATC) to assess the utility of an Automatic Traffic Advisory

and Resolution Service (ATARS) (Reference 1) and a Cockpit Display
o7 Traffic Information (CDTI). Becth tests used the same

aircraft (a Beechcraft Baron, BE-55), the same display equipment

{(a Bendix 5~inch color weather radar CRT). and the same ground-based
facility (the Mode S sensor) to track and uplink to the aircraft

the information necessary to display all nearby aircraft

squipped with a Mode C (ATCRBS) or a Mode § transponder.

Although the two test series used the same equipment, their uses
were gquite different. ATARS was & collision avoidance system that
displayed pictorial traffic adviscries and alphanumeric conflict
resolution advisories suggesting escape maneuvers. CDTI was
primarily concerned with separation maintenance, spacing and

merging traffic in IFR conditions.



GBJECTIVES

The principal objective of the pilot interview series

is to determine what features a Traffic Advisory Service
(TAS) traffic situvation display should contain In
analyzing the opinions of pilots with previous experience
in using traffic situation displays, the following five

objectives were examined:

1. What features of the display do pilots say are

most useful?

2. How do their assessments differ when considering
situations with different workloeoad, traffic, and weather

conditions?

3. How are their assessments affected by personal data

such as age., education, experience., and type of work?

4. How do pilots rate the utility of a TAS in the

Air Traffic Control (ATC) system™

5. What are pilots’ comments and recommendations

concerning the TAB?



SUMMARY OF KESULTS

This section presents the major results of the analysis in two parts:

1. Assessment of the TAS

2. Pilot Comments
The pilots rated on a 1-to-7 scale (high of 7, low of 1) and ranked
oan an l11~to—-1 scale the (high of 1. low of 11) the displauy features
according to their usefulness in each of six proposed flight
situations
The averages of both the ratings and tankings were grouped into three
distinct catogories{(page 11): high, middle, and low (figures 1 and &).
The most highly ranked and rated features of the display were those that
aslerted the pilot to the presence (audio warning) and relative location
{bearing and altitude) of near-by traffic (page 20). The rankings and
ratings were quite stable over the six flight situations areas
with one exception. indicating that pilots are interested in the same
information in a variety of circumstances. The exception to this stability
across flight situation was the feature "Audio Warning. " The variation
of "Audio Warnings’" ratings and rankings indicate that the pilot’s
initial awareness of an encounter is affected by workload and by other
media such as ATC or s previous encounter where his attention has already

been brought to the display(page 14).

In the section on pilot comments twelve out of the seventeen pilots
(71%) said that the thresholds (i.e. timing and distance of the
displayed traffic) were satisfactory (page 295). The satisfaction with
the thresholds and the low ranking and rating of the "Out-of-Range
Traffic Symbol" suggest that the pilots are less concerned with traffic
autside of their immediate vicinity (Z4nm).
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All of the pilots said that the TAS was definitely an aid to visual
acquisition. The relative position (range, bearing. and sltitude) ¢
the other aircraft was judged to be the most impressive features
by ninety—four percent of the pilots (page 27).
The least impressive aspects of the systems they had flown (page 27)
were tracker lag, reliability., and clutter.
Tracker lag is the delay time inherent in the system for
updating the displayed information of which sensor scan time is the
greatest component (4.7 seconds) The concerns with the reliability
cf the system were that the sensor might drop surveillance tracking
hecause of either hardware or software problems thus causing the
display toc go blank or hold the last displayed message
Clutter couwld occur if too much symbology was displayed on the screen
at the same time causing confusion in reading the displayed information.
Whether the systems increased workload depended upon the type of system used.
Faor CDTI the workload increase was greater than with ATARS since the CDTI
flight test series was run under the hood (simulated IFR conditions) and
necessitated a more concentrated cockplit management procedure. With the
ATARS flight test series there was little to no increase in workload
and was always seen as acceptable (page 28).
The pilots would prefer to have the display in the main scan area
(directly in front of the left seat) and integrated into one of the
primary flight instruments. However., considering the problems with
fitting a display with the primary flight instruments the best location
for the diplay was judged to be the center console.

Ninety—-four percent of the pilots preferred a relative altitude

indicator for the intruder aircraft over absolute altitude



The majority of the pilots felt that a TAS would decrease ATC workllad

or complement the ATC system since an avtomatic traffic advisory se~vice
could be used as a backup and would provide a continuous advisory without
burdening the air traffic contreller (page 30).

Fitty—three percent of the pilots said that since their experience with
either the ATARS or the CDTI systems there were times when they wished that
they had had the system while #lying. This usually occurred around busy

airports or on long cross-~country (enroute) trips.



INTERVIEW CESCRIPTION

Seventeen pilots who participated in the ATARS or CDTI
flights were interviewed to obtain their opinions on what
features a Traffic Advisory Service (TAB) should contain.
Each of the interviews took approximately one hour

and was divided into four parts

The first part solicited background informaticn including
age, level of education., flight experience. and type of

work. The pilot was told that the privacy of his or her
responses was guaranteed and ttat the data would be used

for statistical purposes only.

In the second part the pilot was given a deck of eleven
cards each containing a feature that might be found in a
TAS display. The pilot was told to sort the cards in

the order of their usefulness, and then assign

a Tank from 1 (most useful) to 11 (least useful).

Once the features were ranked, the pilot rated each feature

using the following scale.



7 — Utmost Use

5 -~ Very Useful

4..

2 - Little Use
2—

1 - No Use

The rzason that both ranking anc¢ rating scales were used

is that they show the relative and the absolute value of

the features to the pilot:, rTespectively. The tanking scale has
the advantage of showing the value of each of the features
relative to one another in the event that one rtating

value is assigned to more than cne feature. The rating scale has
the advantage of revealing gaps that may divide thne

features into groups.

The pilot performed this ranking and rating six times with

respect to the following six different flight situations:

1. Ligh%t-To—-Moderate Workload

2. Heavy Workload

3. Blunder Prevention

4. Reduced Visibility

5. Heavy Traffic Areas

6. Verification of ATC Advisories



After 2ach zort the cards were rnixed up so that the pilot

wouwld have to consider each situation independently and

not just leave the cards in the same order each time.

In the third part of the interview the Telationship

between the Air Traffic Control (ATC) system and a

TAS was explored. The pilot was asked to rate

the usefulness of a TAS working together with
level of ATC involvement (advisories supplied

on a work—permitting basis). and when working

two hypothetical levels of ATC involvement (1.

advisories for all VFR aircraft within 1 mile
2. No advisories for VFR aircraft), using the

scale.

In the fourth part the pilot wa:s asked eleven

the current

to VFR aircraft
together with
mandatory

of one another,

above 1 to 7

open-ended questions

concerning their opinions about the previous systems that

they helped test. These questions were asked

the interview.

throughout



DATA ANALYSIS

The results of the analysis are presented in two parts.

The first part (Assessment of Displayed Information) examines
how the pilots rated and ranked the utility of eleven

display features. The second part (Pilot Comments) presents
the tesults of detailed examination of the pilots’ comments

to the eleven open—-ended questions asked throughout the interview.

The in‘erview data were analyzed using both various parametric
and non—parametric statistical tests and by examination of
descriptive statistics (2. g. frecuency distributions). Text
data obtained from responses by test participants to open—ended
questions asking for comments were categorized and tabulated

for analysis.
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ASSESSMENT OF THE TAS

This section is in two parts. The first part (Assessment of

the Displayed Information) examines how the pilots rated and

ranked the basic displayed featurss. The second part of this section
(Dependence of Results on Background) examines the

relationship between these ratings and rankings, and

the pilots’ backgrounds.

Assessment of the Displayed Information

To explore the pilots’ opinions of the eleven displayed +features
two scales were used: a ranking scale (high of 1, low of 11), and

a rating scale (high of 7, low of 1).

Table 1 presents the means of the rankings and ratings for each

of the eleven features across all six flight situations and Figure 1
shows these graphically. The features are numbered in thé order
that was used in the interview form and this is retained here
because all of the graphs generated during the data reduction

employ this numbering scheme. It can be seen from Figure 1 that

there are indeed distinct gaps in the ratings that divide the
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FEATURE

Relative Altitude of
Other Aircratt

Vertical Speed of
Other AitTcratt

Tratfic Course Track
Dwn Aircraft Course Track

Ground Speed of Other
Aircratft

Fange Ring (2 mile)

Point of Closest Approach
Qut-of-Range Traffic Symbaol
Audio Warning

Relative Motion Line

Relative Bearing of Other
Aircraft

TABLE 1

MEANS DF RATINGS AND RANKINGS

MEAN

RANKING

n

. 14

. Q7

.17

06

.14

.13

.37

.63

.78

. 38

MEAN
RATING

&.

33

. 20

.75

. &8

.93

.30

.21
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faatures into three groups (high. middle, and low) anc that thesze
gaps are mirrored in the means of the rankings

The means of the rankings show these gaps as a result of

the distributions of the pilots’ responses. Figures 2, 3, and 4
show histograms that are typical of the three groups. In the high
and low groups (Figures 2 and 4), the pilots show strong agreement
on the value of the features. In the middle group the responses
are much more widely distributed. sometimes almost flat: indicating
a4 lack of consensus over the features located in the middle

of the vating scale (4. 0-5 5). This wide distribution serves

to lump all of the middle group’s ranking means into the center

of the scale.

The only feature in the middle group which did not receive a

wide range of responses under the individual flight situations

was "Audio Warning.” "Audio Warning"’s mean rating and ranking
were in the middle group because this was the only feature to be
rated and ranked differently across the different flight
situations. Figure 3 shows this variation acroass questions.

The response to "Audio Warning” was gquite high in all flight
situations except the third (Blunder Prevention), and the sixth
(ATC Verification:. The explanation for this is straightforward:
for blunder prevention (defined as avolding a s=2¢cond

encounter while maneuvering away from an initial one), and for

ATC verification. the pilot has other means by which he or she can
be alerted to the encounter, and so does not neea an audio warning.
Omitting situations 3 and 6, and recalculating the means of the
rankings and ratings, results in "Audio Warning” moving from the
middle group to the high group. This is shown in Figure 6&.

._14..
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From Figure & it is clear that the features "Relative Bearing

of the Other Aircraft,” “Relat:ve Altitude of the Other Aircraft, "
and "Audio Warning"” are of most importance to the pilot,

that is, the awareness of the existence of other aircraft and.

the other aircraft’s position relative to the own aircraft.

The two features at the low end of the scale are "Own Aircraft
Heading" and "“Qut-of-Range Traffic Symbol." "Own Aircaft Heading"
is essentially information that the pilot already knows. though
some symbol is always necessary to locate the own aircraft on

the display. The consistently low rating and ranking of "Out-
of-—-Range Traffic Symbol"” may be some indication that aircraft

at the extreme range of the display are of little or no interest

to the pilot.

One result of the ATARS Pilot Utilization Study (Reference 1)
was that the pilots were able to make fairly stable judgements
of the relative value of the various display features on their
first experience. Specifically, it was found that the

ranking of the average rating of each display feature did not
vary significantly from the first to the sixth experience with
one exception. The exceptional feature "Resolution Advisory”
lost favor quickly and moved to fifth place by the end of

the fourth flight. Since the "Resolution Advisory" display
feature was not of interest in this study (it is no longer

a part of the ground system) and all of the interviewed

pilots were thoroughly familiar with the display and its

operational use, it is expected that assessments of the TAS



made by the pilots are mature. It is further nected that
the pilots opinion explored in the following section are
completely consistent with the results of the Pilot Utilization

report (Reference 1).

The pilot was asked to rate the usefulness of a TAS working
together with the current level of ATC involvement (adviscories

supplied to VFR aircraft on a uork—permifting basis), and when
working together with two hypothetical levels of ATC invelvement
(1. Mandatory advisories for all VFR aircraft within nautical
mile of one another, 2. No advisories for VFR aircraft), using
the same 7-point scale that was used to rate the individual

features. Table 2 gives the means and median values for each of

these three conditions.

MEAN MEDIAN
Mandatory 4. 41 5
Work—-permitting 5. 29 S5
Ng ATC 6. 00 6
TABLE 2

MEANS AND MEDIANS OF TAS ASSESSMENT WITH ATC

An examination of the means of the pilots’ responses
shows that even in the hypothetical case of mandatory advisories
the vsefulness of a TAS was rated quite highly. This indicates

a2 high degree of pilot satisfaction with the concept of a

traffic situation display.



Dependence of Resuylts on Background

The collection of 17 pilots interviewed in this study had

a great breadth of background and experience. Their ages
varied from 33 to 62 and seven of the pilots were professional
pilots. The total number of years as a8 pilot varied from

3 to 41 and the number of flight hours as Pilot—in-Command
(PIC) varied from 170 to 12000. The consistency and
credibility of the pilots’ assessments of the service and

the relationship with the pilot background and experience

are examined in this section.

Although there was generél uniformity across the six questions in
the pilot’s ratings and rankings of the display features: the
assessment of the utility of the "Audio Warning" feature varied
dramatically over the six situations on which assessments

were made (Figure 5). 1t was, “urthermore. found that the
rating sctales were applied differently to each of the six
situations.

These facts suggest very clearly that the pilots made sharp
distinctions in their rating and ranking. Additionally., it

was noted that the pilots were consistent in their rankings

and ratings and in only 2& cases out of 1122 did a pilot reverse

the order of two features between the ratings and the rankings.



The ratings and rankings were further examined to determine
what dependencies there were on the pilots’ background or
experience. This data was examined in both raw form and
recoded into high:. middle. and low categories. The following

terminology is vused:

RATING -~ Values 1 to 7 - raw ratings

RATE - Values 1 to 3 - {1) bottom 2 rated
(2) middle 3 rTated
(3) top 2 rated

RANKING - Values 1 to 11 - raw rankings

RANK - Values 1 to 3 - (1) top 3 ranked

(2) middle 6 ranked

(3) bottom 2 ranked

These data were statistically examined with respect to the

following background and experience data:

AGE ~ Age in years

FLTHR — Total hours as PIC

CCERT -~ Current certifications
NRYR — Number of years &5 a pilot

ATARE — Experience with ATARS or CDTI tesing

JBCLE ~ Jab classification
ED — Level of educaticn
1D — Pilots’ identification number



For each of the above cases except ATARS and ID. the values were
recoded to have a value of 1 if helow the median, and 2 if
above the median. This recoding was done to enhance the
statistical analysis for the small samples involved.

It was found that the rating scale as used by each pilot

was statistically, and practically, dependent on every
experience and background factor. Additionally., the recoded
rating scale (RATE) showed a8 similar dependence on background
and experience. In contrast, it was found that the recoded
ranking scale (RANK) was independent of all above listed
background and experience factors. These results are
consistent with other similar psychological studies (per
discussion with Dr. Eugene Galanter., Columbia University
Department of Psychology), where it has been found that
predictors of opinion or rating and ranking behavior which

are based vpon background and experience data are not reliable.

_...24-..



PILOT COMMENTS

Eleven open—ended questions were answered by the seventeen pilots
during the interview (see Appendix for interview form).

Initially, pilot comments were catorgorized and grouped by system
experience (ATARS or CDTI). With few exceptions the differences
between the answers given for ATARS and CDTI were found to be
negligible: therefore. most of the answers were grouped as a whole

for ease of presentation.

The pilots® experience with the ATARS or CDTI systems is distributed

as follows:

SYSTEM EXPERIENCE NUMBER OF PILOTS
ATARS and CDTI a8
CDTI only 1
ATARS only 8

#Note: There were 16 pilots with ATARS experience and 9 with CDTI

experience out of a total of 17 pilots

In the remainder of this szection each question is examined with
respect to the number of pilots who made each comment and

the percentage of all 17 pilots which this number represents.



How did you feel about the timing and distance thresholds

ysad _in the tests™

The basic range of displayed traffic for ATARS was 4 nautical
miles (nm. ) in the forward direction and 2 nm. to the sides

and back. This was modified by the altitudes and closing rates
of the other traffic. The range for CDTI was larger. sometimes
displaying traffic as much as 8 rnm away. Because of this
difference the data is divided into those pilots with ATARS

axperience and those with CDTI experience.

All Pilots/w Pilots/w
Pilots cDT1 ATARS
Thresholds were satisfactory 12 (71%4) 6 (67%) 12 (75%4)

I would like to see
more forward traffic 9 _(29%4) 3 (33%) 4 (25%)
17 (100%Z) 9 (100%) 16 (100%)

There 1s no significant difference between the pilots with
experience with ATARS and those with CDTI; the majority of

pilots felt that the thresholds were sufficient. Coupling

this with the extremely low ratings and rankings for the
Out—of—-Range Traffic Symbol (seen in "Assessment of the Displayed
Information"”) suggests that the pilots’ were not concerned with

traffic outside of their immediate vicinity (>4 nm. ).



Hew did you feel about the service as an aid to visual acquisit. on?

The pilots were asked to comment on the system as an aid to visual
acquisition. All of the answers were positive resulting in a 100
percent response of "very useful.®

All pilots felt that any kind of traffic situation display would

be useful as an aid to visual acquisition.

What impressed you most about the service?

This question asked the pilots to think about their past experience
with the system, how they used it and what they remembered as the
most significant aspects of the traffic advisory service, whether

it was ATARS or CDTI.

Number of pilots

Knowing the relative
position of the
traffic 16 (4%

The ability to
display the traffic 1 (6%)



Wrat impressed you least about tre service?

his gquestion brought out the pilots’ dissatisfactions with the
serTvice. The comments concerned both system and aisplay design.
One pilot expressed dissatisfaction with targets that popped up
without notice. This occurred when an intruder was outside of a
proximate or priority range and then turned into the flight path of
the subject aircraft thus popping up without notice and creating a

conflict.

Number of pilots

Reliability 8 (474)
Tracker lag 9 (294)
Clutter 2 (1274

Targets popped
up without notice 1 (&%)

No response 1 (&6X)

Did you feel the service increased the cockpit workload?

The answer to this question was generally "No" or "Slightly"

for VFR conditions, byt the pilots felt that 1f the system

were €o be used in IFR conditions:. the workload may be higher.

It was reasoned that there would be an increase in workload for any
new or added instrument in the cockpit, but that an advisory

service would make any increase worthwhile

Number of pilots

Slight increase 9.9 (56%4)

No increase 7.9 (44%



Jo be most useful where should the display be located?

Number of pilots

With primary instruments & (334)

In center conscle 11 (65%)

Were there any times when you would have preferred an absolute

altitude rather than a relative altitude indicator for the
gther aircraft?

It should be noted that the pilots experienced only relative altitude

in the ATARS and CDTI flight testing.

Number of Pilots

Relative 16 (247%)

Absolute 1 (6%4)

Only one pilot said that absolute altitude would be preferable

vnder certain circumstances, such as over mountains., or during

climbing or descending maneuvers.



How do you see an automatic advisory service interfacinc or contributing
to _the overall traffic situation?

Responses to this question generally concerned the pilot—-ATC interface

where ATC advisory workload can be shared by the VFR pilot.

Number of pilots

Relieves ATC
workload 7 (41%)

Supports and
complements ATC 7 (41%)

Use as an advisory
service 2 (12%4)

Adds confusion to
system 1 (&%)



in _the time since your last participation in the evaluation
of a traffic advisory service (ATARS or CDTI) have uou
wished you had the service when flying?

Number of pilots

Yes: At busy airports (controlled

and uncontrolled) ? (53%)
Yesi Enroute(crosscountry) : 3 (18%)
No S (29%4)

Generally the areas where the pilots would have liked to have the
system was 1in the terminal areas (high density) and at busy airports
whether controlled, with tower or radar coverage, or

uncontrolled with a high volume of general aviation traffic.

Another area where the pilots would have liked to have the

system was the enroute phase of a flight where there are long

periods of inactivity.

Are there any other features, not listed here (in the rating
and ranking), that the service should include in order to be
of most use to the general aviation pilot™?

Some features pilots would like to see added to the TAS are listed
below:

# Ground speed of own aircraft

# Pictorial representation of aircraft

# A "system—working" indicator

# Visval alert indicator

# Time to closest approach countdown

# Pilot~selectable features (e.g. altitude and range filter)

# Resolution advisories



“"he following are some general romments that were made by
the pilots. These comments were made by only one pilot

egach except for the first which was made by three pilots

# The system would be too expensive for small aircraft
# The service should he implemented

# Make the display sunlight readable

# Combine the ATARS and CDTI systems

# The system does not contribute to aviation safety

# Keep the resolution service

-3el-



CONCLUSIONS

i. The most important features of a traffic advisory\
service display are those that alert the pilot to the presence
of nearby traffic (audio warning) and give its relative position

{bearing and altitude).

2. Ranking scales tend to be independent of pilot background
and experience. Rating scales do not have this same good quality;
however, rankings based on mean ratings are comparable to ranking

scales.
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APPENDIX

This appendix contains the interview form used to collect
the data from the seventeen pilots. This form was completed

by the interviewer as the pilot answered the questions orally.




TRAFFIC ADVISORY SERVICE
FREVIOUS EXFERIENCE QUESTIONNAIRE

The inmformation contaimed in this cuestionmasire will mnot be

associated with wour rname! All data will be used for
statistical erurroses only., Flease answer 2ll cuestions as
accurately and as honestly as rossihle.

L b N BIME b oo e et e et e e e 2 v v s e s e

8.

P

Hou

Imn which exreriment did

How many missions

Routing Swumbol ...

Current Certifications?

Total rmumber

Number Hours
Number Hours

Total number

re Flown

SR, B

Eld,

2 SURNRR . I

Frivate L1 CFI [N
Commerciasl [ 1 CFIi L1
Multi L 1 ATF C 1
Instrument [ ] Heli [
Searlane £ 1 Glider [ 1

wears as a rilot:

S 1

Multis o

HOWUTS § e e

last & Months?

10.

11,

12,

13,

14,

16.

didd wou flu?

i8.

19,

FIingled
ML L 8 e e
Commercial b e,

MLl taBrY e

wou #articirate?

ATARS [ 1 13+ when?

coTtr o1 17+ when?

ATARS e

COT T e

Extension? e
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The followind cuestions concern wour backgrournd. Your resronses
will be kert strictly confidential and used for research rurroses
only.

20, Ade?d e,

21, Ture of Work: Tech. Manadement L 1
Endg. Manadement L 2
Endineering N |
Administration L 1
Aircraft Mechanic L 1
Automotive Mechanic [ ]
Technical C 1
Clerical L 1
hata Frocessindg L 1
Medical L 1
Frof. Pilot [ 1
Other L 1

1o e T e B ¥ -SRI
Title?

22+ Number of Years with the FAA!

23, Education:? Less than 12 uwears L 1 24, Number wears!? ...

High School Grad L 2
(or equivalent)

Some Underdrad Collede [ 1
2ur Collede Grad |
Trade or Voc. School L 1
BAs RS ledree L 1
Some Grad. Study C 1
May MS» MREA L 1
LoDy F‘h.Il.y Ed.D. L ]

A3



25, Are wou currently 3 member of an avistion club or societw?
YES [ 1
NO O

26, o wou own or have rart ownershisr in an aircraft?
YES [ 1
NQO r 1

If YESy what ture aircraft(s)?

27 If NOr have wou ever held ownershis or rart
ownershir in an aircraft?

YES [ 1
NO C 1

If YESy tures of asircraft(s)?

During the rast uwears what tures of sircraft flown most often?

A4



These auestions concern wour overall imerressions of the servica
used in the test flight(s) in which wou rarticirated.

What impressed wou most about the service? (srecifw which
gservice if wou eparticirated in both tests)

caen Sess bees Mres 4ets Gats 4ovs G4 S A442 G408 Si4u sem Sme eebe beed thrs Aves SERS SRIE SHMe 441 Semw Seer Nete Sbes Sen Sems bevi hakt Mes Sema eed Teeu Beet Sied SY S0 S6As Sead ebe FAve bore Geer Geve Sess Shes Sees Sose Sese Sead b Bse sese bies eeve

mer tate 100 Beas Sers eas tees SHEe sese S6%8 S10R Srme S0t PEeS bems bevs ShSs Mot Se4e SHSF SHEe S0t Sert SeEe Bbe PAMG Fees fem o Sewe Gt Seed Gebe Sest S S St Gmss Seve i SUmS ae dees Seke Sest Sees bese 44 Sees See Shes mave beem Sees sees sias
on ses sove Bem suse besn seen seee seee sed seme +rew sees Seve vade ek Seie tese sree Tewe TR mm SrSd T S 4443 S4es Seh Sei. Srbe thek S0 Seie Secs Sebe beed SRS bere Leee Gem Sase Sues SSNH ASe Sees SN EHes S bebn Bhis amtw Arem Smb ared Fatd s

core sves trex vase seme b Sres 60 Fede Sebe SO Temd O G406 SEA G4 Siem DK S430 Shem Tend TvEd A6 SHE $40S S100 LeEE SEES Bees Sem Gres 0oy e Se4e SPee Seie SESs S0es bhee S Feew Gme PMS ISP Peew e Fin St SeSC SRS SNee G4 AL Shvs vede Tems

What imrressed wvou least sbhout the service? (srecify which
service if wou rarticirated in both tests)

4107 Sene arte sase sass brs 44 sawe vewe G09S S0E SR SE S404 S4TE SS4 HH4S ONY Seen TES SAME S04 Seew bast 5090 Fese Mebe Moty Yeve Neve bPee Wew Reew e Gae Tees Ceee Sete Geae Seee Sese Sbue Sere Sese Seat Sest Emes Sese See sats bHS Geae Peed Pee Saew seve
a4ve Grmm seet emas St baen Sexs Soms Sos Aat Sers esve Seat Sete Siee Fess Sens Seee See SIve b4es Mee Sose meve Yies e Aess bete Gees A4se tase pes Sese biee ems bvmd A0es Sees Shes Sesh Gee Geve FE0t S4ee Suse S Seer Saad M0s HEs S0nS Sres see brve eee seae
“es aeee +oes Seas seae ess Shes 4eee SEee 4ebe SES WHVS bres Sakd F2es MG Sheh Ases Mime MY Seve eme PAME Seis Som 6ids beve 400 Sees Seee GeG Febd S4B Sate Seit T4 Sves KRS Nies Feee Bess beca sece Stes Sert Seee SRS base Cen Sess Gers biv Aait Gat Sean mase

ane soon eats came sa0n saee bare Sine rebe Saim Sore $UPe 44 Pmim SeAL betr Sebe Bese bese SRS Rees Yees rewe setu Sebe S9es besk sebe oo seus Gese Sees bivs e AEes Seve Pebw FmEs Sese SESR SRS S48 Seim DenE PROR SOSH VERE REE SN AL SH G0N Men bt S e

Did wou feel the service increassed the cockrit workload? How much?
Was it accertable? Flease exrlain.

vte M mear semn Seer Tees PEES es Kete SO Gacw Aee Sate Eebe sbes beer Sem Sbse bews Bees S04e S40s bt bmre Thes PS8 440S Seee SIC FUES et SeEr PATs Sres Rede e H GG MG CME Aim doet St At Seer Sebe ORS WO 400E SiT HEES Mk H008 St bed Teee

oa4 sar 4e0e obe Seme Sats aivt 0at eres S48 Sres S4en Bein Gens Ses Beu Feee S40r Suih Pies Mebe Semd e Lot Aeia SN Gred A Mat: Teel Sebr Ses Seds Seiy Game Sosn Sees Sese Sece seee Cesk Bies Geve S40A bees HAES ROse Sime G4et Sns bebe ed Base PAep Pece evs
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In the followindg exercises wou will receive a deck of cardsy
each of which contain 8 feature wou might find in the ATAS
sarvice. Flease sort them with the first card feature beind
the most useful and the last card heindg the least useful in
Froviding information as an aid to maintsinindg seraration.
After each sort of the cards ernter the rosition of the card

bheside the feature and rate the feature according to its
usefulness.,

Ratind Scale
- This fTeature would bhe of utmost use
-~ This feature would be verwy useful

- This feature would be somewhat useful

D RO N
}

-~ This feature would bhe of ro use st all.

A, Conflicting aircraft in moderste to light workload situations.

Feature Order
Relative altitude of other zircraft 28, [ 1
Vertical sreed of other aircraft 30, [ 1
Traffic course track 32, L 1
Own aircraft course track 34, [ 1
Ground sreed of other aircraft 36, L 1
Rarmge ring (2 mile) 38, € 1
Foint of closest arrroach 40. [ 1
Out-of-range traffic sumbol () 2. L 1
Audio warning 44, [ 1
Relative motion line 465, [ 1
Relative bearing of other aircraft

(shown by + sumbol) 48. [ 1]

B, Conflicting aircraft in heavy workload situations.

Festure Order
Relative azltitude of other aircraft 50. L 1
Vertical sreed of other aircraft 52. L 1
Traffic course trachk S54. [ 1]
Own aircraft course track 96. L 3
Ground sreed of other sircraft 58. C 1
Rande rind (2 mile) 60. [ 1
Foint of closest asrroach &62. L 1
Out-of-range traffic sumbhol () 64, [ 1
Audico warning d6. L1
Relative motion line 68. [ 1
Relative hearindg of other aircraft

(shown by + sumbol) 70. [ 1

Rating

29.
31.
33.
335.
37.
39.
41 .
43,
45,
47 .

49,

MMEMmMmmmr

~

Rating

51,
D3,
5.
57,
59,
61.
63,
&9 .
&7,
469.

71.

s T e TR B o e 2 e B T B o |

™
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c.

) U

Rating Scale
- This feature would bhe
- This feature would be

-~ This feature would be

= RO AN
1

- This feature would be

Elunder rrevention when maneuvering to ma
the immediste situatiorn when other aircra
(The rossibility of turnind into another maneuverindg situation)

Feature

Relative altitude of other aircraft

Vertical sreed of other aircraft

Traffic course trackhk

Own aircraft course track

Ground sreed of other aircraft

Randge ring (2 mile)

Foint of closest arrroach

Qut-of-range traffic swumbol ( )

Audio warning

Relative motion line

Relative bearing of other aircraft
(shown by + sumbol)

Reduced visibhilitu,

Feature

Relative altitude of other asircraft

Vertical sreed of other asircraft

Traffic course trachk

Owrn sircraft course track

Ground sreed of other aircraft

Randge ring (2 mile)

Foimt of closest arprosch

Qut—-of-rande traffic sumbhol ( )

Audio warning

Relative motion line

Relative bearing of other aircraft
(shouwn by + susmbol)

of utmost use
very useful
somewhat useful

of no use at all.

intain seraration

from

ft are in close sroximity.

Order

720
74,
76
78.
80.
82,
84,
86.
a8s8.
%0,

L 200 e 0 o 0 o T T e B OO 2 0 O |
L bd bd Lod bt G

L bd Lt Ld

92,

n
i

Order

?4. L 1
?46. L 1
98, L 1
100,
102,
104,
106,
108,
110.
112,

fn B oo T o B N O e O 2o
e L Lo B L Ld

114, [ 13

Rating

73.
75,
77
79,
81.
83,
85.
87.
89.
?1.

o U o I e T e B T o B O 2 |

?3.

2]

Ratinsg

?5. [

| T B N W VNN VG TN SN B A gy A

[

1

7. L 1
9. L 1

101.
103.
105,
107,
109.
111,
113,
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E.

Fe

Rating Scale
-~ This feature would he

- This feature would be

- This feature would bhe

R D AN
i

-~ This feature would be

Heavy traffic areas.
Feature

Relative altitude of other aircraft

Vertical sreed of other zircraft

Traffic course trachk

Own aircraft course track

Ground sreed of other aircraft

Range ring (2 mile)

Point of closest arrroach

Out-of-range traffic sumbol ¢ )

Audio warning

Relative motion line

Relative bearind of other aircraft
(shown by + sumbol)

Coordination with ATC (Verification of AT
Feature

Relative altitude of other aircraft

Vertical sreed of other aircraft

Traffic course track

Owr aircraft course track

Ground sreed of other aircraft

Rande ring (2 mile)

Foint of closest areroach

Out-of-randge traffic sumbol ¢ )

Audio warning

Relative motion line

Relative bearing of other aircraft
(shown bw + sumbol)

of utmost use
very useful
somewhat useful

of no use at all.

Order

116. [
118. C
120, €
122. €
124, €
126, C
128. €
130, [
132. €
134, €

d bd id bd fmd d b fed bed bd

136. L

]

C sdvisories).
Order

138. €
140. C
142. C
144, €
146. € ]
148, [
150, [
152, €
154, [
156. L

i ld bod L Ld

fd b led ek

158. € 1

Rating

117.
119,
121,
123,
125.
127,
129.
131,
133.
135.

137,

Rating

139,
141,
143.
145,
147,
149,
151.
153.
155,
157,

159.
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To be most usefuls where should the disrlaws be located in the
cockrit?

>161. What sire should the disrlauw be? (rresent size Jin.x Sin.)

L 1 lardger
L 1 same size )
L 1 smaller

162, Are there anw featuresy not listed herey that the service
should include in order to be of most use
to the deneral aviation rilot? Euxrlain,.

NO C 1
YES [ 1

otne on mets ster s4ow bens Sasy avs mims aess St Sash GEes Ses S4e0 Sive Masy Bree veet SOs Hees $04 Pem WAL Soes baks Aebs Fems SN St ebv Sres Sets emt Gets e BH Sber S4eb Sial ehie ther LaEE S0mt ToNT SIS SR A4ab POeS bvrs buad mems wbee Sems

Were there angy times when yvou would have rreferred an
absolute altitude indicator rather tham a relative altitude
indicator for the other aircraft?

ombs 040 sees Gomm team sbes $ein Sesh Sees Sies Sesd bms Sast Seee fess 44OF 4E4B AT Fere Rie Aty Seer aes WR NS Svee Beey Seis Sire Phee SeAV Seeh Pees Shot S POSS eas S+ RS Gere SEEE FBME Sias Sere Sain Srew Sies bee $0re eae Sebs bese oy mmen
e bots os sind oeae s4ie seer bese Shee Fiue SR TRoR Same SeRe SEs Neew Seas Sir vebs 4bve Sveh $0se Bers 4618 Seie 40mt Sebe HeOe Mais Sese Sebs ies Goim 4ois Sete S20% SR04 Snre Mmee o it bes s3es Pees Seby Sree Shel Seed Shes sens sees sese Seer et
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Given the following rossible ATC redulations for seneral aviationy
how would wou rate the usefulmness of ATAS in collision avoidance and
in maintainindg seraration.

162, Mandatory ATC advisories for 811 VUFR sircraft within 1 nauticasl
mile of each other.

no little very utmost
use use usefuyl use

ERTp R — R o ont tvot bors sase [ orom eme sane ores vors - v bt sons sase bove sae eres mone woe

163, ATC advisories for VUFR aircraft srovided on 38 "work-rermitting®
basis (current ATC sractice).

o little very utmost
use use useful use

‘164.,No ATC advisories for VFR aircraft.

rno little very utmost
use use useful use

v vne bave oo o v sven tons sive rave arae baee avse secn cee one anae wbee ooee wase TR — e e oate orr oree [UERpE N —

165, In wour orinion ATC advisories should bet
L 1 mandatory
L 1 rrovided on 8 *work-rermitting® basis

E 1 mot rrovided

for 311 VFR aircraft.

If ATC 3dvisories Were e e e for 811 VFR aircraft (snswer from
rrevious auestion)r» how would vyou see an asutomatic advisory service

interfacing or contributing to the oversll traffic situation?

=u hesk sase mes ves bevs Beka Bass Gees Sses Sese Sie Sees bies Sees cess pebs meme Sesn Ares Sres Sase Peas bees Semt Gers Bred Shen S4or 4003 bk sice etd mrd Sess it cebn Aren bese Seev Beve vers veve
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1646, In the time since wour last rarticiration in the evaluation of a traf
sadvisory service (ATARS or CDTI) have wou wished wou had the service
when flwuing.,

YES [ 1
NO L1

If wesy rlease exrlain the circumstance(s)

#4904 4008 4amn sane Moo ete seee sare Save beas G0SE Smew S6m Ense SRS Sots seee Sabs Guen Bees bees weet M4 G SoL4 Abie Seis e aae

#0500 S9uS Yere Gbes 4SS ore IS BHSe bues Sree bemw imd oms a0 Teme Seee burm Seen Ses dee ete Tite Gesy Sote Ses SOes Sebh Sess Seme Seee Gris Shes teis AN hees Seet Sees Bese Seee Bims trme SEe bim 040 SNe ENe G0t Tare eabe S0 Gewe Geed Heed Hhi i RS FEIE GSS b bis e WOS Bevs P4 Abe evs Sees Seme orab Pt Towe

0404 Seve 04s 2ats ot e Hhs ate W e Se4 Sen ebe S6M CMN Seet See 4ont A4Sh Bie S0t S405 S4en beve FINS Feem bims rve Giee G401 MEG4 S0 S588 4 $404 SEVH FHee MLm tevs Ste Tes RS FE™ Wns SHer PO GeY S0t ohee SOd 0N Sret niwk Simb Sobe Sery Shbe Sems Tee aie b4 4090 Gme S804 bere mes AOES Feim seve Sems sete sems

‘Are there any other roints or comments dou wish to make concernind
ATARS or CDTI that were not covered in this interview?

ne amme cver shse sem Sees SraS SaF Mms Feew b 6 SrSt S6e4 PO HUe S4eh $0RS S000 HP Bers $eik Som Shem Peee PESe Sert Seme M Pie Sees Cere Seew §ibe stue Geee pess rree rmd Sess Sede Pess becs mime Seee Biee NASS Bl SoLa Seas bues Seul Seme Sest seer beve Sbas
Saee saes mams ase samt 4esn Sove Sene Seem Fete Sear See bem TS MOMS dmve beds 4N S64 v SIS FieS P64 S484 A oty tuee bebs FESS 4ees SP-t RS ResS Fars Gors Foee Meds sbiw Mss eres Srer iss e Sant Shms S804 Sabe Sese Seet SMel bevs me Seww Feve Peed vase bima

167+ Would you be willing to flidght test the ATAS in the near future?

YES [ 1

NO [ 1

How did wou feel about the timindg and distance thresholds

wsed in the tests?

® e test res o it beer cene ew beme oo See Sees bee Gese cebe Fe4d Boaa beie Bsee sere Gess Gese TSl ees $00s kes bets smma Bves s Fere Mecw Sme Pese Seee Tes S eas St AN BH S0 800 Sem amey eve Seee Seot
e S0hS e snte Suet reie cwed e sere G0 Soap vt Oy bevn Pmse eebe miwe SOSH SOrt MAG $40% Si0s Seee KrS ond S403 SH0s Guee S406 MRS Fert Geie S4es Bte SRse Mest bias dmst bemm semn tevs Seve Seer fees Sest SwSe SO Geve Mtw Gbse bU Biet evv dmby S S0ae bres bete biee Srim Sees bess beue biae bees mmae

T T R

How did wou feel about the service as sn aid to visual sceuisition?

whon sove c104 it smas avie $es Seke Sove Savu HAe ems ibn Sive Se0E Geee Smn Sabs Seas Sem it miee Bees Smm e Tese 4e4e 981 SINS $UES ek SH0s Sieb eie ess es Thee eSes sems Teed Soms wame eet DGO St S48 teis ews FaRS SEN SGP CHGS GRS 4oms Sdms Fme MM BUES Sues sasw bebd Sesd Seve Coe beve sve

All






	Structure Bookmarks
	&1-82-1 00-92LR 
	FAA TECHNICAL CENTER. LETTER REPORT. 
	TRAFFIC ADVISORY SERVICE USER EVALUATION 
	by 
	Wi 11iam A. Thedford 
	A. Kenneth Novakoff 
	Robert L. Barnett 
	• 
	August 1982 
	U. S. DEPARTMENT OF TRANSPORTATION. FEDERAL AVIATION ADMINISTRATION. TECHNICAL CENTER. 
	Atlantic City Airport, N.J. 08405 
	•. 
	This r~port pres~nts the results of a series of interviews taken with 17 pilots who had experience with either the Automatic Traffic Advisory and Resolution Service (ATARS) or the Cockpit Display of Traffic Information (COT!) flight testing. The purpose of this study was to determine what the pilots considered to be the salient features of a traffic situation display. 
	The pilots expressed that the most important features are those that alert the pilot to the existence of other aircraft and show the aircrafts' relative location. The pilots' satisfaction with the thresholds used in the previous tests indicates that the diplay range need not normally exceed four nautical miles except in the case of high speed aircraft closing from the forward direction. 
	--1­
	Figure
	TABLE or CONTENTS. 
	Abstract i Introduction 1 Background 2 Objectives 3 Summary of Results 4 Interview Description 7 Data Analysis 10 Assessment of TAS 1 1 Assessment of Displayed Information 11 Dependence of Results on Background 22 Pilot Comments 25 Conclusions 32 References 34 
	Appendix -Traffic Advisory Service Previous Ai Guestionn~ire 
	Experience 

	Figure
	LIST OF JABLES. 
	TABLE 
	TABLE 
	TABLE 

	1 
	1 
	Means 
	of 
	Ratings 
	and 
	Rankings 

	2 
	2 
	Means and with ATC 
	Medians 
	of 
	TAB 
	Assessment 

	TR
	LIST 
	OF 
	ILLUSTRATIONS 

	FIGURE 
	FIGURE 

	1 
	1 
	Plot of Average Rating and Ranking for Each Display Feature Over All Flight Situations 

	2 
	2 
	Example of Pilot Response from the "High" Category 
	to 
	a 
	Feature 

	3 
	3 
	Example of Pilot Response to from the "Middle" Category 
	a 
	Feature 

	4 
	4 
	Example of Pilot Response from the "Low" Category 
	to 
	a 
	Feature 

	5 
	5 
	Variation of Rating and Ranking of "Audio Warning" Across Flight Situation Number 

	6 
	6 
	Plot of Average Rating and Ranking for Each Display Feature Over All Flight Situations Except Blunder Prevention (#3) and ATC Verification (#6) 


	12 21 
	13 
	15 16 
	17 
	18 
	19 
	-i i i­
	":1 
	INTRODUCTION. 
	Seventeen pilots who participated in the testing oT either the Automatic Traffic Advisory and Resolution Service (ATARS) or the Cockpit Display of Traffic Information (CDTI) were asked to re-evaluate and comment on these services in a series of structured interviews (see the Appendix for a copy of the lnterview form). The purpose of this interview series was to narrow the focus of future system design and tpsting by identifying the salient features of such displays, their applicability in different sitvatio
	-1­
	BACKGROUND 
	From November 1980 to February 1981, two maJor flight tests were performed at the Federal Aviatlon Administration Technical Center (FAATC) to assess the utility of an Automatic Traffic Advisory and Resolution Service (ATARS) (Reference 1) and a Cockpit Display o~ Traffic Information (CDTI). Beth tests used the same aircraft (a Beechcraft Baron, BE-55), the same display equipment (a Bendix 5-inch color weather radar CRT), and the same ground-based facility (the Mode S sensor) to track and uplink to the aircr
	Although the two test series used the same equipment, their uses were quite different. ATARS was a collision avoidance system that displayed pictorial traffic advisories and alphanumeric conflict resolution advisories suggesting escape maneuvers. CDTI was primarily concerned with separation maintenance, spacing and merging traffic in IFR conditions 
	-2­
	OBJECTIVES 
	The principal obJective of the pilot interview series is to determine what features a Traffic Advisory Service (TAS) traffic situation display should contain. In analyzing the opinions of pilots with previous experience in using traffic situation displays, the following five obJectives were examined: 
	1. 
	1. 
	1. 
	What features of the display do pilots say are most useful? 

	2. 
	2. 
	How do their assessments differ when considering situations with different workload, traffic, and weather conditions? 

	3. 
	3. 
	How are their assessments affected by personal data such as age, education, experience, and type of work? 

	4. 
	4. 
	How do pilots rate the utility of a TAS in the Air Traffic Control (ATC) system? 

	5. 
	5. 
	What are pilots' comme~ts and recommendations concerning the TAS? 


	-3­
	SUMMARY OF I{ESULTS 
	This section presents the maJor results of the analysis in two parts: 
	1. Assessment of the TAS 
	2. Pilot Comments ihe pilots rated on a l-to-7 scale (high of 7, low of 1) and ranked on an l1-to-l scale the (high of I. low of 11) the display features -3ccording to their usefulness in each of six proposed flight situation'" The aver3ges of both the ratings and rankings were grouped into three distinct catogories(page 11): high, middle, and low (figures 1 and 6>' The most highly ranked and rated features of the display were those that alerted the pilot to the presence (audio warning) and relative locatio
	(bearing and altitude) of near-by traffic (page 20), The rankings and ratings were quite stable over the six flight situations areas with one exception. indicating that pilots are interested in the same information in a variety of circumstances. The exception to this stability across flight situation was the oPeature "Audio Warning." The variation () f II AudioWar n i n9s '" ratingsand rankin9sindie ate t hat the pil0t S
	J 
	initial awareness of an encounter is affected by workload and by other media such as ATC or a previous encounter where his attention has already been brought to the displayCpage 14>. 
	In the section on pilot comments twelve out of the seventeen pilots 
	(711.) said that the thresholds (1. e. timing and distance of the 
	displayed traffic) were satisfactory (page 25). The satisfaction with 
	the thresholds and the low ranking and rating oT the "Out-of-Range 
	Traffic Symbol" suggest that the pilots are less concerned with traffic 
	outside of their immediate vicinity <>4nm). 
	-4­
	-4­
	Allor the pilots said that the TAS uas definitely an aid to visual acquisition. The relative position i.range, bearing, and ... ltitude) J-f the other aircraft was Judged to be the most impressive features 

	by 
	by 
	by 
	ninety-four 
	percent 
	of 
	the 
	pilots 
	<page 
	27). 

	The 
	The 
	least 
	impressive aspects 
	of 
	the 
	systems 
	they 
	had 
	flown 
	(page 27) 

	were 
	were 
	tracker 
	lag, 
	reliability, 
	and 
	clutter. 

	Tracker 
	Tracker 
	lag 
	is 
	the 
	delay 
	time 
	inherent 
	in 
	the 
	system 
	for 


	updating the displayed information of which sensor scan time is the greatest component (4.7 seconds). The concerns with the reliability of the system were that the sensor might drop surveillance tracking because of either hardware or software problems thus causing the display to go blank or hold the last displayed message. Clutter could occur if too much symbology was displayed on the screen at the same time causing confusion in reading the displayed information. Whether the systems increased workload depen
	(directly in front of the left seat) and integrated into one of the primary flight instruments. However. considering the problems with fitting a display with the primary flight instruments the best location for the diplay was Judged to be the tenter console. 
	Ninety-four percent of the pilots preferred a relative altitude lndlcator for the intruder aircraft over absolute altitude. 
	-5­
	The majority of the pilots felt that a TAS would decrease ATe worklJad or complement the ATe system since aTI automatic tra"ic adVisory se~vice could be used as a backup and would ~;rovide a continuous advisory without burdening the air tra'fic controlle~ (page 30). Fifty-three percent 0' the pilots said that since their experience with either the ATARS or the CDTI systems there were times when they wished that they had had the system while flying. This usually occurred around busy airports or on long cross
	-6­
	INTERVIEW DESCRIPTION. 
	Seventeen pilots who participated in the ATARS or CDTI flights were interviewed to obtain their opinions on what features a TrafFic Advisory Service (TAS) should contain. Each of the interviews took ap~roximately one hour and was divided into four parts. 
	The first part solicited backgTound information including age, level of education, flight experience, and type of work. The pilot was told that the privacy of his or her responses was guaranteed and trat the data would be used for statistical purposes only. 
	In the second part the pilot was given a deck of eleven cards each containing a feature that might be found in a TAS display. The pilot was told to sort the cards in the order of their usefulness, and then assign a rank from 1 (most useful) to 11 (least useful). Once the features were ranked, the pilot rated each feature using the following scale. 
	-7­
	7 -Utmost Use. 6. 5. 
	Very Useful. 4­3 -Little Use. 2. 1-No Use. 
	The r~ason that both ranking and rating scales were used is that they show the relative and the absolute value of the features to the pilot, respectively. The ranking scale has the advantage of showing the value of each of the features relative to one another in the event that one rating value is assigned to more than one feature. The rating scale has the advantage of revealing gaps that may divide the features into groups. 
	The pilot performed this ranking and rating six times with respect to the following six different flight situations: 
	1. 
	1. 
	1. 
	Light-To-Moderate Workloi',d 

	2. 
	2. 
	Heavy Wor kload 

	3. 
	3. 
	Blunder Prevention 

	4. 
	4. 
	Reduced Visibility 

	5. 
	5. 
	Heavy Traffic Areas 

	6. 
	6. 
	Verification of ATC Advisories 


	-(l­
	;~fter each sort the cards were l',ixed up so that the pilot would have to consider each situation independently and not Just leave the cards in the same order each time. 
	In the third part of the intervlew the relationship between the Air Traffic Control (ATC) system and a TAS was explored. The pilot was asked to rate the usefulness of a TAS working together with the current level of ATe involvement <advisories supplied to VFR aircraft on a work-permitting basis), and when working together with two hypothetical levels of ATC :tnvolvement (1. mandatory advisories for all VFR aircraft within 1 mile of one another, 
	2. aircra~t), using the above 1 to 7 scale. 
	No advisories for VFR 

	In the fourth part the pilot wa<; asked eleven open-ended questions concerning their opinions about the previous systems that they helped test. These questions were asked throughout the interview. 
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	DATA ANALYSIS. 
	The results of the analysis are presented in two parts. The first part (Assessment of Displayed Information) examines how the pilots rated and ranked the utility of eleven display features. The second part (Pilot Comments) presents the results of detailed examinatIon of the pilots' comments to the eleven open-ended questions asked throughout the interview. 
	The in+erview data were analyzed using both various parametric and non-parametric statistical tests and by examination of descriptive statistics (e. g. frequency distributions). Text data obtained from responses by test participants to open-ended questions asking for comments weTe categorized and tabulated for analysis 
	-10­
	ASSESSMENT OF THE TAS 
	This section is in two parts, The first part (Assessment of the Displayed Information) examin~s how the pilots rated and ranked the basic displayed features, The second part of this section (Dependence of Results on Background) examines the relationship between these ratings and rankin~sJ and the pilots' backgrounds, 
	Assessment of the Displayed Information 
	To explore the pilots' opinions of the eleven displayed features two scales were used: a ranking scale (high of 1, low of 11), and a rating scale (high of 7, low of 1), Table 1 presents the means of the rankings and ratings for each of the eleven features across all six flight situations and Figure 1 shows these graphically, The features are numbered in the order that was used in the interview form and this is retained here because all of the graphs generated during the data reduction employ this numbering 
	Table
	TR
	FEATURE 
	MEAN RANKING 
	MEAN RATING 

	1. 
	1. 
	Relative Altitude Other Aircraft 
	of 
	3.14 
	6.33 

	~ ~. 
	~ ~. 
	Vertical Speed Other Aircraft 
	of 
	6. 07 
	4.90 

	":l '>oJ. 
	":l '>oJ. 
	Traffic 
	Course 
	Track 
	5. 17 
	5.20 

	4. 
	4. 
	Own 
	Aircraft 
	Course 
	Track 
	9. 06 
	3.19 

	5. 
	5. 
	Ground Speed Aircraft 
	of 
	Other 
	7.14 
	4. 12 

	6. Fange Ring 
	6. Fange Ring 
	(2 mile) 
	6. 13 
	4. 75 

	7, . 
	7, . 
	Point 
	of 
	Closest 
	Approach 
	6. 37 
	4.68 

	8. Out-of-Range 
	8. Out-of-Range 
	Traffic 
	Symbol 
	9. 29 
	2. 93 

	9. 
	9. 
	Audio 
	Warning 
	4. 63 
	5. 30 

	10. 
	10. 
	Relative 
	Motion 
	Line 
	5. 78 
	4.91 

	1t. 
	1t. 
	Relative Air.:raft 
	Bearing 
	of 
	Other 
	2. 58 
	6.27 

	TABLE 
	TABLE 
	1 

	MEANS 
	MEANS 
	OF 
	RATINGS 
	AND 
	RANKINGS 
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	FIGURE 6 -PLOT OF AVERAGE RATJNG AND RA!\KING FOR
	--_.-----. _.. _.~ .. _~-,._---.----_._~--_.__._---_._­
	EACH. DISPLAY FEATURE OVER ALL FLIGHT SITUATIONS
	---------_..-._-------_.,-_._...•-_._---­
	EXCEPT BLUNDER PkEVENT LON Ui3) AND
	-~._ .. _----_._----------_._­
	-

	~TC VER~}:'1_CAT19~~ft6) 
	From Figure 6 it is clear that the features "Relati're Bearing of the Other Aircraft," "Relat lye Altitude of the Other Aircr,lft," and "A'udio Warning" are of most importance to the pilot, that is, the awareness of the Dxistence of other aircraft and the other aircraft's position relative to the own aircraft, The two features at the low end of the scale are "Own Aircraft Heading" and "Out-of-Range Traffic Symbol." "Own Aircaft Heading" is essentially information that the pilot already knows, though some sy
	One result of the ATARS Pilot Utilization Study (Reference 1) was that the pilots were able to make fairly stable Judgements of the relative value of the various display features on their first experience, Specifically, it was found that the ranking of the average rating of each display feature did not vary significantly from the first to the sixth experience with one exception. The exceptional feature "Resolution Advisory" lost favor quickly and moved to fifth place by the end of the fourth flight. Since t
	-20­
	made by the pilots are mature. It is further noted that the pilots opinion explored in the following section are completely consistent with the results of the Pilot Utilization report (Reference 1). The pilot was asked to rate the usefulness of a TAS working 
	together with the current level of ATC involvement (advisories supplied to VFR aircraft on a work-permitting basis), and when working together with two hypothetical levels of ATC involvement 
	<1. Mandatory advisories for all VFR aircraft within nautical mile oOP one another, 2. No advIsories -For VFR aircra-Ft), using the same 7-point scale that was used to rate the individual features. Table 2 gives the means and median values for each of these three conditions. 
	MEDIAN 
	MEDIAN 
	MEDIAN 

	Mandatory 
	Mandatory 
	4. 41 
	5 

	Work-permitting 
	Work-permitting 
	5. 29 
	5 

	No 
	No 
	ATC 
	6 
	00 
	6 


	TABLE 2 MEANS AND MEDIANS OF TAS ASSESSMENT WITH ATC 
	An examination oOP the means of the pilots' responses shows that even in the hypothetical case of mandatory advisories the usefulness of a TAS was rated quite highly. This indicates a high degree of pilot satisfaction With the concept of a traffic situation display. 
	-21­
	Dependence of Results on Background 
	The collection of 17 pilots interviewed in this study had a great breadth of background and experience. Their ages varied from 33 to 62 and seven of the pilots were professional pilots. The total number of years as a pilot varied from 3 to 41 and the number of flight hours as Pilot-in-Command (PIC) varied ;rom 170 to 12000. The consistency and credibility of the pilots' assessments of the service and the relationship with the pilot background and experience dre examined in this section. 
	Although there was general uniformity across the six questions in the pilot's ratings and rankings of the display features, the assessment of the utility of the "Audio Warning" feature varied dramatically over the six situations on which assessments were made (Figure 5). I t was, '~urthermore, found that the rating scales were applied differently to each of the six situations. These facts suggest very clearly that the pilots made sharp distinctions in their rating and ranking. Additionally, it was noted tha
	The ratIngs and rankings were further examined to determine what dependencies there were on the pilots' background or experience. This data was examined in both raw form and recoded into high, middle, and low categories. The following terminology is used: 
	RATING 
	RATING 
	RATING 
	Values 
	1 
	to 
	7 ~ raw 
	ratings 

	RATE 
	RATE 
	-Values 
	1 
	to 
	3 
	(1) 
	bottom 
	2 
	rated 

	TR
	(2) 
	middle 
	3 
	rated 

	TR
	(3) 
	top 
	2 
	rated 


	RANKING -Values 1 to 11 -raw rankings RANK Values 1 to 3 -(1) top 3 ranked 
	(2) 
	(2) 
	(2) 
	middle 6 ranked 

	(3) 
	(3) 
	bottom 2 ranked 


	These data were statistically examined with respect to the following background and experience data: 
	AGE Age in years FLTHR Total hours as PIC CCERT Current certifications NRYR Number of years as a pilot ATARS Experience with ATARS or CDTI tesing JBCLS -Job classification ED Level of educaticn ID -Pilots' identification number 
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	For each of the above cases excelt ATARS and 10. the values were recoded to have a value of 1 if below the median, and 2 if above the median. This recoding was done to enhance the statistical analysis for the small samples involved. It was found that the rating scale as used by each pilot was statistically, and practically. dependent on every experience and background factor. Additionally. the recoded sim~lar dependence on background and experience. In contrast. it was found that the recoded ranking scale (
	rating scale (RATE) showed a 
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	PILOT COMMENTS 
	Eleven open-ended questions were answered by the seventeen pilots during the interview (see Appendix for interview form). 
	Initially, pilot comments were catorgorized and grouped by system experience (ATARS or CDTI>. With few exceptions the differences between the answers given for ATARS and CDTI were found to be negligible, therefore, most of the answers were grouped as a whole for ease of presentation. 
	The pilots' experience with the ATARS or CDTI systems is distributed as follows: 
	SYSTEM 
	SYSTEM 
	SYSTEM 
	EXPERIENCE 
	NUMBER 
	OF 
	PILOTS 

	ATARS 
	ATARS 
	and 
	COTr 
	8 

	COTI 
	COTI 
	only 
	1 

	ATARS 
	ATARS 
	only 
	8 


	*Note:. There were 16 pilots with ATARS experience and 9 with COTI experience out of a total of 17 pilots. 
	In the remainder of this section each question is examined with respect to the number of pilots who made each comment and the percentage of all 17 pilots which this number represents. 
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	Haw did you feel about the timiDs_ and distance thresho~ used in the tests? 
	The basic range of displayed traffic for ATARS was 4 nautical miles (nm.) in the forward direction and 2 nm. to the sides and bac k. This was modified by the altitudes and closing rates of the other traffic. The range for CDTI was larger, sometimes displaying traffic as much as 8 rIm. away. Because of this 
	difference the data is divided into those pilots with ATARS 
	experience and those with CDTI e~perience. 
	All Pilots/w Pilots/w Pilots CDTI ATARS 
	Thresholds were satisfactory 12 (71iO 6 (671.) 12 (751.) 
	I 
	I 
	I 
	would 
	like 
	to 
	see 

	more 
	more 
	forward 
	traffic 
	5 
	(291.) 
	3 
	(331.) 
	4 
	(251.) 

	TR
	17 
	(1001.) 
	9 
	<1001.) 
	16 
	<1001.) 


	There is no significant difference between the pilots with experience with ATARS and those with CDTIi the maJority of pilots felt that the thresholds were sufficient. Coupling this with the extremely low ratings and rankings for the Out-a'-Range Traffic Symbol (seen in "Assessment of the Displayed Information") suggests that the pilots' were not concerned with traffic outside of their immediate vicinity <>4 nm. ). 
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	Hew did you feel about the service as an aid to visual acguisit. on? 
	The pilots were asked to comment on the system as an aid to visual acquisition. All of the answers were positive resulting in a 100 percent response of "very useful. 
	II 
	All pilots felt that any kind of traffic situation display would be useful as an aid to visual acquisition. 
	What impressed you most about the service? 
	This question asked the pilots to think about their past experience with the system, how they used it and what they remembered as the most significant aspects of the traffic advisory service, whether it was ATARS or CDTI. 
	Number of pilots 
	Knowing position traffic 
	Knowing position traffic 
	Knowing position traffic 
	the of 
	relative the 
	16 
	(941.) 

	The ability display 
	The ability display 
	the 
	to traffic 
	1 
	(6:f.) 


	Wtat impressed you least about tre service? 
	This question brought out the pilots' dissatisfactions with the service. The comments concerned both system and aisplay d~sign. e~pressed dissatisfaction with targets that popped up without notice. This occurred when an intruder was outside of a proximate or priority range and then turned into the flight path of the subject aircraft thus popping up without notice and creating a conflict. 
	One pilot 

	Number 
	Number 
	Number 
	of 
	pilots 

	Reliability 
	Reliability 
	8 
	(47'%) 

	Tracker 
	Tracker 
	lag 
	:'} 
	<297.) 

	Clutter 
	Clutter 
	2 
	(12%) 

	Targets popped 
	Targets popped 

	up 
	up 
	without 
	notice 
	1 
	(6%) 

	No 
	No 
	response 
	1 
	(67.) 


	Did you feel the service increased the cockpit workload? 
	The answer to this question was generally "No" or "Slightly" for VFR conditions, but the pilots felt that if the system were to be used in IFR conditions, the workload may be higher. It was reasoned that there would be an increase in workload for any new or added instrument in the cockpit, but that an advisory service would make any increase worthwhile. 
	Number of pilots 
	Slight 
	Slight 
	Slight 
	increase 
	9.:; 
	(56'%) 

	No 
	No 
	increase 
	7.:,}<447.) 
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	To.be most useful where should the display be located? 
	Number of pilots With primary instruments 6 (3:)%) In center console 11 (651.) 
	Were there any times when you would have preferred an absolute altitude rather than a relative altitude indicator for the other aircraft? 
	It should be noted that the pilots experienced only relative altitude in the ATARS and CDTI flight testing. 
	Number of Pilots Relative 16 (94/.) Absolute 1 (6%) 
	Only one pilot said that absolute altitude would be preferable under certain circumstances, such as over mountains, or during climbing or descending maneuvers. 
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	How do you see an automatic advisory service interfacinc; or contributiQ..9. situation~ 
	to the overall traffic 

	t~e pilot-ATe interrace where ATe advisory workload can be shared by the VFR pilot. 
	Responses to this question generally concerned 

	Table
	TR
	Number 
	of 
	pilots 

	Relieves 
	Relieves 
	ATe 

	workload 
	workload 
	7 
	(41%) 


	Supports and. complements ATe 7 (41%). 
	Use as an advisory. service 2 (12%). 
	Adds confusion to. system 1 (6%). 
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	[n the time since your last participation in the evaluation of a traffic advisory service (ATARS or CDTI) have you wished you had the service when flying? 
	Table
	TR
	Number 
	of 
	pilots 

	YeSi 
	YeSi 
	At 
	busy airports 
	(controlled 

	TR
	and 
	uncontrolled) 
	9 
	<53'/.) 

	Yes; 
	Yes; 
	Enroute (crosse oun
	tr~l) 
	3 
	(18%) 

	No 
	No 
	5 
	(291.) 


	Generally the areas where the pllots would have liked to have the system was in the terminal areas (high density> and at bUSy airports whether controlled. with tower or radar coverage. or uncontrolled with a high volume of general aviation traffic. Another area where the pilots would have liked to have the system was the enroute phase of a flight where there are long periods of inactivity. 
	Are there any other features. not listed here (in the rating and ranking), that the service should include in order to be of most use to the general aviation pilot? 
	Some features pilots would like to see added to the TAS are listed 
	below: 
	* 
	* 
	* 
	Ground speed of own aircraft 

	* 
	* 
	Pictorial representation of aircraft 

	* 
	* 
	A "system-working" indicator 

	* 
	* 
	Visual alert indicator 

	* 
	* 
	Time to closest approach countdown 

	* 
	* 
	Pilot-selectable features (e. g. altitude and range filter) 

	* 
	* 
	Resolution advisories 
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	~he following are some general romments that were made by the pilots. These comments were made by only one pilot each except for the first which was made by three pilots. 
	* 
	* 
	* 
	The system would be too expensive for small aircraft 

	* 
	* 
	The service should be implemented 

	* 
	* 
	Make the display sunlight readable 

	* 
	* 
	Combine the ATARS and CDTI systems 

	* 
	* 
	The system does not contribute to aviation safety 

	* 
	* 
	Keep the resolution service 


	CONCLUSIONS. 
	1. 
	1. 
	1. 
	The most important features of a traffic advisory \ service display are those that alert the pilot to the presence of nearby traffic (audio warning) and give its relative position (bearing and altitude). 

	2. 
	2. 
	Ranking scales tend to be independent of pilot background and experience. Rating scales do not have this same good quality; however, rankings based on mean ratings are comparable to ranking scales. 
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	APPENDIX 
	This appendix contains the interview form used to collect the data from the seventeen pilots. This form was completed by the interviewer as the pilot answered the questions orally. 
	TRAFFIC ADVISORY SERVICE. PREVIOUS EXPERIENCE QUESTIONNAIRE. 
	The information contained in this Questionnaire will not be associated with your name: All data will be used for statistical purposes only. Please answer all Questions as accuratelY and as honestly as possible. 
	1. Name:. _
	~ 
	2. Routins Symbol:. 3. BId. t: 4. Extension: _ 
	5.. 
	5.. 
	5.. 
	Current Certifications: Private [ J CFI [ J Commercial [ J CFIi [ J Multi [J AlP [ J Instrument [ ] Heli [ J Seaplane [ ] Glider [ J 

	6. 
	6. 
	Total number years as a pilot: _ 

	7. 
	7. 
	Number Hours PIC:. _ 

	8. 
	8. 
	Number Hours Multi:. _ 

	9. 
	9. 
	Total number Hours:. _ 


	Hours Flown last 6 Months: 
	10. 
	10. 
	10. 
	Sinsle: _ 

	11. 
	11. 
	Multi: _ 

	12. 
	12. 
	Commercial:. _ 

	13. 
	13. 
	Military:. _ 


	In which experiment did YOU participate? 
	14. ATARS [ ] when? 
	16. CDTI [ ] 17. when? 
	How many missions did YOU fly? 
	18. 
	18. 
	18. 
	ATARS _ 

	19. 
	19. 
	CD11. _ 


	A2 
	~ollowin~ Questions concern wour back~round. Your responses con~idential and used ~or research purposes onlw. 
	The 
	will be kept strictlw 

	20.. _
	A~e: 
	21.. o~ Work: Tech. Mana~ement [] Mana~ement [] En~ineerin~ [J Administration [] Aircra~t Mechanic [] Automotive Mechanic [ ] Technical [ ] Clerical [ ] Processin~ [] Medical [ ] Pro~. Pilot ( ] Other ( ] 
	Twpe 
	Ens. 
	Data 

	Specifw: 
	Title:. _ 
	22. 
	22. 
	22. 
	o~ Years. with the FAA: _ 
	Number 


	23.. 
	23.. 
	Education: Less than 12 wears [ ] 24. Number wears: _ Hi~h School Grad [ J (or eQuivalent) Under~rad Colle~e [] Colle~e Grad [] Trade or Voc. School [ ] De~ree [] Some Grad. Studw [ J MA,MS, MBA [ J LL.D., Ph.D., Ed.D. [ ] 
	Some 
	2wr 
	BA, BS 



	A3. 
	•. 
	25.. 
	25.. 
	25.. 
	Are YOU currently a member of an aviation club or society? YES[ J NO [] 

	26.. 
	26.. 
	Do you own or have part ownership in an aircraft? YES[ ] NO [] 


	If YES, what type aircraftCs)? 
	27.. If NO, have YOU ever held ownership or part ownership in an aircraft? YES[ ] 
	NO [ ] If YES, types of aircraft(s)? 
	During the past Year, what types of aircraft flown most often? 
	A4. 
	These ouestions concern ~our overall impressions of the servic~ fli~ht(s) in which ~ou participated. 
	used in the test 

	What impressed ~ou most about the service? (specif~ which ~ou participated in both tests) 
	service if 

	~ou least about the service? (specif~ which ~ou participated in both tests) 
	What impressed 
	service if 

	~ou feel the service increased the cockpit workload? How much? Was it acceptable? Please eXPlain. 
	Did 

	AS. 
	... 
	In the followin~ exercises ~ou will receive a deck of cards, each of which contain a feature ~ou mi~ht find in the ATAS service. Please sort them with the first card feature bein~ the most useful and the last card bein~ the least useful in providin~ information as an aid to maintainin~ separation. After each sort of the cards enter the position of the card beside the feature and rate the feature accordin~ to its useful nes'.:,. 
	Ratins Scale 
	7 -This feature would be of utmost use 6 
	.­5 -This feature would be useful
	ver~ 
	4­3 -This feature would be somewhat useful 2­1 -This feature would be of no I.lse at all. 
	A. Conflictin~ aircraft in moderate to li~ht workload situations. 
	Feature Order Ratins 
	Relative altitude of other aircraft 28. [ J 29. [ J Vertical speed of other aircraft 30. e J 31. [ J Traffic course track 32. e J 33. [ J Own aircraft COIJrse track 34. [ J 35. [] Ground speed of other aircraft 36. [ J 37. [] Ran~e rins (2 mile) 38. [] 39. [] Point of closest approach 40. [] 41. e ] Out-of-range traffic symbol < ) 42. [ J 43. [] Audio warning 44. [ J 45. [] 
	Relative "loti on line 46. [ J 47. C ] Relative bearing of other aircraft <shown by symbol) 48. C ] 49. C ] 
	+ 

	B. Conflictins aircraft in heavy wDrkload situations. 
	Feature Order Rating 
	Relative altitude of other' aircraft 50. C ] 51. [] Vertical speed of other a:i rcraft 52. [ J 53. ( J Traffic course track 54. [ ] 55. [] Own aircraft course track 56. [ ] 57.C] Ground speed of other ai.rcraft 58. [] 59. [J rin~ (2 mile) 60. [ J 61. [ J Point of closest approach 62. [ ] 63. [] Out-()f·-ran~e traffic symbol 64. [ J 65. r. ] Aw.Ho warning 66. [] 67. [ ] Relative motion line 68. [ ] 69. [] Relative bearing of othE,r aircr-aft 
	Ranse 

	<shown b~ SYlTlt.I() 1 ) 70. [] 71.e ] 
	+ 

	A6 
	Rating Scale 
	7 -This feature would be of utmost use 
	6 ­
	5 -This featlJre would be very useful 
	4 ­
	3 -This feature would be somewhat useful 2­1 -This feature wOIJld be of no use at all. 
	c. Blunder prevention when maneuvering to maintain separation from 
	the immediate situation when other aircraft are in close proximity. (The possibility of turning into another maneuvering situation> 
	Feature Order Rating 
	Relative altitude of other aircraft 72. [ J 73. [ J Vertical speed of other aircraft 74. [ J 75. [ J Traffic course track 76. [ ] 77. [ ] Own aircraft COIJr!-:;e track 78. [ J 79. [ J GrolJnd speed of other aircraft 80. [ J 81-[ J Range ring (2 mile> 82. [ J 83. [ J Point of closest approach 84. [ J 85. [ J Out-of-range traffic symbol ( > 86. [ J 87. [ J AIJdio warning 88. C J 89. [ J Relative "lotion line 90. [] 91. [] Relative bearing of other aircraft 
	(shown by + symbol> 92. [] 93. [ ] 
	II. Reduced visibility. 
	Feature Order Rating 
	Relative altitlJde of other aircraft 94. [J 95. [] Vertical speed of other aircraft 96. [ J 97. [] Traffic course track 98. [] 99. [] Own aircraft COIJrse track 100. [] 101. [] GrolJnd speed of other aircraft 102. [ J 103. [] Range ring (2 mile> 104. [] 105. (] Point of closest approach 106. [] 107. [] Out-of-range traffic symbol ( > 108. e ] 109. [ ] Audio warning 110. [] 111. e ] Relative motion line 112. e ] 113. [ J Relative bearing o·r other aircraft 
	(shown by + symbol> 114. e ] 115. ( J 
	A7. 
	... 
	Ratins Scale 
	7 -This feature would be of utmost IJSe 
	6­
	ver~
	5 --This feature would be useful 
	4­
	3 --This featlJre wOIJld be sORlewhat IJseful 
	2 -­
	1 -This feature would be of no IJse at all. 
	E. Heavy traffic areas. 
	Feature Order Ratins 
	Relative altitude of other aircraft 116. £: J 117. £: J Vertical speed of other aircraft 118. £: J 119. [ J Traffic course track 120. [ J 121. [ J Own aircraft course track 122. [ J 123. [ J Ground speed of other aircraft 124. £: J 125. [ J Ranse rins <2 mile> 126. I: J 127. [ J Point of closest approach 128. [ J 129. [ J s~mbol < > 130. £: J 131. [ J Audio warnins 132. [ J 133. £: J Relative motion line 134. [ J 135. [ J Relative bearins of other aircraft 
	Out-of-ranSe traffic 

	<shown b~ + s~mbol) 136. £:J 137. [ J 
	F. Coordination with ATC <Verification of ATC advisories>. 
	FeatlJre Order Ratins 
	Relative a1titlJde of other aircraft 138. [ J 139. ( J Vertical speed of other aircraft 140. [ J 141. ( J Traffic COIJrse track 142. [ J 143. [ ] Own aircraft course track 144. [ J 145. [ J Ground speed of other ai T'craft 146. ( ] 147. [ J Ranse rinS <2 mile> 148. ( J 149. [ J Point of closest approach 150. [ J 151. £: J OIJt-of-ranse traffic symbol < > 152. [ J 153. [ J Audio warrrins 154. £: J 155. [ J Relative motion line 156. [ J 157. £: J Relative bearing of other aircraft 
	<shown by + symbol) 158. £: J 159. [ J 
	AS 
	To be most useful, where should the displa~ be located in the cockpit? 
	161. 
	161. 
	161. 
	161. 
	displa~ be? (present size 5in.>~ 5in.) 
	What size should the 


	[J lar~er. [J same size. [ J smaller. 

	162. 
	162. 
	an~ features, not listed here, that the service should include in order to be of most use ~eneral aviation pilot? Explain. 
	Are there 
	to the 



	NO [ J 
	YES[ J 
	an~ times when ~ou would have preferred an absolute altitude indicator rather than a relative altitude indicator for the other aircraft? 
	Were there 

	A9. 
	.... 
	Given the followin~ possible ATC regulations for Seneral aviation, how would ~ou rate the usefulness of ATAS in collision avoidance and in maintainins separation. 
	162. 
	162. 
	162. 
	162. 
	Mandator~ ATC advisories for all VFR aircraft within 1 nautical mile of each other. 

	no little ver!:l IJtmost. use use tJseflJI use. 

	163. 
	163. 
	ATC advisories for VFR aircraft provided on a ·work-permittinS· basis (current ATC practice). 


	no little ver!:l utmost. use use useful use. 
	164. No ATC advisories for VFR aircraft. 
	no little utmost
	ver~ 
	use use useful use 
	165. In ~our opinion ATC advisories should be: 
	[J mandator~ 
	[J provided on a ·work-permittinS· basis 
	[J not provided 
	for all VFR aircraft. 
	If ATC advisories were for all VFR aircraft (answer from ~ou see an automatic advisor~ service interfacinS or contributins to the overall traffic situation? 
	previous GIJestion), how would 

	Ala 
	166. In the time since your last participation in the evaluation of a traf' advisory service (ATARS or CDTI) have you wished yOU had the service when flying. 
	YES[ J NO [ J If Yes, please eXPlain the circumstance(s) _ 
	-------~-_._-----------~~-----------------------------------------------
	-

	Are there any other points or comments you wish to make concerning ATARS or CDTI that were not covered in this interview? 
	167.. Would YOU be willing to flight test the ATAS in the near future? YES [ J NO[ J 
	How did YOU feel about the timing and distance thresholds used in the tests? _ 
	How did YOU feel about the service as an aid to visual aCGuisition? 
	-~-~_._--~-_.~.
	__._---_._---_._--------_._._._._---_.------------------------­
	All 
	... 
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