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Identification of Important “Party Line” Information Elements

and the Implications for Situational Awareness
: in the Datalink Environment

 ABSTRACT

Air/ground digital datalink communications are an integral component of the FAA’s
Air Traffic Control (ATC) modernization strategy. With the introduction of datalink into
the ATC system, there is concern over the potential loss of situational awareness by flight
crews due to the reduction in the "party line" information available to the pilot. "Party hne"
- information is gleaned by fhghl_: crews overhearing communications between ATC and -
other aircraft. In the datalink environment, party line information may not be available due

~ to the use of discrete addressing. Information concerning the irmportance, availability, and

accuracy of party line elements was explored through an opinion survey of active air carrier
flight crews. The survey identified numerous important party line elements. These
elements were scripted into a full-mission flight simulation. The flight simulation

- _'expenment examined the utilization of party line information by studying subject responses
to the specific information elements Some party line elements perceived as important were *

effectively utilized by flight crews in the simulated operational environment. However,
other party line elements stimulated little or no increase in situational awareness. The

- ability to assimilate and use party line information appeared to be dependent on workload,
time availability, and the tactical/strategic nature of the situations. In addition, the results of
 both the survey and the simulation indicated that the importanice of party line information
appeared to be greatest for operations near or on the airport. This indicates that caution
must be exercised when unpiernentmg datalink communications in these high workload,

~ tactical sectors.

“This document is based on the thesis of Alan H. Midkiff submitted in partial fulfillment of
the degree of Master of Science in Aeronautics and Astronautics at the Massachusetts
Institute of Technology.
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1. Introduétion

Every day thousands of general aviation and scheduled air carrier operations utilize
the services of the current Air Traffic Control (ATC) and airway flight service system.
- Much of this airspace is operating near capacity levels and, in many terminal areas, at or -
beyond full capacity. Air/ground communications are currently handled via VHF radio
voice communications between the aircraft and various ATC faci]jtics_; There are significant
limitations of the voice system as indicated by the high number of Aviation Safety and
- Reporting Systern (ASRS) submissions identifying breakdowns and saturation in VHF
- voice channels. For example of the more than 14,000 ASRS reports received in 1985 and
" 1986, one fourth involved problems in air/ground information transfer [1].

_ As part of the Federal Aviation Adnnmstranon 8 (FAA) National Axrspace System
modermzatlon plan, digital datalink communications will be introduced as a means of
air/ground information exchange between aircraft and ATC facilities. Communications via
datalink offer potential benefits in increased system safety and efficiency. These would be
- -achieved by reducing transmission and interpretation elrofs and by allowing more - - .
information to be exchanged between aircraft and ground facilities. On the other hand, the
transfer of ATC communications from voice to datalink gives rise to numerous human
factors issues including a possible loss of flight crew situational awareness. Specifically,
the discrete nature.of datalink addressing (where an ATC message is directed exclusively to
a specific aircraft) may result in a loss of indirect or “party line” information (PLI).

" ‘Crewmembers obtain PLI through frequency monitoring by overhearing communications
between ATC and other aircraft. The identification of important PLI elements is necessary
to form a basis by which compensatory datalink protocols or strategies.can be developed.

This report documients efforts to identify party line information elements currently
available in the ATC system and to determine their relative importance. Importance of PLI
was addressed through an opinion survey of active airline pilots which also explored the
accuracy, and availability of numerous PLI elements. The most important PLI elements
were further investigated in a flight simulation study where crew rcSponscs to specific - |
information elements could be tested.



~ The results are presented as follows. Chapter 2 outlines the primary motivation for
this work, includin ga discussion of digital datalink development and potential,PLI-datalink
tradeoffs. Chapter 3 describes the desi_gn and results of the pilot opinion survey on the
importance, accuracy, and availability of PLI information elements. Chapter 4 details the
| ﬂig'ht"'simulalion study of PLI usage. A summary of the conclusions is contained in
Chapter 5. | B -



2. Background

The development of the air/ground communication system has paralleled the
commercial development of civil aviation. The ATC system has had to accommodate both -
increases in air traffic and operating restrictions which result from congestion and noise
- considerations., As the system has become m_ore saturated, the need to move to alternate
forms of communication has increased. Alternate communication forms, such as datalink,
must be evaluated for possible adverse effects as well as advantages, since their
implementation may result in eliminating benefits such as indirect information sources. An

--example of such an indirect source is the Party Line Information (PLI) found in current .. . .

voice communications.
2.1. Party Line Information (PLY)
In thc current ATC environment, voice comrnumcanons are made ona common

_ VHF frequency where alrcraft tuned to that particular frequency, can momtor all of the
transmissions. Some of this “party line” information is used by pilots to increase their -

- . situational awareness with respect to other aircraft and/or environmental conditions. An

example of this type of information is turbulence and ride reports. Aircraft. along a similar
route or altitude often convey turbulence information to controllers that other aircraft can-

| overhear. Party line information is also useful for assessing sector congestion and
_c'onttoller workload. - It has.other indirect uses such as providing flight crews with the

_ '_froquent psychologmal assurance that they are in contact wnh ATC, i.e. their

' communications equipment is still funcuomng norma]ly Vo1ce mﬂecﬂon by controllers .

and pilots can also indicate the urgency of an instruction or situation. Controllers will often
solicit PLI by requesting information from other aircraft such as enroute ride reports,

~ airspeed gain or loss on final approach, and braking action reports on landing roll-out.

_ Intentional PLI is also utilized in the transoceanic environment where pilots maintain a
listening watch on dedicated VHF air-to-air frequencies and also on the universal |

B 'emergency (guard) frequency, 121.5 MHz.

PLIis available to aircraft any time pilots are monitoring a common frequency.
However, the reliability of PLI is not assured PLI is available only part time since there i is
no certainty that an aircraft which mlght need thc nformation is tuned to the appropnate :

- frequency. Additionally, if the crew is in a high workload sxtuauon, they may not_have the -

8 .



spare cognitive capacity to monitor PLI communications. Another party line issue is the
danger of constructing a mental picture of a situation based on incorrect assumptions. |
However, based on cockpit observations, most pilots appear to use PLI only as a |
supplemental mformanon source and rarely make important decisions pred1cated on PLI -
alone. '

An analysis of ATC communications in the Chicago terminal area (Appendix A),
indicated that PLI with potentially useful information was present in approximately 90% of
arrival transmissions. It should be noted, however, that these results are biased towards
high PLI content since the criteria for potential PLI in the analysis included any

- -transmission containing PLI regardless of its-importance-or-context.- The PLLcontent. ... .. .. . ...

relevant to a particular aircraft is normally only a small fraction of the total PLI available on
the frequency. The fraction of communications that contained potential PLI did not appear
to vary significantly with different weather conditions or arrival traffic congestion in the -
areas observed.

2... Air/Ground Digital Datalink Devélopment. L
2,2.1. VHF Voice Communications

Currently, air/ground commumcatrons between ATC and flight crews are carried
out almost excluswely by voice radio transmissions that contain all clearance, advrsory, and
warning information. A formalized commumcanon protocol exists between pilots and -

_ controllers which works reasonably well however even strict adherence to these .
procedures does not guarantee successful message comprehenswn -

| Despite the considerable efforts that have gone into developing current ATC
communications procedures, significant problems inherent to oral information exchange
remain. These problems consist of both human and system factors. Human factor
elements include substandard radio technique and clearance retention problems. For
example, retention difficulties can occur when controllers attempt to economize “air-time”
byi 1ssumg rapid and complex muln—parameter verbal mstructrons that can tax pilot’s short |
term memory resulting in erroneous clearance mterpretauon System factors include -
frequency congestion problems a.nd SImultaneous transmissions which result in the -
frequent blocking of transmissions requmng message repétition, or worse, the
aclmowledgment ofa message by the wrong receiver. Th1s creates two problems for the

9



ATC system to resolve. Discrete aircraft addressing using a digital datalink can reduce
problems of overlapping transmissions on congested channels. The storage of the digital -
information in on-board computers will allow review of complex instructions thereby
reducing clearance interpretation problems. |

2.2.2,. ACARS

Air carrters have been utilizing air/ground datalink communications for many years
to efficiently exchange company information such as departure and arrival times. The
ACARS (ARINC Communications Addressing and Reporting System) system is operated
by ARINC (Aeronautical Radio Incorporated), a firm set up by several airlines that
specializes in providing communications between airline operations and aircraft by using a
network of landlines, phone patch relays, and/or datalink. The ACARS unit is a terminal
located in the cockpit with which information can be manually downlinked by
- crewmembers. In some cases, specific information elements (such as engine performance
data) can be automatically downlinkc_d. ACARS currently uses dedicated VHF channels.

Messages, such as destination weather or arrival gate information, can also be uplinked =

from the ground and routed to an onboard printer. Information exchange can be initiated
by the flight crew, the airline's operations, or automatically.

2.2.3. ACARS Pre-Departure Clearance and FMC Programming -

- Recent ACARS developments mclude the ability to receive Pre-departure ATC

' Clcarances (PDC) and accomphsh on—board thht Managcment Computer (FMC)

i programming durmg premght planmng prior to boardmg the-aircraft. The PDC program |
began on a trial basis at Chicago O’Hare, San Francisco, and Da]las—Fort Worth _and after
demonstrating favorable operdtioﬂal effectiveness, is now available at most major U.S.

“airports. To initiate a PDC, the crew requests their ATC clearance via ACARS and
confirms acceptance, at many airports, by reading back the transponder code (a unigque

" code assigned to each flight for positive radar identification) upon initial contact with

ground control. Clearance conﬁnnatibh procedures vary among airports.

The Flight Management Computers (FMC)'aboard modern “glass coCkpit” aircraft
require a significant amount of pre-flight programming of the waypoints that define the

- proposed route of flight in addition to critical performance information. For several

_ airlines, FMC prOgrannnihg_ via the ACARS datalink can be initiated by the flight crew by .
_ o , _ . _



typing a simple code into any company computer terminal. The entire proposed route of
flight, winds aloft, takeoff speeds, and performance data can be batch transmitted to the
aircraft’s on board EMC via the ACARS unit, saving as much as 25 to 30 minutes of pre-
flight programming (in the case of extended transoceanic flights), and reducing pilot input
EITors. '

2.2.4.  Datalink and the National Airspace System Plan

In the pfoposed ATC datalink system, digital messages will be electronically
transferred to visual displays or pi'inter_s located in aircraft cockpits. Other modalities such
as synthesized voice are also being evaluated [2]. The system may incorporate a broad
range of VHF channels, including HF, satellite and Mode S. It should be noted that, the
National Airspace System plan does not call for 100% datalink communications. Voice:
communications will always be available as a backup in the foreseeable future. The full
extent of what information will be communicated digitally has yet to be determined {3].

.. In the oceanic environment, satellite systems will support digital _cormhunjc_ations__ S

replacing the antiquated HF voice reporting system currently in use. In the near future, the
‘Oceanic Display and Automation Processing System at the oceanic control centers in
Oakland and New York will be enhanced by automatic FMC position reports (Automanc
Dependent Surveillance, ADS) downlinked to FAA facilities via a satellite datalink. The

~ expected increases in reliability and accuracy over the current HF system may allow a _
 relaxation of the conservative separation standards now in use. This will'enable the system .
to accommodate greater numbers of simultaneous transoceanic fhghts and prbvid_e more |

~ - flexibility in flight level and route seléction [3].

‘Mode S datalink communications are slated to provide relief to congested terminal
“operations, In addition to ATC surveillance and tracking capabilities of the current Mode C
systém, Mode S acts as a modem for two-way digitally coded data exchange between the
ground and the aircraft for ATC purposes. The transponder also passes data between
aircraft for collision avoidance purposes (T 'CAS, traffic collision avoidance system). The
Mode S system is expected to serve as the FAA’s primary domestic datalink for the |
delivefj_r of ATC and ﬂight'advisory services [3]. -

Potzntial uses for an ATC datalink system include transr.nit.t.ing alphahurneric.r.dute .'
amendment messages to aircraft, and the possibility of automatically loading route
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modifications directly into onboard FMC’s (in a manner similar to ACARS pre-flight
prograﬁmﬁng). The flight crew would, of course, retain the authority to accept or rcjéct the
modified route. Automatic FMC loading would allow the crew to obtain a graphical _
depiction of the proposed amendment and then execute/comply with the clearance withina
reasonable amount-of time. This would help to increase safety margins by reducing the
amount of “heads down” time crews spend reprogramming during busy'phasés of flight

thereby allowing them to spend more time exercising the “traffic watch” required to
maintain adequate separation from other aircraft. |

2.3. PLI and Datalink Issues and Tradeoffs

In the datalink environment, the availability of PLI will be reduced due to the -
discrete nature of datalink addressing where an aircraft only receives messages intended |
solely for it. Some voice communications will still be present sirice not all aircraft will be
equipped with datalink, and datalink-equipped aircraft may from time to time require voice
transmissions depending on need or established procedures. For the most part, however,
datatink will ptovide fora quiet flight deck environment where crewmembers will not need -
to constantly screen the background chatter for useful information. Although pilots learn to
filter out unrelated information while engaged in other activities, some cognitive resources ‘
are employed to screen the incoming data and flag the crewmember’s attention when
needed [4]. | |

_The results of past research indicate that many pilots are concerned with the _ o |
potential reduction of PLI [2,5,6,7,8,9]. Many international pilots draw parallels to the

- loss of situatic')nal awareness experienced when operating at foreign destinations where the
background communications are in an unfamiliar language. The value of PLI must be
balanced against the detrimental aspects of havihg to filter large amounts of verbal data in
order to obtain useful information. In the absence of any form of compensation, it would
appear that the intrinsic benefits of datalink -- accuracy, lack of congestion, automatic FMC

~ programming, etc. -- are only possible at the expense of a reduction in the available PLL ‘It

is therefore necessary to identify important party line elements so protocols and strétegiés
for retention and/or compensation can be developed.

In order to'maintain- thc benefits of PLI but reduce the. negatlvo lmpact on sﬁuauona] S s

awareness, care must be taken in des1gr1mg datalink protocols Previous attempts at
- compensatory strategics designed to augment situational awareness include CDTI (Cockpit

12



Display of Traffic Information - a p’fed_ecessor to TCAS [10]) and proximity addressing,
where messages are datalinked to aircraft within a specific radius of one another.
Unfortunately both these schemes increased the crew workload and heads down time as
flight crew members were required to screen data to determine relevancy [9).

 2.4. Research Focus

The specific focus of this research has been to attempt to determine the significance
of PLI to air carrier crews in the current ATC environment in order to provide a baseline
from which decisions on datalink implementation can be made. Certain elements of party
line information may contribute significantly to pilot situational awareness-and -

-consideration should be given to means of preserving the most useful mfonnanon m the
datalink environment, Specific i issues- whlch were addressed include: -

- Identification of important party line information elements.

- Determination of the utility of party line information in the current environment.

An understanding of the amount of utilization of important party line elements
should provide a basis for preservation strategies to maintain the benefits of PLI in the
datalink environment. Preservation by specified procedures and/or compensation _

- technologies requife the knowledge of which elements are used and how they are used by

~ pilots. In order to investigate these issues, user input was solicited through pilot. opinion-

" surveys. Thc survcy results were thcn used to design a full-mission flight simulation
expenment which studied how nnportant elements were uscd in COCk‘plt decision making of
air carrier flight crews.

13



3. Pilot Opinion Survey

- 3.1, Objectives

* In order to assess the overall usage of PLI in the current ATC environment, specific

- input from the users was solicited through a pilot opinion survey. The survey was limited

to active transport category crews in order to focus on the most frequent users of high
density airspaces that ATC services. The goal of the survey was to obtain subjective user
data in the following areas:

- _A_s_sg_ssment of @c importance of PL1in the cur_rent__ATC.f_:nyi.mm_ncn_t..
; Assessmeht of the accuraby of PLI in the current ATC endoﬁmenf.
- Assessment of the aﬁailability of PL1I in the current ATC environment,
- Subjective opinions concerning datalink: _
« User preference of datalink/PLI environment with and without compensation.

» User assessment of effectiveness of TCAS as PLI compensation.
» User opinions on possible PLI compensation strategies.

‘Flight crew input on the irﬁpoftahce,. acéuiacy,, and avai_lability_of- PLI 'was solicited

for information specific 1o certain phases of flight to determine the variation of PLI -
significance among different flight regimes. Pilot input concerning general information that
is independent of phase of flight was also solicited. '

3.2, Survey Design

The survey was organi,z’éd in three sections. The first section studied the
impoi'tance, availability, and accuracy of specific party line information elementsasa
function of phase of flight. The second section _focuséd on general items and information
valid across all phases of flight. In both of these sections, pilots were presented with
- individual PLI elements to be scored with incremental rating scales in terms of importance, .
availability, and accuracy. In the third section, pilots were asked for their opinionson

14 .



various datalink implementation issues. This section also contained an area for free
comments. ' '

3.2.1. Section I - Phase of Flight Spécific PLI
The first section of the survey solicited pilot input on party line importahce;
- availability, and accuracy across six phases of flight from pre-departure to final approach.

- An example of the format of the survey depicting the rating scales for the Departure phase
is shown in Figure 3.1.

IMPORTANCE AVAILABILITY ACCURACY

: S . ROD-, common- _ :
trivial  critical  existent place  unreliable reliable
Departure: takeoff to top of clzmb S
next comm freq - 1 23 435 12 3 4 5 1 23 435
weather situation 123435 123 45 1 2345
ride reports/turbulence 123435 123 435 1 23 45
. traffic watch 1.2 3 .4 5 12345 .1.234.5
controller errors’ 1 23 435 12345 1 2 3 45
other 1 234035 1 23 435 1 2 3 45

" Figure 3.1  Survey Sample

The survey presented potential PLI elements so that each element could be ranked

 for the Importance, Availability, and Accuracy of the information. This format allowed the

“subjects to consider the differont aspects of éach element simultancously. The gereral
organization of the survey presented,thesé elements according to phase of flight since
certain elements are found only in speciﬁc phases, and significance 1may vary across
phases. The subjects were asked to rank each item for importance, availability, and
accuracy on the 5 point scales defined in Figure 3.1.

In order to prcser’it'tl'le pilots with appropriate PLI elements for cbnsideratioh, alist
of poténtia]ly important party line information elements was constructed. The full list of the
PLI elements included in the first section of the survey is presented below in Table 3.1. |
. The list was developed from a preliminary survey distributed to 40 air carrier pilots. The

preliminary survey offered various PLI elements which the subjects were asked to rank by
' 31gmﬁcance Those initial elemerits were selected based on a strawman list of candidate
PLI elements drawn up by several aviators expenenced in an‘ carrier, generai aviation, and

15



military operations. In addition to information on PLI significance, data from the 14
respondents to the initial survey included comments on survey design, question format,

and additional PLI information elements. These results were used in producing the final

‘version of the survey. The final survey is included in Appendix B. A brief explananon of

the information elements is presented in Table 32,

Ground Operations: dispatch, pre-start, taxi
Next Comm Freq
Routing to Runway
Ground Sequencing

Taxi “Hold Short” Instructions for Cther A/C
A/C Crossing Active Runway While You Are

Lined Up for Takeoff
- ControHer Errors

Cruise: top of climb 1o top of descent
Next Comm Freq
Weather Situation (mcludmg devnanons)
- Ride Reports/Turbulence -
Winds Aloft
Traffic Watch
Sequencing
Controller Errors

Terminal Area: approach control contact to
final approach fix
" Next Comm Freq

‘Weather Situation (mcludmg dewatmns) :

Ride reports/turbulence

Traffic Watch

Sequencing

Holding Sitvations/EFC Validity

Terminal Routing/Runway Assignments

Approach Clearance
Controller Errors

Table 3.1

Departure: rakeoff to top of chmb
Next Comm Freq
Weather Situation (including deviations)
Ride Reports/Turbulence
Traffic Watch
Controller Errors

Descent: ‘op of descent to
approach control contact
Next Comm Freq
Weather Situation (1ncludmg dewanons)
- Ride Reports/Turbulence :
Traffic Waich
Sequencing
Holding Situations/EFC Validity
Controller Errors

Final Approach: final approach fix to
runway threshold

‘Next. Comm Freq .. _
Weather Situation (mmlmums)
Traffic Watch
Sequencing
Missed Approach - weather mduced
Missed Approach - other
Windshear
Aircraft on Your Landing Runway
Braking Action
Taxiway Turnoff

PLI Categories by Phase of Flight
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Next Comm Freq = Next communication frequency to be used, i.e. next controlling sector.
Routing to Runway = Sequence of taxiways to follow in order to arrive at runway.
Ground Sequencing = Sequential order of aircraft on the ground.

Taxi “Hold Short” Instructions Jor Other AIC = Instructions to other aircraft from ground control to gwe
way to ownship.

AIC Crossmg Active Runway While You Are Lined Up for Takeoﬁ' Other aircraft cleared by tower to

' cross the active runway downfield while ownship is holding in position lined up on the same
runway awaiting takeoff clearance.

Controller Errors = Erroneous information and/or instructions issued by air traffic control.

Weather Situation = Terminal or enroute weather conditions which may result in deviations.

dee ReportslTurbulence = Reporis by other aircraft of presence of inflight turbulence

Trajj“ c Watch= Out-of the-window wgﬂance for the purpose of maintaining sife inflight séparation from
other aircraft. . ,

Winds AIofr = Wind direction and speed at a given altimude.
Sequencing = Sequential order of inflight aircraft, usually along a common course.

Holding Situation/EFC Validity = Determination of number of other holdmg atrcraft and the ant1c1pated
departure time from the holding pattern.

Terminal Routing/Runway Assignments = Flight course as aircraft approaches destination alrport including
active runway for landmg

Approach Clearance = Clearance from ATC to begin executing published approach procedure currently in
use for a given mnway.

Missed Approach - Weather Induced = Balked landing because of weather below minimums resultmg inthe - - -
inability to visuaily acqlure the runway envn’onment.

© Missed Approach other = Ba]ked landing for reason other than weather e.g. trafﬁc On runway, etc.

Windshear = Sudden change in direction or speed of wind which may result in the detenoratlon of flight
conditions. '

Aircraft on Your Landing Runway = Previous arrival unable to clear runway of intended landing resulting in -
the loss of safe separation.

Braking Action = Aircraft braking abﬂ:ty as effected by contaminated runway surfaces (snow, ice, standing
water, etc.).

Taxiway Turnoff = Taxiway to be used o exit runway after landing rollout.

Table 3.2 Expl'nnation' ‘of Party Line Information _Elements'




3.2.2. Section II - General PLI

The second section of the survey addressed numerous party line items which were
not related to a spec1ﬁc phase of flight. This section also addressed information that is not
.duectly related to-aircraft operation but may be used by pilots for overali situational
~ awareness. The general elements were ranked for importance, availability, and accuracy
using the same rating scales as Section L The elements contained in Section II of the
survey are listed below in Table 3.3. The first four elements are related to prosodic
information which is indirect information transmitted by voice inflection or phraseology.

- - Controller’s experience level inferred from tone of voice and speech patterns.
-~ Pilot’s (of other aircraft) experience level inferred from tone of voice and speech -pattéms.
- Controller’s “level of urgency” inferred from tone of voice and speech patterns.

- Pilot’s (of other aircraft) “level of urgency” inferred from tone of voice and speech
patterns

- Sector congesnon (as indicated by frequency congestion). .

- Background ATC transmissions used as reassurance of bemg ‘in contact” with the
controller ( “Anybody out there?” ).

- Call sign confusion (other aircraft accepting your clearance or vice versa).

- ATC facilities and problems!lost communications.

- Navaid facilities and problems.

‘Table 3.3 'N_eu-Phase Specific Party Line Survey Items
3.2.3. Section III - Implementation Issues

In the third section of the survey, pilots were given the opportunity to express their
views on'a potential datalink communications environment and to offer suggestions on the |
effectiveness of possible party line preservatioh schemes. The first two quesﬁoﬁs : |
~ contained rating scales where pilots could record their degree of preference for a datalink -
environment, with and without provisions for the compensanon of party line mformatlon
This was done to assess the perceived value of PLI compensation. These were followed
by a question addressmg the use of TCAS as an alternate means for enhancing situational - _
- awareness. The specific wording of these questions is presented with the results in Section
3.3. Pilot’s comments concermning compensation or PLLin ge_neral were explicitly solicited: _ |
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A background section was also included to acquire data about the pilot’s flight experience,
equipment flown, type of training, familiarity with EFIS (Electronic Flight Instrumentation -
System) equipment, and personal computer use. n

3.3. Survey Results

~ The survey was distributed to 1500 Chicago O’Hare-based American Airlines flight
crewmembers. Authorization was obtained from both American Airlines rnhnagcmcnt and
the local Allied Pilots Association (APA) representation to place the surveys in the -
individual pilot mailboxes at the company’s operations center. Responses were collected in
a box located in the same room. All respondents were guaranteed individual anonymity
and the surveys were kept confidential. A total of 184 surveys were recovered, most of

 which were returned within two months of initial distribution. The response rate of 12% .. .. .

was considered normal fora voluntary survey of this type, particularly due its extensive
nature. However, because the respondents were self-selected, the data may not be fully
representative of the pilot community at large.

- The survey results are presented below as mean ratings for each PLI element since
the variance did not change significantly for most cases. However, the complete numerical
results along with standard deviation data are available in Appendix C. A 95% confidence
interval analysis on the mean response ratings is shown in Appendix D.

3.3.1. Section I: Importance R_atings'
The mean value of importance for each element from Sect_idn Iis depicted in Figure
3.2. The perceived overall importance of the surveyed PLI elements is indicated in the |
figure by the high mean scores. All but three items scored greater than the midpoint score |
of 3.0.- In addition, there is some variation amon g specific individual elements as a '
function of flight. For example, traffic watch and controller errors scored lower in cruise
- as compared to departure and terminal area. These items, which contain information used
in aircraft flight path management, tend to be more time critical in dynamic phases of flight
such as departure or terminal area operations. In contrast, PLI involving strategic
information such as ride reports, which rated higher in cruise than in climbout or_de_sc':ent,'

appears to be more important in less dynamic flight regimes. The ixnportance for each
phase of flight as a group is examined in detail in Figure 3.5 later in this section. From an
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overall view of the data, it is apparent that those items concerned with the terminal area and 7
 final approach phases tend to be higher in importance than the other phases.

next comm freq

@ : routing to rwy
8— ground sequencing
: other a/c "hold short" at int - §
afc crossing active rwy

controller errors
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next comm freq
WX situation
ride reports
traffic watch
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ride reports
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traffic watch
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controlier errors -
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controller errors
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1 2 3 4 - . 5 :
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Figure 3.2 = [Importance of PLI, Al Elements '
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_ As seen in Figure 3.2, the perceived importance of a given party line information

element varied among different phases of flight. To obtain an integrated picture of the
importance of topical groupings of party line information, the scores of related elements in
different phases of flight were averaged. The mean importance of the related groups of PLI-
(across all phases of flight) are shown in Figure 3.3. :

wx situation

hold situation/EFC
ride repoﬁs

traffic watch

controller errors

“PLI Element

“sequencing

next comm freq

1 2 3 4 5
trivial critical
Figure 3.3 Importance of Related Groups of PLI Intégrated Across Phases of Flight
From Figure 3.3 it is clear that PLI containing weather information was perceived
as most important. This category was comprised of both enroute weather and terminal
windshear. Holding situation and ride report information scored 2nd and 3rd at similar

._ unportance levels. These top three items: contam mformatlon used in sn'ateglc planning.
~ This observanon was supported by the fo]lowmg pllot comments '

“I have personally used such info to avoid potentially hazardous weather and other -
situations including clearances given in error where such info caused me to question
a clearance relative to what was going on around us.”

“A pilot heeds to have a ‘feel’ for how the system is ﬂowing toward his destination.
Weather, deviations, rides, holding and EFC’s for others are tmportant for a pilot
S0 he can ‘look’ ahead.”

Traffic watch and controller errors contain information typically used for tactical
" planning and, although important, scored slightly less than the strategic-eiements. The next
. communication frequency appeared to be more of a convenience itemn than an important
 information element as indicated by the neutral importance score of 3.0. '
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~In order to focus on the elements perceived as most important, the 10 highest
sconng PLI elements or related groups are presented in rank order in Flgure 34. Al
clements or groups in Figure 3.4 scorcd above 4. 0 in 1mp0rtance

- windsh_ear

a/c on rwy of intended Idg
a/c crossing active runway
braking aptioh

miésed approach

*  wx situation

approach clearance

PLI Element

terminal routing
- other:a/e "hold short"-
* . hold situation/EFC

1 2 3 4 s
trivial ‘eritical’

*related groups of slements
Figure 34 Importance of Specifi_c. PLI Elements

As can be seen, the top five elements are all “runway” or “near-runway” events.
Windshear on final approach ranked the highest in perceived importance. This is consistent
with similar ﬁndmgs in other studies that indicate pilot reports are percelvcd to be the most

: accuratc or rehable source of wmdshear mformanon [1 1] : e

The second and third elements in 1mportance were the presence of an aircraft on the
runway of intended landmg and an aircraft crossing the active runway. It should be noted
that an aircraft on the runway of intended landing was a major factor in an acc_:ldent which
occurred at Los Angeles (LAX) on 1 February 1991. Since this occurred during the same
time frame that the survey was distributed, it may have influenced the perceived importance

- of this clemcnt ' '

_ The other runway related elements, braking action and missed approach
information, ranked 4th and 5th in importance. Windshear, braking action, and missed
approach mformatlon vary quickly in time and are important to flight operations. Pilots

" endeavor to prcpare for these conditions by actions such as approach rcfcrence speed |
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~ adjustments, abandoning the approach in the presence of windshear, or selecting a mdre
appropriate auto-brake setting during poor braking conditions.

Terminal routing and approach clearance information ranked 6th and 7th in
importance, scoring just above the 4.0 level. Both of these items occur in the high
workload environment near the destination airport. Terminal routing usually culminates in
the approach clearance from which point pilots fly the published approach procedure to
landing. Early indications of the expected rouﬁng or approach allow pilots to set up the
applicable navigatibn systerhs br program the FMC before entering the busy terminal area
where these tasks would require undesirable "heads down" time . '

~ Itisimportant to note that all of the top scoring items are associated either with an

aircraft’s approach or landing. These phases are typically the most time critical phase of
flight. The time critical nature of arrival activities (including minimizing “heads down” time
in order to provide for an adequate traffic watch) and the high importance attributed to party
line information in the terminal area, suggest that, from a PLI standpoint, approach and
_tower control frequencies are less desirable candidates for initial datalink implementation
than other "enroute” operations. | '

In order to investigate the relative importance for different phases of flight, the
mean score across all items within a given phase was tabulated in Figure 3.5.

critical 5

4
3 -
o
trivial 1 r . - . - p——————— - .
Ground Ops Depgrtura - Cruise Descent | Terminal Final Appr s

Phase. of Flight .

_*Figure 3.5  Importance of PLI by Phase of Flight
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As noted above, there appears to be a weak trend for the perceived importance of
PLI to increase with proximity to the airport. While this may not be statistically significant,
 this observation was also supported in the general comment section of the survey:

“The need for PLI varies inversely with distance from a congested terminal area.

- Pilots subconsciously train themselves to filter out unneeded PLI. Data-linked PLI"
will all be presented with the same priority and be more difficult to filter, thereby

" compounding the problem when need is greatest.”

“Many times PLI is misleading - next freq doesn’t apply to us or ride report _
doesn’t .apply to our area...PLI becomes more critical the closer one gets to the
field; there almost all info applies to us - holding, next freq, speeds, expected
runways, go-arounds, runway conditions...” -

such as departure, terminal area, and final approach, generally scored higher than ground
operations or cruise.

3.3.2. Section I: - Accuracy Ratings
The results from the accuracy ratings of the survey concerned the perceived

reliability of party line information to pilots. The mean reliability values for each element
. are depicted in Figure 3.6. ' '
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Fignre 3.6  Accuracy of PLI, All Elements

As can be seen in FIgure 3.6, the accuracy means did not change significantly
between different phases of flight. The overall accuracy mean was 3.66 which mdlcates :
that the rehablhty was perceived to be moderately high. An exception was controller errors
which had noticeably lower reliability scores. Also, the accuracy of the individual elements
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did not change significantly for each phase of flight. Controller errors consistently scored

low in terms of reliability among all phases which indicates pilots do not have confidence

that controller errors-can be reliably detected from party line information. The highest -
scoring PLI elements from Figure 3.6 indicate that the runway incursion items, aircraft -
| crossing the active runway and aircraft on ranway of intended landing, were considered the -

most reliable, followed by approach and missed approach items.

The ratings of each similar element in different phases of flight were averaged to ~
obtain a picture of the reliability of topical PLI groupings. Category groupings of party line
accuracy integrated across all phases of flight are depicted below in Figure 3.7 '

wX situation-

- next comm freq

E- ride reports
ﬁ hold situation/EFC

. : sequencing :
[« 8

traffic watch -

controller errors

1 2 .3 : 4 5
_ unreliable _ reliable .
- Figure 3.7 Accuracy of PLI Categories Integrated Across Phases of Flight -

_ " Among the topical groupings in Figure 3.7, the low score for the reliability of a
'detécting controller errors is the most significant. Party line information as a means of
detecting controller errors is perceived as important (3.9/5.0) by pilots but not very reliable

(3.1/5.0). | -

| Weather situation information scored as most reliable. This is consistent with the -
~ weather “importance’”’ scores and also supports the finding that weather related reports from -
other pilots (PIREPS) are perceived to be highly reliable. '

'3.3.3. Section I: Availability Ratings

The results of the availability ratings from the survey are shown in Figure 3.8 and
ihdicate't_he perceived availability of PLL Note that the survey addressed the perceived -
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availability of PLI elements ranging from nonexistent to commonplace. Pilots may
perceive information to be highly available, even if it is infrequent as long as it is available
when néeded. For example, holding situation information was perceived to be rnéderately
- available, 3.8/5.0, even though it is infrequent, because the information is commonly
- available in those situations when holding is occurring. '
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“Figure 3.8  Availability of PLI, All Elements -
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The overall availability did not change significantly between different phases of
flight, although from Figure 3.8, it can be seen that the final approach items tended to rate a
somewhat higher availability than in cruise. Also, the availability of specific items such as
traffic watch and sequencing increased during the descent and terminal area phases. This is

o consistent with the tendency for traffic density to increase as approaching aircraft converge

on a destination. The overall availability mean over all phases was 3.56 indicating most
~iterns rated as moderately available. The exception was controller errors which had the

~ lowest availabilities for each phase of flight. In addition, the low availability of items such -
as winds aloft in cruise suggest that these elements are good candidates for PLI

~compensation.

o Specific types of PLI elements were again grouped into the related categories -
integrated across all phases of flight and ranked by availability. The results are depicted in.
"Figure 3.9. ' ' - K '-

wx Situation

- ride reports
= .
"E’ next comm freq
o N
i hold situation/EFC
T traffic watch
o

sequencing

- controller errors -

S 2 .3 4 5

" nonexistent commonplace

Figure 3.9 Availability of General PLI Categories .

‘The categories of weather situation, ride reports, next communication frequency,
‘and hold situation/EFC were considered the most available. In addition to being issuedina
standardized format, the information contained in all of these items is relativcly eésy for
pilots to apply (or extrapolate) to their own flight situations. Weather situation and ride
reports are commonly requested by crews, therefore much of this information is available
to all listening on the frequency. Next communication frequencies are issued at high
frequency in a standard format and are repeated to each aircraft passing out of the sector in
.- a specific direction. Holding situation procedures, while less frequent, also require a
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standard and complete communication protocol including specific entry information and
expected further clearance times which are easy to interpret.

Traffic advisories and sequencing vectors, which rated slightly lower than the top
four, are routinely given to flight crews by ATC, especially during departure and arrival. .
However, in order to interpfct the PLI, these elements require an understandiﬂg of the
tactical situation which might not always be available. Controller eITorsS cumulatlvely
scored the lowest due in part to the unpredictability of these occurrences and the dlfﬁculty
in identifying errors from PLI alone. '

3.3..4. Section II: General PLI Elements

The 1mportance ratings from PLI elements in Section II which are not difcctly- .
‘related to specific phases of flight are shown in rank order in Figure 3.10.

call sign confusion

L ATC prob/lost comm
g _ controller urgency
g navaid problems
w other pilot urgency

, E sector congestion

controller exp level

_bkgnd reassurance

trivial = ' ~ critical

'Figur'e 3.10 Importance of Miscellaneous PLI Elements -

Call sign confusion was perceived as the most nnportant general PLI eiement _

Howevcr call sign confusion is expected to be alleviated in the datalink envuonment by the

-~ inherent nature of discrete datalink addressing. ATC problems/lost communications were

~ also perceived as-important. It should be noted, however, that the survey responses were .
likely to have been influenced by a major power outage at Chlcago Q’Hare (which caused
Wldespread arrival problems) during the period the survey was distributed. Controller
urgency ranked thll'd in importance (first in importance among the prosodic’ clements), and

" had the highest perceived reliability in the accuracy rating. - Controllers typlcally issue -
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instructions in a calm, professional demeanor and any deviation from this, either by voice
inflexion or phraseology, is likely to be indicative of a critical situation. Background.
reassurance ranked relatively low but was still considered somewhat important as indicated
by an above neutral score of 3. 31

3.3.5. Section III: Compensation Issues

| Flight crew iﬁput concerning the PLI/Datalink tradeoff and possible compensation
strategies was addressed in Section III. Preferences for a datalink or PLI environment
were explored by the following questions: '

Considering the advantages of datalink {i.e. quiet frequency, discrete aircraft addressing,

-~frequency congestion relief, unambiguous clearances,; etc.) and-of party line information-- - - -

(situational/environmental awareness, traffic/ride information, etc.), would you tend to
support a datalink environment or the current environment containing party line information
(PUV

Choose one:
. . o, o .3 o . -
DATALINK _ o EQUAL VHF VOICE
© ONLY - o DISTRIBUTION COMMUNICATION

VOICE / DATALINK ONLY (PLD)

If some mechanism could be developed to datalink critical PLI to the aircraft (e.g.. a status -
display with current wx, sequencing, andfor holding information), would you tend to '
support a datalink environment or the present PLI environment? -

Choose one: _ .
1 2 o 3 | 4 | 5
DATALINK : EQUAL ' VHF VOICE -
ONLY — DISTRIBUTION ' COMMUNICATION

VOICE / DATALINK ONLY (PLI)

The mean result for the first question was 3.03 with a standard deviation of 0.82, -
indicating a preference for equal distribution of voice and datalink, i.e. the mixed
environment. When the question was reiterated with the qualification that PLI
compensation would be accomplished by some means of datalinking critical PLI to the

~ cockpit, the mean and standard deviation were 2.71 and 0.92 respectively. The average
“shift” towards datalink (by a single respondent) was 0.50. These results indicate pilots
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appear to be more receptive to the use of datalink if consideration for the use of
compensation is given. '

Finally, the TCAS qualified pﬂOtS were asked the following quesuon concermng _
the use of TCAS asa compensation system for situational awareness:

Are you TCAS qualifi ed? YES NO If so, please comment on the
effectiveness of TCAS as a compensational device for situational awareness, sequencmg,
and traffic watch in the datalink environment. _

The answers to the questions were categorized as follows:

Favorable 44 )
Nl a5
U-nfavorable: 24

Whﬂe most of the comments were neutral or somewhat favorable, the large spread of
opinion can be seen in the following related comments: '

Fav )| _ : _ : )
“I have noticed myself watching the TCAS in the terminal environment to obtain

sequencing information. The only drawback is-that as another aircraft vertically
.. separates from you (too high or too low) you lose him, and the information.”

Neual |
T TCAS ] Should ney g be used asa subsntute for sztuanonal awareness. Rather,--
an enhancement to it.”

Unfavorable
“No comparzson TCAS has far too many targets when in the most crmcal phase of
flight - the terminal area. | personally get a far better situational ‘picture’ by
listening and being active in ‘the loop’ to ATC. I also find TCAS to be a diversion
to the highest degree possible. We are too oﬁen lookmg at the TCAS d:splay
instead of out the wmdow’ Yo
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L awareness and actmn taken

4.  Full-Mission Flight Simulation Experimental Study

1. Objectives

The results of the pilot opinion survey in Chapter 3 indicated that many party line

" elements are perceived as important by active flight crewmembers. In order to study the
usage of party line information during normal fﬁght operétions, a full-mission flight
simulation experiment was developed. Specific PLI elements with testable rcsponses were
scripted into the background ATC voice communications. This experiment occurred during
voice communtication flights which were the control phase of a "datalink” experiment -
_conducted in the NASA-Ames Man-Vehicle Simulation Research Facility MVSRF).
Crewmember responses to each test element were evaluated in termis of level of awareness
and action taken. ‘The experiment was constructed with the fo}lowin g objectives.

- Examine the effectiveness of PLI elements perceived as important in the survey responses. -
- Study the assimilation of .PLI by examining pilot awareness of scripted PLI events.

- Study the usage of PLI by examining pilot action responses to scripted PLI events.

4.1 Approach

7 ' The experimental approach was to examine PLI utilization in a high fidelity full-
mission simulation that presented party line elements in an operational context. The
simulation examined questions invdlving PLI element utilization including whether or not
the PLI perceived as important in the survey data could be readily assimilated by the flight
_ crew. If assimilated, the study also examined how effectively the information was used.

~ Specific PLI elements which rated highly in terms of importance in the survey were
scripted into a hlgh resolution ATC voice background scenario in a way that would ylcld _
testable responses. After a training session, qualified air carrier crews were exposed to the
scripted PLI in a normal operational cnvuonment during simulator data runs. The
responses to. the PLI stimulus in each event were observed and analyzed in terms of level of
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4.2. Simulation Facility

The full-mission flight simulation was conducted in the Man-Vehicle System
Research Facility (MVSRF) at the NASA-Ames Research Center, Moffet Field, CA. A
B major requirement of the simulation study was the ability to reproduce pilot-controller _
dialogue in a high resolution ATC background. The party line elements were scripted into
the ATC background to study any indications of increased flight crew situational awareness
and/or responses stimulated by the PLI elements. In order to allow for full voice
interaction between the subject crews, ATC, and other aircraft, the components of the
facility consisted of a ﬂight simulator cab and an ATC simulation laboratory. In addition to
‘providing standard Air Traffic Control functions, the ATC simulation lab could generate

realistic communications with other background or “pseudo”-aircraft. The interface ... .. . .

between the advanced cab, ATC, and the pseudo-pil()ts_ is depicted in Figure 4.1.

:  SCRIPTED g DIRECTRROTATC © | _ .. BACKGROUND/PLI
e BB COMMUNICATIONS TRANSMISSIONS _ TRANSMISSIONS

SCRIPT

ATC/PSEUDC-PILOT
COMMURICATIONS:

< o P
OPERATOR £\
. CONSOLE

PSEUDC-PILOT

STATION " CONTROLLER
STATION
" vIDEO . -
MOMTOR
ATC SIMULATION LAB

PARTY LINE
COMMUNICATIONS:

ATC-ADVANCED CAB
COMMUNICATIONS

I
t
i
'
i
Y

_ ADVANCED CAB FLIGHT SIMULATOR ' _
Figure 4.1 Advanced Cab ATC - Pseudo Pll(}t Interface
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4.2.1. Advanced Concepts Flight Simulator

The Advanced Concepts Flight Simulator (ACES), or “advanced cab”, is a full-
motion base, six-axis flight simulator with size and performance characteristics similar to
the twin engine B757. The cockpit interior layout (Figure 4.3) is similar to modemn 2-man
EFIS/FMC-equipped aircraft. A sidestick at each pilot station is used for flight control
input instead of the yoke which is used on most aircraft. Engine, throttle, wing flaps, and
landing gear controls are all in typical locations (accessible to both pilots), as are the other
switches such as the seat belt sign and radio control panels. The Mode Control Panel
(MCP), through which flight crews control autopilot functions, is identical to the one used
on B757/B767 aircraft in both operation and cockpit location. The Flight Management
_ Computer (FMC), similar to those used in navigation and performance operations in
current transport aircraft, is accessed through two standard Control Display Unit (CDU)
interfaces located just above the center console. o -

Cockpit instrumentatibn is presented on ten multi-function displays distributed over
five vertically oriented CRT’s located in front of the pilot stations.- The multi-function
displays on each CRT are depicted in Figure 4.2,

CRT#1 CRT#2 CRT #3 CRT #4 CRT #5
- |Engine/ Adviso : Electronic :
Flight Systems Status Cautior?,( Checklists/ Flight
o] |Datalink, " |'and Warning [ | Functional’ B
Navigation | “|Approach. Messages 'Systems Navigation
' {Chartls :

Figure 4.2 ACFS Multi-Function Displays

The CRT's accommodate “touch screen” input which is the primary interface mode
for most systems selection and operation. The electronic Attitude Director Indicator (ADI)
and Electronic Horizontal Situation Indicator (EHSI) “moving map”, usually presented on |
. -the outermost CRTs (the CRT displays are mterchangeable) are functionally identical to | _
most Electronic Flight Instruments (EFIS) currently in use. Similarly, the englne/systems
~ status and the advisory, caution, and warning messages are also typical of that available on
current aircraft. Datalink, ¢lectronic approach charts, electronic checklists, and the
operation of aircraft systems by touch screen input, however, do not have widespread use

in current aircraft operations. The utlhzauon of such equipment necessitated specialized
: trammg for the sub]ect ﬂlght crews '
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~as follows: [12]

In general, the advanced cab flight and instrumentation systems were able to
reproduce most aircraft operations with acceptable realism during the experiment. One
notable flight instrument limitation was the inability to display simulated weather radar

_returns. Since it was desirable to explore the utilization of weather related party line
“information, a scenario approach that did not rely on weather radar had to be developed. - L

Another limitation was imposed by the Flight Management Computer, which was a new

~addition to the advanced cab and had only recently become operational. This resulted in

some simutator down time to work out implementation problems. An additional FMC
limitation was the inability to perform automatic holding patterns due to the lack of a
“holding page” on the Control Display Unit (CDU). Because holding functions are
cormnonly'avaﬂable in FMCs, holding scenarios had to be preceded by an FMC failure
which forced the crew to perform the hold manually.

The advanced cab is equipped with a full motion base that can simulate varying
levels of turbulence, including wind gusts. Windshear models of varying intensity can b_e |
situated at different locations near several airports in the simulation database. For the
purpose of this experiment, however, the windshear model was limited to a 15 knot
airspced loss due to technical difficuities in implementing the motion-base windshear
dynamics at an airport whose database wind field was not originally programmed to

accommodate windshear.

The simulator Phase H visual capability has been described by Chappel and Sexton -

. The outside visual scene is a dusk/night, full color, computer generated simulation.
Visual databases include several veridical cities/airports and generic en route
databases. Both light points and surfaces are projected; buildings, pavement and
terrain are modeled. Two other aircraft can be flown within the field of view, a
Boeing 727 and a light twin. Ground vehicles also may be seen meving about the
airport. Visibility ranges from 0 to 40 miles. Flight can be conducted below,
through and above multiple cloud layers of varying density. The visibility and
cloud conditions can be pre-set in the flight scenario or varied during the flight from

- the experimenter/observer stations. ' R

4.2.2. ATC Simulation Lab

The Air Traffic Control (ATC) Simulator subsystem of the MVSRF is a

hardware/software complex which provides the MVSRF with the capability of simulating
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the multi-aircraft, multi-ATC position environment that is required to perform high fidelity,
dynamic, and real-time full mission flight simulations.

_ The ATC simulation system is capable of: -

1) Simulating up to four air traffic control positions, with any combination of
~ clearance delivery, ground control, tower, approach control, and low or high center
enroute sectors. In addition, ATIS can be broadcast for the appropriate database

airports.

" 2) Generating a total of 100 aircraft (referred to as “pseudo-aircraft”), in any -
configuration necessary as the experiment requires. These pseudo aircraft are
“controtled” at four stations directly opposite of each ATC position.

3) Allowing for the generation of two “visual” or out-of-the-window targets, which
can be used to create specific traffic conflicts as the experi rimental sitnation

‘requires.

4) Communication with an audio distribution subsystem that allows for multi-channel
voice disguising between the ATC positions and/or the pseudo-pilot positions, and |
the advanced cab. This subsystem allows for discrete frequency assignment for
each ATC sector, i.e.: if the pilot in the cab is not tuned to the correct assigned
frcquency, no communication between the pilot and the a531gned ATC sector w111

- exist.

As depicted in Figure 4.1, a “controller” performed the ATC duties préscn'bed bya
- script, using the voice disguiser when the aircraft transitioned between sectors. Another
technician manned the pseudo-pilot station and also utilized the voice disguisers to provide
the requu'ed scnpted party line transmissions gcnerated by the other aircraftin the
: snnulatlon A third technician acted as a halson between the controller and pseudo-pllot o
stations. This technician also monitored a cockpit-view vidéo monitor and resolved any
technical (ATC) or logistical problems that were encountered during the simulation.
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4.2.3. Experimenter/Observer Station

~ Adescription of the Experimenter/Observer Station as overviewed by Chappell and -
Sexton is presented below [12].

The expenmenter controls the simulator throu gh the use of the .

Experimenter/Observer Stations located either in the cockpit or the Expenmenter $
Laboratory. The flight can be fully automated so that real-time intervention is not
necessary. This allows each crew to experience the same sequence of events at the -
same time or at the same point in their flight. For example, when the aircraft has

been flying for 20 minutes or reaches 10,000 feet, turbulence at a pre-defined level
can be induced. The experimenter may also wish to control the occurrence of

events at the time of the flight. This can be accomplished by selecting an item from

an experiment scenario at the desired moment. - '

Data collection is also controlled from the Experimenter/Observer Station. The |
specific parameters and the frequency of collection can be tailored for the phase of
flight. Both discrete events (switch positions, etc.) and continuos variables .
(altitude, airspeed, etc.) are collected as a function of experiment time. In addition, -
all communications within the cockpit and between pilots and controllers can be
recorded and time-tagged.

~ The Experimenter station also acted as the “company” for the purposes of radio
communications involving dispatch and maintenance information during the flight
simulation.

4.2.4. MVSRF Implementatwn

. Subjects for the experunental study were selected from a vqunteer pool of current

. air carrier crews, qualified on autoflight B737-300, B757, and B767 EFIS aircraft..

' Although it was assumed that crews familiar with these aircraft would have the least
difﬁculty transitioning to the “advanced cab” procedures, there may have been effects due
to the differences between the ACFS and the aircraft that the crews were qualified on.
Minor differences in FMC procedures and unfamiliar equipment such as the sidestick

. controller and automated eleclromc checkhst, may create a level of workload not normally
| ‘present in certain ﬂlght regimes. ' o

The preparation for each flight leg co'r_i_:menced with a briefing during which the
dispatch paperwork was issued. To maintain a high level of simulation fidelity, the actual
- dispatch papefwork’ format from the subject’s airline was used. The simulation was -
- initiated prior to engine start and taxi, and terminated when the aircraft was parked at the

S “gate: During the flight, normal ATC procedures and communications were_provided by the. -
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controllers in the ATC station. Realistic background communications, including the
required information for each PLI event, was provided by ATC and the pseudo-pilots.

~ 4.3. Experimental Design
4.3.1. Method

The simulation experiment was designed to examine the usage of PLI during typical
flight operations. To achieve this, candidate PLI elements were selected from those scoring
_ highly in importance on the survey discussed in Chapter 3. Only those PLI elements with
specific testable responses were selected for inclusion into the simulation scenarios. For
~example, weather situation ranked highest in importance among related groups of party line
elements (across all phases). Therefore a turbulence related PLI weather event was scripted
into'the scenario. This was accomplished by having an aircraft ahead of the subject report
turbulence. Crew responses were observed to see if any course deviations or other actions
* (such as turning on the seat belt sign, etc.) were made as a result of the PLI s_timulus} The .
parq:.line-expcﬂment wa's"par't ofa larger stﬁdy} of datalink i'mp'lementaﬁon.' PLI response
data was primarily taken during control runs where voice communications were used and
PLI was available. However, some datalink only conditions were also used to compare
flight path responses with and without PLI available for several test events. '

©'4.3.2. Scenarios =

Party line events were chosen for inclusion in the experiment based on the survey
results from Chapter 3. All items that rated above 4.0 in importance were considered,
however, only those that could reasonably be included in the simulation were selected. For
example, since weather radar was unavailable in the advanced cab, no precipitation-based
weather deviation scen_ari_o's could be realistically imﬁlememed. The nine PLI events that
‘were included in the simulation are listed in Table 4.1 along with their corresponding
importance rank from the survey. '
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Party | Importance

Line ' Survey
Event Category Rank
PL1 Aircraft holding short at taxiway intersection 7
PL2 Alircraft crossing active ruhway while subject is lined up for takeoff 3
PL3 Turbulence and weather deviations 4
PLA Aircraft on runway qf intended landing 2
PLS Holding EFC validity o 6
PL6 Traffic watch while holding | 5
PL7 Traffic watch during climb 5
PL8 Aircraft sequencing 8
PL9 Windshear on final approach* 1

*this event incorporates two reinforcing party line elements: windshear and missed approach

Table 4.1 Experimental Party Line Event Descriptions

Each PLI event from Table 4.1 was scripted into the simulation. The script was
developed by a research group consisting of pilots, simulator engineers, and NASA-Ames
psychologists. It is presented in entirety in Appendix E. The scripted PLI elements are
briefly summarized below.

PL1  Aircraft holding short at taxiway intersection

Subject is on a taxiway approaching an intersection with another taxiway. Another
aircraft visible to the subject crew is approaching same intersection with instructions by
ATC to "hold short". The intruding aircraft does not acknowledge ATC and continues with
no apparent intention to stop and give way.

PL2  Aircraft crossing active runway while subject is lined up for takeoff
Subject is in position on the active runway waiting for takeoff clearance (in low
visibility conditions). A crossing aircraft approaching the active anway acknowledges a

hold short instruction. Subject is then cleared for takeoff. Shortly after the takeoff roll
begins, the tower clears the other aircraft to cross the active runway downfield of subject.
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PL3  Turbulence and weather deviations

- Subjéct is nearing top of climb in trail of other aircraft. Preceding aircraft report
turbulence along subject’s course line at the altitude that subject is climbing to.

.PI.A -A.irc.r.c-zﬁ éﬁrruﬁv?aj}..of_intéhd.ed: ldﬁdiﬁg“ o

Subject is "Cleared to land, number 2" behind traffic on shost final in low overcast
weather conditions. Dialogue between the tower and previous landing aircraft concerns
vacating active runway. The previous aircraft is unfamiliar with airport and unable to clear
the runway in a timely manner. As subject breaks out of the overcast, he or she encounters
traffic on the runway requiring a go-around (either self-initiated or as instructed by the
tower). ‘ '

PLS  Holding EFC validity

Subject is in a holding pattern after executing a missed approach. Transmissions on
VHF communications channel reveal other aircraft are still executing the missed approach
and subsequently reporting entering holding patterns above the subject. Other aircraftin.
hold (below) are receiving revised EFC's (Expect Further Clearance times) that, if
projected to subject, would result in an unacceptable hold time due to a mihimum fuel
situation. If subject does not recognize the problem, they are contacted by dispatch.

PL6  Trdffic watch while holding

Subject is holding at 9000 MSL. A "pop-up” VFR light aircraft checks in at 9500’
and is informed by ATC that, on its current course, it will "violate holding airspace” which
would involve the subject. The VFR traffic's radio phraseology reveals "inexperience".

~PL7 - Traffic watch during climb

Subject is climbing out on departure. ATC issues traffic advisory (referring to
subject) to crossing aircraft above and ahead of subject. The crossing aircraft responds "no
contact” to repeated advisories and the situation deteriorates to a near miss.

PL8  Aircraft sequencing

Subject is in the middle of a line of aircraft being vectored around a rectangular
pattern (downwind, base, final) All aircraft are given near-identical speed, heading, and
altitude instructions (both in front of and behind subject). The controller erroneously
neglects to turn subject from downwind to base, but does call for the aircraft in sequence
directly behind subject to turn. If subject does not detect the missed turn, then the

- controller continues to vector the subject to the final approach course.
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PL9  Windshear on final approach

Subject is on final approach and the previous aircraft on approach reports large
airspeed deviations due to windshear, with one of them going around. The subject
encounters an airspeed loss at 900 feet above the ground that may require a go-around.

The party line events discussed in Table 4.1 were séripted into a 3-leg simulation sequence
shown in Figure 4.4:

Flight Leg . PLIElements |
LAX-SFO (diversion to SMF) - PL1 - Aircraft holding short at taxiway interseétion

PL2 - Aircraft crossing active runway
PL3 - Turbulence and weather deviations
- “PL4 - Aircraft on runway of intended landing
(resulting in a go-around at SFO, holding, and
diversion to SMF) : :

PL5 - Holding EFC validity
PL6 - Traffic watch while holding

: -SMF-SFO o ST PL7 - Traffic watch duﬁﬂg ciirhbout

SFO-LAX . PL8 - Aircraft sequencing
PL9 - Windshear on final approach

. Note: .
LAX =Los Angeles
SMF = Sacramento

Figﬁre' 4.4 Paﬂl;"t'y Line Event Distribution

The flight profiles are presented in Figures 4.5,‘4.6,_a.nd 4.7. Each scripted party

line event is labeled (PL1, PL2, etc.) at the appropriate locations on the profiles.
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A typical simulation sequence originating from LAX would proceed as follows.
After being dispatched from LAX to SFO, the crew performs a normal preflight and
startup. ‘While taxiing to the active runway, the subjects encounter the ground taxiway
- intersection traffic. described in PL1. Once reaching the active runway, the crewis .
instructed to taxi into posmon and hold, after which the traffic conflict on the active runway _ | .
from PL2 is invoked during the subject's takeoff roll. During the climb to cruise, the |
~ turbulence report described in PL3 is transmitted. The flight proceeds normally until
reaching the SFO terminal area. On short final during the approach to landing, the crew
encounters the disabled aircraft blocking the runway (PL4) and is forced to go-around and
enter a holding pattern. An FMC failure forces the crew to execute the hold manually
_ (since the holding page on the advanced cab CDU was unavailable). The holding EFC
- validity (PL.5) and the traffic watch while holding (PL6) events occur during the hold and a
diversion to SMF is made after the determination that the SFO airport will be closed _
“indefinitely. The short ﬂlght to SMF occurs without incident and the crew makes a normal
arrival and landing. '

" The crew is then dispatched from SMF to SFO and proceeds with a ho'rr'nal start-
up, taxi out, and takeoff. During climbout, they encounter the.crossing traffic described in
PL7. The remainder of the flight to SFO occurs w1thout incident and terminates in a
normal arrival.

~ Onthelastleg, the fhght is dispatched from SFO to LAX. A normal start-up, taxi, -

'and takeoff occur, however, during climbout the background ATC contains multxplc
mfonnauon elements indicating that at least two other aircraft (one ahcad one behmd) are

on the same route as the subject. This situation continues throughout the flight during all

ATC route and altitude amendments, as well as frequency change handoffs. Shortly after - -

- arrival into the LAX terminal area, PL8 occurs when t_hc controller neglects to issue an
expected vector to the subject. After being re-vectored, cleared for the approach, and
switching to the towcr frcquency, windshear related mrspeed loss advisories from previous =
~arrivals are transrmtted resulting in PL9. The crew either elects to make a normal landing

despite the windshear conditions, or executes a missed approach and is subsequently

""""""":""'"‘VeCtorédTO‘a"'nonnal-iandil13.
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To counterbalance learning effects, each crew flew one of the following flight leg
rotations initiating in either LAX or SMF.

LAX-SFO(divert to)-SMF SMF-SFO
SMF-SFO = OR SFO-LAX e
SFO-LAX _ CREE LAX-SFO(divert t0)-SMF

4.3.3. Measurements

The experimental objéctivcs were investigated using observational, flight
performance, and subjective measures. Audio and video recordings were made to monitor
intra-cockpit conversation and note any explicit responses to the PLI provided, including
decision making and/or increased levels of preparedness. Flight path and control input data
were recorded to investigate any difference between cases with and without PLL
Observations were recorded by experimenters located in a separate room containing a video
monitor. Information on the monitor included three different camera an gles of the
simulator interior: captain’s flight displays, first officer’s flight displays, and a wide angle
view. Resolution was clear enough to observe any switch movements, but not clear
enough to read the onboard status displays. Other information displayed on the video
monitor included: airspeed, altitude, heading, vertical speed, current checklist, flap -
position, and a running chronometer indexed to the beginning of the ﬂlght leg. Audio
mformatlon contamed both mtra-cockplt and ATC cormnumcauons Subjectwe opmlon
measures were obtained during an out-interview where subjects were asked to rank and -
comment on the lmportancc of PLI in their performance and rcsponses to the various
scenarios. : -

For the data collection runs, the crews were alone in the simulator, However, if
any technical or "maintenance” question arose, including simulator problems, they were
provided a "company" frequency with which they could obtain information. In the
. simulator control room, the simulator engineers monitored and recorded all video, audio, -
flight and status displays, switch positions, and flight path data* from before the first
checklist was read to after the final checklist was complete.

*Switch position and flight path data included: altitude, airspeed, groundspeed, geographical position
(latitude and longitude), ﬂxght control input, engme power settlngs ﬂaps landmg gear, radios, and all other
switch positions. _
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4.4. Experimental Procedure

Each experiment lasted 1 and 1/2 days. The experimental protocol called for 1/2
day of training (4 hours) in procedures of the advanced cab in the MVSREF, a full day of
data runs (8 hours), and out-interviews ('1-2 hours). Crews were subject to one of two
different patterns based on when they were scheduled to arrive at the simulation facility.

Morning arrival
day I - 1/2 day training and 1/2 day data runs
day 2 - 1/2 day data runs

- Af n
day I - 1/2 day training
day 2 - full day of data runs

The two counterbalanced rotations were distributed as evenly as possible among the
crews starting in the morning and those starting in the afternoon. Also, a short break was
taken between each flight leg during the data runs.

4.4.1. Training

Upon arrival, the subjects were given 1/2 day of training in the advanced cockpit.

_ This consisted of difference training on the advanced cab systcms,.basic flight maneuvers,
visual and instrument approaches, and navigation to SFO from SMF. The subjects were
also given a basic briefing on advanced cab systems, electronic checklist, and datalink
communications procedures. During the training sessions, an instructor pilot was present
in the simulator with the crews. The flight maneuvers allowed the crews to become
familiar with the sidestick control and to get a "feel” for the flight dynamics, The visual |
and instrument approaches provided an opportunity for the crews to become familiar with
the simulator visual display (view outside) and enabled them to practice approaches and
landings, and tracking the ILS. The navigation exercises allowed the crew to familiarize
themselves with the advanced cab FMC system and CDU programming.

4.4.2. Experimental Run

The subjects participated in the three leg simulation while crew response was
monitored through audio, visual, and flight path data and observation notes. The
responses to each party line element for each crew were analyzed according to level of '
awareness and the results of all crews were grouped and ranked. |
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4.4.3. Post Experiment Out-Interviews |

Post experiment out-interviews were conducted to obtain subjective responses to

. the scenarios and the advanced cab, and to examine differences between perceivedand . .

- actual reactions. These interviews also provide insight into reasoning behind responses |
~ and subjective preferences.

4.5. Results
4.5.1. Subjects

- 'Seven air carrier crews participated in the experiment.. One "leg" of data was.. . ..

- missed from one crew due to technical difficulties (and resulting scheduling problems) with
" the MVSRF. Also, a PL.2 event from one crew was discarded because of a controller-
script error. The subjects consisted of 8 captains and 6 first officers with a mean flight
._experience of 9086 hours. The subjects were employed by the same air carrier since flight
" crews from the same airline tend to use standardized procedures that are independeht of
aircraft type. Those chosen to participate in the experiment were guaranteed individual
anonymity. | '

There were two mixed parings within crews, (e.g. a 737-300-qualified captain flew
- with a 757-qual1ficd first officer, etc.).- Mixed crcws often resulted in-one crewmember .

" being more familiar with the advanced cab systems because the procedures of different -
 aircraft vary. Consequently, the resulting proficiency 1mba1ance may have subjected the
mixed crews to a difference in overall workload level which may have influenced the

. results.

4.5.2. Analysis of Events and Scoring

' Each PLI event was analyzed to determine if the scripted party line information
resulted in any change in crew level of awareness and if the information elicited any action.
Cons1derat10n was given to intra-crew and ATC-crew dxscussmn a change in aircraft
B system status, increased preparedness for an anticipated situation, or aircraft flight path
adjustments made in response to other a1rcraftjcontr_ollcr voice transmissions. Subject -
 awareness and reactions for each PLI event were determined from the following sources:
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1) Observation notes
" As many as three NASA-Ames researchers recorded observation notes of
displayed video and audio information while the experiment wa$ in progress.

2) Intra—cockpu and ATC audio track analy51s

- Audio track content of conversation.among the. sub}ects as. well as. commumcauons e e

between the subjects and ATC was recorded.

3) Video Tape Analysis
Video Tape content of crew actions such as increased out-of-the-window v1g11ancc
and switch and control actuation. : '

4) Discrete switch and control positions
All switch and control positions were recorded as well as fhght control stick force
- and direction input.

-~ 5) Flight path data
= Aircraft positional; altitude, veloc1ty, and accelerauon data were recorded.

The responses to each party lme event snmulus were scored bascd on observauons
_ smg the criteria shown in Figure 4.8, which spanned the range from (1) no response to

) ~(3) positive action taken. The 1ncremental values (2,3, and 4) corresponded to’ mcreasmg s

levels of awareness of the event w1thm non-action responses.

SCORE
NOT AWARE No indication of response to {ranSmiSSiONS........oeceervvrveevrsnene 1
_"AWARE - - Passive awareness; no indication of detailed ..o 2
' understandmg of event. -
General awareness, , indication of detalled undcrstandmg RSO |
but no action taken.
Passive action, crew discussion of alternate course of action ........ 4
and/or increased preparedness.
ACTION TAKEN.  Change of system status, fhght path adJustment OF QUETY ooooov.. S

“to ATC in response to Party Line stimulus.

Figure 4.8 Crew Response Scoring _Crlter'ia

The primary an’alysié was complétéd by. an experienced B767 first officer and spot "
-checked by a second experienced pilot. The analysis was also reviewed by.several NASA-
. Ames psychologists. The scoring methodology and complete analysis of all events are |

contained in Appendix F. - ' B
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4.5.3. Results of Party Line Event Analysis

Examination of the video, audio and observation data revealed _certain' responses
__that were common for each party line event.

PL1  Aircraft holding short at taxiway intersection

For the aircraft holding short at taxiway intersection event, most crews increased
their out-of-the-window vigilance, while two crews went so far as to stop the aircraft until
the matter was clarified. '
PL2  Aircraft crossing active runway while subject is lined up for takeoff

No crews detected the aircraft crossing the active runway. These observations were
supported in the out-interview briefings. =~ R T o

PL3 | Turbulence and weat_her Miaﬁom

 Turbulence and weather deviations typically resulted in the crews turning on the - .
-. fasten seat belt sign, with some crews querying ATC: “where’s that aircraft?” in response . -
- to a turbulence report by traffic ahead. : :

PL4  Aircraft on runway of intended landing

: All of the crews engaged in discussion concerning the aircraft on ranway of
intended landing and increased their preparedness for a possible go-around. However, all

_.arounds were self-initiated. = -
'PLS  Holding EFC validity

In the holding EFC validation event, most crews made the decision to divert
immediately after the hour and a half holding delays were issued by ATC to other aircraft -
holding below., - : _ _ :

_ PL6  Traffic watch while holding
o In the holding pattém,:crews wérc oécﬁpied with the ta‘sk, of cohsidcring diversion
options and fuel quantity status and consequently most were unaware of the traffic

" approaching their position. Those that were aware, however, appeared to cue on the -
- phrase “violating holding airspace” issued to the encroaching traffic by ATC.
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PL7  Traffic watch during climb

In the traffic watch during climb event, most crews increased their outside vigilance
as they atternpted to make visual contact with the approaching traffic based on the ATC
transmissions to the other aircraft. '

- PL8 Aircraft sequencing

In the aircraft sequencing event, many of the crews were aware that they were in a
sequence of arrivals, but none detected the missed turn or questioned ATC. '

PL9  Windshear on final approach

All of the crews responded to the reports of windshear on final approach issued by -
previous arriving aircraft. In addition to discussing a possible go-around, they made _

* approach reference speed adjustments and in many cases reviewed the windshear escape
maneuver. The responses occurred after switching to the tower frequency where the
windshear PLI was available. No action was taken based on the airport ATIS information
which was obtained earlier in the flight while the crew was still monitoring approach’

“control. The ATIS information contained no windshear data.

 After rating each party line element as described in Section 4.5.2, the responses of
all crews are summarized in Table 4.2 in the three broad categories of not aware, aware,

and action taken.

PLI NOT ACTION

. EVENT®# . . .. .  AWARE AWARE = TAKEN
| 1 Alrcraft hdld_ 'shortt'at taxiwéy htéréé_étion 1 B 4 o o 2
2 Aircraft crossing 5cﬁve.mnway o 6 : 0 _ 0
" 3 Turbulence and weather deviaions 1 L 5
4 Aircrafton runway of intended landing 0 . 7 0
5 Holding EFC validity 0 1 6
" 6 - Traffic watch while holding 5 2 0
7 Traffic waich during climb I 6 0
' '8. Ajrc;raftSctwencing : - ._1 5 0
9 Windshear on final approach 0 0 6

_ Taple 4_.2 Party Line_Event__.Results- Sunimary
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4.5.4. Analysis of Relativé Party Line Event Responsés

In order to assess which elements were most efféctive in inducing action responses,
the scores from Table 4.2 were ranked by ; action taken in Table 4.3.

PLI - ~° NOT  ACTION

EVENT  AWARE AWARE  TAKEN
Windshear on ﬁnal approach 0 0 6
Holding EFC validity _ 0 ' 1 6
Turbuléncc and weather deviations 1 1 5

. #Aircraft hold short at taxiway intersection 1 4 2

 *Ajrcraft on runway of intended 'la.ﬁding' N 0 T 0
¥Traffic watch during climb SR 6 0

N *Alrcraft Sequencing ' 1 5 0

R *Trafﬁc 'watch while holdmg R ' 1-"_2. | .' 0
* Aircraft crossing active runway | 6 o 0 0
* = Traffic related

Table 4.3 Ranked PL1 Event Results

~Windshear, holdmg EF C va!zdtty, and turbulence and weather deviations rated the

-h1ghest and all resulted in action responses from the suchcts This finding i is in agreemcnt o

with the results from the “importance” section of the survey where the same iterns rated
among the most important. The high crewmember response to windshear reports,
espec1a11y if they include previous go—arounds, indicates possible areas for procedural
changes. For instance, since many crews appeared to cue on the reports of the go- -around
by the previous arrival, it may be advantageous for ATC to simply report previous go-
arounds as a standard procedure w1thout the need to speculate On Cause or wa1t fora formal
 pilot report (PIREP). a T

‘The top three elements are all strategic events where pilots ofteni have time available

to make dec1s1ons In the case of windshear, su‘ateglc planning includes exermsmg the B

_'neccssary precautions to completely avoid the windshear or adjust flight parameters to
- minimize any adverse windshear effects.




The lowest awareness occurred for the boitomn two events, PL2 - aircraft crossing

. the active runway and PL6 - traffic watch while holding. For these two events the amount
of PLI assimilated was minimal. Both occurred in high workload situations where the

.crew's attention and cognitive capacity was absorbed by the tasks at hand, specifically,

setting the takeoff power and considering diversion options while holding. The ability for

flight crewmembers to assimilate PLI appears to vary with workload, time available, and

' the strategic/tactical situation. There appears to be greater PLI utilization for strategical '
decision making in low workload conditions, and low PLI assimilation in short term high
workload tactical situations like takeoff roll (PL2). In this case, the party line information |
was transmitted when the crew's attention was focused on other duties.

The items indicated by an asterisk (*) in Table 4.3 are all tactical traffic related
events. They all elicited very low action responses by the subjects. These items are
normally the responsﬂ:)ﬂlty of the air traffic controller and pilots are only required to "take
action” in unusual circumstances. Because of the dynamics of the professional relanonshlp
" “between flight crewmembers and air traffic controllers, pilots are often reticent to insinuate

~ that a controller error has taken place. The low number of action resporises inay also be
due to the low level of confidence pilots have in using PLI for detecting controller errors as
indicated in the survey. As a consequence, the crews were reticent to take action but often
~ were aware and did indicate increased vigilance. An additional factor may be that action '
based on an incorrect interpretation of PLI in some traffic related cases had a higher penalty

- - -thanthe non-traffic relevant events. For.example, in the case of weather deviations (a ..

“non-traffic” event) the crew was requlred to get approval from the controller. Therefore, _

even if the deviation was unnecessary, no serious penalty was incurred since permission to
execute the dev1at10n was obtained from ATC. -

For traffic events such as aircraﬁ sequencing, crews often receive spacing vectors
that might seem inappropriate from their vantage point, but rarely question the ATC
instructions under the assumption that the controller has the "big picture" and any
- disruption rmght 1mpede the stniooth flow of traffic or cause an aircraft separation problem.”
This may explain the experimental observation that PLI utilization in cases involving
- scripted controller oversights (such as PL8) rarely resulted in any posmve action taken by "

f11ght Crews. - -

The high action responses of the terminal area or “near airport” party line events
from the simulation study (windshear, holding, and airport ground events) are consistent
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with the high importance and accuracy ratings these items had in the survey results. These
results reinforce the need to proceed cautiously when considering datalink implementation
in the terminal area and final controller segments.

4.5.5. F li’ght Path _Analysi&

Flight path data was compared between PLI (voice) and non-PLI (datalink) cases to
examine any significant differences. The Party Line Event PL4 traffic on runway of
~ intended landing was examined where the flight path performance during the controller
initiated go-around was analyzed. '

' In both voice and datalink cases the subjects were vectored for the approachinan

~ identical manner. In the voice case, a conversation between a previous arrival and the -
tower concerning clearing the active runway was transmitted over the tower frequency

- during the subject’s final approach. In both cases, as the approach continued, the subject

* “broke out of the overcast and was presented with simulated visual traffic on the runway.
Since no crews self-initiated a go-around, the tower instructed them to do so at the same
point in the approach. In each case, the time and altitude when the go-around instructions
were issued were used as a common datum for analysis of the subsequent flight paths.

The data collected included the time and altitude (4, hl) that the go-around

" instructions were issued by ATC, and the time and altiude (¢, by of the point of minimum

_height above the ground (the distance between the bottom of the flight profile arc and the -~
- ground). For the datalink case, the issuance of the go-around instructions by ATC was

' defined as the time of the datalink chime (used to alert the crew of the arrival of a datalinked

message) for the “go-around” datalink meésage. For the voice case, the time of issuance
- was defined as the ﬁrne when the controller began transmitting the go-around instructions
to the flight crew. The results are presented in Table 4.4 along with the differences in time
_ and altitude (tq, hg) between the “go-around” instruction point and the minimum altitude - .~
point. These cotrespond to the crew response time (tg) and altitude lost during the go-
- around maneuver (hg). The time units are seconds indexed to the beginning of the
simulation and the altitude units are feet above the ground.
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CREW = t;(sec) tplsec)  tglse) hj () hy(f)  hg@®

Voice 1 6285 6289 4 285 261 24
Voice 2 6758 6764 6 295 249 46
Voice 3 6607 . 6612 5 312 281 31
- Voice 4 5991 6000 9 355 275 80
Voice 5 6740 6748 8 319 250 69
Voice 6 6029 6033 4 191 153 38
Datalink1 5747 5758 11 475 372 103
Datalink 2~ 21460 21468 8 286 208 78
 Datalink3 =~ 5923 . 5933 10 .. 3% . . 277 . .79 .. .
~ Datalinkd 6149 6158 9 299 217 82
 Datalink5 6755 6762 .7 - 282 246 - 36

~ Datalink6 5929 5934 5 297 262 35
.’E.‘ahle. 4'.4  V.oicé.f.l)a-ltalink Fl.igh.t 'i’afh Data |

The means and standard deviations from Table 4.4 are as follows.

 Voice Timeto Go-around,tg -~ 6.0 21
Voice Altitude Lost in Go-around, hy B . 48.0s _ 22.1
Datalink Time to Go-around, tg . 8.3s. ' 2.2
Datalink Altitude Lost in Go-around, hy 68.8s 27.4

As can be seen from the results, there exists an _ave'r_a_'gc 2.3 second difference in .. .
response times between the voice and datalink cases. The slower response in the datalink
~ cases is thought to be due to three possible causes:. (_1) the time required for the crews to .

. read the datalinked go-around message, (2) the influence of prbsddic voice inflection in the
verbal go-around insu-uctions,_ahd (3) the enhanced preparedness resﬁlt.ing from the
awareness provided by PLI (note: all voice crews indicated awareness of the aircraft from
- PLIdata). o |
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The relative importance of the datalink reéding delay, and the influence of PLI and
* prosodic effects cannot be resolved from this preliminary study. However, the presence of

“the 2.3 second lag in the datalink case indicates that for some time critical ATC instructions,

voice transmissions offer potential time advantages over datalinked transmissions.” This
observation suggests consideration should be given for the retention of voice in the datalink
environment for time critical or emergency communications.
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5. Summary of Conclusions

A pilot opinion survey was distﬁ'butcd_ to study the perceived importance of party

line information and a flight simulation experiment was conducted to investigate PLI

assimilation and usage in pilot situational awareness. The major conclusions of this
research are summarized below.

Conclusions from the Pilot Opinion Survey:

1. PLI is perceived as important by flight crewmembers as indicated by the high mean
importance scores in the survey. The perceived importance of a given party line
information element varied among different phases of flight. Those items -
concerned with the Terminal Area and Final Approach phases tended to be higher in
importance than the other phases.

2. PLI containing weather situation information was perceived as most important,
followed by holding information. Communication related general PLI elements
such as call sign confusion and controller urgency were also perceived as ifery
important. .

3. The top scoring importance items from the survey are associated with an aircraft’s
arrival, which is often the most time critical phase of flight. The time critical nature
of arrival activities (including minimizing “heads down” time in order to provide for
an adequate traffic watch) and the high importance attributed to party line
information in the terminal area, suggest that the final tower controller frequency is
a less desirable candidate for initial datalink implementation than other "enroute”
operations.

4, The elements involving strategic planning: weather situations, holding situations,
and ride reports scored higher in importance. Elements which contain information
typically used for tactical planning such as traffic watch and controlier errors,
were also rated as important, but scored somewhat lower.
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Party line information which allows detection of controller errors is perceived as
important by pilots but not very reliable. Controller errors consistently scored
lowest in terms of perceived reliability among all phases in the survey which

_indicates pilots do not have conﬁdence that controller errors can be rehably detected L

from party line information.

Pilots appear to be more receptive to the implementation of datalink if consideration
for the use of compensation is given.

Conclusions ﬁ‘om the Full Mission F hght Simulation:

The three PLI elements which scored hlghest in the survey (wmdshear, holdmg :

EFC validity, and deviations for turbulence or weather) all resulted in action

responses from the subjects during the simulation study. These are all situations
- where pilots had time available to assimilate information and make decisions
' (action in the windshear event consisted mostly of increased preparedness and

planned approach speed adjustments made during the pre-approach phase when
time was available).

The lowest assimilation of the party line information occurred for the aircraft

~ crossing the active runway and the traﬁr ¢ watch w}ule hola’mg events. Both events

occurredin hlgh workload situations where the crew’s attention and cognmve
capacity was absorbed by the tasks at hand, specifically, settmg the takeoff power
and conmdenng diversion opuons whﬂe hoidmg

PLI appeared to have greater utilization‘for strategical decision making in low -

workload conditions, and not in short term high workload tactical situations like the

‘ takeoff roll.
- In the flight simulation study, PLI was utilized to a lesser extent in those decisions
“involving limited options or where the penalty for an incorrect interpretation was

- greatest.

PLI utilization in cases involving poteritial controller oversights farely resulted in

_a‘ny“p‘ositive"act_i'onj'taken'by"ﬂjght--erews--during_--the_--s_imulatio_n:-----T—'_h-is_---i—s—-thou-gh-t 1o
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be due to the dynamics of the ATC-flight crew professional relationship since pilots
were often reticent to insinuate that a controller error had taken place. -

.- - . - Datalink-only crews responded an average of 2.3.seconds slower than the voice . ... ... ..

only crews to a “go-around” instruction issued by ATC in response to an aircraft on
the runway. All of the voice-only crews indicated awareness of the situation from
PLI, however other factors such as the time to read the datalink message and
prosodic effects may also have influenced the results. Still, the presence of a
notable lag in the datalink case indicates that for some ATC instructions, voice

~ transmissions offer certain time advantages over datalinked transmissions. This
observation suggests consideration should be given for the retention of voice in the
- datalink environment for time critical or-emergency communications.

The high utilization of PLI for the terminal area or “near airport” party line events
in the simulation study (windshear, holding, and airport ground events) was

" _consistent with the high importance of these items in the survey. The importance
and utility of PLI near the airport indicates the need to pro‘ceed'cautio'usly when
considering datalink implementation in the terminal area and final controller
segments.
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ATC Communicaiion Analysis

1. Objectives . . .. - . ... T

In order to examine the availability of potential PLI as a fraction of total
transmissions in the terminal area, an analysis was made on a representative sample of
 terminal area ATC communications recordings near the Chicago O’Hare Airport. The
Chicago area offered the wide variety of the traffic and weather conditions necessary to
examine possible effects on PLI availability.

. 'The recording apprdach was to obtain communications from the pilot’s perspective,
all of the VHF communications for a chosen flight were recorded by changing frequencies
when the crew for that flight was instructed to do so by ATC. In this way, the flights were .
“tracked” through the final enroute (center) controller, approach control, tower, and ground

_control. The transmissions associated with each tracked flight were analyzed for quantity
and type of PLI present. B R '

A.2. Recording Procedure

VHF communications between ATC and Chicago O’Hare arriving aircraft were

- -recorded usmg a VHF airband receiver connected. to-a standard cassette. recorder. . The

rccepuon Timit allowed for most arrivals to be acqulred when descendmg through

| approxnnately 24,000 feet (about 70-80 rniles from the airport). The procedure for

“tracking an arriving aircraft so as to maintain the pilot’s “radio perspective’” was as follows.
The Chicago final center sector frequency was monitored until an arrival, whose
transmissions were of acccptable signal strength, checked in on the frcqucncy The call
sign of this arrival was noted and that flight was followed through the approach control and
tower sectors as the arrival was tracked to landing, i.e. the frequency of the VHF receiver

" was changed in con]uncuon with the frequency change instrictions issued to the tracked

flight’s crew by ATC. Each recording terminates whcn the trackcd ﬂlght contacts ground
comrol after clearmg the landmg runway
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| A.3. Results

Recordings were made between September 1990 and March, 1991, during peak

~and off-peak traffic conditions and in various weather conditions . Each tracked fighte

- resulted in approxunately 20 minutes of recorded an'/ground communications and mcluded
the three sequential sectors: enroute center control frequency, approach control frequency,
and the control tower frequency. |

Analysis of Recordings

- The recordings of the VHF air ground communications were anaiyzed for type and

~.quantity of PLI present. The tapes were reviewed by an experienced pilotand checkedbya =

second pilot. While the tapes were being reviewed, the arrival sequence of every aircraft
“onthe frequency was noted and each two-way communication interaction or “transaction”
between ATC and any flight on the frequency was categorized by type accordmg to Table

AL The “General” list was apphed for all communications while the "Tower/ -

: Departures” Tist only involved tower frequency communications which included both

- arriving and departing aJrcrafL Note, with the exception of the last item, all items of both
lists are considered potential PLL. All of the communications were categorized using the
groups in Table A.1, however, any communications that did not have the potential to be
“used as PLI by the tracked flight was so identified.

o Nest oo g T Lariding clearance

Sequencing (routing, altitude, airspeed) : .. Landing wind check _

. Informational transmissions _ C Hold short instructions

Weather situations - - Takeoff clearance
Approach clearance  Position and hold instructions
Traffic watch - ' Runway exit/ground control contact
Requests R o " Depatture control handoff
Ride reports

Holding situations

. Sector check in

Miscellaneous non-PLI transmissions
Table Al Pilot/ATC Transaction Categories
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The communication transactions were then tallied and ratios of potential PLI
transmissions to total transmissions were determined. There is some ambiguity to"defining '
» _what is pertinent PLI for a given flight. For cxample it is not clear whether sector check in _
- or ride report PLI from an aircraft sequentlally behind the tracked flight provide any wseful T
information. For this analysis, potential PLI was defined as any information which could |
be useful as PLI. This then defines an upper limit of available PLI

The results of all the recorded flights, including the weather and total transaction
count, are presented in Table A.1. For three of the flights the center sector communications
- were unavailable due to reception problems. The ratios for each sector contain all potential
PLI transmitted, including those involving aircraft sequentially behind the wracked flight. - -
Therefore, the ratios are biased towards an upper limit of potential PLL.

_Flight #. _Weather _Tofal TX's. . Center Approach Tower Al Sectors .
- UA89 38BKN 115 0.67 : 1.00 0.78 0.91.
- AA391 38BKN 158 0.89 1.00 0.77 0.95
AA277 VFR 118 0.95 1.00 0.86 0.96
UA77 CAVU 38 0.85 1.00 0.75 0.89
AA783 CAVU 124 0.71 1.00 0.79 0.80-
AAd1 cAW 43 0.80 1.00 0.71 0.86
UAS55 TOVC 82 1.00 1.00 0.80 0.98 _
. NW173 .. 7OVC. .. ..119 . . t1.00 . 1.00 . ~ 0.83 098
S JA883 L 1IOVG 83 100 1.00 - ~0.80- --0.98
.SI156. .. . RVR20 . . 81 ‘1,00 0.75  0.94
AA303 - RVR20 - 45 . . - 1.00 0.86 - 0.98
AA175 ... WSS . . .84 0.78 1.00 0.52 - 0.76
UA765 W58 128 0.71 1.00 0.65 0.80
AA341  XM120VC. 90 . 0.47 1.00 - 0.69 0.73
 UA83 BS-MVFR 37 ~ 7 1.00 . 0.80 $0.97
SAB563  MI9BKN . 76 072 1.00 1.00 0.91
AA581 VFR S0 0.80 1.00 0.75 0.88
UA8t - VFR - 88 0:95 ~ 0.94- . 0.73 0.92
‘AAS3 - VFR 65 0.60  1.00 1.00 0.91
AA783 . VFR 88 0.88 1.00 '0.87 0.92
AG . ... .. 86.5  0.81 0.99 0.79 1 0.90
0.11 0.08 -

SRV ©33.08 0.5  0.01

Table A.2  PLI Communications Ratios
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As can be seen, the overall percentage of potential PLI transmissions was
approximately 90%. The ratio of potential PLI to total transmissions for the center sector is
somewhat lower due to the larger number transient (non-arriving) aircraft. In the épproach _
_control sector almost all of the communications contained potential PLI, Mostofthenon-
" PLI transimissions from the tower sector included ffeﬁ;ﬂéncy'é'ﬁ.an.gé'ihétructions 'givcn by
the tower to departing aircraft. If these were to be included in the tower ratios, then almost
all of the communications on this sector could be classified as potential PLI also.

Peak and off-peak traffic periods are indicated by the number of total transmissions
- for a given tracked flight (since the recording time is approximately the same for each
~arrival). There does not appear to be any significant trends in the fraction of transmissions

- containing potential PLI with respect to weather conditions or peak/off-peak traffic. .

- conditions. However, if the amount of useful or critical PLI transmissions in a sector
increased, the effect of weather and traffic conditions may be more pronounced.




Survey of Datalink ATC Message Exchange

67




_ DEPARTMENT OF i . 'CAMBRIDGE, MASSACHUSETTS 02139
" AERONAUTICS AND ASTRONAUTICS ‘ ROOM 37-438 (617) 253-0993
TELEX 92-1473 FAX (617)258-7566

Fellow ORD Crewmember:

1 am currently an ORD based 7671 F/O (Boston comrnuter). While I am not flying
(which I usually try to do on weekends), I attend graduate school full time in the
Department of Aeronautics and Astronautics at MIT where 1 am pursuing a Master’s degree
" in Aeronautics. In addition to my classes, I work in the Aeronautical Systems Laboratory
..asa research. assistant where Iam carrying out the research for my Master’s thesis .. The . .
research mvolvcs hurmnan factors issues in the unplementanon of ATC datalink message -
- exchange. As you may know, the FAA’s National Airspace Plan for the 1990’s involves
full utilization of datalink weather services, ATIS, and ATC clearances/amendments. The
___initial implementation of this is the pre-departure clearance program thatwearehow ~— ° -~ 777
utilizing at ORD, DFW, and SFO. - o
The purpose of the attached survey is to obtain the pilot’s perspective on whether or
not certain communication elements in the current ATC environment are significant. I feel
-that it is important to get our input anytime the implementation of a new technology has the
potential of changing an existing mode of operation as much as this does. We, as pilots,
~will be the.ones who have to work in the envuonments that others implement so itis .

B important for us to take: advantage of any opportumty we can to influence the design of _

- future s systems Researchers value the opinions of pilots concerning new systems butin
the past it has been difficult to get large scale input due to the nature of surveying.

The results of the survey will be used in my thesis which in turn will be utilized by
" NASA-Ames human factors group to help in detenmmng gu1delmcs for datalink
" "1mp1ementat10n It should be noted that this study is bemg funded by a grant from NASA-

Ames and is being carried out by the Aeronautical Systems Lab at MIT. The research is
completely ihdependent of AAL and the APA although both Carl Price of AAL and Mike
Shanholtz of the APA are aware of and support the study If you find the time {0 completc

" 'this. survcy, please retutn it to the' markcd box abovc my ORD maulbox ' '

Thanks,

Alan H. Midkiff
AA#13360
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_ _ SURVEY ON
DATALINK ATC MESSAGE EXCHANGE

The Department of Aeronautics and Astronautics at the Massachusetts Institute of -
Technology is currently evaluating ATC message exchange using digital datalink. ATC
..communications via the datalink would be displayed.either textually or graphically in.the ...« o
‘cockpit thus minimizing the need for voice communications and relieving congested radio -
‘frequencies. :

Among the many facets being studied in this research is the significance of “party line”
information, which pilots acquire by overhearing messages intended for other aircraft. In
the datalink environment, the availability of such information may be minimal due to the
reduction of voice communications. The purpose of this survey is to obtain a general
outlook on the presence of party line information to pilots relative to the environment in
which they are operating. _

In the survey you are asked to rank the importance, availability, and accuracy of the - _

~information derived from party line for various phases of atypical flight; and for-a-few . - i
miscellaneous items. In addition, there is a free comment area, a few datalink questions,
and a background section. _ ‘ '

Participation in this survey is completely voluntary. It is not necessary to give your name
. atany point.. You may decline to.answer any of the questions in this survey, without
- _prejudice. All surveys will be de-identified and all information obtained from any .
individual survey will be kept confidential by the researchers at MIT.

For further information about this study, please feel free to contact:

Principal Investigator: _ Research Assistant:
. "R. John Hansman, Jr., PhD =~ 7 Alan H Midkiff - T s

.. Boeing Associate Professor of Aeronautics..... .. ... ... Aeronautical Systems. .. .. .. ..
77 Massachusetts Ave. : : Laboratory o
Rm. 33-115 L _ - 77 Massachusetts Ave. -

- Cambridge, MA 02139 : _ Rm. 37-438 o
-(617) 253-2271 o Cambridge, MA 02139 ' - '

, o (617) 253-0993 R

Thank'you for your time and cooperation.
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ADDITIONAL PARTY LINE QUESTIONS

* Considering the advantages of datalink (i.e. quiet frequency, discrete aircraft addressing, frequency congestion
relief, unambiguous clearances, etc:) and of party line information (situational/environmental awareness,
traffic/ride information, etc.), would you tend to support a datalink environment or the current environment
containing party line information (PLI)?

Choose one:
1 2 3 4 5 :
DATALINK EQUAL VHE VOICE
ONLY DISTRIBUTION - COMMUNICATION
VOICE / DATALINK ONLY (PLI)

If some mechanism could be developed to datalink critical PLI to the aircraft (eg. a status display with '
_current wx, sequencing, and/or holding mformauon) ‘would you tend 0 support a datalink environment or
the present PLI enwronmenl‘?

Choose one:

1 : 2 -3 4 : 5
_DATALINK . EQuAL =~ VHF VOICE
CONLY  DISTRIBUTION ~ ° = COMMUNICATION
VOICE / DATALINK - © ONLY (PLI}

Additional comments (use the back of this page if necessary):

Are you ‘"TCAS quahﬁed" U YES T NOIfso, please comment on the effectweness of TCAS asa.

_ ompcnsanonal device for sm:auonal awareness, sequencing, and traffic waich in the datalink environment.

Please pr‘ovide,anyrideas you might have or like to see concerning datalinking PLI to the aircrait.

Enter any comments about the significance of party- line information, e.g., what beneﬁts and/or problems
do you think you encounter that were not included on the prevxous pages {use back if necessary)
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BACKGROUND INFORMATION
How long have you been employed as a professional pilot? - yis

What is your total number of flying hours?

Your flying background is primarily military non-military (choose one).

~What is your age?

How long have you been flying with American Airlines? yis mos

' Please estimate all flight hours in your current and previous aircrafi (including your experience with other
airlines and/or military flying) and indicate your crew position on that aircraft.
| | _CAPT F/O $/0

Currént Type Hrs. in Seat

. Immediat prior __Typ.e:—..'  Hrs.inSeat__ CAPT ____FO ___ SO

Other Type Hrs. in Seat CAPT F/O - S/0

Other Type His. in Seat CAPT FIO $/0

Other Type___ . Hrs.inSeal____CAPT ___FlO __S/O
Other Type, Hrs. in Seat C F/O _S/0

Offer  Type. - Hrs.inSeat__ CAPT ___ FO ____ SO "

" Do you use a personal computer? ____YES ____ NO°

How satisfied are you with predeparture clearances throﬁgh the ACARS datalink? Include any additional
comments. -




- 'Ap_pendix c. | o .

o ‘Survey Results Tabulation
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PARTY LINE SURVEY RESULTS (N=184)

IMPORTANCE
Mean : Standard Deviation
Ground a/c crossing activerwy . = 4.65 a/c crossing activrwy 0.69
-~ Ops | - other a/c "hold short" - 406 - - ground sequencing - 1.04
controller errors 4.01 other a/c "hold short” 1.09
routing to rwy 7 3.45 controlier errors 1.10
ground sequencing 3.27 next comm freq 1.13
next comm freq 2.60 . routing to rwy 1.15
Departure  wx situation - 4,40 ' WX situation 0.70
ride reports 4.06 ride reports - 0.84
traffic watch - 3.92 traffic watch 1.07
controller errors 391 controller errors 1.10
next comm freq 2.90 next comm freq - 1.14
:Cruise- WX situation . - 4.38 - wxsituation 0.68 -
ride reports 410 ride reports 076
controller errors 3.63 - winds aloft - 0.98
traffic watch 3.36 ~sequencing 1.04
_ sequencing 304 . npextcommfreq 108
. windsaloft . 285 = conwollererrors  1.17
next comm freq - .2.70 traffic watch 1.17
Descent WX situation 4.41 wX situation - 0.63
hold situation/EFC . 4.08 ride reports 0.82
traffic watch 398 hold situation/EFC (.88
ride reports 3.97 - sequencing 0.93
controller errors 3.82 traffic watch 1.01
sequencing 3.48 next comm freq 1.07 -
 Terminal _ wxsitation . 447~ -wxsitwaton . 0.61
Area ~~ traffic watch 422 - . terminalrouting = 0.81
_ approach clearance 4.16 " sequencing ' 0.85
terminal routing ' 4,09 traffic watch 0.91
hold situation/EFC 4,01 . approach clearance = (.91
controller errors 3.97 hold situation/EFC ~ 0.91-
ride reports : 3.86 ride reports 0.92
sequencing 382 controller errors 1.13
next comm freq -3.46 next comm freq 1.15
Final windshear _ A%T T windshear 034
Approach - a/c on your ldg rwy - 4.81 a/c on your ldg rwy  0.49
. - brakingaction - - 4.63 ‘braking action 0.53
... rissed approach-wx . .. - 4.61  _ missed approach-wx 0.69
7 wx situation : - 450 - - wx situation 0.83 .
- go around ' 432 - goaround 0.85
- traffic watch 409 trafficwatch - 1.05
sequencing - 371 : sequencing. '1.06
- taxiway turnoff =~ .3.46  taxiwayturnoff  1.17
- nextcommfreq . - °3.26 . - nextcommfreq = 129




ACCURACY

|
Jo

Mean Standard Deviation
Ground . a/c crossing active rwy 4,12 a/c crossing activ rwy 0.88
Ops next comm 3.85 other a/c "hold short" 0.90
other a/c "hold short" 3.81 next comm freq 0.97
Touting to rwy 3.64 controller errors 0.97 .
ground sequencing 3.50 routing to rwy 0.99
controller errors 3.26 ground sequencing  0.99
Departure rnde reports 3.74 ride reports 0.79
WX situation 3.71 WX situation 0.82
next comm freq - 3.63 traffic watch 0.95
traffic watch 3.40 controller errors 1.02
controller errors 3.00 nextcommfreq ~ 1.09
Cruise - WX situation 3.83 * ride reports 0.77
ride reports 3.81 WX situation 0.81
next comm freq 3.77 traffic watch 0.91
- traffic watch S 3.45 - winds aloft 0.95-
. windsaloft . . 342  onextcommfreq 100
. sequencing . .3.30 .conmoller errors, . 1.02
controller errors 2.97 sequencing 1.04
Descent WX situation 3.89 ride reports 0.75
' ride reports 3.78 wXx situation 0.76
next comm 3.77 sequencing 0.83
hold sitiation/EFC 3.67 . hold situation/EFC  0.85 -
sequencing 3.46 traffic watch 0.86 _
traffic watch 3.44 controller errors 0.94
. Terminal .. approachclearance. ... ... 4.09 . terminal routing . . 0.77
Area next comm freq 4.00 wXx situation 0.78
WX situation 3.91 approach clearance - 0.79
~ terminal routing 3.84 ride reports 0.83.
ride reports i 3.73 ‘sequencing - 0.84
* hold situation/EFC 3.66 - hold situation/EFC (.86
traffic watch 3.63 traffic watch 0.87
sequencing 3.62 next comm freq 0.91
controller errors 3.15 controller erTors 0.98
Final a/c on your Idg rwy 4,12 a/c on your ldg rwy  0.77 .
Approach  next comm freq 4.09 braking action 0.81
oo wxsituagion oo 407 o wxsituation- - 083 . .
- missed approach-wx. - - 4.06.: .goaround .. .. ...0.83
- go around o 4,02 - missed approach-wx 0.86
braking action - 3.91 ‘sequencing - 0.87
windshear 3.84 traffic watch 0.88
traffic watch 379 - windshear 0.89
- sequencing . 379  nextcommfreq - 092 =
taxiway turnoff - - . 338 - . taxiway turnoff. ..© . 0.99




~.Area

Ground
Ops

' Departure

- Cruise

Descent'

controller errors

* Terminal

AVAILABILITY

Mean

a/c crossing active rwy
other a/c "hold short":
~ routing to rwy

next comm freq
ground sequencing
controller errors -

ride reports

wX situation
next comim freq
traffic waich
controller errors

wX situation
next comm freq
traffic watch
sequencing

windsaloft o
~controller errors.. ... ..o

wX situation -
hold situation/EFC
next comm freq-
ride reports

wraffic watch.
sequencing

“approach clearance
-~ nextcomm freq - -

. WX situation

Approach

" braking action.. . .o

terminal routing -

hold situation/EFC

traffic watch
ride reports
sequencing
controller errors

WX situation. oo

next comm freq
a/c on your ldg rwy

- windshear -

missed approach-wx .

- go around

traffic watch

~ sequencing

_taxiway turnoff o

COPB ON00  \O 1000000
—ROOR DL G

PRUURLRWWE NUBUWWWEA DHULERLEL DENWLWL PRWLWE Dewww

-~
h

Standard Deviation

other a/c "hold short" 0.94

routing to rwy
controller errors
ground sequencing

a/c crossing activ rwy

next comm freq

ride reports

WX situation
traffic watch
next comm freq
controller errors

WX Situation

- winds aloft

traffic watch
controller errors

~..next comm freq -
. sequencing

WX situation

hold situation/EFC
ride reports
sequencing

next comm freq-
traffic watch

controller errors

" wxsitmation
- -.approach clearance -

sequencing

next comm freq
terminal routing
traffic watch

ride reports

hold situation/EFC
controller errors

owx situation ..

sequencing
braking action

ooowaffiewatch 0 o
- windshear -
missed approach-wx

go around "

*a/c on your ldg rwy
© -nextcommfreq
.. taxiway turnoff .

0.99
1.00
1.05
1.10
1.15

0.86
0.90
0.95

- 1.03

1.06

0.84

- 0.94--

0.95
0.96

098 ..
1.05. ..

0.83
0.86
0.86
0.91
0.93
0.96

0790

0.87
0.88
0.90

0.97 o




Im‘portarice_

Availability

~Accuracy

Importance

Availability

L. Accuracy- ...

BY PHASE

Mean

final approach
terminal area
departure
descent
ground ops -

_ Cruise

final approach
terminal area
ground ops
descent

~ departure
“-Cruise

_ final approach

terminal area
ground ops

... descent
__cruise

departure

ACROSS ALL PHASES

Mean

WX situation

- held situation/EFC- -
“ride'reports
- c_ontroller__errox_'s L

traffic watch

 sequencing
next comm freq

wX situation

ride reports

next comm

hold situation/EFC

WX situation ..

next comm freq

- ride reports o
- “hold situation/EFC -
_sequencing

traffic watch |

..controller errors.

351
3.00

- 3.86

4,43

-4.04 -
4.00
3.87

3.83
3.82

379

o wafficwatch -
- sequencing
controller eIrors

388
3.85

76

2350 .
3.38

2.89

3.76
3.67

3.54
348 0
3.09

010

0.12 -

terminal area 0.28
descent 0.43
departure 0.56
- final approach 0.57
cruise 0.63
ground ops 0.72
final approach 0.23 .
terminal area 0.33
descent 0.33
- ground ops 0.36
departure 0.41
~ final approach - 0.22
terminal area - 0.28
descent 0.28
groundops - 030
departure 2031
cruise 0.32
Standard Deviation
WX situation 0.05
~hold situation/EFC. - -
ride reports
. controllererrors . 0.15
next comm freq 0.33.
sequencing 0.35
traffic watch 0.36
hold situation/EFC ~ 0.03
controller errors 0.10
WX situation 0.11
next comm freq 0.12
rnderepots . . . 0.14
traffic watch
sequencing 0.27
- hold situation/EFC . .. 0.00
- ride reports 0.04
traffic watch 0.10-
controller errors _
wx situation 0.13
_next comm freq 0.17
‘sequencing

s




MISCELLANEOQUS

Importance call sign confusion 4.53 call sign confusion  0.74
controller urgency 4.22 controller urgency  0.85
ATC prob/lostcomm . =~ 4.22 navaid problems 0.89
navaid problems 3.96 ATC prob/lost comm (.93
other pilot urgency 3.83 other pilot urgency  1.03
sector congestion 3.70 . sector congestion 1.03
controllerexp level .= 3.43 controllerexp level 1.04
bkgnd reassurance - 3.31 other pilotexp level 1.10
_other pilot exp level 3.08 . bkgnd reassurance  1.16
.. Availability = controller urgency. 3.93 call sign confusion ~ 0.94
.- sector congestion 3.89 sector congestion 0.98
- bkgnd reassurance 3.78 controller urgency  0.99

. .call signconfusion . ... 371 . . navaidproblems 1.02
. other piloturgency ... 3.60— _ ---ATCprob/llest comm 1.04

controlier exp level 3.49 bkgnd reassurance . 1.07
ATC prob/lost comm 3.19 other pilot urgency  1.07
navaid problems 3,19 controller exp level ~ 1.08
other pilot exp level 3.14 ‘other pilot exp level ~ 1.16
Accuracy - controller urgency 3.73 sector congestion 0.89
bkgnd reassurance 3.71 ATC probflost comm 0.96
. call sign.confusion. . .. 3.51 __other pilotexp level = 1.02
~otherpiloturgency -~  3.49. -~ otherpiloturgency  1.03
ATC prob/lostcomm -~ 3.40 controller exp level  1.03
controllerexp level -~ 3.06 call sign confusion  1.04
other pilot exp level 2.78 bkgnd reassurance  1.18




MISCELLANEOUS/BACKGROUND

Mean Standard
DL-PLI | ' 3.03 0.82
DL-PLI with compensation 271 0.92
SHIFT (towards "DATALINK ONLY") - 050 | 0.81
TCAS (1=unfavorable...3=favorable) 2.18 076
PDC  (1=unfavorable...3=favorable) - 2.83 .48
AGE : 40.8 8.13
AA years 10.1 8.02
Total years _ 17.0 8.03 o
Flight experience (total hours) 8914 _ 5027 sl Dl
_ Total N;;m!gz L
Captains ' ' o 86
First officers ‘ 77
Second officers o 9
Military background - 88
Non-military background g9
TCAS qualified | 111
. EFIS qualified 33
PC user ‘ 111
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Appendlx D:.

Statistical Analysis of Survey Results
(95% Confidence Interval Analysis)

184 pilots responded to the survey. The mean response ratmgs for each survey elemeént are listed
_in the following pages. The means are given with a 95% confidence interval assuminganormal -~
distribution of data. The standard dev1at10ns are. also presented to give | an 1nchcat10n of variability . .

o "‘_'m 1nd1v1dua1 responses

79




' PARTY LINE SURVEY RESULTS (n=184)

IMPORTANCE
Mean (u = 1.960/\n) Stdev ¢
Ground a/c crossing active rwy 465t .10 0.69
Ops other a/c "hold short" 406 .16 1.09
controlier errors - 401 £.16 1.10
routing to rwy 345+ .17 1.15
ground sequencing 3.27+.15 1.04
next comm freq 260+ .16 1.13
Departure  wx situation 440 £ .10 0.70
ride reports 406+ .12 0.84
traffic watch 3.92 £ .15 1.07
controller errors 3.91%.16 1.10
next comm freq 290 .16 1.14
CCrEise T w simation T T A3E 0 068
~ ride reports 4.10% .11 0.76
controller errors - 363+ .17 1.17
traffic watch 3361 .17 1.17
“sequencing 304+ .15 1.04
winds aloft 2.85% .14 0.98
next comm freq 1270+ .16 1.08
Descent WX situation 441+ .09 0.63
hold situation/EFC 408+.13 - - 0.88
traffic watch 398+ .15 1.01
ride reports 3.97+ .12 0.82
controller errors 3.82£.16 1.11
sequencing 348 + .13 0.93
nextcommfreq . 308%.15 L 107
T N e e T e GieT
S approach clearance 416+ .13 0.91
. terminal routing 409+ .12 - 0.81
hold situation/EFC 401+.13 0.91 .
_controller errors 3.97 % .16 1.13
ride reports 3.86 .13 0.92
sequencing 3.82%.12 0.85
next comm freq - 346t .17 1.15
Approach  a/c on your ldg rwy 481+ .07 0.49
. braking action 4.63 .08 0.53
- missed approach - wx 461 +.10 - 0.69-
Cwxsitgation - T 450120 7083
goaround 432+ .12 . 0.85
traffic watch 409 £.15 105 .
sequencing 371 £.15 1.06
taxiway turnoff 134617 117
el nextcommfreq 3261 .19 1.29 -

(o]
o




AVAILABILITY

. _ : Mean (1 * 1.966/vn) Stdev &
~Ground  a/c crossing active rwy 3.86 .16 _ 1.10
Ops other a/c "hold short” 3.82+.14 ' 0.94
' routing to rwy ' 3.81+.14 0.99
next comm freq 375+ .17 - 115
ground sequencing 340+ .15 - - 1.05
controller errors 296+ .14 1.00
Departure  ride reports 3.86 £ .12 : 0.86
‘WX situation 370+ .13 : 0.90
next comm freq 3.69 .15 ' 1.03
traffic watch 344 1+ .14 0.95
controller errors 281+x.15 1.06

Cruise ride reports 399 £ .12 - 0.80
WX situation , 386+ .12 0.84

next comm freq - e 3T6E T 0,98

traffic watch' C 324+ .14 . 0.95

- sequencing - 299+ 15 L 1.05
winds aloft 279+ .14 - 0.94
controller errors - 274t .14 10.96
Descent wX situation ' 3.83%.12 0.83
hold situation/EFC 3.81%.12 0.86
next comm freq ' 379+ .13 0.93
. ride reports 377+ .12 0.86
traffic watch 344 .14 - 0.96
sequencing 340 £ .13 0.91
controller errors 294 £+ .14 0.97
Terminal approach clearance 407 £ .12 0.82
- -Area-- - -nextcommfreq - -3,961 13 --0:88
. terminal routing. . ... ... . 3.86%.13 ..0.90
hold situation/EFC 377x.13 - 0.92
- traffic watch 3.69+ .13 - 0.90
ride reports -3.68 +.13 0.91
sequencing 348+ .13 0.87
controller errors 299+ .14 1.00
Final WX situation 400 .13 - 0.91
Approach  nextcomm freq - 398+.14 0.97
. .afconyourldgrwy . 391%.14 ... 0.96
braking action 390+ .13 0.92
‘windshear 389+ .14 0.95

- missed approach - wx - 3.88%.14 - 0.95

~..go around e 383 4140 0.95
traffic watch’ 3.67%.14 0.94
sequencing 3.64 113 0.91
taxiway turnoff ~325+:15 1.03




ACCURACY

Mean (U * 1.960/n)  Stdev o
Ground a/c crossing active rwy 4,12+ .13 0.88
- Ops next comm freq 385+.14 = 0.97
- other a/c "hold short" - 38113 0.90 -
routing to rwy - 364+ .14 o 0.99
ground sequencing 3.50%+.14 0.99
controller errors 326 .14 097
Deparfure - ride reports 374 £ .11 ' 0.79
: wx situation 371+ .12 0.82
next comm freq 3.63% .16 1.09
wraffic watch 340+ .14 - 0.95
controller errors 3.00% .15 _ : 1.02
Cruise WX situation’ _ - .3.83%.12 - 0.81
o ' riderepoms C3gTEAT 0T
- nextcomm freq - - 377+.14 _ 1.00
traffic watch 3451 .13 ' . 0.91
winds aloft 342+ .14 0.95
sequencing - _ 330+.15 - 1.04 -
controller errors - 2971 .15 1.02.
Descent - wx situation 389t .11 0.76
ride reports 378 £ .11 ' 0.75 -
next comm freq 377+ .14 _' 0.98
hold situation/EFC 3.67% .12 - 0.85
sequencing 346 .12 - 0.83
traffic watch 344 % 12 0.86
controller errors 306 .14 0.54
. Terminal "~ approach clearanice” ~ 409F.11 079
A peg - comm‘efraleqa'l‘l“‘: O B e T g g T T R
et ":""'V“WX siu]ation e 3O T 078
terminal routing 3.84% .11 _ - 0.77
‘ridereports 373+ .12 - 0.83
hold situation/EFC 3.66 .12 0.86
traffic watch 363+ .13 0.87
sequencing 3.62+ .12 - 0.84
controller errors 315+ .14 0.98
Final a/c on your ldg rwy. 412+ .11 077 ' '
~ wx situation 407 .12 0.83
missed approach - wx 4.06 .12 ' _ 0.86
. .goaround - - 40212 0 . 083 - SRR
windshear = 38413 o . 089
__maffic watch 379 +x.13 . ... 0.88
- sequencing 379+£.13 7 - 0.87
taxiway turnoff 338+ .14 ‘ - 0.99

- oo :..
] [ S




BY PHASE

Mean (4 + 1.966/¥n) Stdev o
Importance final approach 423+ .08 0.57
terminal area 4,01+ .04 0.28
departure ~ 384 .08 0.56.
descent 3.83 .06 0.43
ground ops 367210 : 0.72
cruise 3.44 1+ .09 : 0.63
Availability final approach 379+ .03 - 0.23
_ - * terminal area 371 .05 0.33
ground ops 3601 .05 0.36
descent 357+ .05 : 0.33
departure 3.50 % .06 . 0.41
cruise 33408 0.53
Accuracy  fmdlapproach 391203 T 022
terminal area - 374+ .04 ' 0.28
ground ops - 370+.04 - -+ .0.30
descent - 3.58% .04 0.28
_ cruise 351 .05 : 0.32
departure 3.50 .04 0.31
ACROSS ALL PHASES
Mean (U + 1.966/n) Stdev 6
Importance Wwx situation 443+ 01 0.05
i hold situation/EEC. - 4,04.1-,01. ..0.05
. ridereports.. .. ... 4.00%+.01 ...0.10
_controlier errors  * 3.87 £.02. - 0.15
traffic watch 3.87 .05 0.36
sequencing - 3.51+.05 0.35
nextcommfreq = 3.00%.05 0.33
Availability . 'WX situation 3.86 £ .02 - 0.11
* 'ride reports 3.83+ .02 0.14
next comm freq 3.82+ .02 0.12
hold situation/EFC ~ 3.79 £ .00 0.03
trafficwacch . 3.50%.03 019
“sequencing " 338%.04 g2
controller errors 289+ .01 0.10
C.o.Accuracy . wxsituation - - - 3.88%.02 - 2013
IR : ~next comm freq 3.85+.02 017
‘ride reports- - 3,76 £.01 - 0.04
~hold situation/EFC - - 3.67 £.00 0.00
~ sequencing - 354+ .03 0.21
- trafficwatch - 348 £ .01 - 0,10 .
“controllererrors - 3.09 .02 012




MISCELLANEOUS

‘Mean (u+1.966/n) = Stdeves

Importance ~ call sign confusion 453 + .11 - 074
o : controller urgency 422 +.12- - 0.85
ATC prob/lost comm 422+ .13 ' 0.93

navaid problems 3.96 £ .13 0.89

other pilot urgency 3.83%.15 1.03

sector congestion 3.70 £ .15 1.03

controller exp level 343 .15 1.04

bkgnd reassurance 3.31+.17 1.16

other pilot exp level 3.08 £ .16 1.10

Availability  controller urgency - 393+.14 0.99
. sector congestion T '3.89°% (147 - 0.98
~ bkgnd reassurance 3.78 £.15 1.07

- call sign confusion 371+ .14 - 0.94

other pilot urgency - 360 % .15 1.07

controller exp level 349+ .16 1.08

ATC probflostcomm - 3.19 £ .15 1 1.04

navaid problems 319+ .15 1.02

other pilot exp level 314+ .17 1.16

Accuracy controller urgency 373+£.15 1.02
- - bkgnd reassurance 371+ .17 1.18
sector congestion 3.61 % .13 0.89

navaid problems 359+ .14 0.98

call sign confusion 3.51%.15 1.04
~other pilot urgency 349 £ .15 103

~"ATC probflostcomm ~ 3:40 £.14 0.96

“--controller exp-level 3.06 .15 -1.03

278+ .15 1.02

other pilot exp level




' MISCELLANEOUS/BACKGROUND

. Mean (W£1.966/Nn)  Stdevo

DL-PLI with compensation 271+ .13 0.92
SHIFT (towards "DATALINK ONLY") - - - 050+ .12 0.81
TCAS (l=unfavorable...3=favorable) 218 + .11 ' 0.76
PDC (I=unfavorable...3=favorable) 2.83%£.07 - 048
AGE ' ' 40.8 o 8.13
AA years 10.1 : 8.02
Total years 17.0 8.03
thht cxpenence (total hours) . 8%14 - 5027
Total Number
Captains L SR 86
Second officers o ' 9
Military background o . 88
Non-military background L ' ' 89
“TCAS qualified Sl
EFIS qualified : 33

PC user 111




Full-Mission Simulation Script -
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—ADVANCED CONCEPTS FLIGHT SIMULATOR

Data Link/Party Line
Air Traffic Control

PHRASEOLOGY

_ S ' Zuln 3
Los Angeles to San Francisco:

ATIS (LAX DEPARTURE)

i
This is the Los Angeles airport information XRAY 0045Z. Weather measured ceiling 1000
overcast, visibllity 1 haze and smoke. Temperature 57 dewpoint 40 wind 260 at 10
altimeter 3002. Traffic landing and departing runways 24 and 25. Advise on initial contact
you have Xray. ' '

* VENTURA 1 DEPARTURE, DIRECT VENTURA, DIRECT SAN MARCUS, DIRECT -
BIG SUR, DIRECT SAN FRANCISCO -

After ACFS calls

LAX CLR: XXX is cleared as filed viathe Ventura 1, maintain 5,000 expect flight
level 310 three minutes after departure, departure control frequency will be 125.2
squawk 3647 -

After ACFS calls

LAX GND:- XXX taxi runway 251, via Juliet, hold short of 25R.;. S L

- |GROUND ..EVENT. 21?§ubject witi..enﬁoumer_cro_s_sing_traffic___(UAL_t}S_(}_)b_n_ _ta_xiway.'_ R
Ground control will make repeated calls to UAL450 teliing him to hold for ACFS. UAL450
_ |does not respond. Ground control will stop ACFS if necessary :

LAX GND: United 450, hold short of the next taxiway for the United aircraft.
- BEPEAT ABOVE CALL SEVERAL TIMES |

4l
="

© LAX GND: XXX, cross 25R contact the tower on 133.9
e L -~ AfterACFScalls
* LAX TWR: King Air 56M hold short of 251
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'NSBM: roger, holding

* LAX TWR: XXX, taxi into position and hold 50

QHOUND EVENT #2: After being cleared for takeoff, subject will hear the
{tower clear another aircraft to cross the runway farther downfisld.

@
LAX TWR: XXX, wind 260 at 10, cleared for takeoff

LAX TWR: King Air 36M cross 251, contact ground point 73
NS6M: roger, 36M

when ACFS leaves 300"

LAX TWR: XXX contact depariure control on 125.2

After ACES call

LAX DEP: XXX, departure control radar contact, climb and maintain 10,600

when ACES 15 20 miles west of LAX
2

‘L;nﬁ?é)li}’ XXX, turn right heading ’*0{} cleared direct Ventura, contact Los Angeles center
11 é};( C'{‘R X‘(X TOger, chmb and maintain J’hght level 230, expedite 1111701;;_.,11 Ehght level

1LAX CTR TWA127 chmb and maintain flight h,\ el 280

TWA127: roger up to 280, were cut of nnn
LAX CTR: TWA127 contact the center on 1353 -
 TWA127:1353,s0long

I A‘( CTR X‘{X clxmb a.nd roaintain ﬂlght Eeve] 4.80 contact 1he cenu:r on 135

\Vhen AC}—S a 'rcacheb \,‘I )() » ST A,




. 15
' L ‘X}\ ( 1R XX'{ contact Oakland centex on 1%4 ‘i

After ACFS calls

OAK CTR: XXX Oakland center, roger

ive an unfavorable ride report {light to moderate turbulence) at the same

ENROUTE EVENT: Approaching Zonal, subject will hear preceding aircraft
giy
altitude as subject.

TWAL127: Ah center this is TWAI27, we're getting bom ced around here pretty good
northwest of Zonal, we'd like to reduce to 280 kis.

OAK CTR: TWA127 roger

OAK CTR: XXX, turn left heading 24(} for s pacmg maintain thght fevel 280, do not exceed _
260 kts :

when ACFES is 10 miles west of course

OAK CTR: XXX tumn right heading 295

after 5 miles

or give rhem z‘he m!hr rum to 330}
e s L
16

QAK CTR: XXX, cleared 1o the San Francisco airport via the Blg Sur arrival, contact the
center on 128.7

OAK CTR: XXX roger, San Francisco altimeteris 30.04 -~

OAK CTR: XXX watfic 11 o'clock 10 miles crossing Jeft to right above you




19
O'&L CTR: XXJ\ traffic 1 o'clock 8 miles southe.:zstbound a Lear Jet below you.

CATIS(SFOARRIVAL)

This is San Francisco airport information Delta 01457, Weather measured ceiling 300 overcast
visibility 5. Temperature 50 dewpoint 41 wind light and variable altmeter 3004. Traffic landing
runways 28 departing runways 1. Advise on initial contact you have Delta.

IARR!VAL DEVIATION EVENT: Subject is given an off route vector after
BSRH and a subsequent re-intercept.

When ACFS

asses CARME
- QAK CTR: XXX, wrn left heading 270 vector for spacing maintain 16,000
‘OAK CTR: XXX waffic 12-o'clock 10 miles opposite direction below you =~ ™

when ACFES is 15 miles west of course

23
OAK CTR: XXX, turn right heading 350 intercept the Oakland 151 radial and resume the
Big Sur arrival, contact Bay approach on 1339

After ACFES calis

BAY APP: XXX roger descend and maintain 6,000

- BAY APP: XXX traffic 11 o'clock 10 miles eastbound above you: -
'BAY APP: Mexicana 1248, advise prior o reducing below 250~

BAY APP: XXX traffic 1 o'clock 10 miles southbound above you

BAY APP; XXX redu:.c to 210 knots contact Bay-on 135.6

Afier ACES calls -

. BAY APP: Mexicana 1248 your. 10 miles.from. BRIJJ turn left hf:ddlng 31{) maintain 2,000 o
unul establmhed on the lo.,ahzer, deared for lL% 28 nght approa ch -

‘BAY APP: XXX traffic 11 o'clock 5 miles east bound restricted below you

&7




BAY APP: XXX turn right heading 350, descend and maintain 4,000, reduce to 180 knots

I‘herc are two other aircraft inbound to the auport one from over CEDES, the other
downwind north from over PYE

when ACFES is about 15 miles from ai

BAY APP: XXX is 10 miles from BRIIJ, tarn left heading 300, maintain 2,000 unil
established on the localizer, cleared for ILS 28 right approach, maintain 160 knots until
BRIJJ

Qrt

NT';: Subject 1s following a non-USA alr carrier to runway 28R
who is ditficult io undcrqtand This aireraft rolls out on the runway and is confused about
Iwhich turnoff to take. After finally turning off the runway his landing gear collapses
closing the airport. If the ACFS crew does not go around by 200 feet the tower will issue a
" |go around. They are given a clearance to CROIT mte: 9ecuon to lmld Subject w11]
eventually call company and will be sentto SMP

when ACFS 1s 10 miles from airport

31
BAY APP; XXX contact the tower now
| Afier ACES calls

SFO TWR: XXX roger, reduce to approach speed, cleared to fand 28 right
_ SPO ™ R Mem»ana 1248 wmd hzht and Vanable clearad to 1and 28 nght _
o ME:.X] 248 mger o
_ : Note: '
" The tower will make tépeated calls to MEX 1248 when he docan U get Off the rinway - the

pilot is confused as to which exit to take. [ssue a go around to the AC I*S ONLY if they
‘don't go around on their own by 200 feet

23
- SFO TWR XXX go around, emergency in progress, mainiain runway he‘lcnn;_., dnnb and -
* maintain 4,000 contact Bay Departure on 120.6 : o

Then ACFES is 5 mil wnsmf' FO

- BAY DEP: XXX roger, turn right heading 350, climb and maintain 3,000




- g
BAY DEP; XXX on that heading intercept ﬂﬁAU 035 radial cleared to CROIT
 intersection. Expect holding at CROIT
DAL427: Bay this is DALA27 checi:ing in at 8,000 going to CROIT for holding
BAY DEP: DALA2T roger exptl:ct further clearanCe. in 30 minutes
DALA427: roger _
WWM1398: Bay this is Wings West1398 at 9,000 about to enter holding ai CROIT
BAY DEP: Wings West 1398 roger, exfcct further clearance in 30 minutes
WWMI1398: roger

" BAY DEP: XXX, hold SW of CROIT on the SA’L: (35, right mms, clmb and maintain
1{} 000 cxpect fur Lher clearance in ’%0 minutes

NT 1 While in the holdm;__ pauem, subwct will hcar
dpproac.h control issue 10115 extended delays to airc rait below hina.

SFO SPECIAL ATIS - READ TC THE NON-DATA LINK CREWS

This is San Francisce airport information Echo 02157, Weather measured ceiling 300 overcast
visibility 5. Temperature 50 dewpoint 41 wind light and variable altimeter 3004. Ihe arport is
temporarily closed due to & disabled aircraft on the runway, Estimated time to re-opening is unl\nown

N TIk i Subject overhears a VPR 11;,ht aircratt cali inata
- posmon headmé_cmd alutudc that LOlﬂd bea conﬂmuon - T

N387R: Bay this is C’esqna 387R _;ust departed the Sacramento V OR headed toward
Sdl.lbrﬂlt{) at 9,500 requesting .idvxsoncs

BAY DEP: Cessna §7R roger, be advised there is holdmv in pm“’less on V150 from 10,000
and below, sguawk 0421 and ident

- BAYDEP:D %LA”?’ now expect fuﬂher clearance in 1 hour 30 mmutes, request your
: mtermons : :

-_ DALA27: roger, . stand by

: .'IBAY DEP ngb West i3ﬂ)8 nuw expect turthcr cledram,e m l hour 30 mmutt‘s the .mport
is stifl clo»ed s i _

' WWM 1398: l'ogéf,'wé.wﬁﬁld like to gb t0S aci‘éiﬁeﬁtb
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ACES will probably call company and get routed to SME

COMPAN& Flight XXXX, be adv bcd dispatch requests you dn«crt 0 S\fiF Contact
dispatch with an estimate.

After ACFES calls

BAY DEP: XXX turn right heading nnn, Intercept V150 to Sacramento maintain 10,000

- Subject s told of a civil jet on the frequency

with a like soundin&number.

BAY DEP: XXX be advised there is an American 727 on the trequen\,v with the samie
nurnber as yoa - :

- BAY DEP: AALnnnn climb and maintain. 1 1_,(_}_(}{)_. contact Oakland Center on 124.2
AALnnnn: cleared to 11,000 and changing

£9
BAY D}:.P XXX contact Qakland Center on 124 2

After ACFS Calls

OAK CENTER: XXX Qakland Center at 10,000 roger
when ACFS is abeam CCR

OAK CE\”I'ER XXK df:scend dild mdifntain 7 000 contact Sacmmcnto Approach o 1”5 6

ATIS (SMF ARRIVAL) | |

This is Sacramento ! \Ietropohtan airport information Alpha 0245Z. Weather clear v mbﬂxw 50
Temperature 58 dewpoint 39 wind 340 at 15 altimeter 3004. Runways 34 in use. Advise on initial
contact you have Alpha. :

When ACFS is 10~15 SW of SACVOR

43
- SAC APP: XXX roger fly heading nnn and intercep: the 34 left localizer, descend and

- maintain 5, 000 be ddv1sed there isa cml Jct on the. frequcm,y w1th a amnlar number L

' bA( ' APP X)&X devccnd and maintain 3 000

W hen \(‘H is. 10 miles

from atrport.
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Lo

SAC APP: X‘(X n miles from LANEE, cleared for ILS 34 left approach, contact the tower
at LANEE '

After ACFS Calls

SMF TWR: XXX roger number 2 follcwmv a (.5 eight miles ahead, caution wake turbulence

AMWAY32: AMWAY?32 on the touch and go requesting another approach

SMF TWR: AMWAY32 roger, maintain runway heading, contact approach on 123.6

-
SMF TWR: XXX traffic 11 o'clock 4 miles southeast bound altimde unknown

~ SMF TWR: XXX wind 340 at 15, cleared to land 34 left

gn. rollout |

£2
SMP TWR: XXX turn right first available taxiway, contact ground on 121 7 clearing

After ACFS Calls

SMF GND: XXX roger taxi to gate

_Sacramento to San Francisco: e S
o e
This i is thc S.icramcnto ’\fletropoht.m dll'pOH information Charlie 004"72 Weather 2*‘00 scattered

visibility 10. Temperature 35 dewpoint 42 wind 160 at 10 altimeter 2996 Runways 16 in use. Advise .
on initial contact you have Charlie.

 CLIMB VIA RUNWAY HEADING FOR RADAR VECTORS TO SACRAMENTO VOR,
-RISTI 2 ARRIVAI- TO RUNWAYS 28 AT SANFRANCISCO. .

After ACFS Calls

_ %MI* (‘LR (. lezued to Sau I*rancnco via runway headmg VeCtors to 9 \(‘ RI&II 2 arriy al S
_ maintain 53,000 expect 11,000 three mmutcs dfter depdrture Depdrture control 11::m1¢m y will :
be 125.2 qquawk 4’%’%1 R _ B




g3
SMF GND: XXX taxi to ranway 16 right via the parallel

N17X: Ground, this'is Gulfsi:ream 17X for taxi

SMEF GND: Gulfstream17X tam to runway 16R via the parrallel
.N}'?X: 17X roger

N17X: Tower this is Gulfstream 17X ready for takeoff

SMF TWR: Gulfstream 17X wind 170 at 10 cleared for takeoff

N17X: 17X's rolling '
- Afier ACFS Calls

24
SMF T\\v R: X)& Y. tam mto pommn and hold

SMF TWR: XXX wind 160 at 10, cleared f_or takeoff

SMF TWR: 17X contact departure.
N17X: 17X roger good day _
when ACFS leaves 500"

SMF TWR: XXX contact departure on 125.2 _ o
- After ACFS Qgﬂjg_ o i e
— ﬂ?

" SAC DEP: XXX this is Sacramento depanure radar uontact ammend your biearance clemed _
" direct Manteca, then the RIST 2 arrival. maintain 5,000

when ACFS is about 10 south of airport

53
SAC DEP: XXX traffic 2 o'clock 10 roiles eastbound unverified altitude 5500

SAC DEP: XXX C_limb and mdmtam 9,00.0 contact Oakland_ccnte’r on'1242 -

: 3¢ [4 N. [ Tratm, Is exahan;_,ed bemeen- ACF‘: and \'TR cenﬂn.i The sewnd S
e tnne onlv thE,‘VFRIS toldabouttrafﬁc o — . o

Afier ACF__S Causj___ o




OAK CTR: XXX Qakland center roger ¢cimb and maintain 11,000

4l |
()AK_C‘TR: XXX, Traffic 11 o'clock, 12 miles northwest bound, VFR at 9,500

OAK CTR: N42X, affic 1 o'clock 11 miles southeast boand, a United jet at 9,000

N42X: roger were looking

OAK CTR: N42X previous traffic now a 2 o'clock 3 miles southeast bound

N42X: roger were still looking

ATIS (SFO ARRIVAL)
This is San Francisco airport information Golf 0045Z. Wcather 3000 xuattcred vmb:hty 50.
Temperature 54 dewpoint 41 wind 4.1 Oats alﬂmcter 29% Traii"tc landmc runways 73 depamn;,
‘Tunways 1. Advise on initial” § _ -

contact you have Golf.

when ACFS is a

OAK CTR: XXX contact Bay approach on 1345

4 Y
7Y

T: Subject 1s told he 1s on a vector for the wrong runway. |

After ACES Calls

B \Y APP DAL298 ﬂv headmg 280 for VECtors to /.91{ | o
 DAL298: Rtght 10280 for 20R - e,

BAY ABP: XXX iy hoading 280 forvesios m20R—

BAY APP XXX bay approach, cross U“{)Fq at 11 000 mamtam G()U dep‘xrt CFDFS_
heading 240 and intercept the 28 right localizer

W&Subjem :s told of a cmi jet on the frequency L |
- Wlth a hke sounda ing number : Jdo

“ BAY APP: X)Q bc advn,ed there isa comp.amy mrcratt on’ the fmquen\,v w1th d snml.ﬂ' 2
“pumber o

- BAY APP: U_Ama;i descend and mm'n_ta_in){i,('}{}{_)' -
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UAL103: roger, out of 10,000 for 6.000
BAY APP: UAL105 reduce to 200 knots, contact Bay on 121.3
UAL 105: reducmg and going to 121.3

when AQFS 1% ,gbgg,m S. an ,!ggﬁg

BAY APP: XXX descend and maintain 6,000, contact the Bay on 135.6
After ACES Calis -

BAY APP: XXX roger. descend and maintain 4,000, reduce to 180 knots

when ACES is 15 miles from airport
68 |

BAY APP: XXX 10 miles from BRIJJ, cleared for IS 28 right, reduce to and maintain 160
knots to BRIJJ contact tower at 10 DME.

After ACES Calls

SFO TWR: XXX roger. wind 210 at 10 t.ican,d to land 28R.

on rollout

SFO TWR: 3(}0( turn lett nm ava;lable taxaway, Cross 28 !eﬁ contact ground 1 ] S‘
: dc.mnc R

| AfmrACFS Galls - -
SFOQ GND: ‘{)O( roger, taxi to gate
San Francisco toe Los Angeles:

* ATIS (SFO DEPARTURE)

L _Thls is San I"mnusco airport mformatmn Hotel (}14*7. Weathc; 3000 scattered v1:>1b1]uv 50. e e
- Temperature.55 dewpoint 41 wind 200 at 5 altimeter .4996 Tr‘iffn, lcmdmg and dSPMHg rinways 28.
. L\dnse on mmal contact you have Holcl

: P( )RTI" 8 DFP QRTURT, AVI-\TAL TR‘XN‘%ITIO’\[ DIRF( T FIL. M(}RT‘ FEI ’\'IORF 6
 ARRIVAL (RU\'WAY 44,&5 PROFILE DESCE’\’T' TORL r\'W AYS 24 23 AT LDS
CANGELES
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Afier ACFS Calls
13
SFO CLR: XXX Cleared as filed via the Porte 8, maintain 11,000, expect flight level 290 10
minutes after departure. Departure control frequency will be 12 9 squawk 4115 '

Afier ACFS Calls

-~ SFOGND: XXX taxi runway 28 right via the-outer and foxirot hold short of the 1's

SFO GND: XXX cross TUnRways one contact tower on 120.5

. .SFOTWR: XXX Cross 28 left, taxi--into-position-and- hold 28 right

After ACES Callg

13
Si*() TWR: X‘{X wind 210 at 5, cleared {for takeott

after L\(‘l-% Qasses S500

SFO TWR: XXX contact departure on 120.9
After ACFS Calls | |

 BAY DEP: XXX Bay departure, radar contact

BAY DEP: XXX fly heading 180 vector for spacing

| ‘\SA’%H Bav thJs is ASA311 off 28 num Chmmng to 11 UOU |
BAY DEP: r\laska 31 Bay departure radar contact o

0

o BAY DEP XXX furn k:ft hcadmg 060 mtcrc,ept .:md resumc thg: PC)RTE 8 d¢panure, b}]_mb L

' and mamtam ﬂ1ght level 230, contact Oakland center on 128 7

7 After ACES. Cauq o

OAK CTR: XXX expect to cross Pesca at or above 16,000




Before ACFS reaches 14.000

OAK CTR: XXX Oakland center cross Pesca at or above 16,000 expedite through 18.000
watfic 1 o'clock 3 miles westbound altitude unknown

after ACFES passes 70,000

OAK CTR: UAL6SY contact the center on 134.5

84
AK CTR: XXX contact the center on 134.5

After ACES Calls
§>

OAK CTR XXX Climb and maintain flight Jev.

ST - 38
OAK CTR: XXX traffic 10 o'clock 12 m.i}e-s: westbound below you

L (]

l’“

1290

T

ASA311: Center Alaska 311 élimh‘ing out of nnn for flight level 230
OAK CTR: Alaska 311 roger, climb and maintain flight level 290

OAK CTR: United 689 aminend clearance, fly heading }40 receiving San Marcus proceed
direct then via the SADDE 4 arrival wo Los Angeles, maintain flight level 290

UALG8Y: United 689 roger direct San Marcus and the SADDE 4 amival
After passing WAGES
B

OAK C "I Ro-XXX, annmnd clearance; ﬂv heading 130 receiving ban \,'Iarcus proueed duect
then via the S L\DDE 4 armival to Los Anceieb, maintain flight tevel 290

QAK CTR; United 689 contact Los Angeles center on 1353
When ACES passes abeam Avenal

OAK C”FR XXX comact Los Angeles center on 1% 33

. After ACFS Call

 LAX CTR: XXX L oq’-Aﬁﬁeleé center, roger___ C e

: ASA?H Cemer Ala:ka ’;]1 l"ere at 310

1 A‘( CTR Aias}.a 311 L 08 Angelea CCRT.CI ms:er

LAX c:_TR: United 689 contact the center o0 1326
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UAL639: United 689 roger

LAX CTR: XXX contact the center on 132.6

Afier ACES Calls

LAX CTR: XXX cleared 1o LAX via the SADDE 4 arrival cross FIM at or below 190
maintain 150. Los Angeles altimeter 30.10

ASA311: Los Angeles Alaska 311 out of flight level 310 on the SADDE 4 arrival
LAX CTR: Alaska 311 roger Los Angeles altimeter nn.n |

~ Thisis thel.os Aﬁgeles airport information yankee 03457. Weather clear visibility 30. Temperatare 33
dewpoint 30 wind 310 at 20, peak gusts 25 altimeter 2993. Traffic landing and departing runways 24
and 25. Advise on initial contact you have Yankee.

A

LAX CTR: XXX conact Los Angeles Approach on 133.2 {this is @ fest for the crew lo
- respond to @ wrong frequency, If the crew should become lost in the frequency Speciryns,
use the foliowing message):

AX CTR: Advisory: Communications link fatiure, contact Los Angeles center on 132.6
ATIS (LAX ARRIVAL)
LAX CTR: United 689 contact Los Afigeies approdcion 1245 oo o

UAL()SQf rogér changing

. a3 & ' ) .
LAX CTR: XXX reduce speed to 280 knots descend 10 Cross Symon at 12000.

J.AX CTR: XXX contact Los Angeles approach on 124.5

LAX APP: XXX Los Angeles ap.pmach roger

- ASA3LL: Approach, Alaska 311 out of nnn foran. o e S e

 LAX APP: Alaska 311 roger let me know when you have information xray

ASA311: roger, we have xray




- LAX APP: XXX cross Bayst at 10000

QUENCING EV Suo;ect has been foiéowmg and is bem foliowed by
the same asrcraﬂ for some time. Subject (and traffic) is veciored downv ind north
of LAX in a normal way. Subject hears lead aircraft, and subsequently the
foliowing aircraft turned to base leg and subject is not.

27
LAX APP XXX Depart SMO heading 070 descend and maintain 6000,

LAX APP: UAL689 tumn right heading 160, descend and maintain 4,000
UALG689: roger right to 160 and wé‘re out of nan -for 4,000
LAX APP: Alaska 311 turn right heading 160 for base leg, desccﬁd and miaintain 4,000
~ ASA311: roger out of non for 4,000 heading 160 _ B
ACFS may ask for turn to base

LAX APP: ‘(}&X roger, we had io vector yoit a lmm Jarther downwind for spacing, wrn
right heading 160 for base leg, descend and maintain 4,000

LAX APP: UAL689 nn miles from LIMMA twmn right heading 210 maintain nn until
established on the localizer, cleared for ILS 23 right approach contact tower at LIMMA

UAL689: Cleared for approach

"~ LAX APP: ASA311 nn miles from LIMMA wrn right heading 210 maintain na until
= ustabh xhcd on the Iocdhzcr, cledred for IL% 75 nﬂht apmodcn Contact tower at LIMM A

' ASAM 1: roger

LAX APP: XXX nnmiles from LIMMA turn nght heading 210 maintain 3,500 unti}
established on the localizer, cleared for ILS 25 right approach contact tower on 133.9 at
LIVIMA

- After ACFS Calls
199

LAX TWR X‘{X Los Angg,lcs tower T roger v»md 310 20 “iearu:i 0 s.na 25 rwm

_ ' ': T .The A(‘i*b Wil F-xpex Tence an air ﬁpeeﬂ lom of 1‘5 knets on.
o nn.ﬁl Thcy may elect t0 g0 .around _ _

L ALBRY: Ah EOWEr We expcuenc,g,d 215 knot loxs at 5{){} fi. voa rm“h: want 1o warn Oihﬁ’x
: am,mi't

08




LAX TWR: Roger, ASA311 did you com that , the B?’»‘" ahead of you had a 15 knot loss
on final

ASA311: This is ASA311 roger. we just experienced the loss, we're going around

LAX TWR: ASA311 roger. maintain runway heading, climb and maintain 3,000, contact
approach on 124.5 ,

ASA311: roger changing

g__s

193
LAX TWR: XXX be advised that two aircraft ahead of you ex peuem.ed a ﬁ teen knot loss on
tmal wind 310 at 22, cleared 10 land :

If ACES voes around

A’( TWR: ‘(k ‘5{ mamtam runw av hcadum, chmh and IMADEAIN 2 {)()(}, contact approach on

'Aftg-r ACFS Calis
1.AX DEP: XXX Los An"e,cs departure roger turn right hcadmcs {170 climb and roaintain
4,000

When ACFES is 10 to 15 miles on downwind

194
LAX DEP: XXX turn right headm r 160 descend and maintain 3,000

. Wh A F' d‘_ roaches fingl . ..
. FOR23 RI(‘;‘HT

108 Q 5§ - - _
LAX DEP: XXX turn right headmg 210, 7 miles form LIMMA. maintain 3. (}(}(} unui
established on the localizer. clearc for ILS 25 right approach, contact the tower on 1339 &t
LIVIMA

_ After ACES Calls _ | - o

LAX TWR ‘{X‘{ Lm Anacic& tower roger wind "si(‘ at 20 duned 0 MHC‘. 25 nght

 FOR24RIGHT .




P
i ik

LAX DEP: XXX turn right beading 210, 7 miles form ROMEN, maintain 3,000 until
established on the localizer, cleared for ILS 24 right approach, contact the tower on 133.9 at
ROMEN

After ACFS Calis

T 198
LAX TWR: XXX Los Angeles tower roger wind 310 at 20 cleared to land 24 right -
LAX TWR: XXX turn right first available, contact ground on 121.7 clearing
TI 'Ei 1;:!

LAX TWR: XXX wimn left first available, contact gmund on 12 1.7'cleaﬁng
| Afer ACES Galls

LAX GN'D: XXX ﬁ)gcr [&X] té gate o




' Simulation‘PLI Event Analy.sis
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Simulation PLI Event Analysis

~ For each crew and event a set of questions were invoked which paralleled the
scoring criteria from 1 to 5 described in Chapter 4. The answers to each question was used
as a guideline for determining the level of crew response to the PLI present from which the
score for that event was derived.

PL1 Aircraft holding short at taxiway intersection if "yes" then minimum
' score is at least
a. No indication of awareness,
b. Does the crew see or look for the other aircraft? ' 23
c. Is crew concerned that aircraft will hold short for them? _ _ 34
d. Does the crew guery ATC conceming the traffic? : : 5

e. Does the crew stop the simulator? o , i -5

The actual scores for all crew responses to PL1 based on this set of questions are summarized as follows.

Crew # 1 2 3 4 5 6 7
Score 2 2 5 5 1 2. 3

These scores transfer to the summary of results in Table 4.2 as shown below.

Not . Action

Aware Aware Taken
1 4 2
- PL2 Aircraft crossing active ranway- - - B o if "yes" then MINIMum .. .o
T : ' L _ score is at least

a. No indication of awareness. o : 1
c. Does the crew know he is crossing in front of them? : 34
d. Does the crew query ATC about the traffic? 5
e. Does the crew abort the takeoff? 5

. -_The..aétual.scdres._fof all crew.responses.to_PLZ based on this set of questions are summarized as follows.

Crew # 1 2 3 4 5 6 7
Score 1 1 1 1 1 E 1

Lo B assgriptemor
These scores transfer to the summary of results in Table 4.2 as shown below. : R :

6 o i 0
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PL3 Turbulence and Weather Deviations _ ' if "yes" then minimum

score is at least
a. No indication of awareness. 1
b. Does the crew hear the other a/c report turbulence? 2
¢. Does the crew know he is slowing? _ 3
d. Is the crew concerned about going thiu turbulence? 4
e. Does the crew request a course or altitude deviation? 5

The actual scores for all crew responses to PL3 based on this set of questions are summarized as follows.

Crew # 1 2 3 4 5 6 7
Score 5 5 5 ) 1 4 5

These scores transfer to the summary of results in Table 4.2 as shown below.

Not Action
Aware : Aware Taken -
1 . 1 .5
PL4 Aircraft on Runway of Intended Landing ' : if "yes" then minimum
. score is at least

a. No indication of awareness. 1

b. Does the crew know the other a/c is on runway? : 23

c. Does the crew state that they may have to go around? 34

d. Does the crew initiate a go around with ATC instructions? 4-5

e. Does the crew initiate a go around without ATC instructns? 5

The actual scores for all crew responses to PL4 based on this set of questions are summarized as follows.

Crew # 1 -2 3 4 5 6 1 :

These scores transfer to the summary of results in Table 4.2 as shown below.

* Not : Action

Aware Aware Taken

0 7 0

PL5 Holding EFC Validity : o ' ~if "yes" then minimum
' ' _ score is at least

~ a. No indication of awareness. _ S 7
_"b. Does the crew indicate hearing theothera/c sEFC’»' S B e

c. Doesm1scausethecrewtod:scussmvemng'? . -

d. Does the crew dec1de to dwext before the company ca!ls“' TR S
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The actual scores for atl crew responses to PL5 based on this set of qhestidns'are summarized as follows.

Crew # 1 2 3 4 5 6 7
Score 5 5 5 5 5 2 5

These scores transfer to the summary of results in Table 4.2 as shown below.

Not Action
Aware Aware Taken
0 ' , H 6
PL6 Traffic watch in hold ' ' if "yes" then minimum
: : ' score is at least
_ . a. No indication of awareness. ' 1 :
* b. Does the crew indicate hearing other aircraft? 2- 3 .
c. Does this cause them to look for the traffic? 34
- 'd. Dogs the crew discuss a possible conflict? 4 -
e. Does the crew query ATC about the traffic? 5
f. Does the crew modify the simulator flight path? 5

The actual scores for all crew responses to PL6 based on this set of questions are e summarized as foliows.

Crew # 1 2 3 4 5 o 7
Score 1 1 3 4 1 1 1

These scores transfer to the summary of results in Table 4.2 as shown below.

Not ' ) Action
Aware . Aware . Taken
5 - 2 0
: — S ~ score i at-Jeast
--a,-;No-indication- ofawareness e . SRR SO
b. Does the crew hear traffic adv:sory gwen to other a/c" o 2-3
~ ¢. Does crew see the traffic? S 34
¢. Does the crew modify the simulator flight path? : 5

_ The actual scores. for all crew responses to PL7 based on thrs set of quesuons are summanzed as follows. : R o

Score | .2 2 4 3 2 21

‘ These SCOres transfer to the summary of reSults in Table 4 2 as shown below

Nt EREEE -  Action :
CAware T Awgre oo Taken o s

1. e 6 0
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PL8 Aircraft Sequencing . . if "yes" then minimum

a. No indication of awareness. ' 1

b. Does the crew indicate knowing they are in a sequence? ' 2-3

c. Does the crew know the a/c ahead of them gets turned? 34
. d. Does the crew know the a/c behind them gets turned? : 34

¢. Does the crew query ATC or request a turn? . 5

The actual scores for all crew responses to PL8 based on this set of questions are summarized as follows.

Crew # 1 2 3 4 3 6 )
Score 2 2 2 M P 3 2
: M = missing data’
These scores transfer to the summary of results in Table 4.2 as shown below.
Not o T © Action
Awarg N Aware ' . Taken
PL9 Windshear on Final Approach ' _if "yes" then minimum '
score is at least
a. No indication of awareness.: 1
b. Does the crew hear other a/c report an'spced loss? 2-3
c. Does the crew query ATC for more info? 4-5
d. Does the crew adjust their approach speed? 5
e. Does the crew go around? 5

The actual scores for ail crew responses to PL9 based on this set of questlons are summanzed as foﬂows :

e S ' .' ‘ o | | o M = missing data ‘
‘Not _ ‘ Action
Aware Aware Taken

0 0 5
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