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PREFACE

This two-vol ume report docunents the first Federal Aviation Adm nistration
controller evaluation of a group of three en route air traffic control
services planned for inplenentation on the Mode S Data Link system Vol une
1 contains the min body of the report. Volune 11 contains seven
appendi xes whi ch support the Test Description and Test Results (sections 2
and 3, respectively) portions of the main body of the report.
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EXECUTI VE SUMVARY

| NTRODUCTI ON.

The Federal Aviation Adm nistration (FAA) Test Plan for the Mde S Data
Li nk defines a two-stage process for controller evaluation of candidate air

traffic control (ATC) services. |In the first stage, "mni" design studies
will be conducted under controlled conditions which simulate only the
essenti al conponents of the controller's tasks associated with the services
(Part Task Sinulation). These studies will be used to identify service
delivery nethods which optimze controller acceptance, perfornmance, and
wor k| oad. In the second stage, full-scale sinmulation studies wll be

performed in order to verify the safety and efficiency of Data Link within
the context of realistic operational scenarios. This report presents the
results of the first FAA controller mni study of en route ATC services
devel oped for inplenentation on the Data Link system

OBJECTI VES.

The specific objectives of this mni study were: (1) to evaluate and
refine Data Link controller procedures and displays for the Altitude
Confirmation, Transfer of Conmmunication, and En route M ninmum Safe Al titude
Warning (EMSAW services, and (2) to solicit initial opinions from
controllers regarding the general utility of the Mbde S Data Link.

DATA LI NK OPERATI ON.

Data Link functions were integrated wth the Host Conputer System (HCS)
operational software and the Computer Display Channel (CDC) displays.
Capabilities included radar data processing, tracking, and flight data
i nput s. Operational Data Link functions and procedures were integrated
with current operational procedures and computer functions. Data base
updates followed altitude clearances; handoffs between sectors included
radio frequency assignnments; EMSAW alerts were generated upon HCS
notification; and altinmeter settings were automatically uplinked.

Two nodes of operation were eval uated, manual and automatic. In automatic
node, a Data Link nessage was initiated and delivered via standard Nati onal
Ai rspace System (NAS) entries. The nmessage was displayed to the controller
as "sent" (transmitted to aircraft transponder), "delivered" (received by
the aircraft transponder), and "wlco" (pilot affirmative reply). In manual
nmode, the status indication "held' was displayed beside the nessage that
appeared in the preview area: Plan View Display (PVD) or Conputer Readout
Device (CRD). Anot her sequence of entries resulted in the nessage
triggering the "sent," "delivered,” and "wilco" status indicators as
appropri ate. No pilot conposed downlink were tested. Pilot "unable" and
no reply ("tineout") conditions were al so tested.

APPROACH.

Ten full-performance level air traffic controllers from Dallas/Fort Wrth
(DDFW participated in the study as subjects and observers in a series of
ATC scenarios presented at work stations at the FAA Technical Center Data



Li nk test bed. In order to permt the evaluation of Data Link concepts
wi t hout distracting or overburdening test participants, test scenarios were
limted. There were few tracks and no interfacility activity. Traffic

Vi i
flows were repetitious in nature and control tasks were restricted. No
overal |l system delays were sinulated. Figure ES-1 projects the expected

wor kl oad for a Data Link environment in conparison to present ATC field
condi tions.

Initially, the scenarios required the controllers to conplete severa
altitude assignnment/confirmation, transfer of comunications, and ENMSAW
tasks, varying the displays and procedures used to acconplish the three
services. Both central (PVD) and peripheral (CRD) |ocations were tested
for the Data Link transaction status display. Various ATC procedures were
al so evaluated which differed in the nunmber of controller actions required
to deliver the services, the requirenents for voice interactions between
the controller and the pilot, and the requirement for downlinked pilot
confirmati on of service nessage delivery.

Foll owi ng each test condition, the subjects rated the workload that would
be induced by the tested options under operational conditions. The
technique, <called projected subjective workload assessnent technique
(PROCSWAT), asked the controller to project the effect of each test
condition on the difficulty of their job during a noderately busy workday.
A score of O (low workload effort) to 100 (very high workload effort) was
derived through a conjoint analysis of PROSWAT ratings. This techni que
results in interval data capable of being analyzed by paranmetric means.

Another rating scale was used after each condition to assess controller
preferences for each condition. In addition, these formal data were
suppl emented by group debriefing interviews, a wap-up questionnaire, and
written narrative comrents follow ng the test sessions.

PRI MARY RESULTS.

CGeneral opinions of Data Link were strongly positive. A majority of the
controller subjects felt that Data Link would definitely reduce controller
wor kl oad and enhance ATC system capacity and safety. Whereas the findings
were positive, it should be noted that the acquired data are prelimnary
and that the simulation environment and scenarios were limted with respect
to ATC operations in this mni study.

The specific results of the study clearly show that the subjects preferred
the Data Link message preview area in the PVD rather than the CRD display.
All subjects felt that Data Link transaction status information should be
di splayed in a position that does not distract the controller's attention
from primary radar data. Furthernmore, because the list format of this
di spl ay may becane difficult to nmonitor when nultiple aircraft and services
are presented, the subjects indicated that further inprovenments may be

achieved with key transaction data indications in the full data block
(FDB). The positive response to Data Link FDB utilization suggests strongly
that this function should be included in subsequent evaluations. Thi s

capability was not tested, inplemented, or evaluated in this mni study.



In general, automated procedures produced |ower workload and higher
preference ratings than those which required the subjects to nmanually
initiate uplinks and delete conpleted transactions from the display (see
figure ES-1). However, controllers also indicated that a manual option to
i nhibit automated uplinks per controller action should be available. This
i nhibit option would control whether a nessage would be sent to pilot only,
NAS conputer only, or both. The subjects suggested that it should be
VI
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possible to exercise such proactive control over uplinks by sector,
service type, and individual transaction.

Al t hough the continued availability of a reliable voice radi o channel
was consi dered essential, voice comunications between the pilot and
controller were redundant with Data Link and were not preferred
because of increased workload (see figure ES-1). In addition, sone
form of confirmatory pilot response to a Data Link nessage was
consi dered mandatory for all services, and a downlink was found to be
a valid method for providing this response wunder "no voice"
condi tions.

As noted earlier, the Data Link concepts presented in this study
received favorable evaluations from the subjects. However, concerns
expressed by sonme controllers about the reliability of the
i npl ementati on of EMSAW with which they were famliar, and about the
possi ble effects of delays in operational Data Link transaction tines
suggest that these issues will require further attention in future
eval uation research.

Controllers judged that utilizing an optimum Data Link configuration
for the three evaluated services would have no negative effects on
subsi di ary tasks. Such tasks as R-D controller coordination, sector
i nt erphone, system errors, weather, strip handling, status board
information, and keeping the picture were rated as not being
negatively inpacted and, in nost cases, favorably inpacted by Data
Li nk capability.

RECOMVENDATI ONS.

Recommendati ons based on the results outlined above include a set of

prelimnary specifications for the three tested services. These
fi ndi ngs may change when enhanced scenarios are eval uated. The data
identifies the displays and procedures which will be used in a full

scal e, operational evaluation study of the services to be conducted
at the FAA Technical Center. Briefly, it is recomended that Data
Link transaction information be |located on the PVD, preferably with a
full data block indication of the Data Link nessage status.
Aut omatic uplinks and automatic message display deletion with pilot
affirmation are also suggested with the option to inhibit uplinks

using sinple prefix code keyboard entries. After an initial
fam liarization period, redundant voice comrunications should not be
used with Data Link services. However, a reliable voice channel is

mandat ory for resol ving and as a backup for systemfailures.

Because of the accelerated status of the Data Link program and the
definitive results obtained from this study, it is also reconmended
that a neans be devised for providing regular and continued
i nvol vement of current air traffic controllers in future Data Link
ATC service design and evaluation efforts.



APPENDIX A

TEST SCRIPTS



SCRI PT - CONTROLLER SECTOR 17 - PILOT SECTOR 5

System Comment s and/ or

Ti me Position | nput Qut put

1245 Cl o1l System Startup

1246 SUA Sectori zation Li ve sectors
1,2,12,19

1247 SUA MR nessages Map requests all

Sectors
1251 SUA AS nessages
1251 SUA CP DLNK ON Data Link on

For Test 1 (wWo D'L)

1252

SUA CP DLNK OFF No Data Link for
this test

For Test 2.1 PVD List, Mnual, Voice

1252 03R, 17R 07R, | OR DS D 3 PVD Li st

1252 03R, 17R 07R, | OR DS 0 O Manual Mbde

For Test 2.2 CRD List, Mnual, Voice

1252 03R, 17R, 07R, | OR DS D 2 CRD Li st

1252 03R, 17R 07R, | OR DS 0 O Manual Mbde

For VAX File #17:

Contains DYSIMflight and follow ng settings:

W LCO response will cause WLCO to be displayed in |ist and
clear in display list after 60 seconds.

UNABLE and TIMEQUT will not clear display list entries, wll
requi re manual entry at PVD.

No TI MEQUT after delivered nessage.

For VAX File #18:

Contains DYSIMflight and follow ng settings:

W LCO and TI MEQUT responses wll not change display lIist and
list entry will be cleared after 60 seconds.

UNABLE response wi || display UNABLE and no clear for entry.



No TI MEQUT after delivered nessage.
A1



SCRI PT - CONTROLLER SECTOR 17 - PILOT SECTOR 5

System Comment s and/ or
Ti me Position | nput Qut put
1255 Pilot 5R DYSI M tracks ( XXXTWL2)

start fromSIMtape in
control l er sector 17
and pilot sector 5.

1256 Cont - 17R Say "Piednont 33 clinb
and maintain flight
| evel 200."
Pi |l ot -5R PVD SIM QAK, Say "Piednont 33
Al titude Button clinmbing to 200."
200 XXXPI 33
Cont - 17R Asgn Alt QAK
200 XXXPI 33

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. |

Pi |l ot - 5R VAX (PI33 #) W Pilot WLCGs D/ L

nessage.
1257 Cont - 17R Say "Piednont 33 clinb

and maintain flight
| evel 300."

Pi |l ot-5R Say "Piednont 33
UNABLE. "

Cont - 17R Asgn At QAK Assigned altitude

300 XXXPI 33 ent er ed.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]
Pi |l ot - 5R VAX (PI33 #) U Pilot enters “UNABLE."
[Controller enters DL (QAK 6) D XXXPI33 or CIDto clear DL entry.]

1258 Cont - 17R XXXAA24 Accepts handoff from
sector 3.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pilot-5 After seeing AA24 added
to right side of pilot
term nal display and
0-17 in FDB, say “UDS
Center, Anerican 24 is



with you at
t housand.”

17



System Comment s and/ or

Ti me Position | nput Qut put
Cont-17R Say "Anerican 24,
Roger . "
1259 Cont - 17R Say "Piednont 33 clinb
and
Pi |l ot -5R PVD SIM QAK, Say "Piednont 33
Al titude Button clinmbing to 300."
300 XXXPI 33
Cont - 17R Asgn At QAK, Assigned altitude
ent er ed.

[ For Manual Mode Test, Controller nust enter DL S AID to send nessage. ]

Pi | ot - 5R VAX (PI33 #) W Pilot enters WLCO on
pil ot termnal.

1300 Cont-17R Say "Pi ednont 33
descend and mai ntain
flight |evel 200."

Pi |l ot -5R PVD SIM QAK, Say "Piednont 33
Al titude Button descending to 200."
200 XXXPI 33

Cont - 17R Asgn At QAK, Assigned altitude
200 XXXPI 33 ent er ed.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pi | ot - 5R VAX (PI33 #) T Pilot enters TIMEQUT on
pil ot term nal.

[Controller enters DL (QAK 6) D XXXPI33 or CIDto clear DL entry.]

1301 Cont-17R 03 XXXAA24 Handof f initiated to
sector 3. After Sector
3 accepts (0-3 blinking
in FDB), say "Anerican
24, contact center on
133.0."

Pi | ot - 5R VAX (AA24 #) W Say "Anmerican 24
H XXXAA24 133. 000 changing to 133.0, Good
Day." Pilot enters
W LCO and transfer
command at pil ot
term nal



System Comment s and/ or
Ti me Position | nput Qut put
1302 Cont-17R Say "Piednont 33,

[ For

1303

[ For

1304

[ For

1305

[ For

descend and maintain 10
t housand feet."

Pi | ot - 5R PVD SIM QAK, Say "Piednont 33
Al titude Button descending to 10
100 XXXPI 33 t housand. "
Cont - 17R Asgn Al't QAK Assigned altitude
100 XXXPI 33 ent er ed.

Manual Mode Test, Controller nmust enter DL S AID to send nessage. ]
Pi | ot - 5R VAX (PI33 #) W Pilot enters WLCO

Cont-17R Say "Pi ednont 33, descend and nmaintain 5 thousand.”

Pi | ot - 5R PVD SIM QAK, Say "Piednont 33
050 XXXPI 33
Cont - 17R Asgn Al't QAK Assigned al titude.
050 XXXPI 33 ent er ed

Manual Mode Test, Controller nmust enter DL S AID to send nessage. |
Pi | ot - 5R VAX (PI33 #) W Pilot enters WI co.

Cont - 17R MSAW f | ashi ng for
XXXTWL2, Say "TWA12, | ow
altitude alert, clinmb to
15 thousand feet
i mredi ately. "

Manual Mode Test, Controller nmust enter DL S AID to send nessage. |

Pi | ot - 5R PVD SIM QAK Say "TWA12 cli nbi ng
Al titude Button to 15 thousand.”
150 XXXTWL2
Pi | ot - 5R VAX (TW2 #) W Replies WLCO to EM
message on pil ot
t er m nal
Cont - 17R XXXAA24 Accepts handoff for
sector 3

Manual Mode Test, Controller nmust enter DL S AID to send nessage. ]






System
Ti me Posi ti on

Pi |l ot-5R

Cont - 17R

| nput

Comment s and/ or
Qut put

After seeing AA24 added
to right side of pilot
term nal and 0-17 in FDB,
say 'UDS Center, American
24 with you at 17

t housand. "

Say "Anerican 24. Roger."






Say "23 Charlie clinbing

and maintain flight |evel

SCRI PT - CONTROLLER SECTOR 3 - PILOT SECTOR 4
System Comment s and/ or
Ti me Position | nput Qut put
1255 Pilot-4R DYSI M tracks ( XXN23C,
XXXNWB2, XXXAA24)
started from SI M tape.
1256 Cont - 3R Say "23 Charlie clinb
and mai ntain 15
t housand. ”
Pi | ot -4R PVD SIM QAK,
Al titude Button to 15 thousand.
XXXN23C
Cont - 3R Asgn At QAK, Assigned altitude
150 XXXN23C ent er ed.
[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. |
Pi |l ot - 4R VAX (N23C #) W WLCO reply from pil ot.
1257 Cont - 3R Say "23 Charlie, clinb
200."
Pi | ot - 4R PVD SIM QAK, Say "23 Charlie
Al titude Button clinmbing to 200."
200 XXXN23C
Cont - 3R Asgn At QAK, Assigned altitude
200 XXXN23C ent er ed.
[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

1258

17

1259

Pi |l ot - 4R VAX

Cont - 3R

Pi | ot - 4R VAX

Cont - 3R

(N23C #) W

17 XXXAA24

(AA24 #) W
H XXXAA24

Pil ot enters WLCO at
pil ot term nal.

Handof f initiated to
Sector 17. After
controller at sector
accepts (0-17 flashing
in FDB), say "Anerican
24, contact UDS Center
on 133.2."

Say "Anerican 24

changi ng to 133. 2,

Good Day." Pilot enters
W LCO and enters
transfer at pilot

term nal .

Say “23 Charli e,



descend and maintain 10
t housand

System Comment s and/ or
Ti me Position | nput Qut put

Pil ot-4R Say “23 Charlie
UNABLE. ”

Cont - 3R Asgn Al't QAK 100 Assigned altitude
XXXN23C ent er ed.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pi |l ot - 4R VAX (N23C #) U Pil ot enters UNABLE.
[Controller enters DL (QAK 6) D XXXN23C or CID to clear DL entry.]

1300 Cont - 3R Say "23 Charlie, descend
and mai ntain 5 thousand.
Pi | ot - 4R PVD SIM QAK Say "23 Charlie
050 XXXN23C descending to 5 thousand.
Cont - 3D Asgn At QAK, Assigned altitude entered.
050 XXXN23C

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pi |l ot - 4R VAX (N23C #) W Pilot enters WLCO at pil ot
term nal .
1301 Cont - 3R XXXXA24 Accepts handoff from sector
17.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pilot-4R After seeing AA24 added to
ri ght side of pilot
di splay and 0-4 in FDB,
say “UDS Center, American
24 is with you at 17

t housand.”
Cont - 3R Say “Anerican 24, Roger.”
1302 Cont - 3R Say “23 Charlie, clinmb and
mai ntain 10 t housand.”
Pi | ot - 4R PVD SI M QAK, Say “Roger. 23 Charlie
100 XXXN23C Al titude Button clinbing

to 10 t housand.

Cont - 3R Asgn At QAK, Assigned altitude entered.
| 00 XXXN23C



A7
System Comment s and/ or
Ti me Position | nput Qut put
[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pi |l ot - 4R VAX (N23C #) U Pilot enters TIMEOQUT at
pil ot term nal.

[Controller enters DL (QAK 6) D XXXPI33 or CIDto clear DL entry.]

1303 Cont - 3R Say "23 Charlie, clinb
and maintain flight
| evel 200."
Pi | ot - 4R PVD SIM QAK, Say "23 Charlie
Al titude Button clinmbing to 200."
200 XXXN23C
Cont - 3R Asgn Al't QAK Assigned altitude
200 XXXN23C ent er ed.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pil ot - 4R VAX (N23C #) W Pilot enters WLCO
Pil ot -4R PVD SI M QAK, Descend NWB2 to force
Al titude Button EMSAW
004 XXXNWB2
SI M QAK, Set maxi num descent
rate.
Cli nb/ Descent Button
99 XXXNWB2
1304 Cont - 3R MSAW f | ashi ng for

XXXNWB2. Say " Nort hwest
32, low altitude alert,
climb to 9 thousand

i mredi ately. "

Pi | ot - 4R PVD SIM QAK Say "Northwest 32
Altitude Button <clinmbing to 9
090 XXXNWB2 t housand. "

Pi |l ot - 4R VAX (NVB2 #) W Replies Wlco to EM

nessage.



1305 Cont - 3R 17 XXXAA24 Handof f initiated to
sector 17. After sector
17 accepts, say
"Aneri can 24, contact
UDS Center on 133.2."

Pi |l ot - 4R VAX (AA24 #) W Say "Anmerican 24
H XXXAA24 133. 200changi ng to 133.2, Good
Day. "

A-8



SCRI PT - CONTROLLER SECTOR 07 - PILOT SECTOR 14

System Comment s and/ or
Ti me Position | nput Qut put
1255 Pil ot-14R DYSI M tracks ( XXXNWD2,

XXXPA22, XXXUAL1)
started from SI M tape.

Pil ot-14R PVD SI M QAK, Descend PA22 to force
Al titude Button EMSAW
004 XXXPA22
SI M QAK, Set maxi mum descent
Cl i nb/ Descend rate.
But t on
1256 Cont - 07R Say "Northwest 2 descend
and maintain flight
| evel 200."
Pil ot-14R Say "Northwest 2 descend

to flight level 200."
Cont - 07R Asgn Al't QAK Assi gned
al titude entered.
200 XXXNWD2

[ For Manual Mode Test, Controller nust enter DL S AID to send nessage. ]

Pil ot - 14R VAX (NW2 #) W Pilot wilcos DL nessage.
1257 Cont - 07R Say "Northwest 2 clinb and
mai ntain flight |evel 300."
Pil ot-14R Say "Northwest 2 unable to
comply. "
Cont - 07R Asgn Al't QAK Assigned altitude
300 XXXNWD2 ent er ed.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]
Pi |l ot - 14R VAX (NW2 #) U Pilot enters 'UNABLE. "
[Controller enters DL (QAK 6) D XXXNW2 or CID to clear DL entry.]
1258 Cont - 07R MSAW f | ashi ng for XXXPA22.
Say "Cipper 22, |ow
altitude alert, clinb to 15
t housand i medi ately."

[ For Manual Mode Test, Controller nust enter DL S AID to send nessage. ]






System

Ti me Posi ti on
Pil ot - 14R PVD
Pi | ot - 14R VAX
1258 Cont - 07R
Pi | ot - 14R VAX
1259 Cont - 07R
Pil ot - 14R PVD
Cont - 07R
[ For Manual Mode Test,
Pi | ot - 14R VAX
1300 Cont - 07R

[Controller enters DL (QAK 6) D XXXPI133 or CID to clear

Pi |l ot-14R PVD

Cont - 07R

Pi |l ot - 14R VAX

Conmment s and/ or

| nput Qut put

SI' M QAK Say "Roger. Cipper

Altitude Button 22 clinmbing to 15

150 XXXPA22 t housand. "

(PA22 #) W Replies WLCO to EM nessage
on pilot termnal.

10 XXXUAL1 Handoff initiated to sector
10. After sector 10 accepts
(0-10 blinking in FDB), say
"United 1, contact center on
123.0."

(UALI #) W Say " Roger.
United 1 H XXXUALI
123. 000 Changi ng
to 123.0, Good
Day." Pilot enters
W LCO and transfer
on pilot termnal.
Say "Northwest 2
clinmb and maintain
flight |evel 300."

SIM QAK, Say "Northwest 2

Altitude Button clinmbing to 300."

300 XXXNWD2

Asgn Al't QAK Assigned Altitude

300 XXXNWD2 ent er ed.

Controller nmust enter DL S AID to send nessage. ]

(NVD2 #) W Pilot enters WLCO on pil ot
term nal
Say "Northwest 2 descend and
mai ntain flight |evel 200."

SI M QAK, Say "Northwest 2

Altitude Button descending to

200 XXXNWD2 200. "

Asgn Al't QAK Assigned al titude.

200 XXXNWD2 ent er ed.

(N2 #) T Pilot enters TIMEQUT on

Pilot term nal.

DL entry.]
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System
Ti me Position | nput
1301 Cont - 07R
[ For Manual Mode Test, Controller nust enter
Pi | ot - 14R VAX
Cont - 07R
1302 Cont - 07R
Pil ot-14R PVD SI M QAK
Al titude Button
100 XXXNWD2
Cont - 07R Asgn Al't QAK
100 XXXNWD2
1303 Cont - 07R
Pil ot-14R PVD SI M QAK
Al titude Button
200 XXXNWD2
Cont - 07 Asgn Al't QAK
200 XXXNWD2
[ For Manual Mode Test, Controller nust enter
Pi | ot - 14R VAX (NW2 #) W
1305 Cont - 07R 10 XXXUAL1
Pi | ot - 14R VAX (UAL1 #) W
H XXXUALI 123.000

Comment s and/ or
Qut put

Accepts handoff from
sector 10.

DL S AID to send nessage. |

After seeing UALI dded to
right side of pilot display
and 0-14 in FDB, say 'UDS
Center, United 1 is with
you at flight [evel 300."

Say 'United 1, Roger."

Say "Northwest 2, descend
and mai ntain 10 thousand."
Say "Northwest 2
descending to 10

t housand. "

Assigned altitude

ent er ed.
Say "Northwest 2, clinb and
mai ntain flight |evel 200."

Say "Northwest 2
clinmbing to 200."

Assigned altitude
ent er ed.

DL S AID to send nessage. |

Pilot enters W LCO
Handof f initiated

to sector 10.
After sector
accepts, say
"United 1, contact
Center on 123.0."

10

Say "United 1

changing to 123.0,

Good day." Pilot enters

W LCO and transfer conmands
on pilot term nal
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SCRI PT - CONTROLLER SECTOR 10 - PILOT SECTOR 15

System Comment s and/ or
Ti me Position | nput CQut put
1255 Pi |l ot-15R DYSI M tracks ( XXXCS22,
XXXAL62) started from SIM
t ape.
Pi |l ot-15R PVD SIM QAK, Descend AL, 62 to
Al titude Button force.
004 XXXAL62 EMSAW
SI M QAK, Set maxi mum descent rate.
G i nb/ Descent Button
99 XXXAL62
1256 Cont -1 OR Say "Charlie

Sierra 22, descend and
mai ntain 15 thousand. "

Pi |l ot-15R PVD SIM QAK, Say "Charlie
Al titude Button Sierra 22
150 XXXCS22 descending to 15
t housand. "
Cont -1 OR Asgn At QAK, Assigned altitude
150 XXXCS22 ent er ed.
Pi | ot - 15R VAX (CS22 #) W WLCO reply from
pi |l ot.
1257 Cont -1 0OR Say "Charlie

Sierra 22, clinb and
mai ntain flight |evel 200."

Pi |l ot-15R PVD SIM QAK, Say "Charlie
Al titude Button Sierra 22 clinbing
200 XXXCX22 to 200."

Cont -1 OR Asgn At QAK, Assigned altitude
200 XXXCS22 ent er ed.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. |

Pi | ot - 15R VAX (CSs22 #) W Pilot enters WLCO at pil ot
term nal .
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System

Ti me

1258

[ For

1258

[ For

1259

[ For

Posi ti on

Cont-10

Manual Mbde Test,

| nput

Controller nust enter

Pi |l ot-15R PVD SI' M QAK

Al titude Button
090 XXXAL62

Pilot-15R VAX  (AL62 #) W

Cont -1 OR

Manual Mbde Test,

Pi |l ot-15R

Cont -1 OR

Cont -1 OR

Pi |l ot-15R

Cont -1 OR

Manual Mbde Test,

XXXUALI

Controller nust enter

Asgn Al't QAK

Controller nust enter

Pilot-15R VAX  (CS22 #) U

Comment s and/ or
Qut put

MSAW f | ashi ng for XXXAL62.
Say 'USAir 62, low altitude
alert, clinmb to flight

| evel 9 thousand I

i mredi ately. "

DL S AID to send nessage. |

Say "USAir 62 clinbing
9 thousand".

Replies WLCO to EM
nmessage.

Accepts handoff from
sector 07.

DL S AID to send nessage. |
After seeing UALI added to
ri ght side of display and
0-10 in FDB, say 'UDS
Center, United 1 is with
you at flight [evel 300."
Say 'United 1, Roger."

Say "Charlie Sierra 22,
t housand. "

Say "Charlie Sierra 22
UNABLE to conply."

Assigned altitude entered.
DL S AID to send nessage. |

Pil ot enters UNABLE

[Controller enters DL (QAK 6) D XXXCS22 or CID to clear DL entry.]

1300

Cont -1 OR

Pi |l ot-15R PVD SI M QAK

Cont - 3D

Al titude Button
050 XXXCS22

Asgn Al't QAK
050 XXXN23

Say "Charlie Sierra 22,
descend and maintain 5
t housand. "

Say "Roger. Charlie
Sierra 22 descending to
5 thousand. "

Assigned Altitude
ent er ed.
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System Comment s and/ or
Ti me Position | nput Qut put

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pi |l ot - 15R VAX (CSs22 #) W Pilot enters WLCO at pil ot
term nal .
1301 Cont -1 OR 07 XXXUALI Handof f initiated to sector

07. After controller at
sector 07 accepts (0-07
flashing in FDB), say
“United 1, contact UDS
Center on 132.2."

Pi | ot - 15R VAX (UALI #) W Say "United 1 changing
H XXXUALI 132.200 to 132.2, Good Day."
1302 Cont -1 OR Say "Charlie Sierra 22,
clinmb and maintain 10
t housand. "
Pil ot - 15R PVD SI'M QAK, Say "Charlie Sierra
Al titude Button 22 clinbing to 10
100 XXXCS22 t housand. "
Cont -1 OR Asgn At QAK, Assigned altitude entered.
| 00 XXXCS22

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pi | ot - 15R VAX (Cs22 #) T Pilot enters TIMEQUT at
pil ot term nal.

[Controller enters DL (QAK 6) D XXXPI33 or CIDto clear DL entry.]

1303 Cont -1 OR Say "Charlie Sierra 22,
climb and maintain flight
| evel 200."
Pi |l ot-15R PVD SIM QAK, Say "Charlie
Al titude Button Sierra 22 clinmbing to
200 XXXCS22 200. "
Cont -1 OR Asgn Al't QAK Assigned altitude
200 XXXCS22 ent er ed.

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]
Pi | ot - 15R VAX (CSs22 #) W Pilot enters WLCO

1305 Cont -1 OR XXXUAL 1 Accepts handoff from sector
7.
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System Comment s and/ or
Ti me Position | nput Qut put

[ For Manual Mbde Test, Controller nust enter DL S AID to send nessage. ]

Pil ot-15R After seeing UALI added to
ri ght side of display and
0-15 in FDB, say “UDS
Center, United 1 is with
you at flight [evel 300."

Cont -1 OR Say "United 1. Roger."
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APPENDI X B

WORKLOAD AND PREFERENCE RATI NG MATERI ALS



BRI EF DESCRI PTI ON OF THE PROSWAT
WORKLOAD SCALE DEVELOPMENT PROCESS

The Subjective Wrkload Assessnent Techni que (SWAT) was devel oped
in the 1980's by researchers at the Air Force Aerospace Mdica

Research Laboratory. Using SWAT, human operators mnmake judgnents
about the workload that they experienced during actual performance
of an operational task. Proj ected Subjective Wrkload Assessnent
Techni que (PROSWAT) is an application SWAT in which operators nake
projective estimtes of the workload that would be produced by a
set of test conditions or system design options. Those projected
estimates are based on observations of low fidelity sinulations of
a system rather than actual performance of the operational task

PROSWAT has been proven useful for workload eval uation of design
options prior to the availability of full scale sinulators or
oper ati onal hardware.

SWAT and PROSWAT operate in the sane way, and require a two-phase
process to generate quantitative workload data. In the first
phase, subjects provide information on how tinme, effort, and
stress conbine to produce their concept of nental workl oad.

During this scal e devel opnent exercise, the subjects are asked to
sort a set of 27 cards on which are printed all possible
conbi nations of the descriptors for the tinme, effort, and stress
scal es. Subjects sort the cards to produce an ordering that
represents situations ranging from low to high workload. The
subjects' sorts are then subjected to a conputerized conjoint
analysis in order to determ ne the conmnatory rule governing the
sort. An iterative routine is then used to generate an interva
scale value for each of the 27 conbinations that fits the
comm natory rule and preserves the original ordering. The result
of this processing is a |ook-up table for each subject or subject
group that converts the discrete tine, effort, and stress workl oad
ratings to the unitary scale.

In the second phase, subjects nmake actual workload judgnents of
test conditions using ratings of 1 (low) to 3 (high) on the tine,
effort, and stress scales. These ratings are then interpreted as
guantitative values on the overall workload scale found in the
| ook-up table.

The advantage of the PROSWAT approach to workl oad judgnment is that
it adjusts the scale to each subject's or group's conception of

wor kl oad. I n addition, the scale provides nore powerful interva
scale values rather than the ordinal values typical of nost
subjective rating techniqgues. The instructions used in this

study for guiding the subject controllers' card sorting task are
presented in the follow ng section of this appendix along with the
instructions used for the preference/acceptability scale.






(1 NSTRUCTI ONS TO CONTROLLER SUBJECTS)

I NTRODUCTI ON TO THE CONTROLLER WORKLOAD
AND OPTI ON PREFERENCE RATI NG SCALE

BACKGROUND
The goal of this study is to obtain expert opinions from air traffic

controllers about the npbst appropriate ways in which to inplenent three
air traffic control (ATC) services using the Mdde S Data Link. When we

start our stinmulations in the Data Link Test Bed you will be controlling
air traffic in a series of brief scenarios. Each test run will require
you to use different displays or procedures to acconplish the Data Link
services. In order to evaluate these service design options, we wll ask
you to provide two quantitative ratings after each test run. The purpose
of this docunment is to famliarize you with the scales that you will be
using to make the ratings, and to describe a special procedure that we
will ask you to performto help us interpret your ratings on one of the
scal es. The material contained in this document will be reviewed in a
briefing that you will receive before we start the Data Link Test Bed

si nul ati on runs.
PREFERENCE

Al t hough we will be asking you for a wide variety of comments during this
study, our primary quantitative data will be derived from your ratings on
the two scales nentioned above. Because the rating data will form the
basis for a nunber of Data Link design decisions, it is extrenely
i nportant that we all agree on what we nean by each type of rating scale.

The first scale that you wll conplete after each test run is the
PREFERENCE/ ACCEPTABI LI TY scal e. The form that wll be used for this
scale is shown in figure B-1.

One of the forms will be used for each procedure and display option that
you eval uate. Note that the form actually requires you to make two
decisions. First, for each of the services, you wll need to decide
whet her the option under test is acceptable or unacceptable. Second, if
you have decided that the option is acceptable, you will need to assign
it a value on the 7-point scale that indicates the extent to which you
prefer it. Thus, you would assign the option a value of "1" if you found
it to be both acceptable and highly preferable. If the option were
acceptable but not highly preferred, you would assign it a higher nunber
according to the extent to which it is less preferable. However, if the
option were conpletely unacceptable, you would not assign it any of the
nunbers, and instead mark the COVMPLETELY UNACCEPTABLE bl ank on the form

I n maki ng your decisions about acceptability and preference, your prine
consi deration should be the inpact of a design option on the SAFETY and
EFFI CIl ENCY of controller performance. Once you have mamde your ratings,
pl ease renmenber to use the comments section on the bottom on the formto
briefly explain the reasons for your ratings.



SUBJECT SERIES I /11
SECTOR ACTIVE / PASSIVE
TEST OPTION

Rate the display / procedural test option that you have
just examined according to how acceptable it would be to controllers involved in
each of the three services. Inrating the acceptability of this option, you should
consider the way in which it would affect the SAFETY and EFFICIENCY of the
controller's performance.

Place an “X” next to the number which best describes the acceptability of
this option for each service. Ifthis, option is completely unacceptable, place an
"X" inthe box. Use the space below the scales to briefly explain your ratings.

HIGHLY MODERATELY ACCEPTABLE
PREFERRED PREFERRED BUT NOT

PREFERRED
1 2 3 4 5 6 7

ALT

CONF

TRAN

COMM

EMSAW
COMPLETELY
UNACCEPTABLE

COMMENTS:

FI GURE B-. PREFERENCE/ ACCEPTABI LI TY SCALE






VWORKLOAD

The second rating that we will be asking for after each test run will be
a workload rating. The scale that we wll be using for the workload
ratings is known as Projective Subjective Wrkload Assessnent Technique
( PROSWAT) . PROSWAT was devel oped as a nethod for collecting quantified
data on how hard a person feels he would have to work in his nornal

duties using different procedures, equipnent, etc., to perform them I n
this study we wll be asking you to provide PROSWAT ratings on the
wor kl oad that you woul d experience during a noderately busy shift of work
if you were using each of the Data Link options that we will be testing.

If you examne the scale in figure B-2 you will notice that PROSWAT
defines workload in ternms of a conbination of three different dinensions
that contribute to the subjective feeling of “working hard.” A workload

rating in PROSWAT is acconplished by selecting a 1, 2, or 3 on EACH of
the three scales representing the dinensions of TIME LOAD, MENTAL EFFORT,
and PSYCHOLOG CAL STRESS LOAD.

Each of these dinmensions and their | evels are described bel ow
TI ME LOAD.

Time Load refers to the fraction of the total time that you are busy.
When Tine Load is low, sufficient tine is available to conplete all of
your nental work with sone tine to spare. As Tine Load increases, spare
time drops out and sone aspects of performance overlap and interrupt one
anot her. This overlap and interruption can cone from performng nore
than one task or from different aspects of performng the sane task. At
high levels of Tine Load, several aspects of performance often occur
si nul taneously, you are busy, and interruptions are very frequent.

Time Load may be rated on the 3-point scal e bel ow

1. Oten have spare tine. Interruptions or overlap anpbng activities
occur infrequently or not at all

2. Cccasionally have spare time. Interruptions or overlap anong
activities occur frequently.

3. Al nost never have spare tine. Interruptions or overlap anong
activities are very frequent, or occur all the tinme.

MENTAL EFFORT LOAD.

As described above, Tine Load refers to the amount of tine one has
avai l able to performa task or tasks. In contrast, Mental Effort Load is
an index of the amount of attention or nmental effort required by a task
regardless of the nunmber of tasks to be performed or any tine

limtations. When Mental Effort Load is low, the concentration and
attention required by a task is mnimal and performance is nearly
automati c. As the demand for nental effort increases due to task

conpl exity of the ampunt of information which nust be dealt with in order
to perform adequately, the degree of concentration and attention required






I. TIME LOAD
1.

OFTEN SPARE TIME. INTERRUPTIONS, OR OVERLAP AMONG

ACTIVITIES OCCUR INFREQUENTLY OR NOT AT ALL.

2.

OCCASIONALLY HAVE SPARE TIME. INTERRUPTIONS, OR OVERLAP

AMONG ACTIVITIES OCCUR FREQUENTLY.

3.

ALMOST NEVER HAVE SPARE TIME. INTERRUPTIONS OR OVERLAP AMONG
ACTIVITIES ARE VERY FREQUENT OR OCCUR ALL THE TIME.

Il. MENTAL EFFORT LOAD

1.

VERY LITTLE CONSCIOUS MENTAL EFFORT OR CONCENTRATION
REQUIRED. ACTIVITY IS ALMOST AUTOMATIC. REQUIRING LITTLE OR
NO ATTENTION.

MODERATE CONSCIOUS MENTAL EFFORT OR CONCENTRATION
REQUIRED. COMPLEXITY OF ACTIVITY IS MODERATELY HIGH DUE TO
UNCERTAINTY, UNPREDICTABILITY, OR UNFAMILIARITY. CONSIDERABLE
ATTENTION IS REQUIRED.

EXTENSIVE MENTAL EFFORT AND CONCENTRATION ARE NECESSARY.
VERY COMPLEX ACTIVITY REQUIRING TOTAL ATTENTION.

. PSYCHOLOGICAL STRESS LOAD

1.

LITTLE CONFUSION, RISK, FRUSTRATION, OR ANXIETY AND CAN EASILY
BE ACCOMMODATED.

MODERATE STRESS DUE TO CONFUSION, FRUSTRATION, OR ANXIETY
NOTICEABLY ADDS TO WORKLOAD. SIGNIFICANT COMPENSATION IS
REQUIRED TO MAINTAIN ADEQUATE PERFORMANCE.

HIGH TO VERY INTENSE STRESS IS DUE TO CONFUSION, FRUSTRATION,

OR ANXIETY. HIGH TO EXTREME DETERMINATION AND SELF-CONTROL
REQUIRED.

FIGURE B-2. PROSWAT SCALE



i ncr eases. Hi gh Mental Effort Load demands total attention or
concentration due to task conplexity or the anpunt of information that
must be processed.

Mental Effort Load may be rated using the 3-point scale bel ow

1. Very little conscious nmental effort or alnpbst automatic, requiring
little or no attention.

2. Moderate conscious nental effort or concentration required.
Compl exity or activity is noderately high due to uncertainty,
unpredictability, or unfamliarity. Considerable attention required.

3. Extensive mental effort and concentration are necessary. Very
conpl ex activity requiring total attention.

PSYCHOLOG CAL STRESS LOAD.

Psychol ogi cal Stress Load refers to the contribution to total workload of

any conditions that produce anxiety, frustration, or confusion while
performng a task or tasks. At low levels of stress, one feels
relatively relaxed. As stress i ncreases, conf usi on, anxi ety, or
frustration i ncrease and greater concentration and determ nati on

are required to mintain control of the situation.
Psychol ogi cal Stress Load may be rated on the 3-point scale bel ow

1. Little confusion, risk, frustration, or anxiety exists and can be
easi |y acconmopdat ed.

2. Moderate stress due to confusion, frustration, or anxiety noticeably
adds to workl oad. Significant conpensation is required to maintain
adequat e performance.

3. Hgh to very intense stress due to confusion, frustration, or
anxiety. Hogh to extrene determ nation and self-control required.

Each of the three dinmensions just described contribute to workload during
performance of a task or group of tasks. Note that although all three
factors may be correlated, they need not be. For exanple, one can have
many tasks to perform in the tinme available (high time load), but the
tasks may require little concentration (low Mental Effort Load).
Li kewi se, one can be anxious and frustrated (high Stress Load) and have
plenty of spare time between relatively sinple tasks. Since the three
di mrensions contributing to workload are not necessarily correlated,
pl ease treat each dinmension individually and give independent assessnents
of the Tine Load, Mental Effort Load, and Psychol ogical Stress Load that

you feel would be produced by the Data Link design options we wll be
testing.

The formthat you will be using to nmake your SWAT ratings during the Data
Link test sessions is shown in figure B-3. Note that the descriptions
for each level of tine, effort, and stress | oad have been renoved to save
space. Should you need to review these descriptions during testing, a

copy of the full scale will be available at all tines.
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SUBJECT SERIES I /I

SECTOR ACTIVE / PASSIVE

TEST OPTION

Rate the workload associated with the display/procedure option that you have
justexamined by considering how it would affect the difficulty of your job during a moderately
busy workday. With this in mind, rate the workload associated with each service under this
option by placing an “X” next to one of the numbers on the TIME, EFFORT AND STRESS
scales.

REMEMBER, this is arating of the WORKLOAD that you would experience using
this option. The workload of a task is not necessarily related to your preferences for a test
option or its suitability for use in ATC operations.

ALTITUDE CONFIRMATION 1 2 3

TIME LOAD

MENTAL EFFORT

STRESS

TRANSFER OF COMMUNICATIONS
TIME LOAD

MENTAL EFFORT

STRESS

EMSAW
TIME LOAD

MENTAL EFFORT

STRESS

FI GURE B-3. PROSWAT WORKLOAD SCALE



PROSWAT SCALE DEVELOPMENT CARD SORT

Now that you are famliar with the two rating scales that will be used
during the Data Link test sessions, there is one |ast procedure that nust
be conpleted before testing can begin. This procedure is a card sorting
task that will allow us to interpret your PROSWAT workl oad ratings. e
will be asking you to do this task during the briefing that wll take
pl ace to review the rating scal es.

One of the nost inportant features of PROSWAT is its unique scoring
system The devel opers of PROSWAT recogni zed that different people have
different conceptions of how the tinme, effort, and stress dinensions

combine to produce an overall inpression of low and high workload.
Because of these differences, a special card sorting procedure is used in
PROSWAT to define a distinctive workload scale for each person. Thi s
i ndi vi dual i zed scale greatly inproves our ability to accurately interpret
the actual workload ratings that you wll be making during the test
sessi ons.

In order to develop your individual scale, we need information from you

regarding the anopunt of workload that you feel is produced by various
conbinations of the three levels on the tine, effort, and stress
di mrensions. W get this information by having a person rank order a set

of cards. Each card contains a different conmbination of the |evels of
time load, nental effort |oad, and stress | oad. Since there are three
di nensi ons, and each dinension has three |evels, there are 27 cards in
the deck that you will be sorting. Your job will be to sort the cards so
that they are ranked according to the level of workload represented by
each card. Thus, the first card in the deck will represent the | owest
wor kl oad and the last card will represent the highest workl oad.

In conpleting your card sorts, please consider the workload inposed on a
person by the conbination represented in each card. Arrange the cards
from the [ owest workload condition through the highest condition. You

may use any strategy you choose in rank ordering the cards. One strategy
that proves useful is to arrange the cards into a nunber of prelimnary
stacks representing high, noderate, and |ow workl oad. I ndi vi dual cards
can be exchanged between stacks, if necessary, and then rank ordered
wi thin stacks. Stacks can then be reconbined and checked to be sure that
they represent your ranking of |owest to highest workl oad. However, the
choice of strategy is up to you and you should choose the one that works
best for you.

There is no "school solution® to this problem There is no correct
order. The correct order to what, in your judgnment best describes the
progressi on of workload from | owest to highest for a general case rather
than any specific event. That judgnent differs for each of us. The
letters you see on the back of the cards are to allow us to arrange the
cards in a previously random zed sequence so that everyone gets the sane
order. If you exam ne your deck you will see the order on the back runs
fromA through Z and then ZZ.

Pl ease renenber:
1. The card sort is being done so that a workload scal e nay be devel oped
for you. This scale will have a distinct workload value for each possible



conmbination of Time Load, Mental Effort Load, and Psychol ogical Stress
Load. The follow ng exanple denonstrates the relationship between the
card sort and the resulting workl oad scal e:

B-8

Ti me Effort Stress Wor kl oad Scal e

1 1 1 0.0

3 3 3 100.0
Note that other than the fact that a 1-1-1 wll always represent the
| owest workload and that a 3-3-3 wll always represent the highest
wor k| oad, the remaining cards could occur in a nunber of orders. Your
order will depend on how you weight the inportance of Tinme, Effort, and
Stress di nensi ons.
2. VWhen performng the card sorts, use the descriptors printed on the
cards. Please renenber not to sort the cards based on one particular task
(such as controlling air traffic). Sort the cards according to your

general view of workload and how inportant you consi der the dinmensions of
Time, Mental Effort, and Psychol ogical Stress Load to be.

3. During the Data Link test runs, you will acconplish the desired task.
Then, you w Il provide a PROSWAT rating based on your opinion of the
mental workload required to perform the task. This PROSWAT rating wll
consi st of one nunmber from each of the three di nensions. For exanple, a
possi bl e PROSWAT rating is 1-2-2. This represents a 1 for Tine Load, a 2
for Mental Effort Load, and a 2 for Psychol ogi cal Stress Load.

4. W are not asking for your preference concerning Time, Mental Effort,

and Psychol ogical Stress Load. Sone people may prefer to be "busy"
rather than "idle" in either Tine Load, Ment al Ef fort Load, or
Psychol ogi cal Stress Load dinension. W are not concerned with this
pref erence. W need information on how the three dinmensions and the
three levels of each one will affect the | evel of workload as you see it.
You may prefer a 2-2-2 situation instead of a 1-1-1 situation. However,
you should still realize that the 1-1-1 situation inposes |ess workload

on you and | eaves a greater reserve capacity.

The sorting will probably take 30 minutes to an hour. Pl ease feel free
to ask questions at any tine.



A FI NAL NOTE ABOUT YOUR PREFERENCE AND PROSWAT RATI NGS

The two scales that we will be using in our Data Link test sessions
were chosen to quantify two independent aspects of your evaluations
of the Data Link display and procedural test options. As you use the
scal es to rate t he t est options, pl ease r emenber t hat
preference/acceptability and workload may be related, but they are
not necessarily the sane.

For exanple, you may find that a particular option is not preferred
because it would greatly increase controller workload. In that case,
bot h your preference/ acceptability and PROSWAT ratings would be high.
However, it is also possible for these tw ratings to be
di sassoci at ed. For exanple, an option mght be acceptable or
unaccept abl e because of its inpact on ATC safety. At the sane tine,
the workload that would be associated with delivering a Data Link
service using that option could be |ow or high, depending on how you
feel it would affect the time, effort, and stress |oad associated
with performng controller tasks.

In order for us to extract the naxi rum anpbunt of infornmation from
this study, it is very inportant that you keep these differences in

mnd as you nake your ratings. As experts, your carefu

consideration of each of the scales wll help to insure that Data
Link is inplenmented in a way which wll enhance ATC safety and
efficiency and aid the controller in neeting his or her

responsibilities.
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I NTRODUCTI ON

This appendix presents an analysis of data from the debriefing
di scussi on. In the context of the mnistudy methodol ogy, the debriefing
followed |aboratory exercises that allowed the test participants to
interact with sinmulated Data Link services presented under alternative

conmbi nati ons of nessage display/control and procedural options. In all
ten Ar Traffic Control Specialists (ATCS' s) participated in the
debriefing discussion. Foll owi ng the group discussion, nine of the ten

participants also submtted witten responses to the itens covered in the
debriefing discussion guide.

The appendix is organized into two parts. The first part of the appendix
describes the participants and their expertise and reviews the areas of
agreenment and unresolved issues that came out of the debriefing. The
second part provides a copy of the discussion guide and tabulates the
categorical responses that were reported individually by the ATCS' s.

SUMVARY OF RESULTS

This summary flight takes up the generic themes and then the specific

service-rel ated suggestions contained in the ATCS conmentary. In the
following section, "Test Participants,” descriptive characteristics of
the test participants are reported. Presented in section are generic
themes or principles of Data Link communication that cut across
i ndi vi dual services. The principles help explain many of the specific
service-related suggestions discussed in section, "lnitial Data Link
Services. "

TEST PARTI Cl PANTS.

Ten ATCS's were involved in the tests: eight served as test subjects at
the control positions and two others were roving observers who spent sone

tinme observing each of the positions. All eight test participants
represented the Dallas/Fort W rth Center. The two roving observers
represented the Dallas/Fort Wrth Termnal and the Center. On average

the test participants had 15.7 years experience as full performance |evel
(FPL) controllers and experience |evels ranged between 3 and 31 years.
Four of the participants al so had experience as pilots. Pilot experience
ranged between 5 and 20 years with an average of 16 years. Only three of
the participants reported any exposure to the Data Link program prior to
this eval uati on.

GENERAL DATA LI NK

Est abl i shment of a set of basic operational and design principles for
Data Link comrunication is consistent wth other, ongoing Federal
Aviation Adm nistration (FAA) initiatives to standardize air traffic
control (ATC) operations (reference 1). These principles are the ground
rules from which directives for operational practices and criteria for
system design and validation can be established. The basic principles
derived fromthe debriefing are di scussed bel ow






A Message Not Acknow edged Message Not Sent.

This energed as a first principle of ATC conmunication (reference 2, pg

C7). Data Link conmmunication should also follow this principle
operationally and in design. In particular, there is a need to ensure
that the ATC data base contains the |ast acknow edged cl earance. For a

confirmati on message, the current test bed design is acceptable because
the voice exchange provides an acknow edgnent (authorizes a data base
update) before any Data Link nessage is sent. \Wen Data Link becones the
primary communi cation node, the ATC data base update should be triggered
by the pilot's WLCO, not by the controller's ENTER/ UPLI NK acti on.

The current design uses the ENTER action associated with an altitude to
acconplish two things: it updates the ATC data base and generates/uplinks
a Data Link nessage. Conceptually, generation and uplink of a message to
the pilot should be separable from a data base update. Oper ational ly,
t he update should be effected by the pilot's acknow edgnent. Simlarly,
the controllers comented that it was not inportant or necessary to
update their status displays to show internediate stages in the

i nformati on exchange. For instance, a nessage status wupdate for a
techni cal acknow edgnent was consi dered unnecessary, only the pilot WLCO
was meani ngf ul (operationally). Exceptions/interruptions to the nornal

sequence should be treated as "alerts" and displayed nore promnently,
i.e., in the data bl ock.

A positive pilot acknow edgnent of a Data Link nmessage was judged to be
the best procedure from an operational transition standpoint. Al t hough
controller opinion was split on the need for a transitional phase of
redundant radio/tel ephone (r/t) comunication wth Data Link (d/l)
confirmation, there was consensus that even in the transitional phase, a
positive acknow edgnent of the confirmation nessage wuld be nore
conpatible with the procedure followed in a |ater phase when the voice
exchange drops out.

Use r/t Communication for Resolution of Exceptions to Normal d/l
Comruni cation and for Tinme Critical Conmmunications.

Wth tw npdes available for comruni cation between pilots and

controllers, it is inportant to specify how these will work together in
the future system Moreover, a mx of d/l equipage in the aircraft
popul ation wll require continued use of r/t comunication procedures as
the primary node for some aircraft. To make things easier, the

procedures for d/lI and r/t comunication should be consistent and
explicit criteria should be established for determning the appropriate

mode in a given situation (see reference 3). Both the pilot and
controller should have a conmon understandi ng and expectation about what
the other will do under various sets of circunstances.

The advantage of voice comrunication for handling exceptions and tine
critical control instructions was nentioned many tinmes during the
di scussion. The two npst commonly agreed on roles of voice and data link
comruni cation were: (1) Data Link as the primary node for npbst nessages,
with voice as a backup for handling exceptions, and (2) Data Link as the
primary node for certain types of nessages, with voice as the primary
nmode for other types of nessages. Aside from handling exceptions to



control instructions, in-flight energencies and weather deviations were
also identified as situations where voice should be the primary node. In
addi tion, there was unani nbus agreenment that voice should be the primary
mode for all types of time critical nessages.

Controller opinion on the acceptability of a m xed-nbde conmunication

system was divi ded. While nost agreed that Data Link would afford the
greatest benefit to controllers in their nessage sending functions and
pilots would see the (greatest benefit 1in their nessage receiving

functions, only half endorsed a m xed-node (controller uplink with pilot
voi ce acknow edgment) approach to pilot controller conmunication.

Di splay d/I Comuni cation Status Information in the Data Bl ock.

Controllers expressed a clear preference for encoding Data Link nessage
status information in the data block wth a supplenentary |1ist
presentation on the Plan View Display (PVD). For exanmple, it was
suggested that the altitude line of the data block be used to depict the
status of an altitude confirmation. One way to inplenent this suggestion
m ght be to add a new class of indicators to the altitude qualifier field

(B4) that displays the status of the exchange: "S" for sent, "W wlco,
"V wverify.

As another illustration, the transfer of comunication (TOC) nessage
could be displayed in the handoff field (E1-E4). Once the TOC nessage isS
sent, a letter identifier, "C' for comm or "F' for frequency, and the
identifier of the sector which will be in comunication with the aircraft

would blink in field E until the pilot acknow edges the TCC. Pi | ot
acknow edgment woul d replace the "C' with a "W and stop the blinking.

After a parameter tinme, the data block would then be dropped from the
losing controller's display and field E would revert to groundspeed on
the receiving controller's display.

Controller alerts in the data block for exceptions to a positive
acknow edgment were al so discussed in sone detail. These included a case
where the pilot fails to acknow edge the nessage within a paraneter tine,
a case where the nessage is not delivered (no technical acknow edge), and
a case where the pilot responds with an UNABLE. Regardi ng displ ay
information, the controllers recomended adopting status |abels of NO
REPLY, UNABLE, and VERIFY in the list and highlighting the corresponding
data bl ock indicators to alert the controller. The controller could then
opt to resend the nessage or follow up with voice. In the second case,
the current controller should first be alerted to a link failure and
follow up with voice. Based on the follow up, the controller my update
the aircraft's data |link equipage for display to downstream controllers.
In the third case, the controllers suggested that if the pilot cannot
comply with the clearance then the UNABLE response should be correl ated
procedurally with a radio call. Voice is probably the sinplest way to
resolve this kind of situation. If the UNABLE has to do with a possible
m sconmuni cation, the controllers recomend that the status display
shoul d say sonething like VERIFY. The controller then has the option to
resend the Data Link nessage or follow up with voice.



Finally, it was suggested that Data Link equipage be encoded near the
data bl ock, possibly as an alternate aircraft position synbol, and/or in
the data block as a caret synbol over the aircraft call sign.



Provide Proactive control of d/|I Message Sending but Mnimze Controller
| nput s.

Most of the controllers felt that the inputs required to uplink a nessage
manually in the test scenarios were too cunbersone. Accordi ngly, they
recommended that the sequence of inputs required to send a nessage be
sinplified and possibly be inplied in the nmessage conposition sequence
Transferring data entries directly from the existing nessage conposition
preview di splay (without reentry of any fields) for automatic uplink was
deenmed nost efficient. Capabilities to store and recall/resend nessages
wer e al so suggest ed.

Overall, an automatic uplink was viewed as the nost appropriate default
option for message sending with an inhibit option to deselect Data Link
by position, service, or nessage. If Data Link is selected for a
position, then automatic uplink is assuned for all services. In the

automatic node, conposition and entry of an altitude assignnent would
automatically uplink the associated altitude confirmation. Acceptance of
a handoff offer would automatically uplink a TOC nessage; generation of
an en route mnimm safe altitude warning (EMSAW alert would
automatically uplink that alert.

Data link may also be inhibited by service or mnessage. Inhibiting by
service inhibits a display of the nmessage; inhibiting by nessage displays
the nmessage but inhibits its uplink. In the manual node, the controller

woul d be required to nmake an additional input when conposing the altitude
assi gnnent nessage to inhibit the uplink. For a manual TOC, the handoff
offer should be initiated by the controller (i.e., automatic handoff is
inhibited for that aircraft or the controller offers the handoff early)
with an extra input to inhibit the automatic uplink of the TOC For the
EMSAW alert, the controllers suggested that manual node my be the
desired default. This could be acconplished by inhibiting the Data Link
EMSAW ser vi ce.

Utimtely, the schenmes used for today's automatic handoff | NH Bl T/ ENABLE
and the EMSAW alert suppression capabilities should be EMSAW nessage
upl i nk.

In view of the range of planned d/| services, the controller should have
the flexibility to configure the workstation to: (1) send a Data Link
message to the pilot with no associ ated data base update, (2) update the
data base wi thout sending a nessage to the pilot, and (3) send a nessage
to the pilot that also updates the data base at the conclusion of the
exchange.

Initial Data Link Services.

The next three sections discuss the detailed comments on the standard
operating procedures for each service and the special situations that may
requi re nonstandard treatnent. Because much of the content is process
oriented, it conveys a better understanding of the dynamcs of the
controller interaction with each service.

Al titude Assignnment/ Confirmation.




The controllers reached agreenent on candi date operating procedures for a
sinple altitude assignment confirmation and a Data Link (no voice)
altitude assignment. Tables C-I and C2 illustrate the respective
procedures. For the altitude confirmation message, the procedure begins
with the controller voicing an altitude assignnent followed by a pilot
readback of the altitude. The

TABLE C-1. ALTI TUDE ASSI GNVENT CONFI RVATI ON ( AUTOVATI C MODE)
Event Responsi bility Action
1. Altitude 1.1 Controller 1.1.1 Issues altitude
Assi gnment assignnment to A/IC
(r/t)
1.2 Pilot 1.2.1 Acknow edges and reads-

back altitude assignnent
(r/t)

1.3 Controller 1.3.1 Enters altitude
assi gnnent
2. Altitude 2.1 ATC Conmput er 2.1.1 Updates data base with
Confirmation new al titude

2.1.2 Generates altitude
confirmati on nessage,

di spl ays nessage "sent" to
controller, and sends
message to A/C (d/ 1)

2.2 NC 2.2.1 Receives altitude
confirmati on nessage and
di spl ays to pil ot

2.3 Pilot 2.3.1 Acknow edges altitude
confirmati on message (d/ 1)

2.3.2 Maneuvers A/Cin
accordance with controller's
i nstructions

2.4 ATC Conmput er 2.4.1 Receives acknow edgnent
and del etes display of
confirmati on nessage



TABLE C-2. ALTI TUDE ASSI GNVENT ( AUTOVATI C MODE)

Event Responsi bility
1. Altitude 1.1 Controller
Assi gnment

1.2 ATC Conput er

1.3 AC

1.4 Pil ot

1.5 ATC Conput er

Action

1.1.1 Enters altitude
assi gnnent

1.2.1 CGenerates altitude
assi gnnent message,

di spl ays nessage"sent" to
controller, and sends
message to A/C (d/ 1)

1.3.1 Receives altitude
assi gnnent nessage and
di spl ays to pil ot

1.4.1 Acknow edges al titude
assi gnnent nessage (d/ 1)

1.4.2 Maneuvers A/Cin
accordance with controller's
i nstructions

1.5.1 Receives acknow edgnent
and del etes display of altitude
assi gnment nessage

1.5.2 Updates data base with
new al titude



controller t hen i nputs an al titude amendnent whi ch, in turn,
automatically generates an entry in the Data Link status display and
uplinks a confirmation nessage (at this point the A/C data base and data
bl ock displays for the aircraft are updated). The procedure concl udes
with a pilot WLCO input that automatically deletes the entry from the
controller's |ist. As table C2 shows, the Data Link altitude assignnent
(no voice) procedure is nearly identical except that the controller's
anmendnment should not wupdate the ATC data base wuntil the WLCO is
received.

The di scussion of restricted and interim altitudes uncovered sone

interesting operational issues and concomtant design considerations.
Regar di ng restricted al titudes, t he controllers suggest ed t he
"altitude/fix/altitude" format (see reference 4, pg 4-2). This specifies
an altitude to be maintained until the fix is reached, then a second
altitude to be nmintained. According to the controllers, the format is
seldom used in the field partly because nessage construction is
conpl i cat ed. It was suggested that this format be used to construct and
store a set of canned instructions for restricted altitudes. For each

position, these would conprise routine clearances, including the kinds of
standard boundary and fix crossing restrictions currently published in
each Center's Standard Operating Procedures.

Anot her issue came up in the context of interim altitudes. In the past,
interimaltitudes have been used by controllers to acconplish intersector
coordination w thout a voice conmmunication (see reference 2, pg F-7).
Whil e adoption of the National Operational Position Standards should
proscribe such controversial practices, simlar procedural or design
controls my need to be developed for wuse of Data Link. As an
illustration, should the Data Link system apply a simlar sector
eligibility check ("/OK') to the uplink of all Data Link nessages? How
does the system ensure that all the affected sectors have current flight
intent data? Is use of Data Link considered optional? During this
di scussion, it was suggested that Data Link may discourage nonstandard
practices by renediating sone of the coordination and message conposition
probl ens that gave rise to them

Transfer of Conmuni cati on.

The controllers reached agreenent on a candi date operating procedure for
the transfer of communication. Table C3 illustrates the basic
procedure, handoff with an associated TOC, and table C- 4 illustrates a
common variant, the handoff with no TOC. Taki ng account of current and
future practice, the controllers recomended that operationally the TOC
should be separable from but related to the transfer of control task as
fol | ows:

1. Upon acceptance of a handoff, a TOC nessage for that aircraft is
automatically generated and displayed to the |osing sector. The sector
that assunmes conputer control is assuned to be the one that will also

communi cate with the aircraft on the voice frequency appearing in the TCC
nessage.

2. Depending on how the workstation is configured, the TOC nessage my
be uplinked automatically. The uplink will then generate a notification



on the receiving controller's Data Link list. |If the automatic uplink is
inhibited, the losing controller may issue an alternative TOC nessage by

TABLE C-3. HANDOFF W TH TRANSFER OF COVMUNI CATI ON ( AUTOVATI C MODE)

voi ce.
C7
Event Responsi bility
1. Sector Handoff 1.1 Transferring
Sect or

Controller

1.2 ATC Conput er

1.3 Receiving

2. Transfer of 2.1 ATC Conmput er

Communi cati on ( TOC)

2.2 NC

2.3 Pilot

2.4 ATC Conput er

2.5 Pil ot

2.6 Receiving

Action

1.1.1 As aircraft approaches
sector boundary, offers
handoff to receiving con-
troller

1.2.1 Displays handoff offer
to receiving controller

1.3.1 Accepts handoff
Sector Controller

2.1.1 Displays TOC nessage
"sent" to transferring and
receiving controllers and
sends frequency to A/IC
(d/1)

2.2.1 Receives TOC nessages
and displays to pilot

2.3.1 Acknow edges TOC nessage
(d/1)

2.4.1 Deletes display of "sent"
to transferring controller

2.4.2 Displays status of
"call" to receiving controller

2.5.1 Check-ins with receiving
controller

2.6.1 Deletes TOC di spl ay
Controller



TABLE C-4. HANDOFF W TH NO TRANSFER OF COVMUNI CATI ON ( MANUAL MODE)

Event

1. Sector Handof

2. Transfer of

Conmuni cati on

(TOC)

Responsi bility

1.1 Transferring

Sect or

ATC Conmput er

Recei vi ng
Sect or
Controller

Transferring
Sect or
Controller

Pi | ot
Pi | ot
Recei vi ng

Controller

Action

1.1.1 As aircraft approaches
sector boundary, offers
handoff to receiving
controller with extra input
to inhibit automatic

upl i nk

1.2.1 Displays handoff offer
to receiving controller and
di spl ays TOC nessage "hel d"
transferring and receiving
controllers

1.3.1 Accepts handoff

2.1.1 Issues new frequency
to pilot (r/t) or
(d/1)

2.1.2 |If d/1 TOC nessage is
sent, both sector displays are
updated and deleted as in table
C3

2.2.1 Acknow edges and
readsback new frequency
(r/t) or (d/l)

2.3.2 Changes frequency

2.5.1 Checks-in with receiving
controller (r/t)

2.6.1 Deletes display of
"call" or "held" from
TOC |ist display



3. Upon pil ot acknow edgnent of the TOC nessage, the |osing sector's
display will be cleared and the receiving sector's display wll be
updated to a status of CALL.

No agreenment was reached on a procedural requirenent for a radi o check-
in on the frequency. Sone felt it wasn't inportant; others weren't so
sure. Nor was there consensus on a process for clearing the CALL
message from the receiving controller’s display. The nessage could be
del eted manual Iy, but cued by the radio check-in or it could time out.

The handoff with no transfer of comrunications is typically followed to
avoid issuing a series of radio frequency changes to the flight crew
(see reference 2). For instance, this occurs with departing aircraft
clinmbing through several |ow, nedium and high altitude sectors to a
cruise altitude or wth aircraft whose horizontal routes cut the

corners of several sectors. In the case of a point out, neither
conmputer control nor radio comunication is transferred. While the
candi date procedure described in the tables will permt handoff with no

TOC by allowing the losing controller to inhibit an automatic TOC
message, they are also intended to keep computer control and
comruni cati on assigned to same controller by making this the easiest
way to issue the TCC.

ENMSAW
Indeed, this was a controversial service. Most of the comentary
concerned the false alert problem Generally, it was felt that

operating procedures for this service probably needed to be determ ned
locally and input from ATCS's who work in Centers with nore nountai nous
terrain was needed. Beyond that, there was a nore fundanmental question
of whether Data Link would be faster than voice. However, on the
assunption that Data Link is a viable way to deliver an EMSAW al ert, it
was recomrended that the message content match the phraseol ogy defined

in the Controller's Handbook (reference 5 pg 2-2): "Low Altitude
Alert. Check your altitude imediately. The m ninmum en route altitude
in your area is ." Table C5 illustrates the candidate operating
procedure devised for a Data Link EMSAW servi ce.

As an alternative to an EMSAW service, it was suggested that an
altitude out of conformance service could be developed to work in
conjunction with the "+/-" qualifier that already appears in the data
bl ock.
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TABLE C-5. EMSAW ALERT ( MANUAL MODE)

5.
Event
1. EMSAW Al ert

Responsi bility

Action

| .1 Controller

1.1 ATC Conput er

1.2 Controller

1.3 ATC Conput er

1.4 Pilot

1.5 ATC Conput er

Cl1

1.1.1 Selects Data Link
inhibit for EMSAW al ert

1.1.1 Displays Data Link
EMSAW i nhibit in Data Link
servi ce sel ect header

1.1.2 Projects that AIC
will violate m ni num saf e
altitude

1.1. 3 Displays EMSAW al ert
to controller

1.2.1 Observes alert, exam nes
flight intent, and determ nes
validity

1.2.2 Deselects data |ink
EMSAW i nhi bi t

1.3.1 Renpves EMSAW i nhi bit
i ndicator in service sel ect
header

1. 3.2 Displays EMSAW nessage
"sent" to controller

1.4.1 Acknow edges EMSAW
message (d/ )

1.4.2 Maneuvers A/Cin

accordance with controller's
i nstruction

1.5.1 Del etes EMSAW di spl ay
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Test Controller Information

Name (Optional):
2 Other (Specify) DFW_Metroplex Task Force

Facility: _s8 ZFW
DFW TRACON
Experience ( Place a check next to your current position):
Average Range
__9  FPL Controller (7 current) _1s7Years  (3-31)
First Level Supervisor __5__Years
Years

1
Other (Specify)

Test participant role:

4 Observer Controller

4 Active Controller 4

1 Roving Observer

Any experience as a pilot? _ 5 No
_4 (5-20)

Yes _16__ Years experience

Prior to this test, were you familiar with the data link prog ram?
_6 No
3__Yes
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Initial ATC Services

In terms of how often you perform it, how much workload
Is attached to the altitude assignment task compared to
other task that make up your job?

2 5.  More workload than almost any other task
3 4.  More workload than most other tasks
3 3. About average

1 2. Not as much workload as most other tasks

1. One of my least de manding tasks

Circle One

How about transfer of radio communications? 54321
243

EMSAW (low altitude) alert? 54321

9
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Initial ATC Services

- Considering all of the different situation and
types of altitude assignments. (e.g., interim
altitudes, altitudes with crossing restrictions)
that might be issued by a controller, what
procedures seem most usable with data link?
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Initial ATC Services

Considering all of the different situations inwhich a
controller might request approval foran aircraft to
enter another controller'sairspace but retain radio
contact (i.e., pointout), what procedures for both
sector handoffand transfer of radio communications
seemmost usable with data link?

C- 16



Initial ATC Services

Considering all of the different situations inwhich a
controller might decide to issue anEMSAW alert,
what procedures seem mostusable with data link?

C 17



Initial ATC Services

From the controller's standpoint, how wouldyou
compare the current procedures foraltitude
assignment, transfer of radiocommunications and
EMSAW with a procedurethat includes a data link
confirmation?

4  Data link procedure 1 Current procedures
much better somewhat better

3 Data link procedure Current procedures
somewhat better much better

Data link and current
procedures about the
same

-- Drop EMSAW

-- Simplify Inputs
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Initial ATC Services

From the pilot's standpoint, how would youcompare
the current procedures for altitude assignment,
transfer of radio communicationsand EMSAW with a
procedure that includes adata link confirmation?

2

[08)

[

Data link procedure
much better

Data link procedure
somewhat better

Data link and current
procedures about the
same

C 19

Current procedures
somewhat better

Current procedures
much better



Initial ATC Services

Within the context of the tasks that you were able to
perform(or observe) in the test sessions, please
Indicate the combination of display, input, and
procedural options thatfeel would be usable in the
majority of operational situations.

Display ___ CRD 9 PVD /Data Block ___ Both options selectable
by:
Uplink Manual input - 3 Automatic _6 Both options selectable
required uplink by:
Downlink 9  Pilot input ___No pilot ____Both options selectable
required input by:

Of the ones for which you checked "both options”,

coulda default option? wlink automatic default with
i nhibit option.

Are there any other features that would make the
Interface more usable? pownlink of cockpit

i nformati on--airspeed/ mach, headi ng, clinb/descent rates.
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Initial ATC Services

Would you be able to use the test displays, inputs,
and procedures to perform these tasksin an
operational environment?

3 Yes
6 Yes, with reservations -Sinplify inputs
- Display status information in
dat a bl ock
No, because
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Initial ATC Services

How logical was the flow of information between the
pilot and the controller in relationto the tasks you
were performing?

2 Very logical

7 Somewhat logical- ToC i s backwar ds
- Time out & unable don't provide useful
i nformation

Somewhat illogical

__ Veryllogical

C 22



Initial ATC Services

Was the terminology and phraseology presented in
the test displays understandable?

2 Always except for TIMEQUT
7 Sometimes change "TI MEOUT" to "NO REPLY"

_ Never
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Initial ATC Services

Was the content of the displayed information
complete?

_7. Complete - change tineout and unabl e

1 _Incomplete - 1abel each entry with a reference no. or letter

- display content of altitude or frequency
assi gnnent

1 To nmuch information is displayed

C 24



Initial ATC Services

Was the content of the displayed information
appropriate?

6 Appropriate except timeout and unable

3 Inapproprlate - no timeout or unable
wi t hout show ng the al t| tude or frequency
assignnment, can't tell "what" nessage was
accept ed

C 25



Initial ATC Services

How quickly were you able to identify key pieces
of information?

7 Very quickly

2 Somewhat quickly

Somewhat slowly

Very slowly

Except in manual node using a CRD |list containing several pending
D/ L nessages.
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Initial ATC Services

How easy was it to connect controller and pilot
Inputs with displayed information and with  display
updates?

3 Very easy
5 Somewhat €asSy Best display is in data bl ock
1 Somewhat difficult I nformation is too spread out

Very difficult
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Initial ATC Services

Within the context of the tasks you were ableto
perform (or observe) In the test sessions, please rate
the utility of the data link display information.

3 Very useful
_4 Useful
1 Marginally useful
Not useful

C 28



Initial ATC Services

Was sufficient information displayed to permit

performance of the test tasks in an operational
environment?

5 Always
4 Sometimes
Never

Too nmuch infornmation
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Initial ATC Services

In your opinion, what procedure should be followed
when a pilot sends an "unable" reply ?

- To a confirmation message (voice and datalink)?

- To a data link control instruction (data link only)?

6 controllers: DL reply should say "call" (to discuss) "verify"
(to confirm then use voice to discuss/negotiate or resend DL
message to verify
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Initial ATC Services

In your opinion, what procedure should be followed
when a pilot fails to reply?

- To a confirmation message (voice and datalink)?

- To a data link control instruction (data link only)?

Rei ssue instruction using voice

Resubm t nessage using DL

C 31



Initial ATC Services

What if the link itself fails and no technical
acknowledgment is received?

- To a confirmation message (voice and datalink)?

- To a data link control instruction (data linkonly)?

3 controllers: use voice to determ ne status of data |ink
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General Data Link

Some people feel that a confirmation message
(altitude assignment) should be the initial datalink
service to help familiarize controllers and pilots
with the data link communication process. Other
people feel that we should eliminate this initial
step and use the data link by itself to issue a
control instruction withoutan accompanying radio
communication. Which of these best describes
your view?

5 Initially, use radio communications to issue an ATC
instructionand also use data link for confirmation of

the instruction
(for a test period, then phase out voice)

4 Initially, use data link by itself to issue the instruction
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General Data Link

Some people believethat data link will be mostfor
useful to controllers for sending messages, while it
will be most useful to pilots forreceiving messages.
How do you feel aboutthis?

8 Ag ree but require a pilot acknowledgment

1 Disagree
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General Data Link

What do you feel would be the bestarrangement of
voice and data linkcommunications in the future ATC
system? (Check all that apply.)

Voice as primary mode

5 Data link a primary mode for most messages

Have voi ce as backup

6 Data link as primary mode for certain types of messages,
with voice as the primary mode for other types of
messages

Voi ce needed for tinme critical nessages

1 Data link as primary ground-to-air mode, with voice as
the primary air-to-ground mode

Other (specify)
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General Data Link

In the long run, what outcomes (sample outcomes
iInclude: fewer miscommunications, (2nd) reduced
radio frequency congestion, (ist) increased
standardization in message
(ard) phraseology) do you feel should be used tojudge
the success of the data link service?

Pil ots have a permanent copy of nessages

DL provides a second/redundant way to access cockpit

Controll ers can have access to cockpit (speed/heading) data

D)L may have negative inpact on workl oad
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General Data Link

-In ATC, the timing of the communication is often
an important consideration. Some control
Instructions are dependent onresponses to
instructions previously issued toother aircratft.
Some people feel more confident that the
instruction will actually be carried out when they
receive a voice reply. Would you consider a
mixed-mode communication system (for
example, controller uplink of an instruction with a
voice acknowledgment by the pilot) to be an
acceptable design?

- Ensures qui cker

response 4 Yes 4 NO - Controll er issues
instructions in priority
order node doesn't ensure
they get carried out in
t hat order

- Only for verification - Either DL or voice,
not both

Why?
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General Data Link

Are there situations or airspaces where datalink
should not be used?

Yes 4 - Deviations around wx Energencies

No 3 - Eventually the conmputer will control the A/C, Humans wl |
nmoni tor the system and nmanage the airspace
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VRAP- UP QUESTI ONNAI RE

1. How would you rate the simulation realism (G rcle One) (Pl ease
di sregard snmal|l amount of traffic.)

Very Slightly Slightly Very
Good Good Good Fair Poor Poor Poor
(VG (G (SG (F (SP) (P) (VP)

2. How can we enhance realisn? (Use extra space on back.)

3. Please docunent any system nmal functions that if worked as
desi gned woul d have hel ped you nake a better eval uation.

4. Looking back at training, any new ideas as to what training would
have ai ded testing?

5. Please rate the SWAT data collection technique as it applies to
ATC nental workl oad anal ysi s.

SWAT ASPECTS VG G SGF SP P VP

a. How wel| does sort separate work | oads?

How i ndependent are the | oads? Can one
load remain at 1 while the others go to 3?

c. How well does SWAT neasure ATC wor kl oad?

Comment s on SWAT

D1



6. Please rate these data |link aspects regarding possibility of
utilization in the field.

ASPECTS VG G SG F SP P VP
Aut omati ¢ Mode

Manual Mode

Usi ng RCRD for display

Usi ng PVD for display

Message response tines

Comment s?

7. Please select the optinmum nethods for the three services.
(Grcle choices.)

Cont r ol Pi | ot

Mode Voi ce Voi ce Di spl ay
Alt Confirm Manual Auto Yes No Yes No PVD CRD
Trans Comm Manual Auto Yes No Yes No PVD CRD
EMSAW Manual Auto Yes No Yes No PVD CRD
Coment s?
8. Pl ease rate how well each service would performat your position if
optimally configured.
SERVI CE VG G SG F SP P VP

Al titude Confirmation

Transfer of Conmuni cati on

EMSAW

Comment s?




D2

9. Usi ng the optinmum services, what would be the projected effect of
data link at your position on the foll ow ng:
PROQIECTED EFFECT ON VG G SG F SP P VP

System capacity (a/c in sector)

Keeping the Picture

Weat her handl i ng

R-D controll er coordi nati on

Sector | nterphone coordination

Pilot-controll er communi cati ons

A/ C conflicts (systemerrors)

Flight strip marking/handling

Status board info. handling

Overall efficiency (speed)

Overall safety

Overall controller workl oad

Comment s?

10. Using data link should | eave no “gaps” in the system D dyou see
any places where gaps in positive control could occur? Also, give any
i deas as how to prevent them
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11. What about data link do you |ike best, and why?

12. \What about data link do you |ike |east, and why?

13. What future services would you like to see data |ink do?
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The primary neasures used during formal data collection in the Data Link
test bed were controller ratings of the workload associated with each
test option and of their preference for each option. Fol l owi ng every
test condition, the controller subjects conpleted two rating forns. The
first form required the subject to project the workload that would be
associated with the option on a noderately busy work day for each of the
three services. The nethod that was used to obtain these ratings is
knowmmn as the Projective Subjective Wrkload Assessnent Technique
( PROSWAT) . PROSWAT ratings were assigned by judging the test options on
three, 3-point scales referring to tine load, nental effort |oad, and
psychol ogi cal stress.

The second form required the subject to judge the test option as
acceptable or unacceptable in terns of its effect on air traffic contro
(ATC) safety and efficiency. |If judged acceptable, the subject rated the
option on a 7-point rating scale ranging from "highly preferred" to
"acceptabl e, but not preferred.” Comrents were solicited at the bottom of
the formin order to determine the subject's rationale for his preference
ratings. Sanples of each of the rating fornms as well as instructions for
their use are contained in appendi x B.

PROSWAT DATA

CARD SORT ANALYSES.

The quantitative interpretation of PROSWAT ratings is based on an
analysis of a prelimnary card sorting task which is used to determ ne
the way in which subjects conmbine the three dinensions of the scale to
produce an overall concept of workl oad. In the current study, this task
was conpleted by all eight test controllers prior to training and testing
in the Data Link test bed.

Conmputer analysis of the card sorts revealed only nopderate agreenent
anong card orderings (W 74). In PROSWAT, such a result makes it
undesirable to use single scale solution for all subjects in a sanple.
As a consequence, the SWAT prototyping algorithms were enployed to

identify subgroups of subjects who produced simlar card sorts. Thi s
algorithm classified three subject sorts in the tine prototype, two in
the effort prototype and three in the stress prototype. Cl assification

within a prototype group indicates that the subject weighed the
associ ated factor nore strongly than the others when performng the sort.

Anal ysis of the agreenment anong subjects within the prototype subgroups
showed that all three were acceptable (tinme, r=.90; effort, r=.89;
stress, r=.90). Therefore, separate scaling solutions were conputed for
the three prototype groups wusing the SWAT conjoint nmeasurenent and
scaling progranms. The resulting tables relating tinme, effort, and stress
ratings to interval scale values were used to score the PROSWAT ratings
of individual subjects classified in those groups. Table E-|I presents
the card orderings for each subject along with the mapping of scale
val ues assigned to the prototype groups.

The statistical analyses which follow were perfornmed on PROSWAT scores
transformed fromthe ordinal ratings using the prototype scaling solution
identified for each subject. In each case, one to three ratings on the



three dinmensions were interpreted by referring to the appropriate
subgroup scale which ranged fromO (| ow workload) to 100 (high workl oad).
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TABLE E-1. PROSWAT CARD SCRTS AND PROTOTYPE SCALE VALUES

Subject Time Subject Effort Subject Stress
Card Sort Proto. Sort Proto. Sort Proto.

Es. 1 2 3 2 8 5 6 7

11 1 1 1 0.0 1 1 0.0 1 1 1 0.0
12 2 2 4 8.7 4 2 11.9 8 7 2 28.2
13 11 3 5 23.4 13 3 26.6 17 16 5 51.8
21 5 4 2 11.3 7 10 29. 4 3 5 6 14.8
2 2 7 5 10 19.9 10 11 41. 2 14 14 14 43.1
2 3 8 7 11 34.6 22 12 55.9 22 18 15 66.6
31 6 5 6 21.7 16 19 58. 8 5 6 7 23.1
32 9 8 12 30.4 19 20 70.6 16 17 16 51.3
33 14 9 22 45.1 25 21 85. 3 25 20 17 74.8
11 3 10 3 23.7 2 4 7.3 2 2 3 13.9
12 4 11 9 32.4 5 5 19.2 9 12 4 42. 2
13 16 14 14 47.1 14 6 33.9 18 13 12 65.7
21 12 12 7 35.0 8 13 36.7 4 3 8 28.8
2 2 15 15 13 43.7 11 14 48. 6 10 15 21 57.0
2 3 19 16 23 58.4 23 15 63.3 23 26 24 80.6
31 13 13 8 45.5 17 22 66. 1 12 8 19 37.0
32 10 17 21 54.1 20 23 78.0 20 24 20 65.2
33 25 18 25 68.8 26 24 92.7 26 21 25 88.8
11 20 19 15 54.9 3 7 14. 7 6 4 10 25.2
12 21 20 18 63.6 6 8 26.6 11 11 9 53. 4
13 22 21 20 78.3 15 9 41. 2 19 25 23 76.9
21 17 22 16 66.1 9 16 44.0 7 10 13 40.0
2 2 24 23 19 74.8 12 17 55.9 15 22 18 68.2
2 3 23 24 26 89.5 24 18 70.6 24 23 26 91.8
31 18 25 17 76.6 18 25 73. 4 13 9 11 48.2
32 26 26 24 85.3 21 26 85. 3 21 19 22 76.5
33 27 27 27 100.0 27 27 100.0 27 27 27 100.0



OVERALL ANALYSES OF VARI ANCE.

The PROSWAT scores contributed by each subject under each test option
are shown in table E-2.

Because of the interval scale properties of the transfornmed PROSWAT
ratings, these data were analyzed using standard ©paranetric
statistical techniques. In order to determ ne whether any of the
test options produced significant variations in perceived workload

single factor, repeated neasures anal yses of variance were perforned
on the PROSWAT scores across the eight experinmental conditions.
I ndi vi dual analyses were performed for the altitude confirmtion,
transfer of communi cati ons, and Al MS servi ces.

Results of these analyses revealed that projected workload was
significantly affected by the test options for each of the services

(altitude confirmation, F(7,49)=9. 26, p<. 0001; transfer of
communi cations, F(7,49)=3.98, p<.001l; EMSAW F(7,49)=5.12, p<.0003).
Based on the significance of these findings, individual post hoc

anal yses were perforned using the Student's t statistic in order to
assess the inmpact of the individual display and procedural factors on
control |l er workl oad.

DATA LI NK TRANSACTI ON DI SPLAY LOCATI ON.

Mean PROSWAT scores derived from conparabl e procedural conditions in
which the Plan View Display (PVD) Ilist display and the Conputer
Readout Display (CRD) list display were used are presented in figure
E-1. As shown in the figure, while no difference was obvi ous between
the displays for AIMS, the PVD list received |ower projected nean
wor kl oad scores than the CRD list in the altitude confirmtion and
transfer of communications tasks. However, t test conparisons of
these scores revealed no statistically significant differences in
perceived workload between the PVD and CRD displays either for
altitude confirmation (t(7)=1.52, p=.17) or for transfer of
comruni cations (t(7)=.99, p=.35).

MANUAL VS. AUTOVATI C CONTRCL.

Unlike the statistically weak inpact of display |ocation, strong
effects on PROSWAT workl oad were obtained for manual and automatic
control options. Figure E-2 presents the nmean workload scores
obtained for the manual and automatic options in each of the tested
servi ces. The manual neans were cal culated by conputing an average
PROSWAT score for each subject across the three test conditions which
requi red manual designation of the relevant data in the list display
and an entry to release the wuplink (manual/pilot response/PVD,
manual /pil ot response/CRD, and nmanual/no pilot response). The
automatic neans were calculated in the same way for the three
conditions in which the uplink was achieved automatically follow ng
normal entry of the transfer of control data to the NAS, entry of an
altitude anendnent, or detection of an AIM5S event (automatic/pil ot
response, aut omati c/ no pi | ot response, and aut omati c/ pil ot
response/ no voice).



As shown in figure E-2, workload was higher in the manual conditions
than in the automatic conditions for all three services. Statistical
conparisons confirmed the significance of all three differences
(altitude confirmation, t(7)=3.74, p<.0l; transfer of comunicati ons,
t(7)=2.66, p<.015; EMSAW t(7)=3.24, p<.0l).

TABLE E-2. PROSWAT SCORES AND PROTOTYPE SCALE VALUES

Test Options

Al titude Confirmation

1 2 3 4 5 6 7
Subj ect
1 35.0 85. 3 66. 1 35.0 35.0 11.3 11.3
2 7.3 7.3 7.3 7.3 7.3 7.3 0.0
3 66. 1 66. 1 23.7 0.0 0.0 0.0 0.0
4 32.4 74. 8 74. 8 11. 3 8.7 0.0 0.0
5 68. 2 68. 2 68. 2 57.0 57.0 57.0 14. 8
6 40.0 40.0 40.0 0.0 0.0 0.0 00
7 28.8 28.8 37.0 28.8 28.8 0.0 13.9
8 36.7 36.7 36.7 29.4 41. 2 0.0 0.0
Transfer O Conmuni cati ons
1 23. 7 23.7 35.0 35.0 35.0 23.7 0.0
2 7.3 7.3 7.3 7.3 7.3 7.3 0.0
3 66. 1 66. 1 23.7 0.0 0.0 0.0 0.0
4 0.0 66. 1 66. 1 0.0 0.0 0.0 19.9
5 68. 2 68. 2 40.0 13.9 68. 2 57.0 0.0
6 25.2 25.2 25.2 13.9 13.9 0.0 0.0
7 28.8 28.8 28.8 28.8 14. 8 13.9 13.9
8 7.3 7.3 41. 2 0.0 0.0 0.0 0.0
ENMSAW
1 19.9 19.9 19.9 19.9 19.9 8.7 0.0
2 7.3 7.3 7.3 7.3 7.3 7.3 0.0
3 66. 1 35.0 0.0 0.0 0.0 0.0 0.0
4 43. 7 74. 8 74. 8 19.9 19.9 8.7 19.9
5 25.2 25.2 25.2 13.9 0.0 13.9 0.0
6 66. 6 66. 6 66. 6 66. 6 66. 6 0.0 0.0
7 0.0 0.0 14. 8 0.0 0.0 0.0 0.0
8 41. 2 41. 2 41. 2 41. 2 11.9 0.0 0.0

Test Option Key

Manual / Pi | ot Response/ Voi ce PVD
Manual / Pi | ot Response/ Voi ce/ CRD
Manual / No Pi |l ot Response/ Voi ce
Aut omatic/ Pil ot Response/ Voi ce

PwhE



5. Automatic/No Pil ot Response/ Voice
6. Automatic/Pilot Response/no Voice
7. Modified Systenm Pil ot Response/ No Voi ce
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VO CE

Figure E-3 presents the effect on workload of the presence or absence of
voi ce comruni cations between the <controller and pilot which were
redundant with a nessage delivered via Data Link. The PROSWAT scores for
the voice condition were conputed by calculating nmean scores for the two
automatic conditions in which redundant voice was included (with pilot

response and without). The no voice neans were based on the scores
obtained in the automatic/pilot response/no voice condition and in the
revised system tested on Day 2 w thout voice. As shown in figure E-3,
mean wor kl oad scores were lower in the no voice condition than for the
voice condition for all three services. Statistical tests of the
significance of these differences revealed a significant effect for the
altitude confirmation service (t(7)=3.16, p<. 05) and mar gi nal | y

significant effects for transfer of conmunications and EMSAW (t(7)=1.77,
[>.10 and t(7)=1.82, p<.10, respectively).

Pl LOT RESPONSE

A third conbined conparison was performed to assess the effect of
requiring the controller to monitor for a downlinked pilot confirmtion
of a received nessage. In all cases, these conparisons were nade under
voice conditions in which the data l|inked pilot response would be
redundant with voice radi o comruni cati ons. The nean workload ratings for
each service under both nmanual and automatic conditions are presented
bel ow

Pi | ot No
Response Response

Al titude Manual 39.31 44,22
Confirmation

Aut o 21.10 22.25
Transfer of Manual 28. 33 33. 39
Communi cati ons

Aut o 12. 36 17. 40
EMSAW Manual 33.75 31. 23

Aut o 21.10 15.70
As the illustration shows, no large or consistent differences in
percei ved workload were obtained as a function of the requirenent for a
pil ot response either in the nmanual or the automatic conditions. The

test conparisons between all pilot response and no response conditions
detected no statistically significant differences between the neans
(p>.15 in all cases).

MODI FI ED SYSTEM COVPARI SONS.

A final group of statistical comparisons were performed to assess the
significance of the reduction in workload produced by the nodified system
tested on Day 2 to the conditions evaluated on the first day of testing.
The nean workload score obtained for the nodified system was 5.00 for



altitude confirmation, 4.23 for transfer of comunications, and 2.49 for
EMSAW  These scores were significantly |ower than the manual options for
all services

E-7

MEAN PROSWAT SCORE
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ALTITUDE TRANSFER OF EMSAW
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(p<.05). In addition, projected workload on the nodified system was
significantly reduced in comparison to two of the three automatic options
for altitude <confirmation (p<.02). No statistically significant
differences in workload were detected between the automatic/no voice
options and the nodified systens for any of the services.

PREFERENCE/ ACCEPTABI LI TY DATA

The preference/acceptability ratings produced by all subjects under each
test option are shown in table E-3.

OVERALL ANALYSES OF VARI ANCE

Because of the ordinal characteristics of the ratings obtained on the
preference/ acceptability scale, the results were analyzed usi ng
nonparametric statistical tests of significance. Overall analyses to
determne the significance of variations in preference produced by the
test options were performed using the Friednman Two-Way Analysis of
Variance by Ranks. Unacceptable ratings were assigned a value of "8" for
these analyses in order to include scores from all subjects under each
test option.

Significant variation in test option preferences were detected for
altitude confirmation (chi square (6) = 26.03, p<.001), and EMSAW (chi
square (6) = 24.18, p<.0d). However, no significant differences in
option preferences were detected for the transfer of conmunications task
(chi square (6) = 7.0, p>.4).

The primary reason for the failure of the transfer of comrunications task
preference ratings to reach statistical significance was the preponderance of
unaccept abl e ratings obtai ned under these conditions. VWhile the altitude
confirmati on and EMSAW test options each received only one unacceptabl e
rati ng out of 56 ratings per service, the transfer of communicati ons options
were rated unacceptable in 11 cases. These ratings were produced by four
different subjects and were not consistently associated with any particul ar
procedural or display condition.

Evaluation of controller comments indicated that these unacceptable
ratings were attributable to the fact that the original Day 1 test
options all required the receiving controller to uplink the new radio
frequency to the pilot. Since this is contrary to current ATC
operational procedures, a nunber of controllers assigned |ow preference
or unacceptable ratings to all of the options, disregarding the focal

test paraneters. This interpretation is supported by inspection of the
transfer of comrunications preference ratings obtained for the nodified
system on Day 2 of testing. In this option, where the frequency change

was under the control of the transferring controller, no unacceptable
ratings were assigned and preference ratings were significantly |ower
than those for any of the other test options (p<.0l1, WIcoxon test).

Based on the general significance of the overall analyses, individual
nonparametric conparisons anmpng test conditions were performed using
Wl coxon's Matched Pairs Signed Ranks test in order to evaluate the
effects on controller preference of the individual display and procedural
opti ons.






TABLE E-3. PREFERENCE/ ACCEPTABI LI TY RATI NGS

Test Options

Altitude Confirmation

1 2 3 4 5 6 7
Subj ect
1 5 5 2 2 1 2 2
2 7 7 6 5 5 3 2
3 7 7 5 3 5
4 4 7 7 2 u 2 2
5 7 7 5 4 5 4 2
6 1 7 4 4 3 3 7
7 5 5 3 3 3
8 5 6 6 3 6 2 2

Transfer of Conmmuni cati ons

1 5 4 3 2 1 2

2 7 7 6 5 5 3 2

3 u 7 7 3 5

4 2 7 7 2 u 2 3

5 u u u 6 6 4 2

6 u u u u u u

7 6 5 5 5 4 2 2

8 4 5 5 3 5 2 2
EMSAW

1 6 5 3 2 3 3

2 7 7 6 5 5 3 2

3 4 7 4 3 5

4 4 7 7 1 u 1 7

5 7 7 7 5 7 6 5

6 1 4 4

7 6 6 5 6 6 4 6

8 4 5 5 2 5 2 2

NOTE: Conpletely unacceptable ratings are indicated by "u.
Preference ratings range from21 "highly preferred"” to 7 "acceptabl e but
not preferred.”

E- 10



DATA LI NK TRANSACTI ON DI SPLAY LOCATI ON.

Figure E-4 shows the median preference ratings obtained for the
conparable test conditions in which the PVD and CRD |ists were used. I n

general agreenent wth the workload data, these preference ratings

indicate that the PVD |ist was preferred over the CRD list for all three
tested services. Statistical conparisons confirnmed the significance of

this preference for both altitude confirmation (T=0, p<.01) and EMSAW
(T=4.5, p<.05). Put in p level for Transfer of Control.

MANUAL VS. AUTOVATI C CONTROL.

Controller workload and preference ratings were also closely correlated
for the conparison between the manual and automatic control options.
Figure E-5 presents the nmedian preference ratings obtained for the three
test options involving nmanual selection and initiation of uplinks and for

those which include automatic uplinks. All three services were nore
highly preferred when conducted in the automatic nopdes than when
performed nmanually (altitude confirmation, T=0, p<.0l; transfer of

communi cations, T=0, (N=7), P<.02; EMSAW T=0, (N=7), p<.02).

VO CE

Figure E-6 presents the mnedian preference ratings conputed for the
automatic node conditions in which redundant voice conmmunications were
present and for those in which Data Link conmunications were the only
form of data transfer between the controller and the pilot. As shown in
the figure, controller preference ratings were consistently higher in the
no voi ce options. This was confirmed in statistical conparisons for all
three ATC services (altitude confirmation, T=3.5, p<.05; transfer of
control, T=0, p<.01; EMSAW T=0, p<.01; EMSAW T=0 (N=7), p<.02).

Pl LOT RESPONSE

A conparison of controller preferences for requiring a pilot confirmation
downlink is presented in the foll ow ng median rati ngs:

Pi | ot No
Response Response
Al titude Manual 5 5
Confirmation
Aut o 3 4
Tr ansfer of Manual 4.5 5.5
Conmuni cati ons
Aut o 3 5
EMSAW Manual 5 5
Aut o 2.5 5

As shown above, the subject controllers appeared to have a slight
preference for requiring a pilot response via Data Link in conditions



where the response would be redundant with a voice communications.

However HIGHLY tical conparisons
PREFERRED
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reveal ed no significant differences between the conditions except for the
automatic version of the EMSAW service (T=0, p<.01) which favored the
pi |l ot response.

Both the workload data and the preference data presented above for the
pil ot response factor yielded equivocal results. However, when viewed in
light of the clearly superior preferences elicited for the no voice
conditions, these data suggest that the positive inpact of pilot
confirmation via Data Link emerges nost strongly when redundant voice
radio calls are elimnated.

MODI FI ED SYSTEM COVPARI SONS.

The nodified systemtested on Day 2 was nore highly preferred than any of
the other options tested in the mni study. The nedian preference scores
for all three services in this version was 2.0. In conparison, nedian
preference scores for the manual options ranged from4.5 to 7.0, and for
the automatic options from 2.5 to 5.0. The only nedian preference rating
whi ch equal ed those obtained for the nodified system was that elicited
under the automatic/no voice condition for altitude confirmation.

PREFERENCE/ ACCEPTABI LI TY COMVENTS

Followng each rating on the preference/acceptability scale, t he
controller subjects were asked to wite brief conmments explaining the
rati onal e underlying their ratings. These comrents are summarized bel ow
for each test option. Substantially simlar coments obtained from
different controller subjects were classified as a single conment. Al |
cases are annotated to show the nunber of controllers contributing the
comment .

OPTION 1 - MANUAL CONTROL/ PI LOT RESPONSE REQUI RED/ PVD DI SPLAY.

Five subjects indicated that the data entry requirenments of this option
wer e excessive.

Two controllers noted that the procedure wused in the transfer of
communi cati ons service was inappropriate. All transfer of conmunication
tasks are the responsibility of the transferring controller. Thus, the
receiving controller should not initiate the uplink of the frequency
change.

Two subjects felt that the list display would be difficult to interpret
when several Data Link services were displayed sinultaneously.

One controller indicated that a list type display would distract the
controller's attention from his observation of the central radar track
dat a.

One controller was concerned about TIMEOUT and UNABLE responses. He felt
that these were not valid pilot response options to a positive control
upl i nk.

One controller noted that this option would permt inadvertent deletion
of a status line fromthe list before the pilot response was received.
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OPTION 2 - MANUAL CONTROL/ PI LOT RESPONSE REQUI RED/ CRD DI SPLAY.

All eight subjects indicated the PVD display was superior to the CRD
option presented in this condition. The reasons given for this
preference were that observing the CRD would distract the controller's
attention from the primary PVD display (four subjects), and that use of
the CRD would make it unavailable or too congested for display of beacon
codes (two subjects).

No additional comments regarding the manual/pilot response option were
elicited during this test condition.

Because of the unani nbus agreenent anong subjects regarding the display
option, all succeeding testing was conducted using the PVD for display of
the Date Link transaction list.

OPTION 3 - MANUAL CONTROL/ NO PI LOT RESPONSE.

One controller indicated that data entries appeared to be reduced under
this option in conparison to Option 2. However, two subjects noted that
the data entries were still excessive.

One controller felt that this option was an inprovenent over the "pil ot
response required" options because it elimnated the need to nmonitor for
a WLCO response. However, two controllers indicated a concern over a
procedure which did not have a mndatory requirenment for pilot
acknow edgnent .

OPTION 4 - AUTOVATI C CONTROL/ PI LOT RESPONSE REQUI RED

Six controllers explicitly indicated that the automatic nopde was better
than the manual nopdes tested in the previous conditions. No subjects
rejected the automatic node. However, two subjects felt that it could be
a safety hazard under sone conditions and expressed a desire for a one-
key nessage release input for wuplink of an automatically prepared
nmessage.

Reasons given for preference of the automatic node were the reduction in
data entry requirenents and the increased speed with which traffic would be
wor ked.

Continued concern was also expressed over the assignnent of controller
responsibilities in the transfer of comrunications procedure (one
subj ect) .

One subject indicated that the nessage transaction status infornmation
shoul d be displayed in the data bl ock on the PVD.

OPTION 5 - AUTOVATI C CONTROL/ NO PI LOT RESPONSE

Equi vocal coments were elicited regarding this second test of a no pilot
response node. O the four subjects who provided coments, two indicated
that they would accept this nmde and tw argued that the lack of
acknow edgment woul d create confusion and anxi ety about the agreenment between
data transmitted and the pilot's awareness of the transm ssion. The absence
of a strong opinion on this question was probably due to the fact that
Options 1 through 5 were redundant with voice radi o conmuni cati ons and verba
pi | ot acknow edgnent.




A second subject indicated a preference for displaying Data Link
transaction data in the aircraft data block (see Option 4).
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OPTION 6 - AUTOVATI C/ PI LOT RESPONSE REQUI RED/ NO VO CE.

O the five controllers who comented on this option, all subjects agreed
that the no voice condition was ideal with reservations. Two subj ects
noted that voice comunications nust remai n avail abl e as a backup.

O her coments from individuals regarding the automatic node and no voice
options included the foll ow ng:

1. Data entries for deleting list Iines should be reduced.

2. Controller should retain control over when uplink is sent (inhibit
function).

3. Dat a bl ock display of Data Link transaction status is preferred.

4. Transfer of comrunications mnust be under control of transferring

controller.

OPTION 7 - NEW SYSTEM (DAY 2)/ NO VO CE.

The inproved system nodified to specifications suggested by controllers
during the Day 1 group debriefing, was preferred by all controllers who
provi ded comments. Reasons for this preference included: (1) reduced key
actions, (2) sinplified nessage deletion from transaction list, and (3)
i nproved transfer of comruni cati ons procedure.

Suggested further inprovenents to increase preference included:

1. El i m nate problem of reading and nonitoring long transaction |ist by
presenting status of Data Link action in full data bl ock.

2. Add capability to inhibit uplink of data. One subject described a
nor e sophisticated version of this nessage send control function in which
single character commands could be used to send data only to the NAS,
send data entered earlier to the aircraft, or send data to both the NAS
and the aircraft sinultaneously.
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APPENDI X F

ANALYSI S OF WRAP- UP QUESTI ONNAI RE DATA



A Wap-Up Questionnaire was given to the Dallas/Fort Wrth controllers during
the final debriefing on Day 2 of testing. A copy of the questionnaire is
contained in appendix C. This appendi x docunents the statistical treatnent
and results. Computations were done using a spreadsheet on an | BM PC XT.

The questionnaire was conprised mainly of 7-level rating scales and free
narrative comrent questions. The nunerical values and verbal |[|abels
attached to the 7-level rating scal es questions were:

Very ood,

Good,

Slightly Good,

Fair (center scale),
Slightly Poor,

Poor, and

Very Poor.

PNWAhOOON
(IO O | | I | I A I B

These values were wused for the <conputation of the rating scale
statistical results. Narrative comments for all questions were compiled
and are attached herein. Al so, a frequency count of controllers meking
simlar witten coments is attached.

RATI NG SCALE ANALYSI S.

Table F-1 shows the resulting descriptive and inferential statistics for
the 24 itens rated using the 7-level rating scale. ltens 1, ba-c, 6a-e,

8a-b, and 9a-1 in this table are arranged in the sanme order as they
appeared in the questionnaire. Means and variation about the nmeans were
conputed for each of the itens. A grand nean across subjects and itens
was conputed for the entire questionnaire. Student's t scores were
conputed for the deviation of the means from center scale (4) and from
the grand nean. Table F-2 shows the sane results as tabl e E-1, but
with the itens presented in order of the magnitude of the t score
conputed relative to the grand nean. A 95-percent confidence interva

about each item mean was also conputed. Notes at the bottom of the
tabl es give a brief explanation of the neaning of the table headings.

The t score relative to center scale indicates whether that nean rating
is significantly above or below fair. The t score relative to the grand
mean indicates whether the mean rating is significantly above or bel ow
the nmean of all scores, which was conputed to be 5.77 (between slightly
good and good). The grand nmean thus falls approximately in the m ddle of
the group of item nmeans. Ranking of the t scores relative to each other
such as in table F-2, makes conparison easier. These ranks are given in
the results bel ow

The following results, using a 95-percent probability criterion (p=.05)
for significance, were obtained. The grand nean was significantly higher
than center scale, indicating that the distribution of all judgnents was
significantly favorable to Data Link (i.e., to the good side of center
scale). O the 24 itens rated, 18 were rated good (significantly higher
than fair), 6 were rated fair (did not differ significantly from fair),
and none were rated poor (significantly lower than fair). Consi deri ng
the nature of the questionnaire itens, this shows an overwhel m ng
acceptance of the Data Link concept.
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TABLE F-1. ANALYSIS OF WRAP UP QUESTI ONNAI RE FOR DATALI NK M NI STUDY I N QUESTI ON ORDER
Statistical Results Presented in Questionnaire Oder

N MEAN t.05 VAR SDn-1 SE RANGE.O5 tcs tgm Scs Sgm # Questionnaire |tem

9 5.78 2.31 0.84 0.97 0.32 5.03 6.52 5.49 0.03 0.05 NA 1. Realism
7 5.71 2.45 1.63 1.38 0.52 4.44 6.99 3.29 -0.10 0.05 NA  5a. SWAT separation of workl oads
5 5.80 2.78 0.96 1.10 0.49 4.44 7.16 3.67 0.07 0.05 NA  5b. I ndependence of SWAT di mensi ons
10 6. 70 2.26 0.21 0.48 0.156.35 7.05 17.68 6.11 0.05 0. 05 8a. Using best altitude confirmation nethod
10 6. 80 2.26 0.16 0.42 0.13 6.50 7.10 21.00 7.75 0.05 0.05 8b. Using best transfer of control method
10 4.90 2.26 6.29 2.64 0.84 3.01 6.79 1.08 -1.04 NA NA  8c. Using best EMSAW net hod
10 6. 60 2.26 0.24 0.52 0.16 6.23 6.97 15.92 5.10 0.05 0.05 9a. Projected system capacity
10 6. 20 2.26 0.96 1.03 0.335.46 6.94 6.74 1.33 0.05 NA  9b. Projected ability to "keep the picture"”
10 5.40 2.26 3.84 2.07 0.65 3.92 6.88 2.14 -0.56 NA NA  9c. Projected weather handling
10 5. 80 2.26 1.36 1.23 0.39 4.92 6.68 4.63 0.09 0.05 NA 9d. Projected R-D controller coordination
10 5. 90 2.26 1.29 1.20 0.38 5.04 6.76 5.02 0.35 0.05 NA  9e. Projected sector interphone

coor di nati on
9 6.56 2.31 0.47 0.73 0.24 6.00 7.11 10.55 3.26 0.05 0.05 9f. Projected pilot-controller

conmuni cati ons
10 4.90 2.26 2.09 1.52 0.48 3.81 5.99 1.87 -1.80 NA NA 99. Projected AIC conflicts
95 22 2.31 1.95 1.48 0.49 4.08 6.36 2.48 -1.10 0.05 NA  9h. Projected flight strip marking/handling
8 5 50 2.37 1.50 1.31 0.46 4.41 6.59 3.24 -0.58 0.05 NA 9i. Status board info handling
9 6.33 2.31 1.56 1.32 0.44 5.32 7.35 5.29 1.28 0.05 NA 9j. Projected overall efficiency (speed)
10 6.40 2.26 0.84 0.97 0.315.71 7.09 7.86 2.07 0.05 NA 9k. Projected overall safety
10 6. 70 2.26 0.21 0.48 0.156.35 7.05 17.68 6.11 0.05 0.05 9l. Projected overall controller workload
223 5.77 1.96 2.37 1.54 0.10 5.56 5.97 17.11 0.00 0.05 NA GRAND MEAN
NOTES:

N = Nunber of controllers responding to the questionnaire item
MEAN = The average itemrating across all the responding controllers. General meanings of scale values are: 1
= VERY POOR, 4 = FAIR, 7 = VERY GOCD.

t.05 = 5% significance t score levels with degrees of freedom= N 1.

VAR = Variance of the controllers ratings about the items MEAN rating.

SDn-1 = Corrected standard devi ation computed fromthe variance.

SE = Standard Error of the MEAN, expected variability about the MEAN if the study were repeated several tines

under the same conditions.
RANGE .05 = 5% confidence interval centered about the MEAN within which, if the study were repeated several
ti mes, the new neans should fall 95 X of the tine.

RANGE .05 left columm = Low limt of the range. Any lower value is significantly bel ow the MEAN. RANGE .05
right colum = H gh end of the range. Any higher value is significantly above the
MEAN. tcs, tgm= Two-tailed Student's t tests to determ ne whether the MEAN
deviates significantly from (falls above or below) a criterion val ue.

t test in which the criterion value is Center Scale (FAIR = 4.0).

t test in which the criterion value is the GRAND MEAN over all itens.

tcs
tgm



Scs, Sgm = Significance levels (p < .05) for the items' t scores. .05 = "better than" the criterion val ue,
-.05 =
"worse than" the criterion value, NA = Not significantly different fromthe criterion val ue.
F-2
TABLE F-2. ANALYSI S OF WRAP UP QUESTI ONNAI RE DATA LINK M NI - STUDY | N RANKED ORDER

Statistical Results Presented in Oder O t Score Relative to the Gand Mean (tgn

N MEAN t.05 VAR SDn-1 SE  RANGE. 05 tcs tgm Scs Sgm # Questionnaire Item

10 6.80 2.26 0.16 0.42 0.13 6.50 7.10 21.00 7.75 0.05 0.05 8b. Using best transfer of control nethod
10 6.70 2.26 0.21 0.48 0.15 6.35 7.05 17.68 6.11 0.05 0.05 8a. Using best altitude confirmation method
10 6.70 2.26 0.21 0.48 0.15 6.35 7.05 17.68 6.11 0.05 0.05 9l. Projected overall controller workl oad
10 6.80 2.26 0.36 0.63 0.20 6.35 7.25 14.00 5.17 0.05 0.05 6a. Autonatic node for field use

10 6.60 2.26 0.24 0.52 0.16 6.23 6.97 15.92 5.10 0.05 0.05 9a. Projected system capacity

10 6.50 2.26 0.45 0.71 0.22 5.99 7.01 11.18 3.28 0.05 0.05 6d. PVD display for field use

9 6.56 2.31 0.47 0.73 0.24 6.00 7.11 10.55 3.26 0.05 0.05 9f. Projected pilot-controller conmunications
10 6.40 2.26 0.84 0.97 0.31 5.71 7.09 7.86 2.07 0.05 NA 9k. Projected overall safety

10 6.20 2.26 0.96 1.03 0.33 5.46 6.94 6.74 1.33 0.05 NA 9b. Projected ability to "keep the picture"
96.33 2.31 1.56 1.32 0.44 5.32 7.35 5.29 1.28 0.05 NA 9j. Projected overall efficiency (speed)

10 5.90 2.26 1.29 1.20 0.38 5.04 6.76 5.02 0.35 0.05 NA 9e. Projected sector interphone coordination
10 5.80 2.26 1.36 1.23 0.39 4.92 6.68 4.63 0.09 0.05 NA 9d. Projected R-D control |l er coordination
5580 2.78 0.96 1.10 0.49 4.44 7.16 3.67 0.07 0.05 NA 5b. I ndependence of SWAT di nensi ons

9578 2.31 0.84 0.97 0.32 5.036.52 5.49 0.03 0.05 NA 1. Realism

223 5.77 1.96 2.37 1.54 0.10 5.56 5.97 17.11 0.00 0.05 NA GRAND MEAN

7571 2.45 1.63 1.38 0.52 4.44 6.99 3.29 -0.10 0.05 NA 5a. SWAT separation of workl oads

10 5 40 2.26 3.84 2.07 0.65 3.92 6.88 2.14 -0.56 NA NA 9c. Projected weat her handling

8 550 2.37 1.50 1.31 0.46 4.41 6.59 3.24 -0.58 0.05 NA 9i. Status board info handling

10 4.90 2.26 6.29 2.64 0.84 3.016.79 1.08 -1.04 NA NA 8c. Using best EMSAW net hod

9522 2.31 1.95 1.48 0.49 4.08 6.36 2.48 -1.10 0.05 NA 9h. Projected flight strip marking/handling
7514 2.45 0.98 1.07 0.40 4.15 6.13 2.83 -1.54 0.05 NA 5c. Effectiveness as ATC Workl oad neasure
10 4.90 2.26 2.09 1.52 0.48 3.81 5.99 1.87 -1.80 NA NA 6e. Response tinme for field use

10 4.90 2.26 2.09 1.52 0.48 3.81 5.99 1.87 -1.80 NA NA 9g. Projected AAC conflicts

10 4.60 2.26 2.64 1.71 0.54 3.37 5.83 1.11 -2.15 NA NA 6b. Manual node for field use

10 3.10 2.26 3.89 2.08 0.66 1.61 4.5 -1.37 -4.06 NA -0.05 6¢c. RCRD display for field use

NOTES:

N = Nunber of controllers responding to the questionnaire item

MEAN = The average itemrating across all the responding controllers. General meanings of scale values are: 1
= VERY POOR, 4 = FAIR, 7 = VERY GOCD.

t.Cb = 5%significance t score levels with degrees of freedom= N1

VAR = Variance of the controllers ratings about the items MEAN rating.

SDn-1 = Corrected standard devi ation computed fromthe variance.

SE = Standard Error of the MEAN, expected variability about the MEAN if the study were repeated several tines

under the same conditions.

RANGE .05 = 5% confidence interval centered about the MEAN within which, if the study were repeated severa

times, the new neans should fall 95 %of the tine.



RANGE .05 left colum = Low limt of the range. Any lower value is significantly bel ow the MEAN. RANGE .05
right colum = H gh end of the range. Any higher value is significantly above the
MEAN. tcs, tgm= Two-tailed Student's t tests to determ ne whether the MEAN
deviates significantly from (falls above or below a criterion val ue.

tcs =t test in which the criterion value is Center Scale (FAIR = 4.0). tgm=1t test in which the criterion

value is the Gand Mean over all itens.
Scs, Sgm = Significance levels (p < .05) for the items' t scores. .05 = "better than" the criterion value, -
.05 = “worse than" the criterion value, NA = Not significantly different fromthe criterion val ue.



Relating the item nmeans to the grand nean in table F-2 finds seven itens
rated significantly higher than the grand mean, with one so close to the
cutoff that it's also included. These eight itens are ranked according
to the magnitude of the t score relative to the grand nmean (tgn) score
(first itemis highest rated). they are:

Rank No. I tem ( Par aphr ased)

1 8b Proj ected performance using best transfer of
conmmuni cati on net hod.

2 8a Proj ected performance using best altitude confirmation
met hod.

3 91 Projected overall controller workload, 4-6a. Automatic

nmode for field use, 5-9a. Projected system capacity,
6-6d. PVD display for field use.

7 of Projected pilot-controller conmunications.

8 9k Projected overall safety.

One of the itens is rated significantly below the grand nean and one is
so close to cutoff that it is included below (the last is the worst):

Rank No. Item ( Par aphr ased)
23 6b Manual node for field use.
24 6¢C RCRD display for field use.

The use of a ranking based on the tgm makes possible determ nation of
which itens are so nuch above or so nuch below the grand nean as to be
not abl e. Above are shown the 10 notable itens out of the total of 24
itens anal yzed.

QUESTI ON BY QUESTI ON RESULTS.

Question 1 asked for a rating of the simulation realism The resultant
mean rating is significantly better than fair. Thus, realism is judged
good. It is not significantly different fromthe grand nean, with a rank
= 14.

Question 2 shows suggested inprovenents for realism Fi ve suggesti ons
are made. These are in the narrative comments section attached.

Question 3 asks for docunentation of system malfunctions. Three are
menti oned. These are in the narrative coments section attached.

Question 4 asks for training suggestions. Three are |isted. These are
found in the narrative conmments section.

Question 5 asked for an evaluation of SWAT. All three itens on SWAT were
rated significantly higher than center scale, neaning they were judged
good. None was significantly different fromthe grand nmean. The hi ghest

SWAT aspect was independence of SWAT dinensions (rank = 13), and the
| onest was effectiveness as ATC workl oad neasure (rank = 20). It should
be noted that vertical lines were omtted from the scale inadvertently,

| eading to several msinterpretations and entry oni ssions.



Question 6 asked for ratings of the various configurations in which Data
Li nk could be operat ed. Two were highly rated for field use: automatic
node

F-4
rank = 4) and PVD display (rank = 6). The two lowest rated for field use
wer e: manual nmode (rank = 23) and RCRD di splay (rank = 24).

Question 7 required designing the optinum features for each service.
The breakdown is given below. The asterisk (*) shows significance at the
95 percent | evel.

Control Pil ot

Mode Voi ce Voi ce Di spl ay

Manual Aut o Yes No Yes No PVC CRD
Al'titude Confirmation 1 8* 1 9* 2 8 10* O
Transfer of Conmmuni cation 1-1- 7% 1 9* 1 9* 10* O
EMSAW 15 5 4 5 4 10* O

Question 8 rated the three services envisioning usage of the optinmm Data
Li nk confi guration. O the three services, transfer of communi cati on and
altitude confirmation were rated so good they were the first and second
most highly rated of all itens rated. The EMSAW rating fell below the
grand mean (rank = 17 from the top), but not significantly so.
Neverthel ess, this indicates a relatively | ow opinion of the EMSAW service
conpared to the other two.

Question 9 asked for ratings of various aspects of the ATC operation if
optim zed Data Link were used in the field environnent. Results indicated
that all projected Data Link effects, except for weather and conflicts,
were significantly good. This includes controller workload (rank = 3),
system capacity (rank = 5), pilot-controller comrunications (rank = 7),
and overall safety (rank = 8).

Question 10 inquired about |locating gaps in the Data Link system
Narrative responses indicated no gaps that voice couldn't fill.

Question 11 asked what was |iked best about Data Link. Narrative answers
found in a latter section of this report indicate that many features were
liked. Table C-3 (appendix C) gives the frequency of controller response
to popul ar comments.

Question 12 asked what was |iked best about Data Link. The answers are
in the narrative comments section.

Question 13 asked for projected future uses of Data Link. There are many
comrents listed in the narrative section. The projected uses seem
unlimted.

SUMVARY
POSI TI VE FI NDI NGS.

The Dallas/Fort Wrth controllers reported that the Data Link mni study

had good realism training was adequate, and nalfunctions mninmal. They
judged that a Data Link system using the automatic node and PVD i st
display would work well in providing transfer of comrunication and
altitude confirmation for en route control. Wthout the need for

controller or pilot voice for these function, they judged that Data Link



woul d reduce voice congestion. It was considered that projected use of
such a Data Link system would have good effects on controller workl oad,
pilot-controller comuni cations, and overall ATC safety and efficiency.
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NEGATI VE FI NDI NGS

The Dallas Fort Wrth (DFW controllers rated use of manual node and the
RCRD display no worse than fair; but they were the two |owest rated
configurations of all the itens in the questionnaire. They rated the
EMSAW function nuch |ess favorably than transfer of conmmunication and
altitude confirmation. However, problems wth EVMSAW appear to be carried
over fromits NAS inplenentation in the flat |ands of Dallas/Fort 'Wrth.
This may have affected its specific Data Link inplenentation as used in
the mni study. EMSAW needs further review regarding manual versus
automatic inplementation and the necessity of controller/pilot voice.

NARRATI VE RESPONSES.

The total set of narrative responses is |listed below for the 13 questions
of the Wap-Up Questionnaire. Arbitrary nunbers from 1 to [0 were
assigned to the 10 controller subjects and are listed on the left nmargin
besi de their responses. Table F-3 shows a summary.

Question 1. (No Narrative Responses)
Question 2. How can we enhance realisnf?
2. Not wi thout speeding upthe process.
Use realistic altitudes (FL3007?), better trained pilots.

4
6. Realismis good. It would be difficult to inprove.
7 I ncrease the nunber of actions.

9

Design a more realistic map and have the aircraft actually cross the
boundari es.

10. It | ooked pretty real to ne.

Question 3. Pl ease docunent any system malfunctions that if worked as

desi gned woul d have hel ped you make a better eval uati on.

2. In sone areas we received two indications, data block and I|ist. Only
one i ndication is needed.

3. None.

4. None.

6. A small problem surfaced whereas when a TC was accepted, data would
appear in the list as HELD. This was |ater resol ved.

7. Initial services had too many keypunches.

10. None.
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Question 4. Looking back at training, any new ideas as to what training
woul d have ai ded testing?

2.
3.

7.
9.

10.

Do away with script.

Initial briefing and notebook handout were hel pful training aids. The
ability to use en route |lab was extrenely hel pful.

No.

Train renmotes or pilots longer on the techni ques of ATC, where a
script is not needed to follow along. Mre action-reaction type
training. Morerealistic.

Trai ni ng was good.
No.
Excel l ent training and back group information were provided.

None.

Question 5. Coments on SWAT.

3.
4,
6.

9.

10.

Interesting - but not fully
Good tool.

It is difficult to evaluate SWAT because | amnot famliar with the
rati ng process, however, | readily understand how | was supposed to
provide i nformati on and was able to determ ne or define the different
categories of workload. It seens very effective.

Different controllers - different workl oad.

Good.

Question 6. Please rate these Data Link aspects regarding possibility of
utilization in the field. Coments.

1.

The display node will, over time, require both RCRD and PVD, based on
type and vol unme service.

Strong preference for auto node. Manual node keystroke entries are
excessi ve and tine consum ng.

Message response tines need to be increased (decreased?) for control
functions. For noncontrol functions, tinme is OK

This may need a conbination of PVD and CRD in final form

Need vi sual indication in the data block, with the PVD Ilist avail able
al so.
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Question 7. Pl ease select the optinmum nethods for the three services.
Comrent s.

3. Both control/pilot voice will be required until we have a proven
system Even long-term voice node wll be required in certain
situations. | don't believe d/I can totally replace voice.

4. \Voi ce ability still needs to be t her e, avail abl e for

clarification/negotiation on transfer of control and altitude confirm
7. EMSAWdoes not lend itself to this program

8. As before - visual indication somehow in the aircraft's data block to
avoid extensive lists that may make it difficult to locate in a tinely
manner certain aircraft.

9. Voice control nust be available for energency situation.

10. Under present configuration, manual altitudes would be required
unl ess options were available in which the controller controlled who
t he nessage went to.

Question 8. Pl ease rate how well each service would perform at your
position if optimally configured.

1. MSPN is a questionable program
3. Still need sonme "fine-tuning" but principles are sound.
9. Response tinme faster.

10. As long as control is had on where the altitude is sent. Alt Change
-None Key P (Pilot and NAS)
None Key U (Uplink info that is entered under none key only)
None Key (NAS only).

Question 9. Using the optimm services, what would be the projected
effect of Data Link at your position on the follow ng.

1. The system nust reduce command increase the capacity.

4. Those items marked good (instead of very good) were marked that way
because of slow speed. There are instances where voice is faster. An
altitude on turn is needed quickly for safety.

7. Flight strip marking/handling does not appear to be affected by Data
Li nk under today's conditions. This also applies to status board info.

8. There are certain areas, like strips, etc., where little inpact would
happen from current procedures. There are areas |ike frequency
changes, altitudes, etc., where the Mode S would be extrenely useful
efficient, and tinely.

10. | believe that workload wll not be inpacted if the system is
i npl emented with mnimumextra entries as di scussed previously.
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Question 10. Usi ng Data Link should | eave no "gaps"” in the system bid
you see any places where gaps in positive control could occur? Also, give
any ideas as how to prevent them

1. No gaps is the primary concern, however, just as inportant is not
i ncreasi ng workl oad or add | ayers of duplicate conmands.

2. Data Link is tied into information swap by radar. This 10-second
sweep nmakes Data Link too slow for control instructions. Contro
instruction are given in priority order and need to be carried out in
t hat order. It can, however, be used as an aid in non-tine-critical
cl ear ances.

3. The matter of pilot confirmation method still needs to be fine-tuned.

4. Yes - when a pilot has a no reply - voice is then needed to find out
why.

5. Slow response to and from pilot.

6. Yes, during adverse weather conditions voice conmunications would
becone necessary, thus, there is no benefit derived fromData Link in this
ar ea. However, Data Link utilized in the other areas during these

peri ods woul d significantly enhance (reduce?) controller workl oad.
7. None are apparent at this tinme.

8. No gaps, just a "weaning" period for test purposes to get
controllers/pilots usedto having certain procedures done visually now,
rat her than verbally.

9. If the controller/pilot voice link is always maintained, the gaps
could be filled the "old way" with direct conmunication. | feel that
gaps woul d be the exception rather than the rule.

0. No.

Question 11. \What about Data Link do you |ike best and why?

1. The ability to reduce the voice conm and increase system capacity
whi | e reduci ng wor kl oad.

2. Ability to transfer data that is repeated several times by the
controller.

3. The ability to reduce frequency congestion. Provides a
backup/ al t ernate net hod of comunication with pilot.

4. Automatic function, prevents frequency congestion, hard copy
confirmation of control action.

5. The possibly of the unlimted uses that can be added to the Data
Li nk. Relief of frequency congestion.

6. Speed and reduction of controller workload (during the automatic
node) .
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7. Reduces radio congestion. This is our greatest problemin any effort
to increase vol une.

8. Ease of transferring data back and forth wi thout utilizing so nuch
frequency tinme. Very nice tool with lots of potential.

9. In automatic nmode with no pilot voice, | feel this would increase t he

system capacity. If coded routes and altitudes were able to be data

i nked, things would inprove. Each controller should be able to handle

nore aircraft.

10. Reduced phraseology - nore tine to plan, to project, to elimnate
unnecessary chit-chat. A fail-safe system a confirmation of verbal

comruni cations at first followed by the ultimte, which is a safe,
orderly, and expeditious flow of traffic with not nuch nore effort by
the controller or the Pilot.

QUESTI ON 12. \What about Data Link do you list |east and why?
2. Tinme process.

4. Speed of response.

5. EMSAW al erts being automati c.

6

The data being displayed in a list. | feel that information should
be displayed in the "data block” since this is primarily what the
controller is concentrating on.

\]

EMSAW does not appear conpatible to this programin its present form

8. Currently - no visual indicator in the actual data bl ock. | deal | y,
if infois in data block, than | see no area to dislike.

9. Response tinme, especially on EMSAW Messages nust be reduced.

10. The fact that we cannot have it now, tonorrow. This is a shane, but
it is not anyone's fault, | suppose.

QUESTI ON 13. \What future services would you like to see data |ink do?

1. Any service that wll reduce the workload on the controller:
Primarily in the area of added services WX, CA, MSAW etc. Separation
and control of aircraft and the volune of aircraft on the PVD nust be
the primry concern.

2. Data Link should first be used to give signets, chop or turb,
i nformati on, ATIS, and other general information. Al so, Data Link
could be used to downlink information |ike airspeed, nmach #, heading,
rate of clinb or descent from the cockpit to controller. Al this
would cut controller workload and frequency tinme considerably. Not
until we go to an automatic system should it be used for control
i nstructions.

3. Provide field 10 amendnments (route). Uplink speed info (IAS, Mch).
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4.

5.

6.

Weat her/ Si gnmets. Turns. Speed Control. Altineters. Data Link A/ C
speed and heading to controllers PVD. This would prevent controller
from asking pilot for speed and headi ng.

A constant readout of the cockpit data, ground speed, or nach speed,
headi ng.

All aspects of ATC, primarily to elimnate voice communication, thus

reduci ng workl oad (controller and pilot) and frequency congesti on.

7.

8.

10.

Every radi o transm ssion that can be elimnated by data |ink the better.

Headi ngs, speeds, etc. Wuld require lots of input on specific
headi ngs, specific degree turns, nmach speeds, indicated speeds, ground
speeds, etc. and how do you indicate all this in current data bl ock
i nformati on.

Coded routes and altitude assignments. Automatic frequency
assignnent tied to certain sectors. |Inhibit nessage capability.
Provide controller with aircraft's heading, indicated airspeed, nmach

speed (these itenms on request by manual entry at the control position).
| ssue radar vectors, revised route, cl earance to deviate, hol di ng
i nstructions, and approach cl earances.
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TABLE F-3. COUNT OF WRI TTEN CONTROLLER RESPONSES
TO WRAP- UP QUESTI ONNAI RE

This section shows the frequency of controller comments for Wap-Up
guestions 6 - 13. It shows the nunber of controllers that nade simlar
comrents over the course of the questionnaire. In the left margin is the
number of controllers making a particul ar comment.

Usi ng Data Link should reduce frequency congestion.
Possi bl e future service - up/downlink indicated airspeed.
Possi ble future service - up/downlink mach nunber.

Possi ble future service - downlink headi ng.

Speed of Data Link response is sonetinmes too slow.

Voi ce is a necessary backup.

Possi bl e future service - weather info (Signets, turbulence, ATIS). 3
Data Link shoul d reduce workl oad.

EMSAW i s not optim zed.

Possi bl e future service turns (vectors).

Possi bl e future service field 10 (route)anendnents.
Possi ble future service - downlink groundspeed.

Possi bl e future service coded altitude assi gnments.
Possi ble future service - automatic frequency assi gnments.
Use data block not list for Data Link display.

Data |ink can increase capacity.

Dat a Li nk provides backup communi cations (fail safe).

Many foreseen data |ink uses.

There is little inpact on flight strip handling.

Data Link display will need to use both PVD and CRD.
Speed is OK for noncontrol but not for control functions.
Possi ble future service - collision alert.

Possi bl e future service - NMSAW

Possi ble future service - general information

Possi ble future service - altineter

Possi ble future service - all aspects of ATC.

Possi bl e future service - coded routes.

Possi ble future service - inhibit nessage capability.
Possi bl e future service - clearance to deviate.

Possi ble future service - holding instructions.

Possi ble future service - approach cl earances.

Data Link increases controller speed.

Pilot confirmation nmethod needs to be fine tuned.

PRPPRPRPPRPRPRPRPRPERPRPEPNNNNNNNNNDNNLOW whoriororo ©
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APPENDI X G

FI NAL CONTRCLLER NARRATI VE COMMENTS



Following conpletion of the Wap-Up Questionnaire during the Day 2
debriefing session, the eight subject controllers and the two observer
controllers were asked to wite a narrative description of their
preferred design for the three services under evaluation. The purpose of
this exercise was to obtain unstructured, individual comentaries from
the controllers that my not have been elicited during the group
di scussions that took place during the Day 1 debriefing sessions.

The responses that were <collected during this session ranged from
specific design suggestions to general views on the utility of Data Link.
In order to sunmarize these data, sentences and paragraphs from the
i ndi vi dual responses were categorized by topic area and paraphrased to
form brief opinion statenents. Each of the statenments listed under the
topics below represents an opinion extracted from a single controller’s
narrative.

1. Ceneral Opinions About Data Link.

I support the introduction of Data Link in small, fail-safe elenents.
The three services tested here are a good start.

I like the Data Link program It will increase the nunmber of aircraft
that can be efficiently controll ed.

I am concerned about Data Link assumng primry ATC functions of
controlling aircraft heading, speed, and altitude. These nust be done in
a tinely fashion and without forcing the controller to nonitor displays

for delayed pilot response. Data Link is good, but functions should
concentrate on general information to pilots and on providing cockpit
information to controllers. Data Link nust reduce workl oad.

Data Link will inprove the ATC system Reduction of voice radio is the
only way to handle increased traffic vol une.

Overall, Data Link appears to be a trenendous enhancenent to the system
we have today. Its future uses seem|limtless. The project is very good
and hol ds much potenti al .

This will be our nethod of operation in the near future. It will be
safer and we will be able to do our job better.

2. Data Link Displays.

The PVD should present the Data Link display, this is where the
controll er keeps his attention focused.

PVD i s best.
Any Data Link display belongs on the PVD with | ocation sel ectable.
Li st belongs on the PVD for easy access by trackball.

Use a PVD displ ay.
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Transaction |ist lines should be alphabetically |abeled for
addressing by D-controller fromhis keyboard.

3. Use of the Data Bl ock.

The controllers unani mously preferred the PVD over the CRD as a location
for the Data Link transaction |ist. However, a nunber of comments were
directed toward a preference for providing information on the current
status of any transaction in the data block rather than in a |list.
Comrent s and suggestions related to this concept are listed bel ow

The list is hard to scan and interpret when |engthy. In addition,
scrolling of a long list could be problemtic. Put primary Data Link
information in the data block where the controller is focused. Suggest s
a single character denoting send (s), WLCO (w), etc., alternating wth
altitude change arrows in data bl ock.

Two di splays are needed. A list on the PVD to act as a nenu for Data
Li nk functions available, and a data block display for visual tracking of
the Data Link transaction. A PVD or CRD list could be used for other
noncritical downlinks fromaircraft.

A data block display would be best with single characters for pilot

acknow edgnment, etc. Color coding could also be used when it becones
avai |l abl e.
Put as nuch information in the data block as possible. The data bl ock

should show that the aircraft is on frequency and ready to receive Data
Li nk nessages.

The ultimte would be a data block display tinmesharing with present
informati on. Data bl ock should show pilot responses to uplinks.

Menu function m ght be useful as a PVD |ist.
4. Controller Data Entry.
M ni m ze keyboard entri es.

Automatic deletion of Ilist lines when WLCO received is great. It
reduces extra keyboard inputs.

Keep key entries to a m ni num
5. Automatic and Manual Modes.

The controllers expressed a general preference for automatic operations
in their narratives. However, in nost cases they preferred a design in
which it was possible to use a single key input either to inhibit/delay
an automatic uplink or to control the routing of the conputer input to
aircraft and the NAS by sonme other neans. The followi ng coments were
relevant to this issue:

Automatic nmode is nmore preferable except in cases where the controller
must hold off transfer of communications after the hand-off. Need an



optional inhibit input preceding nmessage to achieve this. Inhibit should
be possible by sector and aircraft.



Aut omatic node preferred with inhibit.
Want automatic with inhibit capability.
Must have "inhibit auto uplink function".

Automatic uplink on all services wth inhibit for transfer of
conmuni cati ons.

Services can be automatically initiated.

6. Voice with Data Link.

Primary benefit of Data Link will be elimnation of voice.
Voi ce shoul d be available to resol ve questi ons.

Voi ce not needed in nost cases.

Data Link can replace voice, but voice nmust always be available to back-
up Data Link.

Do not duplicate conmands. Data Link should not be redundant with voice.
7. Atitude Confirmation - Specific.

This service will require nore care than the others, it nust be flexible
and 100% rel i abl e.

Altitude confirmation display should use single character codes in the
second |line of the data block to indicate sent, received, WLCO etc.

It is essential that the controller has the latitude to determ ne routing
of messages when entered. A single character prefix to entry wuld send
altitude to NAS, or NAS and pilot, or pilot only. This would permt
assi gnnent of tenporary altitudes.

The system nust be failsafe, no fal se or erroneous uplinks.

Altitude assignnments should be adaptable by sector to permt standard
automatic altitudes.

Al titude assignment/confirmation should be a first step in Data Link. It
should be automatic wth an inhibit function for cases where the
controller wants only a data block update. Voice should be available to
deal w th unables or questions.

Use PVD displ ay. Delete status line after receipt of pilot response.
Aut omati ¢ node acceptable with voice backup. Don't use Data Link for
interimaltitude assignnent.

8. Transfer of Communications - Specific.

This service is best for early inplenentation. Could be very good in
automatic node with no voice.






Transfer of conmunications will require the inhibit uplink function.

Third line of data block could be used to display transfer of
comruni cati ons transaction status alternating with "H' synbol for hand-
off. Both transferring and receiving controllers should have a displ ay.
Make this automatic with inhibit function. No voice needed.

Can be automatic with tinme out on pilot response. Accepting controller
shoul d get a nmessage showing aircraft is on frequency. No initial pilot
voi ce check-in needed.

An alternative would be to have Data Link set up a PVD list of aircraft

that have been handed off. Using a single key entry, controller would
transfer conmmuni cati ons. Once wilcoed, the aircraft would drop off the
list.

9. EMSAW - Specific.

Fix the reliability of EMSAW and Data Link can serve this function, if it
is as fast, or faster than controller's response.

EMSAW OK if refined and uplink nmessage "infornms" passively of a potenti al
problem Should not be a positive control enmergency nessage.

Control l ers from nount ai nous areas shoul d be consulted.
See nountain area controllers.

EMSAW shoul d be an automatic uplink.

Don't connect EMSAWto Data Link.

10. General Conments.

One controller offered alternative services for early inplenentation on
Data Link. These are outlined bel ow

Data Link should be wused to provide the <controller wth cockpit
i nformati on. Automatic downlinks of airspeed, heading, etc., should be
avai l able and selected by controller for a tinme shared display in the
data bl ock

O her general i nformati on such as ATIS, altitude settings, SIGVETS, and

expected delays should be automatically uplinked to cut frequency tine
and reduce controller workl oad.
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