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PREFACE

This report docunents the first Federal Aviation Adm nistration controller
evaluation of a group of three en route air traffic control services
pl anned for inplenentation on the Mbde S Data Link system The report is
organi zed in two vol unes.

Vol unme | contains the main body of the report. This includes a detailed
description of the objectives of the study and of the technical approach
and test nethods that were used. In addition, the conbined results of the

study, conclusions, and recommendati ons are presented.

Volume |1 is conprised of a set of seven appendixes to the report. These
appendi xes are referenced in Volune | and include conplete docunentation of
the test scenario and of the assessnent procedures used in the study.
Separ at e appendi xes are al so devoted to detail ed anal yses of the data that
were collected using each of the assessnent procedures. These appendi xes
formed the basis for the conbined results portion (section 3) of Volume I.

This report delineates the results for the first of two mni studies and a
Research and Devel opnment Operational Evaluation - all of which conprise the
Phase | Data Link Services package.
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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 Conmputer 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 "wilco" (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

Xi
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
confirmation 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
(PRCSWAT), 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.

10



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
X1 1
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possi bl e to exercise such proactive control over uplinks by sector, service
type, and individual transaction.

Al t hough the continued availability of a reliable voice radio channel was
consi dered essential, voice conmuni cations between the pilot and controller
were redundant with Data Link and were not preferred because of increased
wor kl oad (see figure ES-1). In addition, sonme form of confirmatory pil ot
response to a Data Link nessage was consi dered mandatory for all services,
and a downlink was found to be a valid nethod for providing this response
under "no voice" conditions.

As noted earlier, the Data Link concepts presented in this study received
favorabl e eval uations from the subjects. However, concerns expressed by
some controllers about the reliability of the inplementation of EMSAW wth
which they were famliar, and about the possible effects of delays in
operational Data Link transaction tinmes suggest that these issues wll
require further attention in future eval uation research.

Controllers judged that utilizing an optinmum Data Link configuration for
the three evaluated services would have no negative effects on subsidiary
t asks. Such tasks as R-D controller coordination, sector interphone,
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 Link capability.

RECOMVENDATI| ONS.

Recommendati ons based on the results outlined above include a set of
prelimnary specifications for the three tested services. These findings
may change when enhanced scenarios are evaluated. The data identifies the
di spl ays and procedures which will be used in a full scale, operational
evaluation study of the services to be conducted at the FAA Techni cal
Cent er. Briefly, it is recommended that Data Link transaction information
be located on the PVD, preferably with a full data block indication of the
Data Link nessage status. Automatic uplinks and automatic nmessage display
deletion with pilot affirmation are also suggested with the option to

inhibit uplinks using sinple prefix code keyboard entries. After an
initial famliarization period, redundant voice communications should not
be used with Data Link services. However, a reliable voice channel is

mandat ory for resolving and as a backup for systemfailures.

Because of the accelerated status of the Data Link program and the
definitive results obtained fromthis study, it is also recomended that a
means be devi sed for providing regular and continued invol venent of current
air traffic controllers in future Data Link ATC service design and
eval uation efforts.

13



1. 1 NTRODUCTI ON.

1.1 PURPCSE.

This document presents the results of the first Federal Aviation Admnistration
(FAA) air traffic controller evaluation of en route air traffic control (ATQ
services designed for inplenmentation in the Mbde S Data Link system Specifically,
this initial study was conducted to evaluate controller procedures and displays for
the altitude confirmation, transfer of communications, and En Route M ninum Safe
Al titude Warning (EMSAW services. Controller inputs were also solicited during
this study to assess the perceived utility of Data Link and its inpact on the ATC
system

1.2 BACKGROUND.

The Mbde Sel ect Beacon System (Mbde S) is a secondary surveillance radar which wll
repl ace the current Air Traffic Control Radar Beacon System (ATCRBS). The ATCRBS a
ground-based rotating antenna that transmts continuous radio frequency (RF)
interrogations to which a transponder equipped aircraft will respond. The replies
provide the ATC system with an aircraft identification code or the aircraft
altitude. Aircraft location information is provided by the rotational position of
the antenna and the transponder response delay at the tine a reply is received.

The Modde S will provide the sane functions as the ATCRBS, but will do so nore
accurately while offering the additional <capability of transmtting digital
i nformati on across a two-way, air-ground Data Link. These enhancenents are possible

because each aircraft will be assigned a unique address code which will be used in
the systems interrogations to select only the requested aircraft to respond. The
primary conponents of the Mbode S are illustrated in figure 1.

Because of its flexibility and capacity, the Mdde S Data Link prom ses to be a key
to increased automation of the ATC system and, therefore, has the potential to
significantly enhance ATC safety and productivity. One of the primary ways in which
this potential will be achieved will be through the inpact of Data Link on the tasks
of the air traffic controller.

The first service to be provided by Data Link will be autonmated delivery of weather
advisories to aircraft. This function alone wll reduce the already burdened
controller's task load by elimnating any requirenment to verbally relay these data
to pilots via voice radio. However, the accelerated Data Link program also calls
for the Data Link to mediate a variety of primary ATC services which are currently
acconplished in a conpletely manual fashion using voice radio. The proposed ATC
services will include transfer of conmunications, clearance delivery, inflight plan
anendnment, and a variety of other interactions anong controllers, pilots, and
aut omat ed systens.

The study reported in this document was conducted as an initial controller
eval uation of the first three en route ATC services scheduled for inplenmentation on

Data Link. The first service in the initial Data Link package is altitude
confirmation. This new service will transmt digital altitude data directly to an
aircraft display after a new altitude has been assigned by the controller. The

second service tested in this study was transfer of comrunications. This action is
currently acconplished through voice comunication between the controller and a
pilot follow ng transfer of control between sectors. Using Data Link,
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this service will permt the transferring controller to send a digital nessage to
the aircraft in order to informthe pilot of the voice RF on which the receiving
controller will be comunicating. The final service evaluated in this study is
EMSAW This is a warning service provided to pilots by ATC when it is predicted
that predetermined mnimumflight altitudes will be violated. Using Data Link, this
service will be acconplished by sending the EVMSAW nessage digitally upon detection
of a predicted violation, rather than by a voice radi o nessage.

The ultimate success of Data Link and other FAA automation initiatives are
critically dependent on the extent to which these technologies are enployed to
produce a system that is well integrated with the human operators who wll be
required to control and supervise its function. Because Data Link will profoundly
affect the manner in which air traffic controllers acconplish their duties, it is
i nperative that service delivery procedures, and the displays and controls used to
interact with the system are designed with careful consideration of their inpact on
the performance capabilities of the controller. The intent of the controller
eval uation study reported in this docunent, and of future studies planned for the
program is to insure that controller workload, performance, and acceptance are used
as primary inputs to the devel opment and inpl enentati on of the Data Link system

1.3 DATA LI NK TEST BED.

The present study was conducted in the Data Link test bed facility located at the

FAA Technical Center. The Data Link test bed was assenbled to provide both
engineering testing and evaluation capabilities for Data Link services during
control ler-in-the-1oop sinulation. Figure 2 presents a functional diagram of the

mai n conponents of the test bed and their interconnections.

During the sinmulation study described in this report, the subject controllers
operating at National Airspace System (NAS) |aboratory work stations were presented
with sinmulated radar data and ATC system information from the Host conputer. The
voices and Data Link inputs of aircraft pilots were provided by trained test
personnel serving as dynamic simulation (DYSIM pilots. The VAX 11/750 conputer
generated all Data Link outputs and permtted flexible variation of the procedures
used to deliver the services under eval uation

2. TEST DESCRI PTI ON.

2 1 OBJECTIVES

The overall test plan for controller evaluation of Data Link ATC services calls for
research to achieve two nmajor objectives. First, the evaluation studies nmnust
determ ne the operational procedures and data display nethods for each of the
subj ect services. Second, these studies nmust evaluate the integration of the Data
Link services wth other controller duties and ensure the acceptability of
control l er and system perfornmance under operational conditions.

These objectives inply that optim zation and validation of Data Link ATC
services will require research to address a |arge nunber of hunman factors
design variables, as well as the inpact of various operational and
environnmental factors. Because the inclusion of all of these paranmeters in
a single, factorially defined study would result in an unmanageabl e |arge
test matrix, a two-stage process was devel oped for the evaluation of Data
Li nk services.
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In the first stage, highly controlled, part-task sinulation studies will be
conducted wth en route controllers to reduce the nunber design
alternatives to a reasonable set. These "mni" design studies will involve
the formal testing of display and procedural options as well as structured
interviews designed to elicit expert controller opinions on the operationa
suitability of the services. The formal criteria for option evaluation
wi |l be nmeasures of controller workload and acceptance.

In the second stage of the evaluation process, operational evaluation
studies will be perfornmed in the context of full-scale ATC simulation. The
specific goal of this stage will be to confirmthe optimality of the design
of each Data Link service, and to verify the safety and efficiency of Data
Li nk under various operational conditions. Operational evaluation studies
will assess overall system effectiveness, performance, and controller
wor kl oad within en route ATC test scenarios that present both nom nal and
hi gh I evels of controller task demand.

The study reported here is the first mni study performed under the test
pl an outlined above. The primary objective of this study was to reduce the
nurber of potential procedural and display design options to an acceptable
set for wuse in operational evaluation of the altitude confirmtion,
transfer of conmmuni cati ons, and EMSAW Dat a Li nk servi ce. Because this mni
study represented the first formal introduction of Data Link to current en
route air traffic controllers, a secondary objective of the research was to
solicit controller opinions regarding the general utility and operational
suitability of the Mode S Data Link

2.2 TEST APPROACH

The approach that was adopted to nmeet the objectives of this mni study
i nvol ved the participation of a teamof 10 en route air traffic controllers
in a series of short ATC scenarios at the Data Link test bed work stations.
Each of these scenarios required four of the subjects to actively contro

i ndi vi dual sectors with identical traffic | oads. The scenario script in
each case contained six altitude assignnment tasks, one EMSAW event, and two
hand-offs with transfer of conmunications. The highly standardized and

sinplified test conditions differed only in the means by which the three
subj ect services were acconplished. These nethods consisted of the current
approach wthout Data Link (baseline), as well as variations in the
| ocation of the Data Link transaction display and in the controller and
pil ot actions required to conplete a Data Link transaction.

During the test runs, four additional subjects passively observed one of
the controlling subjects as he conpleted the required ATC tasks. Foll ow ng
each run, both the active and passive controllers were asked to rate the
projected workload that would be induced by the tested options under
operational conditions. 1In addition, controller preferences for the tested
options were elicited after each run using a second rating scale. The
formal data were supplenented by group debriefing interviews, a wap-up
guestionnaire, and witten narrative coments following the testing
sessi ons. The two remaining controllers nonitored the fornmal data
collection and participated in the post-test interviews.



The rationale underlying this testing approach was to utilize the rapid
reconfiguration capability of the Data Link test bed to efficiently filter-
out untenabl e design options. Using both quantified subjective neasures of
wor kl oad and preference, and |l ess formal interview responses, the object of
the study design was to produce an design configuration for each service
which would optimze controller acceptance, workload, and operationa
suitability.

2 3 TEST CONDUCT.

2.3.1 Subjects.

The subjects for this study were 10 current, full performance |evel (FPL)

air traffic controllers from the Dallas/Fort Wrth Center. None of the
controllers had prior experience with the inplementation options for the
Mbode S Data Link ATC services under investigation. Al'l subjects were

vol unt eers.

O the 10 controllers, 8 served as subjects in the formal test bed
evaluation acting as passive operational observers and active subject
controllers. The remaining two subjects observed the test bed data
collection on an informal basis, but provided data only in the debriefing
interview, wap-up questionnaire, and final narrative conments.

The eight subjects who participated in the formal testing had an average of
15.7 years experience as FPL air traffic controllers. Four of the subjects
had prior experience as aircraft pilots (16 years average). Three of the
subjects indicated that they had some prelimnary famliarity with the Data
i nk program

2.3.2 DESCRI PTI ON OF TEST OPTI ONS.

In this study, two basic display |ocation options and five procedural
options were prepared for controller evaluation. A sixth procedural option
was devel oped as a result of the debriefing interviews conducted after Day
1 testing. This nodified systemoption was programed and eval uated during
Day 2 testing. Al test options which were exercised in the experinental
design, discussed later in this report, are described bel ow

2.3.2.1 Location of the Data Link Transacti on D spl ay.

The Data Link systemw || provide the controller with a list display which
permits nmonitoring of the current status of any ongoing service
transacti on. In this study, each line on the display provided an
i ndi cation of the service in progress, the aircraft receiving the service
(AID), and the status of the transaction. The following is a list of words
di spl ayed to indicate the status of a Data Link transaction:

HELD - Indicated that an uplink was ready for transm ssion (used only in
manual uplink conditions).

SENT - Indicated that an uplink had been initiated.

DELI VERED - Indicated that a valid uplink had been received by the aircraft
(techni cal acknow edgnent).



WLCO - A downlink indicating that the pilot had received the nmessage and
intended to conply with the instruction or warning.

UNABLE - A downlink indicating that the pilot was unable to comply with the
nmessage.

TIMEQUT - A system indication that the pilot had failed to reply to the
upl i nked nessage within a fixed time parameter (60 seconds in this study).

Two options for the location of the display were tested:
a. On the Plan View Display (PVD List)
b. On the Radar Position Conputer Readout Device (R CRD List)

2.3.2.2 ATC Data Link Service

Several optional Data Link procedures were used to deliver the three
initial services. These differed in the nunber of overt controller actions
(data entries) required to deliver the service, the requirenents for voice
interactions between the controller and the pilot, and the requirenent for
downl i nked pilot confirmation of service nessage delivery. The foll ow ng
procedural conditions were prepared for presentation.

2.3.2.2.1 VNoice - Full Manual Control - Pilot Response Required.

In this procedure, Data Link entries followed the nornal Voi ce
comruni cations currently used to assign a new altitude, informa pilot of
the RF for a receiving controller after a hand-off, or warn the pilot of a
mni num safe altitude violation. Entry of an altitude anendnment to the
system conpletion of a transfer of control to a new sector or system and
detection of an EMSAW event made the appropriate uplink available for
transm ssi on. The controller manually initiated the uplink using a quick
action key to designate a Data Link transm ssion and keyboard i nputs or the
track ball (PVD only) to identify the appropriate Iine on the list display.

In all cases, after a technical acknow edgment  (DELI VERED st at us
i ndi cation) was received fromthe aircraft, the controller was required to
moni tor the transaction status display for a WLCO downlink, indicating

that the pilot had received the nessage and intended to conply. The status
line on the Data Link transaction display was cleared by the controller by
designating the status line and naking a "delete" entry. In the case of
the transfer of conmunications, the display was cleared by the receiving
controller after the hand-off was conpleted by the transferring controller.

2.3.2.2.2 VNoice - Full Manual - No Pil ot Response Required.

This procedure was identical to that described in 2.3.2.2.1 with the
exception that the Data Link activity termnated following receipt of a
techni cal acknow edgnent from the aircraft. Thus, the controller was not
required to monitor for a WLCO response fromthe pilot.

2.3.2.2.3 Voice - Automatic Control - Pilot Response Required.




This procedure was identical to that described in 2.3.2.2.1 with the
exception that the entry of an altitude anmendnent, conpletion of a hand-off
between sectors or system detection of an EMSAW event automatically
initiated the appropriate uplink. Thus, the controller's task in providing
altitude confirmati on, EMSAW and transfer of conmmunication involved no new
manual actions conpared to the current baseline systemother than to delete
conpleted list entries. However, all Data Link transactions continued to
be redundant with traditional voice communications, and the controller was
required to nmonitor the transaction display for a WLCO downlink indicating
that the Data Link nessage has been received by the pilot.

2.3.2.2.4 VNoice - Automatic Control - No Pil ot Response Required.

This procedure was identical to that described in 2.3.2.2.3 with the
exception that the Data Link transaction was term nated after receipt of a
techni cal acknow edgnment as in 2.3.2.2.2.

2.3.2.2.5 No Voice - Automatic Control - Pil ot Response Required.

This version of the procedure elimnated all voice comunication between
the controller and the pilot. Thus, entry of an altitude anmendnent,
conpletion of a hand-off, or system detection of an EMSAW event
automatically wuplinked the appropriate information as in procedures
2.3.2.2.3 and 2.3.2.2.4. However, the uplink was not redundant with a
voi ce contact. Since this redundancy was elimnated, a pilot WLCO
downlink was required to informthe controller of pilot response.

2.3.2.2.6 Modified System

A final procedural condition tested in this study was devel oped as a result
of controller suggestions contributed after testing on the options
descri bed above.

Thi s procedure conbi ned features of the automatic and manual procedures and
elimnated controller data entries required to delete display list lines
for conpleted transactions. Receipt of a WLCO nessage automatically
deleted list entries. In addition, the transfer of communications
procedure was redesigned so that the uplink was under the control of the
transferring controller. Transfer of comunications nessages were also
di splayed in the Data Link list for both the sending and receiving sectors.

Manual control of the transfer of comunications uplink was used in order

to permt independent control over the hand-off and the transm ssion of a
new RF. Automatic control was used for the altitude confirmati on and EMSAW
servi ces.

2.3.3 Test Scenario Description.

The test scenario created for this mni study consisted of a highly
constrained ATC situation designed to focus on the three services under
eval uation. Four separate Universal Data Set (UDS) sectors were sinulated,
with two sectors involved in high altitude control and two sectors involved
in low altitude control. Each sector contained three aircraft noving
through its airspace during the 10-minute scenario. Each of the three



aircraft received only one of the three services under evaluation. No other
ATC events occurred in the scenario.

The scenario script included six altitude assignment events, one EMSAW
event, and two handoffs. Handof f events took place between sectors
contained in the overall scenario so that each active controller
transferred and received control of two aircraft during a single test run.
Al'l transfer of comunications and EMSAW Data Link transactions occurred
with successful technical acknow edgnent and WLCO responses. However, in
order to examne the inpact of potential wvariations, only four of the
altitude confirmation events proceeded successfully. The remaining two
resulted in a system tinmeout for the pilot response or a pilot "unable"
response to the altitude confirmati on nessage. The scripts used to direct
controller and pilot activities in each sector are contained in appendi x A.

2.3.4 Test Procedures.

This mni study was conducted over a 4-day period. The first 2 days were
used for subject famliarization and training, while the last 2 days (Day
1 and Day 2 testing) were used for all data collection.

The first famliarization day was devoted to a 2-hour series of briefings
desi gned to acquaint the subject controllers with the Data Link concept and
the test conditions. |Individual briefings included: (a) an introduction to
the Data Link program and the Data Link test bed, (b) a description of the
test scenario and the options to be evaluated for each service, (c) a
presentation of Data Link Host operations and the procedures used for
interacting with Data Link, and (d) the functions that would be served by
various test personnel.

On the second day, the subjects received a briefing on the workload and
preference/ acceptability rating scales to be wused during formal data
collection. This 2-hour session included conpletion of the projected
subj ecti ve workl oad assessnment technique (PROSWAT) card sort task by each
controller. The object of the card sort task was to collect the data
required to tailor the quantitative interpretation of workload ratings to
the concepts of workload held by individual controllers.

After the card sorting task was conpleted, the subjects were taken to the

Data Link test bed for hands-on training. The 2-hour training session
included five practice runs using the scenario constructed for the data
collection sessions. The five practice runs were conducted under

basel i ne/current system conditions and under two of the manual and two of
the automatic test options.

During Day 1 testing, the two display test options and the first seven
procedural options described in section 2.3.2 were conbined to produce

seven Data Link test conditions. In addition, an option was created as a
conparative baseline in which the subjects were required to control the
traffic in the test scenario wusing current procedures. All  eight

conditions were presented in 10-m nute scenarios in the order |isted bel ow
1. Basel i ne

2. Voi ce - Manual - Pilot Response Required - PVD Display



3. Voi ce - Manual - Pilot Response Required - CRD Display
4. Voi ce - Manual - No Pil ot Response

5. Voice - Automatic - Pilot Response Required

6. Voice - Automatic - No Pil ot Response

7. No Voice - Automatic - Pilot Response Required

8. Modi fied System

As shown above, conditions 2 and 3 were procedurally identical in order to
permit an unconfounded conparison of the PVD and CRD displays. Conditions
4 through 8 were conducted with the display selected by the controllers
after conpleting conditions 2 and 3. In all cases the subjects chose to
performthe last five conditions using the PVD display.

During testing, two controllers were assigned to each of the four sector
work stations in the Data Link test bed. One of the controllers actively
performed the ATC tasks required in the test script. The second controller
acted as a passive operational observer. During the 15-m nute periods that
el apsed between testing conditions, both the active and passive controllers
conpl et ed t he rating forns for t he PROSWAT wor k|l oad and
preference/ acceptability scal es.

Primary test personnel responsible for the formal data collection included
the data link facilitators and the DYSIM pilots. One Data Link facilitator
was assigned to each of the four active/passive controller teans. These
i ndi vidual s were responsible for all controller training as well as subject
gui dance during testing. The subject guidance included explanation of the
options to be tested during each condition, using the scenario script to
cue the subjects regarding the type of ATC service to be delivered and the
time at which it should be delivered during the data collection runs, and
ai ding the subjects in acconmplishing he appropriate procedures.

The four DYSIM pilots acted as sinulation pilots during training and
testing. They were seated at additional work stations in the test bed
whi ch were configured to permt control over the sinmulated aircraft in the
scenari os. One DYSIM pilot was assigned to provide all radio responses and
Data Link inputs to each sector.

Following the Day 1 formal data collection, the eight subjects and the two
controllers, who informally observed the data collection runs, attended a
group debriefing session. This debriefing was structured by presenting the
controllers with a series of questions on individual overhead projection
slides. Each controller was given a printed copy of the slides in order to
record his response and conments. Open discussion of the topics and
guestions raised in the debriefing was encouraged, and resulted in a group
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consensus for a nodified test condition to be evaluated during Day 2 fornal
testing.

On Day 2 of testing, the nodified procedural option described in section
2.3.2.2.6 was tested. The nodified test condition was run twice in order
to permt all eight subjects to actively participate. Each controller
completed the workload and preference/acceptability scales for this
nodi fi ed system option after the test run.

In a final debriefing session on Day 2 the subjects conpleted a wap-up
guestionnaire and wote individual narrative comments on their preferred
configurations for the Data Link services.

2.3.5 Data Collection.

Five different instruments were used during this study to acquire data from
the subject controllers regarding the tested services and the data link
concept: (a) t he PROSWAT wor k|l oad scal e, (b) a controller
preference/ acceptability scale, (c) a group discussion debriefing, (d) a
wrap-up questionnaire, and (e) a witten narrative description of the
preferred system configuration.

Formal data collection on the Data Link test bed was conducted using the
PROSWAT wor kl oad scale and a preference/acceptability scale. Fol | owi ng
each test run the subjects were asked to project the workload that would be
experienced for each service on a noderately busy work day if the display
and procedural option were used. The PROSWAT technique used by the
controllers to rate the projected workload required them to check the
appropriate descriptor on each of three, 3-point scales. The individual
scales refer to tine load, the level of nmental effort required, and the
degree of psychol ogical stress experienced. A sanple of the formused to
make the PROSWAT ratings and a conplete scale with formal descriptions of
each | evel are contained in appendi x B.

The three ordinal level ratings obtained from a subject for each service
were transfornmed to a single interval value ranging from O to 100 on a
conmbi ned workl oad scale. The mapping of the time, effort, and stress
ratings to the conbined scale was determ ned through conjoint neasurenent
and scaling analysis of the PROSWAT card sorts performed by the test
subjects prior to data collection. A description of the conjoint scaling
met hod and a copy of the instructions used to guide the controller subjects
in the card sorting task are included in appendi x B.

After conmpleting the PROSWAT ratings for each test option, the subjects
were also required to rate the acceptability of each test option. The form
used to nake these ratings is also contained in appendi x B.

This form actually required the subjects to make two ratings. First, the
controller judged whether or not an option was acceptable in ternms of ATC
safety and efficiency. If the option was rated "conpletely unacceptabl e”
for any service, the rating was term nated. However, if the option was
acceptable, the controller provided a preference rating on a 7-point scale
ranging from 1 (highly preferred) to 7 (acceptable, but not preferred).
The data collection booklet in which the rating scal es were bound, provided
space for the controller to wite brief coments explaining the rationale
underlying each preference/acceptability rating. Instructions to subjects
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for using the preference/ acceptability scales enphasized that the PROSWAT
and preference ratings should be nmade independently since the two
di mensi ons are not necessarily correl ated.

The remaining three assessnent instrunents used in this mni study were
enpl oyed during the debriefing sessions which followed the formal data
collection in the test bed. On Day 1 of testing, the debriefing was
conducted in a group discussion format. The session was structured using a
series of overhead projection slides (see appendix O). Each slide
contained a single question for group discussion. The controllers were
supplied with printed copies of the slides in order to record individual
comment s.

The topics covered in the debriefing slides included specific questions
about the services under evaluation, the effects of operational variations
on the selection of appropriate procedures, preferred displays and
procedures, and general issues related to the utility of the Data Link
concept .

The last two neasurenment techniques were enployed during the debriefing
session which followed Day 2 testing. The first part of this session was
devoted to the conpletion of a wap-up questionnaire. The questionnaire
covered issues relating to the adequacy of the sinulation and controller
measures, the operational value of the service displays and procedures
tested, the effects of Data Link on various aspects of controller
performance, and suggested future services for inplenentation on Data Link.
A copy of the wap-up questionnaire is contained in appendi x D.

During the Day 2 debriefing session, each controller was asked to wite a
final narrative description of his preferred design for each service. The
purpose of this exercise was to capture any individual conments and
suggestions that mght not have been elicited during the previous day's
group format di scussions.

2.3.6 Data Reduction and Anal ysis.

Ratings of controller workload and preference/acceptability were anal yzed
using standard tests of statistical significance appropriate to the
measur ement scal e characteristics of the data collected. Because of the
interval scale nature of the PROSWAT scores, these data were anal yzed using
paranetric tests. All option conbinations were conpared using a single
factor, repeated neasures analysis of variance (ANOVA). One ANOVA was run
for each of the three services to evaluate overall significance of
differences in projected workload produced by the test conditions. Post -
hoc student's t tests for correlated sanples were used to evaluate the
signi ficance of individual and conbined group nean differences relevant to
t he design issues under investigation.

Since the preference/acceptability rating data had ordinal scal e
characteristics, they were treated using nonparanetric nmethods. Over al |
significance tests were perforned using the Friedmn Two-Way Analysis of
Vari ance by Ranks. Post - hoc nonparanetric conparisons equivalent to the
workload t tests were performed using WIcoxon's test.

12



The 7-point rating data obtained from a portion of the wap-up
questionnaire were evaluated using a Student's t procedure designed to
evaluate the significance of differences in ratings fromthe scal e m dpoint
and fromthe grand nean rati ngs.

All  remaining questionnaire and narrative responses obtained for the
preference coments and from the debriefing sessions were sunmarized to
provi de concise descriptions of the types and frequency of occurrence for
each comment received. In all cases, the goal of these descriptive anal yses
was to determne the strength and direction of controller opinions
regardi ng the study issues.

3. TEST RESULTS.

The detailed results obtained with each of the measurenent methods enpl oyed
inthis mni study are contained in Volume Il of this report. The anal yses
of the PROSWAT card sorts and the results for the PROSWAT workl oad and
preference/ acceptability ratings are presented in appendix E. The analysis
of the Day 1 group debriefing results are presented in appendix C.
Appendi x F contains the anal yses for the wap-up questionnaire and appendi x
G presents a summary of the final witten narrative conments.

This section of the report draws upon the contents of all of the detailed

results to address the findings which are pertinent to each of the
fol |l owi ng topics.
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3.1 SPECI FI C RESULTS REGARDI NG THE DESI GN OF THE THREE | NI TI AL ATC
SERVI CES.

3.1.1 Data Link Controller Displays.

The conbined assessnent nethods used in this study provided consistent
results regarding the appropriate transaction display for the tested
servi ces. As shown in figure 3, nmean PROSWAT wor kl oad scores were |ower
for the PVD display than with the peripheral CRD display for the altitude
confirmation and transfer of communication services. No effect of display
| ocation on controller workload was apparent for EMSAW

While the PROSWAT workload differences for all three services were not
statistically significant, the preference ratings showed a statistically
significant preference for the PVD list in all three services (see figure
4). Anal ysis of controller coments regarding their preference ratings
i ndicated that all eight subjects felt the PVD list was superior because
the CRD list distracted a controller's attention from the primary ATC
di splay. The subjects also noted that the CRD Iist was not accessible by
trackbal |l inputs, would produce congestion on this display, or would meke
it unavailable for presentation of aircraft beacon codes.

Results fromthe Day 1 group debriefing, the wap-up questionnaire, and the
final narrative comrents fully supported the overwhelnmng subject
preference for displaying primary Data Link information on the PVD Iist.
However, analyses of these results also indicated a strong controller
preference for further enhancenent of Data Link displays. Cenera
preference comments on the tested displays expressed a concern that the
list format display may becone difficult to nonitor and interpret when
multiple aircraft and services are represented. Furthernore, these
comrents indicated that the list display nmay detract the controller's
attention fromthe principal aircraft radar data on the PVD.

Subj ect's suggestions for alleviating these problenms were derived from
comrents obtained during both debriefing sessions. The final narrative
comrents indicated that a mpjority of the controllers would prefer sane
form of Data Link transaction display in the data bl ocks on the PVD. Such
a display could take the form of a single character code tinmesharing with
ot her data block information that would indicate the status of a particul ar
service transaction (e.g., “W for WLCO. Although no <controllers
indicated that all Data Link transaction data should be presented in the
data bl ock, the general consensus appeared to be that for the type of
services tested in this study, the data block should be used for ensuring
that nmessages have been transmtted and received by the appropriate
aircraft. Alternate PVD list displays may be preferable for noncritical
pi |l ot downlinks and Data Link nenus.

3.1. 2 Controller Procedures for Altitude Confirnmation Transfer of
Conmmuni cati ons and ENMSAW

The results for the options tested in this study yielded a strong |evel of
agreement regarding the nost suitable procedures for providing all three
tested services. The | argest measured inpact on controller workload that
was detected during the tests was produced by conparisons between the
manual and automatic options (see figure 5). PROSWAT wor kl oad scores were
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significantly higher in the manual uplink versions of the procedure than in
the automatic versions. All three services were also nore highly preferred
when the automatic node was used (figure 6).
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The preference coments indicated that the effect of autonmation was
primarily due to the difference in data entry requirements for the two
ver si ons. Addi tional inprovenents in workload and preference were gained
when these keyboard entries were reduced even further in the nodified
system option evaluated on Day 2 of testing. In this case, both the data
entry required to designate and send an uplink and the entries necessary to
del ete conpl eted transaction lines fromthe display were reduced.

Anal ysis of subject comments from the debriefing sessions showed that
al though the automatic uplink was preferred for all services, the system
should be enhanced by permtting controllers to gain additional contro

over the initiation of an uplink. The nbst comn suggestion for providing
this control was an "inhibit" function. In this case, the uplink would be
automatic unless the controller entered a single character prefix to an
al titude anendnment or hand-off conputer entry which would hold the nessage
for future uplink. O her suggestions included a set of single character
entries which would send data to the NAS only, to the NAS and the pilot, or
to the pilot only. The uplink inhibit function was consi dered necessary by
most controllers in order to permt handling of delayed transfer of
communi cation after a hand-off.

Controller workload and preference were also enhanced for all three
services when the procedures were conducted w thout voice comrunications
between the pilot and the controller, which were redundant with a Data Link
transacti on. As shown in figure 7, PROSWAT workl oad scores were
consistently higher in the voice test conditions. This effect was highly
significant for the altitude confirmation service, and simlar trends were
observed for the other services. The preference ratings were significantly
hi gher for the no voice conditions in all cases (figure 8).

Preference comments and debriefing indicated that normal Data Link
transactions should be conducted w thout voice after an initial transition
peri od.

The requirenment for a downlinked pilot response in the Data Link procedure
for the three services had an equivocal effect on controller workload and
pref erence. No statistically significant effect of requiring the
downl i nked confirmation on controller workload was detected in conditions
where the response was redundant with a voice comrunication. The
preference data indicated a slight controller bias for the no response
option in these conditions. However, this was statistically significant
only in the automatic version of the EMSAW servi ce.

When assessed in reference to the clearly superior ratings assigned to al
no voi ce conditions, these nonsignificant findings appear to indicate only
that sone type of pilot confirmation is required, either by voice or Data
Link, and that a data |inked response is both acceptable and preferable.
This conclusion was confirmed by controller responses to the debriefing
interview Al nine of the responding subjects indicated that a downlink
would be a preferable nethod for confirmng the receipt of a Data Link
nmessage.
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The optimality of the procedures suggested by the data reviewed above was
confirmed by conparing the workl oad and preference scores
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preferred configuration produced the highest preference scores and the
| owest projected workl oad estinmates.

Al t hough the subject controllers selected identical optinmm displays and
procedures for the three services tested, noteworthy coments regarding the
design of the individual services were elicited in the debriefing session.
In particul ar, t he controllers i ndi cat ed t hat t he transfer of
communi cations service nust present Data Link displays to both the
transferring and receiving controllers, and that the uplink of the new RF
shoul d be under control of the transferring controller only.

The subjects also frequently comrented that the EMSAW service was a cause
for concern. The source of this concern was primarily the inplenmentation
of EMSAW W th which they were familiar. The controllers argued that this
i npl ementation produced a high false alarm rate. In addition, they felt
that the use of Data Link for EMSAW should be further investigated wth
controllers fromen route centers which contain nore terrain obstacles than
the Dallas/Fort Worth area.

3.2 GENERAL RESULTS ON DATA LI NK

3.2.1 Data Link Uility and | npact on ATC

In general, the subject controllers expressed a strongly positive opinion
about the potential effects of the Mde S Data Link, both on the
controller's task load and on the overall effectiveness of the ATC system
Results obtained from the wap-up questionnaire indicated that, if
optimal ly configured, Data Link would have overwhel m ngly positive effects
on wor kl oad, system capacity, conmunications, and overall safety. Specific
positive aspects of Data Link nentioned by the controllers in the
debriefing discussion included reduction of voice congestion and reduction
i n wor Kkl oad.

The final narrative coments elicited at the end of the study confirnmed the
high |evel of acceptance for Data Link. A significant majority of the
subj ects i ndependently noted that Data Link will enhance the ATC system

Very few negative comments regarding Data Link were generated during the
post - ons. In particular, these controllers felt that the operational
version of Data Link will have to operate in a reliably rapid fashion in
order to support critical positive control services.

3.2.2 Automatic vs. Manual Upli nks.

As described in section 3.1.2, automatic uplinks produced significantly
| ower wor kl oad and hi gher preference ratings for the three tested services.
The general consensus of controller remarks in the preference comrents,
debriefing interviews, and questionnaires was that Data Link service should
be provided in an automatic fashion as a default condition. However, they
al so agreed that, although manual data entries should be minimzed, it wll
be essential to permit manual inhibition of uplinks. Mst of the subjects
suggested that this be acconplished by a single character prefix to a
transfer of control or altitude assignnent NAS entry which would inhibit
the uplink until rel eased by a second entry.
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The lack of preference for automatic uplinks of EMSAW expressed by sone
subj ects appears to have been the result of a concern over the perceived
reliability of the current EMSAW function rather than any problemw th Data
Li nk.

In general, the subjects indicated that workload reduction with Data Link
services will be acconplished only if the systempermts flexible operation
with the mniml nunber of controller inputs to send data and nanage the
list of Data Link transactions.

3.2.3 Treatnent of Pil ot Responses.

Al t hough the results of the workl oad and preference ratings revealed only a
mnimal inpact of requiring pilots to confirm the receipt of a nessage
using an overt downlink, it should be noted that the conparison of the
pil ot response and no response conditions was possible only in cases where
the downlink was redundant with pilot voice confirmation. Both conditions
in which the services were delivered automatically wthout voice were
judged preferable by the controllers, and the downlinked WLCO was
considered a valid nethod of confirm ng nessage receipt.

The debriefing interviews and preference comments did, however, suggest
that the TI MEQUT and UNABLE nessages may be inappropriate |abels for Data
Link pilot responses. |In the case of a TIMEQOUT, controllers felt that the
ver bi age was unclear, and that NO REPLY would be a better indicator of a
pilot's failure to pronptly acknow edge an uplink. The UNABLE downl i nk
froma pilot was al so considered inappropriate since this type of response
to a positive control instruction would not be acceptable in operational
settings. In both of the situations, the controllers felt that the npst
appropriate status indicator would be a salient display of the terms CALL
or VERI FY.

3.2.4 VNoice in Conjunction with Data Link.

The workl oad and preference data collected during this study clearly show
that the subject controllers felt that the optiml Data Link system should
operate under normal conditions wthout redundant voice conmunications.
However, the debriefing data also indicated that Data Link will continue to
require a reliable voice communications system as a backup. A mpjority of
the controllers noted that voice will be essential to deal wth Data Link
probl ens, excessi ve del ays, pi | ot confirmation failures, and
m sunder st andi ngs.

In general, the mpjority of controller responses to the group debriefing
i ndi cated that the future ATC system woul d be best operated under a system
in which Data Link is the primary node for nost nessages or in which Data
Link and voice are assigned to different types of comunications tasks.
Furthernore, the subjects agreed that, after a famliarization period,
redundant voice and Data Link transm ssions would defeat the primary
advant ages of workload reduction and productivity enhancenent that are
offered by the Data Link system

3.2.5 Additional Candi date Services.
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The wrap-up questionnaire and final narrative comrents solicited
suggestions fromthe controllers regarding additional services that could
be advantageously inplenented on Data Link. The following is an
abbreviated list of the nost commonly suggested services:

a. Downl i nk of indicated airspeed, mach nunber, groundspeed, and

headi ng.

b. Uplink of turns (vectors).
c. Uplink of field 10 (route) amendnents.
d. Coded standard route and altitude assignments conmon to a sector.

3.3 EVALUATION OF M NI STUDY TEST ADEQUACY

The wrap-up questionnaire and final discussions also gave the subjects an
opportunity to evaluate the utility of the mni study and the procedures
used during the test conduct. These conmments are summari zed bel ow.

3.3.1 Training and Sinulation Quality.

Subj ect comments regarding the type and adequacy of the mni study
training were positive. Both the prelimnary briefings and the test bed
lab training were considered useful. Recogni zing that the intent of the
study was to provide an austere simulation which focused on Data Link
procedures, the nmean subject rating of the realism of the sinulation as
"good." None of the subjects rated the sinulation as |ower than "fair."

3.3.2 Value of the Mni Study.

The final narrative comments and an open discussion conducted at the end

of the test provided a nunber of general inputs from the subject
controllers regarding the approach wunderlying the mni study and
directions for future work. Several comments were received that

indicated that the subjects regarded the study as an inportant
opportunity to make inputs to the design of Data Link services. Severa
controllers noted that because of its significance, Data Link should have
a controller evaluation team assigned to the program in order to
facilitate further devel opnent.

Finally, when asked specifically about the value of the mni study
format, the controllers strongly agreed that the hands-on eval uation of
service options permtted them to make expert judgnments about the Data
Li nk design that would not have been possible using descriptive materials
or their prior know edge of the system

4. CONCLUSI ONS

The results of the study presented in this report warrant a nunber of
specific and general conclusions about the Data Link program and the
design of the three Air Traffic Control (ATC) services that were
i nvesti gat ed:
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a. The Mde S Data Link system was perceived by the subject
controllers as an extrenely positive enhancenment to the ATC system  The
i npl ementation of Data Link services can be expected to reduce controller
wor kl oad and voice frequency congestion while increasing system capacity,
safety, and efficiency.

b. Data Link displays for the three ATC service tested in this study
should be centrally l|ocated and easily interpreted. In conparison to the
Conmput er Readout Device (CRD) list, the Plan View Display (PVD) list
tested in this study was preferred by controllers for display of the status
of Data Link transactions. Further inprovenent would be achieved with the
di splay of critical transaction status information in the full data bl ock.

C. The specific findings of the study indicate that controller
wor kl oad will be reduced and acceptability enhanced using procedures which
mnimze the nunber of data entries required to acconplish Data Link
transacti ons. Current controller inputs and system events should be used

to generate Data Link nessages, and status displays should be automatically
del eted upon conpletion of a Data Link transaction. As few keyboard inputs
as possible should be used to transmt and nmanage Data Link services.

d. Aut omati ¢ nessage uplinks produced |ower workload and were nore
preferable to the controllers who participated in this study. However, a
clear mpjority of the subjects indicated that automatic uplinks should be a

default condition. The system must permt the controller to inhibit
automatic uplinks. This could be acconplished with a single character
keyboard input as a prefix to a system altitude change or transfer of
control entry. Alternatively, a set of prefix codes could be used to

determne the destination(s) for any entry (e.g., NAS only, NAS and
aircraft, pilot only).

e. Voi ce radio conmmunications which are redundant with Data Link
transactions are neither necessary nor desirable after an initial
famliarization period. However, a reliable voice |link must be naintained
in parallel with Data Link for energencies and for resol ving
m sunder st andi ngs.

f. A downlinked pilot response is essential when voice comrunications
are elimnated fromData Lank transactions. Unanbi guous aircraft and pil ot
shoul d be used to i ndi cat e conpl i ance, Dat a Li nk failure, or
m sunder st andi ngs. Voi ce communi cations should be wused to resolve

transactions which do not result in a pilot WLCO

g. The subject controllers were |least certain about appropriate
met hods for providing the EMSAW service via Data Link. EMSAW accuracy and
reliability issues produced sonme objections to automatic uplink of this
servi ce.

h. Data Link transaction tinme and tine variability was a concern to
sone of the subject controllers. Positive ATC functions wll require
contact with an aircraft and a definitive, easily interpreted response
within a time period that is conparable to current voice comuni cati ons.

i. The subject controllers concurred that the approach and assessnent
met hods enmployed in the mni study format were appropriate and valid for
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achieving the research goals of identifying a mnimzed set of acceptable
design options for the operational evaluation stage of the Data Link
program

j- The results of this study were positive, highly definitive, and
were not fully predictable prior to the start of data collection. I n
addition, rapid reconfiguration of the Data Link test bed ,made it possible
to design and test procedures based on controller inputs that were provided
within the context of the study. This resulted in significant progress
toward the definition of useful controller procedures that m ght not have
been achi eved under other circunstances. For these reasons, it is essential
that continued, regular involvenent of field controllers be an integral
part of the accelerated Data Link devel opment effort.

5. RECOMVENDATI ONS.

The results and conclusions of this study are the basis for the
recomendations |listed below These reconmmendations are intended to guide
prelimnary controller procedure and interface designs for the initial
package of Data Link Air Traffic Control (ATC) services, and to identify
i ssues and approaches relevant to the conduct of future controller
eval uation research on Data Link applications.

a. The findings of this mni study indicate that the altitude
confirmation, transfer of comunications, and En Route M ninmum Safe
Al titude Warning (EMSAW services should be configured according to the
foll owi ng general specifications for the full scale operational evaluation
st udy:

1. The Data Link transaction list display should be |ocated on
the Plan View Display (PVD). It is also strongly recommended that a
di splay of the current status of each transaction be placed in the full
data block. This single character code may be tinme shared with other data
bl ock information and should indicate the availability of a message for
uplink as well as the occurrence of a confirmatory or failed response.
Acceptabl e coding characters and l|locations for this display in the data
bl ock are contained in the appendi xes describing the detailed results of
this report.

2. Data Link mnmessages should be prepared automatically and
transaction list entries should be deleted automatically following a
successful uplink and pilot confirmation. In addition to providing track
ball access, list entries should be |abeled by single character codes to

enabl e designation of an entry with a single key stroke.

3. Uplinks should be automatic unless a prefix code is used when
entering an altitude or conpleting a hand-off to inhibit the uplink.
Control | er suggestions for these prefix codes are contained in the detail ed
results.

4. Because of remmining questions regarding the EMSAW service,

both automatic and manual uplinks should be available as test options in
t he operational eval uation study.
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5. After an initial famliarization period, redundant voice

radi o communications should not be used. However, specific protocols
regarding the wuse of voice should be developed to standardize the
resolution of energency system failures and failed up/downlinks. These

shoul d specify the conditions under which a nessage should be retransmtted
using Data Link and those in which an i medi ate voice radio contact should
be made.

6. Downl i nked pilot response should be mnmandatory for each
servi ce.

7. The transfer of conmunications service should display
transaction status information to both the transferring and receiving
control l ers. However, the service transm ssion should be wunder the

exclusive control of the transferring sector.

b. Additional inputs from en route controllers are reconmended to
resol ve questions regarding the inplementation of EMSAW on Data Link.
Specifically, controllers should be consulted who operate from centers
coveri ng nountai nous terrain.

C. Because of the accelerated status of the program and the val uable
data which were collected in the current study, it is recommended that a
national team of air traffic controllers be appointed for continued i nput
to Data Link controller design and evaluation efforts.
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