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EXECUTI VE SUMWARY

| NTRCDUCTI ON.

The Federal Aviation Admnistration (FAA) is pursuing an initiative
to develop and inplenent a Data Link system to supplenent and
enhance comunications between ground-based air traffic control
(ATC) and airborne systens. For the past 4 years, the FAA
Techni cal Center has supported this initiative through a program of
research ained at designing and evaluating initial ATC services and
functions for both en route and termnal ATC environnents. Thi s
report presents the results of the third design devel opnment (mni)
study conducted to refine and test four termnal Data Link ATC
servi ces and functions.

OGBJECTI VES

The primary objective of the study was to evaluate the usability
and operational suitability of designs for initial termnal Data
Link services as nodified by the results of a prior study conducted
in 1991. In addition, the study was used to exam ne controller
strategies for optimzing the effectiveness of Data Link
comuni cations, and to evaluate a group of system perfornance
nmeasures for use in future operational evaluation testing.

These objectives were pursued in a series of training exercises and
test sessions conducted under high fidelity sinmulation conditions
at the Automated Radar Term nal System (ARTS) II1A workstations in
the Data Link Test Bed. Six ATC specialists fromthe Ar Traffic
Data Link Validation Team (ATDLVT) participated in the simulation
trials and subsequent debriefing sessions.

PR VARY RESULTS.

The design evaluation confirmed the acceptability and utility of
the nodifications introduced for this study. These nodifications
i ncluded several human factors design features intended to enhance
the wusability of the nenu-based Mnu Text (M) and Term nal
Information (Tl) services. The results also produced a limted
nunber of additional design enhancenents ained at increasing the
adaptability of the nenu-based services to varying field
requirenents.

Sinmulation testing conducted to investigate strategies for using
Data Link in termnal airspace showed that controllers were able to
enploy Data Link to acconplish nearly all comunications tasks.

However, Data Link was not judged suitable for tine-critical
communi cations used to turn aircraft onto final approach, deal wth
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m ssed approaches, or resolve aircraft conflicts. Tests in which
two-controller teans staffed a conbined arrival/final approach
sector indicated that, wunlike the single channel voice radio

system a conbined voice and Data Link system could be used to
reduce aircraft del ays under some operations conditions.

Several of the performance neasures evaluated during the study
showed prom se for application to future Data Link testing. In a
majority of cases, it was determned that the use of automatically
col l ected neasures of system safety, capacity, and efficiency would
require close coordination wth <controller strategies and
simulation test scenarios as well as supplenentary expert anal yses
to insure their validity.

RECOMVENDATI ONS.

The results of the study support the follow ng key recomrendati ons
regarding future termnal ATC Data Link devel opnment and testing
activities:

1. The results of the design evaluation indicated that the initial
termnal services have reached an advanced |evel of devel oprent.
It is, therefore, recommended that these services be subjected to
operational evaluation in the Data Link Test Bed. This evaluation
shoul d involve validation of the service designs through extensive
testing by a group of ATC specialists who have not participated in
t he desi gn devel opnent process.

2. In addition to operation evaluation, research should be
conducted to investigate unresol ved hunman factors issues which have
energed fromthe present and other termnal Data Link studies. The
nmost inportant of these issues are: (a) the conparative potentia
for undetected conmunications errors in voice nmessages and Data
Link messages, (b) the significance and performance inpact of
reports that short-term nenory for manually entered Data Link
nmessages nmay be poorer than that for voiced nessages, and (c) the
i npact on situation awareness of increased "heads down" tine for
the Data Link controller.
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1. | NTRODUCTI ON.

1.1 PURPGCSE

This docunent presents the results of a Federal Aviation
Adm nistration (FAA) Technical Center investigation of termnal air
traffic control (ATC) services developed for transmssion using
Data Link technol ogy. Based on the results of two prior studies
conducted in 1990 and 1991, designs for four ATC services were
nodified and inplenmented in the currently operational National
Airspace System (NAS) Automated Radar Term nal System (ARTS) II1A
conputer and ATC workstation for review and evaluation by air
traffic controllers.

The controllers participated in sinmulated termnal airspace test
trials to assess the utility of the Data Link services, recomrend
requi rements for additional service design changes, and to exam ne
alternative strategies for maximzing the effectiveness of Data
Li nk communi cations. This study was the third in a planned series
of iterative design developnment tests which will culmnate in a
full-scal e operational evaluation and the production of functiona
design specifications for an operational termnal ATC Data Link
conmuni cati ons system

1.2 BACKGROUND.

1.2.1 ATC Conmmuni cations and Data Link.

In response to the phenonenal growth of air traffic in the United
States, the FAA has begun to devel op and inplenent a broad range of
initiatives ainmed at updating and enhanci ng ATC technol ogy. Many of
these efforts are focused on inproving the quality and quantity of
information that wll be needed to increase safety and
productivity, and on insuring that this information is reliably and
accurately transferred anong the conputers and humans that formthe
maj or conponents of the ATC system

One of the primary information transfer problens that constrains
the capacity of the current ATC systemis the inherently limted
comuni cation channel that exists between the air traffic
controller and the aircraft pilot. Because this voice radio link
operates in a broadcast node between a single controller and al
aircraft operating in the airspace under his control, frequency
congestion is a common occurrence when the volune and conpl exity of
air traffic 1increases. Such saturation of the conmmunications
channel affects the performance of the ATC system by preventing the
timely issuance of clearances and by restricting the vital exchange
of information upon which safe and efficient operation of the NAS
depend.



In addition to the limtations that it inposes through frequency
congestion, the voice radio channel has been identified as a mgjor
contributor to errors in the ATC system The FAA has noted that as
many as 23 percent of all operational errors are caused either
directly or indirectly by communi cations m stakes (New York Tines,
1988) . Simlarly, conpilations of voluntary reports provided to
the Aviation Safety Reporting Systemby pilots and controll ers have
shown that a mgjority of all potentially hazardous incidents that
are filed inplicate ineffective verbal information transfer
(Bil'lings and Reynard, 1981).

| nvestigations of the nature of prevalent communications errors
denonstrate that they are typically the result of an interaction
between the characteristics of the voice radio system and the
i nherent perceptual and cognitive characteristics of its human

users (Shingl edecker, 1990). Acoustic confusions, alphanuneric
transpositions, msinterpretation due to pronunciation and
phr aseol ogy pr obl ens, poor menory for transi ent speech

presentations of ATC information, and bl ocking of the radi o channel
caused by inproper keying techniques are common sources of hunman-
i nduced error found by these studies. In addition, nmany errors
seemto be potentiated by the frequency congestion problem as users
experience difficulty in nonitoring for relevant nessages on the
crowded radio channel, and becone reluctant to clarify suspected
confusions in order to avoid further congestion.

Data Link is a digital communications technology which is being
developed as a supplenment to traditional voice radio for ATC
communi cations. As shown in figure 1, Data Link communi cations can
be supported by several transm ssion nedia. These include very
high frequency (VHF) radio, satellite links, and the Mde Select
(Mbde S) secondary surveillance radar system currently proposed by
the FAA for ATC Data Link comunications. These multiple I|inks
will be integrated within a common Aeronautical Tel ecommuni cations
Network to provide seamess air-ground comunications throughout
t he NAS.

Regardl ess of the specific nmethod used to create the channel, Data
Li nk communi cations are distinguished fromtraditional voice radio
links in two essential ways. First, unlike analogue voice
nmessages, Data Link nessages consi st of digitally coded
i nformati on. Thus, data may be entered for transm ssion either
manual |y, or by direct access to information contained in airborne
or ground-based conputers. Furthernmore, the capability of a
digital system to provide automatic error checking of sent and
recei ved nmessages nakes Data Link a highly reliable systemwhich is
not susceptible to degradation by interfering noi se sources.



The second way in which Data Link differs from the voice radio
channel is its capability to discretely address individual
receivers. Unlike the sinplex radio system which permts only a
singl e speaker to transmt on the broadcast frequency at any point
in time, Data Link nessages can be sent selectively, and
transmssion rates are not artificially bounded by the effective
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speaking and listening rates of the user. As a result, Data Link
channel s can have a nmuch higher capacity than voice channels and
critical nessages sent by a controller are assured of receipt only
by the intended aircraft.

These features of Data Link offer significant promse for
alleviating both frequency congestion and errors that currently
inmpair air-ground ATC comunications. As nore aircraft are
equi pped with Data Link, demands on the voice channel should be
relieved in proportion to the nunber of weather and ATC services
that are assigned to the Data Link system In addition, by
automating or sinplifying pilot and controller functions in the
comuni cation process that are subject to error, Data Link should
inprove the overall effectiveness of information transfer. For
exanple, using Data Link it will be possible to reduce anbi guous
message transmssions by storing standard clearances in conputer
menory for sinplified uplink to an aircraft; failures to detect
messages and accidental acceptance of clearances by unintended
aircraft wll be elimnated by discrete addressing; interpretation
errors should be reduced by the availability of a persistent and
recal | abl e visual display of the received data; and the systemwl |
automatically verify the integrity of a nessage wthout hunman
i ntervention.

1.2.2 Data Link Research and Devel opnent at the FAA Techni cal
Cent er.

As noted above, the technical characteristics of Data Link have the
capability to significantly enhance the safety and productivity of
the ATC system However, Data Link will also introduce a profound
change in the way in which ATC tasks are acconplished by
controllers, and in the way aircrew will receive and respond to ATC
i nstructions. Because of this, the ultimate success of Data Link
will be critically dependent on the extent to which it is enployed
to create an effective communications system that is thoroughly
integrated with its human users and with the full range of tasks
that they are required to perform

Recognition of the need to consider operational suitability and
human factors issues as primary drivers of the design process
pronpted the FAA Technical Center to initiate a program of manned
simulation research to guide the developnent of Data Link ATC
servi ces. The overall goals of this research are to (a) define
useful Data Link services, (b) determne the wuser information
requirenments for Data Link comunications, (c) develop display
formats, data entry nmethods and procedures which pronote efficient
controller performance, and (d) evaluate the inpact of Data Link
servi ces on both human and system perfornance.
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The Data Link Test Bed was assenbled at the FAA Technical Center to
address these goals. The test bed is a laboratory facility which
uses actual NAS equipnment in conjunction with simulation conputers
to create a system capable of realistically exercising Data Link
applications in an end-to-end fashion. In its current form the
test bed is conposed of the NAS en route and termnal | aboratories,
the NAS System Sinulation Facility (NSSF), and the Data Link

| aboratory (figure 2). The NAS |aboratory includes the HOST
conmputer system used for en route ATC data processing as well as
its primary termnal counterpart, the ARTS IIIA system Both
conputers are linked to several suites of their respective

operational controller workstations which are used to display radar
data and to enter systemi nputs.

The NAS | aboratory is linked to the NSSF t hrough the ATC conputers.
The NSSF permts the NAS | aboratory systens to act as functioning
control facilities by providing sinulated radar data and voice
radio inputs from simulation "pilots" operating from conputer
term nal s. Alternatively, the ARTS and HOST portions of the NAS
| aboratory can be used as self-contained sinulation systens using
the training functions included wthin the operational systens. In
this configuration, pilot functions are perfornmed by simulation
operators working at additional controller workstations.

The Data Link |aboratory houses a VAX 11/ 750 conputer which acts as

an enulation of the future ground Data Link processor. The VAX
conmputer supports digital conmunication between sinmulation pilots
and controllers. It can also provide two-way communi cation between

controllers and high-fidelity aircraft simulators or actua
airborne systens using Mbde S or any other installed Data Link
t echnol ogy.

The central thrust of Data Link research in the test bed is nmanned
simulation research ainmed at defining and testing designs for ATC
services. This research follows a three-stage approach originally
devel oped and successfully enployed under the en route portion of
the Data Link program In the Design Verification stage,
engi neering tests are conducted in the Data Link Test Bed to insure
that prelimnary designs for Data Link services are faithfully
reflected in operational software and hardware conponents of the
test bed sinmulation |aboratories. Followi ng the resolution of
engineering issues, a series of manned simulation studies are
performed in which air traffic controllers exercise and evaluate
the Data Link ATC services.

In the Mini Study stage of these experinents, iterative design
evaluations are conducted to refine controller procedures,



di splays, and input requirenents. Early studies are conpleted
under controlled, part-task sinmulation conditions which focus on
detailed consideration of basic design issues. As devel opnent
progresses, simulation

exercises are increased in operational
fidelity to assess the robustness of the services and to obtain

reliable controller judgnents of acceptability, usability, and
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wor kl oad effects. A fixed group of Full Performance Level (FPL)
controllers from the Ar Traffic Data Link Validation Team
(ATDLVT) partici pate throughout the mni study stage to provide
continuity in the iterative devel opnent process.

The final Operational Evaluation stage of the approach consists of
one or nore high fidelity simulation exercises in which the
optimzed service designs are exercised wunder a variety of
realistic operational conditions and air traffic scenarios. For
these studies, a new group of controllers with no prior Data Link
experience is recruited for participation. Measures of system
effectiveness, controller performance, comunications efficiency,
and workload are used to verify the utility and usability of the
Data Link services. The resulting data determne inputs to a
Techni cal Data Package (TDP) that is used to guide the devel opnent
of operational Data Link software for inplenmentation in the NAS.

1.3 DATA LINK IN THE TERM NAL ENVI RONMENT.

1.3.1 Devel opnent |ssues.

Research and devel opnent using the Data Link Test Bed began wth
the en route portion of the ATC system Mni studies were
conducted to refine the transfer of comunication and altitude
assignnment services as well as a Menu Text (M) function for
uplinking interim altitudes with crossing restrictions, and an
unformatted Free Text (FT) function. These efforts culmnated in
an operational evaluation which denonstrated beneficial effects of
the initial en route services on frequency congestion with no
observed reduction in controller performance or increase in
per cei ved wor Kkl oad.

The potential value of Data Link comunications technology for
termnal ATC operations is likely to equal that predicted by the
results of the operational evaluation for the en route environnent.
At present, the demands at busy airports often can result in a
termnal controller engaging in prol onged periods of non-stop
verbal comunication to convey all of the clearances needed to
guide the pilots of arriving, departing, and transient aircraft.
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In addition, the requirenent to convey |engthy advisory nessages to
aircraft entering the termnal area rapidly expends the limted
communi cation tinme available to tactically control closely spaced
aircraft on the approach and departure flightpaths.

Wiile the need to reduce frequency congestion is simlar in the
termnal and en route environnents, the problem of designing an

effective Data Link system for the two is quite different. In
general, termnal operations are nore sensitive to timng issues
than en route operations. Because of this, conmmunications

functions assigned to Data Link nust be carefully selected,
designed, and tested to ensure that transm ssion delays or display
clutter do not interfere with controller performance requirenents.
In addition, wunlike some en route clearances, current termnal
procedures do not require the use of keyboard inputs to update an
ATC conputer data base. This precludes the use of sinple keystroke
additions to data base update inputs as a neans to efficiently
create and send termnal ATC nessages. Consequently, particular
attention nust be directed toward the design of data entries which
mnimze the workload of entering and uplinking control nessages.
Finally, the tactical nature of ATC operations in term nal airspace
demands that every effort be nade to ensure that Data Link
di splays, inputs, and procedures are sufficiently flexible to
permt adaptation to a wde range of operational situations and
condi ti ons.

1.3.2 Initial Term nal Services.

Drawing from their experience as termmnal controllers and an
awareness of the design issues outlined above, the termna
subgroup of the ATDLVT net wth FAA engineers and supporting
contractors in a series of neetings held in 1989 and 1990 to define
an initial group of ATC services suitable for the termnal
envi ronnent . The follow ng services were identified during these
nmeet i ngs:

a. Transfer of Communication (TC). TCis the nmessage sent to
an aircraft after track control has been passed to a new sector
which instructs the pilot to change radio frequencies in order to
communi cate with the new controller. Using the designed Data Link
service, this nessage is automatically prepared by the ATC conputer
and wuplinked either automatically or wupon a controller input
action.

b. Initial Contact (1CQ). When an aircraft receives a new
radio frequency, current ATC procedures require the pilot to
contact the new controller and to report the aircraft's assigned
altitude and the current Automatic Termnal Information Service

9



(ATI'S) code. Wth the Data Link version of IC tested during this
study, the aircraft's assigned altitude is downlinked with the
"WLCO' response to the preceding TC. This IC report is passed to
the receiving sector through the ground communi cations system and
is presented to the controller on the radar display.

c. Termmnal Information Service (TI). Wen arriving aircraft
enter a termnal airspace, they are typically given a report of the
termnal operating conditions and of the approach clearance that
they can expect to receive. Using Data Link, these comonly
| engt hy nessages are stored in a nenu and sent by a single manua
i nput which initiates the uplink.

d. Control Instructions. This group of services, provided by
the Data Link function M, permts the controller to uplink
altitude, heading, and speed clearances. As tested in the present
study, these nessages could be selected from a predefined nenu or
conposed in real -tinme using shorthand keyboard i nputs.

Devel opment of the initial termnal Data Link services began with a
denonstration of prelimnary designs using a rapid prototyping
system at The M TRE Corporati on. In 1990, the services were
inplemented in the ARTS Il A conputer and integrated with the Data
Li nk Test Bed. The first mni design study of these services at
t he FAA Technical Center was conducted in late 1990 to establish a
devel oprnent al basel i ne (Data Link Devel opnent Team 1991).

A second study was conpleted in 1991 to evaluate versions of the
initial services which had been nodified on the basis of
recommendati ons obtained from the ATDLVT participants during the
first study (Talotta, et al., 1992). The second Mni Study also
exam ned the effects of Data Link transaction tinmes on the utility
of the termnal services. Results obtained fromthe design review
suggested that additional inprovenents in the effectiveness of the
tested Data Link services could be achieved by introducing design
nodifications to increase the wusability and flexibility of the
menu- based services, the history list, the TC service, and the IC
function.

The study described in this docunment was conducted, in part, to
eval uate the effectiveness of the alterations nade to the Data Link
service designs as a result of these findings.

1.4 ORGAN ZATI ON OF THE REPORT.

The following sections of +this report present the research
met hodol ogy that was used and the findings that were obtained in
the third FAA Technical Center controller evaluation study of Data
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Link termnal ATC services. Section 2 describes the specific
objectives of the study and the testing approach that was used to
achi eve these objectives. Section 3 presents the detailed results
of the testing. Finally, sections 4 and 5 list the concl usions
that were derived from the results and offer recomendations for
future efforts toward the devel opnment of an operational termna
Data Li nk system

2. TEST DESCRI PTI ON.

2.1 OBJECTI VES

This study was conducted to neet the foll ow ng maj or objectives:

a. Evaluate the acceptability of enhanced designs for the
initial Data Link termnal services.

As noted above, the results of the second termnal Mni Study
i ncl uded recomendations for changes to the ATC service designs as
i npl enented on the ARTS II1A equipnment in the Data Link Test Bed.
Controllers participating in this third study evaluated the
nmodi fied displays and procedures to determne the adequacy and
acceptability of the enhanced service designs. The nodifications
exam ned during the study included:

1. Addition of shorthand nessage content data to the
status list and data bl ock transaction status displays.

2. Reduction in the length of the history list and
relocation to the status list position.

3. Redesign of the IC service to elimnate the altitude
request transacti on.

4. Use of different message identifier labels in the TI
and M |ists.

5. Addition of the ability to independently reposition
and suppress the Tl and M |i sts.

6. Addition of the ability to suppress individual itens
inthe Tl and MI lists to reduce display clutter.

7. Rel ocation of the automatic/hold node display for TC

and addition of the ability to initiate a sector handoff while a
transaction is in progress.
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8. Multiple nodifications to the MI service to sinplify
item selection and increase the applicability of individual nenu
itenms through automation.

The eval uation al so addressed several general design and procedural
i ssues which had been revealed during the prior study. These
i ncl uded:

1. Definition of allowable content of mnmessages included
inthe TI list.

2. Requirenents for unstructured nmessages in the M |ist.
3. Input error potential when entering nmessages for uplink.

4. Appropriate procedures followi ng nessage transm ssion
failures and nessage del ete entries.

b. Exam ne controller strategies for opti m zi ng t he
ef fectiveness of Data Link communicati ons.

Beyond the consideration of basic design problens, the present
study also was wused to provide an initial exploration of
comuni cations procedures and approaches that could be used to
enhance Data Link effectiveness. Prior research with both en route
and termnal controllers has suggested that optinal application of
Data Link may require nodifications to current ATC procedures in
which only a single channel of communication is avail able. I n
order to nore thoroughly explore and docunment potential Data Link
conmmuni cations strategies, test subjects in this study parti ci pated
in full scale simulation exercises in which current voice radio
procedures were conpared to conbined voice and Data Link
conmuni cati ons. For these test runs, the arrival and final
approach sectors used in heavy traffic simulation scenarios were
conbined at single control positions. The subjects operated these
positions either as single controllers or as two controller teans.

The purpose of these manipulations was to provide the controllers
with an ATC situation in which they could explore and conpare
alternative strategies of comunication in the voice-only and voi ce
and Data Link conditions. The subjects' strategies and eval uati ons
of their effectiveness were docunented using questionnaires
conpleted after each test run, individual interviews, post-test
conparative ratings, and group di scussi ons.

c. Evaluate the utility and wvalidity of a group of
experinmental system and controller performance neasures for use in
future operational evaluation studies.
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The final objective of this study was to evaluate a set of
performance neasures for wuse in future operational evaluation
resear ch. These quantitative nmeasures will be required for this
research in order to supplenment expert controller opinions wth
objective indicators of Data Link's inpact on ATC comunications
efficiency and on overall ATC system performance. The experinenta
per f ormance neasures were collected automatically by the sinulation
conputers during full scale test runs and evaluated for sensitivity
and applicability to Data Link operational evaluation research
guesti ons.

2.2 APPROACH.

The approach that was adopted to neet the objectives of this study
i nvol ved the participation of termnal air traffic controllers in a
series of training exercises, test sessions, and structured
debriefings. The sinulation test trials were conducted at the ARTS
II'l'A workstations in the Data Link Test Bed. During testing,
subjects controlled traffic in a group of ATC scenarios involving
aircraft arrivals and departures at the Raleigh/Durham (RDU)
Al rport.

Early test sessions were devoted to a detailed review of each of
the four Data Link service designs as nodified by the results of
the second Mni Study. I ndi vidual reviews were supplenented by
debriefings ainmed at achieving group consensus and docunenting
unr esol ved desi gn and procedural issues.

Later sessions were wused to conpare voice radio air-ground
communi cations to a system supplenmented by Data Link under full
scale sinmulation conditions. Air traffic | oads were increased from

noderate to high levels over the course of each test session. I n
hal f of the voice sessions and half of the Data Link sessions, the
test subjects worked in two controller teans. The division of

duties in these sessions was determ ned by the team nenbers.

During full scale sinmulation, voice radio and Data Link usage, as
well as a nunber of experinmental perfornmance neasures, were
recorded automatically by the sinulation system Fol | ow ng each
run, the controllers conpleted questionnaires intended to docunent
their communication and control strategies. Post-test scales were
used to obtain controller projections of the inpact of team size
and Data Link on workload, system capacity, and safety. Finally,
i ndi vidual subject interviews and group discussions were conducted
to further docunent controller strategy differences between voi ce-
only and voi ce plus Data Link communication conditions.
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The general rationale underlying the test design was to provide an
ATC environnent which could be used by the controllers to assess
the capabilities and robustness of the service designs against
relatively realistic operational conditions, and to explore the
effectiveness of Data Link under various individual and team
conmuni cation strategies.

2.3 TEST CONDUCT.

2.3.1 Subjects.

The subjects for this study were eight FPL ATC specialists wth
current termnal radar control experience. Al subjects were drawn
from the nenbership of the ATDLVT. Six of the subjects had
participated during the conceptual devel opnent of the initial Data
Link termnal ATC services and had acted as test subjects in prior
m ni studies.

2.3.2 Test Scenarios and Data Link Qperations.

The ATC scenarios developed for this study utilized the RDU
term nal airspace. The airspace, |local ATC procedures, and test
scenarios used during training and testing are presented in detail
in appendix A of this report and are briefly described bel ow.

Traffic patterns and procedures wused in the scenarios were
identical to those used at the operational facility. The single
exception was that sinultaneous approaches to the parallel runways
were permtted in the simulation, whereas staggered approaches are
required at RDU. Incomng aircraft were routed through two
arrival sectors located to the east and west of the airport.
During the design review scenarios, each arrival controller
accepted aircraft handed off from the Washington Air Route Traffic
Control Center (ARTCC) over two fixes. Overflight aircraft were
given cl earances for their destination airports, while RDU arrivals
were established on a dowwind leg or on headings for final
approach before control was transferred to the associated final
approach sector. Each final controller nerged the two streans of
aircraft received from his arrival sector and issued the approach
cl ear ances. Controllers in the two departure sectors (north and
south departure) each directed aircraft to one of two departure
fixes according to their flight plans. In both sectors, one of the
departure streans crossed an arrival route. This required the
controllers to insure that the departing aircraft net specific
altitude restrictions while crossing the arrival route.

During the full scale simulation runs, the six sectors were reduced
to four by conmbining the arrival and final approach sectors on each
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side of the airport. In half of the test runs, each of these
conbi ned sectors was staffed by a single controller, while in the
other half they were staffed by a two controller team

The mx of aircraft types used in all scenarios was derived from
records for RDU contained in the Oficial Arline Quide (QAG.
Ceneral aviation traffic not shown in the OAG was added to the
scenarios to enhance realism Al scenarios used during full scale
sinmulation testing presented traffic | oads which increased over the
course of a run fromthe equivalent of 75 percent to 145 percent of
the RDU arrival acceptance rate. The scenarios differed from one
another only in the sequence and spacing of arrivals and
depart ures. Traffic sequences were controlled so that aircraft
type or speed when crossing the outer fixes would not introduce
confounding differences between the conplexity of the test
scenari os. Reduced traffic levels were used during training and
during the design review phase of testing.

Pilot functions for this study were provided by the NSSF. Pseudo-
pilots received voice and Data Link nmessages fromthe controllers
and made inputs on specialized conputer termnals to control the
simulated aircraft radar tracks. Wien responding to voice radio
instructions, the pseudo-pilots acknow edged clearances in the
normal fashion with a voice response to the controller. Preci se
control of the elapsed tine between the issuance of a Data Link
nmessage and receipt of a confirmng response was achi eved by using
the VAX conputer to automatically generate and send the pilot
acknow edgenent to the controller via Data Link. In order to
pr oduce realistic t enpor al coordi nati on bet ween aircraft
maneuvering responses and downlinked pilot responses, the VAX
conputer was programmed to w thhold displaying nessages to the
pseudo-pilots unti | approxi matel y 8 seconds bef ore t he
acknowl edgenent was sent to the controller.
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2.3.3 Test Procedures.

This study was conducted over a 6-day period. The first day was
devoted to subject prebriefings and training. Data collection began
on the second day w th individual subject reviews of the Data Link
termnal service designs and a debriefing session. The third and
fourth days, and half of the fifth day were used to train the
controllers on the conbined arrival/final configuration and to
conplete 12 full scale sinulation tests under voice-only and Data
Link conditions. The last half of the fifth day was reserved for
strategy interviews with the individual subjects and structured
di scussion. On the final day, the subjects participated in a group
debriefing covering the service designs and Data Link procedures.

2.3.3.1 A rspace and Data Link Training.

To sinplify airspace famliarization, the eight subjects were
divided into two groups and assigned to either the north or south
hal ves of the airspace. The subgroups of four controllers were
required to learn the arrival, final, and departure sectors only
for their assigned half of the airspace. These assignnents were
mai nt ai ned t hr oughout the experinent.

C assroom training tine requirenents were mnimzed by providing
each subject wth a study booklet of materials approximtely 2
weeks prior to the study. This booklet included the RDU airspace
procedures and maps, as well as detailed descriptions of the Data
Li nk service inputs and di splays. Wien the subjects arrived at the
test site on the first day, they received a 1-hour review of the
ai rspace and Data Link procedures. After all questions had been
answered, the subjects were taken to the Data Link Test Bed for 2
hours of simulator practice under the normal six sector airspace
configuration.

The first hour of practice was used to famliarize the subjects
with the RDU airspace and traffic flow Al'l comunications were
conduct ed using voice procedures. The second hour of training was
devoted to the displays, manual inputs, and procedures for using
the initial termnal Data Link services. For these practice
sessions, 75 percent of the aircraft in the test scenarios were
equipped with Data Link in order to provide experience wth
conbi ned voi ce and Data Li nk conmuni cati ons.

2.3.3.2 Design Review

Data collection for this study began wth a formal review and
verification of the ATC service designs as nodified by the results
of Mni Study 2. The subjects conpleted the 2-1/2 hour design
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review in the Data Link Test Bed while seated at the ARTS IIIA
workstations and controlling aircraft in a sinplified version of
the six sector training scenario. Al aircraft in the scenario
were Data Link equipped in order to maximze the subjects’
opportunities to examne the service displays, inputs, and
pr ocedur es. To permt observation of the failure displays,
approximately 5 percent of the attenpted uplinks resulted in a
failed technical acknow edgement (NAK), 5 percent in a tineout
(failure of the pilot to respond to an uplink within 40 seconds),
and 5 percent in an unable response fromthe pilot.

During the design review, the subjects' primary task was to
exercise each of the Data Link functions a sufficient nunber of
times to thoroughly evaluate the service designs. Evaluations were
made by conpleting a questionnaire booklet during the sinulation
runs. The subjects were infornmed that the object of the sinulation
activity was to aid themin conpleting the detail ed design review,
and that maintaining routine control over the noderate (50 percent
of capacity) level of air traffic in the scenario was secondary to
this task. The subjects rotated anong the sectors to permt each
individual the opportunity to examne all services. Test
facilitators assigned to each sector were available to assist the
subj ects or to answer any questions about Data Link operations.

The individual design reviews conpleted in the test bed were
followed by two debriefing sessions. The first of these was held
imedi ately after the test bed activity. In this 2-hour session
subjects met with test personnel to performan itemby-item revi ew
of their responses to the design review questionnaire. A 4- hour
session was held on the final day of the study. This debriefing
was scheduled to take advantage of the additional experience wth
the Data Link services that the subjects had gained by
participating in the intensive, full scale simulation exercises.
The enphasis of the debriefing was to identify and resolve
di sagreenents regarding the fidelity and acceptability of the
service designs, and to achieve a consensus regardi ng recomended
changes to the service designs. The results of both debriefings
wer e docunented in test personnel notes and in an audio tape record
for reference during data anal ysis.

2.3.3.3 Full Scale S mulation.

The second maj or conponent of this study was a series of full scale
simulation tests in which the subjects controlled aircraft in the
RDU adaptation using a nodified airspace configuration. For these
tests, the arrival and final approach sectors on each side of the
airspace were conbined to create single control positions. The
purpose of the test runs was to (1) examne strategies for
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enploying Data Link in single controller and two controller teans,
(2) compare Data Link strategies to those adopted under voice radio
communi cation conditions, and (3) evaluate a group of candidate
nmeasures of comunication and ATC system performance for use in
future operational evaluation tests.

Data collection for the full scale sinulation was preceded by 2
hours of practice wth the four sector airspace configuration (two
arrival/final and two departure sectors). Followi ng a 1-hour group
di scussion of the communication and control strategies attenpted
during practice, the subjects participated in 12 test runs.

The i ndependent variables that were mani pul ated during these test
runs were the comunication condition and the nunber of active
controllers at the conbined arrival/final sectors. As shown in
table 1, voice radio-only communications trials were alternated
with trials in which both voice and Data Link conmunications were
avai | abl e. For Data Link test runs, 80 percent of the aircraft
were equi pped with Data Link comuni cations, while the remai ning 20
percent could comunicate only by voice radio.

During the first six test runs, the conbined arrival/final sector
was staffed by a single controller. For the last six runs, two
controllers acted as a team at each conbined sector. As shown in
table 1, the four controllers assigned to each half of the airspace
rotated through each of four stations during the 12 runs. During a
test run, three of the controllers from each side of the airspace
were assigned to the conbined arrival/final sector. One of these
was always designated as the radar controller. During the first
six runs, the other two controllers acted as observers. During the
last six runs, one of these acted as an assistant to the radar
controller and the other acted as an observer. On each run, the
fourth subject controlled traffic in the departure sector. The
rotation was balanced so that within their assigned airspace, each
subj ect participated as an active controller under both voice and
Data Li nk comuni cati on conditions.

The subjects were not given explicit guidance regarding appropriate
strategies for controlling traffic in the conbined sectors or for
dividing their duties when performng on two controller teans.
Whet her acting as observers or active controllers, all subjects
seated at the conbined sectors were encouraged to participate in
the process of generating and eval uating nmethods for enploying the
voi ce and Data Link communi cati ons channel s.

For all test runs, traffic loads in the departure sectors were
fixed at 100 percent of accepted operations per hour at RDU In
the conbined arrival/final sectors, traffic |oad increased during
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each 40-mnute test run from 75 percent to approximately 145
percent of the RDU arrival acceptance rate. The purpose of this
mani pulation was to permt an examnation of the relationship
between control strategies and the ability of the subjects to
handl e i ncreasing levels of traffic.

The average total tinme which el apsed between the initiation of an
uplink by the controller and the receipt of a pilot acknow edgenent
was randomy selected from a rectangular distribution with a mean
of 17 seconds, and a range of 13 to 21 seconds. These nom nal
del ays were selected based on sinulation research in which pil ot

TABLE 1. EXPERI MENTAL DESI GN FOR FULL SCALE SI MJLATI ON

Run Test Subj ect/ Posi tion
Oder Condition Assi gnnment
SI 2 S8 s4 NN N3N
D2 1 D-1 D O C O D O C O
Vi 2 V-1 C O D O C O D O
S D3 3 D-1 O C O D O C O D
c V2 4 V-1 D O C O D O C O
e D1 5 D-1 C O D O C O D O
n V3 6 V-1 O C O D O C O D
a D2 7 D- 2 D O C O D O C O
r V3 8 V- 2 C D O C C D O C
i D1 9 D- 2 C C O D C C O D
o V2 10 V- 2 D C C O D C C O
D3 11 D- 2 C D O C C D O C
Vi 12 V- 2 C O O D C O O D
Key:
Subj ects: Sn = South
Nn = North
Test
Condition: D- 1 = Data Link and Voice - AAF 1 Controller
D- 2 =Data Link and Voice - AA'F 2 Control |l ers
D- 1= Voice Only - A/F 1 Controller
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D- 2 =Voice Only - A/F 2 Control lers
Control Positions: C= AF Controller

D = Departure Controller
O = (bserver

response tinmes to Data Link nessages have been recorded, and on
engi neering estimates of Mode S Data Link transm ssion tines.

2.3.4 Data Collection.

2.3.4.1 Design Review Materi al s.

The questionnaire bookl et used for the design review was simlar to
t hat devel oped for the first and second termnal mni studies. For
the present study, the review booklet was organized in seven
sections (see appendix B). The first section addressed genera
system features and procedures common to all services. The second
through sixth sections covered the designs of the transaction
status list and data block status displays, the history list, the
|C service, the Tl service, the TC service, and the M function
used for sending speed, heading, and altitude clearances. The
final section considered issues surrounding the general design and
structure of the nenu-based Tl and MI functions.

Questions relevant to each of the first six topics were prefaced by
a text description of the operational features relevant to the
function or service. Initial questionnaire itens verified the
fidelity wwth which the test bed service inplenentations reflected
the design nodifications introduced for this study by requiring the
subjects to judge the correspondence between the descriptions and
their actual test bed experience. Succeeding itens assessed the
acceptability of the service inplenentations and associated
procedures observed in the test bed, and solicited recommendati ons

for any further design nodifications. The seventh topic was
addressed by a set of rating scales which were used to evaluate
requirenents for free text vs. structured list items and the
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utility of several controller interface features intended to
enhance perfornmance when | ocating and sel ecting nenu itens.

2.3.4.2 Strategy Assessnent Met hods.

In addition to group discussions conducted after the practice
session and after the study was conpleted, three formal techniques
were used to docunent the strategies that the subjects adopted when
using voice radio and Data Link comunications when acting as
single controllers and when working in two controller teanms. The
first of these was a questionnaire adm nistered inmmediately after
each test run during full scale simulation.

In all test conditions, the questionnaire asked the subjects to
describe their general strategy for controlling the aircraft in the
arrival/final sector, and any nodifications that they nade as
traffic load increased during the test run. In addition, the
subjects were instructed to record and describe any aircraft
separation violations that had occurred in the conbi ned sector.

In test conditions where two controllers staffed the sector, the
team al so was asked to indicate how they had divided their general
duties and communi cations (voice and/or Data Link) during the run.

In addition, questionnaires conpleted after Data Link test runs
included itens which asked the subjects to describe the types of
messages sent by Data Link and any changes they had made to the TI
and MI lists for the run. Appendi x C contains a sanple of the
questionnaire used after Data Link test runs with two controllers.

The second nethod used to capture information on controller
strategies was an interview technique enployed after all 12 test
runs had been conpl eted. The interviews were divided into two
parts and were admnistered to the subjects individually by test
personnel who al so recorded their responses. The first part of the
interview was a series of questions intended to docunent each
subject's summary responses regarding the strategies used in single
controller and two controller team conditions when voice-only and
Data Link conmunications were avail able. Additional interview
guestions asked the subjects to judge the effectiveness of team and
i ndi vidual strategies under the voice and Data Link conditions, and
to describe the communication node(s) used to send each type of ATC
servi ce and nessage.

The second part of the interview used a "critical incident”
techniqgue to nore fully explore the strategies used by the
controllers during test runs in which Data Link conmmuni cations were
avail able. For the purpose of this study, a critical incident was
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defined as a challenging event which required the controller to
apply skilled ATC interventions, and in which the controller had a
choice to use voice or Data Link to resolve the situation

The interviewers pronpted each controller to recall one or nore
critical incidents, and then asked them to fully describe each
incident, construct tinelines of the events that occurred, and
identify points on the tinelines where decisions to use voice or
Data Link were taken. The materials used in both parts of the
interview are included in appendi x C

The final nethod used for strategy assessnent was a post-test
guestionnaire that was developed to quantify each participant's
expert opinion on how the nunber of controllers staffing a sector
and the availability of Data Link would affect perceived workl oad,
the capacity of the system and overall safety. A sanmple of the
rating formused to obtain these judgnents is presented in appendi X
C For each of the three factors, the respondents nmade all six
conparisons between pairs of the four test conditions:

controller - Voi ce

controller - Voi ce and Data Link
controllers - Voice

controllers - Voice and Data Link

NNRER -

I n each conparison, they could rate the two nenbers of the pair as
equal on the factor (e.g., workload), or judge either of the two as
"somewhat" or "nuch higher" on that dinmension. The resulting data
were transformed to using the Analytical H erarchy Process (AHP) to
produce ratio scale values for each test condition.

2.3.4.3 Experinental Performance Measures.

In addition to the strategy assessnents, a candidate group of
obj ective performance netrics were collected during the full scale
sinmulation tests in order to determne their feasibility for use in
future operational evaluation. These nmeasures included controller
use of the communications system and indices of ATC system
per f or mance.

Because one of the proposed benefits of an air-ground Data Link is
a reduction in voice radio frequency congestion, data were
collected during the sinmulation runs to gauge the use of the voice
radio and Data Link by the subject controllers. Radi o usage was
assessed by automatically detecting the occurrence of all push-to-
talk activations and deactivations of the controllers' mcrophone
when speaking to the sinulation pilots. Recordings of these events
yielded neasures of the nunber of controller initiated voice
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transmssions during a test run and of the anount of tine the radio
channel was occupied by controller transm ssions. The nunber of
Data Link transactions initiated by the <controllers were
automatically recorded by the VAX conputer which acts as an
enmul ation of the future Data Link Processor and is responsible for
handling all digital comunications in the Data Link Test Bed.

System performance indices that were collected included neasures of
the degree of spatial separation anong aircraft and of the
efficiency with which aircraft were handled by the controllers as
t hey noved through the test airspace.

Separati on neasures recorded by NSSF conputers included the nunber
of times two aircraft cane within 1,000 feet vertically or 3 mles
horizontally of one another, as well as the anount of tine that the
aircraft spent within these proximty limts. The conputers also
recorded two additional separation neasures: the O osest Point of
Approach (CPA) and the Aircraft Proximty Index (API). The CPA is
a non-weighted calculation of the shortest slant range distance

between two aircraft within the proximty limts. The APl is
calculated from an algorithm which conpensates for differences in
vertical and horizontal separation limts by using a weighted
conbi nation of the distances. The APl vertical conponent 1is

wei ghted approximately 18 tines greater than the horizontal
conponent and the resulting score ranges from O to 100, with 100
indicating a collision between the aircraft.

Efficiency neasures also were collected by the NSSF conputer.
These included the distance flown by each aircraft within a sector,
the tinme spent within a sector, the nunber of controller initiated
path changes, and estimated fuel expenditure. Capacity was
exam ned by a mnute-to-mnute assessnent of the nunber of aircraft
handl ed by each controller, the spacing between |anding aircraft as
they crossed the runway threshold, and the rate at which aircraft
crossed the runway threshol d.

3. TEST RESULTS.

3.1 TERM NAL DATA LI NK SERVI CES DESI GN REVI EW

A primary objective of this study was to evaluate the termnal Data
Li nk service designs as nodified by the findings of the second m ni
design study. The follow ng subsections of this report present the
results of this evaluation derived from the individual design
revi ew bookl ets and subsequent group debriefing sessions.

3.1.1 Ceneral System Feat ures.
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Prior termnal Data Link studies have defined several basic hunman
interface and procedural design features which are common to the
use of all initial ATC services. These features include keyboard
assignnents for special function keys, synbology used for the Data
Li nk equi page/eligibility indicator, and basic procedures governing
the conditions under which a Data Link transaction can be initiated
by the controller. The results of the present study confirned the
acceptability of these general features and defined additional
requirenments for the tinme out function, procedures associated with
the use of the transaction delete command, the utility of the
resend input option, and the need for a global function to restore
suppressed di spl ays.

3.1.1.1 Timeout Status Message.

In the tested design, the third line of the full data bl ock and the
status list present a nessage to the controller if a pilot fails to
respond to a delivered nessage within 40 seconds. In the case of
the data block, the "tine out" nessage is a flashing "T".
Earlier versions of the Data Link tine out nessage term nated the
transaction, and |ocked out any response that the pilot may have
sent after the expiration of the tiner. During the second M ni
Study, the participating controllers decided that the tinmeout
message should act only as a cue to the controller, indicating that
an extended period of tine has el apsed since the nessage was sent.
Because of this, it was recommended that the design be nodified to
permt the controller to continue to wait for a response, if
warranted by the ATC situation.

Seven of the eight subjects in the present study reported that this
nodi fi cati on was accept abl e. The remaining subject felt that

controllers would not require a special indicator to signal
ext ended response tines.

Because the function of the tinmer was redefined as a controller
alert, the subjects were asked to consi der whether requirenents for
appropriate expiration times should be changed. O the seven
controllers who preferred the tine out alert, six indicated that
intervals shorter than the nomnal 40 seconds tested in this study
m ght be preferred. Subsequent debriefing discussions resulted in
a consensus that the design specification should require an ability
to adapt the expiration tine by facility. In addition, the
subjects indicated that, within a facility, it should be possible
to vary the tineout interval by service type, with nore tine-
critical classes of nessages having shorter alert intervals.

3.1.1.2 Transaction Del ete Conmand.

24



The tested design permts the controller to delete a Data Link
transaction that is in progress, a transaction that has received an
"unabl e" response from the pilot, or one that has resulted in a
technical transmssion failure. The delete action clears the data
bl ock and status list displays for the transaction and permts the
systemto accept the next nessage to the aircraft.

In order to prevent confusion or msunderstandings that could
result when the controller nakes this delete input, a standard
procedure will be required to insure that the aircrew is aware that
the transaction has been closed. The controllers who partici pated
in the design review agreed that an appropriate procedure would be
to communicate with the aircraft by voice imediately after any
del ete action. To deal with deleted nessages that may not have
been displayed to the aircrew, the verbal message nmust contain
unanbi guous phraseology that «clearly identifies the specific
message to be disregarded. In the situation where a downlinked
response is received after the Data Link nmessage is deleted and
verbal coordination has been initiated, the subjects recomended
that the response be recorded by the system but not displayed to
the controller.

3.1.1.3 Message Resend Conmmand.

The third general system design issue considered in this study was
the nmessage resend command. This command permts a controller to
rapidly resend a nessage that presunably had failed to reach the
aircraft. The command was developed to sinplify the task of
dealing wth a nmessage to which no NAK is received, either because
of a failure of the system to send the nessage, or because of
nmessage corruption

The resend command was addressed in this study because energing
informati on about the architecture of the communications network
that is being devel oped to manage Data Link functionality indicates
that the resend option may not be required. In the Aeronautica
Tel ecommuni cations Network (ATN), failure to receive a technica
acknowl edgenent at any of several levels of the system w || cause
the system to automatically resend the nessage a paraneter nunber
of times. If this is wunsuccessful, the connection between the
aircraft and the controller will be severed.

In response to this design information, the subject controllers
suggested that the resend would not be useful and that a failure to
send the information after the automatic retry sequence should
cause a unique nessage be clearly displayed in the aircraft data
bl ock to indicate that the connection has been severed (e.g., "LINK
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FAI L") . In conbination wth the loss of the Data Link
equi page/eligibility synmbol, such a display would signal the
controller to revert to voice communication with the aircraft or to
initiate actions that would reestablish the Data Link connecti on.
The NAK nmessage and the resend option should be retained only if a
nmessage transmssion failure is possible prior to the point where
t he nmessage has passed to the ATN, and there is a guarantee that it
coul d not have reached the flight deck.

The fact that several technical acknow edgenents wll be generated
within the ATN also led the controllers to question the neani ng of
the "delivered" nmessage provided in the status displays. Wile it
was previously assuned that this nessage would indicate only that a
digital check on the integrity of the nessage had been perforned by
the initial stage of the airborne receiver, other ATN technica
acknow edgenents could inply that it was available for display on
the flight deck instrunents, or that it had been called to the
di spl ay devi ce. The controllers agreed that, other than a pilot
WLCO or UNABLE response, no technical acknow edgenent provides
assurance that the aircrew has read the nessage or is considering a
response. However, they also felt that for any nessage status
display to be of value, the controller will require clear know edge
of the neaning of the nessage and of the types of action that they
will be able to initiate to bring closure to the transaction in a
timely manner. |If the status nessage is anbiguous or if no usable
information is provided by the status nessage, the subject
controllers indicated that the nessage should not be displayed. In
general, the subjects felt that end-to-end simulation wll be
required to determne whether confusions or msinterpretations
occur when the "delivered" nessage neans that the nessage is
avail able for display or when it neans that it has been sent to the
di spl ay devi ce. Wiile all current transaction state displays
shoul d be retained in the design specification for the present, an
ability to individually suppress these status nessages should be
i ncl uded pendi ng the outconme of future simulation research.

3.1.1.4 (dobal Reset of Suppressed D spl ays.

As the human-conputer interface for the termnal Data Link services
has evolved, requirenents for informational lists and nenus have
i ncreased. In order to mnimze the space on the radar display
consunmed by these features and reduce general clutter, options have
been included in the design which permt the controller to suppress
and retrieve entire lists or selected conponents of the displays.

The large nunber of individual retrieval comands unnecessarily
conplicates the task of resetting the system to a nomnal state
when changing controllers at a position. Because of this, the
subjects in the current study recommended the addition of a gl obal
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reset input which would retrieve all suppressed displays. Affected
di splays would include all M and Tl itens, the TC node, and the
status |ist.

3.1.2 Status List and Data Bl ock Transacti on D spl ays.

Two changes to the status list and data block displays were
introduced for this study. As suggested by the results of the
second Mni Study, the mnmessage content of a M clearance was
i ndicated using a shorthand code rather than the item nunber from
the MI |ist. Thus, for exanple, rather than displaying "M" to
indicate that nessage nunber two had been sent, the shorthand
"A120" was displayed to abbreviate the nessage content (Altitude
12,000 feet). The design retained the use of nessage identifiers
to denote the content of Tl nessages.

The second nodification to the data block display was the use of
single letters rather than three-letter abbreviations for the
transaction status indicators. These indicators were shortened in
the data block in order to provide sufficient space on the third
line for the extended nessage content data descri bed above.

Al eight controllers reported that they preferred the shorthand
content display over the previous item identifier display. Two
controllers indicated that the identifier display should be
retained as an option adaptable by the facility. Expl anat i ons
offered by the subjects regarding their preference for the
shorthand display included quicker content reference wthout
consulting nmenory or the M list, inproved feedback and error
detection for the nost recent clearance sent, and inproved team
coordi nation and conmunication in sectors using a coordinator or
handof f assi st ant.

All of the controllers also indicated that the use of the item
identifier for the TI nessage content display was acceptable, and
that the use of an asterisk in the display helped to signify the
nmessage type (e.g., "T*A").

Al of the controllers agreed that the single letter status
displays in the data block would be acceptable. However, three
controllers noted that the "failure" status types (UNT) should
flash at a different rate to distinguish the event from a handoff
and nmake the event nore salient.

In agreement with the results of prior studies, a majority of the

controllers indicated that they do not use the status list to
monitor Data Link transactions. However, all controllers felt that
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the persistent 8-second WLCO display would be wuseful for
i ndi vi dual s who choose to enploy this display.

3.1.3 Hstory List.

Only mnor changes were nmade to the history list for the present
study. Based on past results, the list was reduced in length from
the last five nmessages WLCOed by an aircraft to the last three
nmessages. In addition, when called by a keyboard command, the
history list appeared in the status list position rather than in
the Tl and MrI |ist position.

Al eight subjects indicated that the three message |ist provided
adequate information regarding the Data Link transaction history of
an aircraft. However, during debriefing discussions, the subjects
agreed that design specifications should permt site adaptation of
up to five nessages in order to accommodate unforeseen field
requirenments. Al of the subjects also preferred the status I|ist
position for the history list over the MI position. A mgjority of
the controllers felt that the 8-second display tinme for the history
list would be sufficient for a three-nessage |ist. However, the
subjects also felt that this tinme paraneter should be adaptable by
the facility. Addi tional inprovenents suggested for this feature
included an ability to examne the Data Link history of an aircraft
under another sector's control, and requiring the history to carry
over across sectors within a facility. Finally, a "clear/enter"
keyboard command was reconmmended as a replacenent for the "HL sl ew
input to cancel the list prior to its autonmatic renoval.

3.1.4 |1C Service.

The 1 C service was nodified for the present study to elimnate the
transaction delay produced by a routine requirenent to initiate the
service by an altitude request uplink. In the tested design, the
|C nessage was downlinked from the aircraft by appending its
assigned altitude to the pilot's WLCO response to the preceding
TC. Altitude requests automatically initiated by the system were
used to elicit the I1C from departing aircraft and from aircraft
which failed to append the nessage to the TC response.

Al of the subjects preferred the nodified service, and none
f oresaw oper ational problens associated with the new procedure.

3.1.5 TI Service.

The tested design of the Tl service was nodified for this study to
increase the permssible length of the displayed nessages, and
provide greater flexibility in positioning the list and controlling
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the nunber of displayed itens. Al subjects felt that the 40
character line length was acceptable. However, it also was noted
that, because of the broad range of content that can appear in a TI
nmessage, a standard abbreviation dictionary will be needed for
entering these nessages and displaying themto the controller. Al
controllers also preferred the change from nunerals to al phabetic
characters as item identifiers for the TI nessages. Thi s
nodi fication was introduced to reduce the occurrence of confusions
anong Tl and M item sel ections.

The ability to position and suppress or retrieve the Tl list
i ndependently of the M list also was a preferred change. In
addition, all <controllers felt that the ability to suppress
individual list items would reduce display clutter and sinplify

item sel ecti on.

The tested design permtted the conbination of a Tl nessage with a
MI' message in a single uplink. Five of the subjects indicated that
the flexibility to conbine these two nessage types should be
increased. During debriefing, all subjects agreed that it wll be
necessary to provide controllers with the ability to conbine nore

than one MI clearance wth a Tl nessage. Ideally, it should be
possible to send a Tl nessage with as nmany as three Ml nessages
(altitude, heading, and speed). In addition, the subjects

suggested that it should be possible to enter and send t he conbi ned
TI message and M cl earance in any order, rather than requiring the
Tl nessage to precede the MI nessage.

G her suggested inprovenents to the Tl service were oriented toward
sinplifying the process of nodifying the list. These included the
ability to selectively edit nunmeric values in a nessage, and a
feature which would automatically change the full list to conform
to a change in runway configuration

Finally, one subject suggested that two alternate displays of the
TI list itenms be nade available to the controller. One of these
woul d be the abbreviated text version used in the current design.
The alternate would be a conpressed representati on containing only
key information fromthe nessage.

3.1.6 TC Service

Modi fications to the TC service introduced for this study included
a change in the node display, adding the ability to offer a sector
handoff when a Data Link transaction is in progress, and
suppressing the receiving sector's display of the status of a TC
transacti on.
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The node display provides an indication of whether the TC will be
automatically sent or held for manual uplink after a sector handoff
is accepted. Al of the subjects preferred the placenent of this
display in the System Data Area (SDA) over its former position in
the first line of the status list. However, the controllers also
suggested that a command be added to permt suppression of the node
di spl ay when not required.

Al'l subjects al so expressed satisfaction with the added ability to
of fer the sector handoff while a transaction is in progress. This
feature presents a tine savings because it does not force the
controller to wait for an ongoing transaction to be WLCCed prior
to nmaking the data entries which conplete the handoff and
automatically prepare the transfer nessage. An additiona

i mprovenent discussed during the debriefing and recommended for
future testing was the addition of an entry which would further
reduce the requirenent to nonitor ATC clearance and TC nessages
spaced closely in tine. In this proposal, after a sector handoff is
accepted and the TC nessage is available for manual uplink, the
controller would have the option to enter a MI cl earance foll owed
by an "S'. This additional entry would automatically send the TC
imedi ately after the pilot WLCCed the cl earance was received.

M xed responses were received to the suppression of the data bl ock
display of a TC being conducted by a sending sector. Wiile six
controllers felt the display increased clutter, two subjects
indicated that they preferred to nonitor the status of the
transacti on. A conprom se accepted by the controllers during the
debriefing was to continue to suppress the display of this
information, but to add an input (e.g., ok) that would permt the
controller to view the history list, status list and data bl ock
di spl ays of individual aircraft at other sectors.

3.1.7 M (Speed, Heading, Altitude O earances).

The results of Mni Study 2 indicated that, under high workl oad
conditions, controllers experienced sone difficulty in using the
termnal ATC services which were based on a nenu interface. As a
consequence, a nunber of design changes to the MI and Tl functions
were introduced to enhance the flexibility of the system and to
i nprove the speed and accuracy with which controllers were able to
| ocate and send nenu itens.

In order to increase the wutility of the M service while

mai ntai ning reasonable nmenu length, individual nenu itens were
redesigned to contain "generic" altitude, heading, and velocity
val ues. When selected for uplink, the direction of an altitude

change (clinb/descend) or of a velocity change (increase/decrease)
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was added to the nessage by system autonation. For headi ng
changes, the controller could precede the nenu item nunber entry by
"L" or "R' to include the direction of the turn in the uplinked
nmessage. Each of these nodifications effectively doubled the

nunber of avail able nmenu nessages w thout increasing the nunber of
di spl ayed nenu itens.
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All of the subject <controllers favored the generic nessage
structure for the MI itens over the earlier design in which each
itemrepresented a single clearance.

The follow ng are design features of the MI and, in sone cases, the
Tl service human-conputer interface that were introduced for this
study with the intent of reducing error and sinplifying the task of
upl i nki ng nessages:

a. To reduce inadvertent selection of itens from the
unintended list, letters were used as item identifiers for TI
messages and nunbers for MI nmessages.

b. Headers (HDG ALT, VEL, MILT) were used between groups of
menu itens to assist in the task of l|ocating desired nessages in
the M |ist.

c. Unused nenu itens could be individually suppressed to
reduce list length and display clutter.

d. The full M list or Tl list could be suppressed to reduce
display clutter.

e. The MI and Tl lists could be independently positioned on
the radar display to mnimze visual scanning requirenents.

f. The Kkey entries used to prefix nenu by-pass (nmanually
entered) clearances (H A V) were selected because they appear in a
single colum on the ARTS keyboard and in the sanme order as they
appear in the M |ist.

During the design review, the subjects were asked to evaluate the
ef fectiveness of each of these design features on a 7-point scale
with a center point of O "no effect on errors or perfornmance," and
ranging from +3 "very positive effect" to -3 "very negative
effect.” Ratings received by each of the design features are
present ed bel ow

Desi gn Control |l er Subject No. Medi an
Feat ure Rati ng
1 2 3 4 5 6 7 8
a. 1 3 3 3 2 2 3 3 3.0
b. 3 3 2 3 1 2 3 2 2.5
C. 1 3 0 3 2 3 3 2 2.5
d. 1 1 2 3 3 2 3 2 2.0
e. 3 3 3 3 3 2 3 1 3.0
f. 3 1 2 3 2 2 3 0 2.0
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As shown above, none of the design features added to the nenu-
oriented Tl and MI services received negative effect ratings from
any of the subjects. Wile the wuse of differentiated item
identification nunbers, and the ability to independently position
the two nmenus (features 1 and 5) received the highest nedian
ratings, a non-paranetric analysis of variance indicated that the
six features were not significantly different in terns of their
overal | positive benefits (Chi? = 1.929, p=.85). Inspection of the
data suggests that the failure of any subset of features to energe
as nore highly beneficial than the others was a result of a high
| evel of intersubject variability. Wiile nearly all subjects
predicted sone positive performance inpact of all features,
i ndividual subject's judgnents of the nmagnitude of the benefit
ranged from nodest to high in every case.

3.1.8 Content and Application of the MI and TI Lists.

Over the course of devel opnent of the MI and Tl services, a variety
of nodifications have been nmade to these nenu-based services to
inprove their operational suitability and usability by controllers.
As a part of the design review, the subjects were asked to
eval uate whether the MI nmenu provided sufficient flexibility to
nmeet field requirements and to express their opinions regarding the
assi gnnent of nessage types to the Tl and M |ists.

As designed for the initial termnal ATC services, the MI list is a

conpletely structured nenu. Individual lines are assigned to
specific clearance types and the content of each line is highly
st andar di zed. This design approach permts extensive use of

automation to construct the uplinked nmessage and provides for nore
efficient coding of the clearance for digital transm ssion than a
free text message. The [imtation of the structured nmenu design is
that it may offer insufficient flexibility to represent the full
range of clearance nessages that the controller may wish to send.
Duri ng devel opnent, the follow ng features were progressively added
to the design in order to increase nmenu flexibility:

a. Mnu itens dedicated to speed, heading, and altitude
clearances with the ability to change individual numeric values on
I'ine.

b. Capability to conbine individual speed, heading, and
altitude nmenu itens in a single uplink.

c. Capability to create a special multiple clearance line in
addition to the individual speed, heading, and altitude itens.
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d. A nmenu bypass feature for conposing clearances not
contained in the nenu.

e. Ceneric clearance nessages with automatic determ nation of

clinb/descend and increase/decrease, plus the ability to control
turn direction.
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f. Capability to conbine a TI and a M item in a single
nessage.

The controllers were polled to determne whether the existing M
design with these features would be sufficient for generating the
cl earance nessages that will be needed in the operational termna
ATC environnent. Al eight controllers indicated that the design
appeared to be sufficient, and that the use of an unstructured
free text approach to the M service would not be required.
However, in discussions followng the full scale sinulation phase
of the study, the controllers agreed that nmaxi mal efficiency of the
structured nenu would be achieved by renoving the current
limtations on the nunber of nessages that could be created in each

cl earance category. That is, within the limts of total nenu
length (e.g., nine itens), it should be possible to have nore than
one conbined clearance line, and as many speed, heading, and

altitude lines as required by the control sector.

The issue of differential assignment of nessages to the MI and TI
lists is one which has been reconsidered several tinmes during the
devel opnent process. In the original configuration, the TI nenu
was restricted to the informational nessages that are sent to
aircraft as they enter sonme control sectors, while the MI nmenu was
used for all control clearances. As a result of extensive testing
during full scale simulation in the second Mni Study, the
application of the TI nenu was extended to include clearances
commonly sent in conjunction with these informational nessages, and
to other nessages not suited to the structured M |ist design.
Debriefings following that study suggested that this extended
application could reduce the functional distinctiveness of the two
menu lists and create difficulties in locating and selecting
desired itens for uplink

This issue was revisited followng the extended sinulation trials
of the present study. The consensus anong the controllers was that
the TI nenu should not be arbitrarily restricted to purely
i nformati onal nessages. Any benefits of such a restriction were
seen as being outweighed by the ability to efficiently conbine
logically related nessage elenents. In the redefined logic for
message assignnment, it was agreed that the MIr list will continue to
be used for structured cl earances as described above. The TI nenu

will contain lengthy, repetitively used, text-oriented nessages,
including an associated clearance when required. The subjects
indicated that these nmessages wll enconpass those typically

considered to be the first and |ast nessages sent by a term nal
control |l er dependi ng upon the sector entry point of an aircraft or
its destination
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3.1.9 Input Error Prevention and Situation Awareness.

The final topics considered during design review debriefing were
keyboard entry errors and the inpact of Data Link entries on the
controller's awareness of prior nessages sent to an aircraft.

The termnal Data Link initial service designs nake exclusive use
of keyboard entries to select nessages for uplink fromnenus and to

conpose nessages in a shorthand form In the current design,
potential data entry error was taken into consideration by
differentiating item identifiers in the tw nenu |Ilists.

Additional ly, shorthand abbreviations of sent nessages were added
to the status list and data block to enhance self detection of
errors.

Wiile quantitative data have not yet been collected to determne
actual Data Link input error rates, the subjective response of

test controllers indicates that significant error potential may
exi st when entering cl earances using the nmenu bypass function. The
subjects agreed that renoving the bypass function from the design
to prevent error is an unacceptable solution which would
significantly decrease required flexibility in the system

Alternatives that were considered included the use of unique two-
letter abbreviations rather than single letters when defining the
cl earance type, enploying different nunbers of digits to specify
the nuneric value for each clearance type, and automatic conputer
checks on the reasonabl eness of the clearance entered for uplink.

Because each of these alternatives could adversely inpact
controller workload or software conplexity, it was determ ned that
research should be conducted to determne the actual nature of
errors made in both voice nmessages and Data Link entries, and to
assess their conparative rates of occurrence. Thi s research nust
examne both controller detected and undetected errors in nenu
selections and by-pass conposition. In addition, the research
shoul d address any potential for error in calling inplied functions
elicited by track ball entries and keystrokes which, if entered at
i nappropriate tinmes, could initiate unintended acti ons.

Controller nenory for nessages sent by Data Link al so was di scussed
during the debriefing. Anecdotal accounts of forgetting whether an
i ntended nessage actually had been sent to an aircraft and of
failing to renenber the content of a nessage known to have been
sent were discussed during prior mni studies. In the current
study this issue was reconsidered, and the subjects agreed that
although the history list acts as an aid to nenory, failure to
remenber messages could affect the quality of the controller's
situation awareness, or the workload associated w th maintaining
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required situation awareness. It was decided that future research
should be conducted to determne whether short term nenory for
voiced and manually entered ATC nessages differs. This research
also should examne the hypothesis that bypass nessages which
articulate the intended nessage may produce better nenory than
cl earances selected froma nenu |ist.

3.2 FULL SCALE SI MULATI ON.

3.2.1 Strategy Anal ysis.

3.2.1.1 Strategy Questionnaires.

The results of the questionnaires distributed between test runs
indicated that when controllers worked individually, nor mal
(current) operational procedures were inplemented in voice-only
runs. Wien Data Link was available, two controllers initially used
all Data Link, but, as traffic load increased, called for an
assi stant who took on Data Link for TI and IC nessages while the
primary controller used voice. QG her controllers applied the
strategy of using all voice on final approaches and Data Link for
initial nessages.

Controllers varied from using Data Link for TI nessages only to
using it for TI nessages, initial vectors, expected approaches,
headi ngs, altitudes, and speeds. Controllers who used Data Link
nmore often reported switching to voice in sone cases due to pilot
errors. |In all cases, Data Link was used nmuch |l ess often for turns
onto final approaches. Wen traffic was heavy, strategies included
going to voice for clearances farther out fromfinal, using reduced
speeds, and asking an assistant for help.

Al controllers reported using the Tl list in all cases. Al six
reported using MI clearances. Five said they bypassed the nmenu as
they got closer to the airport and when busy. The sixth controller
said he went to voice under such conditions. |t appeared that for
sone controllers there was a progression from MI to the bypass
function to voice as aircraft got closer in and as controllers
becane busi er.

Wen two controllers worked voice-only as a team two basic
strategies were used. Two teans indicated that the assistant
controller performed no function. The remaining four teans said
that the assistant took on duties typically handled by a second
person assigned to a sector in the field. These included taking
sector handoffs, performng this task plus acting as a nonitor
providing a second pair of eyes, and noving data blocks after the
approach cl earance was given. None reported sharing the radio. In
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general, voice-only strategies appeared to be identical in the one
and two controller conditions. Wth two controllers, the second
person either acted as a relatively passive observer or took on
normal duties of a handoff man.

In the Data Link teamsituation, all controllers reported extensive
use of Data Link. This ranged fromusing only Tl, initial speeds,
and headings to using Data Link for all functions. Those who
adopted the second strategy noted that nost use of voice was done
to conpensate for sone sinulation pilots' inability to deal wth
| arge nunbers of nulti-elenent Data Link clearances. It should be
noted that these problens experienced by the sinulation pilots were
attributable to nmessage display nmethods and procedures used in the
NSSF rather than to limtations that woul d be experienced by actual
pilots in an operational setting.

Three basic strategies for dividing duties were adopted by the
teans. None of the teans reported sharing the radio frequency. In
every case, the radar controller used voice while the assistant
used Data Link. The strategies differed in the extent to which the
primary controller used Data Link in addition to voice, and in the
manner in which comunications duties were divided between the team
menber s.

Strategy A (Two teans) H ghly defined duties and control
area, Data link not used by primary controller.

Controller: Voice-only, handled turns to final and approach
cl ear ance, dealt wth non-Data Link arriving
aircraft on request from assistant.

Assi st ant: Data Link only, used Tl and Ml list on outer fixes
and gave initial headings and altitudes. One team
also nonitored controller's load on final and used
Data Link to reduce speeds.

Strategy B: (Three teans) Defined duties, extensive use of
Dat a Li nk by bot h.

Controller: Used Data Link and voice. Gave final turns and
approach clearances by Data Link as nmch as
possi bl e, used voice for arrivals on request.

Assi st ant: Used Data Link, handled TI and wused M for
cl earances, and any others on request.
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Strategy C (One tean Fully integrated, no set duties, high
| evel of coordination required, both wused Data
Li nk.

Controller: Shared sequenci ng deci sions and cl earances.

Assi st ant: Reposi ti oned dat a bl ocks on final, shar ed
sequenci ng deci sions and cl ear ances.

The controllers reported several approaches to dealing with heavy
traffic vol une. One team indicated that they nmade no changes to
their approach. Two teans reported that as simulation pilots fell
behind, using Data Link becane nore difficult and resulted in an
increase in voice usage. Two teans reported sending speed and
headi ng changes earlier, and increasing speed control. Finally,
one team reported that the assistant used conbined TI and M
messages to position arriving aircraft nore efficiently while the
primary controller went to voi ce.

Several controller teans reported nodifications to the TI and M
lists. It appeared they did this nore in the individual controller
condition to better deal with the traffic. Three teans reported
devel oping a Tl nessage which contained nmultiple el enents including

altitudes and approach clearances. This effectively reduced the
nunber of nessages sent. (One team changed a heading value in TI
anot her suppressed a nessage. In M, two teans nade a new nultiple

cl earance and one nodified a heading. Al teans used MI. Bypass
was used extensively by teanms in which primary controller used Data
Li nk, especially as traffic increased and when using Data Link for
vectors to final

3.2.1.2 Individual Strategy Debriefings.

The results of the initial debriefing questions at the end of the
full scale simulation indicated that when working individually, two
of the eight <controllers reported wusing Data Link alnost
exclusively, and noted that they conpensated for Data Link del ays
by sending nessages earlier with Data Link. The other controllers
reported wusing voice for critical situations, "fine-tuned"
cl earances, inner fixes, and finals, whereas they used Data Link on
outer fixes and departures. Aircraft were slowed sooner because of
Data Link comuni cation delays, and the bypass function and voice
were used as traffic increased.

Wen the controllers were asked to choose which comunication
condition was nore effective when working individually (voice-only
or Data Link) four elected voice-only. Their reasons included not
having to worry about del ays, not being distracted with new worKki ng
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tools, being able to concentrate on traffic and not the keyboard,
and being able to nake tighter finals. Additional coments about
Data Link included unfamliarity with the nmenu, heavy workl oad, and
i ncreased workload for tactical comands. Two controllers said
that Data Link was the nore effective nedi um when worki ng al one.
One controller found neither strategy to be nore effective than the
other, and one controller's response was uncl ear.

In the voice-only team conditions, all teans used nornmal voice
procedures. As in the between run interviews, tw teans reported
that the assistant controller was not used at all; no team work.
Two teans reported that the second controller was an additional set
of eyes, but was basically ineffective. Three teans reported that
the primary controller did all the voice and the second controller
only took handoffs. Only one team used the second controller to
keep the data bl ocks straight in addition to taking handoffs. None
of the teans reported sharing the radio.
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Dfferent strategies were applied when using Data Link as opposed
to voice-only when controllers worked in a team Al controllers
reported extensive use of Data Link, specifically for TI, altitude
assi gnnent, heading changes, and speed changes. Al controllers
reported they would switch to voice for conflict resolution and to
deal with mssed approaches, but would switch back to Data Link
after a conflict was resol ved.

All of the controllers reported sharing duties when using Data
Link. In sone situations, one controller was basically in conmrand
and did nost of the work until the workload becanme heavy, then
teamnor Kk was necessary. One controller usually gave cl earances and
took handoffs, but in some runs, both controllers issued
cl ear ances.

When the controllers were asked to choose the nore effective team
strategy, voice-only or Data Link, six out of eight controllers
el ected Data Link. They indicated that the second controller nade
a difference, prelimnary instructions could be given, and two
nodes of communication were very effective. One controller
however, indicated that with Data Link, nore sinmulation pilot
errors occurred, and another controller nentioned that although
Data Link was very effective, voice was still used on final.
Anot her controller nentioned that nore experience was needed with
Data Link. The remaining two controllers chose voice-only as the
nore effective strategy because Data Link required too much
coordi nati on between controllers, was less efficient, and did not
allow for optimal spacing during finals.

The controllers were also asked to recall a specific critical
situation they encountered during the sinmulation runs and to
i ndi cate whether they used Data Link or voice-only to deal with the
situation and why. It was found that voice was used nore often to
communi cate with a departing aircraft, for final clearances, and to
resolve conflicts because of the instant comunication to and the
i medi ate response fromthe pilot. Data Link was used "when there
was tine to use it." The controllers on one team reported using

Data Link, but only because tine was not a critical factor. | f
time had been a critical factor, they would have resorted to voice.
One controller added an additional comrent that sinulator pilots
had a hard time keeping up with traffic, and another controller
said the pilot kept up with the controller when Data Link was used,
but fell behind when the controller switched to voi ce.

3.2.1.3 Goup D scussion of Strategies.

Debriefing sessions were conducted followng the test runs. Their
purpose was to reexamne the Data Link service designs in light of
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the subjects' experiences wth Data Link. Qher discussion topics
i ncl uded gl obal design philosophy issues, strategies for conbining
voi ce and Data Link, potential opportunities for controller error
in using Data Link, and the overall projected effects of Data Link
on ATC

Subjects were asked whether they found the individual or team
strategy nore effective when using the Data Link. The team concept
was agreed to be highly effective, since it allowed for both
controllers to issue instructions to many aircraft at the sane
time. |If one controller handled voice-only, he could take care of
situations needing imediate attention, such as m ssed approaches,
m ssed turns, mssed altitudes, or mssed instructions of any sort,
while the second controller could issue instructions to other
aircraft with Data Link to maintain a safe situation. In voice-
only scenarios, the teammate contributed little or nothing. Dat a
Li nk, on the other hand, was a cooperative effort, usually with one
controller considered to be in comrand.

As one controller comented, when a critical situation arose while
he was working individually wth Data Link or voice, he caused
del ays by spinning aircraft on the outer fixes so that he could
focus on the immedi ate situation. Wth Data Link and a second
controller, however, all the initial work was done for him and
thus, the flow of traffic continued to run snoothly. Data Link, in
a sense, allowed for two frequencies. Wen asked whether working
with Data Link in busy situations nade any difference, one
controller explained that the nental picture he forned by
constantly scanning the screen was disrupted by having to | ook down
at the keyboard. He reported a loss of concentration with Data
Li nk. G her controllers commented on the unfamliarity with Data
Li nk.

The general consensus gathered from the debriefing sessions was
that with conbined sectors, it was easier to handle traffic with
Data Link when one person handled voice, and the other person
handl ed Data Link. It was agreed that it is always beneficial to
have a second set of eyes. A problem pointed out by one
controller, however, was nost of the controllers had not worked
together before this test and, therefore, were not famliar wth
each other's habits. The controllers felt that their performances
were nore efficient the second tine they worked together, and the
experinment probably did not reflect what could have been done by a
crew who worked together on a regul ar basis.

The effectiveness of Data Link, in general, in the termnal
environment was also discussed in the debriefing sessions. One
controller cormmented on Data Link as beneficial in certain specia
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situations, such as with an enmergency aircraft requiring continuous
instructions or a stuck m crophone bl ocking a voice frequency, but
no nore effective than voice in normal traffic flow Anot her
controller considered Data Link to be effective in heavy vol une
situations, especially on departures, where nore aircraft could be
controll ed.

Most of the controllers interviewed said they would not use Data
Link for finals because much nore attention nust be given to the
aircraft that is making the final approach. It was distracting to
have to | ook down at the history list to nake sure the nessage was
sent to the Data Link target. One controller reported feeling nore
pressure working departures using Data Link because it involved too
much prelimnary thinking about what nessage to send, as opposed to
sinply having to speak what was on his m nd.

As noted in the design review results, the relationship between
short term nenory and Data Link was also discussed during the
sessions. One controller nentioned that when using Data Link, he
would often have to go back to the history list to make sure an

instruction had been sent. In one instance he found that he had
typed the sane nessage twice with Data Link. Menory for voice
instructions, on the other hand, was not a problem  her

controllers agreed that it was usually easier to catch a voice
error as opposed to a Data Link keyboard error.

3.2.1.4 D scussion of Strategy Results.

The availability of Data Link in addition to voice commrunications
makes possi bl e the devel opnent of new strategies for the control of
aircraft in the termnal environnent. In Mni Study 3, the
provision of a teamcondition where controllers could exercise Data
Link nmade further new strategies possible. As discussed in the
above sections, various attenpts were nade to record and eval uate
t he approaches devel oped by study participants. In this section

the potentially wuseful strategies wused and suggested by the
controllers are sumari zed.

In general, Data Link was agreed to be a suitable node of
communi cation for MI clearances (altitude assignnents, heading
changes, and speed changes) and for TI nessages, but not for
instructions requiring precise timng, conflict resolutions, or the
handling of mssed approaches. Strategies included sending
messages earlier to conpensate for the Data Link delays and
bypassing nenus in heavy traffic conditions. Controllers swtched
to voice in situations where tine was a critical factor, such as
vectoring aircraft to inner fixes and finals or after pilot errors
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occurred. Half of the controllers said they preferred voice over
Dat a Li nk when wor ki ng al one.

Under the team condition, strategies were nore varied, but all
controllers reported extensive use of Data Link. In nost
situations, one controller was considered to be the primry
controller who al ways used voice, but may or may not have used Data
Link. He usually handled turns to finals and approach cl earances.
The secondary controller always used Data Link, but may or nmay not
have used voice. He generally used Tl and MI lists for outer fixes
and cl earances, took handoffs, gave prelimnary instructions, and,
in sone cases, repositioned data blocks. MNone of the teans shared
the radi o frequency.

3.2.1.5 Projected Effects of Controller Team Si ze.

The final technique that was used to explore controller strategies
and their perceived effectiveness was a post-test conparison of the
four test conditions on the dinensions of individual controller
wor kl oad, system capacity, and safety.

The data obtained from each subject were transfornmed to produce

relative values on a nornalized ratio scale for each of the four
conditions using a version of the AHP. The AHP uses data obtai ned
from sets of relative judgnments rather than independent absol ute
judgnents to quantify subjective data. Each item to be eval uated
is conpared with all other itenms and the data are represented in a
judgnent matrix in which each row or colum reflects one itenls
dom nance relative to all other itens. The geonetric nmeans nethod
is used to calculate the scale values which represent the position
of the item on a scale relative to all other itens in the
conpari son. In the follow ng analyses, the neans of the eight
subject's values on the AHP scale were conpared for each
conbi nati on of communi cati on condition and nunber of controllers at
the sector. The statistical significance of the relative
differences anong the conditions was tested for individua

control l er workl oad, capacity, and safety.

Statistical analysis of the AHP scal e workl oad neans indi cated that
the perceived l|evel of individual controller workload was not
significantly affected by the communication condition, F(1, 7) =
.04, p = .83, or the nunber of controllers at the sector, F(1, 7) =
4.06, p = .08. In addition, no statistically significant
interaction between communication condition and nunber @ of
controllers was detected, F(1, 7) = 1.61, p = .24

These findings are consistent with a mgjority of the design
devel opnent studies that have been conducted wth Data Link
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controllers which show either no effect of Data Link on perceived
workload, or a mld reduction in conparison to voice-only
condi ti ons. Variations in controller workload associated wth
voice and Data Link conparisons in different studies appear to be
closely linked to the difficulty of the ATC problem the degree to
which the ATC problem is structured to take advantage of Data
Link's ability to sinplify the issuance of routine nessages, and
training level on the use of Data Link.

In contrast to the workload data, the capacity dinension subject
ratings were significantly affected by the nunber of controllers at
the sector. Wiile the overall difference between conmunication
conditions was not significant, F(1, 7) = 1.09, p = .32, two
controllers were judged as being capable of producing higher
overal |l capacity of the ATC system than one controller at the

conbi ned sector, F(1, 7) = 6.77, p = .03 However , t he
interaction between conmmunication condition and nunber of
controllers also was significant, F(1, 7) = 8.40, p = .02.

As suggested by figure 3, and confirned by planned conparison
analysis of the interaction neans, this finding indicates that
controllers felt that the two-controller team was capable of
increasing capacity, but only when the voice system was
suppl enent ed by Data Link

Controller coments recorded on the rating sheets and during

debriefings were consistent with this interpretation. Sever al
subjects noted that capacity is ultimtely determned by the
acceptance rate at the airport. However, it also was stated that

Data Link has the potential to increase capacity in sone conditions
with two controllers because it will provide a second comuni cation
channel that could be used by an assistant controller to handle
routine duties (e.g., TC Tl service). Thus, the primary
controller may have an inproved capability to produce snall
capacity increases by preventing gaps in the arrival stream Oher
coments suggested that the second controller also nay be able to
i ncrease capacity by using Data Link to maintain traffic flow when
the primary controller is required to devote conplete attention to
resolving a separation problem or pilot error occurring on the
final approach

The results on the ATC safety dinension showed that Data Link was
perceived as producing higher system safety than voice-only
comuni cations, F(1, 7) = 8.14, p = .02 (see figure 4). Wile no
significant difference was detected between the one- and two-
controller conditions (p = .053), analysis of the significant
interaction F(1, 7) = 15.97, p = .005 suggests that the effect of
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Data Link on safety was largely confined to the situations in which
two controllers were at the sector.

These data also are consistent with subject opinions recorded on
the questionnaire. Wile two controllers at a voice sector cannot
i nprove communi cations on a single channel, it was noted that sone
inprovenent in safety mght have been realized by the "extra pair
of eyes." However, with Data Link, the second controller provided
this nonitoring function in addition to offloading routine
comuni cations from the primary controller. Furthernmore, it
appeared that the general advantages of reduced confusion and
communi cation error that were achieved wth Data Link mght have
been nost apparent when the second controller was added to the
sector to assune routine conmmuni cations.

These post-test data as well as adjunct debriefings appear to
provide sone initial direction in the current effort to discover
strategi es and procedures which will optimze the benefit of
inpl enenting Data Link in the termnal ATC environnent. The
subjects' rating responses were based on a conbi nation of their

46



0.5

0.4

0.3

0.2

0.1

AHP Capacity Scale

Voice

Communication Mode

Arrival/Final Sector

Voice and

Data Link

ISingle Controller

lTwo Controllers

FIGURE 3. PRQAIECTED EFFECTS OF TEAM SI ZE ON CAPACI TY

47




0.5

0.4

0.3

0.2

0.1

AHP Safety Scale

Voice

Voice and

Data Link

Communication Mode

Arrival/Final Sector

lSingIe Controller

l Two Controllers

FIGURE 4. PRQAIECTED EFFECTS OF TEAM SI ZE ON SAFETY

48




operational expertise in performng termnal ATC tasks and
reflection on their experiences in the Data Link Test Bed during
whi ch they experinented with the use of voice and Data Link under
unconventional conditions. The test runs were not designed to test
the operational feasibility of conbining arrival and final approach
sectors or the use of nultiple controllers at such sectors. Rather,
the situation was devised in order to permt the controllers to
explore options for using Data Link which mght not have been
apparent under nore typical ATC conditions.

The data collected fromthe questionnaire indicate that one way in
which the benefits of Data Link can be enhanced is through the use
of controller teans. These projected benefits of increased safety
and capacity appear to be primarily attributable to the fact that
Data Link provides a second communication channel to the
controller. Wile the second channel nmay be beneficial to a single
controller, it appears that these benefits are nmultiplied when a
second controller is added. Such benefits seem to be greatest
under special conditions when the assistant can use Data Link to:
(1) send routine nessages during periods of high traffic |oad, and
(2) help to avoid traffic delays by using Data Link to maintain
traffic flow while the primary controller deals with an error
condition or energency. The data does not indicate that two
controllers are needed to benefit from Data Link. The data does
show that Data Link presents the possibility of devising new ATC
conventions and strategies which nmake optimal use of the second
comuni cation channel offered by this system The results support
the concept that test scenarios and associ ated experinments shoul d
be desi gned which can be used to isolate the conditions under which
these expected benefits can be observed and neasured using both
controller judgnents and perfornmance neasures.

3.2.2 Evaluation of Perfornmance Masures.

As discussed in section 2.1 of this report, the full scale test

runs conducted in Mni Study 3 were designed primarily to provide
the controllers with a conplex, high density air traffic situation
in which alternative strategies for enploying Data Link could be
expl ored. Candi date perfornmance neasures were collected during the
study in order to evaluate their potential for valid application in
future operational evaluation research. Unlike the exploratory and
devel opnental focus of the study reported here, operational

evaluation studies wll be designed to assess and docunent the
inmpact of the initial termnal Data Link services on the overall

performance of the ATC system Performance neasures such as those
discussed in the follow ng subsections of this report wll be
needed to objectively evaluate Data Link's effects on system
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safety, capacity, and efficiency, as well as its efficacy in
reduci ng congestion of the voice radi o channel.

It nust be enphasized that the goals and subsequent design of the
current study narrowWy restrict interpretation of the perfornmance
data reported here to issues associated with the value and
appropriateness of the candidate neasures thensel ves. For the
reasons discussed below, no conclusions drawn from these data
regarding the inpact of Data Link on ATC performance are warranted
or valid:

a. Controller practice and famliarity with the test airspace
and wth Data Link inputs and displays were extrenely limted, and
did not provide subjects with the level of know edge and facility

that will be required of subjects in an operational evaluation
st udy. In such studies, sufficient training will be required to
approximate skill levels that will be the norm for controllers

using a fielded system

b. The performance neasures tested in this study were
influenced by the intentional om ssion of standardized procedures
and rules for wusing Data Link. In order to examne strategy
i ssues, subjects were explicitly instructed to freely experinment
with alternate uses of the systemin a nmanner which would not be
appropriate for a sinulation intended to provide data ained at
accurately predicting the operational inpact of Data Link.

c. As evidenced by the findings of the subject interviews
conducted during full scale testing, errors and performance
variations that were not attributable to the communi cati on systens
were introduced by sinulation pilots in this study. Drawing valid
conclusions about Data Link from performance netrics during
operational evaluation wll require the use of nore highly trained
simulation pilots, inproved simulation pilot procedures and
di splays, and the participation of a subgroup of actual aircraft
pilots in the test scenari os.

In the data reported in the following subsections, a repeated
nmeasures procedure was used for analysis  of statistical
significance. The Huynh-Feldt correction to the degrees of freedom
for the within-subjects Miltivariate Analysis of Variance (MANOVA)
was applied, when appropriate, to correct for correlations between
repeat ed neasures.

3.2.2.1 ATC System Safety Measures.

The primary technique proposed for assessing safety in future
operational evaluations involves the use of algorithnms which wll
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automatically detect and record the occurrence of conflicts and
their severity. Prior test applications of these techniques have
indicated that their sensitivity to aircraft proximty tends to
produce a l|large nunber of false alarns. Thus, interpretation of
the data required extrene caution and detailed qualitative analysis
of the aircraft track records to determne the validity of a
detected conflict, its cause, and operational significance. The
results of the current study confirmed this concl usion.

A majority of the automatically detected conflicts were elimnated
fromthe raw NSSF data file using a set of rules designed to filter
out false alarns. The shortened |ist contained several conflicts
with lTow API's and high CPA s. Al of these potential conflicts
were between aircraft within a sector rather than between aircraft
in two different sectors, and a nmgjority occurred in the conbined
arrival/final sectors.

Qualitative anal yses were conducted on the 10 conflicts with API's
greater than 40. Three of these were discounted as attributable to
scenari os problens or recording systemerrors, and were not rel ated
in any way to controller activities. O the remaining seven
conflict detections, four occurred in the single controller
conditions (two in voice and two in Data Link). No conflicts were
detected in the team voice conditions and three in the team Data
Link conditions. However, analyses of the aircraft track and
comuni cations records did not indicate that the comunications
conditions under which the potential errors were detected were a
causal factor in either the single controller or team conditions.

Further evidence supporting the need for qualitative analysis as
well as automatic recording of conflicts in future operational
eval uations was obtained from notes that the controller subjects
were asked to maintain of separation violations that they detected
during the test runs. The controllers recorded a total of 21
conflicts of which 13 did not appear on the filtered NSSF |isting.
Three of the seven NSSF conflicts with APl scores over 40 were
contained in the controller lists.

3.2.2.2 ATC System Capacity Measur es.

The nunber of aircraft a controller is able to handl e over a period
of tinme while enploying a given ATC technol ogy was sel ected as one
of the primary candidate neasures of system capacity for future
oper ati onal eval uation. Q her neasures tested in this study for
assessing capacity included aircraft spacing on final approach,
time between |andings, and nunber of aircraft crossing the runway
threshol d per unit tine.
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The data for nunber of aircraft handled were separated into
i ndividual and team conditions for the arrival/final sectors. The
nunber of aircraft handl ed per run was divided by the total nunber
of mnutes in the session to adjust for different scenario |engths.
The departure sectors were not tested because traffic |oad was
hel d constant during all scenari os.

A MANOVA was used to test the one between-subjects variable and one
Wi thin-subjects variable design for the single «controller
arrival/final runs. The analysis showed that the main effect of
conmuni cation type was not significant, F(1, 4) = .28, p = .6256
but indicated that the effect of side of airspace was significant,

F(1, 4) = 10.07, p = .0337. The interaction of the two factors was
not significant, F(1, 4) = 1.32, p = .3141.

The results for the teamarrival/final runs indicated that the main
effect of communication type on nunber of aircraft handled per

m nute was not significant, F(1, 4) = .68, p = .4553, and that the
effect of side of airspace was not significant, F(1, 4) = .002, p
= .9694. The interaction of the two factors was also not

significant, F(1, 4) = 1.32, p = .3141.

Aircraft spacing on final also was neasured to assess its value as

a mneasure of capacity. As each arriving aircraft crossed the
runway threshold, the straight-line distance to the next arriving
aircraft was calculated. A potential limtation of this nethod is

that aircraft injected into the approach stream between two others
shortly after a neasurenent had been taken would not imediately
turn up in the file of spacing data. However, it was expected that
the inprovenent in spacing would be counted as the injected
aircraft | anded. To test for the inpact of this factor on the
spaci ng neasure, the nunber of aircraft injected into the nornal
arrival flow during the full scale sinulation runs were counted.
Injected aircraft events only occurred 10 tines out of a possible
531 | andi ngs. Thus, it appears that the spacing neasure will be
mninmally affected by this possibility in future eval uati ons.

Anot her related technique for assessing capacity was to consider

el apsed tinme between | andings. Gven that traffic density was
increasing as a function of simulator tine in each scenario, it was
assuned that, if the spacing and timng neasures were valid

i ndi cators of capacity, sone decrease would automatically occur as
each scenari o progressed.

Average spacing and timng on final for each controller were
averaged over 1,000 second "w ndows" during each sinulation. The
data were submtted to statistical testing using MANOVA The
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results indicated that, for individual Data Link and voice data,
there was no significant effect of comunication type or side of
ai rspace on spacing, F(1, 4) = .76, p = .4331, F(1, 4) = 11.58, p
= .0735. The interaction of scenario tine and side was al so not
significant, F(1, 4) = .15, p = .7183, and there was no effect of
scenario time on spacing, F(2, 4) = 3.6, p = .0768.

There was also no significant effect of conmunication type or side

of airspace on tine between |andings, F(1, 4) = 1.73, p = .2587,
F(1, 4) = 4.67, p = .0967. The interaction of scenario tine and
side was also not significant, F(1, 4) = .8, p = .4214, and there

was no effect of scenario tinme on tinme between | andings, F(2, 4) =
.92, p = .4353.

For the team Data Link and voice data, there was no significant
effect of communication type or side of airspace on spacing, F(1,
4) = .32, p = .5998, F(1, 4) =6.69, p = .0609. The interaction of
scenario time and side was also not significant, F(1, 4) = .3.86, p
= .1208 but there was a significant effect of scenario time on
spacing (as shown in figure 5), F(2, 4) = 4.8, p = .0422.

There was no significant effect of comunication type or side of
airspace on tine between landings, F(1, 4) = 3.05, p = .1555, F(1,
4) = 1.85, p = .2452. The interaction of scenario tinme and side
was al so not significant, F(1, 4) = .1.0, p = .3734, but there was
a significant effect of scenario tine on tinme between |andings (as
shown in figure 6), F(2, 4) = 4.57, p = .0474.

The above statistical tests denonstrate that the neasures of
spacing on final and tinme between |andings should be sensitive to
effects of comuni cations technology evaluated in future
oper at i onal eval uation studies. The rnmeasures successfully
reflected the expected inpact of increasing traffic density over
the course of the sinulation runs under team conditions. The fact
that the effects were confined to the team controller test
conditions can be seen as further evidence that the nmeasures wll
validly assess capacity, since they appear to have shown the
contribution of the additional controller to the ability to
effectively respond to increasing traffic |evels.

The rate of landings also was tested as a neasure of capacity. To
obtain this neasure, the nunber of aircraft landed in the
arrival/final sectors during each run was calculated. Statistica
analysis detected no significant effect of comunication type for
the individual controller runs, F(1, 4) = 4.02, p = .1158 or for
side of the airspace, F(1, 4) = 5.14, p = .0861. There also was no
significant effect of the interaction of conmmrunication condition
and side of airspace, F(1, 4) = 2.02, p = .2279.
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The results for the teamruns for rate of |andings also showed no

significant effect of communication type, F(1, 4) = 2.81, p =
.1691, but there was a significant difference between side of
airspace, F(1, 4) = 17.6, p = .0137. There was no significant

interaction of communication type and side of airspace, F(1, 4) =
5.07, p = .0876.

3.2.2.3 ATC System Effici ency Measures.

As candi date nmeasures of efficiency, the NSSF system neasured the
anount of tine an aircraft spent in each sector and how far it flew
(between control |l er acceptance and handoff). Tines and di stances
can be expected to be partially dependent upon controller style,
especially in departure sectors where it is possible to handoff an
aircraft early, if all necessary instructions have been given.
However, if it is assuned that a given controller would use the
sanme approach under both Data Link and voice conditions, any
improvenents in flight tine or distance flown that are neasured in
future operational evaluations should be attributable to an
advant age offered by one of the comuni cation nedi a.
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A specific advantage of neasuring tinme and distance while under

control is the possibility of neasuring how much controller

intervention is required by each aircraft flight. 1In sone sectors,

i nprovenents in comuni cati on may decrease the anount of "occupancy
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time" for each aircraft, thus freeing the controller to handle
other aircraft. The followng results suggest that this may be
possible, but that the addition of a second conmmunicating
controller may confound the hypothesized relationship between
flight tinme/distance and efficiency.

3.2.2.3.1 Flight Tine.

Flight tine data were divided into sets for individual versus team
in arrival/final sectors. Departure sectors were considered
separately and an independent analysis was conducted on each set.
Only the first 25 aircraft were included in each analysis in order
to elimnate those which started but did not conplete their flight
pl ans before the end of the sinmulation run. Flight tinme for each
aircraft was neasured and average flight tine for each controller
over each run was cal cul at ed.

A MANOVA for the individual arrival/final data showed that the main
effect of communication type on flight time was not significant,
F(1, 4) = 5.94, p = .0715, and that the effect of side of airspace
was also not significant, F(1, 4) = 1.0, p = .3728. The
interaction of the tw factors was not significant, F(1, 4) =
. 009, p = .9308.

The results for the teamarrival/final runs indicated that the main
effect of communication type was significant, F(1, 4) = 15.96, p =
. 0162, and that the effect of side of airspace was not significant,
F(1, 4) = .19, p = .6845. The interaction of the two factors was
also not significant, F(1, 4) = 1.9, p = .2392. The results are
plotted in figure 7.

The results for the departure sectors showed no significant main
effect of communication type, F(1, 6) = .08, p = .7876, and a non-
significant effect of side of airspace, F(1, 6) = .22, p = .6541.
The interaction of the two factors was also not significant, F(1
6) = .31, p = .5957.

The above statistical tests indicated that there were no
significant differences in flight tines under individual controller
conditions, but that aircraft spent a longer time under control in
the arrival/final sectors when the controllers worked in teans.

This finding may be attributable to the fact that, unlike the
voi ce-only team conditions, there were two controllers actively
handling each aircraft in Data Link team conditions. Thus, the
additional path changes, earlier acceptances, and |ater handoffs
which may have increased flight tinme could reflect the ability of
two controllers to relay nore useful nessages via Data Link to
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aircraft under high traffic conditions, rather than a difference in
efficiency.

3.2.2.3.2 D stance Fl own.

Average distance flown in each sector while under control was also
nmeasur ed. D stance data for arrival/final sectors were separated
into sets for individual versus teamconditions. Departure sectors
were considered separately and an independent analysis was
conducted on each set. Only the first 25 aircraft were included in
each analysis in order to elimnate those which started but did not
conplete their flight plans before the end of the simulation run.

A MANOVA was used to test the individual arrival/final runs and it
was found that both the main effects of communication type,

F(1, 4) = 1.27, p = .3234, and of side of airspace were not
significant, F(1, 4) = 6.81, p = .0595. The interaction of the two
factors was also not significant, F(1, 4) = .64, p = .4694.

The results for the teamarrival/final runs indicated that the main
effect of communication type was significant, F(1, 4) = 8.41, p =
.0441, and that the effect of side of airspace was narginally
significant, F(1, 4) = 7.6, p = .0511. The interaction of the two
factors was not significant, F(1, 4) = 3.38, p = .1397. The cel
means are plotted in figure 8.

The results for the departure sectors were not significant for

communi cation type, F(1, 6) = .24, p = .6437, or for side of
airspace, F(1, 6) = .01, p = .9082. The interaction of the two
factors was also not significant, F(1, 6) = .46, p = .5221.

In parallel with the flight tinme data, the distance flown results
indicate that in the team Data Link arrival/final conditions,
aircraft flew farther while under control. As suggested above
this pattern of results indicates that caution nust be observed
when using these neasures for operational evaluation because rather
than a drop in efficiency, the increase in distance and tine nmay
have been attributable to an increased |evel of comunications
effectiveness (e.g., earlier handoff acceptance would create | onger
di stances and tines).

3.2.2.4 Voice and Data Li nk Usage Measures.

3.2.2.4.1 \Voice.

In previous studies in which communications neasures were
evaluated, wuse of the voice radio system to conmunicate ATC
instructions to aircraft decreased with the availability of Data
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Li nk. Radi o usage was neasured by totaling the anmount of tinme
controllers depressed the push-to-talk button in each position, for
each scenario. Frequency of use was calculated by counting the
nunber of times the m crophone button was pressed and dividi ng by
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total scenario run time, to adjust for scenarios of different
| engt hs. Because the neasures of the duration of voice
communi cation and frequency of use data were nearly identical in
t hose studies, only the former was examned in the present study.

A test of the differences in the total duration of voice nmessages
for individual arrival/final sectors, as shown in figure 9,
resulted in a significant main effect of communication condition

F(1, 4) = 12.45, p = .0243, and a nmarginally significant difference
bet ween sides of the airspace, F(1, 4) = 6.88, p = .0586. Their
interaction was not significant, F(1, 4) = 2.57, p = .1845.

During the team arrival/final runs, there was a significant nmain
effect of comunication type on total voice comrunication tineg,
F(1, 4) = 8.67, p = .0422, but the effect of side of airspace was
not significant, F(1, 4) = 4.76, p = .0945. The interaction of the
two factors was also not significant, F(1, 4) = .92, p = .3927.
The cell means are plotted in figure 10.

In the departure sectors there was a significant effect of
comuni cation type on total nessage duration, F(1, 6) = 70.48, p =
. 0002, but not for side of airspace, F(1, 6) = 2.9, p = .1394. The
interaction of the two factors was not significant, F(1, 6) = .21,
p = .6660. The cell neans are plotted in figure 11

The results presented above confirm prior tests of neasures of
voi ce frequency usage. As expected, under all test conditions the
availability of Data Link communications wth 80 percent of the
aircraft produced significant drops in voice frequency usage. The
consistency of this netric across several exploratory studies in
both termnal and en route Data Link devel opnent indicates that it
is likely to provide a valid quantitative indicator of the degree
of Data Link's effect on voice frequency congestion in future
operational eval uation studies.

3.2.2.4.2 Data Link.

To provide a candidate neasure of the way in which Data Link is
used by the controller, records of Data Link comunications were
reduced in order to count the frequency of MI, TlI, and TC nessages
sent by controllers under various conditions.

Figure 12 shows the rate of sending Data Link MI and Tl nessages
for the arrival/final sectors (no TC nessages were sent in these
positions). (Message frequency was divided by the total run tine
of each scenario to adjust for differences in scenario |length).

Figure 13 shows MI, TI, and TC nessages for the departure sectors.
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The data indicate that the rate of Data Link transmssions for M
messages was higher in the team condition while the rate of TIi
nmessages renai ned about the sanme for individual and team controll er
configurations. Rates of nessage transmssion in the departure
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FI GURE 13. RATE OF SENDI NG DATA LINK MI, TC, AND Tl MESSAGES FCOR
DEPARTURE SECTORS

sectors were generally lower and were in different relative
proportions. Departure sector controllers sent nore Tl as conpared
to M nessages while the opposite was true in arrival/final
sect ors.

In Mni Study 2, videotape records were made of controller Data
Link entries and it was found that an average of 3.7 seconds were
required to key in a Tl or M selection, scroll the trackball to
| ocate the cursor over the target aircraft, and press the ENTER
key. In Mni Study 3, this average conposition tinme was used to
estimate the anmount of tinme controllers spent formatting and
transmtting Data Link nessages.

Figure 14 shows the estinmated average proportion of run tine spent
conposi ng Data Link nessages for arrival/final controllers in the

individual and team Data Link with voice conditions. Wth the
extra person available, it appears that Data Link was used sonewhat
nmore in the West side of the airspace. In the departure sectors,

Data Link nmessage conposition took wup 10.8 percent of the
controller's tinme.

3.2.2.4.3 \Voice and Data Link.

The use of tinme measurenents to nmake a valid conparison of voice
and Data Link in future operational evaluations nust be approached
with cauti on. Wil e estimating Dat a Li nk nmessage
sel ection/composition tinmes from keyboard activity observations is
a relatively straightforward task, conparing these tines to the
time spent speaking on the voice radio presents conplications

Wil e both nmeasures provide a total observable activity tine, they
do not necessarily reflect the tinme spent engaging in the nental
activity required to generate the desired nessage. Such activity
coul d precede the observed behaviors, or occur simnultaneously wth
them Thus, voice and Data Link conparisons may be msleading. In
addition, while tinme neasures are likely to be correlated wth
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message length and conplexity in the case of voice, selection of a
| engt hy nessage froma Data Link nenu should take no nore tine than
selection of a brief nessage. Therefore, conparisons wll be
strongly affected by the types of nessages sent by controllers in a
specific scenari o.

Despite these limtations, the results from the preceding two
sections were conbined to examne the differences between speaking
times and Data Link data entry times. The data for individual and
team controller configurations were considered separately.
Conbi ning the data in this way assunes that the task of voicing an
instruction to an aircraft is equivalent to keying an instruction
into the Data Link system and that the sane types of nessages were
sent in both communi cati ons nodes.
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Figures 15 and 16 conbine NSSF data for total |ength of voice
transmssions in the arrival/final sectors (expressed as a
proportion of total run time) wth the tinme required to conpose and
send Data Link nessages estimated during the previous Data Link
M ni St udy. For the individual controller runs, there appears to
have been little difference in the amobunt of tinme spent using a
conbi nation of Data Link and voice as conpared to voice-only.
However, in the team configurations, sonmewhat nore total tine may
have been invol ved when Data Link and voice were both avail able, as
m ght be expected with the provision of the second controller.

The results for the departure sectors tell a simlar story when
total tine spent conmunicating was considered, as shown in figure
17. In the arrival/final sectors, Data Link nmessages nade up about
one-half of the time spent communicating during Data Link wth
voi ce runs. Departure controllers appeared to use Data Link nore
often when it was available, accounting for about two-thirds of
total nessage tine.

3.2.3 Discussion of Perfornmance Masures.

3.2.3.1 Safety Measures.

The nonitoring of predefined aircraft conflict paranmeters continues
to be the only approach available for automated neasurenent of
system safety in future operational evaluations. As shown in the
present study, current nethods for conputerized conflict recording
resulted in a nunber of false detections, and were not necessarily
correlated with controller records of conflicts. Rul e- based
filters for excluding false alarns were developed for this study
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whi ch proved successful for elimnating some incorrect detections.

However, in order to decrease reliance on qualitative nethods for
screening automatically detected conflicts, additional filtering
rules based on accepted ATC conventions nay be needed. An
alternative to such sophisticated screening rules addition that was
tested in the present study is to restrict qualitative analyses to
detected conflicts of long duration, high API, or |low CPA. Such an
approach should prove to be efficient for future tests of the
i npact of Data Link on safety. Additionally, efforts should be
made to validate NSSF based conflict neasures by conparing themto
the conflict records provided by the ARTS system

3.2.3.2 Capacity Measures.

The new approaches developed and examned in Mni Study 3 for
assessing the effects of Data Link on system capacity in future
operational evaluations included neasures of spacing and tine
between landings on final and the rate of |andings. The
denonstrated sensitivity of these nmeasures to increasing traffic
demands in sone test conditions suggests that they may be useful in
operational evaluation. However, the results of the current study
al so indicate that the selection of appropriate neasures of
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capacity wll depend upon how Data Link is enployed by the test
controllers.
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For exanple, the current study yielded no significant differences
between Data Link and voice on the tested system capacity mneasures.
The strategy data indicate that this result 1is probably
attributable to the way in which the controllers distributed

messages between Data Link and voice. It appears that nost
controllers in Mni Study 3 did not use Data Link to negotiate the
control of aircraft on final approach. Voice was preferred

primarily for its rapid transm ssion and response capabilities.
Therefore, controllers were using voice in both Data Link and voice
scenarios to acconplish the tasks which would have the greatest
effect on the spacing neasures that were coll ected. The only
benefit that Data Link could have in such situations would be to
indirectly effect spacing on final by perhaps creating a nore
consistent traffic flow

As suggested by the strategy data, it appears that additional,

scenari o-specific nmeasures may be needed in operational evaluation
to detect Data Link's hypothesized indirect effects on capacity
produced by the ability to enploy two available conmunications
channel s. Neverthel ess, the neasures enployed during Mni Study 3
should continue to be wused as general indicators of system
capacity.

3.2.3.3 Efficiency Measures.

The performance neasures of flight tine and distance flown while
under control are nmeasures of efficiency that have a high | evel of
face validity. However, as noted earlier, they nmust be interpreted
in conjunction with neasures of effectiveness and of controller
strategi es. Anot her neasure of efficiency which should be
considered is time and distance as neasured between sector
boundaries. Further investigation of neasures of tinme and distance
should be nmade to determne the best netrics for future Data Link
st udi es.

A problem with conducting statistical analysis of the data from
experinents such as Mni Study 3 is that sone information is |ost
when averagi ng over observations. (In the case of efficiency
nmeasures, each aircraft's flight through a sector can be considered
as an observation.) The statistical conputations involved to use
the observation data are very conplex, especially in the case of
the design enployed in Mni Study 3. The analysis could be
sinmplified for an operational evaluation with an experinental
desi gn which includes fewer factors.

3.2.3.4 Voice and Data Li nk Usage.
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Al though sonme voice traffic may occur to correct or nodify Data
Link transactions, there was still a substantial decrease in voice
usage when Data Link was avail able. Measures of comuni cations
errors should be added to system usage neasures in order to provide
a conplete neasure of the conparative effectiveness of the voice
and Data Link systens during operational eval uations.

| nproved neasures of nessage content identified by the sending
controller wll also be desirable for operational evaluation
research. Accurate conparisons of voice and Data Link will require
efficient nethods for analyzing the type and conplexity of each
nmessage sent. Further efforts also should be nade to devel op
conputerized recording nethods for capturing Data Link nessage
conposi tion durations and errors.

4.  CONCLUSI ONS.

The results of the study presented in this report warrant a nunber
of specific and general conclusions regarding the initial termnal
air traffic control (ATC) services, required changes to the service
designs, controller strategies for maximzing the effectiveness of
Data Link, the devel opnment of performance neasures, and future
research and devel opnent efforts.

Data Link Service Designs:

a. The design review phase of this study confirmed the
acceptability and wutility of the nodifications to the initial
termnal Data Link services that were based on the results of the
Novenber 1991 st udy. In addition, the design review generated a
limted nunber of additional service enhancenents for incorporation
in Data Link Test Bed software and the functional design
speci fication. Anong the nost inportant of the nodifications
recommended by the Air Traffic Data Link Validation Team (ATDLVT)
controllers were inprovenents to the nenu-based service designs
intended to ensure nmaxi num adaptability to the full range of field
requirenments. These included: (1) an increase in the flexibility
with which termnal information (TlI) and nenu text (MI) itens can
be conbined for wuplink, (2) inclusion of automation and editing
utilities to permt rapid adaptation and nodification of itens in
the Tl list, and (3) renoval of restrictions on the nunber of itens
in the MI Iist that can be used for speed, heading, altitude, and
mul ti pl e cl earances.

b. The results of the design review also confirnmed that human
factors design features added to the M and TI service have
enhanced the wusability of these nenu-based services. Controll er
ratings of the inpact of nodifications ainmed at reducing display
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clutter, inproving the ease of item selection, and reducing item
selection errors indicated that each of these features has the
potential to inprove controller perfornmance.

C. Design debriefing results obtained after the full scale
simul ation exerci se suggested that two general human factors issues
warrant further consideration in the devel opnent of termnal Data
Link ATC services. Controller coments indicated that significant
input error potential may exist when conposing speed, heading, and
altitude clearances wusing the nenu bypass function, and that
messages sent by Data Link may be nore easily forgotten than those
transmtted by voice. The subjects agreed that if either of these
hypot heses is verified in future research, the design of the user
interface and/or application procedures should be nodified to
conpensate for any verified decrenent in perfornance.

Further research also is needed on the effect of Data Link on
controller situation awareness. Study participants were concerned
that extensive use of Data Link mght interfere with keeping their
"picture" of the traffic situation since scanning of the screen was
di srupted by looking at Data Link nenus and the keyboard. It is
recogni zed that this concern may be at |east partly attributable to
insufficient training with Data Link operations.

Control l er Strategies:

d. The results indicated that Data Link can be an effective
tool when working in teamconditions. Six of the eight controllers
said they preferred Data Link when working with another controller
on the conbined arrival/final sector. The second controller was
able to use the extra Data Link communi cation channel to assist the
primary controller. The subjects noted that team Data Link could
reduce delays in a busy traffic situation by using the second
controller to send routine nmessages and/or to control traffic flow

In voice-only team conditions, controllers did not opt to share
the single voice channel, and reported that no team advantage was
obt ai nabl e under this condition.

e. Experinmentation with team control concepts elucidated sone
of the strategic control options nade possible by Data Link. These
ranged fromhighly defined duties for each teammate to a sharing of
all control tasks. Such strategies appeared to provide controllers
with a wider range of nmethods for dealing with increased traffic
| oads than those avail able under the current single comrunication
channel system

Wiile team control does not appear to be necessary to gain Data
Link benefits, its advantages were nore apparent under team
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conditions in the present study. |If this concept were pursued in
future work, further study of team interaction styles would be
needed to determne the nost effective nmanagenent of roles and
resources for optimum efficiency and safety. Comments nade by
participants suggested that nore practice in working together would
be needed to inprove teameffectiveness and safety.

f. Controller projections of operational inpact indicated that
team size would not effect individual workload, but that the
availability of Data Link could permt a two-controller team to
achieve increases in system capacity and safety. Both of these
effects were attributed to the increased ability to make use of
dual comuni cation channels when two controllers staff a sector.

g. Controllers continue to see the comunication delay
inherent in Data Link technology as a potential problem which may
limt its use in sonme termnal applications. During the strategy
di scussions, several controllers noted that Data Link was not
suitable for time «critical instructions in the arrival/final
sectors, such as turning aircraft onto final or dealing with m ssed
approaches or conflicts. Data Link was said to be nost effective
for TI, M clearances, altitude assignnments, heading changes, and
speed changes, but not for conflict resolutions or the handling of
m ssed approaches. QG her than Data Link delays, the controllers
noted that limted Data Link training tinme in the current study was
responsible for other difficulties experienced in use of the
system

Per f or mrance Measur es:

h. A nunber of the performance neasures evaluated in this
study appeared to show promse for future application in
oper ational eval uation where proposed Data Link benefits to the ATC
systemw || be directly tested using the finalized service designs.

Automatic conflict detections continue to be the primary source of
objective data regarding system safety. However, as shown by this
study, to be wvalid, these neasures nmust be supplenented by
qualitative analyses to determne the cause of a detected incident
and its operational significance. Several neasures of capacity and
efficiency were examned in this study. Wile, in nost cases, the
testing conditions did not include manipulations that would
concl usively denonstrate their sensitivity or validity, the results
indicated that valid neasures nust be <closely tied to the
strategi es used by subjects to control traffic and to the nature of
the test scenario. Finally, nmeasures of voice radi o usage produced
results that were highly consistent with those obtained in earlier
studies and, if supplenented by neasures of conmunication errors
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and nessage content, are expected to be valid for use in future
operational eval uation.

Si mul ati on Procedures:

i. The performance of sinulator pilots appeared to create

restrictions on controller perfornmance and the kinds of strategies
controllers used during experinental runs. These probl ens appear
to have been a function of the simulator pilot Data Link interface
and training. They are expected to be rectified in the new
simulator pilot |aboratory being installed at the FAA Technical
Center, and should not be a limting factor during operational
eval uati ons.
In agreement with the findings of Mni Study 2, the present results
also indicate that additional time should be allocated for
controller training and famliarization with Data Link in order to
draw valid conclusion in operational evaluation studies.

5. RECOVMENDATI ONS.

The follow ng recommendations for future actions under the Federal
Aviation Admnistration (FAA) termnal air traffic control (ATQ
Data Link program are derived fromthe results and concl usions of
t he present research

a. The results of the design review conducted as part of this
study indicate that the initial termnal Data Link ATC services
have reached a high l|evel of devel opnent. It is, therefore,
recommended that after the Iimted nodifications generated by the
review have been inplenented, these services be subjected to
operational evaluation in the Data Link Test Bed. In this
evaluation, thorough testing of all four services should be
performed under high fidelity sinmulation conditions using a group
of controllers who have not participated in the design devel opnent
pr ocess. As a mnimum the operational evaluation should assess
the operational suitability of the initial services, and assure
that their inplenentation does not adversely affect the safety or
productivity of the ATC system

b. The present research indicated that the positive inpact of
termnal Data Link beyond the reduction in voice radio frequency
congestion may be greatest in specific situations where a second
comuni cation channel could increase safety or prevent delays. For
this reason, it is recommended that an adjunct study to the
operational evaluation be perfornmed to conpare the effectiveness of
voi ce-only procedures with a system supplenented by Data Link in
the context of specially defined termnal scenarios. Anong others,
these test situations should include cases of a stuck mcrophone
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and scenarios in which pilot errors disrupt the normal flow of air
traffic. As suggested by the results of the current study, this
research also should explore the possibility of using controller
team strategi es to resol ve these special problens.

c. As shown by the results of Mni Study 2 and confirmed in
the present study, transaction tines are a critical determ nant of
the utility of Data Link for sending many control clearances in the
termnal environnent. As a consequence, the value of the data
collected in operational evaluation studies will be dependent on
the extent to which transaction tines accurately reflect those
which would be experienced in an operational inplenentation.
Because of this, it is recomended that research efforts be pursued
to obtain reliable estinmates of pilot response delays and Data Link
systemtransm ssion tines.
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d. In addition to operational evaluation research, specific
research should be planned to investigate unresol ved human factors
i ssues which have energed from this and other termnal Data Link
st udi es. The nost inportant of these issues are: (1) the
conparative potential for undetected communication errors in voice
messages and Data Link nessages initiated by nanual entries, (2)
the significance and performance inpact of reports that short term
menory for manually entered Data Link nessages may be poorer than
menory for nmessages spoken over voice radio, and (3) the inpact on
situation awareness of the increased "heads down" tine incurred by
the addition of Data Link inputs and displays to the controller's
t aski ng. Investigation of all three of these issues should
consider how the effects of famliarity and practice may mtigate
suspect ed probl ens.

e. The present study revealed a nunber of requirenents for
i nprovenents in experinmental nethods and neasurenent techniques
that should be addressed to enhance their wutility in future
simul ati on studies. The followi ng nodifications are recommended:
(1) increase controller training on Data Link procedures and

airspace to nore closely approximate operational I|evels of
expertise, (2) take steps to inprove sinulation pilot perfornmance,
(3) expl ore I mpr oved nmet hods for eval uati ng ef ficiency,
conmuni cation error and situation awareness, (4) I nprove

experinmental power through nore efficient study design and anal ysis
techniques, (5) inprove data extraction from the simulation
conputers, and (6) exercise the experinental performance neasures
used in Data Link studies in the context of other ATC research to
assi st in validation.
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APPENDI X A
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Raleigh-Durham Approach
Control is responsible
for the outlined airspace
surface to 10,000 feet.

DEPARTURES
o T

Departure headings
assigned to aircraft from
Raleigh-Durham Runways
23R and 23L.



NORTH DEPARTURES
° T

“NORTH DEPARTURE ™
ALTITUDES

The North Departure Controller radar
identifies aircraft immediately
after departing from Raleigh-Durham
Runway 23R. Then climbs and vectors
the aircraft toward one of two
departure gates. As the aircraft
nears another facilities airspace
the controller Transfers control of
the flight and changes the pilots
frequency.



“SOUTH DEP,
ARTURE ™
ALTITUDESVRE

The South Departure Controller radar
identifies aircraft immediately
after departing from Raleigh-Durham
Runway 23L. Then climbs and vectors
the aircraft toward one of two
departure gates. As the aircraft
nears another facilities airspace
the controller Transfers control of
the flight and changes the pilots
frequency.



" EAST ARRIVAL

The East Controller accepts arrival
and transgressing flights from the
South and East of Raleigh-Durham
airspace. The flights from two
////’“'”_4“‘L\\\\\\\ arrival areas are sequenced together
EAST ARRIVALS and handed of to the East Final
T

controller who provides the flight
instructions for landing.




WEST ARRIVALS

WEST ARRIVAL ~
ALTITUDES

The West Controller accepts arrival
and transgressing flights from the
North and West of Raleigh-Durham
airspace. The flights from two
arrival areas are sequenced together
and handed of to the West Final
controller who provides the flight
instructions for landing.



EAST & WEST FINAL ™~
ALTITUDES

The East and West Final controllers
provide sequencing adjustment and
approach clearances for multiple
aircraft landing at Raleigh~-Durham.
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CONTROLLER EVALUATI ON OF
I NI TI AL DATA LI NK TERM NAL SERVI CES

ARTS II'1A

DESI GN REVI EW BOOKLET
M N STUDY 3

Thi s bookl et containd a series of questions which will permt you
to i ndependently review and eval uate the designs of the term nal
services as nodified by the results of the |ast study and
currently inplenmented in the ARTS Il A section of the Data Link
Test Bed.

Pl ease answer all questions in the booklet and carefully record
any recommendati ons for design changes. Explain your reasons for
suggesting these changes.

Renmenber, your main task is to concentrate on conpleting the
booklet. W are doing the reviewin the Test Bed so that you can
exam ne the service designs as you work on the booklet. During
this session it is not inportant to nmaintain precise control of
the air traffic in the scenario.

REVI EVEER
NANVE




| NSTRUCTI ONS

This review is divided into eight sections. Each of the first
seven sections begins wth a description of the relevant features
or services that will be addressed by the follow ng questions.

Pl ease read these descriptions carefully and use themalong with
your observations in the Test Bed to answer the questions.

During this session you should switch control positions between
scenarios so that you will be able to evaluate each of the
servl ces

NOTE

In the follow ng service descriptions:

- The SLEW conmmand shoul d be interpreted as the action sequence
of acquiring the target wth the trackball and pressing the
trackbal | enter key.

- The ENTER command shoul d be interpreted as pressing the
keyboard ENTER key.

- Data as shown in a display or entered on the keyboard are
presented in quotation marks. The quotation marks are not part
of the display or entry.




GENERAL DATA LI NK FEATURES

- Data Block Equipage and Eligibility Symbols

The term nal Data Link design uses graphic synbols in the first position of
the first line of the data block to indicate whether an aircraft is equipped
with a functioning Data Link system and whether the control position

di splaying the track is eligible to conmunicate with the aircraft. NQ synbol
in the data block identifies an aircraft that does not have Data Link
capability. A "plus sign" (+) indicates that the aircraft is equipped to
conmuni cate using Data Link, but that the control position is not eligible to
communi cate with it. An asterisk (*) identifies an aircraft that has Data
Link capability and indicates that the control positionis eligible to
conmuni cate with it using Data Link

- Data Link Key

Several functions associated with the Data Link systemrequire the controller
to precede a command entry with a special keystroke. 1In the current design
this Data Link (D/L) key is F9 on the ARTS |11 A keyboard.

- One Transaction Per Aircraft

For all services, only one Data Link transaction per aircraft may be in
progress at a time -- Except in the case of a "held" TOC, the controller may
not uplink a new message until the previous nessage has been wlcoed or a
transaction that has failed has been cleared fromthe data bl ock display.

- Transaction Delete Command

An ongoi ng Data Link transaction, or one that has resulted in a failure, can
be deleted by pressing the D)L key and a SLEWaction. This input clears the
data bl ock and status list displays for the transaction and permts the system
to accept the next nessage to the aircraft. The input does not recall the
message or prevent it fromreaching the aircraft. NQ provision for attenpting
to recall a message that has been sent is included in the design

- Message Resend Command

If a Data Link transaction is not conpleted because of a technical failure
(NAK), the controller can resend the nmessage by a SLEWaction. The system
will not accept the resend input if the response fromthe pilot is "UNABLE"
(UNA) .

- No Response Lock Out After Time out

In the current design, the data block and status list display a tinmeout
message if the pilot fails to respond to a delivered nessage within 40
seconds. This display is an alerting nessage for the controller, and does not
prevent the systemfrom accepting a subsequent "WLCO' or ''UNABLE ' response.
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The transaction will remain open until one of these nessages is received or
the controller enters the transaction del ete comuand.

REVI EW QUESTI ONS:

1. Does the description accurately represent the general
operational features of the systemthat you observed in the
Test Bed?

YES, THE DESCRI PTI ON | S CORRECT

________ NO | T DOESN' T MATCH
Descri be those aspects of the description
that did not match your observations --

2. In the current design, the transaction del ete conmand
cl earsthe status displays and nmakes it possible to send anot her
message to the aircraft. No recall attenpt (fornmerly F9X) is
possi bl e. What communi cati on procedures should be foll owed
when a transaction is del eted?

3. In the current design, the nessage resend conmand can be used
after a Data Link transmi ssion failure (NAK). Should the
resend be a |l egal command in the operational systemif a NAK
does not guarantee that the nessage failed to reach the pilot?




4. The "time out" (TIM/ T) display is presented if the pilot
fails to wilco or unable a nmessage within 40 seconds. 1In the
current design, this display is an alert to the controller, and
does not prevent the systemfromreceiving a |ater pilot
response. Assumng that normal total transaction tines are
shorter than 20 seconds, would the alert be nore effective if it
was displayed at an earlier tine? |If yes, when should it be

di spl ayed?

5. What shoul d be done to inprove the general operational
features of the Data Link services discussed in this section?
I ncl ude any changes suggested by your answers to questions 2. -
4. above.

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE DES|I RABLE OR NEEDED

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE NEEDED, BUT THE FOLLOW NG WOULD
BE DESI RABLE: (descri be)

THE CURRENT | MPLEMENTATI ON | S UNACCEPTABLE - -
THE FOLLOW NG CHANGES MUST BE MADE



STATUS LI ST AND DATA BLOCK
TRANSACTI ON STATUS DI SPLAYS

- Function

The status list contains information on the status of up to 15 ongoi ng Data
Li nk transactions per sector. Each of the lines displays the content and
status of a single transaction. The display on the third line of the data
bl ock al so provides status and content data for an ongoi ng transaction

- Status List and Data Block Format

Each Iine on the status list has three data fields displaying the Aircraft ID,
t he nmessage content, and the current status of the transaction (e.g. "AAL123
TI*A SNT").

The third line of the data bl ock presents the nmessage content and the current
status of the transaction (e.g. Al120 D).

- Status Messages

The abbreviations used for the status nessages in the status |list are "SNT"
(message sent), "DLV' (nessage delivered to aircraft), WL (pilot wilco

recei ved), "NAK' (failure of systemto successfully deliver nessage to
aircraft), "UNA" (pilot unable to conmply with nessage), and TIN (pilot failed
to respond to a delivered nmessage within 40 seconds).

The third line of the data bl ock does not display the nmessage sent or WIlco
status. The single letters "D', "N', "U' and "T" are used to indicate
Del i vered, NAK, Unable, and Tinme out.

- Status List and Data Block Tl and NT Message Content

The content of a Terminal Information (TI) nessage represented in the status
list and in the third line of the data block is denoted by displaying the
acronym"Tl", an asterisk, and the al phabetic |etter nmessage identifier
associated with the nessage in the Tl list (e.g. “TI*A).

The content of a Menu Text nessage represented in the status list and the data
bl ock is represented by a shorthand description of the clearance sent.

Al titude, heading, and velocity change cl earances are abbreviated by "A", "H'
and "V', respectively. The letter is followed by a 3-digit nunber indicating
the altitude |l evel or conpass heading, or a 2-digit nunber indicating speed
(V) in hundreds of knots (e.g. "A120H150V15"). |If a left or right turn
direction was sel ected when sendi ng a headi ng cl earance, the "H' is repl aced
by an "L" or "R

- Displays on Receipt of Wilco
VWhen an aircraft downlinks a Wlco to a transaction contained in the status
list, "WL" is displayed for 8 seconds, after which all transaction

information is deleted fromthe list. The WIlco response is indicated in the
data bl ock by imedi ately clearing all data on the third |ine.
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- “Failure” Alerting Displays

If a transaction results in a NAK, Unable, or Time Qut, the nessage content

di splay and the single letter indicator ("N', "U or "T") shown in the data

bl ock flash to alert the controller. The correspondi ng nmessages in the status
[ist ("NAK', "UNA", "TIM) do not flash.

- Displays on Resend
If the controller resends a nessage that has failed, the failed nmessage is

cleared fromthe status list and a new status entry appears when the nessage
is sent.

- Quick-Look Data Block Display
If a controller quick | ooks a Data Link equi pped aircraft that is under the

control of another position, the third line of the data block will only be
di splayed to the Data Link eligible controller

- Inputs to Display/Suppress Status List

The status list is displayed by pressing the D)L key (F9), typing "S" and
ENTER. Wen the list is displayed, the identical input sequence wll suppress
the |ist.

- Inputs to Move the Status List

The status list can be noved to any position on the display by pressing the F8
key, typing "S" and SLEW



REVI EW QUESTI ONS:

1. Does the description accurately represent the design and
operation of the Status List and Data Bl ock transaction status
di spl ays that you exam ned in the Test Bed?

YES, THE DESCRI PTI ON | S CORRECT

_____ NO | T DOESN' T MATCH
Descri be those aspects of the
description that did not match your
observations --

2. Do the abbreviated status nessages used in the Status List
(SNT, DLV, WL, NAK, UNA, TIM and Data Block (D, N, U, T)
provide sufficient information? Are they easy to interpret?

3. As suggested during the |ast study, the Data Bl ock display
(and the Status List) now gives nore direct infornmation about
the content of a Menu Text transaction in progress. Should the
short hand abbrevi ati on of heading, altitude, and speed
cl earances be included in the final design, or would the item
identifier nunber be sufficient? Wy?

4. Are the itemletter identifier displays in the Data Bl ock and
Status List adequate for Term nal Information nmessages?



5. Does flashing the U N, and T in the Data Bl ock provide an
adequate controller alert for these "failure" conditions?

6. Is it useful to display "WL" in the Status list for 8
seconds after the wilco is received fromthe aircraft? Wy or
why not ?

7. \What should be done to inprove the design of the Transaction
Status Displays? |Include any changes suggested by your answers
to questions 2. - 6. above.

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE -- NO
CHANGES ARE DESI RABLE OR NEEDED

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE -- NO

CHANGES ARE NEEDED, BUT THE FOLLOW NG WOULD
BE DESI RABLE: (descri be)

_____ THE CURRENT | MPLEMENTATI ON | S UNACCEPTABLE - -
THE FOLLOW NG CHANGES MUST BE MADE
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H STORY LI ST

- Function

The history list provides a record of the |last 3 Data Link nmessages wil coed by
an aircraft. The first line of the list contains the ACID of the subject
aircraft, while the remaining |lines display the nessages recei ved. Messages
are automatically sent to the history list when the wilco is received.

- Message Content Display

In general, the content of messages represented in the history list is
di spl ayed with mnimal use of abbreviations (e.g. FLY HDG 150). However, when
a single nessage contains multiple nenu text clearances or a term na
i nformati on nmessage conbined with a nenu text clearance, alternate
representations are used to conserve display space. |If a Tl nmessage is
conbined with an MI nessage, the content of the clearance portion of the
message i s abbreviated using the shorthand formused in the status list and
data bl ock displays. In this case, the Tl portion of the nmessage is displayed
on one line and the MI clearance is presented on the follow ng |ine preceded
by three periods to indicate that the clearance was appended to the Tl (e.g.
"Tl message"

: . A060")

VWhen nultiple MI clearances are included in a nessage they are displayed in
the shorthand formon a single line of the history |ist separated by spaces
(e.g. "HL50 A060 V15").

- Message Order

The nmessages are listed in reverse chronol ogi cal order of receipt, with the
nost recently received nessage appearing at the bottomof the list. The list
scrolls up as new nessages are received.

- Inputs to Display History List

The history list for an aircraft can be viewed by entering "HL" and SLEW

- Location of History List

The history list replaces the status list. The history list remains in this
position for 8 seconds after it is selected and is then replaced by the status
list. Aternatively, reentering the "HL" SLEWcommand for the sane aircraft
wi |l manually renove the history list.
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REVI EW QUESTI ONS:

1. Does the description accurately represent the design and
operation of the History List that you examned in the Test
Bed?

YES, THE DESCRI PTI ON | S CORRECT

_____ NO | T DOESN T MATCH
Descri be those aspects of the description
that did not match your observations --

2. WIIl 3 nessages for each aircraft provide a sufficient
recordof past transactions in the History List? |[If not, how
many will be needed?

3. In the current design, abbreviated text is used for displaying
Tl and MI transactions when a single nessage was sent. To deal
wth space limtations, the systemreverts to displaying the Ml
message(s) in the shorthand formwhen a Tl and an MI, or
multiple MI cl earances were sent in a single nessage -- |Is this
preferred, or should MI nessages be presented consistently in
the shorthand formfor all situations?

4. In the current design, the H story List shares |locations with
the Status List. |Is this preferable to overlaying the M/ TI
list as in earlier designs?
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5. Is the 8 second display time (wth an ability to suppress the
di splay earlier) adequate for the H story List?

6. \What should be done to inprove the design of the History List?

I ncl ude any changes suggested by your answers to questions 2. -
5. above.

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE DESI RABLE OR NEEDED

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE NEEDED, BUT THE FOLLOW NG
WOULD BE DESI RABLE: (descri be)

_____ THE CURRENT | MPLENENTATI ON | S UNACCEPTABLE - -
THE FOLLON NG CHANGES MUST BE MADE:
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I NI TI AL CONTACT (1 0Q)
SERVI CE DESCRI PTI ON:

- Initiation of IC

The ICis initiated when the aircraft pilot responds with a WLCO nessage to a
precedi ng transfer of communication. The aircraft's assigned altitude is
appended to the WLCO downlink response, and this value is sent via
interfacility or intrafacility data channels to the receiving control

posi tion.

If the aircraft fails to append the assigned altitude to the TOC wilco, the
system automatically sends an altitude request (AR) nmessage to the aircraft.
The ongoi ng status of this transaction is displayed in the receiving
controller's status list and data block. An AR is also automatically sent to
departing aircraft in order to initiate the 1C for first contact.

- Display on Downlink of Assigned Altitude

VWhen the aircraft downlinks its assigned altitude with the wilco to the TOC or
in response to an AR, the third line of the data bl ock displays the characters
"IC" followed by the 3-digit altitude value (e.g. "IC 110"). The third line
of the Data Bl ock flashes to capture the controller's attention and signal a
requi red response.

- Response to an IC Downlink
The controller response may be a Tl nessage, initiation of a transfer of
conmuni cati on, one or nore nenu text nessages, or a conbination of a TI

message and an HT nessage. Initiation of the uplink imredi ately del etes the
"IC" display in the third line of the data bl ock
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REVI EW QUESTI ONS:

1. Does the description accurately represent the design and
operation of the Initial Contact service that you examned in
the Test Bed?

YES, THE DESCRI PTI ON | S CORRECT

NO, I T DOESN T MATCH

Descri be those aspects of the description
that did not match your observations --

2. The major change to the ICincluded in this inplenentationwas
made to elimnate the delay associated wth the uplinked

altitude request and IC downlink. 1In the current design, the
assigned altitude is downlinked with the Wlco to the Transfer
of Communication. |Is this change acceptable? Do you foresee

any potential operational problens wth the procedure?

3. The altitude request (AR) uplink is used in the present design
to deal with first contact departures and aircraft that do not
append the assigned altitude to the TOCwlco. 1Is this
procedure acceptable? Do you foresee any potential operational
pr obl ens?

4. |Is the flashing IC display in the Data Bl ock adequate to
capture the controller's attention when the altitude is
downl i nked?
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5. Are the TI, MI, and conbination uplink options sufficient to
cover all operational requirenents for responses to the |IC?

6. What should be done to inprove the design of the Initial
Contast service ? Include any changes suggested by your
answers to questions 2. - 5. above.

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE DESI RABLE OR NEEDED

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE NEEDED, BUT THE FOLLOW NG
WOULD BE DESI RABLE: (descri be)

_____ THE CURRENT | MPLEMENTATI ON | S UNACCEPTABLE - -
THE FOLLOW NG CHANGES MJUST BE MADE:
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TERM NAL | NFORVATI UN SERVI CE (TI)

SERVI CE DESCRI PTI ON:

- Initiation of TI1

A message in the Tl list can be sent at any tinme through a controller input
action. Wien used inmediately after receiving an initial contact nmessage from
an aircraft ("IC'" and an altitude value displayed in the third line of the
data bl ock) a slew input can be used to send a commonl y-used default TI
nessage.

- Tl List Display

Tl nessages are selected froma list display with the header "TI" at the top
and containing four optional nessages. Each message is preceded by an
identifier letter (A - D). The nessage appearing on the first line
(regardless of its identifier letter) is the default nmessage. Each of the
messages can be up to 40 characters | ong.

- Inputs to Change Default Message

The default message can be changed by pressing the D)L key foll owed by "D’

the identifying letter of the newitemdesired (Ato D), and ENTER  This
action will nove the selected itemto the first line of the |list and rearrange
the remaining itens in al phabetic order of their identifier letters. Itens

al ways retain their original identifier letters regardless of the item
designated as the default message. Changing the default nmessage autonatically
restores any suppressed itens to the Tl list (see suppressing individual TI
nmessages bel ow).

- Inputs to Reposition Tl List

The TI list can be noved i ndependently to any position on the ARTS display by
pressing the F8 key, typing "T" and SLEWto position the |ist.

- Inputs to Suppress t Retrieve Tl List

The entire Tl list can be renoved fromthe ARTS di splay by pressing the DL
key, typing "T" and ENTER. Repeating this sequence will retrieve the list.

- Suppressing Display of Individual Tl Messages

If desired, fewer than 4 TI nmessages can be displayed in the list. Pressing
the D)L key followed by the itemidentifier letter and ENTER renoves the
selected itemfromthe list display. Al other itenms maintain their origina
letter identifiers, and the suppressed itemrenmains available for uplink by
the normal data entries. Itens can be retrieved to the list display by
repeating the D)L key - itemidentifier entry. |If all items in the list are
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i ndi vidual |y suppressed, the "TI" header remains on the display to indicate
the suppressed list location and to renmind the controller that restoring the
list will require individual entries rather than the entry used to retrieve
the entire list if it had been suppressed using the FOT entry.

Changi ng the default nmessage in the Tl list will automatically restore al
i ndi vidual ly suppressed itens to the list.

- Inputs to Send Default Tl After IC

VWhen a successful initial contact has been conpleted and the third line of the
data bl ock displays "IC" followed by an altitude value, the default TI nmessage
may be uplinked by a SLEW acti on.

- Inputs to Send Tl Messages at Any Time

Messages can be uplinked at any time by typing "T", the nmessage identifier
letter fromthe TI list (e.g. "B") and SLEW

- Displays on TI Uplink

If a Tl nessage is sent when "I C' and an altitude value are shown in the third
line of the data block, the entry deletes the "I C' and altitude, and repl aces
it with "TI*" followed by the nmessage letter selected fromthe list for

uplink. The status list entry displays the identical nessage.

- Displays After Pilot WILCO

Upon recei pt of a downlinked WLCO response fromthe aircraft, the
"TI"/message letter display in the third Iine of the data block is del eted.
WL is displayed in the status list entry for 8 seconds before the entry is
del et ed.

- Combining Tl with an MT Message

Any TI message can be sent together with one MI nmessage by typing "T" and the
Tl nessage letter desired prior to the Menu Text entry (e.g. "TDWA"). The
mul ti ple MI message displayed on line 9 of the MI Iist cannot be conbined with
a Tl message. The default TI nessage can be sent with a Menu Text nessage

wi t hout specifying the Tl nessage nunber (e.g. "TM4A") if the I C nmessage is
flashing in the Data Bl ock.

- Changing the Content of Tl Messages

The content of any of the four Tl nessages can be changed by pressing the DL
key, "T", and the identifier letter of the message to be changed. These
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entries are followed by a space, the desired text message, and ENTER (e.g.
"FO9TB text messageENTER'). The text nmessage may be up to 40 characters | ong.
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REVI EW QUESTI ONS

1. Does the description accurately represent the design and
operation of the Termnal Information service that you exam ned
in the Test Bed?

YES, THE DESCRI PTI ON | S CORRECT

_____ NO | T DOESN T MATCH
Descri be those aspects of the description
that did not match your observations --

2. In the current design, each of the four Tl nessages can
bedi spl ayed with a maxi mum of 40 characters. WII| these
i ncreased nessage | engths be sufficient for operational
appl i cation?

3. The TI nessage identifiers have been changed to al phabetic
letters rather than nunerals for the current inplenentation.
Does this change adversely affect the ease with which nessages
can be selected fromthe list or the interpretation of status
di splays? |If so, in what way?

4. The TI list can now be suppressed and noved i ndependently from
the MI list. 1Is this feature useful? Wy or why not?
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5. It is now possible to suppress individual itens on the TI
list. Is this feature useful? Wy or why not?

6. Does the design offer sufficient f~exibility for conbining TI
and MI' nessages?

7. What should be done to inprove the design of the Term nal
I nformation service ? Include any changes suggested by your
answers to questions 2. - 5. above.

THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE DESI RABLE OR NEEDED

THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -

NO CHANGES ARE NEEDED, BUT THE FOLLOW NG
WOULD BE DESI RABLE: (descri be)

THE CURRENT | MPLEMENTATI ON | S UNACCEPTABLE - -
THE FOLLOW NG CHANGES MUST BE MADE
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TRANSFER OF COVMUNI CATI ONS ( TOC)
SERVI CE DESCRI PTI ON:

- Initiation of TOC

The TOC nessage containing a new radio frequency for an aircraft is
automatically prepared when the receiving controller accepts a sector hand
of f.

- TOC Mode Display

TOC can be set to operate in either an autonatic send or manual send node.

The active TOC node is displayed in the Systens Data Area (SDA). "TC HOLD' is
di spl ayed when the systemis in the manual send node and "TC SEND' is

di spl ayed when the systemis in the automati c send node. When the ARTS
programis started, TOCis in the manual or hold node. Pressing the D/L key,
"TH' and ENTER wi || change TOC to the automatic node and cause the node
display to change to "TC SEND'. Repeating the sanme entry will switch the node
back to "TC HOLD'

- Inputs to Send TOC - TC SEND Mode

If in the TC SEND node, the TOC is automatically uplinked upon acceptance of
t he hand off when the sending controller conpletes the nornmal keyboard
sequence for hand off initiation (HANDOFF key (F5), the receiving sector's
Control l er Synmbol, and SLEW. Any other currently acceptabl e ARTS i nput
sequence normal ly used to initiate a hand off will result in the same
automatic uplink of TOC (e.g. F5-ACID Controller Synbol- ENTER)

- Display on TC SEND TOC Uplink

"TC' is displayed in the third line of the data block and in the status |i st
when the TOC nessage is uplinked.

- Inputs to Hold a Message When in TC SEND Mode

VWhen in the TC SEND Mbde, the TOC can be held for del ayed uplink by adding an
"H' prior to the SLEWentry for the Handoff (i.e. "F5, Controller Synmbol, H
SLEW). The systemw |l revert to the TC SEND node for succeedi ng TOCs unl ess
the node is changed or the "H' is again added to the handoff entry.

- Inputs to Send TOC - TC HOLD Mode

VWhen in the TC HOLD node, the controller may initiate the sector hand off but
reserve conmuni cations eligibility until a later tinme by conpleting the nornal
keyboard sequence for hand off initiation (HANDOFF key (F5), the receiving
sector's Controller Synmbol, and SLEW. Any other currently acceptable ARTS

i nput sequence normally used to initiate a hand off will result in the sanme
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hel d status of TOC (e.g. F5-ACID Controller Synbol- ENTER). The TOC can then
be sent manually by a SLEW acti on.

- Display on Manual (TC HOLD) Uplink

"TC H is displayed in the third Iine of the sending sector's data bl ock when
a handoff has been conpleted in the hold node. "SNT" and succeedi ng
transaction states are displayed in the status lists of both the sending and
recei ving sectors when the SLEWis conpleted to nmanually send the TCOC

- Inputs to Automatically Send TOC When in TC HOLD Mode

VWhen in the TC HOLD Mbde, the TOC can be sent automatically upon handof f
acceptance by adding an "S" prior to the SLEWentry for the hand off (i.e. F5,
Controller Synmbol, S, SLEW. The systemw |l revert to the TC HOLD node for
succeedi ng TOCs unl ess the node is changed or the "S' is again added to the
hand off entry.

- Display After Pilot WILCO

In both automatic and manual procedures the "TC' display in the third |line of
the data block is deleted when the aircraft downlinks a WLCO response. The
status list entry will display "WL" for 8 seconds after receipt of the wlco,
and then will be del eted.

- Sending Other Messages When a TOC is in Held Status

An MI or Tl nmessage can be sent to the aircraft while a TOCis in the held
status. Sending the new nmessage will replace the "TC H' display in the data
block with the type, identifier and status of the Tl or MI nessage. When the
message is wilcoed, the "TC H' reappears in the data bl ock

- Offering a Hand Off While a Data Link Transaction is in Progress

If a Data Link transaction is in progress when the sending controller w shes
to hand off to another sector, the normal hand off entries will be accepted by
t he ARTS conputer, and the hand off can be accepted by the receiving
controller. The ongoing nessage status will continue to be displayed in the
data block until it is wilcoed or until the controller enters the nmessage

del ete command. The TOC nessage will then be automatically sent if 1) the
handof f has been accepted and 2) the systemis set to the TC SEND node or the
control l er added the "S" keystroke to the hand off entry in the TC HOLD Mde.

If the handoff is accepted and the systemis in the TC HOLD node or the
control l er added the "H' keystroke to the hand off entry in the TC SEND node,
the wilco or deletion of the prior transaction will cause the TC H display to
appear in the data block, and the TOC will be sent when the SLEWis conpl et ed.

In all cases, the receiving controller's status list (but not data bl ock)
wi Il show the TOC status when the TOC nessage i s sent.
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- Inputs to Acquire Data Link Eligibility

The controller may acquire ("steal") eligibility for Data Link comunications
by pressing the DL key, typing the letters "OK* and a SLEWaction. This
action also sends a TCC nessage to the aircraft.

REVI EW QUESTI ONS:

1. Does the description accurately represent the design and
operation of the Transfer of Communication service that you
exam ned in the Test Bed?

YES, THE DESCRI PTI ON | S CORRECT

_____ NO | T DOESN T MATCH
Descri be those aspects of the description
that did not match your observations --

2. The active node for the TOC is now di splayed in the
SystensData Area and defaults to "TC HOLD' on system start-up
Are these changes preferable to the earlier approach of
di spl aying the node at the top of the status list and
defaulting to "TC' SEND'? Wuld sone other approach be better?

3. In the current design, it is possible to offer a hand off and
have it accepted by the receiving controller while a Data Link
transaction is in progress. Are the resulting Data Bl ock
di spl ay and sequence of events for acconplishing the TOC after
the conpletion of the prior transaction acceptable? If not,
why?
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4. The receiving sector's Data Bl ock no | onger displays
i nformati on about the TOC transacti on bei ng conpl eted by the
sending controller. Is this change desirabl e? Wy or why not?

5. What shoul d be done to inprove the design of the Transfer of
Communi cation service? Include any changes suggested by your
answers to questions 2. - 4. above.

THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE DESI RABLE OR NEEDED

THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -

NO CHANGES ARE NEEDED, BUT THE FOLLOW NG
WOULD BE DESI RABLE: (descri be)

THE CURRENT | MPLEMENTATI ON | S UNACCEPTABLE - -
THE FOLLOW NG CHANGES MUST BE MADE:
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MENU TEXT ( MT)

SERVI CE DESCRI PTI ON:

- Function

The HT service permts the controller to uplink speed, heading and altitude
cl earances by selecting the required nmessages froma predefined nenu or by
conposi ng cl earances not contained in the nmenu.

- RT List Display

Avai l able MI cl earances are displayed in a list containing 9 |lines. Each nenu
itemis displayed on a single line preceded by an identifier nunmber (1-9).
Messages are sel ected using the identifier nunbers.

The first 8 lines are dedicated to specific clearance types. Lines 1, 2 and 3
are for heading clearances and are preceded by the header "HDG'. Lines 4, 5
and 6 are reserved for altitudes and are preceded by the header "ALT". Lines
7 and 8 are for speed control and are preceded by the header "VEL". Line 9 is
preceded by the header "MILT", and is used for a nultiple entry conposed of
any two or three itens contained inlines 1 to 8 Only one of each clearance
type may be entered on line 9.

- MT List Item Content

The content of each of the three clearance types is highly structured, and
automation is used to produce a conplete nessage fromthe structured data. In
each case, clearances are displayed in the nenu as a nunerical val ue foll owed
by "DEG', "FT", or "KTS'. The direction of an altitude change (descend or
clinmb) is added by the automati on when the nessage is sent by conparing the
aircraft's current altitude with the nmessage data. The "increase" or
"decrease"” commands are added to a velocity nmessage in a sinlar manner
Headi ng cl earances are sent as "Fly Heading.." unless a special command is
added to the menu selection as described below. The line 9 multiple clearance
is displayed by the relevant itemidentifier nunbers separated by sl ashes
(e.g. "1/5/8").

- Inputs to Send a MT Message

A single MI itemcan be uplinked by typing "M followed by the nenu item
identifier nunber, and a SLEW acti on.

- Controlling the Direction of a Turn in a Heading Clearance

The specific direction of a turn can be included in a headi ng nmessage

contained in the nenu by typing an "L" or "R' after the nenu identifier nunber
(e.g. "MR SLEW.

- Inputs to Reposition MT List
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The position of the MI list on the ARTS di splay can be independently changed
by pressing the F8 key, typing "M, and conpleting a SLEWaction to nove the
list.

- Inputs to Suppress / Retrieve MT List

The entire MI |ist san be renoved fromthe display by pressing the D)L key and
typing "M and ENTER The list is retrieved using the sane sequence of key
strokes.

- Suppressing Display of Individual MT Messages

If desired, fewer than 9 MI nessages can be displayed in the list. Pressing
the D)L key followed by the itemidentifier nunber and ENTER renoves the
selected itemfromthe list display. Al other itenms maintain their origina
nunber identifiers, and the suppressed itemrenmains available for uplink by

the normal data entries. Itens can be retrieved to the list display by
repeating the D)L key - itemidentifier entry. |If all items in a particular
category (HDG ALT, VEL, MILT) are suppressed, the category header also wll
be suppressed. If all itenms in the list are individually suppressed, the "M

header remains on the display to indicate the suppressed list location and to
rem nd the controller that restoring the list will require individual entries
rather than the entry used to retrieve the entire list if it had been
suppressed using the FOM entry.

- Inputs to Send Multiple MT Messages

Up to three MI nenu itens can be sent in a single uplink by inserting spaces
between the item nunbers. (e.g. M 4 8 SLEWwould send nenu itens 1, 4 and 8).

Item 9 cannot be conbined with other itenms. The software will not permt
attenpts to send nore than one of each cl earance type (altitude, heading or
altitude) in a multiple menu uplink

- Bypassing the Menu

A heading (H), altitude (A) or velocity (V) not contained in the nenu can be
upl i nked by pressing the DL key, typing "H', "A" or "V' followed by the
nuneric value of the clearance and SLEW One of each clearance type al so can
be conbined in a single uplink in any order (e.g. “F9H230A030"). The third
line of the data block and the status list entry display the clearance
letters, and the nunerical values entered (e.g."A 110") until the nmessage is
wi |l coed. The direction of a turn for a headi ng cl earance can be controlled by
substituting "L" or "R' for "H' in the data entry.

- Inputs to Send an MT Message Combined with TI

A Tl nessage can be sent in conbination with one MI item by adding "T" and the
desired Tl nmessage nunber prior to the first Ml input (e.g. TDM3 SLEW woul d
send Tl nmessage D and nenu item 3). The default TI nessage can be conbi ned
with an MI nessage w thout specifying the default's identifier nunber (e.g.
TMB SLEW if the 1 C nmessage is flashing in the Data Bl ock
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- Displays on MT Uplink

VWhen an MI or By-pass uplink is initiated, the third Iine of the data bl ock
and the associated status list |ine displays a shorthand abbreviation of the
message content (e.g. "H230A030")

- Displays After Pilot WILCO

A downlinked WLCO to an MI nessage or group of messages deletes the data in
the third line of the data bl ock and causes "WL" to be displayed in the
status list for 8 seconds.

- Modifying Numeric Values in Menu ltems

The nuneric value of a heading, speed or altitude cl earance can be changed by
pressing the D)L key, typing Mand the one-digit identifier nunber of the menu
itemto be changed, typing the new nuneric value and pressing the ENTER key
(e.g. "F9H3060").

If a SLEWaction is substituted for the keyboard ENTER, the nenu itemw || be
changed AND t he nessage will be uplinked to the slewed aircraft. For headi ng
clearances, if "L" or "R' is appended to the entry prior to the SLEW (e.qg.
"FI9H3060L") the directional turn clearance will be uplinked (e.g. "Turn Left
Headi ng 060"), but the nodified menu itemw || contain the generic headi ng
message for future use (e.g. "Fly Heading 060"). In all cases, nodified val ues
will stay in the MI list entries until they are changed again or the program
is restarted.

- Creating/Modifying Line 9 Combination Clearance

Line 9 permits the conmbination of up to three clearances shown in lines 1 to
8. This entry is created or nodified by pressing the DL key, typing "M"
the identifier nunbers for two or three of entries 1 to 8 and ENTER If a
SLEW action is substituted for ENTER the comnbined clearance will be entered
in the list and sinultaneously sent to the designated aircraft.
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REVI EW QUESTI ONS:

1. Does the description accurately represent the design and
operation of the Menu Text service that you exam ned in the
Test Bed?

YES, THE DESCRI PTI ON | S CORRECT

NO, I T DOESN T MATCH

Descri be those aspects of the description
that did not match your observations --

2. The letter used to prefix speed cl earances conposed with the
Menu Bypass feature was changed from"S" to "V' (velocity) in

order to locate all three prefix letters ("A", "H', and "V') in
t he sane colum on the ARTS keyboard. |Is this change
acceptable? WII it sinplify the task of conposi ng bypass
nessages?

3. The current nmenu desi gn has added headers (HDG ALT, VEL,
MJLT) to each category of clearance. Does this nodification
hel p when selecting itens fromthe nmenu?
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4. The current nmenu design displays general heading, altitude and
velocity values that are interpreted by the automation to
generate the appropriate nessage for uplink (e.g. "clinb and

mai ntai n" when the aircraft's altitude is |ower than that shown
in the display). Does this change inprove the flexibility and
usability of the nmenu?

5. Is the procedure used for controlling the turn direction (L or
R) in a heading nenu text uplink acceptabl e?

6. The MI list can now be suppressed and noved i ndependently from
the TI list. 1s this feature useful? Wy or why not?

7. It is now possible to suppress individual itenms on the Ml
list. Is this feature useful? Wy or why not?
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8. What shoul d be done to inprove the design of the Menu Text

service? Include any changes suggested by your answers to
gquestions 2. - 6. above.

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -
NO CHANGES ARE DES| RABLE OR NEEDED

_____ THE CURRENT | MPLEMENTATI ON | S ACCEPTABLE - -

NO CHANGES ARE NEEDED, BUT THE FOLLOW NG
WOULD BE DESI RABLE: (descri be)

_____ THE CURRENT | MPLEMENTATI ON | S UNACCEPTABLE - -
THE FOLLOW NG CHANGES MUST BE MADE:
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GENERAL DESI GN OF MENU LI STS

Over the course of the effort to design termnal Data Link ATC
services, several nodifications have been made to the TI and M
lists which permt the controller to mnimze keyboard entries by
sel ecting nessages from nenus. However, a nunber issues
regardi ng the design and application of these nenu lists remain
unresolved. The intent of the follow ng questions is to solicit
your inputs on 1) the operational requirenments for the nmenu used
to send control clearances (M) and 2) design features needed to
mnimze errors and maxim ze the controller's ability to use the
menus effectively.

STRUCTURED vs. FREE TEXT MENU ITEMS

The current design of the MI list is one exanple of a structured
menu. Menu lines are assigned to specific clearance types and
the content is highly standardi zed. The main advantages of this
approach to nenu design are that it allows extensive use of
automation to construct the uplinked nessage, and that it offers
much nore conpact and efficient coding of the clearance for
transm ssion over the Data Link than if the nessage were sent as
free text. The limtation of a structured systemis that it may
be too inflexible to represent all messages that a controller

m ght want to send.

Conversely, the free text approach (like that adopted for the TI
list) provides high flexibility in the nmenu, but is an
inefficient way to send all nessages over the Data Link.

Thus far, the termnal design for MI has progressively added
several design features under a structured approach which are
intended to increase the flexibility of the nenu:

- Menu |lines dedicated to speed, heading and altitude cl earances
whi ch can be nodified by the controller

- Capability to conbine individual speed, heading, and altitude
menu lines in a single uplink

- Capability to create a special nmultiple clearance item (Line 9)

- The nmenu by-pass feature for conposing clearances in shorthand
formin real tine
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- Generic clearance nessages with automatic determ nation of
clinb/descend and increase/decrease, plus the ability to contro
turn direction

- Capability to conbine a Tl itemwith an MI itemin a single
nmessage

Do you feel that the current Menu Text design with these options

will be sufficient for generating the control clearance messages

that will be sent via Data Link in the operational terminal

environment?

Yes, the current design is sufficiently
flexible

No, the entire nmenu nust be changed to the
free text format to provide sufficient
flexibility

No, the structured nenu shoul d be nmaintai ned,
but one or nore optional free text nmenu itens
must be added

No, the follow ng additions / changes nust be
made to nmake the system sufficiently
fl exi bl e:

Regar dl ess of your answer, please add any comments that you may
have regarding the design of the MI nenu:
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FEATURES RELATED TO CONTROLLER PERFORMANCE AND ERROR

In addition to the issue of nmenu structuring, several features of
the design for the nenu lists have been added to m nim ze
controller keyboard entry errors and to sinplify the task of
searching for and selecting nenu itens.

Rat e each of the design features shown belowin terns of the
extent to which you feel it will enhance or inpair controller
performance when using the nenus. Place an "x" on the line to
i ndi cate your rating:

1. The TI list and MI |ist are distinguished by their
applications. The Tl menu may contain only informational
messages, while the MI list is reserved for control clearances.

+3 +2 +1 0 -1 -2 -3

I I I I I I
Very No Effect Very
Positive On Errors O Negati ve
Ef f ect Per f or mance Ef f ect

2. To reduce inadvertent selection of itens fromthe unintended
list, letters are used as itemidentifiers for Tl nessages and
nunbers are used as itemidentifiers for MI nessages.

+3 +2 +1 0 -1 -2 -3

I I I I I I
Very No Effect Very
Positive On Errors O Negati ve
Ef f ect Per f or mance Ef f ect

3. Headers (or Spaces) are used to help in locating the desired
category of clearances in a group of nessages contained on the
ML |ist.

+3 +2 +1 0 -1 -2 -3

I I I I I I
Very No Effect Very
Positive On Errors O Negati ve
Ef f ect Per f or mance Ef f ect
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4. Unused Tl itens and MI itens can be individually suppressed to
reduce list length and clutter.

+3 +2 +1 0 -1 -2 -3

I I I I I I
Very No Effect Very
Positive On Errors O Negati ve
Ef f ect Per f or mance Ef f ect
The entire Tl list and/or MI |ist can be suppressed to reduce
clutter.
+3 +2 +1 0 -1 -2 -3

I I I I I I
Very No Effect Very
Positive On Errors O Negati ve
Ef f ect Per f or mance Ef f ect
6. The TI list and MI list are independently novable to m nim ze
vi sual scanni ng requirenents.
+3 +2 +1 0 -1 -2 -3

I I I I I I
Very No Effect Very
Positive On Errors O Negati ve
Ef f ect Per f or mance Ef f ect

7. The key entries used to prefix MI clearances (H, A V) arein
a single colum on the ARTS keyboard and in the sane spati al
order as displayed in the nmenu to sinplify nenu item sel ection.

+3 +2 +1 0 -1 -2 -3

I I I I I I
Very No Effect Very
Positive On Errors O Negati ve
Ef f ect Per f or mance Ef f ect
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Please use the next page to add any other features that you feel
may enhance controller performance when using the menus
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APPENDI X C

STRATEGY ASSESSMENT MATERI ALS



Arrival/ Fi na
Test Run Questionnaire

DATA LINK - 2 CONTROLLERS

Run
Controller
Assi st ant

-- Pl ease conplete this questionnaire as a team |f you do not
agree on an answer, record both views.

1. Briefly describe the sequenge of clearances that you used to
control the traffic presented in this scenario. | ncl ude any
strategies that you may have devel oped to efficiently nove the
arriving aircraft onto the final approach. (If this is not your
first test run under "Data Link with two controllers", describe
only those changes that you nade since your |ast experience)

2) How did you divide your duties during the test run?

Controll er Duties:

Assi stant Duti es:



3) Did your approach involve sharing of radi o comrunication
duties? |If so, what communi cations were handl ed by the each
controller?

4) Did your approach involve sharing of Data Link commrunication
duties? If so, what conmmuni cations were handl ed by each
controller?

5. Describe any nodifications that you made in your approach to
controlling the aircraft as the traffic level increased during
the test run

6. What nessages did you send using Data Link? Descri be any
situations where you were unable to use Data Link for those
nmessages.



7. Describe any changes to the Tl |ist that you made for this
test run. (e.g. change default, nodify nessage content,
reposition list, suppress itens).

8. Were there any situations where you were unable ts use the
Data T,i nk to send Tl nessages? (descri be)

9. Describe any changes that you nmade to the MI list for this
test run (e.g. change values, reposition |ist, suppress itens)

10. What M cl earances did you use during the test run? D d you
use the nmenu bypass function? (describe).



11. CONFLI CT RECORD

A conflict is defined as a | oss of |IFR separation. Please note
the ID s of conflicting aircraft and conplete this page after the
test run. Under "cause of conflict" please note whether the
conflict was a result of pilot error, related to the use of Data
Li nk, or sone other problem

ACID 1 ACID 2 Cause of Conflict




ARRI VAL/ FI NAL CONTROLLER POST- TEST QUESTI ONNAI RE

Controller
Nane:

In the follow ng three questions you will be asked to nake al
possi bl e conparisons of the four conbinations of controller team
si ze and communi cation condition that were used in the Test Bed
simulation trials. One of the possible pairs is presented on the
left and right of each line. Place an "X" in the space which
best describes your view of which of the two conbinations was

hi gher on the factor being addressed (Individual Wbrkl oad,
Capacity, or Safety). If the pair did not differ on that

factor, place the "X'" in the "Equal" space.

The foll ow ng abbreviations are used to specify the four
conbi nati ons:

ICV - 1 Controller, Voice-Only Conmuni cati ons
2C/V - 2 Controllers, Voice Only Comruni cations

IC/V&D - 1 Controller, Voice and Data Link
Commmuni cati ons

2C/V&D - 2 Controllers, Voice and Data Link
Commmuni cati ons

1) Conpare each of the followng pairs of controller and
comuni cation conditions on the basis of |ND VI DUAL CONTROLLER
WORKL QAD.

<-- Hi gher Wbrkl oad H gher Workl oad-->

Much Sonmewhat Equal Sonmewhat Much

Hi gher Hi gher Hi gher Hi gher
l¢v. 20 Vv
l'gv.__._.._ | &/ V&D
lag¢v_____ 2C/ V&D
200V 1C/ v&D
20V 2C/ V&D



2) Conpare each of the follow ng pairs of controller and
comuni cation conditions in terns of their | MPACT ON SYSTEM
CAPACI TY.

<--Hi gher Capacity Hi gher Capacity-->

Much Sonmewhat Equal Sonmewhat Much

Hi gher Hi gher Hi gher Hi gher
l¢v. 20 Vv
lgv. | & V&D
l¢v. 2C/ V&D
200v 1C/ v&D
2dv. 2C/ v&D
| ¢ V&D 2C/ v&D

3) Conpare each of the followng pairs of controller and
communi cation conditions in ternms of their | MPACT ON SYSTEM
SAFETY.

<--Hi gher Safety Hi gher Safety-->

Much Sonmewhat Equal Sonmewhat Much

Hi gher Hi gher Hi gher Hi gher
l¢v. 20 Vv
lgv. | & V&D
l¢v. 2C/ V&D
20v 1C/ v&D
2dv. 2C/ v&D
| & V&D 2C/ V&D




STRATEGY | NTERVI EWW6

I nstructions to Facilitators

The purpose of the strategy interviewis to ask the controller to
conpare Data Link and voice after he or she have had a chance to
use both systens during the twelve data collection runs. The
interviews will consist of two parts.

First, a series of questions wll be asked. Second, the
controllers will be pronpted to provide exanples of incidents
where they chose between using Data Link or voice. This second
set of questions will specifically focus on the six Data Link
runs when controllers had a choice over conmunication mnet hod.

Pl ease take notes on the replies. |f you need nore room please
continue on the back of the page, noting the question nunber.

Controller
Nane:

Facilitator
Nane:




Part One CQuesti ons

1. What were the differences in your teamstrategies (wth two
controllers working arrival/final) between voice only and Data
Link with voice runs?

2. In which conmunication condition (voice only or Data Link with
voice) were the team strategies nore effective and why?

3. What were the differences in your individual strategies (with
one person working arrival/final) between voice only and Data
Link with voice runs?



4. In which conmunication condition were your i ndividual
strategi es nost effective and why?

5. What do you think would be nost desirable in a Data Link
envi ronment, sharing control of a conbined sector or working
separate arrival/final sectors? Wy?

6. Pl ease indicate which comuni cati on node you used to send ATC
information and instructions in the follow ng situations and why
you used it:

a) Conmuni cation of Term nal Information nessage (arrival sector)

b) Altitude assignnent



d)

f)

7.

Headi ng change

Speed change

Conflict resolution (rectifying a | oss of separation)

Dealing with m ssed approaches

Did Data Link delay tinme affect your

i ndi vidual or teamcontrol runs?

10
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Part Two Questi ons

This type of questioning focuses on "critical incidents" which
occurred during the sinmulation runs. A criticalincident is
defined as a chall enging event which went beyond the routine and
required that the controller apply skilled ATC interventions.

Try to review at |least two critical incidents fromthe preceding
six Data Link with voice runs (where there was a choi ce over
communi cation nethod). Please go through the steps on the
foll ow ng pages when collecting information on critical

i nci dents.
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Critical Incident 1

a) Select Critical Incident

Ask the controller to suggest an incident fromthe Data Link runs
twhere there was a choice over using Data Link or voice) which

posed a chal | engi ng ATC probl em (Pl ease note in which run the
i nci dent occurred.)

b) Obtain Incident Report
Ask for a brief description of the incident noting antecedent

conditions, information available, and actions taken (including
deci sions to use Data Link or voice).

12



c) Construct Incident Tineline

On a horizontal tinmeline, note the sequence of events of the
i nci dent.

d) Probe Decision Points
ldentify on the tineline where decisions were nmade about the use

of Data Link versus voice conmunication. Ask specific questions
to determi ne why Data Link or voice was chosen
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Critical Incident 2

a) Select Critical Incident

Ask the controller to suggest an incident fromthe Data Link runs
(where there was a choice over using Data Link or voice) which

posed a chal | engi ng ATC probl em (Pl ease note in which run the
i nci dent occurred.)

b) Obtain Incident Report
Ask for a brief description of the incident noting antecedent

conditions, information available, and actions taken (including
deci sions to use Data Link or voice).
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c) Construct Incident Tineline

On a horizontal tinmeline, note the sequence of events of the
i nci dent.

d) Probe Decision Points
ldentify on the tineline where decisions were nmade about the use

of Data Link versus voice conmmunication. Ask specific questions
to determi ne why Data Link or voice was chosen
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15



