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Executive Summary

The Federal Aviation Administration (FAA) has sponsaekralsystem baseline studies since
1995. These studies used controllechho-in-the-loop simulations to collect data regarding the
operational effectiveness of several major air traffic control (A§y8jems. Thee data allowed
direct comparisons between ABgstems andhelped idenfly deficiencies in new ATGsystems.
System baseline studies providata following five goerational constructs: sdfe cgacity,
performance, workload, andability. Each construct comprises objective and subjective
measures and provides enging indicators ér that constict. In addition, data are collected
about the realism of the baseline simulations to ensure ttteinal validty.

TheAir Traffic Control System Baseline Methodology Gugdeves as a reference for
engineering researctsyrhologists and others interested in conducsygiem baselines in the
ATC domain. The MethodolggGuide provides the following information: (a) descriptions of
and referaces to past lselines that haveuscesfully used the methodolyy, (b) deailed
descriptions of the operational constructs and correspgmdijective and subjective measures,
(c) adescription of the werall baseline methodolgy, (d) other recommendations and lessons
learned regardindié successful conduot system baselines, and (e) a discussion of theable
system baelines in the ATGystem acquisition process.

vii



1. Introduction

Since edy 1995, the Federal Aation Administration (FAAhas sponsoreskeveralsystem
baseline studies. These studies collectéd da the operational effectivess of seeral major

air traffic control (ATC)systems under cdrolled simulation conditions. These data allowed
comparisons of operational effectness between these ATgstems and identification of areas
wherenew systems needed improvement.

1.1 Badkground

System baseline studieldreafter referred to asdgdines) are an important component of the
human factors evaluationqmess. Thee studies collect data ingh fidelity, human-in-the-loop
simulations of ewgyday ATC operations. Simulation conditions are tigldontrolled to allow
comparisons with past and futggstems. Oty relativdy stablesystems are suitable for
baselines, requiring that baselines be conducted late in the acquisition process.

Baselines provide data following five operational constructstyal@apacity, Performance,
Workload, and Usabtly. Each construct comprises multiple objective and subjective measures,
providing comverging indicators ér that constuct. When gamined together, the memsss

provide a thoragh description of thesystem for that constructn addition, data are collected
about the realism of the baseline simulations to ensure ttteinal validty.

TheAir Traffic Control System Baseline Methodology Gugdeves as a referee in thedesign
and conduct dbaselines.It focuses primaly on techniques for stiying the interaction between
ATC systems and the controllers whseuthem. [Bgineerng research gychologists are the
intended audience fohé Methodolgy Guide.

The Methodolgy Guide provides

a. descriptions of and references to past baselinefakatsuccessfiy used the
methodolgy described here,

b. detailed descriptions of the baseline operational constructs and corresponding objective
and subjective meares @etails about how each meiss is administered and how the
correspondig data are maalyzed),

c. adescription of thbaseline methodoby (which is texible enough to apgyp to a wde
range of ATCsystems with oty a minimum of modification),

d. other recommendations and lessons learned regattte siccesful conduct ofsystem
baselines, and

e. adiscussion of the role gystem baselines in the AT§ystem acquisition process.

1.1.1 Host ComputeBystem and Plan View Disay

In eaty 1995, the FAA spomsed the irst system baeline, which collected da for the Host
ComputerSystem (HCS) and the Plan View Diapl(PVD), the operational equipment curignt
used in Air Route Traffic Control Centers (ARTCCs). This baseline wasictattat the FAA
William J. Hughes Technical Center ugjen route controllers from Wasigion ARTCC. The



operational constructs, baseline measures, methodology, and reporting style described here were
originally developed for this baseline. The results of this baseline are containe®iarthéew
Display Baseline Research Rep(®alushka, Frederick, Mogford, & Krois, 1995).

1.1.2 Automated Radar Terminal System IlIA and Data Entry and Display Subsystem

In late 1995, the FAA sponsored a baseline study to collect data for the Automated Radar
Terminal System (ARTS) IIIA and the Data Entry and Display Subsystem (DEDS), the
operational equipment currently used in many Terminal Radar Approach Control (TRACON)
facilities. This baseline study was conducted at the Technical Center using terminal controllers
from Boston TRACON. The ARTS IIIA Baseline used the constructs, measures, methodology,
and reporting style of the PVD Baseline with some modifications for the terminal domain. The
results of this baseline are contained inARETS [IIA Terminal Baseline Research Report
(Mogford, Allendoerfer, & Galushka, 1999).

1.1.3 Operational Display and Input Development IV

In 1996, the FAA co-sponsored a baseline study to collect data for the Operational Display and
Input Development (ODID) IV system, a Eurocontrol developmental ATC program. This
baseline was conducted at the Eurocontrol Experimental Centre using en route controllers and
supervisors from a variety of FAA en route facilities. The ODID IV Baseline used the
constructs, measures, methodology, and reporting style of the PVD Baseline with some
modifications for European ATC operations and the ODID IV hardware and software. The
results of this baseline and a comparison of the ODID IV to the HCS-PVD are contained in the
FAA ODID IV: En Route Baseline Comparison Simulation Final R€podis & Marsden,

1997) and th&n Route ODID-PVD Baseline Comparisdfkiles, Graham, Marsden, & Krois,
1997).

1.1.4 Display System Replacement

In 1997, the FAA sponsored a baseline study to collect data for the Display System Replacement
(DSR). This display system will replace the PVD and its associated consoles throughout 1999
and 2000. The DSR baseline was conducted at the Technical Center using en route controllers
from Washington ARTCC. Many of these individuals had participated in the PVD Baseline 2v2
years earlier. The DSR Baseline used the operational constructs, suite of measures, general
methodology, and reporting style used of the PVD Baseline with some modifications for the

DSR hardware and software. The results of this baseline and a comparison of the DSR to the
HCS-PVD are contained in tli@mparison of the Plan View Display and Display System
Replacement System Baselifgkendoerfer, Mogford, & Galushka, 1999).

1.1.5 Standard Terminal Automation Replacement System

In the future, the FAA plans to conduct two baseline studies to collect data for the Standard
Terminal Automation Replacement System (STARS), the new TRACON and tower radar
display and automation equipment.



The STARS Baselines will use the operational constructs, suite of meganes)|
methodolog, and reportingtgle used in the ARTSIIA Baseline with some modifications for
the new hardware and software capabilities. Other improvements will be made to the
methodolog based omessons learned from earlier baselines.

2. Operational Constructs ahdleasures

In 1994, he Air Traffic Requrements Organization (now the Air TriafSystem Requirements
Service [ARS]) identified four high-leel operational constructs on whichidase galuations of
ATC systems. Thege constructs were: Saje Capady, Performace, and Workload. @ing
preparations for the PVD Beline, a fifth operational construct, Usatylliwas addedIn
addition, a non-operational construct, Simulation Figelias developed to assess the realism
and validty of simulation conditions. Throughout the subsequestlivees, the famal

definitions of these constructswebeen graghlly refined. The arrentdefinitions are presented
as follows:

a. Safay represents thexeéent to which thesystem allows aircraft to traver a section of
airspace without a dgerous incident such as a violation of applieageparation
minima.

b. Capadiy represents the amount of tiafthat the sytem allows to satg and efficienty
traverse a section of airspace during a period of time.
Performance repsents the amount and guglof user interaction with theystem.

d. Workload represents thegmtive and fysical task demands of tlsgstem as
experiencedy its users.

e. Usability represents how edgiparticular aspects of tlsgstem such as controls and
displays can be learned and usedtheir intended prpose.

f. Simulation Fideliy represents chareistics of the traffic scenarios and laborgto
environment and simulation participant opinions about the realism and @cotithe
simulation.

A team composed oihgineering researchspchologists, ARS representatives, air traffic control
specialists (ATCSs), and automation specialists developed a sgédfivdand subjective

measures for each construct. Objective measures are based on verifiable quantities such as the
number of data entries made dgrthe simulation and atgpicaly collected usig automaed

sources such &ystem Aalysis Recordig (SAR) tapes. Subjective measures are basdukon t
opinions and perceptions of individuals andtgpacally collected using questionnaires and
ratingscales.

From a stentific standpoint, objective maags are usubl preferable to subjectivenes.
Objective meages are less likg to be biased and can be replicated andieeldy others.In
some cases, however, objective measumsha unavailake, impractical, or ray not provide
the approprite level of déail. Subjective measures cbm effective data collection tools when
developed and administered carbfulFor thee reasons, weelieve that a combination of
objective and subjectivmeasures provides the béstscription of the operational effectiveness
of an ATCsystem.



The followingsections describe each congtrand the measures it comprises. For each
measure, seeral pieces of information are provided. First, the Definition provides@Ess
formal description of the measurkike the constrcts, the definitions of the measutes/e been
refined dumg eachbaseline. Second, the Soudescrbes where data for that measure can be
obtained. Third, the Reportirigevel describes the level of detail that we recommend be
reported ér that meagre. Fourth, the Othdnformation provides my other lessons we ta
learned dring past baselines about thecsessful collection and alyais of data for that
measure.

2.1 Safety

2.1.1 Operational Errors

Definition: This measure rements the total number of violations of appliabeparation
minima.

Source: Data for this measure come from recordings imatlee Target Generation Fagfi
(TGF). If the TGF is not usedf target generation, data can also be reduced from SAR tapes
(but with more difficuty). In addition to the automated tools, subject matter expert (SME)
observers should recordet ocarrence of an operational error on the$kver Log, noting he
sector, the simulation time, and the aircraft involved.

Reportim Level: Overall and Sectdrevels

OtherInformation: Because a separation violation can raise serious concernsyabemt
safdy, every reported error should bedapendently verified. Occasiohglevents that are
recoded as an eor actualy result from an inarrect pseudopilot action or a tradffscaario
inconsisteng. On other occasions, a controller may issue a visuabagipidearance, but the
automated tool has no way of ceding this. We recommend the usfevideotapeof the
simulation run along with printouts of data from the TGF to review possible etf@snore in-
depth verification is needed, tBgstematic Air Traffic Operations Reseailciitiative (SATCRI)
system provides excellent reglcapabilities. Future ATC automatioysgeems are planned to
have payback capabilities as well.

2.1.2 Conflict Alerts

Definition: This measure rements the total number of wangis issued to controllers about
imminent separation violations. These wagsiare issuelly the ATC automationystem
accordng to FAA algrithms.

Source: Data for this measure come from SAR tapes in the en roodéndar from Continuous
Data Reording (CDR) tapes in the terminal domain. SME observers should record the
occurrence of a conflict alert on the Observeg, noting the sector, the simulation time, and
aircraft involved.

Reportim Level: Overall and Sectdrevels




Other Information: As with operational errors, conflict alerts can raise serious concerns about
system safety. We recommend that each conflict alert be independently verified by an SME to
determine if the alert is genuine (i.e., occurred because of controller action or inaction).
Videotapes or the SATORI system can be used to verify conflict alerts.

Researchers should ensure that the number of conflict alerts is based on the actual number of
occurrences and not on the raw number of recorded conflict alert messages. A conflict alert
message will be written many times for the same aircraft pair, which will produce an inaccurate
count if the data reduction is not conducted carefully.

During the DSR Baseline, Air Traffic SMEs indicated that some controllers may show a high
number of conflict alerts due to their controlling style. The SMEs claim that these controllers are
no less safe than others but that they control by conflict alert (e.g., they allow planes to become
close enough to cause the conflict alert but not close enough to cause an operational error). In
this way, these ATCSs may be even more efficient than controllers who keep the aircraft farther
apart. Though we still believe that this measure provides substantial information about system
safety, we offer this insight to discourage others from concluding that a system is unsafe based
solely on the number of conflict alerts.

2.1.3 Halo Initiations

Definition: This measure represents the total number of times a controller initiated the display of
the halo (also known as the J-Ring). The halo currently exists only in the en route domain.

Source: SAR tapes

Reporting Level: Overall and Sector Levels

Other Information: Initiating the halo surrounds the aircraft target with a polygon of an adapted
radius (typically 5 nm). The halo aids in visual judgment of horizontal separation and can also
be used as an emphasis tool and memory aid. Increasing the halo is not a reduction in safety in
and of itself. Instead, increased halo use may indicate that controllers are having difficulty
judging separation or maintaining an accurate picture of the air traffic situation, or both.

Researchers should ensure that the number of halo initiations is based on the actual number of
initiations and not on the raw number of times controllers made the “J” entry. In the HCS, the
same command is used to turn the halo on and off. This will produce an inaccurate count if the
data reduction is not conducted carefully.

2.1.4 Data Block Positioning

Definition: This measure represents the total number of times a controller changed leader-line
lengths and leader-line directions to maintain data block readability.

Source: In the en route domain, controllers change leader-line length and direction using data
entries that are processed by the HCS and are recorded on SAR tapes. In the terminal domain,
however, controllers can also change leader length and direction using knobs on the Full Digital



ARTS Display (FDAD) or DEDS. We recommend against attengptmcollect these data in the
terminal domain until STARS, with its iyl digital display controls, is fielded.

ReportingLevel: Overall, Sector, alntervalLevels

OtherInformation: Controllers position data blocks to maintain the reatiabilcritical flight
data. Controllers also usetddlock positioning as mempaids (e.g.by placing the data blocks
on the right for all northbound aircraft). As with the halo, insedadata block positioning is not
a reduction in satg in and of itself.Ingead, it may inttate that aircraft areying in close
proximity and that the controller does not have time to keep the data blocks separated.

It is appropriate to filter out ¢tk block positionig actions that are not related to maintaining
readabilty such as “slant zero” (/0), which is used instead to indicate the transfer of
communication. The spemifenty types that are filtered out must be consistent across baselines
that will be compared.

2.1.5 Other Safty-Critical Issues

Definition: Final Questionnaire and ObservegL

Source: Data for this measure come from questionnaires compyestuald; participants and
SME observers.

Reportirg Level: OverallLevel oy

OtherInformation: This measure is dgaed to reord safey issues not attessedy the other
measures. Rearchers should emr® that issues rsed for this meage are apropriate for the
Safay construct. Forxample, may controllers view ay systemdeficiency as asafely issue
rather than a usahli or workload issue. For this reasonyassues that are identified as dgfe
critical should be indepelenty reviewedby supervisorytraining,or quality assunace SMEs
and moved to other constts if warranted.

2.2 Capady
2.2.1 Aircraft Under Control

Definition: This measure repents the total number of aircraft receryiATC services from a
controller.

Source: Data for this measure come from TGF rengsdilf the TGF is not usedf target
generation, Aircraft Management &gram (AMP) tapes also can provideshelata.

ReportingLevel: Overall, Sector, anntervalLevels

OtherInformation: For the prposes oflata collection, an aircraft is considered under track
control if (a) he controllethas accepteché handoff from the previous sector and (i@ handoff
to the nat sector has notetbeen acceptedin operational ATC, however, transfer of track
control technicdl does not occur until the aircraft is both on a controller’s frequand in his




or her airspace. To facilitate rapid data reduction, however, we recommend using the handoff-
to-handoff definition and identify this in their report.

Researchers should ensure that the sectors and times being compared are precisely measured.
Any discrepancy, even a few minutes, can have a substantial effect on this measure.

2.2.2 Time in Sector

Definition: This measure represents the average time aircraft spend in a particular sector.

Source: Data for this measure come from TGF recordings. If the TGF is not used for target
generation, AMP tapes also can provide these data.

Reporting Level: Sector Level only

Other Information: Care should be taken to ensure that the simulators used in a comparison
employ identical aircraft performance models. Valid conclusions about capacity become
difficult to draw if a particular aircraft type performs better on one simulation platform than
another.

As with the Aircraft Under Control measure, an aircraft is considered in a sector if (a) the
controller has accepted the handoff from the previous sector and (b) the handoff to the next
sector has not yet been accepted. In operational ATC, however, transfer of track control
technically does not occur until the aircraft is both on a controller’s frequency and in his or her
airspace. To facilitate rapid data reduction, however, we recommend using the handoff-to-
handoff definition and identify this in their report. We also recommend reporting data for this
measure separately for arrivals and departures in terminal baselines and in en route baselines
where appropriate.

2.2.3 Spacing on Final Approach

Definition: This measure represents the distance between two arrival aircraft where the first
aircraft is over the middle marker and the second is trailing behind it. This measure is
appropriate only for the terminal domain.

Source: Data for this measure come from TGF recordings. If the TGF is not used for target
generation, AMP tapes also can provide these data.

Reporting Level: Sector Level only

Other Information: If warranted, a similar measure of aircraft spacing could be developed for the
en route domain, though one has not been used in past en route baseline studies.

2.2.4 Time Between Arrivals

Definition: This measure represents the elapsed time between consecutive arrival aircraft passing
over the middle marker. This measure is appropriate only for the terminal domain



Source: Data for this measure come from TGF recordings. If the TGF is not used for target
generation, AMP tapes also can provide these data.

Reporting Level: Sector Level only

Other Information: No additional information

2.3 Performance

2.3.1 Overall Data Entries

Definition: This measure represents the number of data entries made by a controller using the
keyboard and/or trackball across all data entry types.

Source: SAR or CDR tapes

Reporting Level: Overall, Sector, and Interval Levels

Other Information: Data for this measure should be reported separately for each staffed position.
For example, baselines in the en route domain should include separate data entry counts for the
radar, data, and assistant controller positions.

This measure is particularly sensitive to shifts in workload across controller positions. For
example, in the DSR Baseline, we observed that radar controllers made many more data entries
than in the PVD Baseline. We observed the opposite pattern for data controllers. We believed
this resulted from a lack of involvement in the simulation by the data controllers due to changed
requirements for between-sector coordination. To explore this further, we combined the data
entries made by the sector as a whole (i.e., radar and data controllers combined) and found that
the difference between systems disappeared for some sectors.

Researchers should ensure that pilot entries are not included in this measure. In Dynamic
Simulations (DY SIMs), the pilot entries are recorded on SAR tapes and may inadvertently be
counted as controller entries when, in fact, they are not. In TGF simulations, the pseudopilots
work on a discrete system, so this is not an issue. However, ghost sectors may also make data
entries, and researchers should ensure that their entries are not counted with the controller
entries.

2.3.2 Specific Data Entry Types

Definition: This measure represents the number of data entries made by a controller using the
keyboard and trackball for specific data entry types.

Source: SAR or CDR tapes

Reporting Level: Sector Level only

Other Information: As with the Overall Data Entries measure, the counts for specific entry types
should be reported separately for each staffed position.




There are literally dozens of data entry types in the HCS and ARTS, many of which are rarely
used by controllers. Stable, reliable measurements of rare data entry types are difficult to obtain
and are unlikely to show reliable differences between systems. In addition, controllers can often
make equivalent data entries using different command syntaxes.

We recommend recording data for all data entry types and including them in the Overall Data
Entries measure. However, to facilitate data reduction, we recommend reserving the increased
detail of the Specific Data Entry Types measure for a subset of types. The subset should include
all the major entry types used at the facility being simulated. The subset should be chosen in
consultation with SMEs and should include all common syntactic variations.

As with the Overall Data Entries measure, researchers should ensure that the pilot entries are not
included. In DYSIMs, the pilot entries are recorded on SAR tapes and may inadvertently be
counted as controller entries when, in fact, they are not. In TGF simulations, the pseudopilots
work on a discrete system, so this is not an issue. However, ghost sectors may also make data
entries, and researchers should ensure that their entries are not counted with the controller
entries.

2.3.3 Data Entry Errors

Definition: This measure represents the total number of data entry error messages returned by the
automation system.

Source: SAR or CDR tapes

Reporting Level: Overall, Sector, and Interval Levels

Other Information: If a controller makes a typographical error, he or she usually notices the error
and corrects it using BACKSPACE or CLEAR. Because this measure counts data entry error
messages returned by the automation system, only typographical errors that remain uncorrected
at the time ENTER is pressed are counted. If typographical errors are a particular concern, more
sophisticated analysis methods may be necessary. For example, the NAS Human Factors
Branch, ACT-530, is developing a data analysis capability called the Keyboard Data Recorder
(KDR) that will capture data entries keystroke by keystroke from operational ATC keyboards.
From this record, a more detailed analysis of the nature of the typographical errors will be
possible.

2.3.4 Number of Altitude, Speed, and Heading Changes

Definition: This measure represents the total number of controller-initiated altitude, speed, and
heading changes made by simulated aircraft.

Source: TGF recordings

Reporting Level: Overall, Sector, and Interval Levels

Other Information: Consistent definitions must be applied for which pseudopilot commands are
counted. Researchers should ensure that equivalent commands with different syntax (e.g., turn




right 20 degrees and fly heading 350) are counted correctly. A complete list of these commands
is available from the TGF.

2.3.5 Self-Assessments of Performance

Definition: This measure represents subjective performance ratings given by a controller
participant at the end of a simulation run. Ratings range from 1 (low) to 7 (high). The measure
comprises two submeasures:

a. Quality of ATC services from a controller point of view
b. Quality of ATC services from a pilot point of view

Source: Post-Run Questionnaire (Appendix A)

Reporting Level: Overall and Sector Levels

Other Information: This measure has been refined to a 7-point scale so that it matches the 7-point
scale used by the Air Traffic Workload Input Technique (ATWIT) Workload measure. In past
studies, using different scales for similar measures has created confusion and made data analysis
more difficult. Researchers who plan to compare data for this measure to studies that use an 8-
point scale should use the original 8-point version.

2.3.6 Observer Assessments of Performance

Definition: This measure represents ratings of participant performance during a simulation run
made by one or more SME observers. Ratings range from 1 (Least Effective) to 8 (Most
Effective). The measure comprises six submeasures with three to five rating scales each. In past
baselines, we have reported data for only the overall items for each submeasure. These items are
as follows:

a. Maintaining Safe and Efficient Traffic Flow
Maintaining Attention and Situation Awareness
Prioritizing

Providing Control Information

Technical Knowledge

-~ ® o0 T

Communicating

Source: Data for this measure come from the Subject Matter Expert Observer Rating Form
(Appendix A). Separate versions of the form are available for the terminal and en route domains.

Reporting Level: Overall and Sector Levels

Other Information: Sollenberger, Stein, and Gromelski (1997) provide detailed information on
the development and administration of the Observer Rating Form. The form is based on
observable controller actions and behaviors and has been widely used and validated. We
recommend that researchers consult the original source for information about the successful use
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of this form. In particular, we emphasize thoroughining of the SMEs who will complete the
form. This will improve the reliabily and validty of the ratings.

The same version of the Observer Rgiorm must be used in all baselines that will be
compared. Rsearchers who plan to compare thasta to older bselines should ensure thaeth
use the same version of the form as the earlier reseahehfofins hae undergone substantial
revisions and improvements, and comparisons to data collected using earlier versions of the
forms may no longer be valid.

The SME Observer Rating Form uses 8-point scales, which differs from the 7-point scales on the
ATWIT, the Post-Run Questionnaire, and the Final Questionnaire. Though caysistierss
instruments is desirable, we belkethat usinghe scalesleveloped and validatday the authors

of the SME Observer Rati-orm adds validy and reliabilty to this measure.

2.4 Workload

2.4.1 ATWIT Workload

Definition: This measure represents the subjective workloadysajiven by the participants
during a specific time interval. To ensure stable workload ratings, the score for this measure is
the average of threeankload ratings mde durng the inteval. Ratings range from 1 (low) to 7

(high).

Source: Data for this measure are caédausing Workload Asessment Kegads (WAKS), one
for each controller participant.

ReportingLevel: Overall, Sector, anntervalLevels

Otherlnformation: Fgure 1 showse temporal relationship between WIT prompts and
intervals. An AWIT probeoccurs at each solid vertical lineh& ATWIT Workload score for
a particular interval is calculatdéy averaing the three ratigs prompted durig that interval.

0 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 100

: N N N O O O O R R
A A A A A J

" Y Y Y Y N

Scenario Interval Interval Interval Interval Interval Interval Interval

Ramp Up 1 2 3 4 5 6 7
Period

Figure 1. ATWIT probes and intervals.

For example, the first inteal begins at 10:00:01 and ends at 22:00:00. Th&/WTWorkload

score br interval 1 is calculatedy averaging the ratigs given to the prompts at 14:00:00,

18:00:00, and 22:00:00. This technique provides somewhat more reliable and stable scores for
each inteval and allowsdr detailed anlgses of smaller time fraes if warranted.

11



2.4.2 Post-Run Workload

Definition: This measure represents subjective workload rating given by the controller
participants at the end of the simulation run. Ratings range from 1 (low) to 7 (high).

Source: Post-Run Questionnaire (Appendix A)

Reporting Level: Sector Level only

Other Information: The scale for this measure has been adjusted from earlier studies so that it
matches the scale used by the ATWIT Workload measure. Researchers planning to compare
data for this measure to earlier studies that used an 8-point scale should consider returning to an
8-point scale. However, using different scales for the ATWIT Workload and Post-Run

Workload measures can make comparisons more difficult.

2.4.3 Communication Taskload

Definition: This measure represents the total number of controller-initiated, push-to-talk (PTT),
air-ground communications (i.e., communications between a controller and the pseudopilots
working traffic in his or her sector).

Source: In earlier baselines, the data for this measure were collected manually by listening to
audio recordings. However, they are now available electronically from the applicable
communication system such as the Voice Switching and Control System (VSCS) or Enhanced
Terminal Voice Switch (ETVS).

Reporting Level: Overall, Sector, and Interval Levels

Other Information: Reduction and analysis of air-ground PTT is extremely time-consuming
because the reduction and analysis tools are not yet mature. ACT-530 has developed some
techniques to make the process more efficient, but these will require modification for future
baselines. Currently, the programmers in the VSCS group are working to improve their tool to
facilitate future baselines.

Consistent definitions for what constitutes an air-ground PTT must be applied between studies.
For example, automated tools will typically count any time the controller keys his or her
microphone as a PTT regardless of whether anyone speaks or not. If data are reduced manually
by reviewing audiotapes, however, this typically will not count these PTTs because no one
speaks and nothing is recorded on the tape. Researchers should establish a consistent criterion
for the inclusion and exclusion of PTTs before the baseline and should choose the data
collection, reduction, and analysis method that best suits their criteria.

2.4.4 Coordination Taskload

Definition: This measure represents the total number of controller-initiated, PTT, ground-ground
communications (i.e., communications between a controller and controllers working in other
sectors or ghost sectors).

12



Source: Data for this measure now come from the applicable communsaiem such as
Amecom, VSCS, or ETVS. Data for this measure can also be colleataghly by listening to
audio reordings.

Reporting Leel: Overall, Sector, ahinterval Levels.

Otherlnformation (See commenterffCommunication Taskload, Section 2.4.3): Paeticipants
should be encouraged to completdrtiseordination actions throughe voice switch rathehan
by talking to the controller sittig next to them.If controllers handle coordination outside the
voice switch, these communications will not be coutnethe automated tools andaynbe
missed.

Controllers must follow the letters offl@ementI( OAs) consistery, particdarly in the cases of
handoffs and point outdn simulation conditions, some controllers are legdant than tley
would be in the field regarding coordination. This leads to unrealisticay workload and
higher loredom and reduces internallidity. We stroigly encourage resedmers to endrce
LOAs fully to add realism and to ensure that all controllers adhere tortteerabes durig the
baseline.

Consistent definitions for what constitutes a ground-ground PTT must be applied between
studies. For example, automated tools typlically count ay time the controller &ys his or her
microphone as a PTT regardless t¢iether ayone speaker not. If data are regced manally
by reviewing audiotapes, however, thypically will not count these PTTs becauno one
speaks and nothg is reorded on the fge. Reseatwers should establish a consistent criterion
for the inclusion andxelusion of PTTs before the baseline and should choosathe
collection, reduction, and akyais method that best suits their criteria.

2.5 Usability

Usability measures are collected from rgtstales and open-ended syrguestions on the Final
Questionnaire (Appendix A). Therfal Questionnaire should be administered after all
simulation runs have been contgl@. In our experience, this questionnaire wes as a good

starting place for an end-of-simulation briefing angtdssion. Some items on the questionnaire
are not apropriate for paitular domains and should be eliminated from the questionnaire when
appropriate. All data for this constit should be reprted at the @erall Level ohy. The items

on the Final Questionnaire address the following issues.

Flight Progress Strip Access

Flight Progress Strip Read/Mark
Ease of Accessf Controls

Operation of Controlgntuitive
Keyboard Ease of Use

Radar and Map Eas# Readng

Radar and Map Eas¥ Understanding

-~ 0 a0 o ®

= Q

Workstation Space
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i. Equipment, Displgs, and Controls Support Effent ATC
j.  Equipment, Displgs, and Controlsmposelimitations

k. Equipment, Displgs, and Controls Overall Effectiveness
I.  Overall Qualiy of Interaction with Equipment

2.6 Simulation Fidely

This construct is not designed to evaluatgems. Instead, it assesses whether the data for the
other constructs lva been collected aier equivalent, realistic conditions. Data for this
construct are also watial when replicatig thebaseline or conductg follow-up research.

2.6.1 Traffic Scenario Characteristics

Definition: This measure repsents important features of the traffimenarios used in the
simulation. It consists of several submeasures, such as

length of eaclscenario,

average numbeaf aircraft entemg the scenario each minute,
total number of arrivals,

total number of departures,

total number of overflights,

-~ 0 a0 o ®

total number of propeller aircraft,
total number of jet aircraft, and

Q@

h. total number of scripted pilot deviations and requests.

Source: TGF recordgs

Reportim Level: Overall and Sectdrevels

Otherlnformation: Researchers should emsthat the sae dgorithms and assumptions are
made for what constitutes arrival, departure, or ongrflaircraft In many en rode sectors, this
distinction is not meaningful, and this portion of the measure should not be reported.

The TGF reordings will provide data corresponding to different airctgfies. hese data must
be parsed to categorize particulgses sich as jet or pneeller. Reearchers should consult with
an SME if a particular aircrafype is unclear.

2.6.2 Other Simulation Characteristics

Definition: This measure repents other important features bétsimulation environment
outside the traffiscenarios.It consists of several submeasures such as
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a. alist of standard operating procedures and LOAs used in the baseline;

b. if applicable, a list of the timing parameter for flight strips (i.e., the length of time a flight
strip prints before the aircraft appears in the simulation); and

c. if applicable, a list of the Surveillance Communications Interface Processor (SCIP)
settings regarding the size and offset of radar and beacon targets.

Reporting Level: Overall Level only

Other Information: These items were identified in the DSR-PVD Baseline Comparison
(Allendoerfer et al., 1999) as areas that contributed to faults in internal validity. Other areas of
concern certainly exist, and researchers should strive to identify and report these areas in future
baseline reports.

2.6.3 Realism Rating

Definition: This measure represents the perceived realism and fidelity of the simulation run as
rated by a controller participant. Ratings range from 1 (Not Very Realistic) to 7 (Extremely
Realistic).

Source: Post-Run Questionnaire (Appendix A).

Reporting Level: Overall and Sector Levels

Other Information: We recommend analyzing data for this measure during the baseline so that it
can be discussed with the participants. If the participants do not view the simulation as being
realistic and credible, researchers should take steps to improve the simulation environment even
if this requires discounting some data. Researchers should address the low realism ratings in
their report.

2.6.4 Impact of Technical Problems Rating

Definition: This measure represents the perceived impact of technical problems on the
participants’ ability to control traffic during the simulation run. Ratings range from 1 (Not Very
Much) to 7 (A Great Deal).

Source: Post-Run Questionnaire (Appendix A)

Reporting Level: Overall and Sector Levels

Other Information: See comments for the Realism Rating measure, Section 2.6.3.

2.6.5 Impact of Pseudopilots Rating

Definition: This measure represents the perceived impact of the pseudopilots on the participants’
ability to control traffic during the simulation run. Ratings range from 1 (Not Very Much) to 7
(A Great Deal).
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Reportimg Level: Overall and Secthrevels

Source: Post-Run Questionnaire pepdix A)

Otherlnformation:Just like controllers and pilots, the pseudopilots differ in ghilBome
pseudopilots have real pilot experience and can provigergalistic pilot communications and
behavior. Others are lesgperienced and ay provide less realistic communications.
Procedures at the TGF rotateepdopilots among fes and positions between runs, and some
combinations mawork better than others. Problem situatioyscaly surface during
simulation shakedown and should be addrebgeldGF personnellf this measure shows low
ratings, reseahers should coordinie with the TGF to ensurédt the problem is rectiéd.

2.6.6 Scenario Diffculty Rating

Definition: This measure repents the perceived diffulty of the traffic scenario as ratéxg
participants. Ratigs range from 1 (Not g Difficult) to 7 (Extreméy Difficult).

Source: Post-Run Questionnaire pepdix A)

Reportim Level: Overall and Sectdrevels

OtherInformation: Datadr this measure are intéded as a check on the scenarigelepment.
Did the aircraft in the scenario perform mally? Was the traffic complexittoo dfficult or too

easy?
2.7 Other Metrics

In addition to the baseline metricssdebedpreviousy, a vari¢y of other mérics has been used
in baselines toxamine specific questions. We recommend thegarehers review tlse metrics
to determine their applicaliyi to their specific baseline and to include them if desired. Other
metrics that focus on particular topics or tasks of interest can also be included to ctdlaect da
covered here or in the baseline metrics.

1. The PVD Baseline used a metric of stogy managenent wherein a padipant’s use of
flight progress strips was recorded and measured. This technaguserseful in future
baselines where the frequsmand characteristics of strip-réda activities is of interest.

2. The PVD Baseline reportedteytimes for various data egttypes. This techniqueawy be
useful in future bselines where the speed oftda&ntries is of interest such as in the
evaluation of anew keyboard ordata enty syntax.

3. The DSR Baselintested the KDR, which automatibatecords eackeystroke madeoy the
controller. Thee data ray be useful in future baselines for compgrtypographical eors
or for an&yzing the usabity of a particular kyboard hyout or degyn.

4. Items 911 on the Bakground Questionnairbaveneverbeen brmaly used in a baseie
comparison. These items deal with controller level of famjiavith computers,
satisfaction with current equipment, and level of tragminith a new gstem. These items
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may be useful in future baselines to examine differences on the metrics attributable to
differences in the participant sample.

5. Sections B, C, and D of the Finau€ktionnaire were not reported in the PVDs&me or the
ARTSIIIA Baseline, but data for tbe sections were collectedhd ODD IV Baseline
successfully used thee data to coparesystems. Thge sections cdain additional
information about the usahyliof ATC systems and are appgnaate for he Usabilty
construct.

6. The individual items on the SME Observer Rgtirorms haveneverbeen brmally used in a
baseline comparison. Gnthe 6 werall metrics desdoed in Section 2.3.6 haween used in
baselines, thouglné¢ detailed items Iv& been gtensivey researched and validated
(Sollenberger et al., 1997).

7. The NASA-TLX instrument was used in the DIV Baseline at the end of each run to
measure wrkload. The NASA-TLX is a widg used measure of workload, and it could be
used in future b&elines in plac®f the Post-Run Workload measure or as a supplement to
ATWIT. For more information on NASA-TLX, we recommend Hart and&&nd’s article
(1988). ACT-530 owns tools to electroaly administer and sce the NASA-TX.

3. BaselineMethodology

3.1 Consistent Simulation Conditions

Tightly controlled simulation procedes and labratoriesprovide the foundation for aiscesful
system baseline. However, the facilities and equipment associated witlsy&gth baselines
are extremly complex, makig tight control over all aspects of the simulatiomyeifficult.

The Test Directortypicaly an engineerng research gychologist, is responsibl@if ensumg that
consistent conditions are maintained across all baselines that will béydi@opared.

Re-creating conditions from studies conddotears earlier is impossible without proper
documentation and configation managment. The laboratories at the Technical Center are
used constaht by many organizations. Therefore, the precisefiguration of alaborataoy or
facility is difficult to determine &r the fact. Resedrers hae a responsibily to document as
mary procedures, parameter seggnand confjurations as possible and to provide this
information to future studies. This should be done during the baseline.

All past baselines have been conducted usithg @me ATCsystem at a time. As such,
comparisons betweeystems were made ugjdaa collected from separate simulation activities
sometimes condudaleyears apart. This method has some advantages in tesctseoiuling, but

it makes internal validy and conifguration management espebyaifficult.

We recommend that future baselines collect data for getbm that will be compared as part of
a single, largdaseline. Br example, the partigants could run the sanseenarios using both
systems and alternabetweensystems on subsequent runsdags. This would reduce or
eliminate mawg internal validty problems and provide muclghiter simulation control. All
scenarios, operating procedures, the participants, ay@rpment, pseudopilots, SME
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observers, and questionnaires would be identardddth data sets. With a within-subjects
design, thevariance due to differencdsetween individuals is reded.

A single, sideby-side comparison is likg to be long and cody. Overall, however, we behe
that a sidddy-side comparison will save time and negioy reducirg the need to organize,
prepare, run, and alyae sarate simulations for eacystem. More importathy, a side-§-side
comparison provides thedhest level of internal vality.

3.2 Simulation Realism

In baseline simulations, researchers should strive foryahigh level of simulation realism.
The SMEs involved with scenario teggiand shakedown are thest source for feedback about
realism. We recommend that resd@rs consult with these individuals after eactksdawn
run. Researchers shoulkiaenine the followng areas.

a. Pseudopilots need adequate trainingry shakedown In particlar, pseudopilots need
to learn the ftes associated with tisectors and when and where actionstgpecally
taken. If they do not receie alequate traininguting shakedown, thig communications
and pilot actions manot bemade in the most realistic or tiyefashion.

b. Personnel staffig the ghost sectors also need adg trainng durihg sh&edown. In
particular, thee personneheed to learn when to accept and reject badnd point
outs. If they do not receive adequate traininggjtimay not provide realistic between-
sector communications.

c. Researbers should ensure that the opemgtprocedures and LOAsed in the simulation
are accurate with gard to those used at the fagilit

3.3 Test Plan

As part of the drmal pregparations ér a baeline, the Test Director shouldwdop a fomal test
plan. The plan should contain the following sections.

1. Introduction: This section should provide a historical teshand rationale for thbaseline.

2. Method: This section should describe how the baseline will be condut&tbuld contain
the following subsections.

a. Facilities: This subsection should describe which laboratories and other Technical Center
facilities (eg., the TGF) are need durhg the planmg and conduct of the baseline.

b. Equipment: This subsection should describe what other equipment is needed (e.qg., the
WAKS).

c. Personnel: This subsection should describe thdy gtarticipants and the simulation
support personnel needed.

d. Procedure: This subsection should describe the general data collection method including
the sectors anstenarios to be used, thetaa@ollection tools and technigs, and the
simulation schedule.

3. Data Reduction and Analysis: This section should describe how the data from the baseline
will be reduced andralyzed It should cotain the following sukections:
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a. Equipment: This subsection should describe what equipment is needed dtaing da
reduction andralysis (e.g., the Data Reduction and Arsés Tool [DRAT]).

b. Personnel: This subsection should describe what support personnel and facilities are
needed.

c. Procedure: This subsection should describe the general data reductionlgsid ana
method, detailing which measures will be cédted.

4. Referances: This section should include refares to rkated literature, particulbrregardng
ary tools and techniques used in thedgtu

5. Appendix: This section should contain copies of all the questionnaires, schedules, and
briefing packaes that will begiven to the participants.

The National Air Traffic Controllers Association (NATCA) is involved with most FAA research
and acquisition activities. NATCA will aggi a represdative to the prgram, and coordination
involving the controller participants must be conedcthrough this individual. The Test
Director should providene NATCA repraentative with a cpy of the test plan beforeng

baseline data are collected.

3.4 Schedules and Rotation

In aur experience, about 12 controllers is thexmaum that can be made availalio participate
in a simulation due to staffygrequirements at their home facilities.the participants are drawn
from multiple facilities, as tby were in the @ID IV Baseline, a lajer number can be useth
addition, the Technical Center laboratories are scheduled contipudn®ur eperience, 3
weeks is the maximum that can be made available for a baseline. Even less time will be
available dumg the formal agineerng test period.

Researbers must not developsahedule that violates tHabor agrement between the FAA and

the NATCA. That is, bargaining unit controllers must not be required to staff a position for more
than 2 consecutive ies without a break. The agreement also requires a 30-minute meal break,
no more than 8 hours peayd(including breaks), and no more thamld@ys a week.

Other practical considerations set further limits on the schedule. Controllers, pseudopilots,
simulation support staff, SME observers, and re$easall should be given shdmeaks (15-20
minutes eachetween simulations and mdakaks (1 hr each). Fewer shorterbreaks will

lead to faitgue and poor tations amog the research team. Remember that particigatin
human factors research is voluiytand if participants feel ill-treated or overworkedgytlare
unlikely to volunteer again (and are lliggo tell their friends).In addition, the laboratg and
simulation equipment requires recaguiration time. We recommend schedglanminimum of
20 minutes between runsn our experience, 5 hours of actual simulation timayasiabout the
maximum that can be supported.

We also recommend against runngegnarios longer than about 100 minutes without a position
relief. Some controllers ay becane faigued, lored, or unresponsive if required to staff a
position longer than this. We also strongecommend using at least two trafécenarios|If
participants work the same scenario multiple timeg; thecKy learn to “beat” it and to

anticipate ocarrences. This can lead to bored participants and unteliddita. Rotatg
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participants through two scenarios and several sectors or positions usually is adequate to keep
controllers’ interest through a 1-week simulation. If the simulation covers multiple weeks with
the same participant sample, we recommend using more than two traffic scenarios.

Researchers should design the schedule so that every participant serves in every position, sector,
and scenario once during the simulation. The schedule should also allow each SME observer to
evaluate each participant at least once. In en route baselines, we recommend that SME observers
evaluate the participants while they staff the radar position. In terminal baselines, we

recommend that the SME observers evaluate the participants while they staff a challenging

sector, such as Final. If additional SME observers are available, more sectors or positions can be
evaluated.

Researchers should ensure that schedules do not over-sample a particular participant, observer,
or scenario because this may bias the data. If technical problems force the cancellation of a run,
researchers should assess any potential biases that may be introduced and discount data to
provide a balanced data set if necessary. We also recommend that researchers schedule several
make-up runs that can be used in case of technical problems.

A sample baseline schedule is provided in Table 1. In the sample schedule, eight controller
participants staff two sectors with two positions. The participants work two scenarios, one using
sectors 26 and 38 and the other using sectors 27 and 35. Each participant staffs each sector
twice, once as the radar controller and once as the data controller. Two make-up runs are
scheduled for the last day of the simulation to be used if needed. Two SME observers evaluate
the participants while they staff the radar positions. Each SME observer evaluates each
participant twice. We encourage researchers to adapt this schedule to the design of their
baseline.

3.4.1 Runs per Scenario

In traditional experimental design, increasing the number of trials increases confidence in the
conclusions that can be drawn from the experiment. This also applies to ATC system baselines
in that more simulation runs will lead to more stable data and more reliable comparisons between
systems.

However, the desire for stable data must be balanced against practical considerations such as the
availability of participants and facilities. In many cases, it is simply not practical to conduct a
baseline with as many runs as traditional experimental design requires. Accounting for all the
practical constraints described previously, we recommend scheduling 8-10 simulation runs a
scenario. The PVD Baseline scheduled fewer runs per scenario and some of the data reported
there have been found unreliable (Allendoerfer et al., 1999). The ARTS IlIA, ODID IV, and

DSR Baselines each scheduled eight or more runs a scenario. There is also a good chance that at
least some data will be lost or unusable due to technical problems or unforeseen occurrences.

We strongly recommend scheduling at least two makeup runs.
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Information for participants:

Table 1. Sample Baseline Schedule

The simulation will begin each day promptly at 1600 hrs and will end at approximately 2310 hrs. Please be in the labtamdireddy
1600. When you are not running, you may leave the Technical Center, though you are expected to be in the lab and reaely youun
next run begins. We will try to stick to this schedule as closely as possible but technical problems may force us te reschedig will
complete 4 full runs every night. Please note the briefings on Monday and Friday afternoons. If no makeup runs arethecdgseny,

briefing will be rescheduled for Friday morning.

Participant
Date Time 1 2 3 4 5 6 7 8

Monday, June 9 1500 hrs Pre-Simulation Briefing: Human Factors Lab Briefing Room

1600 — 1710 26-R, SMEl 26-D 38-D 38-R, SME

1730-1910 35-R, SME1 | 35-D 27-D 27-R, SME2

1910-2000 Break

2000-2110 26-R, SME1 | 26-D 38-D 38-R, SME2

2130-2310 27-D 27-R, SME2 35-R, SME1 | 35-D
Tuesday, June 10 1600-1740 35-D 35-R, SME1 | 27-R, SME2| 27-D

1800-1910 26-D 26-R, SME1 | 38-D 38-R, SME2

1910-2000 Break

2000-2140 35-R, SME1| 35-D 27-R, SME2  27-D

2200-2310 38-D 38-R, SME2 26-R, SME1 | 26-D
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Table 1. Sample Baseline Schedule (continued)

Participant
Date Time 1 2 3 4 5 6 7 8
Wednesday, June 11 1600 — 1710 26-R, SME1 | 26-D 38-R, SME2| 38-D
1730-1910 35-D 35-R, SME1] 27-D 27-R, SME
1910-2000 Break
2000-2110 38-R, SME2| 38-D 26-D 26-R, SME1
2130-2310 35-R, SME1 | 35-D 27-D 27-R, SME2
Thursday, June 12 1600-1740 27-R, SME2  27-D 35-D 35-R, SME1
1800-1910 26-D 26-R, SME1 38-R,SME?2 38-D
1910-2000 Break
2000-2140 35-D 35-R, SME1 | 27-R, SME2| 27-D
2200-2310 26-D 26-R, SME1 | 38-R, SME2| 38-D
Friday, June 13 0900-1010 Makeup Run 1 (if necessary)
1030-1210 Makeup Run 2 (if necessary)
1210-1300 Break
1300-1500

Post-Simulation Briefing and Discussion: Human Factors Lab Briefing Room
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3.4.2 Repeatedvleasures Design

Furthermore, we propose to improve stapiéind relability by using a true repeated-measures
experimental designlin this degyn, aparticipant’'sdata for me system carbe compared direlst
to his or her dataof the othesystem. While past baseline comparisons did use/raathe
same participants, there was never adegjcontrol ger the gperimental conditions or the
participants to use aue repeatedmeasures dégn. The side-by-side cqrarison proposed in
Section 3.1 will allow this and should increase statistical power and rejiabilit

3.5 Laboratay Platforms

The primay laboratories that supposystem baeline activities are located in Building 36D
the Technical Center. Thaboratores for all current ATGystems are located in this building.
Laboratories for may new ATC systems are located in Building 316.

The Test Director must schedule laborgtiime throwh the Faciliy Control Office (FACO).
FACO createsheir schedules on a prityibasis. The Test Director and thedgtam Ofice

should work with FACO to establish the proper ptiofor thesystem baseline. Requests should
be made well in advance. FACO releases thedides for each week on the preogdi

Thursdly. We recommend thatsearchers irdrm the participants and technical staff thiagir
shifts mg be the oty hours available. Most ctmollers are accustomed to workinight shifts

at their home facilities if these hours are theydimes the laboratories areailable.

3.5.1 En Route Simulation Support Fatyli

The En Route Simulation Support Fagil{ESSF) in Building 300 houses 22 PVD consoles
connected to th&echnical Center HCS. The PVDs in the ESSF arexgedhin two
configurations as used in th@erational environment. The PVDsuveathe full complemeruf
hardware used in the field including flight strip bafjight strip printers, and communication
equipment. Simulations in the ESSF can be drinetine TGF or the D®IM.

3.5.2 Display System Replacement Laborajyo

The DSR will eventudy replace the PVD in the field. At present, the OiS®oratoy in
Building 316 is used primdyi for engineerng tests of hardware andfavare. In the future, this
laboratay will became the primay laboratay for highest fideliy, human-in-the-loop
simulations in the en route domailt.has alredy sewved as the platim for the DSR Baseline.
Simulations in the DSRaboratoy are driverby the TGF.

3.5.3 Integration andinteroperabiliy Facility

ThelIntegration andnteroperabiliy Facility (1°F) is directed and fundesy the En Route
Integrated Product Team and is located in Building 27. The prifuaction of the 4F is
protaype integration and operational tests of new en rimaienobgy. It contains a ful
functional ARTCCLaboratoy with DSR controller and supervisor workstations. The laboyrato
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is suitable for testing hardware, software, and operator integrdtibas not been used to
supportsystem baelines in the past but mgrovide an alternative to the D3Rboratoy in the
future.

3.5.4 Terminal Simulation Support Fadi}i

The Terminal Simulation Support Fatll{TSSF) is housed in Building 300t consists of

several labratories that simulate the different capfrations used in TRACONSs. These
laboratories includehe ARTS IA, ARTS llIA, ARTS IIIE, and En Route Automated &Ra
TrackingSystem (EARTS).aboratories. The TSSF also supports simulations in the Technical
Center Tower Cahaboratey. Simulations in the TSSFaboratories are drivdoy the TGF or

by the Ernanced Target Generator (ETG).

3.5.5 Standard Terminal Automation Replacem8ydtem Laboratoy

The ARTS computers and FDAD/DEDS dis@awill be replacedby the STARS. At present,
the STARSLaboratoy in Building 316 is used primayi for engineering hardware and software
tests but will eventubt be available for use system baseline simulations.

3.5.6 TransitionLaboratoy

The Transition Laboratory provides gadility for researchers toxglore the issues involved
when an aginal TRACONsystem and its replacement are in place simultang@isne
facility. This laboratoy cortains FDADs and STARS displa. Simulations in this laboratory
are drvenby the TGF.

3.5.7 Oceaiic Laboratoy

The Oceanid.aboratoy is located in Building 300It includes PVDs, stripdys, Oceanic Data
Link (ODL) systems, and a simulated Airline Operations Center (AOC) workstation.
Simulations in this laboratgrare driverby an internal taget generationystem rather than the
TGF.

In oceanc ATC, a cotroller does not communicate dirgctvith the pilots but works thugh an
Aeronautical Radioncorporated (ARINC) radio operator. The radio operator establishes short-
wave radio contact with each flight tdag ATC clearaces. Aircraft contact theRINC radio
operator to rely position reports evg 10 degrees of longitude. Therefore, in a simulation, it is
only necessg to provide a psedo-ARINC radio operator and, if an airline presence is required,
a pseudo-AOC merator. A suitable traffic scenario must still be developed that includbls s
events as position report messages and pilot requests from each aircraft at the cowvadst inter

3.6 Simulators

The TGF, peratedby theSystem Simulation Support Branch (ACT-®1is the primay
simulator for the laborataes in Buildings 300 and 316. The T@fovides simulated air traffic
(up to 3,000 flight plans simultanedy)s TGF pseudopilot workstations displaircraft
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information and accept commands to change aircraft speeds, headings, altitudes, and so on. The
TGF is also an important source of automated data. The Test Director should schedule TGF time
with ACT-510.

The MicroTGF software, a version of the full TGF software that runs on standalone
workstations, is also available. This version of the software can be ported to laboratories that do
not receive direct TGF feeds, either within the Technical Center or at other facilities. The
MicroTGF uses the same scenario definitions as the main TGF and provides the same
pseudopilot and data collection tools. However, researchers should remember that the
MicroTGF is not a display system simulator. It provides scenario generation and aircraft
behavior, not emulation of controller hardware or software.

An alternate simulator for en route is DYSIM. DYSIM is part of the ESSF and allows the
laboratory to operate in a stand-alone mode. In this case, controllers working at PVDs in the
laboratory serve as simulation pilots and maneuver the simulated traffic. The DYSIM cannot use
TGF scenario definitions. The Test Director should schedule DYSIM time with FACO and the
ESSF. In some cases, the DYSIM Laboratories at field facilities may also be available. These
facilities must be coordinated through the field training departments.

An alternate simulator for the terminal domain is the ETG. The ETG is contained in the ARTS
and allows the TSSF to operate in a stand-alone mode. When using the ETG, several of the
FDAD/DEDS workstations are used as simulation pilot stations. The ETG cannot use TGF
scenario definitions. The Test Director should schedule ETG time with FACO and the TSSF.
The ETG can be used with the STARS EDC configuration but is not available in the STARS ISC
or later configurations. In some cases, the ETG Laboratories at field facilities may also be
available. These facilities must be coordinated through the field training departments.

The ATCoach simulator also provides target generation for simulations in the STARS
Laboratory. This software package runs on UNIX workstations. Scenario definitions that have
been created for use by the TGF, DYSIM, or the ETG are not compatible with ATCoach. At
present, the ATCoach software in the STARS Laboratory has not been used for baseline
simulations. However, ATCoach has been used extensively in non-baseline simulations by
ACT-510 and ACT-530, so some local expertise is available with this simulator.

3.6.1 Pseudopilots

ATC simulations require that someone play the role of the pilots of the simulated aircraft. These
can be pseudopilots or ATCSs, depending upon the target generator. When using the TGF,
pseudopilots play the role of simulated aircraft and are responsible for communicating and
executing clearances associated with those aircraft. They make air-ground communications with
the controller participants and make adjustments to aircraft speed, heading, altitude, and flight
plan as directed by controllers. Pseudopilots are trained in aviation phraseology, simulated
airspace, and aircraft behavior but most are neither controllers nor pilots. As such, they can
provide realistic communications and aircraft behavior under most conditions but perform less
well when asked to make impromptu communications or flight plan changes to fit changing air
traffic situations. ACT-510 coordinates the Technical Center pseudopilots.
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When using the D®IM or the ETG, ATCSs serve as simulation pilots. Controllers are trained
on DYSIM or ETG in the field, and most are accustomed to serving as pilotke PVD

Baseline, which used the [3YM, the participants alterted between the controller and pilot
roles. Thagh this was an efficient usé controller resources, we do not recommend this
method for futurdaselines. Theariance in skill among different controllessrving as pilots

can begreat. This results in some participants recgVass realistic pilot communications and
aircraft behawr than others and creates im@&rvalidity prodems. In addition, some controllers
have used this as an opportyrib play jokes on their friends. Foxample, some controllers
serving as pilots have changed headings, speeds, and altitudes without authorization from the
controller actudl working traffic. For a validystem baeline using the DY®B/A or ETG, we
strondy recommend that a cadre of controllers begaesl to the pilot role, and anothedabe
assigned to the controllerley and that thy do not alternate. e controllersselected to serve as
pilots should be chosen besauley take he asggnment seriodg and are aware of theeed br
consisteny across conditions.

3.6.2 Ghost Sectors

In addition to aircraft, ATC simulations also must simulate the other sectors and fagititiss (
sectors) with whom the controllers interact. This interaction includes approving and rejecting
handoffs, point outs, andhyaother ground-ground communicatioris. past beelines, one
individual from the TGF or simulation laboraychas staffed all the ghost sectors. We
recommend that future salines carefuly revew the vorkload of this individual to ensure that
he or she can handle all the traffic in the simulation while stillglaioredible and realistic job.
If additional staffing is warrated, researchers should request it. We also recommend that the
individuals staffing the ghost sector beywé&miliar with the operating procedures and lt@As
that appy to the sectors being simulated. The ghost sector sholyldorept handoffs that are
made in a realistic fashion. For example, in the DSR Baseline, the participants sometimes
handed aircraft off at an altitude that violated - &?A, which would have been rejected in the
field. Unfortunatéy, theperson staffig the ghost sector did not know aboud tHHOA, accepted
the handoffs, and created an unrealistic simulation condition. We Istreegmmend that a
controller or other SME from the fadyistaff the ghost sector or that the support personnel
receve substantial training ohe¢ simulated sectors and operations.

3.7 Airspace

3.7.1 Simulated Airspace

The choiceof airspace will affect most aspects of thaseline. The gram Office will
probaby choose théaseline aspace based on availabyjlicost, and schetieiconsiderations.
In most cases, the baseline airspace will be from one of tlyefaalities on the deplyment
schedule. Because the TGF pd®gs target generation forp@rational Test & Evalation
(OT&E), the Pogram Office will probaly choase the OT&E faciliy for the baeline also.

If there is some latitude in chongiairspace, searchers should considetternal validty (i.e.,
how eadly the baseline data can bengealized to the rest of the AT§ystem) wen choosig an
airspace to simulate. Becauseselines are meant to characterizesfistem undetypical
conditions, we recommentdt researers chose airgpace that des not have nrgy unusial

26



characteristics. Some characteristics to consider include the presence of méitaing areas

and other special use @exe, interaction with inteational airspace, the mix of aircraypes,

areas of limited radar coverage, and areas of unusual weather patterns. Consultation with SMEs
from the chosen facilities should reveayainusual baracteristics.

3.7.2 Generic and Unfamiliar Airspace

Generic airspace is airspace thagsinot &ist in the field but has been developed for various
testing purposes. hE so-called ZCY generic airspace wasaleped br formal engineerng
tests purposes but is genéyalot appropriate for human factors studiétss difficult to learn
and does not “feel” like real apace to controllers. However, a second form of gerarspace,
known as Geera,has beerdevelopedy ACT-530 expressy to be eadiy learnedby participants
and to have the featurestgpical terminal or en rde airspace (Guttman, Stein, & Gromelski,
1995). Genera Aipace allows participants to lobeawn from diverse facilities thelg

improving eternal validty and redcing staffing prodems. Currery, the Gaera Airspace is
available ofy for the ATCoach simulation platform, but versions arderdezelopment for the
TGF. Genera Airspace is tnget availalbe for theoceanic domain.

Some of the benefits of Genera Airspace can algainedby using unfamiliar airspaceln this
case, aspace from one facil is used, but the participants are drawn from other facilities. This
requires lesglevelopment than Gera Airspace becauseenarios and airspaagefinitions are
alrealy available but allows the participants to be drawn from multiple facilities. TH® QD
Baseline used this technique, usoontrollers from several facilities working Wastjion

ARTCC airspace.

Genera and unfamiliar airspace require substantial tgafairthe participantsin past baselines,
this training has taken the form of classroom trgjron fixes, fregiencies, outes, and

procedures followebly several training runs. LOAs and operatongcedires take lager to

learn, dpending upon the number and compkty. An SME from the home facili should

identify the most important and most difficult procedures associated with the airspace, and the
training should focus on tke. The ID IV baseline trained non-Washington ARTCZDC)
controllers on ZDC airspace for 1 week prior to begigriormal ODID training. Using the

Genera Airspace, 2-3 hs of trainng aretypically requiredbefore controllerhiave complealy
learned the airspace. We recommend that future basete€daera Arspace when available

for the apprpriate domain.

Training on Genera or unfamiliar gece carbe especidy time consuming wen the
participants are also learningw equipment and procedures. s€&chers should comgr usng

a perbrmance-bsaed criterion or anwer-the-shoulder ratingrocedire to ensure that all the
participants are suffienty trained bebre beginning thebaseline runs. Rearch has shown that,
with training, controller performance ugi Genera Airspace is equivalent to performoa using
home airspace (Guttman et al., 1995).

3.8 Traffic Scenarios

A scenario is a set of simulated air traffic and envirental conditions that provides input to the
simulator. A scenario specifies the aircraft cajhsj fight planstypes, altitudes, beacon codes,
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start times, and so on. &4dine traffic scenarios should provide a motieita-heay level of
complexty. We have found that this level is sufficient to keep the participants engaged in the
simulation but is not so complex as to overwhelm them. This complexel is also more

likely to show between-controller varialbyiithan a lower level where all controllers usyal
perform egally well.

Past baselines have created a moderate-tostuaplexty by simulatirg a 96" percentile dy

for traffic volume. In each case, TGbersonnel obtaied traffic data from the clsen facilty

and conveed those data to the appropeigimulator format. The resultisgenarios were
refinedby SMEs from the facity during shakedown. During the DSR Baseline, however, our
participants remarked that teeenarios were not complex enough to keep their interest or
challerge their abilities. We believe this discrepgmesulted, in large part, from reduced
requirementsdr between-sector oodination and from mrealistic aspects of the simulation such
as inconsistent flight strip printer intervals.

We recommend that searchers carefiyl evaluate scenarios to ensure thaytbortain the
intended complety level. For example, even dung a 9¢" percentile dy in the feld, there are
periods of Igh volume and periods of lower volumK.the séected time falls during a low-
volume period, the resulting traffic scenarios will not contain the intended cotypgesel. We
recommend that researchers camgtthe baseline scenarios so that traffic lbarady added to
increase complaity. Personnel at the TGF are familiar with this technique and cgnaon
their scenarios apprapitdy.

Because fight datgprocessingsystems like the ARTS IA are degyned for operational use,
beginnng and endig scaarios can create special teatad problems. & example, aircraft
cannot simfy appear at altitude without tlsgstem generating serious errors. To prevent these
errors, simulatediecraft usudly must enter the airspace at a rate similar to the real world. As
such, most simulators will require a “ramp up” period where the traffic volume is low and
increases to the desired level over time. Past baselines have used ayrstatrtebmp up

period, apprrimatdy 10 minutes. &r data ankysis purposes, we discounted thstf10

minutes of data to prevent biasing the data toward operations with unredjistiaetraffic
volumes.

3.9 Controller Participants

The controllemparticipants fobaseline simulations should be Full Pemiance Level (FPL).
Unless Genera Aipace is baig used, we recommend ugj orly particpants who are certified
on the sectors that will be simulated. ThelDDV Baseline used participants who were not
certified on the simulated sectors. Theref despitelte extensive trainingrovided in that
study, it is unlikdy that these controllers performed as well on the simulatguhagsas on their
home airspace.

Developmental controllers mwawiddy in their skill level and, in general, shouldpparticipate
if training and transition arda¢ focusof the poogram. Howeer, becase the recommended
experimental design is within-subjects, the training requerde mg be relaxed for appropriate
reasons without biasinbé results. Br example, a future baselineight choose to included%
developmental controllers teetter repreent the controller population in the fieltf the
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simulation schedule design ispappriatdy courterbdanced (i.e., deelopmentals work both
systems the same nip@r of times), the effect of thdevelopmental controllers should beuab
for bothsystems.

Researhers should recruit the controller pantiants as far in advae as possible. hE union
contract requires 60agls notice to distribute recruiting announ@nts and allow controllers to
make arragements. The controllgparticipants receiveheir normal wagesor the duration of
the baseline plus travel costs and pend

Researchers must respect participant rights during a baseline simulateyrardinesponsible

for ensumg that all the participants know that theéadthey provide diring the baseline are

anaymous and confidential. We recommend that researchers adapt timecBtaié

Confidentialty andinformed Consent (Appendix B) to their baseline and distribute it to the
participants during the pre-simulation briefing. Researchers should also assign participant codes
at this briefing. All research conductiegthe FAA using human participants is subject to
approvalby thelnstitutional Review Board.

3.10 Subject Matter Epert Observers

In past baselines, SME observers were supervisors from the simulateyl fad¢ikt SME

observers were responsibta bbservng each simulation run and completing the SME Observer
Rating Form. If supervisors are not availablajyadity assurance and trainipgrsonnel are also
suitable to serve in the SME observer rolewdver, we recommend against using field
controllers who do not have thigoe of experience in the SME observer role. Controllers who
are not accustomed to ewmating thér peers ray feel awkward daig so and ray notprovide

valid results.

3.11 Briefings

Researbers should dedule at least two lafings, one beforene simulation runs begin and a
second &er all simulation runs are complete. For the initial briefing, researchers should provide
a briefng package containg copies oftie baselineschedule andray appropriate referace

materials about the airspace. This is esplgaiaportant if the participants are hgitested on
airspace other than tindhome airspace. He particpants should also complete the Bgmound
Questionnaire during this briefindgn the initial briefing, reearchers should discuss the

following topics:

a. Why is the researcbeing conduted? Researchers should discuss the histosystém
baselines and the AT§/stem under evaluation.

b. How will the results of the search be sed? Researchers should discuss how the
baseline will be useby the Prgram Ofiice.

c. How will the participants’ cofidentiality and anonsity be guaranteed? Reseagcs
should assign participant codes at the initial briefing and explain that no names should be
used on ay materals. Researchers should also distribute the Statement of
Confidentialty andinformed Consent (Appendix B).
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d. What is the participants’ role in thesearch? Researchers should discusstus
expected from the participants, emphagzime simulation and the actions yrere
expected to perform.

e. How will the data be collected? Researchers should discusslaacsource and
describe what is expected from the participarganging that source, emphasigihe
WAK and the questionnaires.

f. How does the simulator differ from the field? Researchers should discuss hardware and
software differences such asavailable functions or entries. Aey should also discuss
the pseudopilots and their abilities. Researchers shostdloke any differences in
procedures and how to coordinate with ghost sectors.

g. What is the schedule for runs, breaks, and Ingef? Researchers should describe when
and where each acttyiwill occur, emphasizigthe importance of stargand ending
each simulation run on time.

Researhers should also condt a final brefing ater all simulation runs havgeen completed.
In this briefing, reseahers should guide the discussion aboutsirstem underealuation and
about the baseline gress itself.In particular, reseaters should focuseir discussion around
the constructs so that adede information is provided for each one. The papants should
complete the Fial Questionnairewting this briefing. We recommend that reséars discuss
the following topics with the participants.

a. Was there a differee between he systems? Reseahners should discuss each
operational construct in general terms and solicit commentsy should also seek to
understand how thgarticipants compesated for ay differences.

b. Which aspects of the nesystemneed to be evaluated more clhser improved in the
future?

c. Which aspects of the nesystem are an improvement over thaséng system?

d. How realistic was the simulation relative to operations in the field? Résesshould
discuss areas where the simulation was less than perfect such as pseudopilots, ghost
sectors, and pcedures andry to urderstand how thee may have affet¢ed participant
performance. They should also seek to understand if the WAK, video cameras, or SME
observers were intrusive or distracti

3.12 Training

Training for baelines carbe a difficult issue.If the baeline uses fiegled systems and the
participants work their hoe airspace, as was the case in the PVD and ARASBHselines, the
training requirements should be minimah these studies, the participants required training with
the WAK and the questionnaires but little else. On the other hand, if the participants are using
new equipment or working unfamiliar airspace, they will require substantial trailmrtge

ODID VI Baseline, the cdroller particpants required a week of training on the Wagton

ARTCC airspace usg the HCS-PVD and a week of traigiusng the ID equipment before

data collection.In the DSR Baseline, thmarticipants receied 2 weeks of traing on the DSR
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and had completed 2 weeks of other OT&E activities before the baseline. At a minimum,
researchers should provide tragiin new equipment, unfamiliarrapace, unfamiliar
procedures, the WAK, and theeagtionnaires.

4. Data Collection Technigues and Tools

4.1 Tamget Generation FaciiitRecordirgs

All simulations using the TGF fdaarget geeration can record a vaty of information about

aircraft positions, flight plans, separation, pseudopilot actions, and so on. The TGF records data
to disk and to 8mm data tape. The TGF does not recgrdada about controller interactions

with the displg or automatiorsystems such as datatees. The Test Director should arrange

with the TGF personnel to create and archive TGF tapes for each simulation run.

4.2 System Andysis Recordig Tapes

The ESSF, the DSR Laboragpand the Oceaa Laboratoy can record SAR tapes. SAR tapes
record a vaety of information about camoller interaction with the HCS. The Test Director

should arrage with laboratoy personnel to créa and archive SAR tapes for each simulation

run. The SAR tapes can bedaeran a vairety of modes, dpending on what data aneeded. The

Test Director should consult with the laborgtpersonnel and provide them with a list of the
measures that will be reduced from the SAR tapes to ensure that the proper modes are activated.

The DSRLaboratoy can also record a special version of SAR tapes called DSR SAR. These
tapes contain mdstredundant infanation with the HCS SAR tapes. However, as datéyaisa
tools are developed, DSR SAR tapegyragentudly provide more detailed information than is
currenty available.

4.3 Aircraft Management Program pes

The ESSF, DSRaloratay, and Oceanic Laboratpcan also reard AMP tapes. Tese tapes
provide information about aircraft movement andtt data sch as the number of aircraft in the
sector and theuwtation of each fght. Most of the data recorded on AMP tapes can also be
obtained from TGF recordings, but AMP tapes can be useful as backups.

4.4 Continuous Data Recording

The TSSH.aboratories can record CDR tapes that@ionnformation about controller
interaction with the ARTS. The Test Director should rgeawith laboratorypersonnel to craa
and archre the CDR tapes from each simulation run. DuriiegARTS Il A Baseline, the CDR
tape drive was not reliable and introduced gaps and errors intottheWWa recommendhat
future terminal bselines record da using the CDR disk drive rather than the CDR tape
recoder.

4.5 Communications Data

The laboratdes at the Technical Centerryan the specifics of their voice steh capabilities.
In each cse, the voice switch cgorovide automatedata about the number of PTT
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communications between tparticipants andhe pseudopilots (air-gund) andbetween e
participants and the other sectors and ghost sectors (grounafgrdime Test Director should
coordinate with personnel from the tathtay to canfigure the vace switch to record this
information.

With the development of the VSCS, more options are available for recording dymirama
communication data in the ESSF and DiS#oratoy. The VSCS can record voice
communications on system called the Legal Recler. The VSCS can also providata about
the number of air-ground and ground-ground communications using the M®(ecoder.
The Log Recoder provides output of VSCS messages in 5-minutevater ACT-530 has
developed reduction anaalysis techniques to trarsfn VSCSLog Reworder output into more
useful counts of air-ground and ground-ground communicatibnproved reduction and
andysis tools for VSCS data are being developgthe communications specialists at the
Technical Center and mépg available for future bselines.

The ETVS provides a similar capabjlfor the ARTSLaboratories but has hget been used in a
baseline simulation. As it becomes more Wdesed, we &pect that the ETVS will become an
important data collection tool.

4.6 Audiotapes and Videotapes

We recommend that searchers collect audigias and videofges dumg each simulation run.
The main purpose ohése tapes is to providiackup inbrmation in case a technical problem
corrupts othedata sources and to allow SMEs to review critical incidents such as operational
errors. Recordigs are also useful for véying start and stop times.

Controller and pseudopilot voice communications are haryl¢ioe applicabe voice switch
system such as the VSCS or the ETVS. The Test Director should coordinate with
communications platform personnel to ensure that the voice switch igwedf to record the
required data. Controller ambient communications (i.e., communications with the controllers
sitting net to them) are remwded usng wireless microphonesosn by the participants. These
recordngs are mde to capturersy ground-ground communications that are not accomplished
through the voice switch.

Video reordings carbe made in the ladratories usig equipment in the MobilexXperimental
Recordng Rack (MERR) aailable from ACT-510. The MERR provides a complete suite of
video recording equipment including low-illumination cameras, a time code generator, and
multitrack recordiag. The MERR can reoes audio input from the applicable voisegitch and
from wireless microphones wohy the participants. The MERR can be transportedhyo a
laboratay at the Technical Center. We recommend that video cameras be positioneciatho
behind the controllgparticipants so that thedar screen, controls, andght strip lays are
visible.

We also recommend that researchers videotapdaa sareen direbt. This record can pue
invaluable whererifying data and for reviewg gperational errors. Hower, analog radar
displays do not show up well on videotape because of their potrastn Dgital displgys show
up better, but data blocks can still be difficult to read.
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Taping a simulation raises some confidentialtoncerns. The participants must be informed
that recordigs arebeingmade, and tby must give consent for tbe recordngs. Controllers are
accustomed to hawg their voice communications reded, but tiey are less accustomed to
having their pysical actions and ambient discussionorded. Reseahers should xeplain

what information will be recorded and how it will be used.

4.7 Workload Assessmentdgpad

The ATWIT has been widg used in the FAA (Stein, 1985), and a similar method is in use at
Eurocontrol (Hemg & Coatleven, 1996) It has been administered ngia varig¢y of techniques,
but we recommend colleag data for the AWIT Workload measure ugt WAKs. A WAK
consists of numbered anglted leys and a tone generator. Apeddermined rée durng the
simulation run (., evey 4 minutes), the WAK emits a beep and illuminates gistdi. At this
time, each participant pressés key corresponding to his or her subjectiverkioad at that
moment. If the participant does not make a rating during a predetermined duration (e.g., 20
seconds), thedhts etinguish and no ratg is recorded for that prompt.

Up to four WAKs carbe connected to one rongj devce that is then corcted to a Windows-
compatible laptop computer. ACT-5h@s develped software that controls the WAKs and
automaticdl records data on thiaptop hard disk.

We believe that using the WAKS is preferable to othethods that have been used to collect
ATWIT daa. In the PVD Baeline, the “cuckoo” alarm in the control room sounded, and
controllers made a sp@t enty on their PVDkeyboards. This required that the YWIT data be
reduced from SAR tapes, which addistay and epense.In sane other non-bseline studies
conductedyy the Technical Center, the MIIT was administered maaly—that is,by an
experimenter with a stopwatch and paper pad. This method is undesirable due to the
potential for timing and recording errors. WAKSs provide an effitand accurateay to
administer the AWIT and require no hardware afsvare chages to the ATGystems beig
evaluated.

Researbers should provideerbal and written instructions on the proper usé@®WAKS.

Sample instructions are provided in Appendix C (Stein, 1985). The Final Questionnaire also
contains an item that serves aaak on thearticipants to ensure thatghused the WAKSs as
intended.

4.8 Questionnaires and Ratings

Appendix A provides the current versions of the baseline questionnHiresearbers plan to
compare thie data to data from earlibaselines, tey should consult the apgwoate report to
ensure that #y use he proper versions. There are five baselinestjonnaires.

Badkground Questionnaire. The controller participants complete this questionnaire as part of
the initial briefing, beforeray simulation runs beginlt contains items about controller
experience andtraining.
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» Post-Run Questionnaire. The controller participants complete this questionnaire after each
simulation run. This questionnaire contains seven items addressing the just-completed
simulation run. Researchers should ensure that the participants oeyag item on the
guestionnaire and that all coding information is complete.

* Observelog. SME observers complete this questionnaire during each simulation reyn. Th
should recordmy unusual events (@, operational errors), nag the time andray details
about the event. Hy should also remd any technical problems.

» Final Questionnaire. The cwaller participants complete this questionnaire as part of the
final briefing, after all simulation runs habeen compleed. Researchers should ensted t
the participants complete eyatem and that thy have sufficient opportunity to write
comments. This questionnaire is also suitable for other interested parties such as the SME
observers as long as their data are not included with the panticlata. This questionnaire
now contains the item formgrknown as the AWIT Questionnaire.

» SME Observer Ratg Form. SME observers complete this questionnairegland atter
each simulation run. Because jpeo completion of the form regnes substantial attention,
observers should bynevalate one controller at a timigpicaly the controller staffig a
challenging sector like Final. Apendix A contains two ratingpfms, one forlie en route
environment and one for the terminal environment.

4.9 Keyboard Data Recorder

The KDR consists of a spedilkequipped PC and cables that attach it to the DSR or STARS
controller leyboards and captures each controkeystroke andrackoall action. Theseéata can
then be anlgzed to determine whichelgs were presed and whichiypographical errors were
made. Curreihy, the data raattion and anlgsis routinesdr the KDR are not mature, but the
KDR may provide valuake information about controllereigdboard and trackball use in the future.

4.10 Verifying and Archiving Data

The rawdata from each simulation run are irreplaceable. Tegmeloss or corruption afata,
researchers must veriand archre data thraghout the simulation. Before each rurgytshould
ensure that

a. all clocks aresynchronized;

b. all recordhg meda are in placejave enagh available gace for the entire run, and are
propety labded; and

c. enough bank copies of all questionnaires are availablelahdled.

Once the simulation run has been successshrted, reseaners should vefy that each
automated data source is recagddaa by ensuring that

a. the sound level indicators on video regems are movig and the tpe counters are
increasing,

b. the data tapes are tungion evey automated data sre and thatray indicabrs are
responding,
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c. the WAKs are promptigat the appropriate interval and the rgsimre being added to the
database, and

d. the SME observers are maginotes on their Obsegr Ratng Forms.

After each run, we recommend that reskars condct a more thoragh verification of the data.
The simulation schedule will often precludemining eery data source, but searchers should
conduct spot checks. Baarchers should

a. check thdabels on all the data, audiotapes, vidpesaand questionnaires;

b. spot check the qu#yi of the video and audio recongis by playing back a minute of oe
tape;

reduce oe dataape to ensure the reders are operatg correcty; and

d. spot check the participant questionnaire answers to ascertainghatercompletig all
the questions.

At the end of eachay, researchers should backup and archive all data. When using a data
source that records to tape, itymeot be feasible to immedidyemake a cop of evey tape.
Researhers should

check that the t#s are labed and stored in a safe place;
make a backup of tetapes;
change the permissions on backup files to prevent overwrites, if possible; and

o o T p

make a photoquy of the completed gestionnaires.

5. Data Andysis Techniques and Tools

5.1 Automated Tools

Data from automated tools uslyatequire at least one round of reduction befoeg ttan be
andyzed. The Test Director should oadinate with datagecialists from the TGF, the
simulation laborator, and the communications platform to run the appropriate reduction
routines. The data specialists should note the routiegsiied and provide a list of all
parameters and nfigurations to the Test Director so these bamrchived andhanaged.

TGF tapes are reded usng the DRAT, wiich is available at the TGF. The output of TGF
reductions cabe provided in hard @y or eled¢ronic format In most cases, the electronic
format is desirablbecaise some reports ay requre asecond rounaf reduction. These
second-round reduction routines &picaly written in a spaalized language such as REXX or
Perl. Researchers should consult with the DRAT specialist andystiesr requirements befe
the data redction begins. Once reded usng the DRAT data are geerally imported into
spreadsheet software and a statistical softwareagacfor aalysis andesting.

SAR tapes are reduced using the Datalysia and Reduction Tool (DART), which is avallab
throughout the Technical Center. Using the DART requires specialized training and should be
undertaken diy by trained persamel. The DARTproduces large output refis that carbe

provided in hard qay or electronic brmat. The electronic format is desirabkrause most
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DART reports require a second round of reduction. Researchers should consult with the DART
data anbyst and pecify their requirenents before the darediction begins. Once reduced using
the DART, data argeneraly imported into spreadsheet software and a statistical software
package for angsis and testing.

The CDR tapes are recked usng the ARTS computenaintainedoy AOS-400. he Test
Director should cordinate with this organization to ange for the redction and anlysis of
these data. As with SAR tapes, the output of CDR reductions can be provided ingyasd co
electronic format. The reports uslyainust be redced further usig custom-writen software.
Researhers should consult with the CDR datalgst and speéy their requirements befe the
data redction begins. Once reduced using the DARTadae generhl imported into
spreadsheet software and a statistical softwareagacfor aalysis andesting.

Data from the VSCS are provided in a reldiyvweaw electronicdrmat from the log Recorder.
ACT-530 has devefmed techniques for redung thesedata into a moresgful format. As of this
writing, the VSCS data specialists are in the process of imggdivendda andysis capabitiy,
and we expect more capabilities in the future.

Data from the WAKs are recded in a spreadsheet file on the laptop hard disk. Data are
organized B position andy prompt (though this can be modified if required). This file can be
easly imported into spreadsheet software and requiregomnd-level reductions.

5.2 Manual Techniges

Data frompaper giestionnaires must be entered mmty into a spread®et or statistical
andysispackage. The entered data must then be tigblp chedked for acaracy. It is
advantageous for geral peope to entedata, eachlecking the others’ work for errors and
wrong assumptions.

In addition, some manual nattion of videotape da may benecessgy. In the ARTS lIA
Baseline, ACT-530 prepared a vidgmacontaining clips of the 10 minutes before and after
evay event that was counted as goecational eror by the TGF. An SME from Boston
TRACON viewed these clips and determined which wem dperational errors and veh
resulted from the simulation environment or the datéyarsa

5.3 Quality Assurance

Quality assirance is an essential element otiacesful baseline. Without it, the data, the
andyses, and the conclusions drawn from them are called into question. Regardless of the
experience or abily of a researcheior data anbyst, small errors can still be introduced into the
data. Researchers should take all necgstaps to ensurée integrty of the baeline data and
of any andyses performed.

Because the amount of data generaied system baeline is enormous, we cannot recommend
an audit of evy data point.Instead, we recommenigat Researchers conduct a spot check for
eachbaseline mease. An engineering researchspchologist who was not closg involved with
the originaldata reduction orralysis should conduct the audit. Thegimal daa anéyst should
provide the auditor with the definitions of each meastheeassumptions made in the brses of
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each measure, and the files from which each measure \gasaby cdculated. The auditor
should select one data poiot fach meage and aempt to re-cre@ that data pointlf the
auditor cannot re-create a data point,dhginal andyst and auditor shouldkamine the data
files, calculations, and assumptions to determine theeaafithe discrepzy.

5.4 Archiving

Baselinedata should be carefylarchived to ensurehat it is available for use in the future.
Researbers should follow the requirements bétProject Confuration Maagement
Guidelines (FAA, 1996). Resedrrs should archive cogs of all questionnaires, raw election
data (SAR tapes, CDR tapes;.g reduced electron data (preadseet files, statistical package
routines, etc.) and gdeotapes. Rsearchers should also write a short doeat that is archived
along with thedata, eplaining what is contained on each tape and disk. The Test Director
should obtain a list of applicable cogifiration parmeters from the TGF, simulation laborato
communications platform, and data reduction andiysispersonel. These irdrmation lists
should be archived abg with the data. fiese &planations will be invaluable to future
researchersying to re-createralyses or usélata from previous studies in new qoanisons.

6. Methodoloy for ComparindSystems

6.1 Operational Review Team

In future conparisons betweesystems, we recommend that reséars cowene an Operational
Review Team that will meet at the Technical Center for a period of several weeks. The Review
Team should consist of

The engineerng research gychologists who desiged and conducted thmaseline;

The Air Traffic SMEs from the fieldypicaly the union rpresetatives to the mgram;
two to four controller participants from the baseline;

technical SMEs for the tareduction andralysis tools;

technical SMEs for the simulator ataboratoy platform; and

-~ 0 a0 o ®

technical SMEs for the stems beng compared.
The purposes ohe Operational Review Team are

a. to ensure that the tlanand the @alyses are accurate and complete,
b. to provide operational rationales faryadifferences foundoetweensystems, and

c. to assist in detailed data dysis such as reviewy videotges of operational errors to
determine their cause.

In the PVD-DSR Comparison, the team first reviewed a sliceeptation showing comparisons
between the tweystems or evey baseline measure. Theefinitions and angses of each
measure werprovided, andhe team members weraamuraged to ask questions about how
each measure was collected andyel. The team then reviewed each measudetal,
discussing the ppriety of each aaysis and regesting additional artgses if neededIn sane
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cases, the team determined that particular comparisons were invalid and that the baseline
measure should not be reported.

The team also provided valualdata aalysis expertiseby reviewng videotges of operational
errors. ey then determined if the error waslircausedy controller performance or was an
artifact of the simulator environment.

Finaly, the team providedperational rationalesof any differences olservedbetween he DSR
and HCS-PVD. Foremple, this angsis revealed hat controllers in the DSR Baseline made
mary more data block positioning actions than in the PVD Baseline. Bete@am members
had participated in both balines, tley were abe to xplain that the data blocks in the DSR
creded more obsgation than the PVD, anddi needed to move the t@ablocks more
frequenty. These sorts of operational rationales are invaluable to researchersryimgrta
account or differences betweesystems.

6.2 Reporting §yle

In general, we recommend that researchers report data from baselines at three levels of detail:
overall, sector, and interval.h& level orlevels at which resedrers should rept baseline

measures are listed in Section 2. Thek@ll Level provides dia for the entire stily collapsed
across runs, sectors, positions, and intervdlalso proviles data that are not collectedtey run

such as from the B&ground and Final @estionnaires. The Sector\ed provides di& for each
sector collapsed across runs and wraks. Thelnterval Level provides data for eacl2-Ininute
interval for eaclsection.

We recommend that comparisons betwggtems be regrted in both tabular and graphical
forms (see Table 2 anddure 2). Personnel with limited statistics backgrounds often do not
understand detailed dyaes, and graphiggovide them with the information thatehneed.
Tabular déa provides readers with more statistigperience with additional details and allows
them to conduct amgses on theiown.

All participant written comments should be included as an appendix to the report. Niyiggnti
information such as the participant names should be included in this appendix. Researchers
should report participant comments in an appendix with editihgfonspelling and accucs.
Researchers should/tto summarize comments in the text and can use direct quotes to illustrate
points.

Table 2. Averages for Sectors

Corstruct Baseline DSR|PVD |[DSR|PVD | DSR|PVD | DSR| PVD Comment
Measure 26 26 27 27 35 35 38 38
Safety Data Block 76.0| 42.71111.0f 57.8123.6| 85.0 | 64.0 | 32.3 |See tables-81for time
Positioning interval data
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Figure 2. Average data btk positioning actions per sector.

7. Using System Baseline Da

System baselines aree part of a larger pcess of human faats evaluations condted

throughout thesystem lifecycle. Baelines should not be the first orlgrhuman factors

evaluation of aystem nor should #y be relied upon to idefiti all human factors problems.
Baselines are not well suited to support taskyemes orsystem specification development.
Baselines are also not well suited to addretaildd deggn issues such as how a contrpérates

or which colors should besed. These issues are bettesir@ined in small-scale activities such

as structured walkthughs and part-taskvaluations that allow searchers todcus on spedi€

issues and allow run-offs between alternatives.sdsbould be completed &ain the

acquisition process so that problems can be corrected while the impact to cost and schedule is
still low.

System baselindata allow researchers to compare dygem first to thesystem it replaces and
then to subsequent modificationssystem hardware, software, procedures, or adaptation.
Comparisons between dmine datahelp ensure thahe system provides a benefit over the

system it replaces and continues to improve as modifications are made to it. Comparisons may
also identif aspects of theystem that would benefit from future modifications. Figure 3 shows
a proces®f human factors\aaluations, including thbaselines, that can be camted once a

fairly maturesystem egineerirg baseline is available. This process specifjodbes not

describe human factors activities such as task semthat should be conducted in support of
system specification development. For guickabout human factors activities conuacbebre
asystem @gineerng baseline is availdle, consult the Human Facs Job Aid (FAA, 1997). For
another dscription of the roleof baselines in the larger ATC acquisitions process, consult
Keegan, Skiles, Krois, and Merkle (1996).

39



Usability
Assessment of
Replacement D
System

| I

Part-Task ¢ ) Iterative Rapid
Evaluations Prototyping

v

Prototype (if necessary)
Design f-----mm-mmm- St

Validation

Training &
Procedures
Development

_ Baseline _
System Baseline Comparison System Baseline

for Existing < » for Replacement
System System

l

P3| Baselines

|

Operational
Concept
Baselines

Figure 3. A process of human factors evaluations that can be conducted once the system
engineering baseline is available.
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7.1 Usability Assessment

A Usability Assessment (UA) is a mediusaale, human-in-the-loop simulation actvthat is
conducted soon after thegneeringbaseline becomewailable to idenfiy human factors
issues. The UA does not use Haseline perational constrcts nor does it require thatensive
data collection and simulation realismsggtem baelines. Instead, researchers and SMEs
develop a script of ATC activities that are relevant to the system. These activities are
despgned to exercise the capabilities of the nggtesm and to allow the participants to see and
interact with it. The participants complete each o$d¢hactivities using the nesystem under
low-to-moderatéraffic conditions. The participants are told thatythee to focus on completing
the scripted activities and that controlling the simulated traffic should not be their focus. As the
participants complete the scripted activitiesytpevide feedback to human factors specialists
about how successful they were. Thenan factors spealists then consolidate and categorize
the participants feedback into a list of issues. Thigligtes the subsequent proping and
part-task activities.

7.2 Part-Task Evaluations driterative Rapid Protgping

Iterative Rapid Protgping and Part-Task Evaluations are a series of activities conducted to
develop and evaluate solutions to the issues identified in the UA. A multidisoygbrcactype
team is convened containingrhan factors spealists, hardware and softwanegineers,
protaypedevelopers, and user representatives. The team categorizes the issues into several
design threads such as target digpl console controls, andtdaenty. The team geeraes ideas
that address the issues compigseachdesign thread. fie protaype developers then implement
these ideas into a realistic emulation prgpe that allows rapid modification. Team members
then are giverhie opporturty to see and interact with the proytpe and to refie the deign
further. The success of each dgs is evaluated thragh small-scale, part-task&uations that
focus on the specific design thread. 3hevalations allow preciseneasurenent of speed,
accuray, heads-down time, reachlopes, viewig angles, redability, and so on. fe lessons
learned from thespart-task galuations are incorporated into the ptgpe, andhe part-task
evaluations are peated ifnecesary to assesdesign readiess.

7.3 Protdype Desyn Validation

The Protdype Deggn Validation is condued after all the protgpe designshave been
evaluated and refined. Thearpose of this validation is to ensure that phetotype desgns
work as a cohesiveystem. The validation is similar in form to the UA, with the participants
completing aseries ofscripted actions and providing feedback to humarofactpecialists.
Idealy, the participants in this acttyiare the participants from the UAf necessgy, feedback
from this evaluation cabe given to the protgpe team to further refine and improve the
protaype.

7.4 Training and Procages Development

All new technobgy requires some traing and chages to &isting proceduresln this phase,
human factorspecialists work with persaml from the Air Traffic Qoerations (ATO) and Air
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Traffic Resource Management (ATX) Organizations to develop puoeg@nd trainingiat ease
the transition to the new equipment.

In most cases, the potential human factors contribution to thistyetiltifocus on mitgating

the effects of negative transfer. Negative transfer is a performance decremecturathen
skills or experience from one work enviroent contributes to human error in a new
environment (Cardosi & Multyy, 1995). Negative transfer is of greatest concern in arbaew
controllers réy on well leaned, nedly automatic actions amatoceduresch as data entries and
display control modifications. Controllers are sxperienced with these actions on theirrent
equipment that themay have difficuty learning new procedures, espdgiainder conditions of
high volume or compbaty. Human factors specialists, follavg the results of the UA and the
protayping activities, can provide input as to how to minimize this sort of problem.

In other cases, netraining and procedures can ngate the effects of system degn

deficiercy. Though intended to resolve alystem deficiencies identified in the UA, it is possible
that some of the solutions developed during the pypilog phase cannot be supported given

cost and schedule considerations. As a result, sgstem deftiencies may remain aarious
stages ofystem depdyment. Human factors specialists, following the results of the UA and the
protayping activities, can identty possible effects of those deficiencies on controller
performance and workload.

7.5 System Baselines

System baselines are a high fidglihuman-in-the-loop simulation of ATC operations with many
objective and subjectivmeasures. Thedmselines providdata following the five gerational
constructs: safg, capady, performance, workload, and usatyili The data can besed to
compare to thexsting g/stem and the replacemesyistem. Comparisons are rewedby an
Operational Review Team consisting af/ghologists, air traffic SMEs, and the participants
from the stugt. The team identifies problems with the comparison and provides opeigtional
meaningful &planations for ay difference betweensystems. Te focusof this evaluation is to
ensure that theystem provides a Ioefit over the sgtem it repaces along the constructs and to
identify areas where the nesystem is deficient. Theata collected in the alines guile

further refinements to hardware, software, trainorgorocedures after depiment.

7.6 Pre-Planned Produbinprovements Baseline Studies

After thesystem is deployed, th&ystembaseline data see as aasis for stdying the effects of
Pre-Planned Produtinprovements (B). PPl are newsystem capabilities that were still under
development atystem depdyment but are alrely sctheduled and included as paftthe
program. Because the effort angense of daseline simulation aradih, we recommend that
baselines be condted oy for major P| or for aset of multiple, minor Bl. For example, the
upcomirg Initial Conflict ProbgICP) will provide major new capabilities ¢e. conflict
prediction and resolution) to the baseline D§&em. ThdCP will require not oty major
changes to hardware andfswvare but also to how controllersovk and interact with each other.
Such a major clige is suitable for a’PBaseline. Minor & should be addressed through
iterative rapid prottyping andpart-task galuations rather than full-scaledetines.
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In these studies, raearchers se the baselinscenarios, procedures, and the participants again but
now also using the®P Data collected from thesedadines are compared dirécto thesystem
baseline data, and determinations arelera&bout banges in safgy, cgoacity, performace,
workload, and usabtlj resulting from the introduction of théIP For example, a B Baseline

might show that the ¥ substantidy improvessystem capaty while oy moder#ely increasing
controller workload.

As with s/stem baselines, theélBaselines should dnbe conducted using mature equipment
and should not be used for design prgtng, requirement development, human-cotepu
interface degn, and so on. Aese are best addressed in small-scale fypty andpart-task
evaluations conducted earlier in the acquisition process for’the P

7.7 Operational Concept Baselines

As in other baselines, these studirarsine the effect on sdfg cgacty, performaice,

workload, and usabtly of aproposed hange in operational eswept. A diange in operational
concept is a major procedural clgaror a set of multiple minor changes that affects what ATCSs
do, especidy their rdes and responsibilities. The shared separation respaystbiticept and

the reduced vertical separation minima projects are goatigles. Again, because the effort

and &pense of daseline areilgh, we do not recommend a baseline-level simulation for most
procedural changes thatynbe undertakeby a facilty. Ingead, these are better addressed
through smaller-s¢a simulations that focus on the particular proceduragghand its effects.

In these studies, the participants work the baseline scenarios withgihala@quipment but
while operatng under different mcedures. Becaa of ight control over the simulation
environment, data from thesesblines carbe compared to the replacemeydtem baseline
where theoriginal procedures were in effect.

Like new equipment, baselinegamining the effects of neprocedires should use new
procedures that are mature and developed. Small-scale, part-task evaluations and fast-time
modeling nay be more appropriate to test small modifications to the procedure.

8. Conclusion

The Methodolog Guide provides information for researchers involved in Ay§€lem baselines.
The authors would like to extend an invitation to all readers and users of the Metlycdaldg
to submit their own lessons learned and information for inclusion in future editions of the
Methodoloy Guide. These suggestions and information should be sent to

Air Traffic Control System Baselindlethodoloy Guide
NAS Human Factors Breh, ACT-530

Federal Aviation Administration

William J. Hughes Technical Center, Buildyr28
Atlantic City International Airport, NJ 08405
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Acronyms

AMP Aircraft Management Program

AOC Airline Operations Center

ARINC Aeronautical Radio,ncorporated

ARTCC Air Route Traffic Control Center

ARTS Automated Radar Termin&8ystem

ATC Air Traffic Control

ATCS Air Traffic Control Specialist

ATWIT Air Traffic WorkloadInput Technique

CDR Continuous Data Recording

DART Data Anaysis and Redction Tool

DEDS Data Enty and Displg Sulsystem

DRAT Data Reduction andralysis Tool

DSR Display System Replacement

DYSIM Dynamic Simulation

EARTS En Route Automated Radar TraogiSystem
EDC Ealy Display Capabilty

ESSF En Route Simulation Support Fatyli

ETG Enhanced Target Generator

ETVS Enhanced Terminal Voice Switch

FAA Federal Aviation Administration

FACO Facility Control Office

FDAD Full Digital ARTS Disphy

FPL Full Performace Level

HCS Host ComputeBystem

1°F Integration andinteroperabiliy Facility

ICP Initial Conflict Probe

ISC Initial System Capability

KDR Keyboard Data Recorder

LOA Letter of Agreement

MERR Mobile Experimental Recording Rack
NATCA National Air Traffic Controllers Association
ODID Operational Disy andIinput Development
ODL Oceainc DatalLink

OT&E Operational Test & Evaluation

Pl Pre-Planneé Produd Improvements

PTT push-to-talk

PVD Plan View Disphy

SAR System Andysis Recordig

SATORI Systematic Air Traffic Operations Resealictlitiative
SCIP Surveillance Communicationaterface Rocessor
SME Subject Matter kpert

STARS Standard Terminal Automation Replacem8ydtem
TGF Target Generation Facility

TRACON Terminal Radar Approach Control

TSSF Terminal Simulation Support Fadii
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UA Usability Assessment

VSCS Voice Switching and Control System
WAK Workload Assessment Keypad
ZDC Washington ARTCC
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Appendix A
Questionnaires

Notes:

The following questionnaires represent the most recent versions of the baseline questionnaires.
Because ACT-530 is constantly revising and improving these questionnaires, the items and
wording contained here do not necessarily correspond to those used in earlier baselines. We
recommend that researchers interested in comparing data to earlier baselines examine the
guestionnaires used in the earlier baseline to determine what changes and refinements have been
made and these changes will affect validity.

When using these questionnaires, researchers should replace the pseudonym “ATCView
System” with the name of the system they are researching. In addition, other revisions to these
guestionnaires will be necessary to tailor them to the specific system in question. We have
purposely included more information on these questionnaires, particularly the Background
Questionnaire, than will be necessary in every baseline. Some areas that are likely to need
revision for future baselines are marked with brackets and bold characters. Example: [include

specifics here]
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BACKGROUND QUESTIONNAIRE

Participant Code: Date:

Controller Team:

Instructions

The purpose of this questionnaire is to obtain information about your experience and background
as an air traffic controller. We will use this information to describe the participants in this
baseline as a group rather than as individuals. So that your identity can remain anonymous,
please do not write your name anywhere on this form. The data you provide on this
guestionnaire, as with all data you provide for this study, will be identified only by a participant
code known only to you and the experimenters.

1) What is your age?
years
2) What is your current position as an air traffic controller?

U Full Performance Level d Other (specify)

3) How many of the past 12 months have you actively controlled traffic?
months
4) Please indicate the number of years experience you have in the following air traffic

control domains.

En Route: Terminal: Tower:
Oceanic: Military:
5) Please indicate the number of years experience you have using the following air traffic

control systems.
Host: ARTS: EARTS:

STARS:
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BACKGROUND QUESTIONNAIRE (CONTINUED)

6) Please indicate the number of years experience you have using the following radar
display systems.

PVD/M1: FDAD: DEDS:
DSR: STARS:

7) If you wear corrective lenses, will you wear them during the simulations?
U Yes O No Q I don't wear corrective lenses

8) Circle the number that best describes your current state of health.

1 2 3 4 5 6 7
Not Very Extremely
Healthy Healthy

9) How many hours of training and experience have you received using the ATCView
System?

hours

10)  Circle the number which best describes your level of satisfaction with the ATCView
System.

1 2 3 4 5 6 7
Not Very Extremely
Satisfied Satisfied

11)  Circle the number which best describes your level of experience with personal
computers.

1 2 3 4 5 6 7
Not Very Extremely
Experienced Experienced
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POST-RUN QUESTIONNAIRE

Participant Code: Date:

Controller Team:

Sector:26 38 27 35 Run:1 2 3 4
Position: Radar Data

Instructions

The purpose of this questionnaire is to obtain information about the simulation you just
completed. We will use this information to determine how the simulation experience affected
your opinions. As you answer each question, feel free to use the entire numerical scale. Please
be as honest and as accurate as you can. So that your identity can remain anonymous, please do
not write your name anywhere on this form and use only your participant code.

1) How well did you control traffic during this problem?

1 2 3 4 5 6 7
Not Very Extremely
Well Well

2) What was your average workload level during this problem?

1 2 3 4 5 6 7
Very Low Very High
Workload Workload

3) How difficult was this problem compared to other simulation training problems?

1 2 3 4 5 6 7
Not Very Extremely
Difficult Difficult

4) How good do you think your air traffic control services were from a pilot's point of view?

1 2 3 4 5 6 7
Not Very Extremely
Good Good
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POST-RUN QUESTIONNAIRE (CONTINUED)

5) To what extent did technical problems with the simulation equipment interfere with your
ability to control traffic?

1 2 3 4 5 6 7
Not Very A Great
Much Deal

6) To what extent did problems with pseudopilots interfere with your normal air traffic
control activities?

1 2 3 4 5 6 7
Not Very A Great
Much Deal
7) How realistic was this simulation problem compared to actual air traffic control?
1 2 3 4 5 6 7
Not Very Extremely
Realistic Realistic
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OBSERVERLOG

Observer: Date:
Sector:26 38 35 27 Run:1 2 3 4
Instructions

Please record any unusual events by noting the system time, the nature of the event, and the
aircraft involved. Please also note any technical problems and other safety-critical or otherwise
important events. Use back of page for explanations, if necessary.

System Time Event Aircraft
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FINAL QUESTIONNAIRE
Participant Code: Date:

Controller Team:

Instructions

The purpose of this questionnaire is to obtain information about the [ATCView System] overall.
We will use this information to determine how effectively the system performed during this
simulation. As you answer each question, feel free to use the entire numerical scale. Please be
as honest and as accurate as you can. So that your identity can remain anonymous, please do not
write your name on this form and use only your participant code.

Section A

Please circle the number which best describes your level of agreement with each of the
following statements concerning the [ATCView System].

1) The flight progress strips are easy to access in the strip bays.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

2) The flight progress strips are easy to read and mark in the strip bays.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

3) The [on-screen] controls are easy to access.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree
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4) The operation and functions of the [on-screen] controls are intuitive.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

5) The controller keyboard is easy to use.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

6) The radar and map displays are easy to read.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

7) The radar and map displays are easy to understand.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

8) There is plenty of space to work within the workstation.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

9) The equipment, displays, and controls allow me to control traffic in the most efficient
way possible.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree
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10)  The equipment, displays, and controls allow me to control traffic without any awkward

limitations.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

11)  Overall, the equipment, displays and controls are effective in meeting the needs of

controllers.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree
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Section B

Please circle the number which best describes your overall interaction with the
equipment, displays, and controls of the [ATCView System].

1) 1 2 3 4 5 6 7
Not Very Extremely
Limited Limited
2) 1 2 3 4 5 6 7
Not Very Extremely
Frustrating Frustrating
3) 1 2 3 4 5 6 7
Not Very Extremely
Effective Effective
4) 1 2 3 4 5 6 7
Not Very Extremely
Efficient Efficient
5) 1 2 3 4 5 6 7
Not Very Extremely
Easy to Operate Easy to Operate
6) 1 2 3 4 5 6 7
Not Very Extremely
Easy to Understand Easy to Understand
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Section C

This section should address any specific improvements that have been suggested during system
development. The items in this section should follow the format below.

Please circle the number which best represents your opinion about the following potential
improvements to the [ATCView System].

1) To what extent do you think [possible improvement] would improve your effectiveness
with the [ATCView System]?

1 2 3 4 5 6 7
Not Very A Great
Much Deal

A-11



Section D

For each the following questions, indicate your opinion by marking one or more of the
provided boxes. Then, please provide any additional comments that you think are appropriate.

1) Which aspects of the [ATCView System] need improvement?

a Radar and Map Displays a On-Screen Controls
a Flight Strip Bays a Volume of Workspace
a Keyboard a Other (specify)

a Trackball a Other (specify)

Please provide some details about why you think each of these aspects needs

improvement.

2) What are the most common mistakes you encountered using the [ATCView System]?

Misreading Radar Display Information Q
Misreading Map Display Information a
Misreading Flight Progress Strips a
Making Entries with Keyboard a

Uo00

Selecting Targets with Trackball
Adjusting On-screen Controls

Other (specify)
Other (specify)

Please provide some details about what you think caused you to make each of these

mistakes.
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3) Please comment on the positive aspects of the system.
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Section E

If there are any other comments or suggestions that you have regarding this baseline
study of the [ATCView System], please write your ideas in the space provided below.
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Section F

During this baseline study, you have used the Workload Assessment Keypad (WAK) to rate your
workload during the simulation runs. This technique is known as the Air Traffic Workload Input
Technique (ATWIT), which has been extensively researched at the Technical Center. Please
indicate below how you defined the lowest (1) and highest (7) workload rating on the scale.

To me, the lowest ATWIT rating (1) meant my workload was:

To me, the highest ATWIT rating (7) meant my workload was:

Did responding to the WAK prompts interfere with performing your primary function?

1 2 3 4 5 6 7
Not at all A great deal
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SUBJECT MATTER EXPERT
OBSERVER RATING FORM

FOR EN ROUTE OPERATIONS
Observer Code: Date:

Instructions

This form is designed to be used by supervisory controllers to evaluate the effectiveness of
controllers working in simulation environments. SATCSs will observe and rate the performance
of controllers in several different performance dimensions using the scale below as a general
purpose guide. Use the entire scale range as much as possible. You will see a wide range of
controller performance. Take extensive notes on what you see. Do not depend on your memory.
Write down your observations. Space is provided after each scale for comments. You may
make preliminary ratings during the course of the scenario. However, wait until the scenario is
finished before making your final ratings and remain flexible until the end when you have had an
opportunity to see all the available behavior. At all times please focus on what you actually see
and hear. This includes what the controller does and what you might reasonably infer from the
actions of the pilots. Try to avoid inferring what you think may be happening. If you do not
observe relevant behavior or the results of that behavior, then you may leave a specific rating
blank. Also, please write down any comments that may help improve this evaluation form. Do
not write your name on the form itself. Your identity will remain anonymous, as your data will

be identified by an observer code known only to yourself and researchers conducting this study.
The observations you make do not need to be restricted to the performance areas covered in this
form and may include other areas that you think are important.

Assumptions

ATC is a complex activity that contains both observable and unobservable behavior. There are
so many complex behaviors involved that no observational rating form can cover everything. A
sample of the behaviors is the best that can be achieved, and a good form focuses on those
behaviors that controllers themselves have identified as the most relevant in terms of their overall
performance. Most controller performance is at or above the minimum standards regarding
safety and efficiency. The goal of the rating system is to differentiate performance above this
minimum. The lowest rating should be assigned for meeting minimum standards and also for
anything below the minimum since this should be a rare event. It is important for the
observer/rater to feel comfortable using the entire scale and to understand that all ratings should
be based on behavior that is actually observed.
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Rating Scale Descriptors

Remove this Page and keep it available while doing ratings

SCALE QUALITY SUPPLEMENTARY
Unconfident, Indecisive, Inefficient,

1 Least Effective Disorganized, Behind the power curve, Rough,
Leaves some tasks incomplete, Makes
mistakes
May issue conflicting instructions, Doesn’t

2 oor plan completely

3 Fair Distracted between tasks

4 Low Satisfactory Postpones routine actions

5 High Satisfactory Knows the job fairly well

6 Good Works steadily, Solves most problems

7 Very Good Knows the job thoroughly, Plans well
Confident, Decisive, Efficient, Organized,

8 Most Effective Ahead of the power curve, Smooth, Complefes
all necessary tasks, Makes no mistakes
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| - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW
1.

* using control instructions that maintain appropriate aircraft
and airspace separation

* detecting and resolving impending conflicts early

* recognizing the need for speed restrictions and wake
turbulence separation

Comments:

2. Sequencing Aircraft Efficiently.........cccccccccviiiiiciiiiiice. 2. 3 4 56 7 8
« using efficient and orderly spacing techniques for arrival,
departure, and en route aircraft

* maintaining safe arrival and departure intervals that minimize
delays

Comments:

Using Control Instructions Effectively/Efficiently........................ 213 4567 8
* providing accurate navigational assistance to pilots

* issuing economical clearances that result in need for few
additional instructions to handle aircraft completely

* ensuring clearances use minimum necessary flight path
changes

Comments:

Comments:
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Il - MAINTAINING ATTENTION AND SITUATION AWARENESS

5. Maintaining Awareness of Aircraft Positions................ccccccv......2. 2 4 56 7 8
« avoiding fixation on one area of the radar scope when other
areas need attention
* using scanning patterns that monitor all aircraft on the radar

scope
Comments:

* tailoring control actions to situation
* using effective procedures for handling heavy, emergency, and
unusual traffic situations

Comments:

7. Detecting Pilot Deviations from Control Instructions.................2 B 4 5 6 7 8
* ensuring that pilots follow assigned clearances correctly
* correcting pilot deviations in a timely manner

Comments:

e acting quickly to correct errors
» changing an issued clearance when necessary to expedite
traffic flow

Comments:

Comments:
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[l — PRIORITIZING

* resolving situations that need immediate attention before
handling low priority tasks

* issuing control instructions in a prioritized, structured, and
timely manner

Comments:

11. Preplanning Control Actions............ccccceveeveeeveviiiiieeeveeiiieeeenn 2.314 5 6 7 8
 scanning adjacent sectors to plan for future and conflicting
traffic

» studying pending flight strips in bay
Comments:

12. Handling Control Tasks for Several Aircraft.................ccc..........2.3 4 5 6 7 8
* shifting control tasks between several aircraft when necessary
¢ communicating in timely fashion while sharing time with

other actions
Comments:

13. Marking Flight Strips while Performing Other Tasks................22. B 4 5 6 7 8
» marking flight strips accurately while talking or performing
other tasks

* keeping flight strips current
Comments:

14. Overall Prioritizing Scale Rating ..........ccceeeviiiiiiiiiiiiiiiceiiiiiiiieiene 2.3456178

Comments:
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|V — PROVIDING CONTROL INFORMATION

15. Providing Essential Air Traffic Control Information...................213 4 5 6 7 8
* providing mandatory services and advisories to pilots in a
timely manner

» exchanging essential information
Comments:

16. Providing Additional Air Traffic Control Information................... 2345678

* providing additional services when workload is not a factor
» exchanging additional information

Comments:

* providing effective and timely coordination
* using proper point-out procedures

Comments:

Comments:
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V — TECHNICAL KNOWLEDGE

« controlling traffic as depicted in current LOAs and SOPs
* performing handoff procedures correctly

Comments:

20a. Showing Knowledge of Aircraft Capabilities and Limitations.....213 4 5 6 7 8
* using appropriate speed, vectoring, and/or altitude
assignments to separate aircraft with varied flight capabilities
* issuing clearances that are within aircraft performance
parameters

Comments:

 updating data blocks
* using equipment capabilities

Comments:

Comments:
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VI — COMMUNICATING

* using words and phrases specified in the 7110.65

* using phraseology that is appropriate for the situation
* using minimum necessary verbiage

Comments:

23. Communicating Clearly and Efficiently ...................ccccccceveevennen.2. 3 4 56 7 8
 speaking at the proper volume and rate for pilots to understand
* speaking fluently while scanning or performing other tasks
* ensuring clearance delivery is complete, correct and timely
» speaking with confident, authoritative tone of voice

Comments:

. correcting pilot readback errors

» acknowledging pilot or other controller requests promptly
 processing requests correctly in a timely manner

Comments:

Comments:
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SUBJECT MATTER EXPERT
OBSERVER RATING FORM
FOR TERMINAL SIMULATIONS

Observer Code: Date:

Instructions

This form is designed to be used by supervisory controllers to evaluate the effectiveness of
controllers working in simulation environments. SATCSs will observe and rate the performance
of controllers in several different performance dimensions using the scale below as a general
purpose guide. Use the entire scale range as much as possible. You will see a wide range of
controller performance. Take extensive notes on what you see. Do not depend on your memory.
Write down your observations. Space is provided after each scale for comments. You may
make preliminary ratings during the course of the scenario. However, wait until the scenario is
finished before making your final ratings and remain flexible until the end when you have had an
opportunity to see all the available behavior. At all times please focus on what you actually see
and hear. This includes what the controller does and what you might reasonably infer from the
actions of the pilots. Try to avoid inferring what you think may be happening. If you do not
observe relevant behavior or the results of that behavior, then you may leave a specific rating
blank. Also, please write down any comments that may help improve this evaluation form. Do
not write your name on the form itself. Your identity will remain anonymous, as your data will

be identified by an observer code known only to yourself and researchers conducting this study.
The observations you make do not need to be restricted to the performance areas covered in this
form and may include other areas that you think are important.

Assumptions

ATC is a complex activity that contains both observable and unobservable behavior. There
are so many complex behaviors involved that no observational rating form can cover everything.
A sample of the behaviors is the best that can be achieved, and a good form focuses on those
behaviors that controllers themselves have identified as the most relevant in terms of their overall
performance. Most controller performance is at or above the minimum standards regarding
safety and efficiency. The goal of the rating system is to differentiate performance above this
minimum. The lowest rating should be assigned for meeting minimum standards and also for
anything below the minimum since this should be a rare event. It is important for the
observer/rater to feel comfortable using the entire scale and to understand that all ratings should
be based on behavior that is actually observed.
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Rating Scale Descriptors

Remove this Page and keep it available while doing ratings

SCALE QUALITY SUPPLEMENTARY
Unconfident, Indecisive, Inefficient,

1 Least Effective Disorganized, Behind the power curve, Rough,
Leaves some tasks incomplete, Makes
mistakes
May issue conflicting instructions, Doesn’t

2 oor plan completely

3 Fair Distracted between tasks

4 Low Satisfactory Postpones routine actions

5 High Satisfactory Knows the job fairly well

6 Good Works steadily, Solves most problems

7 Very Good Knows the job thoroughly, Plans well
Confident, Decisive, Efficient, Organized,

8 Most Effective Ahead of the power curve, Smooth, Complefes
all necessary tasks, Makes no mistakes
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| - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW
1.

* using control instructions that maintain appropriate aircraft
and airspace separation

* detecting and resolving impending conflicts early

* recognizing the need for speed restrictions and wake
turbulence separation

Comments:

2.

« using efficient and orderly spacing techniques for arrival and
departure aircraft

* maintaining safe arrival and departure intervals that minimize
delays

Comments:

Using Control Instructions Effectively/Efficiently........................ 213 4567 8
* providing accurate navigational assistance to pilots

* issuing economical clearances that result in need for few
additional instructions to handle aircraft completely

* ensuring clearances use minimum necessary flight path
changes

Comments:

Comments:
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Il - MAINTAINING ATTENTION AND SITUATION AWARENESS

5. Maintaining Awareness of Aircraft Positions................ccccccv......2. 2 4 56 7 8
« avoiding fixation on one area of the radar scope when other
areas need attention
* using scanning patterns that monitor all aircraft on the radar

scope
Comments:

* tailoring control actions to situation
* using effective procedures for handling heavy, emergency, and
unusual traffic situations

Comments:

7. Detecting Pilot Deviations from Control Instructions.................2 B 4 5 6 7 8
* ensuring that pilots follow assigned clearances correctly
* correcting pilot deviations in a timely manner

Comments:

e acting quickly to correct errors
» changing an issued clearance when necessary to expedite
traffic flow

Comments:

Comments:
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[l — PRIORITIZING

* resolving situations that need immediate attention before
handling low priority tasks

* issuing control instructions in a prioritized, structured, and
timely manner

Comments:

11. Preplanning Control Actions............ccccceveeveeeveviiiiieeeveeiiieeeenn 2.314 5 6 7 8
 scanning adjacent sectors to plan for future and conflicting
traffic

» studying pending flight strips in bay
Comments:

12. Handling Control Tasks for Several Aircraft.................ccc..........2.3 4 5 6 7 8
* shifting control tasks between several aircraft when necessary
¢ communicating in timely fashion while sharing time with

other actions
Comments:

13. Marking Flight Strips while Performing Other Tasks................22. B 4 5 6 7 8
» marking flight strips accurately while talking or performing
other tasks

* keeping flight strips current
Comments:

14. Overall Prioritizing Scale Rating ..........ccceeeviiiiiiiiiiiiiiiceiiiiiiiieiene 2.3456178

Comments:
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|V — PROVIDING CONTROL INFORMATION

15. Providing Essential Air Traffic Control Information...................213 4 5 6 7 8
* providing mandatory services and advisories to pilots in a
timely manner

» exchanging essential information
Comments:

16. Providing Additional Air Traffic Control Information................... 2345678

* providing additional services when workload is not a factor
» exchanging additional information

Comments:

* providing effective and timely coordination
* using proper point-out procedures

Comments:

Comments:
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V — TECHNICAL KNOWLEDGE

« controlling traffic as depicted in current LOAs and SOPs
* performing handoff procedures correctly

Comments:

20. Showing Knowledge of Aircraft Capabilities and Limitations.....213 4 5 6 7 8
* using appropriate speed, vectoring, and/or altitude
assignments to separate aircraft with varied flight capabilities
* issuing clearances that are within aircraft performance
parameters

Comments:

Comments:
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VI — COMMUNICATING

* using words and phrases specified in the 7110.65

* using phraseology that is appropriate for the situation
* using minimum necessary verbiage

Comments:

23. Communicating Clearly and Efficiently ...................ccccccceveevennen.2. 3 4 56 7 8
 speaking at the proper volume and rate for pilots to understand
* speaking fluently while scanning or performing other tasks
* ensuring clearance delivery is complete, correct and timely
» speaking with confident, authoritative tone of voice

Comments:

. correcting pilot readback errors

» acknowledging pilot or other controller requests promptly
 processing requests correctly in a timely manner

Comments:

Comments:
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Appendix B

STATEMENT OF CONFIDENTIALITY AND INFORMED CONSENT

Researchers from th&lAS System Engineering and Analysis Division (ACT-500) of the
William J. Hughes Technical Center and its contractors maintain strict standards regarding
participant confidentiality and informed consent. Our standards are based&thitiae
Principles in the Conduct of Research with Human Participbpthe American Psychological
Association. Our standards are structured around four main principles:

* Your patrticipation is voluntary. You may withdraw from this research at any time without

consequence. If you feel you must withdraw for whatever reason, please inform researchers
immediately.

* Your responsibilities will be clear. Researchers will clearly explain what is expected of you during the
simulation. They will answer any and all questions about the objectives of the research, the simulation
design, and the data collection techniques.

*  Your data will remain anonymous. Your responses will be identified by a code known only to you and
the researchers. Your identity will be kept separate from the data you provide. To facilitate this,
please do not write your name or any other identifying marks on the questionnaires. Please do not
share your participant code with anyone other than the researchers. No names will be associated with
data in any reports.

* Your data will be confidential. Thaw data collected in this study will become the property of the
NAS Human Factors Branch (ACT-530). The raw data will be analyzed by specialists from this
organization and its contractor employees. The raw data will not be made available to other
organizations without your permission. Téggregatedata from this study will be published in a
Technical Note by the William J. Hughes Technical Center, which will be distributed throughout the
FAA and elsewhere. These data will take the form of averages, standard deviations, and other
statistics.

Additional considerations for this baseline simulation:

* Please be aware that we are making video and audio recordings during the runs. The video cameras will be
positioned above and behind you. At some sectors, a video camera will also be recording your hands as you
type on the keyboard. Audio recordings will come from wireless microphones that you will wear during the
simulation. If you strongly object to having yourself recorded in this way, please inform researchers
immediately.

* Please be aware that we are making recordings of your keystrokes including any typographical errors. If you
strongly object to having yourself recorded in this way, please inform researchers immediately.

Good research requires good data. We hope that by protecting your rights, we are encouraging
you to be as accurate and honest in your responses as possible. If you have questions at any time
regarding the study, researchers will be glad to answer them.

Thank you for your participation!
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Appendix C

WORKLOAD ASSESSMENT KEYPAD
INSTRUCTIONS FOR THE PARTICIPANTS

One purpose of this research is to obtain an accurate evaluation of controller workload.
By workload, we mean all the physical and mental effort that you must exert to do your
job. This includes maintaining the “picture,” planning, coordinating, decision making,
communicating, and whatever else is required to maintain a safe and expeditious traffic
flow.

The way you will tell us how hard you are working is by pressing the buttons numbered
from 1 to 7 on the keypad located at your controller workstation. These buttons
correspond to the following levels of workload. At the low end of the scale (1 and 2),
your workload is low—you can accomplish everything easily. As the numbers increase,
your workload is getting higher. Numbers 3 and 4 represent increasing levels of
moderate workload where the chance of error is still low but steadily increasing.
Numbers 5 and 6 reflect relatively high workload where there is some chance of making
mistakes. The high end of the scale (7) represents a very high workload, where it is
likely that you will have to leave some tasks incomplete.

Beginning at minute 10 of the simulation run, you will hear the keypad chirp and it will
illuminate its lights. Please press the key of your choice as soon as possible and the lights
will extinguish and the chirping will stop. The WAK will prompt again every four

minutes. We realize that this requirement may be somewhat annoying at first, but please
give it a chance for the purposes of this project.

All controllers, no matter how proficient and experienced, will be exposed at one time or
another to all levels of workload. It does not detract from controllers’ professionalism
when they indicate that they are working very hard or that they are hardly working. Feel
free to use the entire scale and tell us honestly how hard you are working!

Thank you again for your cooperation, and remember that this data is being collected
without any information that could later be used to identify you. Your privacy is
protected.

For more information about the ATWIT and measuring air traffic controller workload,
we recommendir Traffic Controller Workload: An Examination of Workload Prdbe
Earl S. Stein, FAA Technical Center Technical Note DOT/FAA/CT-TN84/24.
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