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EXECUTIVE SUMMARY

The Federal Aviation Administration is in the midst of deploying the Display System
Replacement (DSR) to Air Route Traffic Control Centers (ARTCCs) nationwide. In support of
this effort, the William J. Hughes Technical Center National Airspace System Human Factors
Branch conducted a baseline simulation of en route air traffic control operations using the DSR.
The simulation provided data for five operational constructs: Safety, Capacity, Performance,
Workload, and Usability and for a sixth, non-operational construct, Simulation Fidelity. These
constructs are the same as those used in the Plan View Display (PVD) Baseline conducted in
1995.

The DSR Baseline also used the same airspace, traffic scenarios, and controller participants as
the PVD Baseline. The simulation used four Washington ARTCC sectors and two traffic
scenarios that represented a 90 percentile day for traffic volume. Six controllers who
participated in the PVD Baseline also participated in the current study. Some differences in
methodology between the baselines included different simulation platforms, different
communication equipment, and different pseudopilots.

The DSR Baseline also used the same data collection and analysis techniques as the PVD
Baseline. Human factors researchers collected objective data from the output of the simulation
platform and the communication system. We collected subj ective data using controller and
expert observer questionnaires. We measured subjective controller workload using the Air
Traffic Workload Input Technique. We reduced the data using the same methods as the PVD
Baseline whenever possible. We report the data here at the overall, individual sector, and 12-
minute interval levels.

In addition to the DSR Baseline data, this report presents a comparison of the DSR and PVD
Baselines. A seven-member Operational Review Team examined the data from both baselines to
ensure validity and usefulness. The team developed rationales for any differences found between
the baselines and conducted further analyses when needed. Some important differences were
more data block positioning, halo initiations, data entries, and data entry errors in the DSR
Baseline and higher workload ratings in the PVD Baseline. The review team also eliminated
some data based on validity concerns and made recommendations for improving the baseline
process. Some reasons for elimination were differences in the simulation platform, differences in
the procedures, and differences in the data reduction and analysis.

The review team generated recommendations for the DSR program. The team recommended
further research and possible improvements to DSR data block readability, flight strip bays,
keyboards, and vector-line controls. They also generated recommendations for improving the
baseline process including increasing configuration management, using side-by-side comparisons
of systems, and using scenarios that are more complex.

ix




1. Introductlon

Inl anuary 1999 the Federal Aviation Administration (FAA) formally dedicated the Display
System Replacement (DSR) at Seattle Air Route. Trafﬁc Control Center (ARTCC). The DSR
program is part of a larger effort to modernize the FAA en routte Air Traffic Control (ATC)
system and will be operational in all ARTCCs by early 2000. The DSR replaces the Plan View
Display (PVD) that had been used for data display and entry since the 1970s. The DSR will
improve system reliability and maintainability and will provide capacity for future en route
enhancements such as improved weather information and conflict probe (FAA, 1996).

1.1 Background

As part of its test and evaluation activities, the FAA sponsored human performance baseline
simulations for the PVD and the DSR. The PVD Baseline was completed in 1995, and the
results are reported in the Plan View Display Baseline Research Report (Galushka, Frederick,
Mogford, & Krois, 1995). For this original study, a suite of metrics that quantified the
operational efficiency and effectiveness of en route ATC systems was developed. Those baseline
metrics were applied to the PVD in a realistic human-in-the loop simulation at the William J.
Hughes Technical Center using Washington ARTCC (ZDC) airspace and traffic scenarios. In
1997, human factors researchers from the National Airspace System Human Factors Branch
(ACT-530) applied the same baseline metrics to the DSR during another human-in-the-loop
simulation. We followed the PVD Baseline methodology as closely as possible and used the
same airspace, traffic scenarios, data collection and analysis techniques, and many of the same
controller participants. The data collected in the original study form one half of the comparison
reported here. '

1.2 Purpose
The purpose of this report is fourfold:

a. It presents data collected during the DSR Baseline using the suite of metrics
developed for the PVD Baseline. We collected these data during human-in-the-loop
simulations of en route operations with controllers using the DSR. These data
quantify the operational efficiency and effectiveness of the DSR.

b. It presents a comparison of the DSR Baseline data to data collected during the PVD
Baseline. The researchers and subject matter experts (SMEs) reviewed the
comparison for validity and usefulness. This represents the first comparison of
objective and subjective data collected for the PVD and DSR under equivalent,
realistic simulation conditions.

-c. It presents recommendations for the DSR program about research that should be
conducted into particular aspects of the DSR. The recommended research may lead
to future DSR upgrades and improvements.

d. It presents recommendations for how the baseline process can be improved.




2. Operational Constructs and Baseline Metrics

In 1995, Air Traffic Requirements (now part of the Air Traffic System Requirements Service
[ARS]) identified five high-level operational constructs upon which to base evaluations of the
efficiency and effectiveness of ATC systems: Safety, Capacity, Performance, Workload, and
Usability. For the PVD Baseline, engincering research psychologists, en route Air Traffic
Control Specialists (ATCSs), and other ATC automation, training, and management SMEs added
a sixth construct, Simulation Fidelity, to measure the realism and accuracy of baseline
simulations. For each of the constructs, they developed several baseline metrics for which
objective and subjective data could be obtained. For more information about this process, see the
Plan View Display Baseline Research Repor! (Galushka et al., 1995).

In the current study, we collected data for the DSR following the original constructs. We defined
the constructs as follows:

a. Safety represents the extent to which the system allows aircraft to traverse a section of
airspace without a dangerous incident such as a violation of applicable separation
minima.

b. Capacity represents the amount of traffic that the system allows to safely and efficiently
traverse a section of airspace during a period of time.

Performance represents the amount and quality of user interaction with the system.

d. Workload represents the cognitive and physical task demands of the syst:m as
experienced by its users.

e. Usability represents how easily particular aspects of the system such as coatrols and
displays can be learned and used for their intended purpose.

f  Simulation Fidelity represents characteristics of the traffic scenarios and laboratory
environment and simulation participant opinions about the realism and accuracy of the

simulation.

As part of the preparations for the DSR Baseline, we re-evaluated each metric to determinc its
applicability to the DSR. When appropriate, we modified the data collection technique or ]
eliminated the metric. Complete descriptions of these metrics can be found in the Air Traffic -
Control System Baseline Methodology Guide (Allendoerfer & Galushka, 1999). We collected

data for the following metrics:

a. Safety
1. Operational Errors. This measure represents the total number of violations of
applicable separation minima.

2. Conflict Alerts. This measure represents the total number of warnings issued to
controllers about imminent separation violations. These warnings are issued by the
Host Computer System (HCS) according to FAA algorithms.

Halo Initiations. This measure represents the total number of times a controller
initiated the display of the halo (also known as the J-Ring).

()
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4. Data Block Positioning. This measure represents the total number of times a

controller changed leader-line lengths and leader-line directions to maintain data
block readability.

5. Other Safety-Critical Issues. This measure represents SME observations of safety-
related issues and deficiencies.
b. Capacity
1. Aircraft Under Control. This measure represents the total number of aircraft
receiving ATC services from a controller.
2. Time in Sector. This measure represents the average time aircraft spend in a

particular sector.

c. Performance

1.

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

Specific Data Entry Types. This measure represents the number of data entries made

, by a controller using the keyboard and trackball for specific data entry types.

Data Entry Errors. This measure represents the total number of data entry error
messages returned by the HCS.

Number of Altitude, Speed, and Heading Changes. This measure represents the total
number of controller-initiated altitude, speed, and heading changes made by simulated
aircraft.

Self-Assessments of Performance. This measure represents subjective performance
ratings given by a controller participant at the end of a simulation run. Ratings range
from 1 (low) to 8 (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

Observer Assessments of Performance. 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

b) Maintaining Attention and Situation Awareness
¢) Prioritizing

d) Providing Control Information

e) Technical Knowledge

f) Communicating




d. Workload

c.

f.

1.

Air Traffic Workload Input Technique (ATWIT) Workload. This measure represents
the subjective workload ratings given by the participants during a specific time
interval. Ratings range from 1 (low) to 7 (high).

Post-Run Workload. This measure represents subjective workload ratings given by
the controller participants at the end of the simulation run. Ratings range from 1
(low) to 8 (high).

Communication Taskload. 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).

Coordination Taskload. 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).

Usability

We based this construct on controller responses on the Final Questionnaire, Section A.
Ratings range from 1 (low) to 8 (high). The construct includes the following
questionnaire items:

1
2
3
4
S.
6
7
8
9

Flight Progress Strip Access

Flight Progress Strip Read/Mark

Ease of Access of Controls

Operation of Controls Intuitive

Keyboard Ease of Use

Radar and Map Displays Ease of Reading

Radar and Map Displays Ease of Understanding
Workstation Space

Equipment, Displays, and Controls Support Efficient ATC

10. Equipment, Displays, and Controls Impose Limitations

11. Equipment, Displays, and Controls Overall Effectiveness

Simulation Fidelity

1.

Traffic Scenario Characteristics. This measure represents important features of the
traffic scenarios used in the simulation and consists of several submeasures. They arc

a) length of each scenario,
b) total number of arrivals,
c¢) total number of departures,

d) total number of overflights,



¢) total number of propeller aircraft, and
f) total number of jet aircraft.

2. Realism Rating. 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).

3. Impact of Technical Problems Rating. 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 8 (A Great Deal).

4. Impact of Pseudopilots Rating. 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 8 (A Great Deal).

5. Scenario Difficulty Rating. This measure represents the perceived difficulty of the
traffic scenario as rated by participants. Ratings range from 1 (Not Very Difficult) to
8 (Extremely Difficult).

3. Method -

To make valid comparisons, data must be collected under equivalent conditions and analyzed
using equivalent methods. For the DSR Baseline, we adapted the PVD Baseline methodology to
the DSR platform and to the improved simulation capabilities at the Technical Center. We used
the same airspace, traffic scenarios, and many of the same controllers and observers. To the
extent possible, we used the same data collection instruments, analysis tools, and reporting style.
In the following sections, we describe the DSR Baseline methodology and note any differences
from the PVD Baseline. The general baseline methodology can be found in the 4ir Traffic
Control System Baseline Methodology Guide (Allendoerfer & Galushka, 1999).

3.1 Personnel

3.1.1 'ATCS Participants

Ten Full Performance Level (FPL) ATCSs from ZDC served as participants. Six had served
previously as participants in the PVD Baseline. All participants were current and certified on the
7DC sectors used in the baseline. At the time of the baseline, the participants had already
completed a DSR training course at the FAA Display Development Facility and had just
completed 2 weeks of the DSR Operational Test and Evaluation (OT&E). Table 1 presents
demographic information about the participants collected on the Background Questionnaire
(Appendix A).




Table 1. Background Questionnaire Data

Questionnaire Item Result

(where applicable, ratings are on 1-8 scale)

Age M=34.6,SD=4.14

Years experience controlling traffic M=123,5D=5.10

Months in the last year actively controlling traffic | A= 12.0, SD = 0.00

Hours experience with the DSR M=228,8D=1280
Current position All FPL

Domain with most experience All en route

Corrective lenses Five wore corrective lenses
Current state of health M=13,8D=1.06
Current skill as an ATCS M=174,5D=Q.70

Level of experience with personal computers M=56,5SD=158

Level of satisfaction with the DSR M=36,SD=1.17

3.1.2 Subject Matter Expert Observers

Two supervisory-level ATCSs from ZDC served as SME Observers in the DSR Baseline. One
had served previously as an SME Observer in the PVD Bascline.

3.2 Facilities, Equipment, and Materials

3.2.1 Display System Replacement Laboratory

We conducted the DSR Baseline in the DSR Laboratory at the Technical Center, Building 316.
The controllers staffed two sectors consisting of one radar (R) and one data (D) position each.
Assistant (A) positions for each sector were also available but were not staffed. Each R position
included a Sony 20-inch by 20-inch Main Display Monitor, an R-position keyboard, a threc-
button trackball, and two Voice Switching Control System (VSCS) panels. Each D position
included a 15-inch color monitor showing the D position Computer Readout Display (CRD), a
D-position keyboard, two VSCS panels, and several flight strip bays. Flight strip bays on the A
positions were also available for use.

The DSR Baseline used the VSCS rather than the Amecom system for air-ground and ground-
ground communications. At the time of the PVD Baseline, the VSCS had not been deployed to
the field. However, in the interim between baselines, the VSCS was deployed, and all the
participants had extensive training and experience with it by the time of the DSR Baseline. In
addition, the DSR was engineered to operate in conjunction only with the VSCS and not with the
legacy voice switch systems. Though this differcnce in voice switch equipment does make it



more difficult to compare the PVD and DSR Baselines, we believe that using the VSCS in the
DSR Baseline was necessary to preserve realism and external validity.

One ghost sector was located behind the operational sectors. Simulation support personnel
staffed the ghost sector, which was responsible for handoffs and coordination with the simulated
sectors. The ghost sector played the role of all sectors and facilities not staffed by the
participants.

3.2.2 Target Generation Facility

The DSR Baseline used the Target Generation Facility (TGF) for scenario generation. The TGF
provided a realistic simulation of ZDC traffic including complex aircraft and pilot behavior.
Professional pseudopilots played the role of pilots in the scenario. The pseudopilots
communicated with the controllers via the VSCS and issued commands to the simulated aircraft
when cleared by the controllers.

The DSR Baseline used the TGF rather than the HCS Dynamic Simulation (DYSIM) capability
for scenario generation. In the PVD Baseline, ZDC controllers filled the pseudopilot and ghost
sector roles when not serving as study participants. That technique can be beneficial in that
controllers are knowledgeable about aircraft behavior and can provide realistic, adaptive
communications. However, that techmque also can reduce the repeatability of simulations
because controller-pseudopilots sometimes may alter aircraft routes and behavior at their
discretion. Professional pseudopllots will not take such discretionary actions unless required by
the simulation methodology. Because the TGF provided superior scenario realism and because
all other DSR OT&E activities used the TGF, we used the TGF in the DSR Baseline.

3.2.3 Washington ARTCC Airspace

The DSR Baseline simulated the ZDC sectors used in the PVD Baseline. Descriptions of the
sectors at ZDC are listed below, and any differences between the actual and simulated sectors are
noted.

a. Sector 26, known as Sampson, is a low-altitude sector responsible for altitudes
between 11,000 ft to 23,000 ft. Sampson borders Jacksonville ARTCC and is
completely bordered beneath by terminal airspace. Controllers staffing Sampson

interface with the following approach control facilities: Fayetteville, Raleigh-Durham,

Seymour Johnson, Wilmington, and Patuxent River. A large portion of the traffic in
this sector are Raleigh-Durham International Airport (RDU) southbound departures.

b. Sector 27, known as Liberty, is a low-altitude sector responsible for altitudes 11,000
ft to 23,000 ft. Liberty borders Atlanta ARTCC and interfaces with Greensboro,
Raleigh-Durham, and Fayetteville approach control facilities. This sector handles
numerous traffic flows including RDU westbound and northbound departures, RDU
arrivals from the southwest and south, Charlotte/Douglas International Airport (CLT)
northbound and eastbound departures, and CLT arrivals from the east. Liberty also
handles military traffic from Pope Air Force Base.




c. Sector 35, known as Wilmington, was combined with sector 09, known as Dixon,
during the DSR Baseline, as is often done in the field. This combined high/ultra-high
altitude sector is responsible for altitudes 24,000 ft and above. This combined sector
handles primarily northbound and southbound traffic from airports in Florida, New
York, New England, and Pennsylvania.

d. Sector 38, known as Tar River, is a high-altitude sector responsible for altitudes
24,000 ft and above. Tar River handles primarily northbound traffic, particularly
arrival flows for the three major airports in the Washington-Baltimore area. This
sector also transitions RDU departures to the south and east from the Rocky Mount
and Sampson sectors to high altitude strata. Other major traffic flows are from New
York, New England, and Pennsylvania airports southbound.

3.2.4 Traffic Scenarios

The DSR Baseline used two traffic scenarios based on the scenarios used in the PYD Baseline.
The first scenario used adjacent sectors 26 (low) and 38 (high) and contained 70 min of traffic.
The second scenario used non-adjacent sectors 27 (low) and 35 (high) and contained 100 min of
traffic. In both scenarios, the first 10 min were excluded from the data to allow the traffic
volume to increase to a realistic level.

The original traffic scenarios were developed for DYSIM using System Analysis Recording
(SAR) flight data recorded at ZDC in September 1992. The scenarios were recorded on a 90"
percentile day for traffic volume, which we believed at that time to be sufficient to functionally
exercise the PVD. These scenarios were verified and rated by a ZDC SME and tested in the
Technical Center laboratories. Unusual events such as emergencies or operational etrors were
purposely removed from the scenarios to preserve repeatability of the scenarios and to focus the
baselines on routine ATC operations rather than on techniques for handling problems.

Prior to the DSR OT&E, TGF personnel adapted the DYSIM scenarios to run on the TGF
simulation platform. This required some minor modifications to the scenarios, primarily to
improve simulator performance and to eliminate inconsistencics. We believe that none of these
modifications had any impact on the traffic seen by controllers during the simulation runs. TGF
personnel thoroughly tested the TGF versions of the two scenarios prior to the DSR OT&E.

3.3 Data Collection Tools

We attempted to use the same data collection tools and techniques in the DSR Baseline as in the
PVD Baseline. This included using the same questionnaires, data recording equipment, and
analysis techniques. In some cases, using the identical technique was not possible, and we
developed an equivalent technique. In the following subsections, we list all sources of objective
and subjective data for the DSR Baseline and describe any differences between the DSR and
PVD Baselines.



3.3.1 System Analysis Recording

We recorded HCS SAR tapes during each simulation run. These tapes provided data for the
following metrics: operational errors, conflict alerts, halo initiations, data block positioning,
aircraft under control, data entries, and data-entry errors. We also recorded DSR SAR tapes
during each simulation run for use as a backup.

3.3.2 Aircraft Management Program

We recorded HCS Aircraft Management Program (AMP) tapes during each simulation run.
These tapes provided data for the following metrics: average time in sector, number of arrivals,
number of departures, number of overflights, number of jet aircraft, and number of propeller
aircraft. ‘

3.3.3 Target Genefation Facility Recording

The TGF system automatically recorded pseudopilot actions during each simulation run onto
8-mm data tape. These recordings provided data for the number of altitude, speed, and heading
changes.

3.3.4 Voice Switching and Control System

The VSCS recorded a log of the air-ground PTTs and ground-ground PTTs. These recordings
provided data for the communication taskload and coordination taskload metrics.

3.3.5 Video and Audiotapes

Three low-light video cameras recorded controller activities onto Super-VHS tape. The cameras
were positioned above and behind the DSR consoles so that we could see both members of the
controller team. The cameras received audio input from wireless microphones worn by the
controllers and from the VSCS. This provided audio recordings of air-ground, ground-ground,
and non-radio communications (e.g., when a controller spoke to the other member of the
controller team).

We also recorded audiotapes using the Legal Recorder system of the VSCS. These tapes
recorded only air-ground and ground-ground communications. The VSCS recordings served as
an audio feed for the videotapes and as a backup.

3.3.6 Questionnaires

We administered the following questionnaires during the DSR Baseline (Appendix A). When
possible, these questionnaires were identical to those used in the PVD Baseline. When a
questionnaire item no longer applied to the DSR, we revised or omitted the item.

a. The Background Questionnaire was completed by all controllers before the first
simulation run. It collected demographic information about the controllers such as their
age and experience.




b. The Post-Scenario Questionnaire was completed after each run by the controllers who
worked traffic during that run. It collected controller ratings about the run such as their
workload and performance. Please note that the 8-point scale used on this version of the
questionnaire differs from the 7-point scale presented in the Methodology Guide
(Allendoerfer & Galushka, 1999). We used the 8-point scale to be consistent with the
PVD Baseline. However, we recommend that future baselines use a 7-point scale to
provide consistency with the ATWIT workload ratings.

c¢. The Observer Evaluation Form was completed after each run by the SME observing that
run. It collected SME ratings and comments about controller performance. This
questionnaire has been used extensively at the Technical Center and experimentally
validated (Sollenberger, Stein, & Gromelski, 1997).

d. The Observer Log was completed by an SME Observer when an unusual occurrence such
as an operational error occurred during a run. SME Observers noted the time and
relevant facts about the occurrence so it could be reviewed later.

e. The Final Questionnaire was completed by all controllers after the final simulation run. It
collected controller ratings and comments about usability and user satisfaction with the
DSR. Where necessary, we changed the wording of items to reflect differences in
systems. For example, we replaced “switches” for the PVD Baseline with “on-screen
controls” for the DSR Baseline.

f. The ATWIT Questionnajre was completed by all controllers after the final run. It
collected validation information about the ATWIT and ensured that controllers had made
their ATWIT ratings properly.

3.3.7 Workload Assessment Keypads

In the PVD Baseline, controllers made ATWIT ratings by typing a special HCS entry when a
tone sounded in the control room. In the DSR Baseline, however, we administered the ATWIT
using four Workload Assessment Keypads (WAKs) positioned on the DSR consoles. The
WAKs provided an efficient and accuratc way to administer the ATWIT and did not require
hardware or software changes to the DSR.

The WAKs consisted of several numbered and lighted keys and a tone generator. The WAKs
were connected to a laptop computer that controlled the timing of prompts and recorded
responses. Every 4 min during each run, the WAKs emitted beeps and illuminated their lights.
This prompted each participant to make a subjective workload rating from 1 (low) to 7 (high) by
pressing the appropriate key. The R and D controllers made separate workload ratings.
Occasionally, the SME Observers or other participants needed to remind the participants to
respond. When the rating had been successfully made (or 20 sec passed), the lights extinguished.
The ratings were recorded on the laptop hard disk. The WAKs provided data for the ATWIT
Workload metric. We used the ATWIT Questionnaire to ensure that controllers understood the
ratings they were making and the anchors of the rating scale.

Though we administered the ATWIT differently in the bascline studies, the rating scales and
timing of prompts were identical. We believe that the WAKs provided a far more efficient way
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to collect and analyze workload ratings than the original method, and our participants found the
WAKSs easy to understand and use. We believe that this difference in data collection technique
had no impact on the actual ratings given by our participants.

3.3.8 Pilot Test Instruments

Because controllers experienced with the DSR were available during the DSR Baseline, we used
the opportunity to pilot test two data collection instruments. Neither of these instruments
provided formal baseline data but may be used in future studies. The first instrument, the
Keyboard Data Recorder (KDR), recorded a keystroke-by-keystroke log of each controller’s data
~ entries. The participants completed the second instrument, the DSR Keyboard Questionnaire
(Appendix A), after the final run and during subsequent DSR OT&E weeks. This questionnaire
collected information about areas of concern with the DSR keyboard.

3.4 Simulation Schedule and Procedure

On the Friday preceding the first baseline run, we conducted an opening briefing and informed
the controllers and observers of their responsibilities during the baseline. The group discussed
confidentiality and informed consent, the airspace and the traffic scenarios, operation of the
WAKSs, and the simulation schedule. Participants were assigned to two-person teams and
assigned a participant number. The participants also completed the Background Questionnaire at
this briefing.

Starting the following Monday, we conducted four simulation runs each day from 1600 hrs until
0000 hrs. We alternated between the adjacent (sectors 26 and 38) and non-adjacent (sectors 27
and 35) scenarios each run. Four participants worked traffic during each run, two serving as R
controllers and two serving as D controllers. Within each team, the participants alternated
between the R and D positions. We designed the simulation schedule so that no controller
staffed the same position in the same sector more than once. However, an automobile accident
involving several of the participants forced us to revise the schedule somewhat. Ultimately,
every participant worked at least five runs with most participants working seven.

During each simulation run, the participants controlled traffic as they would at ZDC. The R
controllers communicated with aircraft, issued clearances, and provided separation. The D
controllers marked strips, coordinated, and assisted the R controllers as needed. The SME
Observers sat behind each sector, observed controller actions, and recorded any unusual
occurrences in the Observer Log.

At 4-min intervals during each run, the WAKs prompted for ATWIT workload ratings. The
participants made ratings by pressing the appropriate key. After each run, the participants
completed the Post-Scenario Questionnaire, and the SME Observers completed the Observer
Evaluation Form. All other data sources were recorded automatically and required no action
from the participants or the SME Observers.

After all runs were complete, we conducted a post-simulation briefing. At this briefing, the
participants completed the Final Questionnaire and the DSR Keyboard Questionnaire. We
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encouraged the participants to discuss their experiences in the simulation and with the DSR. We
incorporated many of their comments about improving the bascline process into the
Methodology Guide (Allendoerfer & Galushka, 1999).

4. Results

Whenever possible, we used the identical data reduction and analysis (DR&A) tools and
procedures as the PVD Baseline. However, because the DSR Baseline used a different
simulation platform, a different communications platform, and some different data collection
tools, some metrics required the development of new Data Reduction & Analysis (DR&A)
procedures. In these cases, we developed the new procedures so that they followed the originals.

We reduced the HCS SAR tapes using the Data Analysis and Reduction Tool (DART) and the
AMP tapes using the Offline Aircraft Management Program. We further processed the output of
these tools to organize the data and make it easier to interpret. These tapes provided data for
most of the objective metrics. We reduced the questionnaire data by manually entering the
responses into a spreadsheet. After data entry was complete, we thoroughly reviewed the data.
We entered handwritten comments into a word processor and edited for spelling and grammar.
We reduced data for the number of altitude, speced, and heading changes from 8 mm tape using
DR&A routines developed by the TGF. We recorded ATWIT workload ratings directly into a
database file. The VSCS software counted the number of air-ground and ground-ground
communications electronically .

Appendix B provides the complete DSR Baseline data. The format of this appendix closcly
follows the format used in the PVD Baseline. Data are reported at one or more levels of detail:

a. Overall Level: This level provides data aggregated across all intervals, sectors, and
runs. We report data from the Final Questionnairc only at this level because this
questionnaire was administered only once after all simulation runs were complete.
Data for the traffic scenario characteristics arc not reported at this level because it is
not meaningful to average these data across sectors.

b. Sector Level: This level provides information about individual sectors aggregated
across intervals and runs. We provide the means and standard deviations for each
sector. Note that sectors 26 and 38 used 60-min scenarios, whereas sectors 27 and 35
used 90 min scenarios. Because of this, metrics based on totals such as the number of
data entries will usually be higher in sectors 27 and 35.

c. Interval Level: This level provides information about individual 12-min intervals
aggregated across runs. This level best demonstrates changes resulting from changes
in the traffic volume and complexity. The means and standard deviations for each
sector and each interval are provided. Note that sectors 26 and 38 have 5 intervals,
whereas sectors 27 and 35 have 7.
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5. PVD and DSR Baseline Comparison

The main purpose for conducting the PVD and DSR Baselines was to directly compare the
systems. In particular, we wished to assess the effects of the DSR on safety, capacity,
performance, workload, and usability. The following sections compare the data from the
baselines and discuss the implications for the DSR. ’

Operational input is crucial to understanding the causes and implications of any differences
between systems. To provide this input, we assembled an Operational Review Team consisting
of

a. engineering research psychologists who were involved in the data collection and

analysis;

b. the National Air Traffic Controllers Association (NATCA) representative to the DSR
OT&E and Baseline;

c. the FAA Air Traffic Supervisors Committee (SUPCOM) representative to the DSR
OT&E and Baseline;

d. two FPL controllers from ZDC who had served as participants in both baselines; and
e. technical personnel from the TGF, HCS, PVD, and DSR facilities at the Technical
-~ Center, as needed.

The goals of the team were

a. to compare the two systems along the five operational constructs and identify
differences,

b. to identify potential causes for the differences,
to assess the implications of the differences,
d. to identify aspects of the DSR that merit further study and improvement, and

e. torecommend ways in which the baseline process could be improved.

We led the team through a briefing showing graphs comparing the PVD and DSR Baseline data.
We encouraged the team members to ask questions, discuss results, and request additional data
analyses. This was an iterative process that took nearly 2 weeks to complete. The results of the
review are presented in the following sections.

The graphs usually compare the systems at the sector level but, when appropriate and
informative, we provide graphs showing the 12-minute interval level. The team concluded that
methodological differences between the baselines had invalidated the comparison for some
metrics. In these cases, the team agreed to exclude the metric from the comparison, and we
discuss the exclusion rationale in the following subsections.

13




5.1 Safety

5.1.1 Operational Errors

One operational error was initially identified for the DSR Baseline using automated DR&A
tools. However, because no errors had been recorded by the SME Observers, the team reviewed
video and audiotapes of the error to determine whether it had resulted from a genuine controller
mistake or was an artifact of the simulation. The team concluded that the error resulted from a
pseudopilot mistake and agreed that it was not a genuine operational error. As a result, the team
concluded that no operational errors occurred in either baseline.

However, the controllers on the team believed that the traffic scenarios used in the baselines were
not complex enough to show differences in the number of operational errors. They based this
conclusion on their observations that genuine opcrational errors occurred during other OT&E
activities where a higher level of traffic volume and complexity was used. The team
recommended increasing the traffic volume in future baselines to study operational errors more

closely.

5.1.2 Conflict Alerts

The review team raised two concerns about this metric and agreed to exclude it from the
comparison. First, despite the high number of alerts (more than one per run), the team members
did not remember this many alerts occurring. They suspected that most alerts resulted from the
techniques used by the simulation platforms to initiate simulated aircraft. For example, two
aircraft might be created already in an alert or near-alert situation. Though the scenarios were
designed so that all aircraft were separated by the time they reached the operational sectors, it is
possible that conflict alerts persisted for several sweeps. In this casc, the conflict alert was not
caused by any action or inaction by a participant and should not be counted as a genuine alert.
Unfortunately, an effort to review each conflict alert from the videotapes and separate genuine
alerts from spurious ones was not feasible during the review.

Second, the controllers on the team questioned whether even genuine conflict alerts would
provide information about safety. They explained that some controllers “control by conflict
alert” whereby they allow aircraft to fly at separations close enough to activate the conflict alert
but not close enough to cause an operational error. These controllers, they said, use conflict alert
as a separation tool rather than as a warning. For these reasons. the team agreed to exclude this
metric from the comparison.

5.1.3 Halo Initiations

As shown in Figure 1, in sectors 26, 27. and 35, the participants initiated the halo more
frequently in the DSR Baseline. In sector 38, the participants initiated the halo slightly more in
the PVD Baseline. The team concluded that the differences shown here resulted from two
factors. First, the controllers on the review team explained that using the halo requires only a
single entry in the DSR, whereas two arc required in the PVD. This made the halo quicker,
casier, and more desirable to use. Second, the controllers explained that the vector lines were
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more difficult to use in the DSR, causing participants to reduce their use of the vector lines in
favor of the halo. Unfortunately, no data about vector-line were recorded during the PVD
Baseline, so no analysis of this insight could be perfo:med. The team concluded that this
difference in halo usage did not result from a difference in ability to separate aircraft but rather
on a difference in the computer-human interfaces (CHIs) of the systems.
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Figure 1. Number of halo initiations for each sector, averaged across runs.

5.1.4 Data Block Positioning

As shown in Figure 2, participants in every sector repositioned the data blocks more frequently in
the DSR Baseline than the PVD Baseline. The team concluded that this difference resulted from
a difference in readability when data blocks overlap. The controllers on the review team
explained that when two data blocks overlap on the PVD, the overlapping characters are still
somewhat readable unless the characters are almost entirely overlapped. However, when two
data blocks overlap on the DSR, a much smaller amount of overlap is necessary to render the
characters unreadable. The participants referred to this effect as “the green blob.” It requires
controllers to be extra vigilant in their data block positioning to maintain readability. The
controllers on the team believed it increased their workload but did not reduce safety because of
the low traffic complexity of the scenarios. The team agreed that the increase in data block
positioning did not result from closer aircraft proximity but rather from a problem with the DSR
CHI. The team agreed that this problem is serious enough to warrant further study and possible
improvement via the Pre-planned Product Improvement (P*I) process.
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Figure 2. Number of data block positioning actions for each sector, averaged across runs.

5.1.5 Other Safety-Critical Issues

Though no safety-critical issues were reported on the Observer Logs in either baseline, the SMEs
on the review team identified several aspects of the DSR that warrant further study. First, they
were concerned about increased heads-down time required by the new DSR keyboards,
particularly at the R position. Second, the review team members were concerned about the
impact on safety of increased data entry errors, particularly at high traffic volumes. Third, they
were concerned about the impact of data block overlap, particularly in high-volume sectors
where aircraft are tightly packed and where being able to read altitude information is especially
important. Fourth, they were concerned with the length and configuration of flight strip bays at
the D position. The several short bays on the D position may require the D controller to order,
organize, and purge strips more frequently than when using the two longer bays provided by the
PVD console.

5.2 Capacity
5.2.1 Aircraft Under Control

As shown in Figures 3a through d, the number of aircraft under control during each 12-minute
interval varied only slightly between baselines. In both baselines, the progression of the traffic
scenario is reflected in the changing number of aircraft under control in each interval. Both
baselines show patterns with very similar shapes, demonstrating that not only did the number of
aircraft remain constant, the traffic pattern also remained constant. The team agreed that the
DSR did not affect the number of aircraft that could be controlled in these scenarios.
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Figure 3a. Number of aircraft under control for Sector 26, averaged across runs.
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Figure 3b. Number of aircraft under contro! for Sector 27, averaged across runs.
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Figure 3c. Number of aircraft under control for Sector 35, averaged across runs.
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Figure 3d. Number of aircraft under control for Sector 38, averaged across runs.
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5.2.2 Time in Sector

The review team uncovered two inconsistencies between the baselines that affected this metric
and agreed to exclude it from the comparison. First, the DYSIM and TGF simulation platforms
used different aircraft performance models, so the same aircraft may climb, descend, and turn at
different rates on the two simulation platforms. If a difference did appear between the systems
on this metric, it would not be possible to attribute it to the system or the simulation platform.
Second, controller pseudopilots in the PVD Baseline may have adjusted the aircraft speeds
according to their own knowledge of aircraft capabilities. TGF pseudopilots in the DSR Baseline
did not make discretionary speed modifications. The team agreed that too many confounds
existed for this metric and decided not to include it in the comparison.

5.3 Performance

5.3.1 Overall Data Entries

As shown in Figure 4a, R controllers made more data entries in the DSR Baseline than in the
PVD Baseline. The magnitude of this difference varied by sector. The review team attributed
this difference to four factors. First, data blocks are positioned via an HCS entry. The increased
need to keep data blocks separated (see Section 5.1.4) increased the overall number of data
entries made in the DSR Baseline. Second, an increase in data entry errors necessarily results in
more data entries because every incorrect entry requires subsequent re-entry of the original
message. Because an increase in data-entry errors for the DSR was also found (see Section
5.3.2), the review team concluded that some of the increase in data entries was due to these
errors. Third, D controllers appeared to be less involved during the DSR Baseline (see Section
5.4), and R controllers may have made entries normally entered by the D controllers. Fourth.
because the halo is initiated via an HCS entry, if controllers shifted away from vector lines in
favor of the halo, more data entries would result in the DSR.

As shown in Figure 4b, D controllers made more data entries in the PVD Baseline than the DSR
Baseline in sectors 26, 27, and 35. In sector 38, D controllers made about the same number of
entries in both baselines. The review team attributed this difference to reduced involvement of
‘the D controllers in the DSR Baseline (see Section 5.4) and the increased between-sector
coordination requirements in the PVD Baseline (see Section 5.4.4).

! This inconsistency calls into question results reported in a comparison of the PVD Baseline to the Eurocontrol ODID 1V experimental ATC

system (Keegan. Skiles, Krois, & Merkle, 1996; Krois & Marsden. 1997). In that study, the ODID 1V allowed aircraft in sector 26 to traverse
the sector in 1.4 min less time than in the PVD Baseline. We recommend re-examining their data to ensure that Eurocontrol used equivalent

aircraft performance models to the DYSIM.
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5.3.2 Specific Data Entry Types

Because there are at least 40 different HCS data entry types, we compared only the most
common and important functions. We discuss the important differences here. Data entry types
that are not discussed did not show consistent or meaningful differences between systems.
Further comparisons can be made using the values listed in the appendixes of the PVD and DSR
Baselines.

5.3.2.1 FPandSR

In the PVD Baseline, the participants made many FP (allows the entry of flight plan data) and SR
(outputs a flight progress strip) entries, whereas the participants made almost none in the DSR
Baseline. This difference resulted from differences in the simulation platforms. In DYSIM,
flight plans and accompanying flight strips are not always generated automatically and must
frequently be entered by the controller. In TGF, these actions are not necessary because the
simulation platform correctly creates the flight plan, sends it to the HCS, and requests a flight
progress strip. As a result, these entries were not made in the DSR Baseline.

5.3.2.2 QNand QZ

The QN and QZ data entry types are used to accept handoffs, initiate handoffs, force data blocks,
and change data block positions. QZ is also used to assign altitudes. The two functions are
largely redundant and interchangeable. If the controller presses the QN/QZ (None) Quick Action
Key (QAK), the entry is logged as a QZ entry. If the controller does not press the QAK and
instead makes an implied entry, the entry is logged as a QN entry. Participants in both baselines
used the QN version of these functions much more frequently than the QZ version. However,
controllers in the PVD Baseline made somewhat more QN entries in sectors 27 and many more
in sectors 35 and 38. Without reviewing each QN entry individually, it is difficult to determine
why this occurred. However, the team suspected that this resulted from the simulation platforms.
The DYSIM required data blocks to be forced to the ghost sector when the aircraft were handed
off. In sector 26, the aircraft were handed off to sector 38 and did not require a data block force.
This requirement did not exist with the TGF, so these additional entries were not made.

5323 QP

The QP data entry type is used for point outs, to request and suppress data blocks, to move lists,
and to activate the halo. As discussed in Section 5.1 .3, controllers in the DSR Baseline used the
halo more often than in the PVD Baseline because the vector-line function was difficult to use.
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5.3.3 Data Entry Errors

As shown in Figure 5a, R controllers made more data entry errors in the DSR Baseline. The
controllers on the review team attributed this difference to several problems they experienced
with the DSR keyboards:

a.

In the PVD, the QAKSs are located on the console. Inthe DSR, the QAKs are located
on the top two rows of the keyboard. This places them in closer proximity to other
keys and items placed on the work surface such as flight strip holders and
documentation. As a result, in the DSR, participants often accidentally pressed
QAKs, whereas they very seldom accidentally pressed QAKs in the PVD.

The QAKs on the DSR keyboard are organized and labeled differently than the QAKs
on the PVD. As a result, participants sometimes pressed the wrong QAK or had to
spend more time locating and identifying the correct QAK.

The Clear key is located in the upper right corner of the main keyboard group where
the Backspace key is traditionally located on a standard PC keyboard. The Backspace
key is located next to the Right Shift key where the question mark is traditionally
located. As a result, when participants meant to press Backspace, they often cleared
the entry by mistake and then unknowingly sent an incomplete entry to the HCS.

The numeric keypad includes a Space key in a location that is dissimilar to both a
standard computer keyboard and the PVD keyboard. The participants reported that
they often accidentally pressed this key while making numeric entrics. This resulted
in incorrect entry syntax.

The zero key on the DSR numeric keypad is located between two other keys. This is
dissimilar from the PVD keyboard where the zero does not have keys on either side.
The participants reported that they accidentally pressed these keys when trying to
press the zero key. This resulted in incorrect entry syntax.

The DSR keys require less force to press than the PVD keys. The participants
reported that they frequently made errors when they used the amount of force to
which they were accustomed and inadvertently pressed multiple keys. This resulted
in incorrect entry syntax.

As shown in Figure 5b, D controllers in Sectors 26 and 27 made more data entry errors in the
PVD Baseline. In Sector 35, they made about the same number of errors in both baselines. In
Sector 38, they made more errors in the DSR Baseline. This inconsistent pattern should be
compared to the consistent pattern found among the R controllers. The review team attributed
this variable pattern to the general lack of involvement of the D controllers in the DSR Baseline
and to the relatively small number of data entry errors made (around 15 per run).
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5.3.4 Number of Altitude. Speed. and Heading Changes

The review team uncovered several inconsistencies between the baselines that affected this
metric. The team agreed that these inconsistencies were serious enough to warrant exclusion of
this metric from this comparison. We do believe that the DSR Baseline values for this metric are
valid. If the TGF and the same analysis techniques are used in a future baseline, the data
reported here can be validly compared.

First, at the time of the PVD Baseline, Letters of Agreement (LOAs) in place at ZDC required
that Raleigh-Durham International Airport (RDU) departures be given an interim altitude of
10,000 ft before being cleared to a higher altitude. At the time of the DSR Baseline, however,
this restriction had been lifted at ZDC. This LOA change was unknown to us prior to the DSR
Baseline, and we made no effort to ensure the participants operated under the original LOAs. As
a result, participants in the DSR Baseline controlled without the altitude re