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Executive Summary

Projected increases in air traffic, along with modernization efforts, have led the Federal Aviation
Administration (FAA) to consider replacing paper Flight Progress Strips (FPSs) with an
electronic alternative. Electronic Flight Data (EFD) alternatives have the potential to increase a
controller’s ability to acquire, track, and record information as well as communicate and
coordinate that information with others. More importantly, EFD presents the possibility of
improving controller efficiency by providing new methods of flight data management that
integrate information into a single source, reduce staffing requirements, and enhance safety.

Previous efforts at implementing EFD have focused on replicating the appearance and functions
of FPSs without significant changes to the task itself. In this report, we present two alternative
Electronic Flight Data Interface (EFDI) designs that consider the basic tasks and information
needs of controllers working at Airport Traffic Control Towers (ATCTs). We designed the
prototype EFDIs based on the existing literature, task analyses, low risk usability testing, and
subject matter expert opinions without allowing historical artifacts to constrain our design. We
designed the EFDIs to provide the right information to controllers at the right time and in
accordance with a controller’s mental model of the task. The first prototype interface, the
Integrated EFDI, combines textual EFD with an airport surface situation display provided by
Airport Surface Detection Equipment - Model X (ASDE-X) radar. The second prototype
interface, the Perceptual-Spatial (P-S) EFDI, does not rely on ASDE-X radar capabilities, but
combines textual EFD with an airport surface map. The P-S EFDI also functions as a backup
flight data management system to the Integrated EFDI, if ASDE-X capabilities were to fail.

In this report, we present our prototype development process and decision rationale for both the
Integrated and the P-S EFDIs. We also present design descriptions of each prototype interface to
explain their respective functionality. We plan to submit both of the prototype EFDIs to
usability testing in the near future. A provisional patent application is pending for the EFDIs.
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1. INTRODUCTION

Airport operations logged by the 449 Federal Aviation Administration (FAA) Airport Traffic
Control Towers (ATCTs) were projected to increase from 63.1 million in 2004 to 68.8 million in
2008 (FAA, 2005). In anticipation of the increase in air traffic, the FAA is investigating the
potential effects of implementing an electronic flight data system (EFDS) in ATCTs. The EFDS
would replace the paper Flight Progress Strips (FPSs) used by certified professional controllers
(hereafter referred to simply as controllers) since their inception in the 1930s and 1940s. The
FAA should consider an EFDS because the FPS has become an historical artifact that limits the
usefulness of flight data and consumes valuable cognitive resources (Durso & Manning, 2002).
In the Air Traffic Control (ATC) environment of today, controllers must manually update
information, record clearances, and physically pass FPSs from one controller to another within
the ATCT. All of these activities require cognitive and sensory resources that may be relieved
by automation or other less subtle changes in standard operating procedures. The inherent
physical limitations of FPSs also restrict the controllers’ ability to communicate flight data
information with other facilities such as the Terminal Radar Approach Control (TRACON), Air
Route Traffic Control Center, and Airline Operations Center (AOC). Currently, controllers must
perform most communication and coordination between the ATCT and other facilities via
landline. In some instances, controllers can pass FPSs from the ATCT to the TRACON with a
gravity-fed drop tube. However, with the modernization of FAA facilities and the advent of the
Electronic Flight Strip Transfer System (EFSTS), drop tubes are becoming outdated. Bar code
scanners located at the controllers’ workstation and bar codes printed on each FPS enables the
EFSTS. Although the EFSTS allows the electronic transfer of information between remote
facilities, the EFSTS also has a number of limitations. The EFSTS requires the FAA to print
duplicate FPSs in multiple locations, that is, the ATCT and TRACON. Changing or updating
FPS information that controllers must pass between the ATCT and TRACON is also difficult or
impossible with the EFSTS.

When considering the transition to an EFDS, one primary interest is preserving the current
benefits of FPSs while enhancing the performance of air traffic controllers and the National
Airspace System (NAS). To do so, we must understand the similarities and differences among
ATCTs as well as all of the tasks involving FPSs, flight data, and the communication of
information among controllers. Researchers can contribute to the success of an EFDS if they
address some major gaps in the existing research by developing a better understanding of the
actual cognitive benefits afforded by FPSs in the ATCT. System designers must then preserve or
enhance these benefits with an EFDS. Researchers must also address long-standing
organizational norms during the design process to ease the transition from FPSs to an EFDS.
Given the proper design of the interface and automation, an EFDS should maintain some of the
basic functionality and benefits of the FPSs. It should reduce workload related to flight data
entry, tracking, and sharing, and provide new features that will enhance controller performance
and encourage usage.

The aesthetic quality of the overall EFDS, especially the user interface, will influence initial user
acceptability. The user interface must also be helpful and easy to operate, and it must not create
new problems or reintroduce old problems. This is not to say that any proposed EFDS must look
and act exactly like the current system, just in an electronic form. We must be willing to conduct
concept research to explore new ways of handling air traffic and its associated flight data. If the
predicted increase in the level of air traffic actually occurs, then the FAA must find ways to help



controllers keep pace. One approach for system designers is to make a few minor adjustments to
the overall system without changing the fundamental way that work is accomplished. Such an
approach appears to be without risk. However, there is the risk that without fundamental
changes to the ATC task, controller workload may become unbearable and prove a limiting
factor to the overall NAS performance. New approaches must be attempted with all of the risks,
including user acceptance, in mind.

2. SCOPE

This report presents the research and development work involved in the creation of two
prototype Electronic Flight Data Interfaces (EFDIs) for the FAA ATCTs. The scope of this
report focuses on the work we conducted during the year 2005. This report describes only the
initial design of the prototype EFDIs; this report does not reflect any changes resulting from
subsequent usability testing.

We limited the scope of the prototype EFDIs’ development and functionality to common events
rather than attempting to account for all possible functions that an EFDS might encompass. We
limited the scope of the EFDIs’ functionality to simplify the task so that we could examine the
basic concept of using Electronic Flight Data (EFD) in an ATCT.

3. PURPOSE

The purpose of this report is to document the processes and methodologies used to create the
initial prototype EFDIs. This report also presents functional design descriptions of the prototype
EFDIs.

4. LITERATURE REVIEW

The current project began during 2004 with a literature review (Truitt, 2006). The literature
review examined prior task analyses, published literature, and field observation data to explore
the basic functionality of FPSs and flight data in ATCTs. Surprisingly, researchers have
conducted very little work during the past 20 years in the ATCT domain, especially in the United
States. Some of the earliest relevant research was conducted by CTA, Inc. (Alexander et al.,
1989; Ammerman, Becker, Jones, Tobey, & Phillips, 1987) who completed comprehensive job
analyses of both the then current and future Advanced Automation System (AAS). The CTA,
Inc. job analyses are still a valuable source of information today. Only two other field studies
have provided relevant information and unique data regarding how controllers work in an ATCT;
one was by Bruce (1996) and one was by Dattel, Johnson, Durso, Hackworth, and Manning
(2005). Researchers in other countries have already expended considerable effort to examine
how controllers work and to estimate the utility of EFD (e.g., Berndtsson & Normark, 1999;
Mertz, Chatty, & Vinot, 2000; Mertz & Lecoanet, 1996; Mertz & Vinot, 1999; Pavet, 2001;
Ryan, van Schyndel, & Kitchin, 2003). Unfortunately, these studies have lacked the data
required to evaluate hypotheses regarding the cognitive effects of an EFDS in FAA ATCTs.

Even though the extent of prior research is limited, the literature review provided insights into
the potential risks and benefits associated with EFD. A primary benefit of EFD is the ability to
share and transfer important flight data such as clearance amendments, aircraft location on the
airport surface, posting and updating expected departure clearance times (EDCTs), and wake
turbulence warnings. Other benefits of EFD include the ability to (1) present the right flight data
to the controller at the right time while still preserving the ability to access all information about
a flight; (2) simplify or automate data input; (3) integrate with other systems; (4) reduce



workload associated with flight data management; (5) integrate information sources to reduce
visual shifts of attention; (6) increase time for controllers to observe the airport surface; (7)
increase awareness of other controllers’ actions through linked displays; (8) eliminate expenses
associated with FPS papers, holders, and printers; and (9) automate recording and reporting of
activity, such as number and duration of departure delays. Potential disadvantages of EFD
include initial training, increased criticality of data entry, and changes to controller selection and
training methods. We attempt to incorporate these findings into the present design of two
prototype EFDIs.

5. WORKING GROUP

After completing the literature review, we formed a working group that included ATCT
controllers, cognitive psychologists, and software developers. We formed this multidisciplinary
team to provide information and ideas for the development of prototype EFDIs for an ATCT.
The core members of the working group are representative of the users themselves — Certified
Professional Controllers (CPCs). The controllers served as the task Subject Matter Experts
(SMEs) on the working group. The SMEs were from Milwaukee Mitchell ATCT, Evansville
Regional ATCT, Traverse City ATCT, and one was an FAA Quality Assurance Specialist in the
ATCT domain. Cognitive psychologists from the Human Factors Team — Atlantic City, the Civil
Aerospace Medical Institute, and Texas Tech University analyzed the ATCT task with
consideration for the relevant human cognitive abilities and limitations. Software developers
from the FAA William J. Hughes Technical Center’s Future Laboratory Development Group
helped to constrain the development and implementation of the prototype EFDIs within the
laboratory’s simulation capabilities. The research sponsor, representing human factors interests
for the Air Traffic Organization-Terminal (ATO-T) office, was also a member of the working
group. All members of the working group will contribute to the eventual usability testing and
refinement of the prototype EFDIs.

The working group met June 7-9, 2005, at the FAA’s Research, Development, & Human Factors
Laboratory (RDHFL). At the beginning of the meeting, the working group members learned
about the overall research objectives and the general direction of the research program. The
purpose of the working group meeting was not to design a Graphical User Interface (GUI).
Rather, the working group spent the three days discussing the task of ATCT controllers.

The working group began by defining the entire scope of the interfaces to be designed. There are
a number of controller positions (i.e., functions) in the ATCT. The most commonly staffed
positions are local, ground, and flight data/clearance delivery. The working group decided to
limit the scope of this first project to the local and ground positions because these two positions
are involved with aircraft and vehicles on the airport surface during safety-critical operations.
Although the flight data/clearance delivery position is concerned with flight data, this function is
performed before an aircraft even pushes back from the airport terminal gate. Therefore, by
focusing on the local and ground positions, we would be able to have the largest impact on
airport operations and the flow of information between controllers in operational positions.

Another initial decision made by the group was to use a generic airport as the simulated
environment. For the purposes of concept research, a generic airport has a number of advantages
and disadvantages compared to a real airport. First, the generic airport allows us to test a general
concept without associating the results with a particular location. The generic airport eliminates
any political affiliation between the data we gather and any particular facility. Collecting data



based on a generic airport operation also prevents others from applying the results too narrowly
by focusing on a known airport and its idiosyncrasies. A generic airport allows broader
application of results because it gives us the flexibility to capture a number of prototypical
elements contained in many real airports. Furthermore, it is much easier to select participant
controllers for testing because they can be sampled from a large variety of facilities. Given that
the generic airport should contain prototypical elements, the working group agreed to use
Boston-Logan Airport (BOS) as a template to build upon because it contains both parallel and
crossing runways. Furthermore, we could use previous work of the Airway Facilities Tower
Integration Laboratory (AFTIL) which has already modeled BOS in their simulation platform
including realistic out-the-window scenery including terminal buildings, taxiways, and runways.

Once the working group determined the scope and airport environment, we then implemented a
modified version of The Bridge methodology (Dayton, McFarland, & Kramer, 1998) for user
interface design. The Bridge provides a structured method for developing user interfaces. It
advocates a multidisciplinary team including system users, cognitive psychologists, software
developers, and a facilitator trained in the methodology. The first step in The Bridge is to define
the scope of a task and document its task flow using low risk materials such as chart paper,
sticky notes, and markers. The design team then redesigns the task flow into a “Blue Sky” task
flow that streamlines the task and eliminates bottlenecks. The design team then identifies and
categorizes task objects in the optimized task flow and identifies actions that users will have to
take upon these task objects. The design team then translates the task objects and their
associated actions into GUI objects. The GUI designs begin as paper prototypes created by the
design team using chart paper, sticky notes, and markers. Throughout the process of creating the
Blue Sky task flow and the paper prototype, the design team conducts usability testing to ensure
that tasks are not omitted and that the GUI operates in a user friendly and logical way. Once the
paper prototype is developed, then actual construction of the GUI begins and the design team can
conduct further usability testing.

We modified The Bridge methodology for a number of reasons. First, none of the working
group members were trained facilitators in using The Bridge. We conducted a pilot study using
The Bridge with a facilitator who was not trained in the methodology. The pilot study showed
that without an in-depth knowledge and formal training in The Bridge, the facilitator was not
able to guide the group in a way that makes the methodology effective. Second, Dayton et al.
(1998) designed The Bridge for rapid development of GUIs for nominal tasks. The task of ATC
is a considerably more formidable task, much larger in scope than could be adequately addressed
during the three days of the working group meeting. The high level of task complexity and the
large number of different subtasks in an ATCT dictated that we modify the original
methodology. Nevertheless, we used parts of The Bridge to provide structure for GUI
development that began with understanding the tasks and task elements of ATCT controllers
before attempting to design a GUI.

We began by examining the tasks of the ATCT controller. Typically in The Bridge
methodology, participants start by generating a task flow describing their current task using
markers, chart paper, and sticky notes. This activity using low risk materials is intended to
encourage participants to understand and document the entire task flow fairly rapidly (i.e., within
the first day). This would be an overwhelming activity for the ATC task even if the focus was
solely on the ATCT or even one position in the ATCT. Rather than starting from nothing, we
decided to examine the existing task flows of Alexander et al. (1989) and a predicted future



ATCT based on the AAS concept. The working group quickly discovered that these task flows,
although almost 20 years old, are still highly accurate. The working group identified a number

of tasks that appeared to be incomplete. We included extra information as needed, but this was

the exception rather than the norm.

Our examination of the task flows focused on the most common activities for both the local and
ground controller positions. For the local controller position, we examined the most relevant 4
of the 7 primary tasks and 24 of the 28 subtasks (see Table 1). For the ground controller
position, we examined the most relevant 3 of the 6 primary tasks and 10 of the 17 subtasks (see
Table 2).

Table 1. Local Controller Primary Tasks (T1.X) and Subtasks (T1.X.X)

Task Task Name Examined”
Number

T1.1 Perform Local Situation Monitoring \
T1.1.1 Establishing Positive Aircraft/Vehicle Identification \
T1.1.2 Checking & Evaluating Separation \
T1.1.3 Receiving Airport & System Equipment Status Info

T1.14 Housekeeping \
T1.2 Resolve Conflict Situations \
T1.2.1 Performing Conflict Resolution \
T1.2.2 Performing Minimum Safe-Altitude Resolution \
T1.2.3 Performing Airspace/Movement Area Violation Resolution \
T1.2.4 Issuing Unsafe Condition Advisories \
T1.2.5 Suppressing/Restoring Alerts \
T1.3 Manage Air Traffic Sequences V
T1.3.1 Processing Deviations \
T1.3.2 Issuing Departure Information/Instructions \
T1.3.3 Issuing Arrival & Landing Information/Instructions \
T1.3.4 Monitoring Non-Controlled Objects

T1.3.5 Responding to Imposed Airspace/Movement Area Restrictions \
T1.3.6 Requesting Temporary Release of Airspace/Movement Areas \
T1.3.7 Responding to Requests for Temporary Release of Airspace/Movement Areas \
T1.3.8 Responding to Runway/Taxiway Changes \
T1.3.9 Managing Airborne Departures \
T1.3.10 Managing Aircraft Takeoff Termination \
T1.4 Route or Plan Flights \
T1.4.1 Planning Clearances 3
T1.4.2 Responding to Special Conditions/Emergencies

T1.4.3 Responding to Special Operations

T1.4.4 Processing Flight Plan Amendments \
T1.4.5 Responding to Requests for Transfer of Control \
T1.4.6 Initiating Transfer of Control/Radar Identification \
T1.4.7 Issuing Pointouts \
T1.4.8 Responding to Pointouts \
T1.4.9 Issuing Clearances \
T1.5 Assess Weather Impact

T1.6 Manage Local Controller Position Resources

T1.7 Respond to System/Equipment Degradation

*The check mark indicates that the working group examined the task.



Table 2. Ground Controller Primary Tasks (T2.X) and Subtasks (T2.X.X)

Task Task Name Examined®
Number

T2.1 Perform Ground Situation Monitoring \
T2.1.1 Establishing/Maintaining Positive Aircraft/Vehicle Identification \
T2.1.2 Checking & Evaluating Traffic Movement \
T2.1.3 Receiving Airport & System Equipment Status Information

T2.14 Housekeeping \
T2.2 Control Aircraft/Vehicle Ground Movement \
T2.2.1 Responding to Flow Constraints \
T2.2.2 Processing Ground Traffic Deviations \
T2.2.3 Managing Departure Traffic \
T2.2.4 Responding to Movement Area Closures/Reopening

T2.2.5 Responding to Ground-Movement Requests N
T2.2.6 Responding to Requests for Temporary Release of Movement Areas N
T2.2.7 Responding to Runway/Taxiway Usage Changes

T2.2.8 Monitoring Non-Controlled Objects

T2.3 Route or Plan Flights \
T2.3.1 Planning & Issuing Clearances

T2.3.2 Responding to Special Conditions/Emergencies

T2.3.3 Responding to Special Operations

T2.3.4 Transferring Control Responsibilities — Departure Aircraft N
T2.3.5 Observing Arrival Aircraft \
T2.4 Assess Weather Impact

T2.5 Manage Ground Controller Resources

T2.6 Respond to System/Equipment Degradation

* The check mark indicates that the working group examined the task.

After examining and amending the task flows for both the local and ground controller positions,
we identified each of the task objects. We made a list of all the nouns contained in the task
flows, which became the initial set of task objects. We reorganized this set by categorizing many
of the task objects as object attributes — a subordinate category to a task object. We selected the
higher-level task objects to correlate with the controllers’ mental model of the task: EFDI, arrival
aircraft, departure aircraft, and vehicles on the airport movement area. We categorized the
remaining task objects as subordinate object attributes associated with one or more of the task
objects. Perhaps not surprisingly, the remaining object attributes are comprised of essential
flight data (e.g., aircraft call sign, aircraft type, first departure fix, proposed departure time,
runway assignment, etc).

For both the local and ground controller positions, the EFDI is the highest-level task object. The
EFDI contains all of the other task objects and their respective object attributes. The EFDI
combines EFD with an aircraft and vehicle situation display of an airport movement area. The
EFDI not only presents information, but it also provides for user access and input of flight data.
Attributes of the EFDI object include the airport name, runway/taxiway layout, flight data,
departure/arrival sequence list, reminders, and timers. Arrival aircraft, departure aircraft, and
surface vehicles comprise the three task objects within the EFDI object. Each of these objects
has a set of associated object attributes, although many of the attributes are common to all of the
task objects within the EFDI.



For the arrival task object, attributes gleaned from the task flows include aircraft location, hold
short clearance, ground speed, possession indicator, reminder, gate assignment, aircraft type, call
sign, deviation/conflict indicator, and other flight data. The arrival object attributes were the
same for both the local and ground controller positions.

The departing aircraft object contained more attributes than any other object. The local and
ground controller positions shared most of the attributes for departing aircraft including
destination/first fix/route, location on the surface, aircraft type, EDCT/delay information, number
in sequence, runway assignment, hold short clearance and location, ground hold restrictions,
Traffic Management Unit (TMU) restrictions, Automatic Terminal Information Service (ATIS)
code, release time/timer, ground speed, proposed departure time, possession indicator, reminder,
call sign, and deviation/conflict indicator. Altitude, heading, and Taxi-into-Position-and-Hold
(TIPH) clearances were attributes of the departing aircraft object that were unique to the local
controller position. Only taxi start time was unique to the ground controller position. For the
surface vehicle object, we identified object attributes associated with both the local and ground
controller positions including vehicle location, vehicle type, ground speed, possession indicator,
reminder, call sign, deviation/conflict indicator, and hold short clearance.

The three task objects (arrival aircraft, departure aircraft, and surface vehicles) share a number of
common attributes such as aircraft/vehicle type, location on airport surface, hold short clearance,
ground speed, possession indicator, reminder, call sign, and deviation/conflict indicator. Once
we identified all of the task objects and their respective attributes, we determined the common
actions that controllers would need to act upon each of the task objects. The identified actions
included view, move, edit, start, create, and change possession. These actions relate to all of the
task objects and would be implemented in the GUI.

6. PROTOTYPE DEVELOPMENT

Once we understood the task flow and identified all the task objects, object attributes, and
actions, we had the foundation of task requirements necessary to build any type of GUI. One
possible approach was to design an EFDI that preserved the prominent features of a FPS such as
the size and information format. Preserving the FPS in an electronic format is a reasonable
approach because it seeks to take advantage of expertise that controllers have already d