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of the

Ground Delay Program -- Enhancements

Introduction

According to the 1999 Collaborative Decision Making program description video tape distributed by the Federal Aviation Administration’s (FAA) Free Flight Phase 1 (FFP1) office, the United States’ National Airspace System (NAS) supports over seventy thousand aircraft flights daily with a projected growth rate of 4 to 5 % a year.  Accommodating this growth is a major challenge and goal of the Federal Aviation Administration.  One way to handle this increased demand, while simultaneously improving safety and efficiency, is through enhanced collaboration between the aviation industry and the government. In an article on Adaptive Team Coordination, Entin notes that an important mechanism used by highly effective teams is the development of a shared mental model of the task environment and the task itself.  New tools that give controllers, planners, and service operators more complete information about air traffic control and flight operations comprise a significant part of the NAS Architecture’s near term plan.  Some of these tools are embodied in the Free Flight Phase 1 Core Capabilities Limited Deployment (FFP1 CCLD) programs.  FFP1 is the result of an agreement between the FAA and the aviation community to implement certain highly desired capabilities at selected locations by the end of 2002.

The Collaborative Decision Making (CDM) Program is a component of FFP1.  CDM enables distributed traffic flow management by providing Airline Operations Centers (AOC) and the FAA with near real-time access to NAS status information, including infrastructure and operational factors.  The underlying principle behind this development is that shared information on all sides will create a NAS that is more beneficial to government, the industry, and the flying public.

One of the initial products of CDM is an enhancement of the ground delay program (GDP-E).  Ground delay programs (GDP) are put in place by the FAA to manage flights arriving at an airport at times when the airport’s capacity is expected to be exceeded (e.g., terminal area congestion) or reduced for reasons like a prolonged period of severe weather.  Previous ground delay programs were based primarily on Official Airline Guide (OAG) schedules and the initial flight plans filed by NAS users.  Since GDP decisions are usually made three to four hours ahead of time and flight plans are typically filed sixty to ninety minutes prior to departure, the Air Traffic Control System Command Center (ATCSCC) was basing most of its decisions on the weeks-old OAG schedules.  The FAA might put a GDP in effect only to realize too late that the airlines had already reallocated flights to compensate for reduced capacity.  GDP-E focuses on reducing ground delays by establishing a near real-time demand data exchange capability, a collaborative decision making process, and a collection of automated support tools to provide industry with more flexibility and control over their own operational resources.

The CDM video and the CDM program information posted on the Metron web sites describe how participating GDP-E airlines submit operational schedules and changes to those schedules on a continuous basis via an internet link that affords the participants a two-way exchange of real-time aviation information.  Changes include but are not limited to, delays, cancellations, and newly created flights.  The demand information is consolidated approximately every five minutes and returned to the users in an aggregate demand list (ADL).  The ADL shows users the actual demand at airports allowing airlines to plan their operations accordingly.  The ATCSCC uses the demand information to in deciding if a ground delay strategy is warranted.  All users view the same data in the same format.  Individual airlines can see how their flights fit into the total demand, which allows them to plan more globally and more effectively.

As an acquisition program, GDP-E began prototype operations at San Francisco and Newark Airports in January 1998 and was subsequently expanded to all U.S. airports in September 1998.  Since its deployment GDP-E has continued to evolve as an integral part of the FAA’s FFP1 modernization program.  As such the GDP-E tools and the program’s management process continue to be viewed as an ongoing acquisition program subject to the requirements of the FAA’s Acquisition Management System (AMS).  Paragraph 2.9.8 of the AMS guidelines notes in part that “human factors are a critical aspect of aviation safety and effectiveness . . . (and that) human factors engineering should be integrated with the systems engineering and development effort throughout the acquisition process.”  In order to demonstrate compliance with the AMS and the FFP1 Human Factors Action Plan, the CDM Program Office directed a review of the process by which human factors were applied in the development of GDP-E.  This is a report of that survey.

Scope

In Kelly Harwood’s 1993 article, Defining Human-Centered System Issues for Verifying and Validating Air Traffic Control Systems, the author asserts that human-centered issues fall into three broad categories.  Those being:

· technical usability

· domain suitability and

· user acceptance.

Harwood defines technical usability as the perceptual and physical aspects of the human computer interface like display formatting, graphics and human-computer dialog and the anthropometric characteristics of the workstation.  Analyzing just the usability of a particular workstation does not necessarily ensure that it will be able to perform its intended function in its designated environment.  Thus, according to Harwood, suitability refers to the content of the information and display representation for domain tasks, functionality, and decision aiding algorithms for ease of cognitive processing within the context of the workstation environment.  Clearly, it is possible for a system to be usable but not suitable for domain tasks, therefore both of these human factors aspects must be considered.  Further, Harwood believes that it is generally accepted that user acceptability is enhanced when the usability and suitability for a particular system supports the user’s physical and cognitive task requirements.

Applying the principles of a “user-centered design” process is one way of ensuring that these three elements of human factors are considered and integrated into the development of new systems.  Stanney and Maxey further develop this user – centered design philosophy in their chapter on Socially Centered Design in The Handbook of Human Factors and Ergonomics.  If one were to apply their principles of a “socially centered design” process they would extract system design requirements from the moment-to-moment interactional work practices of individuals within an organization.  In this style of development, the problem definition emerges from the discourse between system designers and the users in their natural settings.  It is the purpose of this report to assess the application of these emerging human centered design processes as used by the GDP-E program team.

This report documents the process by which the CDM program office applied and integrated human factors principles into the GDP-E program development and deployment.  It does not consider the functionality of particular input devices nor does it address the quality of the visual displays of information.  In a similar manner, it will not specifically address the industry or governmental operational procedures that define the workplace environment.  The report is limited to assessing the efficacy of the management practices employed during the acquisition and fielding of the GDP-E.

Methodology

As noted earlier, CDM is collaborative decision making and the GDP-E is a program within that collaborative decision making umbrella.  This collaboration takes place between users (airlines) and the air traffic control specialists (service providers).  The development of the system also involves the developers and the FAA headquarters managers.  To assess the overall effectiveness of the human factors effort within this program one must gather data from users, service providers, FAA managers and the system developers.

Data for this report was gathered through a variety of means including:

· literature reviews of team meetings

· review of CDM and GDP-E internet web sites

· review of a CDM informational video 

· personal interviews with users, service providers, developers, and FAA managers

· review of 796 Program Technical Reports (PTR’s) covering the last two program years, and

· personal observation of actual GDP-E programs in effect.

Four and a half years of minutes of GDP-E team meetings provided a readily available source of historical data relating to the program’s development while the web sites and video provided the stated program focus and guidance.  Similarly the 796 PTR’s that documented proposed system changes for the last two years provided insight into user involvement and continuous product improvement.  It was however the interviews with the five airline dispatchers, the four system developers, the seven service providers and the three FAA managers that provided the composite picture of the level of human centered design philosophy employed throughout this program.  The interviewees selected represented the different populations (service provider, user, FAA management) and more importantly all of them had a long history of association with the CDM GDP-E team.  Several of the interviewees were charter members of the team.

Findings and Observations

A numerical summary of the 31 program meetings reveals that:

· 8 or 26% were held at the command center

· 13 or 42% were held at the 2 development centers (Volpe & TRW)

· 7 or 23% were held at airline facilities

· 1 was held at ARINC

· 1 was held at Embry-Riddle Aeronautical University and

· 1 was held at NASA

The participants at these meetings included representatives from:

· FAA – program office at headquarters and the ATCSCC

· 22 different airlines

· 13 aviation related corporations

· 2 aircraft manufacturers

· 5 universities

· 3 federal laboratories

· 2 associations

· 2 Federally Funded Research and Development Centers (FFRDC) and

· 2 foreign agencies.

Extractions from the minutes indicate that:

· The first meeting was a government and developers only meeting, but they made reference to an airlines devised handout proposing a message format.  They also noted that having airline representation would be a “big help.”

· The third meeting had representation from 3 airlines, the Air Transport Association (ATA), developers, MITRE and the government.

· The fourth meeting was scheduled to be held at an airline.  The topic was to discuss the Enhanced Traffic Management System (ETMS) data feeds to the AOC’s.

· An airline representative was used to brief CDM to an ATC group.

· It was decided to hold discussions on the internet concerning rationing.

· Copies of the Flight Status Monitor users manual were provided to the airlines for their assessment.

· Traffic specialists were to determine the training needs.

· Training classes were developed and provided to all participants including dispatchers at the AOC’s.

· Airlines were e-mailing directly to Air Traffic specialists.

· Changes to the Ground Time Predictor were made within a week to better serve the users.

· The team held open discussions on determining the benefits to the airlines.

· Comments and positions were posted on the internet.

· They conducted simulations and later human in the loop simulations (HITL).  HITL observers provided suggestions for software and procedural improvements and later debriefed the lessons learned.

· They established subgroups and tiger teams to address specific issues.

· The policing of system abusers (i.e., cheaters) was a topic at several meetings.

· The team developed a tracking system for action items and to be revisited when necessary.  Assignment of action items was across the spectrum of government, industry, and airlines.

· They created an internet address for technical issues and another one for communication issues.

· The team created and maintained a “what’s next list.”

· The May 96 minutes noted that the “CDM Working Group had become one of the official industry voices and that the Air Traffic management IPT would be looking to the CDM WG for input to budgetary and policy decisions.”

· The minutes noted the bonding between airlines and the traffic specialists.

· The airlines visited other airlines during the HITL simulations.

· The team conducted a “CDM World Tour 96” briefing specifically pitched to airline top management reflecting industry concerns and questions.

· They developed and signed Memorandums of Agreements with airlines.

· The team discussed using CDM for assessing “what if” scenarios.

· The CDM team was incorporated as a working group of the RTCA.

· They had guest speakers from DOD, FAA, Euro Control discussing technical, operational, programmatic and decision-making topics.

· The team established procedures where an ATA representative could test and close PTR’s on behalf of the airlines.

In 1997 the program team began using the software program Continuus Change Management (CCM), a trouble report management system, to track the program’s PTR’s.  Some of the previously manually tracked PTR’s were transferred into this database as well.  A review of the 796 PTR’s in CCM follows:

· Approximately 59 different individuals submitted PTR’s.

· 19 of those came from airlines;

· 154 came from government sources; and 

· 623 came from the developers.

· The severity rankings of the PTR’s were:

· 41 
Any

· 202 
Minimum

· 393
Medium

· 136
Severe

· 24 
Showstoppers.

· There are currently zero showstoppers and only 2 severe PTR’s open.  Those two are assigned for resolution.

· The disposition of the 796 PTR’s was:

· 7
Deferred

· 15
Assigned

· 5
Entered

· 24
Rejected

· 13
Duplicates

· 12
In revision

· 307
Concluded

· 413
Resolved

Excerpts from the unstructured interviews with the five airline dispatchers, the four system developers, the seven service providers and the three FAA managers are summarized and / or quoted below.

· This approach “brought people together who don’t normally work together.”

· It exposed everyone to different points of view.

· It was a “unique” process that gathered “operational folks from both sides from the beginning.”

· The group was not shy; people spoke out, and the “FAA was more open.”

· This was “the most successful project ever seen with the FAA.”

· The program created a “philosophical and cultural change” from controlling to managing air traffic.

· Organizations on both sides are having difficulty in “getting used to understanding that everything is not within your control.”

· “It’s hard to learn when to get out of the way.”

· The program is a “catalyst for better industry interaction.”

· “It is no longer ‘us against them’ as the airlines and the FAA will get a lot more than in the past.”

· It was “revolutionary” and a “model approach” using a “develop – test – talk – develop – test – talk” repeating cycle for its development.

· They developed a “usable tool for all participants.”

· “The FAA deserves some praise for this program.”

· GDP-E works for the airlines because the carriers have “continuous opportunities to express concerns over issues.”

· There is more “clarity of voice” to the FAA.

· There might be some “duplication with the RTCA and ATA.”

· GDP-E provided the “biggest bang for the buck” saving an estimated “$40 to $60 million a year.”

· It provides “good information” and is “the best thing since sliced bread.”

· The “institutional process is better understood” providing a “better picture of the process involved,” a shared mental model and “common situational awareness.”

· One service provider noted that GDP-E was “advertised as an easier GDP yet the workload increased instead of decreasing.”

· Some of the technology “still has room for enhancement.”

· The program went from “conception to data network connectivity in 7 months, and conducted HITL simulations within a year.”

· “Good training” was provided to the airlines.

· The PTR’s were submitted “equally,” “collaboratively,” and “universally.”

· It was noted that “collaboration is not the panacea for everything.”

· One user opined that the “committee structure and the FAA’s Air Traffic and Flight Standards offices created barriers to collaboration.”

· Most reported that the team developed GDP-E procedures around a “broad brushed, situational” briefing guide where “each situation needed to be evaluated” on its own merits.

· One user believed that the team had “missed an opportunity” because the procedures “never got adequately addressed” as the system needed “more structure and less flexibility.”

· When discussing the issue of system abusers, most felt that all of the users shared in the benefits of the GDP-E and, since a “cheater” would be obvious to everyone on the system, airline peer pressure would adequately police the system.

Discussion and Conclusions

In his book entitled Aviation Automation, Billings admonishes us that “if future ATC automation is not human-centered, the entire aviation system will lose focus and the flexibility that goes with it.”  The authors of The Future of Air Traffic Control characterize the philosophy of user centered design as:

The choice of what to automate should be guided by the need to compensate for human vulnerabilities and to exploit human strengths.  The development of the automated tools should proceed with active involvement of both users and trained human factors practitioners.  The evaluation of such tools should be carried out with human-in-the-loop simulation and careful experimental design.  The introduction of these tools into the workplace should proceed gradually, with adequate attention given to user training, to facility differences, and to user requirements.  The operational experience from initial introduction should be very carefully monitored, with mechanisms in place to respond rapidly to the lessons learned from the experiences.  (Wickens, et al., 1998,  p. 13)

It is this user centered design philosophy that drives the GDP-E team.  This philosophy was initially demonstrated in the early composition of its members and serves to address the human factors suitability and usability issues.  Interviewee comments and minutes concerning procedure development, internet chat rooms, system benefits, and peer policing reflect the team’s internalization of the FAA’s established integrated product team approach to system development.  This team understood that “the advantages of involving users include a better identification of operational needs that drive specifications, garnering useful operational perspectives as the design develops, identifying procedural and organizational implications of design features, and enhancing user acceptance in advance of fielding the system.” (Wickens, et al., 1998,  p. 211)  Both the minutes and the interviewees acknowledge that GDP-E usage and procedures will continue to be “tweaked,” but the process is in place to address those suitability issues.

The same sources assert that part of GDP-E’s value is its creation and maintenance of shared situational awareness between users and service providers.  It is clear from their words and their investments that GDP-E is valuable, and therefore, acceptable.  Further the teams composition and integration coupled with their involvement of upper management serves to keep the process of maintaining acceptability healthy.

Similarly, the diversity of PTR submission attests to how the team dealt with human factors usability issues.  While 78% of the PTR’s were formally submitted by the developer, the interviewees asserted that submissions were “balanced” and described an interactive PTR definition process that usually concluded with the developer accepting an action to submit and subsequently resolve the specific PTR’s.  This does not mean that all of the technical human factors issues have been resolved. It does mean that the GDP-E program has a robust procedure in place to identify, analyze, prioritize, and resolve its usability issues.

In the book The Future of Air Traffic Control, the section dealing with the introduction of automation lists eight recommendations for the development and installation of advanced systems.  It is obvious that several of these recommendations were followed in the GDP-E program.  However, the “active, continued, and effective involvement of both users and trained human factors practitioners” (Wickens, et al., 1998, p. 259) was not.  With the exception of functional human factors practitioner support of hardware development, evidence of trained human factors expertise being integrated into the program is absent.  Nonetheless, in Stanney and Maxey’s previously mentioned chapter, the authors make a relevant observation that “as technologies have evolved to be more interactive in nature, there has been a move away from experimental approaches to more interpretive investigations (Preece et al., 1994).  HCI designs are now being derived from contextual inquiries, with more traditional usability techniques being reserved for evaluation and refinement of the ensuing designs.”  This was the successful methodology employed by this development team.  Without exception the interviewees expressed support for the program and its ability to deliver a usable and suitable automated air traffic decision aid that was welcomed and acceptable to all of its users in their working environment.  The unanimity of that assertion was impressive!

Recommendations

1. The data suggest that the GDP-E program, without overt reference to human factors, employed from the very beginning a human-centered design and development process.  This process has been effective and it has met the needs of its users, service providers, developers, and FAA managers.  The process has provisions for and a history of accommodating all three aspects of human factors (usability, suitability, and acceptability).  Therefore, the first recommendation would be that the GDP-E program managers continue the practices that fostered the positive socially-centered design philosophy found throughout the GDP-E program.

2. The minutes, interviews, and PTR submission listing reflect significant end user participation.  In addition, the participants demonstrate a nearly continuous involvement.  While this is good for program continuity there is the potential to limit one’s view of the environment, its tasks, and associated solutions.  The authors of The Future of Air Traffic Control note “a significant risk associated with overreliance on user inputs is the common divergence of user preference and actual performance. Users may prefer one design option but actually perform better with a less preferred option” (Wickens, et al., 1998,  p. 212).  Therefore, it is recommended that the program office be wary of these risks and actively seek to involve and integrate specific human factors expertise so as to mitigate the effects of overreliance on the same few users’ inputs with their potentially limited perspective.

3. During the interviews several reference were made to the establishment of GDP-E “procedures.”  As can be noted in the summary of those comments, some respondents believed that the current program works well because of its flexibility while others have a desire for more rigid guidelines.  This is an expected and typical philosophical tension that will need continued programmatic involvement.  Additionally, one of the interviewees noted the common management maxim that 80% of system improvement comes from process improvements as opposed to the introduction of new technology.  Therefore, the program office should specifically seek ways to strengthen its assessment and development of the human factors suitability aspects of the GDP-E’s development.

4. In response to user and service provider concerns of policing those who might choose to abuse the system, the program office should consider and evaluate the future need for the FAA to assume the role of “system sheriff.”

5. Finally, GDP-E is one of many decision-making tools available to traffic managers.  While this report has dealt with GDP-E as a stand-alone tool, it must be recognized that it along with the other tools will need to be integrated into an efficient and meaningful workstation.  The integration of both the physical and cognitive tasks and functions associated with the collective operation of the developing traffic management tools and workstations should be an ever-present consideration of the program office.  Early and continuous involvement of human factors practitioners is essential and recommended.
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