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	A08b
	Air Traffic Control/Airway Facilities Human Factors
	$9,950,000


GOALS:

Intended Outcomes:
 The FAA intends to:

· Address today’s human factors problems associated with National Airspace System (NAS) transition and operational integration of decision support and other automation.

· Increase understanding of the human factors of emerging technologies, changing human roles and responsibilities, and evolving proce​dures, to help optimize human performance.

· Promote integration of human factors prod​ucts into the development of advanced opera​tional concepts that are based upon transitions in the NAS architecture.

· Develop enhanced measures of human performance and increase understanding of factors which can lead to performance decrements. Develop intervention and management strategies for fatigue and error.


· 
· 
· 
Agency Outputs
: Human factors problems in today’s operations involve human performance considerations and human factors issues in the acquisition of Air Traffic Control (ATC) systems. The study of the relationship between shiftwork schedules and fatigue is identifying techniques for mitigating impacts on controller performance. Taxonomic analysis of operational errors is identifying improvements in how errors are investigated and reported, which in turn is leading to more effective interventions. Human factors research provides guidelines and other information for the design and development of ATC systems and product improvements. Research products are shared with the aviation community via the World Wide Web. Research and development products include:

· Models of performance and efficiency based on system variables 

· Development of workload, performance, and decision-making measures and models for existing systems and new technologies

· Human/system productivity enhancement technology

· Tests and criteria for selecting operational personnel.

· Recommendations for the design of operational facilities and control rooms

· Guidelines and recommendations for minimizing sources of error and fatigue












Customer/Stakeholder Involvement
:  The ATC/Airways Facilities (AF) Human Factors Research Program is the product of continued cooperation and collaboration between the Office of the Chief Scientific and Technical Advisor for Human Factors (AAR-100) and its customer base, the Air Traffic Requirements Service (ARS). Details of the research portfolio are coordinated with the following organizational elements of ARS: Plans and Performance Directorate (ARX-20); Resource Management Program (AFZ-100); NAS Operations (AOP-30); and Air Traffic Procedures (ATP-400). In addition, organizational elements of the Office of Communication, Navigation, and Surveillance Systems (AND), and the Office of Air Traffic Systems Development (AUA) share in research planning through the medium of AAR-100 representatives which reside within those organizations. Also represented is the Offfice of System Architecture and Investment Analysis (ASD-130) which offers input and with whom research projects are frequently coordinated.

Human Factors research is grounded in the human factors issues that emerge from FAA’s ongoing transition to new concepts of operation. The 2005 Concept of Operations states: “the NAS in 2005 takes a human-centered approach to maximize the efficient delivery of air traffic services to users. Thus, system processes and workstations are designed to expedite the exchange of information between NAS information systems, service providers, and users. Human factors analyses and human-in-the-loop simulations have determined the appropriate allocation of tasks between service providers, users, and automation systems. Moreover, issues such as situation awareness, workload, and computer-human-interface (CHI) design have been resolved by incorporating human factors. This approach ensures that the human capabilities and limitations of users and service providers remain a primary consideration in systems development. The evolution of the NAS utilizes a clear transition strategy for each operational capability, and employs a human-centered approach for implementing new operational concepts and supporting technologies”.

The program also draws on NAS Architecture Version 4.0 which specifies: ”a broad range of research activities regarding the implica​tions of human factors.  These research activi​ties will acquire and then apply the informa​tion necessary to understand human capabili​ties and limitations in each functional area.  Human factors engineering will then be ap​plied to identify and resolve risks, and to as​sess costs, benefits, and trade-offs”. 

The ATC/AF Human Factors Research Program is also responsive to the recommendations of the con​gressionally mandated Research, Engineering, and Development Advisory Committee (REDAC). Among REDAC recommendations are suggestions to “Increase emphasis on understanding the implications of various Free Flight architectural alternatives on pilot and controller performance, and incorporate this understanding early in the NAS architecture evolution process”. Some of the human performance issues that ap​pear to be important to “Free Flight” and are factored into planning the research portfolio include:

· Distribution of Air/Ground responsibility

· Strategies and technologies used by controllers to organize traffic

· Ability of controllers to deal with flexible air​space (e.g., dynamic resectorization)

· Monitoring and out-of-loop issues for pilots and controllers

· Trust in automation

· Conflict resolution strategies

· Collaborative decision making behavior

· Gaming behavior on the part of pilots, airlines and controllers

· Shared situational awareness

· Intervention strategies

· Communication requirements

· New strategies for error assessment in a collaborative environment

In addition, research planning is directly tied to the following ARA Performance Goals:

Goal 1. Safety: In support of the FAA’s mission goal related to system safety, contribute to the FAA goal to reduce the fatal aviation accident rate 80% by FY 2007 as compared to 1994-1996 baseline data. 

Goal 2. Human Factors: In support of FAA’s performance goals, ARA will, by 2005, ensure human factors policies, processes, and best practices are integrated in the research and acquisition of 100 percent of FAA aviation systems and applications. Two strategies have been identified to ensure that human factors are addressed in the research and acquisition of 100% of FAA aviation systems and applications.  These strategies cover human factors activities associated with the study, analysis, research, design, development, testing, deployment, and implementation of FAA systems and applications. 

Central to this research program, as well as other research efforts conducted by AAR-100, is its emphasis on the National Plan for Civil Aviation Human Factors: An Initiative for Research and Appli​cation.  This document, published in March 1995, with FAA, NASA, and DOD as signa​tories, had extensive aviation community par​ticipation in its development, and outlines a coherent national agenda for human factors research and application leading to significant improvements in NAS safety and efficiency.
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Accomplishments
:  The program has performed or sponsored the following research with resulting products:

· Developed database of air traffic control performance measures.

· Basic Electronic Specialist Test (BEST) - Improved screening test for selection of AF new hires, with an estimated savings of $3-5 million/year in reduced training costs.

· Variable Item Generator (VIGOR) – This enhances the reliability of the BEST test by mitigating coaching or practice effects.

· Post Operations Evaluation Tool (POET) – Developed a software product that contributes to ATM  collaborative decision-making.  

· Flight Service Station Operational and Supportability Implementation System (OASIS) Study – Conducted virtual reality ergonomic evaluation of proposed Flight Service Station workstations. 

· Database of Air Traffic Control Specialist (ATCS) Field Work Schedules – Completed first element of Congressionally mandated study of controller shiftwork, fatigue, and performance.

· Enhanced Visual Scanning Methodology - Adapted technology for integration with the 2005 Concept of Operations simulation studies. 

· Impact of Shared Separation on ATCS Situation Awareness –  Conducted study of free flight impact on air traffic controllers’ performance.

· Guidelines on use of Color in ATC Displays – This provides Integrated Product Teams (IPTs) with reference information on the most effective uses for color in new system displays.

· Future Controller Selection – Developed prototype methodology to evaluate the impact of technological and Concept of Operations change on controller selection requirements.

· Auditory Alarm Database – Developed extensive database of alarms applicable to the design of alerting systems for AF in future centralized maintenance and control centers.

· Aviation Safety Reporting System Pilot-Controller Communications – Prepared analysis of data concerning occurrences of pilot-controller miscommunication.

· Multi-sector ATC Teamwork Simulator  - Developed and delivered to the FAA Academy for use in Air Traffic Team Enhancement Program (ATTEP).

· Standard Terminal Automation Replacement System (STARS) - Conducted comprehensive assessment of the STARS operational radar display and maintenance control workstations. Identified a significant number of human factors issues which were resolved through a work group comprised of human factors, ATS, STARS program office, NATCA, Raytheon, Mitre and other stakeholders. A  notable product was a definitive process to integrate human factors in other NAS acquisitions.

· Air Traffic Controller Selection  - Collaborated with ATS to develop new selection instrument for air traffic controllers.

· National Research Council (NRC) Study - Sponsored the NRC assessment of human factors issues in the air traffic control system. Under this grant, the NRC briefed the FAA and Congress and published two books, Flight to the Future - Human Factors in Air Traffic Control , and The Future of Air Traffic Control.
· Systematic Air Traffic Operations Research Initiative (SATORI) - Completed development of enroute SATORI, a research and accident investigation tool installed in all Air Route Traffic Control Centers.

· Airway Facilities Maintenance Study - For the Airway Facilities Operations Management Team, measured taskload and documented  work processes of personnel at present Maintenance Control Centers (MCCs).




















R&D Partnerships:
NASA, DOD, and FAA are cooperative partners in the development and execution of the National Plan for Aviation Human Factors: An Initiative for Research and Application. Coordinated research efforts are conducted with NASA Ames in the areas of free flight and shift work induced fatigue and associated countermeasures. Additionally, elements of the controller performance research project are conducted in concert with the USAF’s Armstrong Laboratory and the US Coast Guard R&D Center. Internationally, research on development and validation of controller applicant selection methods is shared between project leaders in this program and their functional equivalents in Sweden, Denmark, Australia, Great Britain, and other EUROCONTROL countries.

MAJOR ACTIVITIES AND ANTICIPATED FY 2000 ACCOMPLISHMENTS:

· Congressionally mandated assessment of the minimum English language proficiency required of controllers in other countries 

· High-fidelity computational models of human performance with larger scale models of NAS operation

· Comprehensive database of ATC performance baselines and metrics

· Report on the impact of dynamic airspace restructuring on air traffic controller performance

· Report on workload issues associated with conflict probe

· Assessment of the impact of conflict probe and Controller-Pilot Data Link Communications on Air Route Traffic Control Center sector team performance

· Taskload and performance measurement pre- and -post Display System Replacement (DSR) implementation

· Assessment of air traffic controller separation strategies 

· Initial results of using bright lights as a fatigue countermeasure

· Strategic job analysis determining changes in controller knowledge, skill, and abilities associated with emerging technologies

· Strategies for human error prevention/mitigation in AF maintenance control centers

· Identification of impacts of alternative work schedules on controller performance

· Enhanced capability to recreate operational incidents using recorded data from the DSR

· Benchmarking of best practices and lessons-learned regarding implementation of enterprise asset management systems for Airway Facilities
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KEY FY 2001 PRODUCTS AND MILE​STONES:

Research to be conducted will impact a wide vari​ety of ATS programs.  To facilitate understand​ing, these efforts are grouped into the following research thrusts previously identified in the National Plan:

Information Management and Display

· Reduction of paper flight progress strips.  Refinements to automation, procedures and training to facilitate reducing the operational need for paper flight progress strips will be developed.

· Resolving human factors issues in controller/pilot data link communications.  Information coding techniques for enhanced future ATS displays will be examined.

· Use of color in ATC alerting.  Efficacy of display coding techniques for information alerting will be explored.

· Information management in future AF systems.  The goal of this task is to determine how to optimize information transfer and display to support operator and team performance in the AF environment. 

· ATC emulation prototypes and simulator development.  The FAA is fielding STARS and the DSR to modernize the terminal and en route air traffic control systems.  These systems will provide the infrastructure for future ATC functionality and advanced ATM concepts.  The FAA is developing emulation prototypes of each of these systems.  These prototypes will provide a rapidly reconfigurable environment to demonstrate advanced ATC concepts and functionality.  Further, the prototypes will be integrated with the existing Target Generation Facility to provide a high fidelity simulation environment to operationally validate concepts and conduct essential ATC research for NAS modernization.

· Update of Human Factors Design Guide (HFDG). This update of the HFDG includes integrating newer scientific design information for the computer-human interface, automation, and other sections.

· Identification and display of ATC complexity factors.  Develop graphic displays of factors related to ATC complexity.  Simulation studies with ATCSs will be conducted to assess the effectiveness of proposed display designs.

Human Centered Automation

· Controller Decision-making. Baseline measures of controller decision-making will be developed and evaluated.  Alternative methods for displaying decision support information will be assessed. 

· Situational awareness in centralized monitor and control. This research will determine what information and feedback is necessary for the operators to stay aware of automated processes and what implications the changing technology will have on situational awareness, workload, and performance.  

· Conflict probe study. This project will use human-in-the-loop simulation to investigate how human operators use conflict probe tools in en route airspace.

Human Performance and Assessment

· Human performance modeling integration.  This research will integrate high-fidelity computational models of human performance with larger scale models of NAS operation, and will leverage data from human-in-the-loop simulation studies.

· Error mitigation. The goal of this research is to identify potential sources of human error and investigate strategies to mitigate their occurrence or severity.

· POWER taskload and performance baseline assessments. A set of numerical measures based on available recorded radar data will be developed to assess controller taskload as well as controller and system performance. The resulting measures will be used to baseline levels of taskload and performance at en route facilities.  Data for facilities receiving DSR in this time frame will be collected and analyzed to compare taskload and performance before and after DSR implementation.

· Flight Planning.  This research makes a detailed account of the opportunities and requirements for, and constraints upon collaborative decision making about the filing and rerouting of flight plans for commercial aircraft.

· Boundary adjustment research. This study will apply real time human-in-the-loop simulation to examine these issues.  Current en route controllers will participate in this study.

· Traffic demand prediction.  This initiative will document information requirements for predicting traffic demand for sectors, and ascertain and document the information a Traffic Management Specialist needs, the sources of that information, and corollary knowledge used to make accurate predictions of traffic demand.
· Team processes in centralized monitor and control systems. This task will evaluate team and organizational concepts for relevance to AF.  The result will be AF guidelines to enhance effective team operations in centralized monitor and control environments.

· Understanding expert ATC performance.  This project will apply techniques from research on expertise to the ATC domain.  Models of ATC performance, as well as objective metrics of cognitive performance, will be developed from this research. The objective measures will be applied to baselining performance in the current system and providing a knowledge base for optimizing transition to future systems.  In addition, the FAA will identify opportunities to enhance cognitive performance in training.

· Baseline assessment of ATC teamwork and collaborative decision making.  This project focuses on developing baseline information on coordinated decision making for the R-side and D-side controllers in the en route environment, and for terminal radar approach controllers.

· Examination of causal factors related to situational awareness.  This project is targeted at reducing operational errors and deviations through the understanding of causal factors.

· Shift work and fatigue.  This research is designed to evaluate the effectiveness of specific countermeasures for preventing shift work-related fatigue.  The interaction of fatigue with age will be investigated. 

· Human factors brochure for controllers.  This brochure will provide controllers with helpful information about human factors they can use to enhance on the job performance. 

· Complete  DSR revisions of SATORI. SATORI enhancements are needed to read and analyze DSR recorded data.
Selection and Training
· Develop and validate computerized application evaluation systems. These systems will provide a tool for evaluating large number of applicants quickly and efficiently against qualification standards.

· Develop and validate computer-based selection tests.  This project entails developing technical refinements to and conducting longitudinal validations of prototype modular, computer-based selection tests for near-term hiring into the ATCS, Electronic Technician, and Air Traffic Service Specialist  occupations.  

· Develop a prototype workforce analysis application.  This tool will support the identification, description, and analysis of gaps between current and future workforce knowledge, skills, and abilities, and staffing profiles in the NAS architecture. 




































FY 2001 PROGRAM REQUEST:  The FY 2001 research program reflects a heightened emphasis on working with ATS to more fully address the pressing human factors issues that pose operational and maintenance risks for successfully fielding new technologies and procedures (such as Free Flight and Airway Facilities Operational Control Centers) over the next several years.  Research projects focus on providing timely information to answer critical human factors questions associated with how these new systems and procedures will change human roles and responsibilities, and consequent baseline changes to workload, situation awareness, error, and other performance attributes.  Human factors research will ensure that human performance within this ever evolving and increasingly complex NAS is continually optimized to ensure effective human-system integration.
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