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RPD DATA SECTION



1.  RPD Name:
ATS Human Factors



2.  RPD Number:




3.  Project Number and Name:
082-110 ATS Human Factors



4.  RPD Manager:
Lawrence Cole



5.  MNS Number and Name:
ATS Human Factors



6.  Target Area Team:
Air Traffic Services



7.  Date:
2/5/97



8.  Sponsoring Organization:
Air Traffic Services



9.  Sponsoring Priority Assigned to the RPD:




10.  Sponsor Requirement:





11.  Sponsor Priority Assigned to the Requirement:





12.  Target Area Team Priority:





13.  Preparation Staff Hours to Date:



RPD GOAL SECTION



14.  Outcomes:

Contribute to future concepts of NAS operation that build an integrated infrastructure that enhances human/system efficiency. Increase understanding of the human factors of emerging technologies, changing human roles and responsibilities, and evolving procedures to help optimize human performance. Promote integration of human factors products into the development of advanced operational concepts and the NAS architecture. Develop enhanced measures of human performance and increase understanding of factors which can lead to performance decrement. 





15.  Output(s):

The  products of this program will include:  reference data and criteria;  methods, tools, and measures; facility and equipment design recommendations and specifications;  operational taskload and performance baselines;  expert human factors guidance;  test and evaluation checklists, procedures, and determinations;  evaluative findings focused on human factors in present and future operational environments, and coordinated  human factors integration oversight for the evolving NAS.  These products will provide essential assistance to FAA’s Air Traffic Services for implementing and enhancing of advanced operational concepts, including the systems, subsystems, and procedures integral to these concepts.  Research products are also shared with the international aviation community. 

The human factors research and development products will include:



1. Models of performance and efficiency based on system variables .
2. Development of workload performance measures and models for existing systems and new technologies
3. Human/system productivity enhancement technology

4. Advanced methods and technology for training operational personnel
5. Tests and criteria for selecting operational personnel
6. Design of operational facilities and control rooms
1. 




16.  Relationship to Current Aviation Community Initiatives:

Research directly supports the RTCA Free Flight Action Plan by specifically addressing recommendations to:

-  “Establish more flexible decision support systems involving collaborative decision making “(# 8); 

-  Determine a means of measuring controller workload and the complexity of air traffic operations (#16); 

-  “Conduct human-in-the-loop simulations for assessing controller and pilot perceptions of hazards, risks, and discomfort.  -   -  Performance, workload, and situation awareness associated with controller and pilot responses to time and distance buffers will be measured” (#33f); 

“Real-time human-in-the-loop simulations should be conducted to systematically study controller and pilot behaviors, interactions, and effects within NAS environments that represent dynamic densities and sector configurations anticipated for free flight” (# 34). 
The Free Flight concept presumes an effective underlying NAS infrastructure comprising properly functioning  communications, navigation, surveillance, and automation services. Operation of these basic NAS services requires systematic maintenance that depends on human managers and specialists whose future work  environment is evolving towards the Airway Facilities Concept of Operations for the Future as well as the NAS Infrastructure Management (NIM) concept. The transition to this environment requires diverse human factors research and development products to facilitate introduction of increasingly centralized management and control facilities, equipment, and procedures that interface with an increasingly mobile but smaller maintenance workforce.  Research and development focused on human/ system productivity enhancement and other matters is required to facilitate this transition, so that each specialist can become increasingly effective in maintaining more NAS equipment. 



17.  Customer/Stakeholder Involvement:

· The ATS Human Factors R & D Program directly supports the  “National Plan for Civil Aviation Human Factors: An Initiative for Research and Application”.  This document,  published in March 1995, with FAA, NASA, and DOD as signatories,  had extensive aviation community participation in its development and outlines a coherent national agenda for human factors research and application leading to significant improvements in NAS safety and efficiency.  

· The FAA’s 1996 Strategic Plan notes that human factors is crucial to not only maintaining safety, but also expanding system capacity and achieving all the goals outlined in the “National Plan for Civil Aviation Human Factors”.
· The ATS Human Factors R & D Program responds to the broad ATS objective to “improve NAS equipment availability through more ergonomic use of maintenance automation technology,”  focusing  on human/system productivity enhancement.




18.  R,E&D Subcommittee Comments on RPD:





19.  Congressional Mandates and NTSB Initiatives:

· The Aviation Safety Research Act of 1988,  Section 3,  “wherein Congress stipulates that human factors research be conducted to “enhance air traffic controller performance”, “develop a human factor analysis of the hazards associated with new technologies”, ”identify innovative and effective corrective measures for human errors“, “develop dynamic simulation models of the ATC

· The House Appropriations Committee’s 1997 DOT Appropriations Bill cites human factors as “far and away the greatest cause of aviation accidents” and calls for a “high priority” on research into “human factors problems experienced by air traffic controllers and FAA maintenance personnel.”





20.  Mission Relevance:

Goal 3 of the Agency’s 1996 Strategic Plan is to “Eliminate human factors as a causal factor in accidents and incidents”.  As technology continues to advance, the human element increasingly becomes the critical factor in the safety of the system.  Although human operational personnel in the NAS are extremely adaptive and routinely make the most of poorly designed equipment, facilities, and procedures, designing to make effective use of human strengths and circumvent human limitations, to promote high human productivity,  is in the best interests of the NAS and the aviation community.   The efforts contained in this research plan place special emphasis on eliminating the human factor as a contributing factor in accidents and incidents, but also to augment human performance and productivity within the NAS.  Since the FAA has primary responsibility for assuring the continued safety and efficiency of the evolving NAS, it must also ensure that the human factors considerations associated with these advancements are understood prior to the  implementation of new technologies and procedures such as free flight. The tasks included in this RPD are activities that must be accomplished either at the start of or during a major system acquisition program.  The work addresses a human environment that is unique (in terms of systems utilized or maintained) to the AT and AF work forces.  Department of Defense has similar work environments in terms of air traffic control systems, generally acquires these systems from the FAA contracts, and looks to the FAA for human factors initiatives in the air traffic system area.  Private sector could do this research activity if funded by the FAA - but without government funding there is no incentive for them to proceed with this essential HF research. This research program also has an important  system-wide impact in that  it reinforces the continuing presence of a small cadre of FAA professionals who foster human factors consistency and interoperability among diverse FAA programs.


GPRA SECTION



21.  Performance Goals and Indicators for the Outcome(s):

Perf. Goal 1:  Reduce the frequency of accidents, incidents, and operational errors in the NAS
Perf. Indicator 1:  Numbers of accidents, incidents and operational errors in which human error is identified as one of the causal factors..
Perf. Goal 2:  Provide for a smooth transition to alternative concepts of operation and enhance the efficiency of the NAS by reducing the number of traffic delays and disruptions attributable to NAS service outages.
Perf. Indicator 2:  Number of NAS outages traceable to human error or omission. Changes to the Air Transport Association’s estimate of revenue lost to system inefficiencies.



22.  Performance Goals and Indicators for the Outputs:

Perf. Goal 1:  Human factors information generated through the conduct of this program should result in a five percent reduction in the number of accidents, incidents, and operational errors relative to the increasing number of operations anticipated in the NAS.

Perf. Indicators 2 : Numbers of accidents, incidents and operational errors in which human error is identified as one of the causal factors.

Perf Goal 2:  By 2002 increase NAS efficiency by one percent.

Perf. Indicator 2:  Changes in Air Transport Association’s estimate of revenue lost due to system inefficiencies.
Perf Goal 3:  From 1998 to 2003 provide continually refined human performance baseline measures for use in the evaluation of the implementation of new systems and their associated pre-planned product improvements.

Perf. Indicator 3:  Delivery of performance measurement tools.

Perf. Goal 4:  Better assure that automated systems: properly support the roles of air traffic controllers, NAS technicians, and pilots; are accepted operationally; that they safely and efficiently perform their intended functions; that appropriate allocation of tasks and responsibilities exists across components of the human/machine system; and auditory and visual displays support operator situation awareness in advanced concepts of operation
Perf. Indicator 4: Changes in Air Transport Association’s estimate of revenue lost due to system inefficiencies. Numbers of accidents, incidents and operational errors in which human error is identified as one of the causal factors.

Perf. Goal 5:  By 2002 reduce the ATS selection and training costs by ten percent relative to the 1996 baseline.

Perf Indicator 5:  Decreases in attrition, litigation, training time and cost, attributable to valid selection tests and training requirements.

Perf. Goal 6:  By 2000 validate the human factors elements of an integrated air-ground operational concept for the 2005 air traffic management system (free flight).

Perf. Indicator 6:  Demonstrated pilot ability to safely and efficiently provide self separation and successful transition from unconstrained to constrained airspace in a free flight environment. Demonstrated controller ability to safely and efficiently operate in a free flight environment. 
Perf. Goal 7:  Enable fewer maintenance managers and specialists to effectively support an increasing span of facility responsibilities.

Perf. Indicator 7:  Meaningful reductions in maintenance task durations.
* Performance estimates are contingent upon the appropriate application/integration of  human factors outputs into associated agency programs.







RPD PLAN SECTION



23.  Technical and Programmatic Approach:

The nature of the targeted research products determines the most appropriate technical approach. Diverse technical methods are therefore applied and developed as required to address the variety of  efforts in the areas of selection and training, computer-human interface, information management and display, facility and control room design, workload and performance baselining, and human-centered engineering that are being conducted under this RPD. Some representative human factors research techniques include, but are not limited to: studies at NAS field facilities, literature searches, surveys, structured interviews, various methods of data collection and analysis, rapid prototyping, computational models, and human-in-the-loop simulation experiments of varying degrees of fidelity.



24.  Key Products and Milestones:

ATS
Guidelines to enhance operator situation awareness

Recommendations for allocation of function between humans and machines

Recommendations for display of complex data from multiple sources in ATM

Human factors analyses of roles & responsibilities of ATCS in free flight

Define skills needed in next generation controllers & technicians

Develop & validate selection instruments

Develop and validate new initial selection instrument for Air Way facilities technicians

Recommendations to enhance collaborative decision making between ATM system and AOCs

Air traffic controller performance measures

Develop and validate strategies for human error prevention/mitigation in AF MCCs
Recommendations on allocation of communications tasks between controllers & data linked systems

Recommendations on controller work schedules that reduce fatigue

Guidelines on the use of color in alerts
Human factors guidelines for shared information displays in air-ground communications
National Research Council assessment of HF in ATC: “Flight to the Future”
Human factor design guide for ATC systems

Human factors reference book for COTS/NDI procurement of Airway Facilities equipment
Validate current controller selection test



Baseline and analytically extrapolate measures of  AF Maintenance Control Center taskload and performance

Free Flight
Develop guidelines for use of air-to-air communications via data link in free flight environment.

Complete guidelines for message content of data link ATC communications relevant to the task of aircraft self-separation.

Define air-ground data link procedures for free flight concept.

Complete guidelines for availability of flight deck and ATC data link communications for air-air negotiations.

Develop guidelines for definition of roles and responsibilities in free flight environment.

Define human factors issues for transition from unconstrained to constrained airspace in free flight.

Develop testbed for examining procedures and communications for transition from unconstrained to constrained airspace.

Develop guidelines for rules of the road for aircraft as they transition from unconstrained to constrained airspace.

Develop pilot training guidelines for free flight operations.



25.  Schedule Graphic:

See attached Excel spreadsheet



26.  RPD Risk Description:

The risk of failing to achieve the RPD listed products is considered low.









27.  Risk Mitigation Plan:

There is no risk mitigation plan in place.



28.  Partnerships and Major Contracts:

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”. This document lays out a coherent national agenda for human factors research and provides the conceptual framework for the Air Traffic Services (ATS) human factors program. Coordinated research efforts are conducted with NASA Ames in the areas of free flight and shift work induced fatigue and associated countermeasures. An Inter Agency Agreement with the US Navy at the Naval Air Warfare Center is in place to facilitate collaborative research in areas of selection and training.  Additionally, elements of the controller performance research project are conducted in concert with the USAF’s Armstrong Laboratory. Grants are in place with Embry-Riddle Aeronautical University to study human factors issues in Air Traffic Management and at the University of Illinois in the area of automated systems. Internationally, research results on the development and validation of controller applicant selection methods are shared between project leaders in this program and their functional equivalents in Sweden and Denmark



29.  Technology Transfer:

Research findings are routinely shared with industry, academia, and other government agencies through the AAR-100 Internet web page.  Copies of research reports are also disseminated to interested parties according to standard distribution lists or on request through AAR-100 or the National Technical Information Service.



30.  Related Projects:

The ATS Human Factors Program as described in this RPD is comprised of numerous subprojects that fall into the general categories of selection and training, human centered automation, information management and display, and human performance measurement/enhancement.  All of these projects address some human factors component integral to the iterative development and validation of new operating concepts.   A number of the human factors maintenance projects  respond to the broad ATS objective to “improve NAS equipment availability through more ergonomic use of maintenance automation technology.”  Because the FAA concept of future maintenance operations concerns the entire NAS, human factors research and development conducted to augment  future maintenance is obviously related to specific Facility and Equipment (F&E) maintenance projects.  These include the NAS Infrastructure Management System (NIMS). The human factors research is conducted independently of such projects and is not a step in F&E acquisition, but as a facilitating source of potentially useful information and technology. The F&E projects could, however, benefit by having access to products that would otherwise not be available for later application, adaptation, and refinement. 



31.  Coordination with F&E and Ops:

F&E and Ops costs are not applicable to this project.



32.  JRC Baseline:

N/A



33.  Project Accomplishments:

Sponsored the National Research Council’s assessment of human factors issues in the air traffic control system. The NRC’s recent book “Flight to the Future - Human Factors in Air Traffic Control” is a product of this study.  It contains a wealth of information, conclusions, and recommendations from this distinguished panel of aviation human factors experts.  “Flight to the Future” is currently being widely disseminated in the FAA.
Published a extensive book of information and advice on human factors issues in the design and evaluation of ATC systems and subsystems. To date this book and its associated electronic checklist have been widely distributed within the FAA to ATS and Integrated Product Team (IPT) customers for internal use.

Supported FAA emphasis on the procurement of Commercial-off-the-Shelf (COTS) and Non-Developmental Items (NDI) for application in ground-based NAS systems by creating and distributing a comprehensive reference book to aid in identifying and addressing human factors issues associated with the procurement, design, development, and testing of COTS/NDI systems. 

Validated the current air traffic controller pre-training screen selection instrument to ensure that it was both effective and free of any race, gender, or cultural bias. 

Completed development of enroute Systematic Air Traffic Operations Research Initiative (SATORI), a research tool that uses routinely recorded ATC computer and voice data to re-create and display air traffic control operational incidents in the same way that they appeared on the controller’s radar screen. SATORI has been transitioned to ATS where it was procured for installation in all Air Route Traffic Control Centers to study operational errors.

Conducted a human/system performance assessment of the Departure Sequencing Engineering Development Model (DSEDM). Findings were briefed to Air Traffic while the system was under consideration for national deployment. 

At the request of the director of Air Traffic Services (AAT-1), completed a human factors audit of the Converging Runway Display Aid (CRDA) installed at St. Louis Airport). CRDA is a decision support tool that helps terminal radar controllers to efficiently space aircraft arriving on separate, converging runways. 
For the director of the Air Traffic Office of Plans and Requirements, conducted an assessment of the potential productivity gains that might be experienced by air traffic controllers in airport tower cabs due to the Tower Control Computer Complex that was then under development.
For the Airway Facilities Operations Management Team, measured taskload and documented work processes of personnel at present Maintenance Control Centers.

COST AND BENEFITS



34.  Costs and Benefits:

Determining a realistic quantitative relationship between the cost of funds spent on human factors research and the benefits to be realized by FAA and the user is a difficult task that must, of necessity, be  built upon assumptions that would remain largely unsubstantiated.  The estimation task is  complicated  by the fact that human factors research products are assimilated into the NAS as integral parts and do not retain individual identities once the intended end state, namely incorporation into NAS subsystems and applications, is realized. Nonetheless, there is a voluminous technical and operational literature that testifies to the need for this project from the perspectives of system productivity and safety. From the viewpoint of safety, for example, human factors has been definitely identified as a causative factor in approximately 70% of all aircraft accidents.  



35.  Return on Investment:





36.  Affordability:





37.  Impact of Not Funding the RPD:

Outputs from this RPD are critical to the evolution and validation of the new operating concepts upon which the future NAS architecture is based. Failure to properly address human factors issues early on, and iteratively throughout, the development of new ops concepts (such as free flight) will delay successful implementation and increase the likelihood for human error in the system. In the case of free flight, success hinges more upon answering the human questions than the technology questions. Preventable human inefficiencies or errors may not only reduce (or completely offset) the increased productivity that we expect from the implementation of new operating concepts but can also easily result in situations where system safety is degraded as well.



38.  RPD Risk Rating:
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