1. Chapter: Eight   






 2. Date: 11/16/95 
     

3. Chapter Priority (Chapter Team):  

4. Agency Priority (RE&D Team):  




5. Sponsoring Organization: Flight Standards Service (AFS)

Name: Martin Potter  




Phone: 7-3723



Les Vipond






  7-3269



Thomas M. Longridge




(703) 661-0260
6. Program Number: 081-110  
  


7. Program Name: Flight Deck/Maintenance/System Integration



    

8. Program Manager: Tom McCloy    



Phone: 7-7125 

9. Project Number  523

10. Project Name: Human Performance Assessment
11. MNS Number: 187

MNS Name:
Flight Deck Human Factors



         160



Aircraft Maintenance Human Factors


         188 



Flight Deck/ATC System Integration









Human Factors



         191



Air Carrier Training and Evaluation
12. Project Leader:  
Ron Simmons




Phone: 7-7058
13. Project Objective(s): This project seeks to improve understanding and develop means of measuring human performance (individual, team, and organizational) capabilities and limitations in the flight deck, aircraft maintenance and ATC work environments; and, the interrelationships between these environments.  Thrusts in the project are: 1) acquiring baseline knowledge to facilitate the comprehension of human performance,  2) understanding the impact of environment (external and internal) on human performance; and 3) gaining insight into improved and standardized methods for measuring human performance as well as proposing methods to minimize unsafe or inefficient performance.  This research project is an umbrella for numerous research efforts directed towards the understanding and improvement of human performance; each effort addressing one or more of the three thrusts identified above.

Funding for FY98 will be invested in:

· Develop Prototype Automated Performance Measurement System (APMS).  This system is the backbone of the Flight Operations Quality Assurance (FOQA) Program.  The major product from the APMS development will be a desk-top computer based, ground analysis station which will provide for the capture, storage, retrieval, and interpretation of in-flight digital flight information.  The overall impact will be more efficient FAA operations and improved NAS safety.
· Validate Fatigue-Related Computerized Human Performance Model.  NAS policy and regulations concerning human performance should be based on a less subjective model and anchored through scientific data within a computerized human performance model.  the basic computerized human performance model, developed in 1995, will be greatly refined, validated and operationally functional by the close of 1998.  This model will provide enhanced capability to reduce fatigue induced human error, thereby improving safety of flight operations.
· Develop Recommendations on GA Pilots Decision-Making Training.  This program develops aeronautical decision-making assessment tools, training programs, and decision aids for general aviation pilots.  In 1998, assessment tools will be used to profile the decision making skills of GA pilots and to identify needed training.  New training programs and decision aids will then be applied to address the deficiencies.  This suite of products will improve decision making skills of general aviation pilots.  Poor decision making is associated with over half of the approximately 480 general aviation fatal accidents each year.
· Develop Maintenance Crew Organization and Training Concepts.  This task will improve maintenance technician’s performance, and hence reduce error, by developing methods for organizing and training structured teams.  The role of situational awareness will be explored to develop training modules.  Lack of situational awareness has been implicated in several maintenance caused accidents including the Northwest-Narita 747 case and the Continental Express-Embraer accident.  The products of this research will impact operations of airline maintenance departments and improve safety through reduction of maintenance error.
· Develop Assessment Tools for Aircraft Maintenance Team Performance.  This task will focus on developing and validating appropriate tools for the assessment of structured technician teams.  The products of this research will impact operations of airline maintenance departments and improve safety through reduction of maintenance error.
· Develop Maintenance Documentation Concepts.  Currently, documentation such as manuals, work cards, bulletins, etc. are poorly designed and can actually induce error by failing to incorporate sound communication principles.  This task will evaluate the specific communication needs in maintenance and produce design guidelines and a decision-aiding tool for documentation.  These products will incorporate guidance on such factors as syntax, graphics, simplified English, and document complexity.  This task targets maintenance error reduction in airline operations.
· Develop Proactive Maintenance Error Audit System.  Current error audit systems such as MEDA are  post-hoc methods which are activated after an accident or incident.  The proposed task will develop a computer-based audit methodology to identify error-likely conditions before they precipitate accidents/incidents.  This task targets maintenance error reduction in airline operations.
14.  Project Products & Schedule:  (See Table 081-110 Human Performance)
15. Project Dependencies:  The development of the Automated Performance Measurement System and its implementation will provide vital  information on flight crew performance, information that will be channeled into the development of enhanced selection and training programs; work described in the 081-110 Selection and Training RPD.  The other projects of this RPD deliver outcomes and products independent of other R,E&D and F&E programs and projects.   The fatigue task will have an impact on the FAA guidelines for flight crew work rules.  The GA decision making assessment and the air carrier maintenance support tasks outcomes will have an effect on training and work standards for the GA community and air carrier communities.
16. Agency/User Goals & Objectives:  The projects described in this RPD primarily address the FAA’s Strategic Goal 3: Human Factors Safety - Zero Accidents.  Eliminate human factors as a causal factor in accidents and incidents and specifically Objective 3C, “ Design procedures that enhance human performance in the most critical areas for NAS operations and maintainers”.  The emphasis of these activities are the flight deck and the maintainers of the aircraft - two areas in which human factors are cited most frequently in the safety statistical accident and incident information.   The information and understanding derived from these projects also impacts the personnel management methods  and federal rules and guidance concerning management of flight deck and maintenance support personnel; which is the focus of FAA Strategic Objective 3D, “Define government and industry organizations and management methods that improve human performance.”
17.1  Benefits to the FAA: 

· Develop Prototype Automated Performance Measurement System (APMS).  The implementation of this system by the air carriers will greatly simplify the exchange of information between the air carriers and the FAA.  On the FAA side it will eliminate 20 person years per year of labor devoted to asking for information, following up on these requests, and placing that information into a data base for analysis.  The yearly savings is estimated at $2M per year.  Estimated time until major revision of the APMS is five years.  Total benefit is then $2M x 5 years = $20M.
17.2 Benefits to the User: 

· Develop Prototype Automated Performance Measurement System (APMS).  This system is the backbone of the Flight Operations Quality Assurance (FOQA) Program.  The major product from the APMS development will be a desk-top computer based, ground analysis station which will provide for the capture, storage, retrieval, and interpretation of in-flight digital flight information.  The overall impact will be more efficient FAA operations (benefit captured in the paragraph above), more efficient air carrier maintenance support operations, and improved NAS safety.  Having automated the process of capturing trends from in-flight data recordings will yield a reduction of 1 to 2 person years per year for each air carrier in terms of data collection and reporting of  information.  It is estimated that APMS will save an aggregate 100 person years per year for the air carriers in terms of data collection and reporting for a ten years savings of 100 persons x $60K per person  x 5 years = $30 M.   In terms of safety, the APMS will provide an informational database which will offer proactive safety alerts and trends.  It is estimated that the major safety impact of APMS will be in terms of reduced pilot procedural errors which is a causal factor in ~ 45% of commercial jet accidents.    From 1989 to 1994 (Aviation Safety Statistical Handbook, August 95), 141 commercial (large) air carrier aircraft accidents occurred of which 30 were fatal with a total of 652 fatalities.  It is hoped that implementation of the APMS will reduce the air carrier accident rate (for 100K miles flown) by 5% which equates to preventing 1.4 air carrier accidents per year one of which 0.3 is fatal.  Dollarwise this is approximately $1.4M air craft restoration for each of the 1.1 non-fatal accidents and $3.6 M for replacement cost for the  0.3 fatal accident.  Also accident investigation cost is $ 1M per accident.  Individuals hurt as a result of the 1.1 non-fatal accidents is estimated at 17 persons at an injury cost of $500 K per person.  The 0.3 fatal accident is estimated to cause 7 fatalities and 14 injured persons.  Injury and loss of life costs would be 7 x $8M per life =  $56 M ; plus 14 persons x $500K = $7 M for injury costs.  Total savings per year would be $1.5 M ( aircraft restoration) + $3.6 M (aircraft replacement) + $1.1M (accident invest.) +  $8.5 M (injury costs) + $56 M (loss of life) + $7 M (injures besides fatalities) =  ~ $80 M per year.  Total user benefit for five years of APMS will be $430 M.
· Validate Fatigue-Related Computerized Human Performance Model.  NAS policy and regulations concerning human performance should be based on a subjective model and anchored through scientific data within a computerized human performance model.  the basic computerized human performance model, developed in 1995, will be greatly refined, validated and operationally functional by the close of 1998.  This model will provide enhanced capability to reduce fatigue induced human error, thereby improving safety of flight operations.  Approximately 2000 aviation accidents occur per year.  The Boeing study of 232 accidents showed that better control of cockpit crew fatigue may have prevented 3% of these accidents.  The fatigue factor appears to be much higher for general aviation accidents.   The objective of this program is to reduce fatigue caused aviation accidents rate by 50% which represents a savings of  $70 M per year in terms of loss of life and another $60 M per year in terms of saved property damage and injury related costs for a yearly total of $130 M.  Recommendations from this study will remain valid for at least 5 years after being fully implemented, thus a total savings of $650 M.
· Develop Recommendations on GA Pilots Decision-Making Training.  This program develops aeronautical decision-making assessment tools, training programs, and decision aids for general aviation pilots.  In 1998, assessment tools will be used to profile the decision making skills of GA pilots and to identify needed training.  New training programs and decision aids will then be applied to address the deficiencies.  This suite of products will improve decision making skills of general aviation pilots.  Poor decision making is associated with over half of the approximately 480 general aviation fatal accidents each year and has approximately the same impact on the other 1500 yearly non-fatal GA accidents.  It is estimated that the decision-making recommendations will have a 5% impact on the new decision-making training and that the decision-making training will reduce the number of GA accidents by 5% per year.  In terms of dollars, this would be 100 fewer GA accidents ($2.6M restoration/ replacement costs + $280 M (fatality cost) + $50 M injury costs) per year.  Total benefit for the recommendation work then would be $16 M per year for appropriately seven years until a new study and recommendation cycle is begun and implemented = $112 M.
· Tools for Aircraft Maintenance Team Performance, Develop Maintenance Documentation Concepts and Develop Proactive Maintenance Error Audit System.        These tasks all seek to improve the maintenance technician’s performance, and hence reduce error by developing methods for organizing and training structured teams, assessing those teams, providing more understandable and complete aircraft documentation, and instituting methods for automatic quality control.  Air carrier operating efficiency is directly impacted by maintenance mishaps.  They occur during towing, pushback, and servicing in addition to scheduled and unscheduled maintenance.  These mishaps are costly in terms of repair parts, labor, and lost operating revenue.  Based on data from Continental Airlines, this cost was ~ $70 K per operating aircraft per year.   With 5,300 air carrier aircraft nationally for all companies, the yearly cost could be extrapolated from the Continental data to be 5,300 aircraft x $70K = ~ $370 M in expenses associated with aircraft maintenance mishaps.  The efforts under this task seeks to reduce maintenance errors by 20%.  Of course the implementation of the recommendations will require expenditure of air carrier resources.  For the purposes of claiming benefits for the R,E&D prototyping, it is assumed the R&D is responsible for 10% of the benefit for five years before another set of recommendations are incorporated.  The benefit is 10% R&D impact x 20% reduction x $370 M per year = $7.4M.  Total claimed efficiency benefit is $7.4 M per year x 5 years = $37 M.   Improved maintenance support also has a safety benefit.  The Boeing study showed that approximately 15% of its aircraft accidents could have been prevented by better maintenance support.  This is similar to NTSB data which cites mechanic (14 times) and ground crew (10 times) as causal factors in 103 large air carrier accidents from 1989 to 1993.   Lack of situational awareness has been implicated in several maintenance caused accidents including the Northwest-Narita 747 case and the Continental Express-Embraer accident.  The NTSB data is looking at maintenance error is a causal effect while the Boeing data is looking beyond error to what more could have been done in terms of maintenance support.   The emphasis of the program in terms of creating a team responsibility is aiming at the Boeing objective of not only eliminating errors but also developing better maintenance methods.
· Develop Assessment Tools for Aircraft Maintenance Team Performance.  This task will focus on developing and validating appropriate tools for the assessment of structured technician teams.  The products of this research will impact operations of airline maintenance departments and improve safety through reduction of maintenance error.  It is estimated that the application of these improved organizational concepts and support tools will cause a 1% decrease in the air carrier accident rate which is equal (using the calculations of the paragraph above) to $16 M per year.  Benefits over five years is $80 M of which the R&D portion claimed is $8 M.  Total 5 year user benefit including efficiency and safety is $45 M.  In Table 081-110 Human Performance, the benefit is spread between the four component tasks based on the total FAA investment for each of these component tasks.
18. Mission Relevance of the Technology:  The human performance assessment research tasks are in direct response to the FAA’s responsibility for certifying the training programs and the personnel policies of the air carriers and other aviation related training activities along with the licensing and certifying of individual pilots.   The research enhances pilot and crew performance and provides the FAA with required information for approving these techniques.  No other government activity has the statutory responsibility in these research areas.  The research will demonstrate the feasibility of the proposed techniques, an activity that is too far reaching for any commercial organization to sponsor on its own.  Once feasibility is proven, the commercial side will adopt these techniques and accomplish their implementation.
19.1 Risk (R,E&D Phase): The risk of not accomplishing these RPD tasks is considered low.
19.2 Risk (Implementation Phase):  The risk of not implementing these RPD tasks is considered low.   There is a high demand for these products.
20. Coordination With F&E Planning:  The impact of these projects will be in the modification and/or development of operational procedures and modification of selection and training practices based on the human performance data derived from this work.  No elements of these projects require expenditure of F&E funding for their incorporation.
21.1 Agency Exposure (000’s):
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21.2 User Exposure:   (See Table 1, 081-110 Human Performance) 

21.3 Industry & Other Exposure:  None
22. Program Accomplishments:

· Fatigue.   A major effort, involving FAA, NASA, and DoD scientists, continues in the area of shiftwork and fatigue focusing on assessing the impact of fatigue on NAS operators and developing appropriate countermeasures to eliminate or mitigate adverse effects on performance.  A video was developed and distributed through safety seminars to general aviation  pilots on recognizing and dealing with fatigue.  Additionally, an extensive survey of Regional Airlines operations was completed and is now being analyzed.  Finally, Two new projects were initiated.  One looking at ATC shiftwork and fatigue and the other at the effects of napping on the midnight shift as a possible fatigue countermeasure for Air Traffic Control Specialists and other NAS operators working the night shifts.  The results of all of these efforts impact the capability to better address fatigue related human performance errors and thereby improve safety and efficiency in the NAS.  

· Automated Performance Measurement System. The Automated Performance Measurement System (APMS) prototype was delivered.  A requirement of the Advanced Qualification Program (AQP) is that performance data be accessible to the FAA.  The cornerstone of this capability is APMS.  This system provides information on inflight aircraft performance parameters that can then be analyzed in the context of crew task performance and used to address training or procedural changes to improve NAS operations.  

· Human Factors Guide for Aviation Maintenance.  The guide describes fundamental human factors concepts and guidelines for aviation maintenance supervisors and technicians.  It provides practical, usable guidance to supervisors and planners in the aviation maintenance industry.  The electronic version expands the content by incorporating sound and video that supplement the paper-based text and still images.  It also provides full-text search capability, as well as hypertext linking between chapters and other documentation.  These additional features enable users to rapidly locate pertinent information.  The guide is tool to enhance the efficiency and effectiveness of aircraft maintenance operations
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13. Project Objective(s):  Human-centered automation research focuses on the future role of the operator and the cognitive and behavioral effects of using automation to assist humans in accomplishing their assigned tasks for increased safety and efficiency.  The research activity identified by this RPD will develop automation principles that enhance overall flight deck and aircraft maintenance human performance.  The research will specifically address 1) issues related to the degradation of basic flight crew skills with the associated performance implications should the flight management and cockpit automation fail; 2) hesitancy of crew members to take over from an automated system even when there is compelling evidence of a problem; 3) keeping the crew member/maintainer in the loop and situationally aware of the aircraft  system performance; 4) optimal human-machine interfaces for advanced systems; and, 5) crew member and maintainer workload impacts (too much/too little) associated with increased automation of crew and maintainer functions.

Funding for FY98 will be invested in:

· Human Factors Evaluation of Advanced General Aiation Transportation Experiments (AGATE) Cockpit Controls/Displays.  Human factors guidelines will be developed to assess cockpit integration of advanced navigation and alerting systems and to assess the effects of  heads-up displays in GA cockpits.
· Recommendations for Improved Utilization of Flight Management Systems.  Human factors recommendations will be developed to improve mode awareness in design, operation, evaluation, and certification.
· Guidelines for Certification of GA Cockpit Displays.  This effort will identify display characteristics that should be addressed in the design and evaluation of formats used to electronically depict information in the cockpit, particularly with regard to GA applications.  It will provide needed guidance to FAA certification personnel.
14.  Project Products & Schedule:  (See Table 081-110 Human-Centered Automation)

15. Project Dependencies:   The general aviation related tasks will provide important input to the General Aviation and Vertical Flight Program, CIP Project 022-140.

16. Agency/User Goals & Objectives:  The projects described in this RPD primarily address the FAA’s Strategic Goal 3: Human Factors Safety - Zero Accidents.  Eliminate human factors as a causal factor in accidents and incidents and specifically Objective 3C, “ Design procedures that enhance human performance in the most critical areas for NAS operations and maintainers”.  The emphasis of these activities are the flight deck and the maintainers of the aircraft - two areas in which human factors are cited most frequently in the safety statistical accident and incident information.   The information and understanding derived from these projects also impacts the personnel management methods  and federal rules and guidance concerning management of flight deck and maintenance support personnel; which is the focus of FAA Strategic Objective 3D, “Define government and industry organizations and management methods that improve human performance.”
17.1  Benefits to the FAA:  The internal FAA benefit from these tasks will be guidance to the Flight Standards personnel concerning criteria for approval of new display and flight management systems.  Having guidance available will reduce the time required to approve new product requests and is estimated to be a savings of 10 person years per year for a savings of $1M per year.  This guidance will have a major update in five years so the life of the benefit is five years.  Total FAA efficiency benefit is thus $5 M.  The benefit is apportioned to the tasks shown on Table 081-110, Human Centered Automation according to the magnitude of the total R&D investment in the task.

17.2 Benefits to the User: 

· The introduction of improved avionics and displays to the GA aircraft will provide aircraft capability and lower cost - major objectives of the AGATE program.  Benefits claimed by this RPD represent the value of these systems in reducing accidents and aircraft avionics costs.  Over 80% of the 2000 general aviation accidents (20% fatal with a loss of life of 730) per year are in part attributed to pilot error.  It is believed that better human factors design of aircraft controls and displays could reduce these accidents by at least 10%, with associated savings of life and injury.  A 10% savings in loss of life equates to ~ $580 M yearly savings.  Property damage, injury, and investigation savings adds another $200 M.  The human factors contribution by these tasks should impact the AGATE program and the associated commercial activities by 0.5% and thus the claimed portion of the yearly safety savings is 0.5% x $780 M = $4 M.  Assuming the tasks recommendations are valid for five years, the total claimed savings are $20 M.  In Table 081-110, Human-Centered Automation, the benefit savings are apportioned between the GA tasks based on their R&D investment costs.

· The task concerning human factors review of the Flight Management System has an expected benefit of reduced error by the air carrier flight crew.  From 1989 to 1994 (Aviation Safety Statistical Handbook, August 95), 245 commercial (large and small) air carrier accidents (60 fatal) occurred with a loss of 858 lives.  It is estimated that the recommendations by this RPD task will reduce the commercial accident rate by 0.2% which is equivalent to a reduction of ~ 0.1 accidents per year of which 0.025 were fatal with .4 lives lost.  Yearly savings is estimated (using information presented in 081-110 Human Performance, par. 17.2) to be $4.8M.  It is also estimated that the recommendations will be valid for approximately 5 years; thus, total benefit (savings) is estimated to be $24 M. 

18. Mission Relevance of the Technology:  The human-centered automation research tasks are in direct response to the FAA’s responsibility for approving the avionics utilized in aircraft to insure their use will not diminish the effectiveness of the flight crew in flying the aircraft and that the equipment will provide the needed functionality to utilize the National Airspace System (NAS).  Additionally the research work is essential in fulfilling the FAA’s role of defining the operation of the NAS in respect to the pilots and crew who utilize it.  No other government activity has the statutory responsibility in these research areas.
19.1 Risk (R,E&D Phase):  The risk of not completing the work in this RPD is low.
19.2 Risk (Implementation Phase):  The risk of the products from this RPD not being utilized is considered low.
20. Coordination With F&E Planning:  The impact of these projects will be in terms of guidance to flight standards in the certification of avionics packages and in the definition of enhanced flight operations.  Results of the Flight Deck/ATC Automation work could impact the design of ATC and FMS systems in terms of functional requirements to enhance the effectiveness of these systems.  Planned product improvements will be the mechanism for these system changes if the research shows a significant benefit for these changes.

21.1 Agency Exposure (000’s):
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21.2 User Exposure:   (See Table 1, 081-110 Human-Centered Automation) 

21.3 Industry & Other Exposure: None
22. Program Accomplishments:

·  Enhanced Simulation Capability.  The 747-400 Simulator, jointly acquired with NASA, and the Advanced General Aviation Research Simulator (AGARS), recently accepted at CAMI, provide state-of-the-art capability to address both air carrier and general aviation pilot performance issues with glass cockpit operations.  They provide platforms for addressing current and future human factors issues, such as, equipment design, evaluation, operation, and certification; fatigue and workload; integration with ATC in free flight environment; error mitigation; and training.  These capabilities directly support a safer and more efficient NAS.

·  Flight Deck Automation.  Thirteen air carrier accidents within the past 20 years have automation as a possible contributing factor.  This effort seeks to verify problems related to flight deck automation design, operation, use, and misuse;  and then develop solutions to some of the verified problems. An initial taxonomy of automation issues was identified, is now being verified,  and will provide the framework for prioritizing problems to be addressed.  The resolution of the problems will impact design, operation, certification, and training for automation issues.

·  FAA Aircraft Certification Human Factors and Operations Checklist for Standalone GPs Receivers.   The FAA is responsible for the certification of avionics equipment utilized in the flight deck environment.  The goal of research in support of this requirement is to develop concepts and guidelines for applying human factors in the design, development, evaluation and certification of advanced technology control and display systems.  The guidance that aircraft certification specialists have for certifying the operation and human factors aspects of standalone GPS receivers is distributed among a variety of documents.  The procedures and criteria to be used by these specialists is very general and subject to individual interpretation and judgment.  A job aid was required to standardize evaluation procedures and provide relevant requirements and guidelines in a single easy to use document.  This product was provided to AIR and industry.  It help promote standardization of certification procedures; reduce the need for FAA to provide special training to certification personnel; reduce uncertainty among certification specialists regarding criteria to be used in evaluating human factors aspects of receiver displays and controls; and reduce the uncertainty among manufacturers regarding certification criteria.
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13. Project Objective(s): This project will develop and validate new selection, training, and certification tools, processes, and methods for the Flight Standards inspection work force, the pilots and crew of commercial aviation, the GA pilots, and the aircraft maintenance support work force.  This research activity will investigate and baseline current performance and utilize new technology and increased understanding to provide recommendations and prototypes of methods to more effectively select and train these members of the aviation community.  The work in this RFD strives to understand the relationship between human abilities and aviation task performance, to enhance the measures and methods for the prediction of future job/task performance, to develop a scientific basis for the design of training programs, devices, and aids; to define criteria for assessing future training requirements; and to identify new ways to select aviation system personnel.

Funding for FY98 will be invested in:

· Complete Crew Decision Making and Situational Awareness Guidelines.  These guidelines will support FAA Advisory Circulars and will be used by air carrier training departments to develop the decision making and situational awareness aspects of crew training in compliance with FARs and the Advanced Qualification Program (AQP).

· Refine Model AQP for Part 121 Air Carriers.  Some “lessons-learned” information on the prototype AQP efforts necessitates the revision of the Model AQP to enable an easy implementation of this training program by all air carriers.

· Complete Training Guidelines for Proceduralized Crew Resource Management (CRM).  This task will provide guidelines to air carrier training departments for incorporating CRM concepts and principles into cockpit normal and abnormal checklist procedures resulting in more crew involvement in carrying out the checklists.

· Complete and Validate for Training Effectiveness New Technologies for Level B Full Flight Simulator.  In order to get regional airlines participation in AQP, it is necessary to provide advanced simulation capabilities at significantly reduced costs.  To accomplish this, low cost technologies need to be developed and validated in terms of human performance training effectiveness.  The result of this activity will be a cost effective training device which will allow regional airlines to participate in AQP, thereby increasing effectiveness of pilot training and performance. 

· Develop Training Guidelines for CRM “Skills”.  A parallel task is addressing the decision making and situational awareness aspects of crew resource training.  This task addresses all remaining functions included in the crew resource management arena.

· Validate Line Oriented Flight Training Scenarios developed to address pilot training deficiencies.  These scenarios will be refined and validated to address specific CRM skills which can be used in recurrent pilot training or in remediation for an unsuccessful Line Oriented Evaluation during AQP training.

· Develop AQP Data Base Analysis Techniques.  This task will provide the FAA with meaningful pilot performance data reflecting the effectiveness of pilot training programs.  These techniques will also allow the air carriers to identify trends or problem areas in their training that require attention.

· Complete Assessment of Culture on Crew Resource Management and the Effects of Culture on the Use of Automation.  This information will be used by air carrier training departments to tailor CRM training to diverse populations and to alert automation manufacturers and training departments to the cultural differences.  These differences should be reflected in design and training philosophies.

· Develop CRM Training Guidelines for Cockpit  Automation.  This area is not being addressed in most CRM/Line Oriented Flight Training programs; but, has been identified as a critical factor in a number of aviation accidents.  It is imperative that the air carrier industry institute comprehensive CRM training to incorporate airborne automation systems, which are often thought of as the “silent crew member.”  This research project will determine the CRM requirements for successful crew interaction including the automated systems.  This project will develop automation CRM training guidelines, training assessment tools and scenario development guidelines which address the effective utilization of this “silent crew member.”  Result will be a more effective aircrew training program and improved safety of airline operations.

· Develop CRM Guidelines for Free Flight Environment.  This task will analyze the cockpit CRM training requirements brought on by the implementation of the Free Flight operating concept.   It is thought that the shift to Free Flight will introduce new CRM requirements to the cockpit environment that may not be addressed in current CRM courses.  Once the requirements are identified, this research task will determine the most effective manner to develop supplemental Free Flight CRM training guidelines.

· Develop Guidelines for Aircraft Maintenance Technician Resource Management (TRM) Training.  Technician resource management training programs are underway at a number of airlines.  Guidelines, similar to those developed for aircrews, are needed to address content and measurement issues associated with initial and recurrent training in TRM  Improved performance, increasing safety and efficiency of  airline operations will result from this effort. 

14.  Project Products & Schedule:  (See Table 081-110 Selection and Training)
15. Project Dependencies:  Many tasks of this RPD are interrelated.  When viewed as a whole, they represent the FAA's effort to define and prototype training to better utilize the skills of all flight crew members - with the benefit of fewer air crew related aviation accidents; and, a similar emphasis in terms of better utilizing the maintenance support crew resources with a corresponding decrease in aviation losses.  The output of these tasks will not directly impact any FAA F&E program, rather they are done for the Flight Standards Service and will be implemented via informational booklets, Advisory Circulars and FARs.

.
16. Agency/User Goals & Objectives:  The projects described in this RPD primarily address the FAA’s Strategic Goal 3: Human Factors Safety - Zero Accidents.  Eliminate human factors as a casual factor in accidents and incidents and specifically Objective 3C, “ Design procedures that enhance human performance in the most critical areas for NAS operations and maintainers”.  The emphasis of these activities are the flight deck and the maintainers of the aircraft - two areas in which human factors are cited most frequently in the safety statistical accident and incident information.   The information and understanding derived from these projects also impacts the personnel management methods  and federal rules and guidance concerning management of flight deck and maintenance support personnel; which is the focus of FAA Strategic Objective 3D, “Define government and industry organizations and management methods that improve human performance.”
17.1  Benefits to the FAA:  No benefits claimed.
17.2 Benefits to the User: 

· The following RPD tasks are included in this benefit discussion: Complete Crew Decision Making and Situational Awareness Guidelines, Refine Model AQP for Part 121 Air Carriers, Complete Training Guidelines for Proceduralized Crew Resource Management, Develop Training Guidelines for CRM Skills, Validate Line Oriented Flight Training Scenarios for Pilot Training Deficiencies, Develop AQP Database Analysis Techniques, Complete Assessment of Cultural Differences Impact on CRM and the Effects of Culture on the Use of Automation, Develop CRM Training Guidelines for Cockpit Automation, and Develop CRM Guidelines for Free Flight.  The result of these interrelated tasks will be guidelines, prototypes, recommendations that improve the selection, training, and thus performance of the commercial aviation cockpit crew in terms of flight safety.  From 1989 to 1994 (Aviation Safety Statistical Handbook, August 95), 245 commercial (large and small) air carrier accidents (60 fatal) occurred with a loss of 858 lives.  It is estimated that the recommendations, prototypes and guidelines produced by these RPD tasks will reduce the commercial accident rate by 2% which is equivalent to a reduction of ~ 1 accident per year of which .25 were fatal with 4 lives lost.  Yearly savings is estimated (using information presented in 081-110 Human Performance, par. 17.2) to be $48M.  It is also estimated that the recommendations will be valid for approximately 7 years; thus, total benefit (savings) is estimated to be $336 M.  In Table 081-110, Selection and Training, this benefit is apportioned among the contributing tasks based on the amount of total FAA R,E&D investment dollars.

· The deveopment and validation of new, low cost technologies in terms of human performance training effectiveness will result in significant air carrier savings in training costs.  As mentioned earlier, regional air carrier crew training will be required to be equivalent to that on large air carriers.  It is estimated by the sponsor that by the end of decade that another 50 simulators will need to be purchased by the air carriers.  Current cost of the Level B Full Flight Simulator is $9 M.  The objective is to reduce the cost of the simulator to $3 to $4 M and still have it deliver the training fidelity of the $9 M simulator.  With this $5 M per unit savings, the air carriers will realize a total of $250 M savings.  It is estimated that the R&D share of those savings is 10% or $25 M.

· The development of guidelines for aircraft maintenance technician resource management training will provide savings in both air carrier operating efficiency and in aviation safety.  It is estimated that these guidelines will be valid for five years and will reduce air carrier maintenance mishaps by 5% and air carrier accidents by 0.25%.  This equates to (using the cost information described in the maintenance support paragraph of 081-110 Human Performance, 17.2) a savings of $9 M in term of air carrier efficiency and $4 M in terms of accident prevention, for a total savings of $13 M.

18. Mission Relevance of the Technology:  The tasks in this research activity benefits the air carrier industry and ultimately the flying public.  The actual development of the final products and training packages (not part of these activities) is by the air carriers or their support contractors.  The work done under these tasks not only provides guidance to the air carriers but also allows the FAA to sufficiently understand the necessary aspects of selection and training to validate and approve proposed  air carrier selection and training programs and any use of simulators in the training program.  Both the guidance and the approval functions are roles that are part of the FAA mission.

19.1 Risk (R,E&D Phase):  The risk of not completing is low.
19.2 Risk (Implementation Phase):  The risk of not implementing is low.
20. Coordination With F&E Planning: The Selection and Training RPD tasks impact the aviation community external to the FAA and thus do not involve any F&E programs or resources. 

21.1 Agency Exposure (000’s):
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21.2 User Exposure:   (See Table 1, 081-110 Selection & Training)
21.3 Industry & Other Exposure: None
22. Program Accomplishments:

·  Crew Resource Management (CRM) Handbook and Advisory Circular.  Several research efforts culminated in the drafting of these documents.  CRM has been strongly encouraged by the FAA for the past decade and is now a FAR (December 14, 1995).  The AC and Handbook assist air carrier training departments to structure effective programs based on scientific data.  All of the information in these documents as well as their  drafting are results of  this research.

·  Line Oriented Flight Training (LOFT) Development Advisory Circular.  As with the CRM AC and Handbook, this Flight Standards AC is also the result of research.  LOFT is an integral component of CRM where the crew practices what has been taught in classroom CRM.  Appropriate and effective LOFT development, implementation and evaluation is an arduous task for air carrier training departments, especially those that are economically challenged.  This AC attempts to put in one document guidance from lessons learned and empirical research to encourage carriers to employ this type of training.  Since the 1995 CRM FAR, it is now mandatory that carriers do LOFT.

· Line Oriented Flight Training Event Set Methodology.  This particular approach to LOFT development, implementation and evaluation was the result of research.  This methodology, which is employed by every major carrier, demonstrated that rather than a haphazard development of entire LOFT scenarios and then subjective global rating of crew performance, LOFT should be developed with targeted events, with observable behaviors identified and validated.  The instructor is then given a clear idea of what crew performance the LOFT is attempting to elicit and how to rate the crew on these areas of CRM.  This methodology is employed in all major air carrier training departments and has become an important component of the Advanced Qualification Program (AQP).

· Situational Awareness Training Guidelines.  An ongoing research effort addresses  Team Situational Awareness since it is believed that Team Situational Awareness is critical to effective and safe flight operations.  Recently, preliminary guidelines were made available to air carrier training departments and to Flight Standards.  These guidelines will be incorporated into future CRM Advisory Circulars and will be employed in recurrent CRM training design.

· CRM Debriefing Tool.  Research developed a digital video recording capability that allows split screen replay of the entire LOFT.  This software presents flight parameters and the cockpit view for the crew to review after the LOFT.  It allows the crew to see exactly how their CRM performance affected technical performance during the simulation.  This capability is important because it is believed that much learning takes place during the debrief, and earlier video technology was cumbersome and not likely to be used. Nor did the earlier technology capture flight parameters, so this information had to be recaptured by the instructor.  This added to the workload of the simulator session but also brought up the question of subjectivity on the part of the instructor.  This debriefing tool improves both those problems.
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13. Project Objective(s): This research will provide recommendations for improving the exchange of information between the personnel that operate and support the air transportation system and the systems that comprise the air transportation system.   Emphasis is on the information flow between the pilot/flight crew and the ground based control structure both air traffic management and the air operations centers.  Two general areas of work will be developing more effective means of presenting information to the human operator/maintainer and investigating ways information can be misunderstood by the human operator and maintainer.

Funding for FY98 will be invested in:

· Aircraft Maintenance Advanced Applications Development.  This task will capitalize on the advanced computer-based technologies developed for the Portable Performance Support System (PPSS) for Aviation Safety Inspectors.  Concepts developed in this earlier program will be adapted to the specific training, job-aiding and documentation needs of airline maintenance technicians and supervisors.  Also specific regulatory training methods will be refined for application in technician and FAA inspector training.  Computer-based tutoring systems will be developed for training in Federal Aviation Regulations (FAR).  These technologies will enhance technician efficiency and allow more time for hands-on maintenance.
· Cockpit Data Link Display Guidelines.  These guidelines address the display of data link information in the cockpit regarding conflict situations is a free-flight environment.  They will be made available to avionics manufacturers through the SAE G-10 committee.
· Data Link Communication Requirements for Free-Flight “Intent” Message.  These requirements will define the content of data link messages designed to communicate “intent” to other aircraft in a free flight conflict situation.  They will also address the data link vs. voice issue as to which one, or combination of the two are most appropriate in these situations.  These results will be made available to the FAA for procedural certification issues.
· Flight Deck/ATC Shared Decision Making - Free Flight Implications.  This project will address human factors issues associated with the introduction of shared and distributed decision making in a free flight environment.  New roles and responsibilities for ATC, pilots, and airline operations centers, new technology, and new procedures in an evolving free flight environment must be ascertained in a proactive fashion.  Research efforts should ensure that the changes in air-ground communications, and the impact of those changes upon current and future air traffic management, do not introduce more problems than they solve.
14.  Project Products & Schedule:  (See Table 081-110 Information Management and Display)
15. Project Dependencies: Recommendations resulting from the flight data integration  research activity will provide necessary human performance design considerations for R,E&D Project 022-110, Traffic Alert and Collision Avoidance System and Project 022-140, General Aviation and Vertical Flight Technology Program, and Project 031-110, Aeronautical Data Link Communications and Applications Program and the associated avionics equipment manufacturers.  Data link standards work will again impact Project 031-110 Aeronautical Data Link Communications and Applications Program.   The Aircraft Maintenance HF Issues Guidebook and the Visual Inspection Development Program will have no impact on other FAA projects but will directly impact Flight Standards and the aircraft owners.
16. Agency/User Goals & Objectives:  The projects described in this RPD primarily address the FAA’s Strategic Goal 3: Human Factors Safety - Zero Accidents.  Eliminate human factors as a casual factor in accidents and incidents and specifically Objective 3A, “ Resolve the most critical equipment related, design-induced human performance degradations in certification, regulation and FAA acquisitions.  The work also supports  Objective 3C, “Design procedures that enhance human performance in the most critical areas for NAS operations and maintenance.  Emphasis of these activities are with the flight deck - an area in which human factors is cited most frequently in the safety statistical accident and incident information.   The information and understanding derived from these projects also impacts the personnel management methods and federal rules and guidance concerning management of flight deck and maintenance support personnel; which is the focus of FAA Strategic Objective 3D, “Define government and industry organizations and management methods that improve human performance.”
17.1  Benefits to the FAA: Aircraft Maintenance Advanced Applications Development.  The Flight Standards work force is facing a future work load of increasing dimension with the number of aircraft and the types of aircraft multiplying - all requiring interaction from the personnel from the Flight Standards organization.  This RPD task area will provide prototypes of training and documentation systems for flight inspection personnel that will help them more effectively prepare for and carry out their work.  The benefit from this task will be a higher flight inspector productivity, equal to 40 person years per year, or ~ $4 M per year.  The results of this work will utilized at least for five years at which time another major upgrade of the PPSS will be implemented.  Total savings is thus estimated to be $20 M.

17.2 Benefits to the User: Three task areas of this RPD deal with the FAA's and Industry's Free Flight initiatives.  Some estimates have been made that if the USA's air transportation system could operate at optimal efficiency, it would save the air carriers $3.5 B in operating revenues annually.  The human factors assessment of cockpit datalink information displays, various coordination messages, and the effective roles of pilot, controller and airline operations centers are some of the essential concept definition/validation studies that must be accomplished before major decisions are made in terms of operational procedures, aircraft avionics, and ground based systems.  Overall impact of these tasks on the free flight program is estimated to be 1%.  During the time these recommendations will be utilized the free flight program will still be in its initial stages, so yearly benefits will ~ 30 % of the projected end state yearly benefit. which is equivalent to a savings of 1% x 30% x $3.5 B = $10.5 M.  Assuming these recommendations would be valid for five years, total savings allocated to the HF tasks would total $52.5 M.  Table 081-110, Information Management and Display presents these savings with a portion of the savings applied to each task area based on its total R&D investment.

18. Mission Relevance of the Technology:  The information management and display research tasks are in direct response to the FAA’s responsibility for certifying the avionics and flight functionality of aircraft.  The products of this research assist aircraft manufactures, maintainers, FAA Flight Standards certification personnel and inspectors in accomplishing their monitoring and regulatory mission.  It provides guidelines and an experience base for the application of new technology to aircraft design and maintenance.  The certification and inspection responsibility is that solely of the FAA and it is appropriate that the FAA obtain and maintain a technology base to accomplish these functions.  No other government activity is charged with these responsibilities.
19.1 Risk (R,E&D Phase):   The risk of not completing these tasks is considered low.
19.2 Risk (Implementation Phase):   The risk of the products not being utilized is considered low.
20. Coordination With F&E Planning:  The major impact of these projects will be with the avionics suite of the aircraft.  Results could impact the content and the manner in which information is transmitted to the aircraft by FAA systems.  Impacts then would be to the Aeronautical Data link Program and the Next-Generation Air/Ground Communications System Program along with the FAA air traffic management programs.  As of this time, impacts to the F&E programs are not expected.
21.1 Agency Exposure (000’s):
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21.2 User Exposure:   (See Table 1, 081-110 Information Management and Display) 

21.3 Industry & Other Exposure:  None
22. Program Accomplishments:

·  New Instrument Approach Procedures Charts.  The NTSB has implicated chart design in nine aircraft crashes, and they are recognized by most pilots as being difficult to read.  A new format was developed, in cooperation with scientists at the Volpe National Transportation Systems Center, for Instrument Approach Procedure Charts which applies human factors changes to the presentation of landing and missed approach information.  The new chart design is now being used by sixteen Part 121 air carriers.  Air carrier pilots express preference for the new format and indicate that it has simplified and standardized their pre-approach briefings.  Jeppesen-Sanderson ( the major U.S. manufacturer of aviation charts) plans to apply the new format to their current charts. 

·  PENS Evaluation.  The initial evaluation of a prototype Performance Enhancement System (PENS) for Aviation Safety Inspectors (ASI’s) was completed.  This is a pen-based computer system designed to provide ASI’s with access to necessary information such as advisory circulars, airworthiness directives, regulations, etc.; reduce a paper intensive, error  prone documentation process ; and expedite the accessibility of inspection results.

·  Air-Ground Communication.  Approximately 70% of Aviation Safety Reporting System incidents cite information transfer as a problem, and as such, it may be the most common and persistent problem facing the aviation system.  A joint research effort with NASA has focused on air-ground system integration issues associated with the implementation of digital communication, i.e., data link.  Results have impacted the minimum operating performance standards (MOPS) for data link.

·  Design and Evaluation of IAP Symbols for use on Moving Map Displays.  Working with the SAE technical committee on charting, the National Oceanic and Atmospheric Administration, and Jeppesen Sanderson, a set of symbols for Instrument Approach Plates were designed in evaluation for electronic applications.  The symbols were evaluated analytically and experimentally and the results were presented to SAE with recommendations.  SAE will propose the set of symbols as a national standard and will seek to have the standard accepted and promoted by ICAO.  Standardization of symbology leads to clearer communication and understanding of information enhancing safety and pilot performance.
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13. Project Objective(s): Human-centered automation research focuses on the future role of the operator and the cognitive and behavioral effects of using automation to assist humans in accomplishing their assigned tasks for increased safety and efficiency.  Automated systems designed from a technology-centered perspective tend to place the human operator in a monitoring role, a role that is not effective in terms of the human and the entire system (automation and operators) performance.  The research activity identified by this RPD will develop automation principles that enhance the effective integration of humans and automation in the areas of air traffic control and NAS maintenance support.  The research will specifically address: 1) issues related to the degradation of basic operator skills with the associated performance implications should the automation fail, 2) hesitancy of human operators to take over from an automated system even when there is compelling evidence of a problem, 3) keeping the operator in-the-loop and situationally aware of system performance and the effects the system is producing, and 4) optimal human-machine interfaces for next generation automation.

Funding for FY98 will be invested in:

· Completion of  the “Controller Scanning Study”.  A vital design question concerns the proper method of presenting information visually to a controller (human).  The study will provide recommendations on the placement of information on a controller’s display that enhances the controllers awareness of information changes, and controller’s comprehension of all the information being displayed.  Conclusions of the study will influence the type of data displayed, the update rate for display information, and the amount of information placed on a display.
· Continuing the Study of Human Factors Considerations in the Operations Control Center (OCC).  Airway Facilities strategic plan is to evolve from an organization that has personnel accomplishing “watch standing” functions at various TRACONS, en-route centers, and radar facilities to an organization where NAS infrastructure performance is monitored from a centralized location and repair personnel are brought “on-site” only when a corrective and preventive maintenance activity has to be performed on a system.  The OCC human factors study will provide recommendations concerning what tasks should be fully automated in this centralized environment and what task/functions should have decision support automation to allow the human to effectively manage the infrastructure systems.
· Completion of  “Situational Awareness in the Future AF Environment Study”.  The Airway Facilities strategy for accomplishing its NAS support mission with less personnel is to remotely monitor the performance of the various equipment elements and systems of the NAS and correct a malfunctioning system either by switching in remotely a backup component or by dispatching a repair crew from a centralized location.   The study will provide the necessary automation support design criteria to insure the AF system manager (operator) can effectively be kept aware of  system status and the impacts of any intended corrective actions.
· Develop Optimal Computer-Human Interface in the AF Environment.  Airway Facilities will be investing over $110M in the year 2000 timeframe in automation systems that will assist it in centrally monitoring and repairing the NAS infrastructure.  This task will produce system design guidelines concerning the most effective means of the AF operator inputting information to the automation systems and for receiving information from the systems.
· Provide Recommendations for Use of Artificial Intelligence in the AF Environment.  This task will provide recommendations concerning what areas of the future AF work environment could be best aided by the application of  Artificial Intelligence automation techniques.  As mentioned above, AF will be investing heavily in automation to assist it in its support mission.  Output of this task area will provide guidance in the development of system level specifications for the automation systems.
· Impact of advanced technologies on AF work environment will be explored.  This research will investigate potential COTS applications which may be incorporated into AF operations areas such as the OCC, evaluate their potential application to AF and develop guidelines for implementation.   The Airway Facilities organization is evolving toward an increasingly centralized operations concept.  It will be advantageous for FAA to examine the application of new technologies available as COTS/NDI to determine if they offer operational advantages.  This project will explore these technologies and provide recommendations on their application from the human factors perspective.

14.  Project Products & Schedule:  (See Table 082-110 Human-Centered Automation)
15. Project Dependencies:

· Controller Scanning Report.  The recommendations from this task directly impact F&E programs A-01 (En Route Automation), A-04 (Standard Terminal Automation System), and A-10 (Oceanic Automation Program) since they are all delivering new display systems for use by air traffic controllers.  Since the recommendations concern placement of information and methods of displaying information on a display  (changes can be accomplished by automation system software revisions),  implementation of the changes can be done as part of the “planned product improvements”  for the individual impacted system(s).
· Products “Report on HF Considerations in OCC”, “Report on Situational Awareness - AF Environment”, “Develop Optimal CHI in AF Environment”, “Recommendations for AI in AF Environment” and “Impact of Advanced Technology on AF Work Environment” all have a direct linkage to the F&E Program M-07, National Infrastructure Management System (NIMS).  These tasks will accomplish the human factors portion of the NIMS concept development activity and the outputs will form the basis of the HF portion of the NIMS system level specification and a strategy of planned product improvements to the NIMS.  
16. Agency/User Goals & Objectives:  The products included in this RPD address various FAA strategic goals and objectives.  Specifically they are in concert with Goal 3, Eliminate human factors as a causal factor in accidents and incidents, with work being done to meet Objective 3A (Resolve the most critical equipment related, design induced human performance degradation in .....) and Objective 3C (Design procedures that enhance human performance in the most critical areas for NAS operations and maintainers).  Also these products will help the FAA toward meeting its Goal 4, System Capacity with Objective 4G (Human Factors - Implement new decision support systems and associated functional improvements in a manner that fully accounts for the proper role of people in the system).  The products dealing with the Airway Facilities environment are also directed to help meet FAA Objective 4C, “NAS Infrastructure - maintain and modernize the NAS infrastructure to meet current and future demands for air traffic control and air transportation needs.
17.1  Benefits to the FAA:

· Completing the Controller Scanning Study and providing a report of the study results in 1998 will enable the enroute automation program to utilize the study results in its next software development cycle for the Display System Replacement.  Use of the study results will allow design of new symbology placement on the controllers screen that will preclude the normal redesign after controller operational testing, an estimated savings of 4% of the overall periodic DSR software update cost.  Information will also be of use by the STARS software development team since effective symbology placement is vital to the acceptance of that system's display.  Overall applicable software development costs for DSR and STARS are estimated to be $60M.  A 4% rework savings would be $2.4M.  Additional savings from better placement of information for optimal controller scanning would be controller operational productivity.  Assume a .3% increase of controller productivity due to the incorporation of the results from the controller scanning study.  With 17,000 ATC personnel, a .3% increase would equal a productivity increase of 51 person years at a cost of $60K per person year for a savings of ~ $3.1M.  Assuming the information from the study is valid for a five year period, total controller productivity benefit is estimated at ~$15M.  Controller awareness is also frequently cited as a cause factor in controller operational error reports.  The Controller Awareness task objective is to reduce operational error rate (errors per 100K aircraft operating hours) by 3%.  Each operational error costs the FAA in terms of time for investigation, documentation, and associated retraining, nearly 400 employee hours.  Associated savings for a 3% reduction would be 700 errors x 3% x 400 x $45/hour =  ~$400 K per year.  Assuming five year benefit, savings would be $2M.
· The human factors study of the OCC will provide design criteria that can be used to insure operational compatibility of the OCC systems with the OCC personnel.  The benefit will be a reduced system redesign from operational testing, a cost savings of 5%. Total OCC system acquisition cost will be nearly $60M; thus, a 5% reduction is a savings of $3M.

· The Situational Awareness Study has some impact on the cost of the OCC system, allowing the most effective operator alert design to be implemented rather than a less optimal design that later would have to be modified to gain needed effectiveness.  Estimate a 2% cost savings for the OCC system procurements (totaling $60M) for a cost savings of $1.2M.

· Development of optimal computer-human interface is a very focused investigation, results of which will feed into the overall task "Human Factors Considerations in the OCC".  Acquisition cost savings from the development of optimal computer-human interface has been included in the savings from the "Human Factors Considerations in the OCC" task.

· The "Recommendations for Artificial Intelligence in the AF Environment" task will provide guidelines for an effective approach for designing decision support tools to assist the Airway Facilities technician in the NAS support role.  Savings will be not having to rework products which deliver solutions which are technically feasible but are not operationally practical.  Estimate a 2% savings from the $60M program, which equates to $1.2M.

17.2 Benefits to the User: 

· Controller Scanning Report.  Frequently, operational error reports cite the loss of controller awareness as a causative factor.  The Controller Scanning task hopes to achieve a 3% reduction in controller operational error rate upon incorporation of its recommendations.  Assume a corresponding decrease in accidents attributable to ATC by 3%.  261 accidents per year attributable to ground portion of NAS of which ATC is a component (based on CY94 incident/accident data, 1983 to 1995 aviation accident summary data and AHD data), of these assume 0.5% are ATC related (= 1.3).  240 of the accidents were GA - assume average four passengers per accident.  20% of the accidents result in fatalities, and each fatal accident costs 2 lives.  Reduction of the operational error rate by 3% would result in .04 fewer ATC related accidents per year (following the above series of assumptions).  Injury cost of these accidents would be .04 accidents x 4 persons x $500K per person = $80K.  Fatality cost would be .04 accidents x 20% fatality rate x 2 persons x $8M per person = $128K.  Total calculated avoidance benefit is $208K per year times five years before software replacement = ~ $1M.

· The other five tasks of this RPD all address various HF design aspects of Airway Facilities (AF) evolving remote maintenance monitoring capability.  The benefit of these tasks is seen as a NAS support system operator to more effectively recognize and resolve NAS infrastructure problems, thereby reducing the number of infrastructure failures and the length of their duration.  The annual cost to the airlines for NAS infrastructure failures is estimated by AF to be $75M.  Assuming the HF tasks recommendations are incorporated into systems supporting the NAS system operator, the result will be a 5% reduction in the annual NAS infrastructure failure costs to the airlines, an annual savings to them of  $3.75 M.  Total benefit is calculated by assuming the HF task recommendations have a validity of 5 years; thus total equals $2.3M annual savings x 5 years = $18.8 M.   The User savings per AF task listed in Table 082-110 Human-Centered Automation, were calculated as a proportion of the total  $18.8 M savings, based on the total investment cost of each task.
18. Mission Relevance of the Technology:  The tasks include 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 basic HF research.
19.1 Risk (R,E&D Phase): 

The risk of failing to achieve the RPD listed products is considered low.
19.2 Risk (Implementation Phase):

The risk of failing to implement the RPD listed products is considered low.
20. Coordination With F&E Planning:   These tasks impact F&E programs as identified in paragraph 15 of this RPD.  The “Controller Scanning Report” task has been coordinated with the Air Traffic Requirements organization but specific deliverables have not been coordinated with the F&E organization and they should be.  The other four tasks have been coordinated with the Airway Facilities organization and the F&E program office (AND-100). 
21.1 Agency Exposure (000’s):
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21.2 User Exposure:   None 

21.3 Industry & Other Exposure:  None
22. Program Accomplishments:
· Evaluation of Human Factors Issues Associated with the Departure Sequencing Engineering and Development Model (DSEDM).  The ATC Human Factors Program was asked by ATM-1 to conduct a human factors evaluation of the DSEDM traffic flow system in operation in Southern California. The effort assessed operator perceptions, conducted workload study and balanced human factors concerns against empirically derived measures of system performance.  Findings were briefed to ATM-1, ATR-300, AUA-500, and NATCA. The results provided ATM and ATR with the necessary objective information needed to help make informed decisions on the continued development of this system.

· Evaluation of Air Traffic Control System Command Center.  This was a comprehensive evaluation of human factors issues associated with the implementation of the ATCSCC.  The report identified significant human factors issues intrinsic to ATCSCC design and operation.  This effort will be followed up with the release of a second document containing specific recommendations to remedy previously noted deficiencies.  The TFM IPT and ATR have been provided with reports.  Additionally, lessons learned in this study have been made available to Airway Facilities for use in planning their National Operations Command Center.

· Evaluation of Human Factors Issues in the Converging Runway Display Aid (CRDA) System.  This office was asked by the Director of the Office of Air Traffic to examine and report on any human factors issues that would limit the operational usefulness of the CRDA system at St. Louis airport.  AAT-1 was subsequently briefed on the findings of the research team.  The information provided pointed out that CRDA was usable and effective but was unavoidably constrained to operate within narrowly defined meteorological conditions and runway configurations.  Operation of the system was highly site specific.  Human factors was not an issue.  The insights provided to AAT-1 aided in decisions regarding future deployments.

· Human Factors Design Guide .  The guide is a comprehensive reference tool to help Airway Facilities make informed decisions regarding human factors issues in the selection of COTS/NDI systems for the NAS.  It is a compendium of human factors information drawn form DoD, DOE, and NASA sources. The document will aid in identifying functional, product, and NAS specification requirements and facilitate compliance with FAA Order 1810.1F regarding the integration of human factors in the system engineering process.  A preliminary edition is currently available, final copies will be published in the second quarter of FY96.
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13. Project Objective(s): This project will develop and validate new tools, processes, and methods for the selection, training and certification of the Air Traffic Control and Airway Facilities work forces.  This research activity will ensure a that a fully qualified FAA work force is maintained into the 21st century.  This work strives to understand the relationship between human abilities and aviation task performance; to enhance the measures and methods for the prediction of future job/task performance; to develop a scientific basis for the design of training programs, devices, and aids; to define criteria for assessing future training requirements; and to identify new ways to select aviation system personnel.

Funding for FY98 will be invested in:

· A validation of initial performance-based AT controller selection tests.  Performance-based selection instruments have been recently introduced and by 1998 the controllers first selected by these instruments will be nearing full journey person level of performance.  It is vital to determine how accurate the selection instruments are in terms of predicting future on-the-job performance.  Results of the validation effort will be a report concerning the selection instruments accuracy (essential to the legality of the selection instruments) and recommendations of further refinement of the selection instruments.  Recommendations will be utilized by CAMI for revising the selection instruments.
· An assessment of ATC skills and abilities required for the future.  The concept of air traffic operations is evolving and along with this evolution the job tasks of the air traffic controller will also change.  Activities such as the recent RTCA free flight study and projected follow -on tasks will provide a good definition of  the future role of the air traffic controller.  This research task will take those future role definitions and determine what new skills, if any, the air traffic controller will require to fulfill her/his future role.  If a different skill set will be required, various selection and training programs will have to be modified. 
· Continued development of Controller Work Team Measures.  Significant air traffic management gains in terms of safety and productivity can be obtained by better utilizing teamwork in controller tasks.  Starting in 1995, this activity has been gathering data and then generating recommendations concerning team composition, team training initiatives, and methods of measuring team performance.  The work in 1998 will be to evaluate the effects of these initiatives and determine any necessary changes in team related training and selection processes.  Project completes in 1999.
· Complete prototype Airway Facilities Self Managed Team task.  Service industries are having success (cost savings and productivity/quality increases) in empowering employees to decide how to schedule and accomplish their work in concert with other team members.  Traditional supervisory positions have been eliminated and management tasks are only in the areas of providing personnel training and strategic direction; not day to day work assignment.  Manager span of control has been increased to 60 or more persons, with no intervening supervisor layer between the manager and the teams of employees.  This task is concerned with measuring the effectiveness of a prototype Airway Facilities self managed team and utilizing the evaluation results in producing recommendations for implementing the concept throughout the Airway Facilities organization  
14.  Project Products & Schedule:  (See Table 082-110, Selection and Training)
15. Project Dependencies:  
· The validation of the performance-based AT controller selection tests has a direct impact on the selection instruments themselves and on the litigation posture of the FAA.  The selection instruments will have to be modified to correct major deficiencies discovered in the validation process.  Also, a validated selection instrument has significantly improved legal standing against lawsuits by unsuccessful entrants concerning test bias and inappropriate selection criteria.
· The assessment of future ATC skills and abilities is the front end work for the necessary restructuring of the air traffic selection and training programs as the organization adapts its personnel for its new future air traffic management role.  Output from this task will be revised desired training outcomes and selection criteria, the beginning points for course development and selection process development.
· Development of Controller Work Team Measures will influence the outcomes of the ATC future skills and abilities task.  Findings from the team measures task may indicate a skill/ability that should be included in the set of future ATC skills and abilities.  Results of this task will result in changes in academy and facility level curriculum.
· The Prototype AF Self Managed Team task, as mentioned previously, will determine how the concept of self managed teams will be implemented within the AF work force.  Self managed teams, if fully implemented within AF, will modify the work environment of over 8,000 AF employees.
16. Agency/User Goals & Objectives:  The products included in this RPD address various FAA strategic goals and objectives.  Specifically:

· Validation of Initial Performance Based Selection Tests - Goal 3, Eliminate human factors as a causal factor in accidents and incidents with Objective 3C (Design procedures that enhance human performance in the most critical areas for NAS operations and maintainers); and, Objective 3D, “Define government and industry organizations and management methods that improve human performance”.  The ATC  Performance Based Selection Test is an important element in fitting the correct individual to the ATC task.  Validating the tool allows the FAA to utilize it more effectively as a personnel management tool.
· Assessment of ATC Skills for the Future -  Since the air traffic controller will continue to be an essential element in the future NAS, this work helps the FAA to continue to meet Objectives 3C and 3D, described above. The activity also addresses Objective 9I, “Ensure a safe and healthful workplace for FAA employees.  Determining the skills necessary for a future role and then training personnel for that future role makes the work situation less stressful for the employee.
· Continued Development of Controller Team Work Measures - This work is directed towards the FAA’s Objective 3D, “Define government and industry organizations and management methods that improve human performance”.  Proper utilization of teams will be a key management technique for  improving human performance.
· Develop Prototype AF Self Managed Team - this work is aimed primarily towards FAA strategic Objective 4C, “ NAS Infrastructure - Maintain and modernize the NAS infrastructure to meet current and future needs for air traffic control and air transportation needs.”  The AF slowly diminishing work force is striving to install and maintain a NAS infrastructure that is increasing in size and complexity.  Implementing self managed teams is strategic for AF to make this objective with its reduced person power.  Development of the Self Managed Team concept for AF also contributes to FAA Strategic Objective 8D, “Make FAA a customer-focused organization that anticipates and meets customer needs with quality service, on time, and within budget” since AF is looking towards self managed teams to improve its delivery of service to the customer.   The last area addressed by this work activity is FAA’s Goal 9 - Transform FAA into the model Federal Workplace.  Implementing the self managed team concept is a significant step to meeting the words of the FAA Strategic Plan, “ FAA has committed itself to full partnership with a diverse work force to achieve its mission.”  
17.1  Benefits to the FAA:  
· Validation of Initial Performance - Based Selection Tests for ATC.  The benefits of this validation lie mainly in area of cost avoidance.  It is estimated that the validated selection tests will be utilized for five years before major revisions require another validation task.  During those five years, it is highly probable (based on past history) that individuals or interest groups will challenge via the courts the appropriateness of the ATC selection/non-selection process.  the proven validity of the selection process will allow the government to win these cases and avoid paying an estimated $20M in damages.  The other FAA benefit lies in an improvement to the selection process resulting in 5% lower attrition rate for controllers as they progress from entry level to full competency level.  Currently there are over 17,000 air traffic controllers.  Retirements from this work force causes a need for 200+ entry level controllers per year.   The Academy estimates that the 5% lower attrition rate will result in a $1.5M savings in wasted training and personnel costs over the five year period of use.

· Assessment of ATC Skills/Abilities for the Future.  The benefits of this assessment are in the increased future efficiency of the Air Traffic personnel and training programs; whose emphasis is selecting the right individual for the task and then training the individual to accomplish  the task.  Identifying the required skills/abilities and then modifying the selection and training program  to acquire these skills will provide more focused processes; saving the training time that had been devoted to obsolete skills.  (Training savings are estimated to be $1M per year for the ten years until a new “future” assessment will be required.)   Biggest payoff will be prepared controllers that will be adept in utilizing the new ATC technology to its fullest benefit in terms of safety and air traffic managed.  A 0.1% increase in controller efficiency produced by a more focused training program has a worth of 17 person years per year - yielding a ten year benefit of $10M.  (17 person years x 10 years x $ 60K salary per year = ~ $10M)

· Develop Controller Team Work Measures.  Measuring the effectiveness of air traffic control teams will be a major contributor to the ATC team training efforts in the coming years.  Work measures will be the yardstick by which training progress will be assessed.  If the air traffic controller team effort achieves a 3% increase in controller productivity, this will provide the FAA a benefit equal to 510 person years per year.  Assuming the impact of the team work measures task is 5% of team training effort, the benefit is ~ $1.5M per year (5% x 510 person years x $60K salary).  Again assuming the team training program will be significantly revised after ten years, the claimed benefit for the work measures task will be for ten years with a total benefit of $15M.  

· Develop Prototype Airway Facilities Self Managed Team.  Airway Facilities is looking for the full implementation of the self managed team concept throughout its organization with an expectation of productivity gains of at least 10%, along with the raising of the supervisory ratio from 7 : 1 to 15:1 or higher.  The prototyping activity is essential to developing the change process in terms of defining the necessary training, rewards systems, operating norms, division of responsibility, and performance assessment.  A 10% increase of AF productivity is equivalent to 800 person years per year and the change of supervisory ratio is equal to over 550 person years.  Yearly salary for this equivalent increase is ~ $67M per year (1350 persons x $50K per year).  Assuming the impact of the prototype activity is 10% of the total effort, its yearly benefit would be $6.7M.  Longevity of this task product is estimated to be five years, since calibrating of the organization would be required after this period of time.  Total claimed benefit is then 5 years x $6.7M = $33.5M

17.2 Benefits to the User: 

The projected benefits of this RPD are mainly FAA productivity benefits.  The Controller Team Work Measures Task does have safety related benefits since it is projected that air traffic controllers better trained to work in teams will have 5% fewer operational errors.  Assume 5% reduction in operational error will also reduce accidents attributable to ATC by 5%.  261 accidents per year attributable to ground portion of NAS of which ATC is a component, of these assume 0.5% are ATC related (= 1.3).  240 of the accidents were GA - assume average four passengers per accident.  20% of the accidents result in fatalities, and each fatal accident costs 2 lives.  Reduction of the operational error rate by 5% would result in .07 fewer ATC related accidents per year (following the above series of assumptions).  Injury cost of these accidents would be .07 accidents x 4 persons x $500K per person = $140 K.  Fatality cost would be .07 accidents x 20% fatality rate x 2 persons x $8M per person = $224 K.  Total calculated avoidance benefit is $364 K per year times ten  years before major crew training revision = $3.6 M.  Also with the reduction of operational errors, the FAA will spend less resources in resolving operational errors.  Those savings were included in the FAA 3% productivity gains attributed to controller team training.

18. Mission Relevance of the Technology:  The human selection and training research tasks for AT and AF are in direct response to the FAA’s responsibility for NAS operations  The results of the research will better define AT selection and training processes and provide for a more effective AF organization.  No other government activity has the statutory responsibility in these research areas.  The research is concentrated on the work activities on an internal government work force; thus, there is no incentive for the research to be funded and conducted by a private company.
19.1 Risk (R,E&D Phase): 
The risk of failing to achieve the RPD listed products is considered low.
19.2 Risk (Implementation Phase):
The risk of failing to implement the RPD listed products is considered low.
20. Coordination With F&E Planning:  The impact of these projects will be in the modification of selection and training processes and changes to the day to day operational procedures.  No F&E program/project is effected by the delivery schedule of these products.  No elements of these projects require expenditure of F&E funding for their incorporation.
21.1 Agency Exposure (000’s)



 
FY 98
   FY 99   FY 00   FY 01   FY 02   Outyears


RE&D

 2,000
     1,300       300     

F&E

    

Ops
 
    240             0        400    

In-house
    825
         825       825
21.2 User Exposure:   (See Table 1, 082-110 Selection & Training)
21.3 Industry & Other Exposure:   None

22.  Program Accomplishments:
· Validation of Pre-training Screen.  This effort resulted in a revalidation of the current computer driven pre training screen.  The initial validation was subject to criticism due to problems with empirical data.  This project, undertaken by the Civil Aeromedical Institute, effectively demonstrated that the screen was not only an accurate selection tool but  also free from any biases that would increase FAA exposure to expensive class action litigation. 

· Works in Progress.  In addition to the pre-training screen, CAMI is currently evaluating the effectiveness of the Collegiate Training Initiative,  the use of psychological screening tools for controller applicants, as well as developing methods to measure and enhance team performance in both the center and tower environments.  

· Self Managed Teams (work in progress)  The self managed teams project is an FAA lead project under the Government Performance and Results Act.  Its purpose is to develop and test a strategy for the implementation of self-managed teams in the Airways Facilities organization.   An initial report has been published that documents ways to help such teams succeed.  Further reports will be generated as the project unfolds.
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13. Project Objective(s): This research addresses the presentation and transfer of information among components in the NAS.  It seeks to identify the most effective and reliable ways to display and exchange information; to determine what, when, and how one might best display and transfer information to system components; to design the system to reduce the frequency of information transfer errors and misrepresentations; and to minimize the impact when such information errors do occur.  The result of this research effort will be an identification of means to reduce the high rate of aviation safety incidents contributed to by problems in information transfer (~70% of all Aviation Safety Reporting System incidents).  Reducing safety incidents has a direct impact on reducing the occurrence of aviation accidents.

Funding for FY98 will be invested in:

· Guidelines for Color Coded ATC Displays.  The displays being procured for the en route centers as part of the Display System Replacement program, are to be high resolution color displays.  Color displays will probably be bought as part of the new terminal ATC automation system.  The work to be accomplished by this task is to determine if color coding categories of information on the controller display assists the controller in determining relative immediatecy and/or importance of certain types of information and allows the controller to be more effective in terms of performance.  The task will also examine whether certain colors associated with categories of information are more effective than others in terms of controller awareness and quicker response by the controller to an air traffic control situation.
· ATC Situation Awareness (SA) Study.  This task is composed of three parts: 1) develop measures of controller SA, 2) determine the relationship between a controller’s measured SA and the controller’s overall job performance, and 3) assess the impact of alternative ATC separation concepts (free flight) on controller SA and performance.  The results of this work effort may impact the design of ATC displays or the design of the information presented on the displays.  The effort will also provide some idea of the controller’s performance in the “free flight environment”.
· Development of Display Symbology for the Operations Control Center (OCC).  This activity is closely tied with the OCC Human-Centered Automation task that is studying the optimal CHI for the OCC.  This task, which concentrates only on the display symbology, will be an output to the overall CHI study.  The OCC and regional equivalent centers will receive an enormous amount of sensor and system status data.  The task involves determining the optimal manner of translating this data into status and alarm information that aids the human operator in effectively  managing the NAS infrastructure.
· Guidelines for ATC information coding and display in free flight will be developed and tested.  Research in this area will provide FAA with novel methods of coding and displaying critical information to the air traffic controller.  Applications will include centers, terminals, and traffic flow management functions.  Implementation of free flight will involve a number of changes in the ATC system.  The volume and complexity of data needed by controllers in a free flight environment will be significantly different from what is needed today. Current information coding methods will not be adequate to meet the demands of a free flight environment. Newer, more effective methods, that capitalize on display capabilities such as color will be developed and tested.  These codings will be helpful in the FAA’s effort to make free flight a reality.

14.  Project Products & Schedule:  (See Table 082-110, Information Management and Display)
15. Project Dependencies:

· Guidelines for Color Coded ATC Display and Information Coding and Display for Free Flight.  The recommendations from these tasks directly impact F&E programs A-01 (En Route Automation), A-04 (Standard Terminal Automation System), and A-10 (Oceanic Automation Program) since they are all delivering new display systems for use by air traffic controllers.  Since the recommendations concern color coding information on a display (changes can be accomplished by automation system software revisions), implementation of the changes can be done as part of the “planned product improvements”  for the individual impacted system(s).
· ATC Situational Awareness Study.  This task is an essential element of the FAA’s pursuit of  the “Free Flight” operational concept.  Being able to measure controller situational awareness and then determine the impact of various air traffic operational concepts upon the controllers situational awareness will answer many aspects of the “Free Flight” impact on controller workload question.
· Development of Display Symbology for the OCC task has a direct linkage to the F&E Program M-07, National Infrastructure Management System (NIMS).  This task will provide information critical to the definition of  display requirements for the NIMS.  
16. Agency/User Goals & Objectives:  The products included in this RPD address various FAA strategic goals and objectives.  Specifically they are in concert with Goal 3, Eliminate human factors as a causal factor in accidents and incidents, with work being done to meet Objective 3A (Resolve the most critical equipment related, design induced human performance degradations in .....) and Objective 3C (Design procedures that enhance human performance in the most critical areas for NAS operations and maintainers).  Also these products will help the FAA toward meeting its Goal 4, System Capacity with Objective 4G (Human Factors - Implement new decision support systems and associated functional improvements in a manner that fully accounts for the proper role of people in the system).  The product dealing with the Airway Facilities environment is also directed to help meet FAA Objective 4C, “NAS Infrastructure - maintain and modernize the NAS infrastructure to meet current and future demands for air traffic control and air transportation needs.
17.1  Benefits to the FAA:  
· Develop Guidelines for Color Coded ATC Display.  The development of color coding design guidelines by 1998 will enable the en route automation program to utilize the study results in its next software development cycle for the Display System Replacement.  Use of the study results will allow more effective use of the display’s color capabilities to display various types of information on the controllers screen and will preclude the normal redesign after controller operational testing, an estimated savings of 4% of the overall periodic DSR software update cost.  Information will also be of use by the STARS software development team since effective color utilization is vital to the acceptance of that system's display.  Overall applicable software development costs for DSR and STARS are estimated to be $60M.  A 4% rework savings would be $2.4M.  Additional savings from better color utilization comes from its ability to impart more information to the controller, thereby aiding the controller to be more productive.  Assume a .3% increase of controller productivity due to the incorporation of the results from the Color Code ATC Display study.  With 17,000 ATC personnel, a .3% increase would equal a productivity increase of 51 person years at a cost of $60K per person year for a savings of ~ $3.1M.  Assuming the information from the study is valid for a five year period, total controller productivity benefit is estimated at ~$15M. 

· ATC Situational Awareness (SA) Study and Guidelines for Information Coding and Display for Free Flight.   Major payoff from these tasks is the better definition of “Free Flight” in terms of controller workload/performance.   The Free Flight concept can be evolved into an operational concept that is productive in terms of air traffic moving throughout the system and in the safety of that air traffic.  Flaws in the basic operational concept can cost major dollars to correct.  Assume the “Free Flight Concept” will cost the FAA over the next fifteen years $600M to implement (Using rough data from the LRAP).  Assume the ATC Situational Awareness Study saves the FAA’s free flight program 3% due  to a better defined operational concept in terms of controller roles and airspace procedures.  This equates to a savings of  $18M and are allocated between the two tasks based on their total R&D investments.

· Development of Display Symbology for the Operations Control Center.  The results of this study will be utilized in the system level specification for the NIMS in order to obtain the most effective means of informing the NAS support system operator of impending problems and alternative solutions.  A good initial display symbology design will ease the acceptance of the NIMS during its operational testing, representing a 2% decrease in overall acquisition cost.  Estimating the applicable portion of NIMS acquisition cost at $60M, the cost savings from this human factors study task would be $1.2M. 

17.2 Benefits to the User:   

· ATC Situational Awareness Study and Information Coding and Display for Free Flight.  The Air Transport Association estimates that the present inefficient air transportation system costs the air carriers ~$3.5B annually in operating revenue.  If the ATC Situational Awareness Study is able to define the impact to the air traffic controller performance of various air traffic management schemes, it will be a major factor in the tradeoffs concerning the adoption of an operational concept.  Assume full implementation on this revised ATC operating concept provides a 10% efficiency increase to the air transportation system, thus providing $350M per year savings to the air carriers.  It is predicted that the ATC Situational Awareness and Information Coding Studies will allow the implementation of the operational concept to be several months (2 months) sooner which represents a savings to the airline industry of  (2/12  x  $350M = ) $58M.  Benefits were allocated between the two tasks based on their total R&D investments.

· The Development of the Display Symbology for OCC task a central design feature of the Airway Facilities (AF) evolving remote maintenance monitoring capability.  The benefit of this task is seen as allowing a NAS support system operator to more effectively recognize and resolve NAS infrastructure problems, thereby reducing the number of infrastructure failures and the length of their duration.  The annual cost to the airlines for NAS infrastructure failures is estimated by AF to be ~$75M.  Assuming the display symbology study recommendations are incorporated into systems supporting the NAS system operator, the result will be a 2% reduction in the annual NAS infrastructure failure costs to the airlines, an annual savings to them of  $1.5M.  Total benefit is calculated by assuming the display symbology task recommendations have a validity of 5 years; thus total equals $1.5M annual savings x 5 years = $7.5M. 
18. Mission Relevance of the Technology:  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 basic HF research.
19.1 Risk (R,E&D Phase): 

The risk of failing to achieve the RPD listed products is considered low.
19.2 Risk (Implementation Phase):

The risk of failing to implement the RPD listed products is considered low.
20. Coordination With F&E Planning:   These tasks impact F&E programs as identified in paragraph 15 of this RPD.  The “Develop guidelines for Color Coded ATC Display” task has been coordinated with the Air Traffic Requirements organization but specific deliverables have not been coordinated with the F&E organization and they should be.   The Situational Awareness Study is being coordinated with the various “Free Flight” government/industry committees and the delivered product has been incorporated into their scheduling.  The “Development of Display Symbology for OCC” task have been coordinated with the Airway Facilities organization and the F&E program office (AND-100). 
21.1 Agency Exposure (000’s):



 
FY 98
FY 99
FY 00
FY 01
FY 02
Outyears


RE&D
 1,500
   850
   500

F&E

     

Ops
 
   


In-house
     826
   826
   826

21.2 User Exposure:   None 

21.3 Industry & Other Exposure:  None 
22. Program Accomplishments:

· Human Factors Handbook.  This comprehensive handbook  was developed at Volpe TSC to serve as a guide to ATC system designers and IPTs in identifying human factors issues.  The handbook is supplemented by an electronic checklist software program that directs the user to potential human factors issues and offering a cross reference to the  Handbook to provide detailed information. A hyper text CD-ROM version is under development.

· Report on the Potential Effectiveness of Electronic Flight Data.   This CAMI project was initiated at the request of ATR-300.  It produced a first look at what might be expected if electronic flight data was used to replace paper strips.  The report indicated that, if properly designed, electronic flight data could have unanticipated advantages in terms of controller situation awareness.  Related products included a study at Atlanta Center that provided information used by ATR and ATP when considering changes to strip marking procedures in the ATC Procedures Handbook.  Strip usage was also studied at Minneapolis Center.  In response to a request by Air Traffic, this CAMI study provided them with information on the effectiveness and usability of smaller size flight progress strips. This information was useful in the decision regarding the optimal size of strips to be used in DSR.

· Analysis of Pilot/Controller Communication Problems.  This Volpe study provided Air Traffic with an objective analysis of the number and nature of miscommunications between pilots and controllers. The study encompassed center, TRACON and tower environments. Reports were provided to ATP and ATH for use in developing ATC phraseology and procedures that are easier to understand and less likely to induce errors.

· Console Requirements for the OCC.  This report contains recommendations for the design of Airway Facilities Operational Command Center (OCC) consoles that optimize the operator’s situation awareness and are easy to use.

· Initial Symbology Recommendations (work in progress).  The OCC and NOCC displays will require the use of symbols to represent the identification and status of a large number and variety of NAS system components.  This report recommends to Airway Facilities a number of symbols that have been developed and tested at the FAA Technical Center and AF field facilities.  
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13. Project Objective(s): This project seeks to improve understanding and develop means of measuring human performance (individual, team, and organizational) capabilities and limitations in the air traffic control and NAS system support work environments; and, the interrelationships between these environments.  Thrusts in the project are: 1) acquiring baseline knowledge to facilitate the comprehension of human performance,  2) understanding the impact of environment (external and internal) on human performance; and 3) gaining insight into improved and standardized methods for measuring human performance as well as proposing methods to minimize unsafe or inefficient performance.  This research project is an umbrella for numerous research efforts directed towards the understanding and improvement of human performance; each effort addressing one or more of the three thrusts identified above.

Funding for FY98 will be invested in:

· Developing a validated methodology for measuring the AT controller performance in various aspects of the air traffic control task.  A report will be produced which explains the measurement methods and appropriate analyses necessary to translate measurement data into air traffic controller performance information.  This information is essential to developing an ATC performance baseline utilizing Host, DSR and VSCS from which human performance impacts can be determined for proposed enhancements to either of these systems, or to operational procedures associated with the ATC task, or both.  Work is associated with the SATORI work by CAMI.  SATORI will be utilized to collect performance data that can be captured from the Host/DSR system log tapes.  This activity concentrates on data collection methods that are external to the automation systems.  Both research activities are needed to develop a complete AT controller performance profile.
· Upgrading the Systematic Air Traffic Operational Research Initiative (SATORI) tool to analyze data collected from the EnRoute Display System Replacement (DSR).  This tool is utilized primarily for reviewing operational incident data by replaying the incident based on the data from the automation systems log.  With the incorporation of DSR into the enroute centers, the old display data elements have to updated to the DSR data elements and the play back has to be reformatted to properly depict a DSR display presentation.  SATORI will be incrementally upgraded with the last major upgrade occurring during FY99.
· Completing an evaluation of the impact of alternative work schedules on air traffic controller work performance.  This evaluation will be in the form of a report that examines various proposed shift rotations in terms of “on the job performance” and factors external to the job such as overall quality of life, stress both on and off the job, and physiological impacts.  Product will be utilized to determine optimal scheduling of shifts at various air traffic facilities.
· Complete work on the Airway Facilities organizational performance model.  The Model will be used to determine impacts of proposed organizational structure changes in terms of individual productivity , work center productivity, and management productivity.
· Error identification and mitigation in AF work environment  will be studied.  A tracking database will be established and strategies for error prevention and mitigation will be developed.   Little is currently known about how and why human errors occur in the AF work environment.  Available information is incomplete and statistically unreliable.  The results of this effort will provide AF with the capability to understand where errors occur and how they may be reduced.

14.  Project Products & Schedule:  (See Table 082-110 Human Performance)
15. Project Dependencies:  The development of controller performance measures has a direct linkage to the FAA’s operational testing of new systems.  The operational testing of new systems will rely on the methods developed by this research to answer the question of. how the system has impacted controller performance.  This research will also answer design issues concerning the chief areas in which human performance could be improved by changes in the human /machine interface (keyboard strokes, information presentation, etc.).  Delays in the delivery of this product will not delay any en route automation program, since the program delivers improvements to metrics that are already being utilized.

The upgrading of SATORI to interface with the DSR is dependent on the DSR program.  The upgraded SATORI must be available in the same time frame that DSR becomes operational in order to maintain the FAA’s capability of swiftly analyzing operational incident data from automation system logs.

The other three products do not have any project dependencies
16. Agency/User Goals & Objectives:  The products included in this RPD address various FAA strategic goals and objectives.  Specifically:

· Methodology for measuring AT controller performance - Goal 3, Eliminate human factors as a casual factor in accidents and incidents with Objective 3A (Resolve the most critical equipment related, design induced human performance degradations in .....) and Objective 3C (Design procedures that enhance human performance in the most critical areas for NAS operators and maintainers).  Also Goal 4, System Capacity with Objective 4G (Human Factors - Implement new decision support systems and associated functional improvements in a manner that fully accounts for the proper role of people in the system)
· Upgrading SATORI - Goal 3, Objective 3A (see above)
· Alternate work schedule evaluation task activity is directed toward meeting Goal 3, Objective 3D, “Define government and industry organizations and management methods that improve human performance”, since work shifts have a large impact on fatigue/alertness.  The activity also addresses Objective 9I, “Ensure a safe and healthful workplace for FAA employees.
· AF organizational performance modeling and error identification and mitigation are necessary steps for AF to meet Objective 8D, “make FAA a customer-focused organization that anticipates and meets customer needs with quality service, on time, and within budget.”  The work also helps satisfy FAA Objective 3D, listed above.
17.1  Benefits to the FAA:  
· Developing methods of measuring air traffic controller performance will have a payoff during the evaluation of new system information displays, operational procedures, data entry methods, etc.  Being able to quantify the amount of task improvement (either positive or negative) and the change of work stress will allow tradeoffs to be made concerning design alternatives.  Result will be less rework of the final delivered system functional enhancement or operational procedure.  The monetary benefit was calculated by estimating a 2% reduction in “rework” of modifications and enhancements for enroute F&E programs (total value ~ $360M per year with a 10% rework investment).  Savings are $360M x .1 x .02 = $720K per year.  Estimate a life of five years for measurement technology, so total savings are $3.6M).

· Upgrading SATORI will allow the continued use of this tool to investigate operational incidents occurring at our centers and at our TRACONS (implementation of SATORI at TRACONS expected in FY97).  The benefit is increased FAA productivity since it is used to analyze present operational procedures and data from tryouts of new air traffic procedures.  The upgraded SATORI will also be able to analyze and measure specific parameters of controller workload for any selected center, sector, day, and time of day.  The SATORI tool will be utilized to evaluate alternative routings of air traffic (i.e. free flight) by modifying an recorded air traffic sector activity with proposed new routings and separation of aircraft.  Productivity benefit is similar to that ascribed to the Development of ATC performance measures activity described above.  Assign a five year benefit (until software replacement)of $3.6M.  Another area for FAA productivity improvement is reduced time devoted to investigating operational errors.  Use of SATORI should reduce ATC operational errors (~ 700 per year) by 5%.  Each operational error costs the FAA in terms of time for investigation, documentation, and associated retraining, nearly 400 employee hours.  Associated savings for a 5% reduction would be 700 errors x 5% x 400 x $45/hour = $630 K per year.  Assuming five year benefit, savings would be $3.15M.

· Developing the Airway Facilities Organizational Effectiveness Model will provide a FAA productivity benefit.  Airway Facilities has a work force of ~ 8,000 personnel distributed among nine regions, Washington Headquarters, FAATC and the Aeronautical Center.  An organizational effectiveness model is estimated to provide a savings in reduced moving costs, office rental/construction costs, and staffing costs resulting from the selection of the most efficient organizational configuration for the Airway Facilities support role.  Assume the model saves 0.1% in AF staffing and 10% in AF permanent change of station (PCS) costs per year.  Savings are then $480K staffing and $500K PCS per year.  Assume five years utility of model, total benefit is $4.9M

· The results of the alternative work schedule analysis is expected to reduce the ATC operational error rate by 4%.  Using the above derived internal FAA cost for each operational error and an estimate of ~700 operational errors per year, the savings are estimated at $500 K per year.  Assuming another study will be required in seven years due to the introduction of major new systems and other organizational changes.  Total benefit is thus $500K per year x  7 years = $3.5M 

17.2 Benefits to the User:   

Safety related savings due to SATORI’s use in investigating operational incidents and development of enhanced operational procedures is estimated to be a 5% reduction in the 1999 operational error rate (errors per 100K operating hours).  Attempt to put dollars on this is based on CY94 incident/accident data, 1983 to 1995 aviation accident summary data and AHD data:

Assume 5% reduction in operational error rate will also reduce accidents attributable to ATC by 5%.  261 accidents per year attributable to ground portion of NAS of which ATC is a component, of these assume 0.5% are ATC related (= 1.3).  240 of the accidents were GA - assume average four passengers per accident.  20% of the accidents result in fatalities, and each fatal accident costs 2 lives.  Reduction of the operational error rate by 5% would result in .07 fewer ATC related accidents per year (following the above series of assumptions).  Injury cost of these accidents would be .07 accidents x 4 persons x $500K per person = $140 K.  Fatality cost would be .07 accidents x 20% fatality rate x 2 persons x $8M per person = $224 K.  Total calculated avoidance benefit is $364 K per year times five years before software replacement = $1.8 M.

Application of the results of the ATC alternate work schedule analysis would result in modifications to the ATC work schedule to reduce the potential for controller fatigue and stress.  Benefit will be a 4% reduction of the operational error rate (per 100 K operating hours) which will have a similar effect on the number of ATC related Aviation accidents.  Using the derivation process for SATORI savings, the yearly benefit will be $170 K.  Assuming that another study will be necessary in 7 years because of changes in NAS operations, the total benefit accrued will be ~ $1.2 M

The Error Identification and Mitigation in the AF Work Environment task will provide information that will lead to the correction of repetitive errors that are made by the AF work force.  It is estimated that the results of this task will cause an overall reduction in maintenance induced equipment failures - and thus reduced outages that cause air traffic delays.  Cost savings is estimated to be $1.5 M per year with the results being valid for seven years for a total benefit of $10.5 M.

18. Mission Relevance of the Technology:  The human performance assessment research tasks for AT and AF are in direct response to the FAA’s responsibility for NAS operations  The results of the research will help define better AT operational procedures and designs for supporting automation and provide for a more effective AF organization.  No other government activity has the statutory responsibility in these research areas.  The research is concentrated on the work activities on an internal government work force; thus, there is no incentive for the research to be funded and conducted by a private company.
19.1 Risk (R,E&D Phase): 

The risk of failing to achieve the RPD listed products is considered low.
19.2 Risk (Implementation Phase):

The risk of failing to implement the RPD listed products is considered low.
20. Coordination With F&E Planning:  The impact of these projects will be in the modification and/or development of operational procedures, modification of proposed enhancements to ATC automation systems, and modification to work schedules and organizational structure.  No F&E program/project is directly impacted by the delivery schedule of these products.  The SATORI and controller performance measurement products could indirectly influence design of automation system enhancements when they become available - so earliest delivery is beneficial.  No elements of these projects require expenditure of F&E funding for their incorporation.
21.1 Agency Exposure (000’s):



 
FY 98
FY 99
FY 00
FY 01
FY 02
Outyears


RE&D
2,050
 1,050
    300

F&E

       

Ops
 
   200
    300
    100
   100
   100

In-house      2,476
    2,476         2,476
21.2 User Exposure:   (See Table 1, 082-110 Human Performance) 

21.3 Industry & Other Exposure: None
22. Program Accomplishments:

· Report on the Impact of Alternate Work Schedules.  This study was initiated in response to queries by Air Traffic about  human performance implications associated with other than 8 hour five day work schedules for air traffic controllers.  Research findings were presented to the deputy director of the Air Traffic Program Management Service.  Information yielded by this study is central to informed decision making regarding alternate work schedules in the safety critical field of air traffic control.

· Controller Memory Handbook.   The Controller Memory  Project stemmed from the findings of the FAA Administrator’s Task Force on operational errors.  The task force determined that temporary memory lapses played a significant role in the frequency of operational errors.  One of the products from the FAA Technical Center project was a practical handbook of techniques to enhance controller working memory. The Handbook, first published and distributed to every ATC facility in 1989,  was updated again in 1994.  It has been widely used in facility training programs and referenced by individual controllers as well.  In addition, the project generated seven technical reports on various aspects of controller memory.

· Assessment of the Effectiveness of Tower Simulators as Training Devices.  This project was undertaken at the request of the Air Traffic System Management Service  to help determine the efficacy of full scale tower simulation devices as teaching tools.  The study was conducted at Chicago O’Hare tower.  The information provided by the project was made available to ATM for use in evaluating the cost/benefit tradeoffs associated with this type of training tool.

· Systematic Air Traffic Control Research Initiative (SATORI) Developed at CAMI. SATORI integrates routinely collected electronic data from air traffic control centers to graphically recreate operational errors, accidents, and incidents from the perspective of the air traffic controller.  This unique capability is a significant advance beyond previous subjective error analysis techniques that relied on interviews, audio tapes, and paper computer printouts of incident data.  A field test has been successfully completed at Atlanta Center.  SATORI is currently in use in the Air Traffic  Quality Assurance Division at FAA Headquarters where it has been employed to analyze several aircraft accidents including USAir 427.  SATORI is also in use at the NTSB, the Dept. of Justice, and Lockheed - Martin Inc.  SATORI also has potential for application to such tasks as sector design and analysis, controller workload evaluation, and training.

· Human Factors in Free Flight Report.   This report was the product of an effort initiated by ATR-1 and AAR-100.  Its purpose was to identify human factors issues that must be addressed to facilitate the introduction of free flight.  The comprehensive report was the result of a symposium of noted aviation experts.  The findings of the report have been made available to the Air Traffic Requirements Service for use in planning the transition to a free flight environment.  The RTCA Select Committee on Free Flight was also briefed and subsequently incorporated this information into their report to the FAA Administrator.  
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13. Project Objective(s): 

1) Improve aircraft occupant 

a) physiological well-being under uneventful flight conditions, and

b) survival under accident and emergency conditions

2) Make technical recommendations about existing and proposed equipment and procedures contributing to improved performance standards

3) Support bioengineering, biochemistry, and biomedical aspects of certification actions and rulemaking

14.  Project Products & Schedule: 

14A  SUBSET PERTINENT TO AIRCRAFT CERTIFICATION SPONSOR

i) Note: All research is subject to emergency prioritization by the research sponsor

ii) FY98 funding permits only inhouse research program; no discretionary outside contracts or grants are anticipated

iiii) Two aeromedical research resumes (of 5 that define the total FY98 Aeromedical Research program ) specify products and milestones during FY98-00 time frame (See Attachment #1 & #2)

iv) Pertinent examples from the full set include:

By the end of FY98-

· Evaluation Of Evacuation Escape Slide Angles/Strengths

· Guidance On Occupant Motion Analysis From Dynamic Impact Tests

· Evaluation Of Prototype General Aviation Oxygen Masks

By the end of FY99-

· Guidance On Occupant Restraint/Protection For Air Ambulance Patient Litter 
  Installations”

· Evaluation Of Suitability To Replace Human Subject Testing Thru Cabin Evacuation Modeling

By the end of FY00-

· Recommendations On Oxygen Supplementation In Older Pilots 

v) Each of these research initiatives develops data to assist the Aircraft Certification Service in the execution of regulatory definition and compliance oversight 

14B.  SUBSET PERTINENT TO OFFICE OF ACCIDENT INVESTIGATION AND OFFICE OF CHIEF COUNSEL SPONSORS

i) Note: All research is subject to emergency prioritization by the research sponsor

ii) FY98 funding permits only inhouse research program;

no discretionary outside contracts or grants are anticipated

iii) Two aeromedical research resumes (of 5 that define the total FY98 Aeromedical Research program ) specify products and milestones during FY98-00 time frame (See Attachment #3 & #4)

iv) Pertinent examples from the full set include:

By end of FY98-

· Epidemiological Assessment Of Drug & Alcohol Abuse In Fatal Crashes

· Implementation of New DNA/RNA Postmortem Ethanol Procedure

· Evaluation Of Injury Patterns In The New Autopsy Data Base For Civil Aviation

By end of FY99-

· Epidemiological Assessment Of Drug & Alcohol Abuse In Fatal Crashes

· Evaluation Of Pilot Drug Screens At Time Of Pilot Medical Examination

· Evaluation Of Applicability Of Glare Testing In The Aeromedical Certification Of 
  
   Pilots.

By end of FY00-

· Epidemiological Assessment Of Drug & Alcohol Abuse In Fatal Crashes

v) Each of these research initiatives develops data to assist the Offices of Accident Investigation and Chief Counsel in assessing human factor roles in accident causation

14C. SUBSET PERTINENT TO OFFICE OF AVIATION MEDICINE SPONSOR

i) Note: All research is subject to emergency prioritization by the research sponsor

ii) FY98 funding permits only inhouse research program;

no discretionary outside contracts or grants are anticipated

iii) One aeromedical research resume (of 5 that define the total FY98 Aeromedical Research program ) specifies products and milestones during FY98-00 time frame (See Attachment #5)

iv) Pertinent examples from the full set include:

By end of FY98-

· Initiation Of Clinical/Epidemiological Tracking Of Inflight Symptoms And 
 
  
  Disease Manifestation (NIOSH) (5 Year Project)

By end of FY99-

· Evaluation Of Instrument Methods Used By Airlines To Estimate Cosmic 
 
  Radiation

By end of FY00-

· Interim Updated Guidelines For Cabin Occupant Health Maintenance

v) Each of these research initiatives develops data to assist the Office of Aviation Medicine in medical certification decisions and to ensure that the health of the aircraft cabin occupant is optimally sustained

15. Project Dependencies: 

The Aeromedical Research products requested by the Aircraft Certification Service are directly utilized to write parts of NPRMs, Advisory Circulars, and Interpretations of applications of existent regulations in the FAA responsibility areas of aircraft cabin crashworthiness and evacuation.

The Aeromedical Research products requested by the Offices of Accident Investigation and Chief Counsel are directly utilized as contributions to the clinical, toxicological, and behavioral data components required to provide a complete post-aircraft accident analysis.  Additional research is directly utilized to provide long term epidemiological surveillance of clinical, toxicological, and behavioral contributions to aircraft accident causation.

The Aeromedical Research products requested by the Office of Aviation Medicine are directly utilized to write parts of NPRMs, Advisory Circulars, and Interpretations of validity of existent and proposed airmen medical certification regulations and guides.  Additional research is directly utilized to provide answers to clinical questions (e.g., inflight medical care; inflight disease transmission; occupational health maintenance) related to civilian air travel.

16. Agency/User Goals & Objectives: 

1) Primary definition of program comes from three categories of sponsor groups (AIR/AFS; AAI/AGC/NTSB; AAM)

2) No research is conducted until the appropriate sponsor representative has acknowledged the relationship of the planned work to the sponsor's (customer's) needs

3) One component of work (FAA-NIOSH Study of aircraft cabin environmental issues) is congressionally mandated and tracked (Note: TOTAL FY98 FUNDING IS INSUFFICIENT TO SUPPORT CONGRESSIONAL MANDATE UNLESS A SEPARATE CONTRACT FUNDING LEVEL OF $400K PER YEAR FOR FIVE YEARS IS ADDED TO THE INHOUSE FUNDING PORTION TO CONDUCT THE APPROPRIATE EPIDEMIOLOGICAL STUDY UNDER A JOINT FAA-NIOSH PLAN)

4) Majority of components of work in support of Office of Accident Investigation are directly related to the FAA-NTSB Memorandum of Understanding

5) The Aeromedical Research program is fully aligned with:

a) Bioaeronautics portion of the National Plan for Civil Aviation Human Factors;

b) Multiple Components of the “System Safety/Goal 1” and "Human Factors Safety / Goal 3" Sections of FAA Strategic Plan;

c) Several Components of the "Industry Vitality / Goal 5" and “Global Leadership/Goal 6” Sections of FAA Strategic Plan; &

d) Aviation Safety Research Act.

17.1/17.2  Benefits to the FAA:

Note: For the purposes of these calculations, the presumption is that the FAA is equivalent to the user.

(Note: The Aeromedical Research Program typically has 20-25 subtasks per year that are very diverse as to area of technical review, the length of time the research sponsor allows for development of the research answer, and the specific category of research sponsor or sponsors. Benefits will thus be grouped by primary research sponsor and only key representative examples can be provided.  The FY98 Research Program is designed to maintain or increase the documented prior annual savings.

Experience has demonstrated that the lag time between the Aeromedical Research applicability to the operational sector ranges from a few days (e.g., immediate accident situations with specialized analysis provided) to 2-5 years (e.g., conversion of data into component of advisory circular or proposed rule). All categories of sponsors for Aeromedical Research are aware of the specified periods of time for conversion of research data into useable operational product; on many occasions, reprioritization is quickly effected and timelines shortened to address a specific sponsor's operational needs. This can generally be accomplished because the primary Aeromedical Research Program is an inhouse FAA capability, as opposed to a "contract issuance and  monitoring" research process.
17.1a/17.1b- The research conducted on behalf of the Aircraft Certification sponsor contributes directly to LIVES SAVED.  The FY98 products (Evacuation Slide Improvements/Improved Dynamic Impact Tests/Improved GA Oxygen Masks) are projected to save a minimum of “2 New Lives Saved Per Year” for these products, after the application of these products in regulations and advisories in approximately 2-5 years (average estimated to be 3 years) after the completion of the research.  The rationale for this per year ‘New Lives Saved” is provided separately.  How long these “per year” savings will be applicable can be debated, but an estimate of 17 years is reasonable; the assumption is that in the absence of the research, protection and survival conditions in civil aviation would have been reasonably constant for 20 years; the application of the research product after the 3rd year would imply that 17 years of safer civil aviation conditions would be present.  Therefore a total of 34 lives would be saved secondary to FY98 research products in this section of sponsored research.

17.2a/17.2b- The research conducted on behalf of the Office of Accident Investigation sponsor contributes directly to AVOIDED FAA LIABILITY COSTS.  The FY98 products (Assessment of Drugs/Alcohol; DNA applications; Injury Pattern assessment) contribute to a minimum saving of $30 million dollars.  This is a floor to the annual savings derived from this aspect of the program for each year of conduct of this section of sponsored research.  These same FY98 products also assist the Office of Aviation Medicine sponsor in ensuring that ONLY MEDICALLY QUALIFIED PILOTS ARE FOUND IN THE COCKPIT.  The value of this component of the benefits is not quantifiable for this exercise. 

17.3a/17.3b- The research conducted on behalf of the Office of Aviation Medicine contributes directly to the completion of research MANDATORILY REQUESTED BY CONGRESS. 

17.4a/17.4b- Four additional categories of benefits derived from FY98 Aeromedical Research products exist but are not quantifiable for this exercise.  Three include a) AVERTED INJURIES to aircraft occupants; b) AVERTED FEAR OF FLYING induced in the flying public resulting from awareness of terrible trauma to large numbers of the public; and c) AVERTED INDUSTRY LIABILITY COSTS.  Finally their are substantive dollar savings and enhanced feasibility of completion engendered by conducting ‘human subject protection and survival’ research in FAA inhouse settings versus outside contract research settings.

18. Mission Relevance of the Technology: 

The Aeromedical Research program is predicated on generating research products that can be directly utilized by the research sponsors.

History has shown that the research done in support of the Aircraft Certification Service is not work that will be undertaken spontaneously by industry; conversely, the research must be accomplished under direct FAA regulatory personnel oversight to ensure that technical options available to the regulatory community are fully understood, and then converted into meaningful regulations; working out these technical options is a hallmark of the FAA inhouse Aeromedical Research program. 

History has also shown that other government agencies (e.g., NASA) do not have the range of facilities (e.g., cabin evacuation facilities) or the skills in addressing regulatory applications that must work for very young, very old, very healthy, and very sick passengers that are part of the flying population.

The closest outside partner in the Aeromedical Research program is the university community; their research services have traditionally been built in to supplement selective absence of technical specialties within the inhouse program; one must stress that the FY98 funding does not have any reserve for such outside university contract or grant supplementation.

19.1 Risk (RE&D Phase): 

 The risk of failure in completing the RE&D program as defined is LOW.

19.2 Risk (Implementation Phase):

The risk of failure in implementing the results of a successful RE&D program as defined is LOW.

20. Coordination With F&E Planning

The R&D and F&E PLANS  applicable to Aeromedical Research can be viewed as highly COORDINATED.

The reader should be aware that the Office of Aviation Medicine had not had any F&E involvement until key research infrastructure upgrades were proposed in 1991. These upgrades addressed the altitude chambers, the crashworthiness track, and the aircraft cabin evacuation facility. Funding for these upgrades was approved and the approved changes should be on line by the end of FY97. A separate F&E plan  to expand the aircraft cabin evacuation capability to a flexible simulator supporting multiple cabin designs was not supported by the research sponsor for FY98; this proposal may be revisited later with the sponsor.

These  F&E related infrastructure upgrades and future considerations are possible only because the Aircraft Certification research sponsor supported the changes, and because the Aeronautical Center and the Office of Aviation Medicine provided and are providing strong administrative support to effect the process components. 

21.1 Agency Exposure:


FY98
FY99
FY00
FY01
FY02
Outyears

RE&D* Inhouse
4.178M
4.178M
4.178M
4.178M
4.178M
subject to sponsors’ input

RE&D** Contract
  .400M
  .400M
  .400M
  .400M
  .400M
subject to congressional mandate

F&E***
0
subject   
to sponsors
input



Ops****
0
0
0
0
0
0

*RE&D INHOUSE REQUIREMENTS:  BASED ON USING PREVIOUSLY PROVIDED GUIDANCE ON LIMITS  (NOTE THE DANGER: ACTUAL FLAT FUNDING IN AN INHOUSE PROGRAM WOULD IMPLY NEED TO CLOSE SELECT CAPABILITIES.)

**RE&D CONTRACT DOLLARS ARE STRICTLY TO SUPPORT CONGRESSIONALLY MANDATED FAA-NIOSH STUDIES OF INFLIGHT AIRCRAFT CABIN DISEASE TRANSMISSION AND RELATED INFLIGHT ENVIRONMENTAL FACTORS.

***F&E FUNDING REQUIREMENTS:
FY98+ PLAN ON HOLD SUBJECT TO SPONSOR INPUT ON FLEXIBLE AIRCRAFT CABIN SIMULATOR.

 ****NOTE: OFFICE OF AVIATION MEDICINE AND AERONAUTICAL CENTER PROVIDE ADMINISTRATIVE SUPPORT TO AEROMEDICAL RESEARCH PROGRAM; THIS SUPPORT IS ESTIMATED AT $1OOK PER YEAR.

21.2 User Exposure: 

Aeromedical Research does not trigger user community investment requirements beyond those that relate to complying with safety regulations that may be based on Aeromedical Research products.

21.3 Industry & Other Exposure: 

Aeromedical Research is not associated with investments that industry and /or other agencies must make to carry out the program to completion.

22. Program Accomplishments:

Description of 5 principal products over the last five years and a description of the contribution to user/agency goals:

(Because of the diverse nature of the Aeromedical Research program, selective grouping of accomplishments must be exercised.)

Principal Product #1:

Detailed data on seat and restraint system crashworthiness issues of relevance to the Aircraft Certification research sponsor

The contribution over the past 5 years included assisting the government/agency through the generation of data that ensured that challenges to and interpretations of applications of the initial rule for Improved Seat Safety Standards were properly rebuffed, and technically sound, respectively. Additionally, based on Aeromedical Research, the agency could issue the commuter category occupant protection NPRM in 1993. Still another example was the issuance of a detailed report (The Performance of Child Restraint Devices in Transport Airplane Passenger Seats) in 1994 which permitted appropriate advisory and NPRM action by the agency. 

Principal Product #2:

Detailed data on aircraft Type III  window exit egress rates and related issues of relevance to the Aircraft Certification research sponsor

The contribution over the past 5 years included assisting the government/agency through the generation of data that permitted the NPRM (1991) on Improved Access to Type III Exits, and the NPRM (1995) on Revised Access to Type III Exits. 

Principal Product #3:

Specialized Toxicological Analyses in all major (and also about 82% of all general aviation) aircraft fatality cases, supplemented by select field clinical research as requested by AAI/NTSB

The contribution over the past 5 years included providing data that directly defined the relevance of certain human factor causative issues. The data was directly used by AAI, AGC, and NTSB personnel in the evaluation of individual or "related series" accident assessments. AGC is particularly emphatic about the specialized application of the research data to nullify FAA liability in post-fatal aircraft crashes. Although there are many examples, the US Air / Skywest runway incursion stands as a perfect example of this contribution, especially since our research uncovered flight crew medication use missed by the local medical examiner's laboratory, and also clarified the pattern of death causation in the passengers (a matter of some liability impact since several passengers died near a partially obstructed window exit).

Principal Product #4:

Development of guidance (advisory circular; other publications) on assessing the occupational exposure of pilots and flight attendants to ionizing radiation (galactic and solar cosmic); concurrent supporting development of software program to assess levels of radiation exposure; concurrent participation in FAA-NIOSH joint research by assisting in assessment of flight attendant radiation exposure environment (as part of exhaustive study of flight attendant reproductive health, cabin air quality, and disease transmission issues).

Contribution over the past 5 years to the agency/user included development of the internationally recognized and applied software tool entitled CARI which permits radiation exposure calculation for any combinations of flight schedules (Note: In this research the primary FAA users are the Office of Aviation Medicine and the Flight Standards Service.)  The overall contribution goes beyond the development of this unique radiation exposure assessment capability; more globally relevant is that the FAA Office of Aviation Medicine and the Federal Air Surgeon could properly define occupational radiation exposure of flight crews, with particular sensitivity to the risks of the conceptus of a pregnant crew member, and develop advisory material for commercial air carriers that informs the work force of radiation exposures, associated risks, and ameliorating steps.

Principal Product #5

More sensitive and specific assessment approaches and tools in the medical certification evaluation of airman recovering (or recovered) from brain injury or disease

The primary contributions from the past 5 years included the  documentation that certainly highly touted clinical screening approaches simply did not screen out cognitive deficit of relevance to flying safety; a parallel contribution was the development of a sensitive automated cognitive function assessment tool that was converted to a commercially available product under a technology transfer approach.

As a result of data collected during this multi-year research effort, the primary research sponsor (Office of Aviation Medicine) has been able to substantively upgrade its guidelines for the evaluation of pilots with brain injury or disease history. Clinical norms for such specific important subsets as HIV positive subjects and recovering alcoholic subjects are actually part of the research in this program in FY96-FY97.

