Vople National Transportation Systems Center

Project Plan Agreement

FY00
12.0
DESCRIPTION OF WORK

(1)
Objective

The objective of this program is to provide flight deck human factors research and development resources to the FAA's Office of the Chief Scientific and Technical Advisor for Human Factors (AAR-100).   The program will help increase flight safety by improving pilot training and providing support systems for pilot tasks in the air. There are three main areas to the program: 1) Pilot Training and Evaluation, 2) Flight Deck Resources, and 3) Human Factors Evaluation and Analysis Services.  The first area will determine the effect of fidelity of flight simulation on transfer of pilot performance/behavior to and from the airplane for pilot training and evaluation.  The second area will establish objective guidelines for information displays and interfaces for certifiers and developers.  The third area will serve to respond rapidly to emerging evaluation and analysis needs in the field of flight deck human factors.  

(2)
Background

This program plan continues the work started at the Volpe Center in FY84 for the Office of Flight Standards.  The primary goal of the program was to develop a human factors laboratory to conduct research into flight deck-related human performance issues.  Recent work has focused on human factors support in the design and evaluation of flight simulators and flight deck devices supporting pilot tasks.  The work described in this PPA will build on the approaches used and knowledge gained from past work of this type.  The present plan specifies research projects concerned with flight deck human factors and safety-related issues to be funded by the FAA Office of the Chief Scientific and Technical Advisor for Human Factors.  Also, this program contributes to the core knowledge of the human factors community and allows the agency to make timely decisions to improve the safety of flight operations.

(3)
Statement of Work

The purpose of this PPA is to provide research support to the FAA’s Office of the Chief Scientific and Technical Advisor for Human Factors (AAR-100) on flight deck human factor issues.  The program focuses on three areas: 1) Pilot Training and Evaluation, 2) Flight Deck Resources/Information Display and Interface, and 3) Human Factors Evaluation and Analysis Services.  Following a general description of each area, the specific FY99/00/01 tasks and accomplishments are presented.  

AREA 1: PILOT TRAINING AND EVALUATION

This area is managed by Dr. Eleana Edens (AAR-100) and serves the needs of the Advanced Qualification Program (AFS-230) for access to affordable and effective simulator pilot training and evaluation by all airlines.  The goal is to determine the fidelity requirements for both the airplane and the flight environment simulation to ensure full transfer of pilot performance and behavior from the simulator to the airplane for training purposes and vice versa for pilot evaluation purposes.

In the process of determining simulator fidelity requirements, the relationship between objective flight data recordings (from the simulator) and instructor grades for take-offs with and without engine failures will be examined.  This data will support the industry’s effort to assess flight quality from data recorded during operations (FOQA).

TASK 1: AIRPLANE SIMULATION FIDELITY REQUIREMENTS--Effect of Motion Requirements for Level C Simulators on Skill Transfer To and From Airplane

This work focuses on efforts to achieve transfer of pilot performance/behavior to and from the airplane by ensuring perceptual fidelity of the simulator rather than perfect physical fidelity, which may not always be required.  Specifically, this task provides empirical data on the effect of simulator motion in the presence of a state-of-the-art visual system on training and evaluation of commuter airline pilots.  The simulator used was a FAA certified Level C simulator with a six-degree-of-freedom synergistic platform and a wide field-of-view cross-cockpit visual system.  Test maneuvers were chosen to be most diagnostic for detection of a requirement for motion and consisted of engine failures on take-off with either rejected or continued take-off.  Objective and subjective measures of both simulator performance and pilot performance and behavior (workload) were collected.  Preliminary results do not suggest a large, consistent benefit of motion for training engine failures on take-off, but may indicate an effect of motion on pilot evaluation. The final results of this work will available in early FY00. 

Given the potentially strong implications of these results for simulator requirements, validation of this work will be a focus of the FY00 (and FY01) efforts.  This is critical for acceptance by a community that has been tackling with the motion vs. no-motion question for decades.  Specifically, we will need to perform the following subtasks:

1)   Simulator Validation:  How typical is the FAA certified Level C motion system performance that we observed in our experiments?  This can be accomplished either by collecting and analyzing new data by instrumenting "in-service" Level C simulators or by examining existing data that from FAA simulator qualification efforts, depending on availability.

2)  Generalizability and Reliability of Results:  The results from the first study need to be replicated using a different simulator, pilot population, and maneuvers to exclude idiosyncratic effects.  

3)  Validation of Quasi-Transfer Paradigm:  Ideally, the question of whether simulator motion affects transfer of training from the simulator to the airplane would be answered by first training pilots in the simulator with and without motion, and then comparing their performance in the real airplane.  Despite the considerable technical and fiscal hurdles involved, our procedure of using the simulator with motion as a stand-in for the airplane needs to be validated at least to some degree by measuring transfer to and from the real airplane.

Time permitting, new work for FY00 and FY01 may include:

1)  What is the role of (engine) sound simulation in training and evaluation of responses to abnormal events such as engine failures?  This may have been a factor in some engine failure related incidents.  Instructors are known to reduce the sound level in the simulator considerably to ease communication with trainees.

2)  What can we learn for training from crew responses to engine failures in the simulator with and without motion compared to what is known about real-world incidents?  As much as possible, we would use objective data from our own simulator studies and subjective data from existing databases such as NTSB and ASRS reports.

3)  How well do simulators train pilots for critical flight phases, especially landing, under a zero-flight-training program?  How much, if any, compensatory training is going on during the early flights in the real airplane?  This work is motivated by the FAA working on a rule that would mandate the use of simulators in pilot training.  It will be based on an examination of existing databases followed by systematic in-flight deck observations during the first flights after zero-flight training.

TASK 2: ENVIRONMENT SIMULATION FIDELITY REQUIREMENTS--Realistic Radiocommunications Simulation (RRS)

The goal of this task is to determine the requirement for realistic radiocommunications during pilot training and evaluation in the flight simulator.  Although pilots are trained in sophisticated simulations of the airplane and the out-the-window view, radiocommunications are generally just imitated by the instructor/evaluator in the back. This greatly increases the workload of the instructor/evaluator, while it decreases the workload of the pilot, potentially reducing training effectiveness or even leading to negative training.  The first phase of the project consists of: 1) an investigation of current airline practices to simulate radiocommunications, 2) collection of subject matter expert opinion regarding the effect of realistic radio communications, 3) review of the relevant technical literature on (simulator) training and on task management, and 4) review of existing technologies that could contribute to RRS.  Based on the work to date, our working hypotheses are the following: 

1)  Instructor/Evaluators in general will perceive realistic radiocommunications as important, but are too busy to fully provide them in person.

2)  The literature emphasizes the need to simulate a faithful environment during simulator training, dependent on the event type.

3)  The technology to simulate such radiocommunications without humans acting as controllers and other pilots in the airspace is still too inflexible for operational simulations and would be costly to develop.

4)  Current practice is not to simulate radiocommunications realistically, and to leave it to the instructor to impersonate air traffic control and company voice communications in addition to operating the simulator, observing, and instructing. 

5)  To induce airlines to incur additional equipment or personnel cost to realistically simulate radiocommunications, a proof of concept will be required. 

6)  This will need to include an investigation of the cost/benefit tradeoffs, which will differ according to event type (procedures training vs. CRM LOFT, training vs evaluation, initial vs. recurrent training, airspace/airport familiarization vs. etc.).

Once the initial report is completed, an empirical demonstration of the need for realistic radiocommunications will be undertaken.  As a first step, this will consist of a comparison of in-flight versus simulator LOFT/LOE communication workload.  Then, based on this preliminary work, a tightly designed simulator study may be undertaken that will examine the different cost/benefit tradeoffs of providing realistic radiocommunications.

TASK 3: FLIGHT OPERATIONS QUALITY ASSESSMENT DATA ANALYSIS-- Correlations and Regressions between Instructor Grades and Objective Data for Take-Offs With and Without Engine Failure

The FAA, in collaboration with industry, is conducting an effort to analyze flight quality during on-line operations.  Data is being collected from the flight data recorders (FDR) in the airplane.  This effort will provide guidance in how to assess flight quality from this data.  An analysis of correlations and regressions between instructor grades and objective data for take-offs with and without engine failure collected in a Level C simulator showed that the power of objectively recorded flight data to explain instructor grades does not exceed an R2 of .22.  Significant linear and logistic regressions were obtained: 1) for normal take-offs, between grades and pitch; 2) for rejected take-offs, between grades and lateral and heading deviations; and 3) for V1 cuts, between grades and bank angle.  These results will be validated using additional simulator data.  The effect of reducing the sampling rates to the ones provided by the FDR will also need to be assessed. 

AREA 2: FLIGHT DECK RESOURCES: INFORMATION DISPLAY/INTERFACE

This area is managed by Dr. Tom McCloy (AAR-100).  Its goal is to provide objective guidelines for certifiers and developers for the development and evaluation of flight deck resources, mainly dealing with information display and interfaces.  All too often, certifiers are confronted with new technologies and no objective guidelines on how to evaluate them.  This effort is aimed at first looking at existing knowledge for objective guidelines and then, as needed, filling the knowledge gaps with appropriate research. 

TASK 1: HEAD-UP DISPLAY DESIGN

The need for objective guidelines for the certification and design of head-up displays (HUD) has been identified by the Air Transport Directorate, AMN-100.  In an extensive review of the existing knowledge, based on expert opinion and a thorough review of the literature, the research listed below has been identified as the most urgent.  The priorities of the research programs below are currently being discussed with the FAA sponsors.

Visual Scanning.  The purpose of this research program is to develop a metric to determine if a HUD adequately balances clutter against providing sufficient and easily accessible information to the pilot.  The metric is expected to represent the total  “cost” in time and visual effort for the pilot to acquire all necessary information from the HUD, HDD, and the OTW scene (Carbonell, 1966). 

Conformity vs. Scene-Linked Symbology.  The aim of this research program is to create a metric for a HUD symbology’s propensity to promote attention trapping.  To do this, experiments must be run to determine if non-conformal symbology or relative motion causes attention trapping.  

Alert Coding.  The purpose of this study is to develop an acceptable non-color coding convention for cautions and warnings.  The convention would be recommended for identifying and distinguishing caution and warning messages and for performance regions on indicators.  The convention will be designed to be as consistent as possible with non-color coding methods currently used on head down displays (HDDs).

Internal Consistency.  The purpose of this research is to develop a metric for internal consistency of the codings and conventions of a set of indicators in a display, and to better understand the effects of display inconsistency on pilot performance.  

HDD-HUD Consistency.  This study investigates the pilot performance cost associated with making the transition between a HUD and a HDD when each uses different formats or locations of indicators.  

HUD Strain.  The first study in this program would determine if HUD usage is associated with any more strain than HDD usage.  If the survey indicates that HUDs are associated with more strain than HDDs, then more studies are needed to evaluate the relation of eyestrain to actual flight performance.  If links between HUD strain and performance are established, then further research would attempt to determine the HUD design features that promote or reduce strain.

Head Motion.  The cockpit head motion volume (CHMV) of a HUD ideally should be designed to be large enough to accommodate normal pilot head motion associated with the task the HUD is used for.  Thus, the primary research goal for this program is to determine the range of normal head motion exhibited by pilots in non-HUD equipped aircraft.  This would serve as the ideal CHMV size for HUD-equipped aircraft. 

TASK 2: ELECTRONIC FLIGHT BAG

Electronic flight bags (EFBs) are electronic control and display units that will be used by pilots to obtain information currently provided in paper form on the flight deck.  Pilots will use EFBs to accomplish preflight, in flight, and post flight activities. 

As EFBs become available, it will be vital for the FAA Flight Standards office (AFS-410) to have objective methods of evaluating their usability.  In the near future, industry will be requesting that EFBs be granted certification for use as the sole source on the flight deck for information currently provided via paper.  This project, in cooperation with the Air Transport Association (ATA), will develop usability evaluation guidelines specific to EFB systems.  These usability evaluation guidelines will also be made available to system manufacturers and other interested parties to provide a common understanding of the usability evaluation process.

The first phase of this project focused on creating a common understanding of what functions EFBs will perform.  During the second phase, the Volpe Center will identify design issues that need to be addressed and establish priorities for each issue.  The third phase will incorporate all the work of the preceding phases and develop usability evaluation guidelines for the FAA.  Phase four will consist of research on the highest priority unresolved issues.

Combined with emerging information and communications technologies, upcoming EFBs may potentially revolutionize many aspects of air transport operations.  As more experience is gained with these devices and as more sophisticated functionality is added by manufacturers, the original usability guidelines and applicable advisory circulars will need to be refined and updated in order to keep pace with these technological advancements.  

This refinement and updating will be accomplished by first collecting data through jumpseat observations, structured interviews, and analyzing prototypes.  By staying in touch with developments as they happen, Volpe can provide guidance to the FAA, avionics manufacturers, and the customers regarding this rapidly maturing technology.

With the continued shrinking of costs for digital data processing, EFB technology is also expected to spread from commercial flight decks to general aviation cockpits. As GA pilots move from rented plane to rented plane, or from one corporate aircraft to another, they will very likely encounter completely different EFB interfaces in each plane.  At the same time, training of GA pilots on such powerful devices can be expected to be relatively limited.  A goal of this project is to provide guidelines that will maintain or improve usability of EFBs for these pilots while allowing for innovation by the manufacturers. 

TASK 3: ELECTRONIC CHART INFORMATION LAYERING STRATEGY EVALUATION

Relocating aeronautical charts from paper to EFBs necessitates changes in their presentation.  Although electronic displays have lower resolution than paper, electronic displays are more flexible.  Pilots can selectively display only relevant information on electronic displays, thereby reducing clutter.  However, the act of selecting information for display causes pilot workload.  Ideally, the amount of workload caused by actively selecting information would be less than that incurred while using a paper chart. 

In order to minimize the effort required to select the desired information, the information itself should be organized to coincide with the sequence and manner in which pilots use it.  With this objective in mind, the Volpe Center has been working with the SAE G-10 Aeronautical Charting Subcommittee to develop guidelines for categorizing and layering information items on electronic instrument approach procedure charts (EIAPs).  The resulting strategy is the product of very extensive subject-matter-expert (SME) committee review.  SAE G-10 intends to publish the resulting guidelines as an Aerospace Recommended Practice (ARP).
The guidelines under development do not stifle innovation by standardizing a single interface.  Companies would still be able to design their interface the way they wish.  However, the guidelines will encourage the structure of the information to remain stable from platform to platform.  Manufacturers are expected to welcome this stable structure because they would know that as long as they adhered to the predetermined information structure, that part of their product would be assured certification.

If SAE G-10 publishes these guidelines as an Aerospace Recommended Practice (ARP) based solely on subject matter expert review, the document could become a manufacturing standard without having been tested in an operational environment.  Subject matter expert review is a valuable addition to validation, but it is insufficient as a sole source.  

The Volpe Center Flight Deck Human Factors Program has both the experience and equipment to test the usability of these electronic charting guidelines under operationally realistic conditions.

The evaluations will focus on two core questions:

1) Compared to the use of paper charts, how efficient will electronic charts be at transferring information to pilots during simulated flight?

2) How will the information transfer efficiency of different information organization schemes compare? 

To answer these questions, pilots will fly a set of scenarios in a simulator.  Each scenario will be designed to fully exercise the charts.  A secondary task, responding to peripherally mounted lights, will be used to measure spare mental capacity by recording response latency.  Performance measures will also include head-down time, errors, subjective workload measures, flight technical error, and subjective preferences.

AREA 3: HUMAN FACTORS EVALUATION AND ANALYSIS SERVICES

The goal of the third area is to be able to respond rapidly and efficiently to emerging flight deck human factors and analysis needs as identified by AAR-100.  These tasks will be performed at AAR-100 sponsor request.  One example where preliminary discussions have already taken place is looking into the problem of communication between local air traffic controllers and foreign pilots.  Other examples in this area are likely to be oriented towards evaluating and determining certification guidelines for various systems, such as terrain alerting system, WAAS GPS-based position awareness system, and low-end synthetic vision system.  Each task will be documented as appropriate. Sample tasks are outlined below.

Foreign Pilot/Controller Communications.  The objective is to improve communications between local air traffic control and foreign pilots.  With the globalization of air traffic, the potential for miscommunications between foreign pilots and local controllers increases, and with it the potential for another serious accident such as the one experienced by Avianca Airlines, where the Colombian crew was not able to efficiently communicate its fatal fuel situation to air traffic control over Long Island, New York.  Means to reach the objective may include efforts to improve aviation English proficiency of pilots and controllers and efforts to standardize global air traffic control phraseology. This project requires consideration of both national and international sensitivities. 

Human Factors of an Affordable Terrain Alerting System.  The objective is to determine the required human factors characteristics of an affordable terrain awareness system (TAS).  A research report will summarize the data giving a range of TASs design parameters that have been shown to be effective in encouraging terrain awareness, avoidance, and escape in GA pilots.  This report can serve as guidelines in the certification process, and may be also used by manufacturers in developing such systems.
Information Search and Use in Positional Errors.  The objective is to determine the underlying errors associated with cases of positional disorientation.  A research report identifying the factors associated with positional errors will be produced.  The implications for design, procedures, and training will be discussed.
Angle-of-Attack Instrumentation for General Aviation (GA).  The objective is to demonstrate and evaluate the effectiveness of angle-of-attack (AOA) instrumentation for GA pilots.  A research report will address the overall safety benefits of an AOA indicator and whether certain aircraft should be advised or required to include them.  Certifiers and manufacturers can use the guidelines for design.
Taxiway Position Awareness System for Small Aircraft.  The objective is to develop and demonstrate a WAAS global positioning system (GPS) based position awareness system for use by small aircraft while taxiing.
Evaluation of Low-End Synthetic Vision (SV).  The objective is to evaluate the effectiveness of current laptop synthetic vision systems in promoting terrain awareness and avoidance.  The product will be a set of certification guidelines for SV systems.
Use of GPS Receivers in a WAAS/LAAS Environment.  The objective is to determine the capability of current GA-oriented GPS receivers in serving as the sole source for navigation.  From this report, FAA can decide if stricter certification criteria will be needed for WAAS/LAAS (Wide/Local Area Augmentation System) receivers.
13.0
INTERFACE

Not applicable.

14.0
DELIVERABLES AND SCHEDULE

Quarterly human factors program status reports and financials will be submitted to AAR-100.

AREA 1: PILOT TRAINING AND EVALUATION 

TASK 1: AIRPLANE SIMULATION FIDELITY REQUIREMENTS--Effect of Motion Requirements for Level C Simulators on Skill Transfer To and From Airplane

FY99 accomplishments:

· Preliminary results presentation to FAA AAR-100 Airline Training Group and Advanced Qualification Program (AQP) Management (October 1998)  

· Experimental data collection completed (March 1999)

· Final simulator calibration and data analysis completed (August 1999)  

· Discussion of research issues at NASA Ames with the AIAA Simulation and Modeling Committee (April 1999)

· Abstract will be submitted to the Royal Aeronautical Society (September 1999)

FY00/01 plans:

· Final briefing of results and conclusion to FAA sponsors and customers and participating airline and training center (October 1999)

· Final report submission to FAA for comment (December 1999)  

· Submission to peer-reviewed journal (February 2000)

· Presentation to Royal Aeronautical Society (May 2000) (pending acceptance)

The following are the deliverables and schedule for validation of current work only.  (Note: Schedule will very much depend on equipment availability.  Time permitting, new work will be undertaken in parallel.):

For comparison of other Level C simulator motion system performance with the Level C used in experiment (Simulator Validation):

· Collection of data from other Level C training simulator(s), especially focusing on the lateral motion stimulation on pilot location (or receive from FAA) (March 2000)

· Analyze the data and document the findings (May 2000)

For the motion-effect experiment using a different type of simulator, pilot population, and maneuvers (Generalizability and Reliability of Results):

· Research proposal, preparation, and planning (July 2000)

· Data collection (September 2000)

· Data analysis (December 2000)

· Results interpretation and documentation (February 2001)

For the real-transfer paradigm (Validation of Quasi-Transfer Paradigm):  

· Research proposal, preparation, and planning (March 2001)

· Data collection from experiment using real aircraft (May 2001)

· Data analysis (July 2001)  

· Results interpretation and documentation (September 2001)

TASK 2:  ENVIRONMENT SIMULATION FIDELITY REQUIREMENTS--Realistic Radiocommunications Simulation (RRS)

FY99 accomplishments:  

· Discussed feasibility of RRS with American Institute of Aeronautics and Astronautics (AIAA) Simulation and Modeling Group at the Interservice/Industry Training Systems and Education Conference (I/ITSEC) (December 1998)

· Presented scope of realistic radio communications simulation feasibility study to AQP LOFT Instructor/Evaluator Focus Group and collected data on current radio communications simulation practices (May 1999)

· Electronic database of pertinent literature (Ongoing)

FY00/01 plans:

· Presentation of preliminary SME survey results, airlines, technology and literature at World Aviation Congress (October 1999)  

· Final report submission to the FAA for comment (December 1999)

· Comparison of in-flight versus simulator LOFT/LOE communications workload (Proof of Concept):

· Research proposal, preparation, and planning (March 2000)  

· Data collection (July 2000)
· Data analysis (August 2000)

· Results interpretation and documentation (September 2000)

· Simulator Study (Cost/Benefit Trade-Off): 

· Research proposal, preparation, and planning (December 2000)  

· Data collection (May 2001)  

· Data analysis (July 2001)

· Results interpretation and documentation (September 2001)

TASK 3:  FLIGHT OPERATIONS QUALITY ASSESSMENT (FOQA)

FY99 accomplishments:

· Presented correlations between objective simulator flight data recordings and instructor/evaluator grades to FAA Airline Training Group (July 1999)

FY00/01 plans:

· Final report of the FOQA data analysis will be submitted to FAA for comment (November 1999)

· Report submission to peer-reviewed journal (January 2000)

· Further correlations between objectively collected data and instructor/evaluator opinion will be analyzed as data becomes available from other studies

AREA 2: FLIGHT DECK RESOURCES: INFORMATION DISPLAY/INTERFACE

TASK 1: HEAD-UP DISPLAY DESIGN

FY99 accomplishments:

· Presentation of Empirical Development of Guidelines for HUD Certification to the Society of Automotive Engineers (SAE) G-10 HUD committee and to the USAF Flight Symbology Development Group (February 1999)

· “White paper” draft Issues and Knowledge Concerning the Use of Head-Up Displays in Air Transports has been submitted to FAA AAR-100 and Transport Directorate (June 1999)  

FY00/01 plans:

Visual Scanning, Conformity vs. Scene-Linked Symbology, Alert Coding, 

Internal Consistency, HDD-HUD Consistency, HUD Strain, Head Motion

· Final draft of white paper Issues and Knowledge Concerning the Use of Head-Up Displays in Air Transports (September 1999)

· Proposal for long-term research (November 1999)

· Study Results, 3 or 4 "fast-track" research programs (September 2000)

· Prototype Human Factors Guidelines for the Certification of Head-Up Displays for Air Transports (November 2000)

· Version 1 Human Factors Guidelines for the Certification of Head-Up Displays for Air Transports (January 2001)

· Report for full-scale experiments (probably Visual Scanning research program) (May 2001)

· Version 2 Human Factors Guidelines for the Certification of Head-Up Displays for Air Transports (August 2001)

TASK 2: ELECTRONIC FLIGHT BAG

FY99 accomplishments:

· Delivered draft concept of operations for EFBs  to FAA Flight Standards (AFS-410) and the Air Transport Association (ATA) Digital Data Working Group  

· Provided FAA Flight Standards with information that was included into the draft Advisory Circular for EFBs

· Provided draft report of prioritized human factors issues in EFB design to the FAA and ATA Digital Data Working Group (August 1999)

FY00/01 plans:

· Prioritized Human Factors Guidelines draft report (August 1999)

· Usability Evaluation Guidelines (February 2000)

· Identify Research Issues draft report (March 2000)

· Detailed Research Plans and Execution (TBD)

TASK 3: ELECTRONIC CHART INFORMATION LAYERING STRATEGY EVALUATION

FY99 accomplishment:

· In coordination with the SAE G-10 Aeronautical Charting Subcommittee, a technique was developed to create a layering scheme for information displayed on electronic instrument approach procedure (EIAP) charts.
FY00/01 plans:

· Completion of information layering strategy (December 1999)

· Technical report of electronic approach chart vs. paper chart (March 2000)

· Technical report of approach chart information organization scheme comparisons (September 2000)

AREA 3: HUMAN FACTORS EVALUATION AND ANALYSIS SERVICES

FY99 accomplishments:

· Developed Categorization for CFIT accidents for General Aviation and presented results in paper General Aviation and Controlled Flight Into Terrain Accidents at the Tenth International Symposium on Aviation Psychology (May 1999)

· Investigated the effects of presence and display format of vertical navigation information on flight technical error and pilot workload and presented results in paper Vertical Navigation Displays: Pilot Performance and Workload During Simulated GPS Constant Angle of Descent Approaches at the Tenth International Symposium on Aviation Psychology (May 1999) 

· Patented data collection tool for measuring AF maintenance technical workload 

· Submitted expanded paper Vertical Navigation Displays: Pilot performance and Workload During Simulated GPS Constant Angle of Descent Approaches to The International Journal of Aviation Psychology (July 1999)

FY00/01 example tasks are listed in Section 12.0 Description of Work, (3) Statement of Work

15.0
PROCUREMENTS

See section 19.0

16.0
MILESTONES

See deliverables (Section 14.0)

17.0
REVIEWS AND REPORTS

Reviews and reports in addition to those listed under Section 14.0 will be provided at the sponsor's request.

18.0
CONTROLS

Not applicable.

Page 14 of 17

FA-9E2




