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AVIATION HUMAN FACTORS PROGRAM PLAN
1.0 EXECUTIVE SUMMARY

The safety, reliability, and efficiency of the National Airspace System depend
upon the men and women who operate and use it. Aviation human factors
research is the study of how these people function in the performance of their
jobs as pilots, controllers, or maintenance and ground-support personnel
Increasing automation and system complexity are placing new and different
demands on staff of the nation's air transportation system. Concern over human
performance in safety has been raised in Congress, industry, and the academic
community.  Aviation safety areas which have been the subject of recent
attention include both the air traffic control and the cockpit aspects of the

system.

In the past, the development and applic‘ation of new aviation system technology
both in ATC and flight systems has been directed toward increasing the traffic
through-put capacity of the NAS, With a few notable exceptions, such as Traffic
Alert and Collision Avoidance System (TCAS) and Ground Proximity Warning
System (GPWS), advances in technology have not been applied directly toward
the improvement of flight safety. This proposed program is intended to develop
and apply advanced behavioral analysis and technology to improve flight safety
and promote civil aviation.

The successful application of technology to safety problems in any system as
complex as the NAS system requires an integrated approach.

The FAA currently has an active and integrated air traffic control research and
development program, but has not developed a centralized and systematic
approach to improving flight crew performance has yet to be developed. The
purpose of this Aviation Human Factors Research Plan is to address that need by
focusing on cockpit~ and pilot-related problems and develop an integrated
approach to such problems.

Pilot error has been identified as a causal factors in 66 percent of air carrier
fatal accidents, 79 percent of commuter fatal accidents, and 88 percent of the



general aviation fatal accidents. AVS is concerned with the causal factors these
statistics represent and the trends that they “reflect, and recognizes the
importance of a better understanding and greater consideration of the human
factors aspect of aviation.

The projects that are presented in the research plan were identified primarily
through discussions held with users of the National Airspace System at human
factors workshops held specifically for that purpose. A review of the
proceedings of six FAA-sponsored human factors workshops revealed 137
cockpit-related human performance problem areas that could be addressed
through human factors research. Thirty of these 137 items were selected as
being particularly important to the promotion of aviation and to aviation safety.
Descriptions of these 30 items were sent to the members of SAE's Aerospace and
Behavioral Engineering Technology Committee, who were asked to rank them
according to their importance to civil aviation.

~ The 30 areas were categorized into the following live areas for research shown
according to importance as ranked by the SAE committee:
° Advanced cockpit technology;

o Pilot error;

o Rotoreraft display and control issues;
o Crew training;

o Regulatory activities.

The body of the research plan is comprised of descriptions of 23 research
projects proposed to address the 30 human factors problems. The projects
address the following research objectives:

1. Develop cockpit certification criteria for advanced technology based upon
objective measures of crew performance.

2. Develop an objective and quantifiable method of measuring aircrew
workload.

3. Develop intra-agency design review requirements and evaluation methods
to insure that the modernization of the NAS, automation and related



4.

S.

7.

10.

changes in cockpit design do not influence pilot workload to the detriment
of flight safety.

Develop guidelines for the use of voice-activated flight management
systems in aircraft cockpits; develop performance criteria which must be

satisfied before such systems can be certified.

Determine whether the cockpit flight data information system is adequate
to support safe reversion from automated to manual_operation when
required; and determine if the information available to the pilot in the
cockpit is adequate to permit safe reversion to manusl flight. )

Identify the information required by aircrews to fly modern aircraft safely
in the evolving NAS and to ensure that the information is presented to
them efficiently and in a manner promoting the maximum degree of
transfer.

Establish human performance checklists for use by procedure specialists
and flight inspection pilots in the development of instrument approach
procedures, SIDs (Standard Instrument Departure Procedures, noise
abatement procedures) and STARs (Standard Terminal Arrival Procedures);
and to improve the speed and accuracy of information transfer from
instrument approach charts through chart redesign. '

Identify weather information requirements of pilots, and compare those
requirements with the weather data to be-provided in the developing NAS.

Develop, coordinate, and maintain a program dedicated to identifying the
causes of pilot error and to creating a data base on flight crew
performance. Develop and apply methods for collecting crew performance
data that will support the creation of standards and guidelines for
certifying cockpit flight control and navigation systems.

Identify the characteristics of automated flight management systems that
influence their compatibility with human operators.
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12.

13.

14.

18.

18.

17.

18.

19.

Develop standards and procedures for use with currently available digital
data input devices which minimize pilot error. Develop requirements for
training flight crews in the use of these procedures.

Identily the extent to which the use of automated systems may degrade a
pilot's ability to fly manually; il there is a potentially significant
degradation of skills, determine what training is necessary to ensure
maintenance of manual capability in the event of the (ailure of automated

flight systems.

Improve the effectiveness of communication and coordination between
cockpit and cabin erews to increase flight satety and passenger comfort

during all phases of flight.

Increasa the effectiveness of line criented fight training (LOFT) (or

training crews in emergency procedures, for identifying shortcomings in
training procedures, and for improving crew coordination.

Develop and eveluate training materials and evaluation techniques for
improving pilot judgement and decision making.

To determine the level of simulator fidelity that is necessary for training
pilots in selected aviation tasks; determine how much training is required
at specific levels of simulator fidelity to qualify for credit toward

.regulated flight training.

Identify the extent to which inexpensive simulators and part-task trainers
can be utilized in the training of pilots.

Increase the effectiveness of simulation training for developing and
maintaining {lying proficiency.

Modify and clarily the federal aviation regulations in order to develop a
regulation reference system or manual which can be easily used during
time-critical flight situations by aircrews to resolve uncertainties
regarding their legal responsibilities.
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20. Determine the effects of fatigue on crew interaction, and develop
countermeasures to neutralize adverse effects.

21. Assess the impact of economic difficulties on the quality and quantity of
recurrent training provided by the commercial airlines.

22. OUpdate the process of selection, training, and licensing to reflect the
advances in aviation technology.

23. Develop human factors criteria which can support new technology to
improve standardization of displays and control unique to helicopters. This
could include criteria for non-standard instrument displays and advanced
flight controls such as fly-by-wire, fly-by-light, and side-arm contrallers.

Each project description as found in Section 3 provides a brief discussion of the
problem ares, a statement of needs or requirements for the work, a proposed
approach to doing the required work, and products which are expected to result
from the work. '

Implementation of this plan will represent a formal programmatic commitment
of the Federal Aviation Administration to address human performance-related
- aviation safety issues. Results of the research will influence nearly every aspect
of air transportation, including safety, reliability, and efficiency in general as
well as commercial aviation activities.

The requirements identification program represented by this work will be
directed by the Associate Administrator for Aviation Standards and will be
managed by the Office of Flight Operations. The effort will be sui:ported by the
Transportation Systems Center's Operator/Vehicle Systems Division. A specially
seI;cted FAA human factors review committee, comprised of AVS and ADL, and
TSC human factors program managers will monitor the program process and its
relationship to ongoing and anticipated FAA programs.

The development and identification of research priorities will continue and will
actively involve a wide-ranging aviation constituency including government
officiuls, manufacturers, airlines and operators, labor and -trade organizations,
researchers, and public interest groups.

(]}
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COCEKPIT HUMAN FACTORS RESEARCH PLAN
2.0 INTRODUCTION AND OVERVIEW

The safety, reliability, and efficiency of the National Airspace System depend
upon the men and women who operate and use it. Aviation human factors
research is the study of how these people function in the performance of their
jobs as pilots, controllers, or maintenance and ground-support personnel.
Concern over human performance has been raised in government, industry, and
the academic communities. Aviation safety areas which have been the subject
of recent attention include both the air traffic control and the cockpit aspects of
the system. Computer failures and near misses brought increased attention to
air traffic control, and the crew complement issue has brought attention to

cockpit issues.

In the past, the development and application of new aviation system technology
both in air traffic control (ATC) and flight systems has been directed toward
increasing the traffic through-put capacity of the NAS. With a few notable
exceptions, such as Traffic Alert and Collision Avoidance System (TCAS) and
" Ground Proximity Warning System (GPWS), advances in technology have not been
applied directly toward the improvement of flight safety. The proposed
program is intended to develcp and apply advanced behavioral technology to
promote civil aviation to improve flight safety.

The FAA currently has an active and intergrated air traffic control research and
development program underway, but a centralized .and systematic approach to
improve flight crew performance has yet to be developed. This Cockpit Human
Factors Research Plan is proposed to address that need by focusing on cockpit-
and pilot-related problems. Research conducted through this program of work
wills o
o Promote the advancement of cockpit technology and flight systems
through the development and application methods for measuring and
understanding the pilot's capability for assimilating information from
advanced display systems and for using and monitoring automated
flight systems;



° Increase flight safety through the identification and mitigation of
conditions resulting in pilot error; and

° Develop increased awareness within the aviation community of the
role of human factors issues in flight safety.

Implemenation of the plan will be directed by the Associate Administrator for
Aviation Standards and will be managed by the Office of Flight Operations. The
effort will be supported by the Transportation Systems Center's
Operator/Vehicle Systems Division.

A specially selected FAA human factors review committee, comprised of AVS
and ADL, and TSC human factors program managers will monitor the research
requirements identification program and its relationship to ongoing and
anticipated FAA programs in associated engineering and research and
development areas.

. Adoption of this plan will represent a formal programmatic commitment by the
Federal Aviation Administration to address human performance-related aviation
safety issues. The resulting program will influence nearly every aspect of air
transportation, including safety, reliability, and efficiency in general as well as
commercial aviation activities.

The development and identification of research priorities will continue to
actively involve a wide-ranging aviation constituency including government
officials, manufacturers, airlines and operators, labor and trade organizations,
researchers, and public interest groups.

2.1 GENERAL
Q;.lestions about the effects of human performance on aviation safety {requently
are raised in forums such as Congressional Hearings and safety review
committees. Recent concerns have been related to:
o] Aifcra(t crew complement;
Management of cockpit automation;
Crew fatigue/workload/stress;
Cockpit resource managemerft; and
Pilot judgment.

o O O o



This brief .list illustrates the nature of the concern within the aviation
community about human factors problems. These are all associated with pilot
error.

Pilot error has been identified as a causal factors in 66 percent of air carrier
fatal accidents, 79 percent of commuter fatal accidents, and 88 percent of the
general aviation fatal accidents. AVS is concerned with the causal factors these
statistics represent and the trends that they reflect, and we recognize the
importance of a better understanding and greater consideration of the human
factors aspect of aviation.

Although automation is seen as a method of eliminating human error related
failures, no system that has the potential of placing human life at risk can be
allowed to operate without human supecvision. There are many situations where
automated systems outperform human cperators (e.g.,human error rates in the
performance of. rote tasks clearly exceed those of automated systems), however
there is still no substitute for human ability to deal with new, complex, and
unusual situations and make judgments on partial information. Therefore, it is
essential that advanced aviation systems continue to include the "man-in-the”
loap and that their designs reflect an understanding of human strengths and
limitations.

With the current emphasis on the use of automation to increase' system
productivity, the challenge is to create conditions that will ensure continuing
improvements in overall system safety. Achieving increases in both productivity
and safety will require a better utilization of the humans in the system. This
requires applied research on problems such as the design of pilot-compatible
cockpit systems, pilot selection, and pilot training to support the munagement
and operation of automated aireraft and ATC systems. This broad-based group
of research, engineering, and regulatory activities requires a high order of
coordination among the aviation agencies, users, industry, and research
organizations. '

]



2.2 PROGRAM OBJECTIVES

This proposed Human Factors Research Program addresses five aspects of civil
aviation:
o Advanced cockpit technology,
Pilot error;
Rotorcraft display and control issues;
Crew training; and
Regulatory activities.

o 0 o0 o

Research is required in these areas because not enough is known about human
performance and its interaction with aviation systems to:
o Support and promote the advancement of new cockpit technology,
° Identify the underlying causes of pilot error;
o Support the development of certification criteria for equipment and
training based upon pilot performance; and
° Support the development and improvement of Federal Aviation
regulations. '

2.3 CRITICAL ISSUES

The proposed research program addresses thirty human factors issues which have
been recommended by the aviation community for near-term attention because
of their importance to civil aviation.

These issues were identified through a cooperative effort involving civil aviation
pilots, aireraft manufacturers, government officials, aviation scientists, and
other members of the civil.aviation community. A four-step procedure was used
to select these particular issues for near-term research attention.

(1) Six major national public workshops were held. Attendees were encouraged
to discuss aviation human factors problems of concern to them.



(2) The proceedings of these workshops, as well as reports resulting {rom the
deliberations of various aviation safety committees were reviewed. The
reviewers identified 377 human factors issues, 134 of which were unique
research issues concerned with cockpit operations.

(3) A panel of FAA program managers and human factors consultants in
aviation examined these 134 items and selected 30 issues which are
addressed in this proposed plan. The selection was based the importance of
the issues to aviation salety, and their role in the promotion of civil
aviation.

(4) The 30 selected items were then reviewed and ranked by members of SAE's
technical committee on Aercspace Behavioral Engineering Technology.

The selected 30 aviation human factors research problems, as ranked from most
important to least important by the SAE committee, are shown in the (ollowing
list. An examination of the rankings indicates three broad areas of concern:

o  Advanced cockpit technology, including automation;

o  Transfer of information to m&m erews; and

o Study and measurement of pilot performance.

10
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2.

3.

4.

S.

9.

10.

Human Factors Problem Areas Ranked
According to Importance to Civil Aviation

Automation - Develop procedures to ensure that modernization of the NAS
and cockpit designs does not increase pilot workload.

. Monitoring Automation - Determine pilot information requirements for

monitoring automated systems,

Cockpit Certification - Develop certification eriteria for advanced
technology cockpits which are based upon objective measures of crew
performance.

Manual Reversion - Develop design philosophies.and criteria for future
automated systems that will facilitate reversion to manual operation.

"Information Transfer - Develop standards for the structure, formatting,

and presentation of flight system and navigation information in advanced
cockpits. '

Data Entry - Reduce operator error when using digital data input devices
in the cockpit. N

Aircrew Workload Measurement - Develop an cbjective and quantifiable
method of measuring airerew workload.

In-Flight Data - Establish procedures acceptable to the industry for
collecting data to identify pilot-system automation incompatibilities, and

to identify why some systems are operating well and others are not.

Pilot Error - Determine why pilots make the errors that they do and
develop countermeasures where feasible.

Charts and Procedures -~ Develop human performance criteria for
evaluating the design of charts, maps, and approach procedures.

11



11.

12.

13.

14.

13.

16.

17.

18.

19,

20.

21.

Weather Data - Determine if the weather data to be provided by the
devéloping National Airspace System will satisfy pilot requirements.

Pilot Proficiency - Identify the extent to which automation causes
degradation of pilot skills, If warranted, determined the necessary
corrective measures.

Accident Investigation - Conduct human error analyses of non-fatal
accidents through interviews with sucviving crew members as one means of
determining why pilots make errors.

Data Link - Develop guidelines for presenting data link information to the
pilot, and assess the the loss of the ATC "party line" on pilot performance

and flight safety.

Rotoreraft Display/Control Design  Standards - Develop cperator
performance criteria for use in the assessment and standardization of

" helicopter displays and controls.

LOFT - Increuse the usefulness of line oriented flight training (LOFT) for
reducing air carrier accidents,

Safety and New Technolegy ~ Use new technology to attain hlgher levels of
safety through accident prevention.

Simulator Training ~ Determine the most effective methods of providing
feedback to pilots during simulator training.

Pilot Judgment ~ Develop and evaluate training materials and assessment
techniques for improving pilot judgment.

Crew Fatigue - Determine the effects of fatigue on crew interaction, and

develop countermeasures to neutralize adverse effects.

Cockpit/Cabin Crew Coordination - Develop operational procedures and
training methods for improved crew coordination.

12
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22.

23.

24.

25.

26.

27.

28.

29.

30.

Simulator Fidelity - Determine the level of simulator fidélity required for
training in various aviation tasks.

Simple Simulators - Determine the extent to which inexpensive simulators
and part-task trainers can be used for training pilots.

Maintenance Training - Update the training curricula required for aircraft
mechanics to reflect the advances that have been made in aireraft design
and construction.

Voice Systems - Develop guidelines for the use of voice-activated systems
in aircraft cockpits and peformance criteria for certification of these
systems.

Certification Testing of Aircraft Mechanics - Develop test instruments
that evaluate the problem-solving ability as well as the memory of
applicants for A & P certification.

ASRS - Enhance ASRS callback interviews to identify human performance
safety issues.

A & P Licensing -~ Assess adequacy of the present licensing procedure.

FARs - Simplify federal aviation. regulations to reduce the regulatory
burden and the number of regulatory conflicts in existing regulations.

Economies and Flight Training - Assess the impact of economie stress on
the quality of recurrent training provided by airlines.

13



. 2.4 TECHNICAL APPROACH

Technical approaches which will be selected for doing the required research will
optimize the the use of available resources in order to address the greatest
number of high priority problems in the near term. To the extent possible the
program will build upon ongoing research within the Department of
Transportation, the Department of Defense, and NASA. Where possible
cooperative research efforts with other government agencies will be econducted
to take advantage of existing expertise and facilities. Cooperative research
efforts will be pursued with the aviation industry to tap their intimate knowledge
of commercial operations and their access to professional personnel, their
training facilities, and data gathering capebilities. The approaches selected will
take advantage of the technical expertise and the operational experience of the
various aviation professional and trade organizations. '

2.5 PROGRAM MANAGEMENT

The Aviation Behavioral Technology Program is managed within the current
organizational structure and according to AVS Order 9500.1, Figure 1 depicts the
development and management sequence of the program. It represents the
definition of the problems, the review and establishment of the projects, the
management of research and development efforts, and the application or
implementation of the results. -

REQUIREMENTS IDENTIFICATION: The research efforts which are required
under the program are generated by the AVS offices based on continuous review
of AVS responsibilities. Human performance issues continue to be solicited from
the aviation community and special interest groups. The focal point for the
collection of proposed human factors reseach issues is AVS (AFO). This office,
with the direct support of human factors staff at TSC, identifies and clarifies
the issue, establishes an AVS resume on the subject, and introduces the resume
into the AVS Research and Development Project Requirement Processing System
(AVS Order 9500.1)

PROGRAM DEVELOPMENT: The Office of Flight Operations (AFO) screens the
suggested research efforts and with the appropriate technical support of the

14
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Society of Automotive Engineers’' Behavioral Technology Committee (SAE G-10),
the Transportation Systems Center, and the Aviation Safety experts in the
Department of Defense, and other ocganizations concerned with aviation safety
develop project descriptions. .

REVIEW RECOMMENDATIONS: The project descriptions are submitted to the'

AVS Research and Development Requirements Group (AVS-10) for review and
recommendations. Following review and discussions with the appropriate
‘technical specialists, the project descriptions are sent with the group's
recommendations for approval or disapproval to the Associate Administrator for
- Aviation Standards (AVS-1). )

PROGRAM MANAGEMENT: Approved project plans are managed by
appropriate offices under the jurisdiction of the Asscciate Administrator of
Logistics (ADL-l) or under the Associate Administrator for Aviation
Standards (AVS-1), Where ADL has been asked to provide project support, the
activity would normally be assigned to APM-400. Projects not forwarded to ADL
will be accomplished under AVS sponsorship. Such special studies may be
conducted in~house, through cooperative efforts with other government agencies,
or under contract.

CONDUCT OF RESEARCH AND DEVELOPMENT EFFORTS: The research and
development efforts will be conducted by FAA, TSC, DOD, NASA, industry, and
university laboratories as appropriate.

RESEARCH APPLICATIONS: The results of the research and development
efforts will be used by AVS in the development of advisories, guidelines, und
regulations in support of their programmatic and regulatory responsibilities both
directly and in assisting non-government groups (G-10) also concerned with the
promotion of safety of civil aviation.

16
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"3.0 PROJECT DESCRIPTIONS

This section of the plan inclucies deseriptions of the research projects proposed
to address the human factors problem areas presented in the introduction. For
reader convenience, the project descriptions are divided among the four
following problem areas:

0 Cockpit technology;

° Pilot error; .
° Crew training; and
) Regulatory.

E}ven though there is overlap among a number of the proposed research projects
and some cases sequential dependencies, with some exceptions, the project areas
are presented independently so that they be considered individually as they were
proposed by the aviation community. After review of this document, the
projects approved for research attention will be organized into cohesive and
integrated research program areas. This will be done to ensure adequate
attention to related critical problem areas, the efficient utilization of research
resources, and that the problefns and their solutions be viewed as a part of the
whole cockpit system rather than as isolated areas of operational difficulty.

Twenty-three brojects are deseribed with some addressing more than one of the
30 human factors problem areas. The project descriptions provide a brief
discussion of the problem area, a statement of need or requirements for work, a
proposed appl;oach to that work, and products which are expected from that
work. An AVS program resume {ollows each program description. Each resume
has two sets of numbers in the upper right corner. The Resume No. indicates the
order in which the resume occurs in the plan. They are number 1 through 23.
The numbers in parenthesis beneath the Resume No. indicate the human factors
problem area covered by the resume. The numbers correspond to those shown to
the left of the problems in the list presented in the introduction and indicated
the rank of the problem area received in the G-10 committee review. An
abbreviated description of the proposed project is provided in the body of the
resume, and a list of work related to the problem area which is being conducted
throughout the aviation community is presented at the bottom of the form. In
addition, a schedule of work is included for each of the first ten projects. The
duration of work, major tasks, and anticipated products are shown in these
schedules.

17



3.1 COCKPIT TECHNOLOGY

This section is concerned with the design and evaluation of the modern aircraft
cockpit. Work is proposed to ensure that flight crews are presented with the .
information necessary to fly their aircraft safely, and that the information is
presented in a manner that will maximize its usefulness. -

The work includes the development of crew information requirements, and the
development of performance-based criteria lor evaluation of displays, controls,
and the completed cockpits.

18



3.1.1 COCKPIT CERTIFICATION CRITERIA

Objective: ‘
. Develop certification criteria for advance technology cockpits based upon

cbjective measures of crew performance.

Background and Requirement:
The FAA implements its responsibilities for aviation safety under the Federal

Aviation Act of 1958 through Federal Aviation Regulations (FARs), which are
codified in Title 14 of the Code of Federal Regulations. The certification
process begins with FAR part 21, which sets forth the procedures through which
"any interested person may apply for a type certificate.” Under Section 21.17,
each applicant must show that the proposed aircraft meets all applicable
requirements of the regulation then in effect...” Under Section 21.21, "an
applicant is entitled to a type certilicate” if the type design meets all applicable
airworthiness requirements (or their equivalent) and "no feature or characteristic
makes it unsafe for the category in which certification is requested.”

Under Section 25.1501, an applicant must establish and conform with a set of
operating limitations developed to ensure safe aircraft operation. One of the
operating limitations specified pertains to crew complement. Under Section
25,1523, the applicant must establish a minimum flight crew that is sufficient
for safe operations, considering the workload of the individual crew members,
accessibility and ease of operation of necessary controls by appropriate crew
members, and the kinds of operation to which the aireraft will be subjected.

To determine compliance with Section 25.1523, the FAA relies on a set of
criteria presented in Appendix D to Part 25. Adopted in 1965, Appendix D
enumerates the basic workload functions (e.g., flight path control, collision
avoidance, and navigation), workload factors (e.g., number, urgency, and
complexity of operating procedures), and operating air traffic control (ATC)
environment, e.g., instrument flight rules (IFR), that the FAA considers in
determining whether the minimum flight crew prepared by the applicant is
adequate.

19



The appli;:ant seeks to demonstrate compliance with the applicable requirement
of Part 25 through a combination of flight tests, simulator tests, computer
analyses, and other methods. Although Appendix D enumerates the flight
conditions which must be exercised in the certification process, measures of task
difficulty experienced by the fight crew while operating in the required flight
regimes are not specified. Absolute standards are not available .foé interpreting
the times necessary to accomplish required tasks, and no objective mesasures of
cognitive workload are required. Such assessments currently are based upon the
subjective judgements of the test pilot, who is asked to judge whether the flight
system being tested is "bettec” or "worse" than a system to which it is being
compared. The absence of objective measures of the difficulty of various flying
tasks makes it difficult to develop pilot perfarmance standards, to replicate test
results, and to defend controversial certification decisions.

In 1980, the FAA certified the Douglas DC~3-80 as safe for cperations with a
two-person crew instead of the customary three-person erew. Professional pilots
and engineers expressed concern over this decision and questioned the validity of
the certification process that supported it. In response to the resulting
controversy, a Presidential Task Force on aircraft crew complement was
established and directed to recommend "whether operation of the new generation
of commercial jet transport aireraft by two-person crews is safe and
certification of such aircraft is consistent with the Secretary’s duty under the
certification provisions of the Federal Aviation Act of 1958 to promote flight
safety." The following recommendations were made in the report of the
President's Task Force on aircrew complement, dated July 2, 1981:
0  The latest state-of-the-art in workload measurement techniques
should be used in aircraft certification;
o Formal guidelines for evaluating the impact of the ATC system on
crew workload should be established; and
o The agency should compiete and keep current Section 187 (minimum
flight crew) of FAA Order 8110.8, Engineering Flight Test Guide for
Transport Category Airplanes. ‘

Contemporary advances in cockpit technology are producing revolutionary

changes in cockpit design and changing the flight functions of aircrews.
Correspondingly, conventional time-line analytie and pilot judgement methods of

20



assessing crew workload are becoming increasingly unsatisfactory. Cockpit
certification criteria based upon objective measures of crew performance are
required to assure controlled, uniform, and valid assessments of the
advanced cockpit.

The SAE G-10 Committee on Aerospace Behavioral Technology strongly suports
the requirement to develop objective measures of crew performance that have
application in the certification of advanced technology cockpits.

Approach:
Use the SAE G-10 Committee to identify candidate research methodologies for

developing objective measures of crew performance. The committee will review
the current regulatery requirements and objectives and recommend a research
program to quantily performance criteria for advanced coekpit designs.
Consideration will be gwen to the cockpit information integration requirements
resulting from modernization of the NAS. Validation of performance criteria
will be accomplished in advanced NASA and DOD coekpit simulators. The FAA
B-727 simulator will be used ‘to develop pilot performance data from which
baseline values can be established. These values will be used as references
against which the impacts of advanced technology cockpits upon crew workload
ean be measured.

Produets:

Validated test results and methods and the resulting certification eriteria will
provide the basis for updating FAA Order 8110.8, Engineering Flight Test Guide
for Transport Category Airplanes, Section 25.1523, and Appendix D to Part 25.
In addition, an advisory circular wil be developed to make the public aware of
acceptable compliance methods. G-10 committee participation in planning and
executing this evaluation will assure that the methods are acceptable to the
industry.
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AVS RESUME RESUME NO. 1

(3)
Date of Resume: 1/15/8S Date Deferred/Cancelled:
Date of Revision: : Date of Final Completion:
PROJECT TITLE:

COCKPIT CERTIFICATION CRITERIA
PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080

OBJECTIVE: (Brief description of what is to be accomplished)

Develop certification criteria for advanced technology cockpits, which are based upon
objective measures of crew performance. :

REQUIREMENT: (Brief description of why project IS being undertaken)

Current flight deck and display certification decisions are based upon the subjective
assessments of FAA test pilots. Few quantitative performance standards are available to
objectify certification tests results either in terms of pilot effort required to fly with the
new equipment or the level of performance that the pilot or crew can produce while flying
with it. In the absence of specified and objective certification criteria, there are few
guidelines from which manufacturers can develop design criteria that they are confident will
result in certifiable products. This problem is particularly acute for novel or innovative
equipment. Criteria are also needed to make it possible to verify the replicability of test
results, and to defend controversial certification decisions.

MILESTONE SCHEDULE: (List significant events and dates during project life)
Revised

Scheduled Scheduled Actual
Completion Completion Completion

STATUS: (Eater current information)
G-10 recommendations. /15/86

REMARKS/NOTES:
Related Wark

Aircrew Workload Measurement, APM-430; R
Identification of safety-related problems in existing coekpits, APM~430;
Task-matched metries for workload assessments, USAF/AMRL; and
Basie research in workload assessment, NASA~Ames.
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3.1.2 AIRCREW WORKLOAD MEASUREMENT

Obiective: .
" Develop an objective and quantifiable method of mesasuring aircrew workload.

Background and Requirement:
Current workload measurement techniques rely on timeline analysis and
Subjective judgements. Changes in aireraft design and in the NAS may result in
critically high levels of workload for brief periods, and long periods with very
low workload levels. Both of these conditions can have a negative impact on
operational safety. Currently, certification with regard to workload is based on
comparing new systems to existing systems. New technology cockpits will have
greatly enhanced functional capability, placing the pilot in the role of system
manager. In many cases, it will be impossible to compare the requirements of
the new, highly automated systems to those of existing systems. In order to
develop the data on which certification criteria could be based, it is necessary to
_have objective, quanufiable, and statistically reliable and valid measures of pilot
workload, .

Approach:

This effort will be done under contract.

Assessment of current workload measurement practices.

_ Survey the state-of~the-art in evolving workload measurement technology
Identify candidate messurement techniques. :
Develop standard flight scenarios and experimental designs for evaluation

' purposes.
Develop a prototype composite application-oriented methodology
Evaluate the methodology in a flight simulator.

0 .0 O

Products:
Advisory circular for objective workload measurment methodology acceptable
for cockpit certification.



AVS RESUME RESUME NO. 2

Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE:

AIRCREW WORKLOAD MEASUREMENT

PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080
P. Hwoschinsky, APM-430 (202) 426-3754

OBJECTIVE: (Briel description of what is to be accomplished)

To develop an objective and quantifiable method of measuring aircrew workload.

REQUIREMENT: (Brief description of why project is being undertaken)

The techniques currently used to asses workload rely on erew reports or observations of
crew behavior. Objective methods of assessing total pilot workload are required for the

following purposes:

1. To establish a baseline against which changes in cockpit task requirements can be
assessed;

2. To facilitate objective control and display certification procedures, and

3. To produce performance criteria for use by aircraft systems designers.

MILESTONE SCHEDULE: (List significant events and dates during project Lite)

Revised -
Scheduled Scheduled Actual

Completion Completion Completion

1AA USAF 3/85
Contracted Study - Initiated 8/85

STATUS: (Enter current information)

REMARKS/NOTES:
Related Work

Basie research in workload assessment, NASA-Ames;

Task-matched methods of workload assessment, USAF~-AMRL:
Physiological correlates of operator workload, Douglas Aircraft; and
Applied methods of workload assessment, Boeing Airplane.
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o

3.1.3 NAS/COCKPIT AUTOMATION

Objective:

Develop intra-agency design review requirements and evaluation methods to
ensure that the modernization of the National Airspace System (NAS)
automation and related changes in cockpit design do not influence pilot workload
to the detriment of flight safety.

Baeckground:
Since 1978, the Aviation Safety Reporting Program (ASRP) has received 140

pilot reports of automation failures that required corrective action by the crew
during transition phases of flight. Recent NASA-Langley research has shown
that increases in cockpit automation beyond some critical point increases pilot
workload by inereasing cognitive effort and head-down time. The potentially
detrimental impact of increased automation on pilot workload has been ranked
by the SAE'S Committee .on Aerospace Behavioral Engineering Technology as the
human factors problem which should be given the highest priority for study.

Current planning and analytical efforts in designing automation for the National
Airspace System do not consider the impact of changes in cockpit design on pilot
workload. Cockpit automation and advanced display technologies have an
increasing potential to overload flight crews, particularly during eritical phases
of flight. The changing emphasis in flight control requirements from sensory-
motor performance to cognitive performance has increased the dilficulty of
assessing the impact of flight system changes on pilot worklioad.

Approach:
° Review and summarize the state-of-the-art and common practices in the

following areas:
° NAS development - user coordination activities and requirements;
Cockpit design and integration technology;

0 Flight function allocation;
o Pilot skill requirements and assessment; and
o Workload assessment methods.
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o  Draft intra-agency coordination requirements (or (light system design
review and evaluation. '
o Develop operator performance criteria for system test and
evaluation; and
"o Develop, test, and refine cooperative test and evaluation
methodologies for simulation testing of ATC-cockpit systems and for
Qight testing. *
(Note that work on these efforts may be paced by work on Cockpit
Certitication Criteria and Workload Assessment Methedology.)

Products:

o Design guidelines and criteria which define acceptable procedures for
testing and evaluating automated and automation-related systems proposed
for the cockpit.

o Validated criteria for assessing the impact of NAS modernization on flight
crew workload.
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AVS RESUME . RESUME NO. 3

()

Date of Resume: 1/15/85

Date Deferred/Cancelled:

Date of Revision: Date of Final Completion:

PROJECT TITLE:

NAS/COCKPIT AUTOMATION

PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080

T. Walsh, ADL~30 (202) 426-8794

OBJECTIVE: (Brief description of what is to be accomplished)

Develop intra-agency design review requirements and evaluation methods to insure that the
modernization of the NAS, automation and related changes in cockpit designdonot = -
influence pilot workload to the detriment of flight safety. =T

REQUIREMENT: (Brief description of why proje'ct is being undertaken)

Planning and analytical efforts as currently practiced in designing automation for the -~
National Airspace System do not consider the impact of this automation on cockpit desxgn-or
pilot workload. Recent NASA-Langley research has shown that increases in cockpit :
automation beyond some mesasureable level increases pilot workload by increasing pilot
cognitive effort and head-down time. This requirement includes single- and mu.ltx-pllot
operations, especially in IFR, helicopter, and all FAR 135 operations.

~ MILESTONE SCHEDULE: (List significant events and dates during project lite)

Revised
Scheduled Scheduled  Actual
Completion Completion Completion

Define User Requirements 4/86
STATUS: (Enter current information)

REMARKS/NOTES:

Related Work

o
o
o

1]
(=]

Cockpit Automation Technology (CAT), USAF-AMRL;

Human factors principles in automation, NASA-Ames;

SPIFR Crew Station Requirements, NASA-Langley Flight Management ATOP
FY'85-505-35-13-10;

Aircrew Workload Measurement, APM=-430; and

Evalutation capability provided by voice and data links between NASA-Langley air
carrier simulator and the Technical Center ATC simulator.
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d.1.4 VOICE-ACTIVATED SYSTEMS

Objective:

Develop guidelines for the use of voice-activated flight management systems in
aireraft cockpits; develop performance criteria which must be satisfied before
such systems can be certified.

Background and Requirement:
Advances in flight control systems design have increased both pilot system

management responsibilities and information needs. The pilot is called upon to
function as a back-up element or as an active component of the semi~automated
flight system. During phases of flight which entail high workload, a pilot ecannot
afford to spend too much ™ead-down" time adjusting flight management
systems, nor can the pilot afford the errors that might occur from rushed
programming of "R~NAV" systems or selection of navigation aid frequencxes
under these conditions.

Manufacturers are exploring the use of voice-activated systems to .reduce
workload and facilitate the pilots interaction with flight management systems.
Experimental voice-gctivated systems are being tested in military eireraft and
their near-term application to civilian aircaft is anticipated, The FAA must be
prepared to guide the development of such systems and to develop certification
criteria for these systems.

Approach:
° Survey the state-of-the-art in cockpit voice recognition technolegy;

o Inititate a cooperative intergovernmental agreement with the USAF to test
and evaluate prototype voice-activated cockpit systems. This will include

the: [ .

° Identification of conditions under which voice-activated control
systems will be used;

o ' Identification of strengths and weaknesses of voice systems in eivil
aviation through testing in LOFT, SPIFR, and helicopter conditions;
and

] Conduet of a flight test for a prototype voice system.
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Produets:

o Guidelines for using voice-activated systems in the cockpit.

o Performance criteria that voice-activated systems must meet to be
satisfied for cockpit certification.
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AVS RESUME "RESUME NO, 4
(25)
Date of Resume: 1/15/8S Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE:
VOICE ACTIVITED SYSTEMS

PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080
OBJECTIVE: (Brief description of what is to be accomplished)

To develop guidelines for the use of voice activated systems in aircraft cockpits, and
performance criteria which must be satisfied before such systems can be certified.

REQUIREMENT: (Brief description of why project is being undertaken)

Advances in flight control systems are increasing pilots' system management responsibilities
and need for information. In some cases, physical involvement with the flight of the -
aireraft increases because the functions as a back-up or component of closely coupled semi-
automated flight systems. A pilot operating with such systems during high workload phases
of flight may not be able to afford the time, head-down . status, or physical movements
required to press buttons or dial knobs to update important visual displays.

In anticipation of such performance requirements, some manufacturers are exploring voice
activited systems as a means of extending the pilots' ability to control his aircraft under
high workload conditions. Experimental voice systems are being tested in military aircraft;
their use in civilian aircraft in the near future must be expected.

To assure safe use of this technology in aviation, and support its constructive advancement
by industry, the FAA must monitor the development of voice recognition systems for
cockpit use and be able to recognize and certify safe systems when they appear.

MILESTONE SCHEDULE: (List significant events and dates during project life)
Revised
Scheduled Scheduled Actual
Completion Completion Completion

Technology Survey 6/85
STATUS: (Enter current information)

REMARKS/NOTES:

Related Work

o National Research Counsil Committee on Computerized Speech and Speech
Recognition;

Advanced voice recognition systems, USAF-FDL;

Voice recognition systems, Sikorsky Aireraft;

General Aviation Application, NASA-Langley

Boeing advanced cockpit development.
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3.1.5 MANUAL REVERSION

Objectives: :
o Determine whether the flight data information system is adequate to
support safe reversion from automated to manual operation when
. required; and
o Determine if the information available to the pilot in the cockpit is
adequate to permit safe reversion to manual flight.

Background and Requirement:

There has been considerable discussion about the merit of situational displays.

Current instrumentation provides steering information that allows the pilot to- -

operate the aireraft within the critefia specified in the design and specification
of the automated system. An alternative approach would be to provide the pilot
with situational information which allows continuous and dynamic assessment of
the aircraft's status. At the 1980 DOT/FAA Human Factors Workshop on
Aviation, held in Cambridge, Massachusetts, a panel of airline pilots expressed
concern that they may not have sufficient information to anticipate or correct
for emergency situations. When information is provided which only supports .
operation under automated conditions, pilots believe they may be unable to
fulfill their responsibility for the safe operation of the aircraft under the FARs,

Approach:
o Develop cooperative program with NASA-Ames.

o Investigate the issue.
o If warranted, develop a program plan to address the problems identified
and evaluate potential solutions, e.g.: ) .
situational displays; '
special training; and
special procedures.

Products:

o Report of the investigation.
o Recommendations for further action, as appropriate.
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AVS RESUME . B.E(SUMB NO. 5
. 4)

Date of Resume: 1/15/85 . Date Deferred/Cancelled:
Date of Revision: Date of Pinal Completion:
PROJECT TITLE: '

MANUAL REVERSION
mﬁﬁmms-apao

OBJECTIVE: (Brief descripton of what is to be accomplished)

Determine whether the cockpit flight data information system is adequate to support safe
reversion {rom automated to manual operation when required; and determine if the
information available to the pilot in the cockpit is adequate to permit safe reversion to
manual flight.

REQUIREMENT: (Brief deseription of .why project is being undertaken)
System automation without the ability (or adequate crew monitoring was identified as one

of the greatest areas of concern by a panel of airline pilots (ALPA) during the November,
1980 DOT/FAA Human Factors Workshop on Aviation, Cambridge, MA. :

Safety-related recomimendation number thirteen of the July 2, 1981 "Report of The
President's Task Force on Aireraft Crew Complement” stated, "The researach conducted by
FAA, NASA, and the Department of Defense on the impact of automation on the role of
(light crews should be continued and expanded.”

‘ ONE SCHEDULE: (LIst significant events and dates during project life)

Revised
Scheduled Schedul Actual
Completion Completion Completion

Initiate validation of issue 4/83
STATUS:

REMARKS/NOTES:
Related Work
o Development of failure modes and effects analyses for automated avionics

systems, ACT-340; and
o Operator adaptation to automation failure, NASA-Ames.
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3.1.6 = INFORMATION TRANSFER

Objective:
To identify the information required by aircrews to fly modern aircraft safely in

the evolving NAS and to ensure that the lntqrmétion is presented to them
efficiently and in a manner promoting the maximum degree of transfer.

Backeground and Requirement:

The information required by flight crews, the sources of information, and the
means of presenting the information in the cockpit are rapidly changing. Crews
-require information from outside the aircraft regarding air traffic control,
navigation, and weather. They need information from inside the aircraft
regarding the status of aircraft support systems such as electronies and
hydraulics and they need information on the flight control systems and the flight
status of the aircraft. In addition they must coordinate flight activities among
themselves and with the cabin crews. As technology increases, the conditions
under which flight can be conduced and the complexity of the aircraft that
cperate within these conditions, flight crews increasingly require more
information from both outside and inside the aircraft. ‘

The information which can be presented to the crew is no longer limited by the
fixed format of electromechanical displays. New advances in display technology
make it possible to present more information to the crew than they can
assimilate and such presentations can be made with an almost infinite variety of
display formats using visual, tactual, and auditory techniques.

Faced with the requirement for presenting ‘crews with increasing amounts of
information and the technology for doing so, cockpit designers need
specifications of information requirements, guidelines for display design, and
human (actors criteria with which to evaluate display designs and to select
optimum designs from among a variety of design options. The guidelines and
criteria must be developed to produce display systems which will optimize the
transfer of information to the crews in a manner facilitating its use by making it
easy to locate, interpret, and translate into the actions required.
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Approach:

Information Requirements:
1. - Conduet survey of current status of ATC system, anticipated changes

within that system.

2. Conduct survey of current, emerging, and anticipated flight
information systems to be used and monitored from the cockpit.

3. Determine information required by {light crews operating within the
present and evolving NAS,

4. Test information requirement assumptions using representatiave
flight scenarios in full mission simulator.

S. Validate simuation results in real flight.

Evaluation Criteria:
1. Development of standard test flight conditions.
2.  Description of representative group of subject/test ATPs.
3.  Development of objettive and quantitative performance measures for
evaiuating pilot performance with prototype displays.
4. Test methods and measues in flight simulator and revfse as required.
S. Validate results in actual flight.

Products:
] Inventory of information required in the cockpits of generic aircraft to
operate within the evolving NAS,

o Methods and human factors criteria for use in evaluating cockpit
information display design and layouts.

NOTE: The work to be accomplished in this program will include:
° Identification of information required to conduct manual flight and to
monitor automated flight; and

o Identification of requirements for data link information, development

of guidelines for presenting that information, and assessment of the
pilots requirements for the "party line" information that would be
lost if data link were implemented.

39
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AVS RESUME RESUME NO. 6
(2, 5, 14)

Date of Resume: 7-16-84 Date Deferred/Cancelled:

Date of Revision: Date of Final Completion:

PROJECT TITLE: '
INFORMATION TRANSFER

PRINCIPAL SPECIALEST: G. Tinsley, AFO-210 (202) 426-8080
OBJECTIVE: (Brief description of what I3 to be accomplished)
To identify the information required by aircrews to fly modern aircraft safely in the

evolving NAS and to ensure that the information is presented to them efficiently and in a
manner promoting the maximum degree of transfer, :

REQUIREMENT: (Brief description of Why project I being undertaken)

To establish the information base-lines required to enhance total system efficiency throught
utilization of integration techniques and technologies to maximize information transfer.
Ths standardization requirements includes formats, displays, and information structures to
accomodate the various levels of automation, and to aid the human operator in the decision

__making process.

MILESTONE SCHEDULE: (List significant events and dates during project Life)
i . Revised
" - ' ' Scheduled Scheduled Actual
Completion Completion Completion

Define Data Link Issue 8/8%
STATUS: (Enter current information)

REMARKS/NOTES:
Related Work

o Cockpit data management and evolving ATC, APM=-430; and
o Flight Phase Status Monitoring, APM=~430.
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3.1.7 HUMAN PERFORMANCE CRITERIA FOR CHARTS AND PROCEDURES

Objective:

o . To establish human performance checklists for use by procedure specialists
‘and flight inspection pilots in the development of instrument approach
procedures, SIDs (including noise abatement procedures) and STARs; and

o To improve the speed and accuracy of information transfer from
instrument approach charts to aircrews through chart redesign.

Background and Requirements:

Problems with instrument approach plates --as well as with certain type
terminal procedures -~ have been identified by safety recommendations made
within the past few years. '

Special Air Safety Advisory Group (SASAG) commissioned by the FAA in 1976 to

study the air transportation system in the United States and make
. recommendations about how to improve safety criticized the charts s being
over—complicated, cluttered, hard to read, impractical and stated they do not
present all the information needed.

Safety-related recommendation number eleven of the July 2, 1981, "Report of
The President's Task Force on Aircraft Crew Complement,” stated: "Enroute,
terminal area, and approach charts are frequently designed in a way that makes
them difficult to use. The design and contents of these charts should be
improved.”

Based on a review of nine serious accidents -- each of which has resulted in
recommendations to’ modify specific approach procedures or approach
charts ~- the NTSB has issued Recommendations A-82-91 and -92, stating that
"an attack on the aggregate problem by aleviating individual approach procedure
problems on a post-accident basis is not satisfactory.” "A better, more efficient
method would be to incorporate human factors design considerations into the
development, design, and evaluation of all approach procedures and approach
charts before accidents occur.” -
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The Board recommended that human performance criteria be developed for the
evaluation of instrument approach procedures and charts, and that human
performance checklists or guidelines be established for use by procedures
specialists and flight inspection pilots.

Approach:

Implement a development program which will:

o

Establish human performance checklists for use by procedure
specialists and flight inspection pilots in the development of

instrument eapproach procedures for both ILS and MLS landing .

systems, SIDs (including noise abatement procedures) and STARS;
Improve instrument approach chart information transfer and use
efficiency through improved information flow .and prioritized
information sequencing/structuring;

Reduce the time required to sort and select needed information; and
Minimize the probability of misinterpretation of charted information.

The development program should include the following projects/tasks:

Survey, Analysis, Problem Definition, and Planning:

-]

Conduct surveys and collect descriptive data for flight operations,
avionic interface applications, and ATC operations;

Develop a detailed critique of the data collected to identify pilot
user problems in flight operations associated with approach
procedures, charting, and support materials;

Identify current problem areas related to approach procedures and
approach charting; and

Develop a technical plan with schedules and time-phasing of the
activities associated with all tasks within this project.

Instrument Approach Procedure Development and Construction:A

Review present IFR procedures and identify problems associated with
the construction and development of instrument approach procedures;
Specify area of procedure development which lack human
performance criteria and make recommendations to include these
criteria; and



o .

Develop formal human performance cl';ecklists or guidelines for the
procedure specialists who design and construct procedures, as well as
the flight inspection pilots who fly and evaluate the procedures.

Instrument Approach Procedure Charts:

Review the approach procedure charts that are currently available
for approach procedures within the United States and its territories;
Identify specific problems.which may exist on the current charts due
to lack of human performance criteria considerations in the format,
data requirements, symbology and overall design characteristics; and
Develop recommendations to include human performance standards
and design criteria for presentation of information on chart
configuration to promote user/pilot interpretability and useability
while considering such issues as vigual detection, identification,
coding, attention—getting characteristics and human memory
constraints during normal and adverse flight conditions.

Pilot Education/Information Materials:

‘o

Avionies:

Identify problems associated with pilot education/information
publications which deal with the execution of instrument approach
procedures; and ' )

Review these publications and develop recommendations to ensure
that human performance criteria are utilized.

Identify potential human performance problems which may be
encountered with the various aviation electronic instruments
currently available which are used in the execution of instrument
approach procedures;

Ensure that the newer digital type equipment is compatible with both
procedure construction and charting; and

Recommend changes to procedures, charting or avionics which
eliminate human performance problems previously identified.
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IFR Enroute Charts, SIDs, and STARS:
Identify problems and develop recommended human performance standards and
design criteria for:

o

The construction of standard instrument departure procedures (SIDs)
and standard terminal arrival procedures (STARs); and

The presentation of information and chart configuration to enhance
interpretability by the user/pilot. This activity will include such
issues as visual detection, identification, coding, attention-getting
characteristics and human memory considerations that apply to both
normal and adverse flight conditions for enroute and terminal area
operations.

Visual Navigation Charts:
Identify problem and formulate recommendations regarding human performance

factors in the development of visual charts as related to optimum inflight
readabilty, interpretability, and useability. Factors should include chart
formats, data, symbology, type, colors, and relief portrayal.

Produets:

The expected products resulting from these development activities includes:

<)

Human performance checklists for developing instrument approach
procedures, SIDs and STARs; and

Improved enroute and instrument approach chart information transfer
and use efficiency.
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AVS RESUME . (] 0. 7

' (10)
Date of Resume: 1/15/85 - Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE:

HUMAN PERFORMANCE CRITERIA FOR CHARTS AND PROCEDURES

PRINCIPAL SPECIALIST: G. Tinsley, AFO~210 (202) 426-8080

OBJECTIVE: (Brief description of what IS to be accomplished)

To establish human performance checklists for use by procedure specialists and (light
inspection pilots in the development of instrument approach procedures, SIDs (including
noise abatemenit procedures) and STAR's; and to improve the speed and accuracy of
informtion transfer from instrument approach charts to the pilot through chart design.

REQUIREMENT: lﬁrief description of why project is being undertaken)

Based on a review of nine serious accidents—each of which has resulted in recommendations
to modify specific approach procedures or approach charts—the NTSB has issued
Recommendations A-82-91 and -92, stating that "an attack on the aggregate problem by
aleviating individual approach procedure problems on a post-accident basis is not
satisfactory.” The Board further states that "a better, more efficient method would be to
incorporate human factois design considerations into the development, design, and
evaluation of all approach procedures and approach charts before accidents occur.”

MILESTONE SCHEDULE: (List significant events and dates during project life)
Revised
Scheduled Scheduled Actual

. Completion Completion Completion
1. Survey & Analysis (operators/ATC) 8/8S
2. Current Problems Identified 9/8$
3. Technical Plan Developed 2/86

4. Instrument Approach Procedure
a. Review procedures develop. & criteria  9/86
b. Human perform. checklist development 11/86
¢. Simulation evaluation 3/87
S. Instrument Approach Charts
a. Review of charting techniques/styles 9/86
b. Human perform. checklist development 11/86

¢. Simulation evaluation 3.37
d. Avionics/cockpit displays 4/87
e. Pilot education/info. materials 4/87
8. [FR enroute charts, SIDs, and STARS 11/87
7.  Visual Navigation Charts . 4/88

8. Products - Human Performance Checklists
a. Approach procedure charts
b. IFR enroute charts, SIDS, and STARS 1/88

¢. Visual navigation charts 7/88
" §TATUS: {Enter current information)
Initiated 1/85
REMAREKS/ROTES:

Related Work
o VFR Chart Performance Evaluation Study, AP M~430.
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3.1.8 WEATHER INFORMATION COLLECTION AND DISSEMINATION

Objective:
To identify weather information requirements of pilots, and compare those

requirements with the weather data to be provided in the developing NAS.

Background and Requirement: v
There is substantial evidence in the ASRP of the need to improve the collection

and dissemination of weather information. The major weather information-

related problems are:
° Lack of timely weather information, especially in deteriorating
weather;
0 Lack of exact interpretations of weather information  (visibility
reports); and’ )

0  Questionable judgement and attitude of pilots reéarding flights in
adverse weather, )

The NAS modernization has not established a procedure for dealing with the
collection and dissemination of PIREPS. Many PIREPS reported to enroute,
approach, and departures central facilities may not be relayed to flight service

for dissemination to pilots. Timely weather reports are most needed during
periods when the weather begins to deteriorate, periods when the controllers are
the busiest. There must be better coordination between ATC and FSS for
_ relaying information. Clear operational requirements for the collection,
formatting, and timely 'dissemination of weather information to pilots through
the NAS are needed. -This is particularly so for information reported by pilots
(PIREPS).

Approach:
Develop clear statements of requirements to meet the needs related to the

-following:
o Pilots:

o Improving weather recognition, especially with respect to °

estimates of visibility;
° Adopting a more professional approach to IFR flying;
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o Improving preflight planning, especially regarding runway
information during winter months and planning alternatives in
the event of weather changes; and

° Developing a fuller understanding of the mechanics of
weather observation and forecasting.

o ATC:

o Improving the handling of nonroutine events caused by weather~
related traffic diversions (e.g., sector coordination problems);
and .

o Improving assistance to pilots who are confronting deteriorating
weather. .

o Weather information services:

o More timely dissemination of weather information;

0  Improving pilots’ access to weather information for flight -
planning purposes; and

0  Timely collection and distribution of PIREPS.

Products: )

The products of this research will be requirements for the collection,
dissemination, and use of weather information to be included in the NAS
Operational Requirements Document.



AVS RESUME RESUME NO. 8
(11)

" Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:

ROJECT TITLE:

WEATHER INFORMATION COLLECTION AND DISSEMINATION
PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080
OBJECTIVE: (Brief description of what is to be accomplished)

To identify weather information required by pilots, and compare those requirements with
the weather data to be provided in the developing NAS.

REQUIREMENT: (Briel description of why project is being undertaken)
Pilots are the ultimate users of aviation weather data. Weather data format, depth, and
availability should be tailored to meet pilots' needs. Taking these needs into consideration

in planning NAS weather information is vital if pilots are to be provided with weather data
in formats that they can effectively use.

MILESTONE SCHEDULE: (List sigmficant events and dates during project e)

Revised
Scheduled Scheduled Actual

Completion Completion Completion
Validate Requirements 11/88

STATUS: lEnter current information)

3
i
¢

REMARKS/NOTES:
Related Work

Aviation Weather Information: User Requirements, MITRE-83 W 156;
Next Generation Radar, APM-310;

Automated Route Forecast Program, APM=-610;

Interim Voice Response System, APM-610;

Hazardous In~-Flight Advisory Service, AAT-360;

Terminal Doppler Weather Radar Program, APM-310; and

Aviation Weather System Plan, FAA.
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3.1.9 ROTORCRAFT DISPLAY AND CONTROL - IFR
REQUIREMENTS AND STANDARDS

Objective:

To develop human factors criteria which can support‘ new cockpit technology,
IFR requirernentsq,”standardization of displays and controls unique to rotorcraft.
This would include criteria for non-standard and advanced-technology instrument
displays; and advanced-technology flight controls such as fly-by-wire, fly-by-
night and side-arm controllers.

Background and Requirement:
Statistics from the National Transportation Safety Board Special Study, NTSB-

AAS-81-1, "Review Rotorcraft Accidents, 1977 - 1979," show that pilot error is a
major factor in rotorecraft accidents. From 1977 through 1979, the pilot was
cited as a cause or related factor in 573 rotoreraft accidents; this is more than
64 percent of the rotorcraft accidents in which the NTSB cited a probable cause.
Little is known about the real causes of the majority of these accidents since the
terminology and classifications of accident investigations give few insights into
needed corrective measures (see Section 3.7.1). However, several categories of
human factors issues have been identified as being particularly relevant to
helicopter operation, given the unique operations and flight madneuvers
undertaken by helicopter pilots. These include issues relating to displays,
visibility, eontrols, and anthropometry.

It is believed that improved design and standardization of rotoreraft controls and
displays would enhance safety by reducing pilots' operating difficulties and
workload, particularly in reduced-visibility landing conditions.

The NTSB Safety Recommendation A-78-23 recommends that the FAA "expand
its proposed research plans on 'Cockpit Human Factors Problems,' particularly in
the area of Human Capabilities and Limitations and Displays and. Controls, to
include problems peculiar to helicopter controls and displays. -

At the FAA's Third Human Factors Workshop on Aviation, conducted in
Cambridge, Massachusetts, representatives from the helicopter manufacturers
and the International Helicopter Association identified display design, cockpit



"y

visibility, pilot seating, and aircraft control positioning as areas of particular
relevance to helicopters that require human (actors research.

Approach:
The approach to be undertaken by this research activity will include the
following sub-tasks: '

° Develcp an analysis of the pertinent literature;

° Develop a forecast of expected technology applications to rotorcraft
operations and cockpit design;

o Develop a review of current and projected needs for IMC operations,
including deoeleration-to-hover and 'hover-to-landing display/
guidance capabilities;

o Develop an analysis of helicopter low speed characteristics and low-

" speed sensing/indicating systems and concepts;

o Develop a task analysis of required pilot activities associated with
the execution of IMC deceleration-to-hover approaches and landings;

° Determine the need for improved integration of displays and controls
with the human operator; o

o Develcp criteria on visibility requirements for helicopter cockpits for
peduced visibility, hover-landing aperations;

° Identify current and anticipated (advanced-technology related)
helicopter crew member human performance issues; and

o Develop human performance criteria to resolve issues identified. .

Products:

A report documenting operator pecformance criteria for use in the assessment
and standardization of helicoptor displays and controls will be prepared. The
report will cover the following topics:

Rotoreraft IMC operations;

Rotorcraft control and display design;

The relationship between (fatigue, stress and rotorcraft cockpit
design;

Rotoreraft visibility requirements; and

Human performance issues, considerations, and criteria.
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AVS RESUME RESUME NO. 9

(15)
Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE:

ROTORCRAFT DISPLAY AND CONTROL - IFR REQUIREMENTS AND STANDARDS

PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426~8080
) N. Fujisake, APM=-710 (202) 426~3593

OBJECTIVE: (Brief description of what 15 to be accomplished)

To identify and resolve human factors issues associated with reduced landing minima, IFR
deceleration~to~hover approaches and IFR hover~landing operations.

To develop human factor eriteria to assess new display and control technology for cockpit
designs which reduces workload in the IMC environment.

REQUIREMENT: (Brief description of why project IS being undertaken)

NTSB has issued Safety Recommendation A-78-23, stating that the NTSB recommended that
the FAA should "expand its proposed research plars on 'Cockpit Human Factors Problems,’
particularly in the area of Human Capabilities and Limitations and Displays and Controls, to
include problems peculiar to helicopter contrals and displays.”

The FAA's Third Human Factors Workshop on Aviation, held in Cambridge, MA., March
1981, identified—among problems relating to certification and standardization—the =
following: "These include the development of data to permit Human Factors considerations
in the certification and standardization of new displays and new controls . , ."

MILESTONE SCHEDULE: (List significant events and dates during project Lfe)

Seheduled Scheduled Actual
Completion Completion Completion

1.  Literature search and review 4/85
2. Technology trends and forecast 8/85
3.  Projection of IMC operations/needs 7/88
4. Low-speed/deceleration system survey

and test plan 9/85
5.  Pilot task analysis 9/85

6.  Display/control/pilot integration study
7.  Coekpit visibility requirement study

8. Human performance issues identified
9. Human performance criteria developed

- STATUS: (Enter current information)
Initiated

REMARKS/NOTES:

Related Work )
o Rotorcraft Display Standardization Study, APM-430/APM-720/ARO.
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3.2 PILOT ERROR

This section is concerned with the study of pilot error as a means of identifying why pilots
make errors that lead to aircraft accidents and for determining which aspects of automated
cockpit systems produce errors and so should be redesigned.

It is proposed that accident-associated pilot errors be studied through the investigation of
non-fatal aircraft accidents, by exercising the callback feature of the ASRP to explore
further the causes of errors reported by aircrews which could, under certain circumstances,
lead to fatal accidents, and through the development of methods of analyzing accident data
bases which are designed specifically for selected types of aircraft accidents investigated.

Design induced errors could be identified throught in-flight data collection. Cooperative
arrangements can be made between the FAA and commercial airlines to collect data in-
flight for use in identifying characteristics of flight system automation which promote pilot
error. Concurrently, those aspects of automation which are air-crew compatible also would
be identified,
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d.2.1 ACCIDENT/INCIDENT ANALYSIS

Qbjective:.

Develap, coordinate, and maintain a program dedicated to identifying the causes
of pilot error and to creating a data base on flight crew performance. Develop
and deploy methods for collecting human performance data that will support the
creation of standards and guidelines for certifying the cockpit flight control and
navigation systems.,

BaMound and Rggrement:

carriers to 85 percent (or general aviation. The percentage of accidents
associated with cperator error has been steadily inereasing over the past several
years,

The relative influences of System design and flight crew characteristios on the
occurrence of pilot error are unknown. However, accident reconstructions’ and
anecdotal data indicate that many of these accidents involve combinations of
" human eognition/decis:ion/execution errors  which are compounded by
environmental and system factors. Furthermore, the errors contributing to these
accidents ocecurred despite the use of elaborate automated systems to assist the
pilot, the increased emphasis on detailed cperational procedures, and intensive
crew training,

Since the exact causes of pilot error accidents remain unidentified, accident
data that could be used to improve the design of flight systems and training
programs are not readily available. A broad programmatic effort is necessary to
determine the operational, situational, and behavioral causes of pilot error.

Aggroach:

Develcp, in cocperation with other government agencies, methods for collecting
and analyzing accident and operational data that will permit the identification of
'flight Systems and flight crew characteristies that induce pilot error. -Initially,
the following three approaches to data collection are proposé,d for
implementation:



0 Develop & method for using existing accident data as a basis for a human
factors data base and for determining the causes of pilot error;

° Investigate non-fatal aircraft accidents to determine the causes of pilot
error; and

o Expand the use of ASRP "Callback" to identify system design and pilot
error safety issues,

Data Base Analysis:

There are extensive aviation accident data bases that come from intensive
investigation of each accident's physical aspects and interviews with surviving
erew members and observers of each accident. Both the narrative information
that resides in the accident investigation folders and the statistical information
derived from these narratives are available for investigation.

The use of standard statistical methods for analyzing data bases has provided
little real understanding of the causes of accidents due to pilot error. What is

.. required is a method tailored specifically to each question of interest and the
‘data bases to be examined. Systematic, efficient, and sharply focused methods

for using the data bases to discover the behavioral correlatu of pilot error
accidents must be developed.

Approach:
° Identify accident types -of special interest (e.g., because of the flight

conditions under which they occur).

Identify the appropriate data sources for investigating these particular

accident types.

° Develop a prototype analytical method that is appropﬂate for the specified
accident types and data bases. Test, evaluate, and refine the method,

) Determine the utility of this approach for the study of aviation crashes.

0 Conduect selected data base analyses. '

o

Produects:

A verified approach for using existing data bases to investigate the behavioral
correlates of aviation accidents due to human error.
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Accident Survivor Interviews: '

Discussions with pilots involved in accidents may yield significant information
regarding the contributions of human factors, equipment, and flight conditions to
pilot error. This valuable socurce of information has not been fully explored.

Aoproach:

o Conduct a study to identify those types of accidents where a follow-up

interview with the pilot would determine the specific causal factors of
human performance errors. This additional investigation would be
accomplished on a voluntary, non-punitive basis.

o Use the interview results to identify any significant patterns of human
performance or system deficiencies,

o Correlate the behavioral profiles cbtained from these discussions with data

| in existing-aviation safety data bases to see if such behavior explains why
particular kinds of acefdents occur.

o Determine the implications of these findings for changes in the pilot
selection process, training equipment design, operational procedures, and
the eavironment that would enhance safety. °

‘Products:

o Identification of error-inducing system and equipment designs;

° Training requirements that may be used to compensate for design

- limitations; and
o Guidelines and standards for designing aviation systems and equipment.
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ASRP "Callback™: .

The purpose of the ASRP program is to elicit information from users of the
National Airspace System on dangerous flying conditions. Pilots and air traffic
controllers are encouraged to report anything that interferes with the safe
operation of the system. The events reported range from near-misses to
hazardous procedures to poorly designed or funetioning cockpit systems.

The reports are voluntary; the reporters remain anonymous to the FAA.
However, there is a "callback" feature in the system which enables an outside
analyst to contact the reporter, without compromising the reporter's anonymity,
to obtain more complete details on the reported condition and to obtain
information of special interest to the aviation community. Based on the data in
these reports, a variety of special studies have been performed at the request of
researchers, scientists, and engineers interested in aviation safety. The program
has not been used to solicit information on issues of particular interest to
aviation safety. Such a change would increase the utility of the system without
compromising its protective aspects or its current benefits.

Approacht
o Identify human factors safety issues to be explored by the use of ASRP

callbacks. The callback feature allows the system to be used for
verification and development of human performance safety issues
identified by: ¥

o The SAE G-10 committee;

o Non-fatal accident investigation; or

° Inquiries from NAS users or system designers.

Develop a special purpose data collection questionnaire for each issue.
Develop a methoed for selecting reports to receive special attention. .
Collect the data over a pre~determined time period; analyze and report the
data for each issue.

61
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Products:
This data will be used for the following purposes:
Definition of issues for further study;
Enhancement of accident investigation procedures;
o Identification of man-machine interface problem areas to be addressed
through system redesign and operator training; and
‘o Identification of areas to be addressed through the development of design
guidelines or certification criteria. '

e .o ceme
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AVS RESUME RESUME NO. 10

(9,13, 27)
Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE:

ACCIDENT/INCIDENT ANALYSIS

PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080

OBJECTIVE: (Brief description of what is to be accomplished)

Develop, coordinate, and maintain a program dedicated to identifying the causes of pilot
error and to creating a data base on flight crew performance. Develop and deploy methods

for collecting crew performance data that will support the creation of standards and
guidelines for certifying cockpit flight control and navigation systems.

REQUIREMENT: (Brief description of why project Is being undertaken)

Pilot error continues to be the primary cause of aviation accidents. Existing acecident and
incident data do not show why pilots make errors. Innovative techniques are needed to
determine the behavioral patterns which lead to and result in unsafe human performance.
Once these patterns have been identified, an assessment of the selection process, training,
equipment design, operational procedures, and the environment will be needed to determine
what changes would enhance safety.

MILESTONE SCHEDULE: (List significant events and dates during project life)
. Revised
Scheduled Scheduled Actual
Completion Completion Completion

Identify areas of special interest 7/85
STATUS: (Enter current information)

REMARKS/NOTES:
Related Work
o ASRS;

o ASAS; and
o NTSB.
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3.2.2 IN-FLIGHT DATA COLLECTION

Objective: ‘
Identify the characteristics of automated f{light management systems that

influence their compatibility with human operators.

Background and Requirement:
‘Currently, air crews operate some automated systems with virtually no errors,

while the use of other systems is associated with (requent errors. Although each
airline has its own policies on the use of automation in the cockpit, there is little
documentation of how flight crews actually use the automated cockpit systems
and the types of errors that they make with these systems. The absence of such
information interferes with the development of design principles (or advanced
ecocicpit technology, and with the development of training programs which focus
on the types of operational errors that crews actually make.

. —-— —]t-cannot- be assumed that performance measured during simulator training or
during formal observations of actual flights will provide information sufficient to
determine those characteristics of automated systems which affect the error

. rate. In the United Kingdom, such data is gathered through the use of flight
recorders. The Royal Aircraft Establishment hes initiated a cooperative
___agreement with commercial airlines under which they provide {light recorders to
"-the airlines and the airlines provide data to the Authority. The data recorded
include aircraft attitudes, airspeeds, rates of descent, and other indices of
aircraft handling and operations. Such data could be used to evaluate the
performance of automated flight management systems with regard to user
compatibility.

Aoproach:
Initiate a cooperative demonstration program between DOT and an U.S.

commercial airline for the collection of in-flight data on aircrew use of
“automated flight management systems. This program would be voluntary. The
FAA would provide funding, and the confidentiality of the data would be assured
through data analysis being the responsibility of an outside party (similar to.
ASRP).
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Products:

Technical reports describing:
° Factors influencing system/crew compatibility that should be addressed in
the design of future systems;

o Possible modifications of current autoniated systems; and
Possible modifications of company aircrew automation training programs.
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AVS RESUME ' RESUME NO. 11
(8)

Date of Resume: 1/15/8% Date Deferred/Cancelled:
Date of Revisionz Date of Final Completion:
PROJECT TITLE: y '

IN-FLIGHT DATA COLLECTION
PRINCIPAL SPECIALIST: G. finsley, AFO-210 (202) 426-3080
OBJECTIVE: (Brief description of what IS to be accomplished)

Identify the characteristics of automated flight management systems that influence their
compatibility with human operators.

REQUIREMENT: (Brief description of why project is being undertaken)

Currently, air crews operate some automated systems without error, while the use of other
systems is associated wtih frequent errors. There is little performance data to indicate how
flight crews use, or misuse, automated cockpit systems during actual flight. Yet, such
information is required to establish principles for automation systems design.

MILESTONE SCHEDULE: (List signilicant events and dates during project life)

Revised
Scheduled Scheduled Actual

Completion Completion Completion
Develop guidelines 12/88

STATUS: (Enter current information)

REMARKS/NOTES:
Related Work
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3.3 CREW TRAINING

This section includes eight proposals for resea'rch dealing with airerew training.
The first four are concerned with determining the need for additional training
for aircrews. Such training may.be required because of the impact of
automation on pilot proficiency, apparent lack of coordination between cockpit
and cabin crews, and the limited effectiveness of current line oriented flight
training (LOFT). A fourth proposal is concerned with continuing an evaluation of
materials developed by the FAA, GAMA, and Transport Canada for teaching
- pllotTjudgment to general aviation pilots. The remaining three proposals are
concerned with expanding the role and usefulness of simulators in pilot training.

R s e —————
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3.3.1 DATA ENTRY DEVICES AND HUMA.N ERROR

Objective:
Develop standards and procedures for the use of currently available digital data

input devices which minimize pilot error. Develop requirements for training
flight crews in the use of these procedures.

Background and Requirement:

Currently, commercial and some business aireraft are equipped with inertial
navigation systems and other flight management systems which require the crew
to program the equipment manually under time stress conditions. Serious errors
can occur during initial programming and reprogramming. It is inevitable that

some level of data entry errors will oceur. Data entry velidation procedures :
must be developed to eliminate these errors. ' T

Approach:
° Assess the extent, {requency, and seriousness of problems resulting from
data entry errors.

o Survey current procedures and training to identify existing training and -
operations which result in the lowest level of data entry errors.

o Identify equipment and conditions which result in particularly high or low
levels of error. T e

° Identify and/or develop methods which minimize errors.
Assess the methods.

) Review methods with the civil aviation community.

Produets:

Training guidelines and certification eriteria for manual programming of digital
data entry devices.
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AVS RESUME : R.F.S!(JB;IB NO. 12
6

Date of Resume: 1/15/8S Date Deferred/Cancelled:
Date of Revision: _ Date of Final Completion:
PROJECT TITLE:

DATA ENTRY DEVICES AND HUMAN ERROR’

PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426~8080
OBJECTIVE: (Brief description of what IS to be accomplished)
Develop standards and procedures for use with currently available digital data input devices

which minimize pilot error. Develop requirements for training flight crews in the use of
these procedures.

REQUIREMENT: (Brief description of why project is being undertaken)

An in-depth assessment is needed to determine the type of errors that are occurring, the

frequency of occurrence, and the operational procedures used to avoid errors. Using these

gata as a base, the need for changes in training procedures and design standards will be
etermined. .

MILESTONE SCHEDULE: (List significant events and dates during project life)

Revised
Scheduled Scheduled Actual

Completion Completion Completion
Operational error study 8/86

 STATUS: (Enter current information)

BEMARKS/NOTES:
Related Work
o ARINC Standards.
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3.3.2 PILOT PROFICIENCY AND AUTOMATED SYSTEMS

Objective: .
Identify the extent to which the use of automated systems may degrade a pilot's

ability to fly manually; if there is a potentially significant degradation of skills,
determine what training is necessary to ensure maintenance of manual capability
in the event of the failure of automated flight systems.

Background and Requirement:
The extensive use of automated systems in the conduct of flight has caused

concern among pilots about the possible loss of manual piloting skills. Such -
proficiency is critical in cases where the pilot must revert to manual flight under
emergency conditions, and may be a problem when pilots must transfer {rom
automated to non-automated aircraft.

Approach:
Assess the extent and nature of the problem:

° Survey pilots and professional organizations about the existence of
this problem,

° Survey the air carriers' policies and practices regarding the use of
automation in aireraft.

0 Survey appropriate aviation safety data bases.

Produets:

Documentation of the extent and seériousness of the problem. If warranted,
appropriate recommendations regarding training and operational practices in the
use of automation will be made. '
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AVS RESUME RESUME NO. 13

(12)
Date of Resume: 1/15/35 . Date Deferred/Cancelled:
Date of Revision: ) Date of Final Completion:
PROJECT TITLE:

PILOT PROFICIENCY AND AUTOMATED SYSTEMS
PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080

OBJECTIVE: (Brief description of what IS to be accomplished)

To identify the extent to which the use of automated systems may degrade the pilots' ability
to Oy manually, and if there is a potentially significant degradation of skills, determine
what training is necessary to ensure maintenance of manual capability in the event of
failure of automated flight systems. '

REQUIREMENT: (Brief description of why project I3 being undertaken)

The extensive use of automated systems in the conduct of flight has caused concern about
the possible loss of piloting skills needed in the event of automation failure. If significant
skills are found to weaken with the use of automation, there will be a need to determine
policies for using automation or the additional training required for the maintenance of pilot
skills to ensure manual capabilities.

MILESTONE SCHEDULE: (List significant events and dates during project Life)

Revised
Scheduled Scheduled Actual

Completion Completion Completion
Evaluation plan 6/86 -

STATUS: (Enter current information)

REMARKS/NOTES:

.
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3.3.3 COCKPIT/CABIN CREW COORDINATION

Objective:

Improve the effectiveness of communication and cocordination between cockpit
and cabin crews to increase flight safety and passenger comfort during all phases
of flight.

Background and Requirement:
Little effort is spent in training cockpit and cabin erews to cperate in a

cooperative and coordinated manner and to shere responsibility for the aireraft
and the well-being of its passengers. The resulting lack of crew ecoordination and
shared responsibility during both normal and emergency flight operations has
resulted in unnecessary risks to flight safety. Lack of coordination between the
two crews has resulted in passenger injuries; e.g., injuries due to takeoffs that
-were unanticipated by the cabin ecrews. Lack of common terminology and
understanding of critical aspects of flight impedes the effectiveness of
communication between the two crews. The develcpment and irnplemenfation of
a program to train cockpit and cabin crews to work together more effectively is

required.

Approach:
©  Survey and document the problems which have occurred in the operation of

commercial flights due to inadequate erew communication and ecoordination.

° Establish a set of training requirements to address the documented
problems. .

o In cooperation with a v}olunteer air carrier, develop and implement a
prototype training program for their particular operational situation (e.g.,
the airline's financial status, crew size, route characteristics, and type of
aircraft).

0 Evaluate the program and, if warranted, identify the changes required to

make it suitable for general application.

Products:

Guidelines for the development and utilization of training programs to increase
the coordination and communication between cockpit and cabin erews.
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AVS RESUME RESUME NO. 14
(new entgxz

Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:

ROJECT TITLE:

COCKPIT/CABIN CREW COORDINATION
PRINCIPAL SPECIALIST: G. ’ﬂmley, AF0-210 12025 426-8080
OEJECTIVE: (Brief description of what IS to be accomplished)

Improve the effectiveness of communication and coordination between cockpit and cabin
erews to increase flight safety and passenger comfort during all phases of flight.

REQUIREMENT: (Brief description of why ptoject is being undertaken)

Document and analyze crew coordination and communication problems that have cccurred in
emergency situations and develop operational procedures and training methods to solve
these problems.

MILESTONE SCHEDULE: (List significant events and dates during project life)
| Revised
Scheduled Scheduled Actual
Completion Completion Completion

Problem analysis ' 12/85
STATUS: (Enter current information)

REMARKS/NOTES:
Related Work

o Recommendations for action, NTSB; and
o LOFT and simulated emergency evacuation training, Umted Airlines.
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3.3.4 LINE ORIENTED FLIGHT TRAINING ENHANCEMENT

Objective:
Increase the effectiveness of line oriented flight training (LOFT) for training

erews in emergency procedures, for identifying shortcomings in training
procedures, and for improving crew coordination. ' :

Background and Requirement:
LOFT involves total mission simulation of a commercial revenue flight scenarios

with a full cockpit crew complement. Approximately half of the "Part 121" air
carriers use LOFT as an important part of their upgrade and recurrent training
programs, and LOFT is used in lieu of semi-annual proficiency tests. Pilots have
expressed concern that LOFT often is not used effectively: flight scenarios may
be predictable and familiar to pilots, and training for emergency situations.may
be inadequate. Accident investigators have repeatedly reported inadequacies in
cockpit resource management, and in the execution of procedures and control
use during in-flight emergencies. The FAA has responsibility for the approval of
such training programs.

Approach:
o  LOFT and emergency procedures:

° Evaluate the emergency procedures training requirements in FARs
121/135 to determine if they are sufficient to meet current flight
safety requirements. ]

° Survey the use and practicé of various airlines with regard to the use
of LOFT.

o LOFT enhancement:

o Identify weaknesses in company training programs with regard to
routine flight operations.

o Capture and analyze the data from the LOFT sessions for use in
identifying human performance safety issues.

(ki



Products:

Document the adequacy of LOFT emergency training requirements and
practices. If warranted, recommended changes in approval requirements for the
use of LOFT will be prepared.

Propose requirements and guidelines for the use of LOFT in identifying human
performance safety issues.

. - e e v e g e o e———
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AVS RESUME _ RESUME NO. 15

(16)
Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE:

LINE ORIENTED FLIGHT TRAINING ENHANCEMENT

PRINCIPAL SPECIALIST: G. Tinsley, AFO~210 (202) 426-8080
D. Gilliom, AFO-260 (202) 426-3460

OBJECTIVE: (Brief description of what IS to be accomplished)

Increase the effectiveness of line oriented flight training (LOFT) for training crews in
emergency procedures, for identifying shortcomings in training procedures, and for
improving crew coordination.

REQUIBEMENT: (Brief description of why project is being undertaken)

Many of the Part 121 air carriers use LOFT as an important part of their upgrade and
recurrent training programs, and LOFT is used in lieu of semi-annual proficiency checks. It
_ has been reported that LOFT is often not used effectively. Flight scenarios may be
predictable and familiar to pilots, and training for emergency situations may be inadequate.
Accident investigators have repeatedly reported inadequacies in cockpit resource
management and in the execution of procedures and motor responses to in=flight
emergencies. Research must be conducted to identify the most effective uses of LOFT, and
to develop guidelines and procedures for maximizing its use for increasing flight safety.

MILESTONE SCHEDULE: (List significant events and dates during project life)

Revised
Scheduled Scheduled Actual

Completion Completion Completion
Detailed plan 9/85

STATUS: (Enter current information)

REMARKS/NOTES:
Related Work
o LOFT Workshop 1981, NASA-Ames.
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3.3.5 PILOT JUDGEMENT TRAINING AND EVALUATON

Objectives

Develcp and evaluate training materials and evaluation techruques for improving
pilot judgement.

Ba ound and irement:

In 1976, the FAA sponsored research to investigate the extent of judgemental
errors in civil aviation and to determine whether and how pilot judgement could

__be taught and evaluated. A review of the literature revealed that research in
other fields such as medicine and business had determined that both the
motivational and intellectual aspects of judgement can be taught. Analysis of
five years of US. general aviation accident data indicated that approximately

““half ot the total fatal accidents were related in part to poor judgement. Since
that study, the FAA, in cocperation with the General Aviation Manufacturers
Association (GAMA) and Transport Canada, has developed prototype training
curricula. Field evaluations of these curricula have been initiated in both
- Canadian flying clubs and U.S. fixed-base cperators (FBOs). Preliminary test
results indicate that pilot judgement can be taught.

._Agmach,g
o Refine prototype student and instructor manuals (completed).

-] Evaluate refined manuals at selected FBOs, Canadian colleges, and in the
FAA's Eastern Region. ‘

o Develop a methodology for use by designated examiners to evaluate
judgement during flight and written tests for private pilot licenses.
Gather data using the methodology developed above.

o Develop draft manuals for instrument pilot training.

Products:

Improved manuals and procedures for judgement training in private pilots during
primary and instrument training.
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" REMARKS/NOTES:

AVS RESUME : RESUME NO. 16

(19)
Date of Resume: Date Deferred/Cancelled:
Date of Revision: 5/27/83 Date of Final Completion:
1 TITLE: '

PILOT JUDGEMENT TRAINING AND EVALUATION

PRINCIPAL SPECIALIST: Al Diehl, Ph.D., AAM=-500 (202) 426-3433
OBJECTIVE: (Brief description of what IS to be accomplished)

To develop and evaluate training materials and evaluation techniques for improving the
judgement of pilots,

. REQUIREMENT: (Brief description of why project is being undertaken)

NTSB acecident data suggests that approximately half of all general aviation fatal accidents
involve judgement errors by the pilot.

MILESTONE SCHEDULE: (List significant events and dates during project life)

Scheduled Scheduled Actual
Completion Completion Completion

Refine prototype student and instructor pilot
manuals, develop associate AV materials with

GAMA assistance 12/82 2/83 7/83
Evaluate refined manuals, ete., at selected

FBOs in Eastern Region. - 8/83 12/84 RS
Evaluate refined manuals, ete, at Canadian

Colleges. 8/83 : 10/83

= Develop methodology for use by designated.
examiner/inspector and to evaluate judgement

during flight tests for private pilot license. 3/85
- Gather data on private pilot flight test

methodology. 9/85
- Develop draft manuals for instrument pilot

training; 8/85

STATUS: (Enter current information)

Project underway.

Related Work
o Eastern Region Student Pilots Demonstration Project done in conjunction with

GAMA and AOPA; and )
o Instrument Pilot Manual being developed by R. Jensen at Ohio State University.
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3.3.6 TRAINING SIMULA‘i’OR FIDELITY CRITERIA

Objective:
To determine the level of simu!ator fidelity that is necessary for training pilots

in selected aviation tasks. Determine how much training is required at specific
levels of simulator fidelity to qualify for credit toward regulated flight training.

Background and Requirement:
The amount of simulator training that is necéssary to satisfy flight training

requiréni_ents currently is determined by regulation. The regulations reflect the
assumption that the more realistic the simulation, the greater is the value of the
training. The level of fidelity required to satisfy these regulations is based on
subjecti\"re judgements and has not been empirically determined.

Current simulators which are awarded full training credit are complex and
expensive, thus limiting their effective availability to only the largest air
carriers. This consequence is contrary to the FAA's goal of promoting simulator
use, which is safer and more cost-effective than in-flight training, to enhance
mgm crew member training and checking. Research is required to empirically
" determine the level of simulator fidelity required to veach the training goals
specified by the federal aviation training regulations.

" “Approach: R
The FAA has developed a methodology called the Airman Certification System

Development (ACSD), which is being used in the development of new simulator

requirements. This method is & modification of an academic procedure used for

instructional system development (ISD). The ACSD is a sophisticated analytical

and evaluational tool that is incorporated in the following methodological

sequences

° Identify the training and checking conditions within which the simulators
will be deployed;

e} For each of these conditions, apply the ACSD methodology to determine
the simulator characteristics required to reach the training goals; - -
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Develop simulators with varying levels of fidelity;
Conduct the training on a representative group of pilots at selected levels
of fidelity to determine the amount of simulator experience required to
achieve training objectives at each level of fidelity; and

o Assess the differential effectiveness of the various levels of fidelity on
pilot performance.

Products:

A developed, tested, and validated method for determining minimum fidelity
requirements for simulators to be used in training, reviews, and checking.
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VS RESUME RESUME NO. 17

(22)
Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT 3

TRAINING SIMULATOR FIDELITY CRITERIA

PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080
D. Gilliom, AFO-260 (202) 426-3480

OBJECTIVE: (Brief description of what is to be accomplished)

To determine the level of simulator fidelity that is necessary for training pilots in selected
aviation tasks. Determine how much training is required at specific levels of simulator

fidelity to qualify for credit toward regulated flight training.

REQUIREMENT: (Brief descripticn of why project IS being undertaken)

The high cost of operating aircraft and the crowding of many airport terminal areas make

of aviation tasks in flight equipment costly and hazardous. With the burgeoning
costs of flight simulators, the historical approach of "more is better” needs to be evaluated
on the basis of effectiveness of training and cost-effectiveness. Specific scientifically-
based requirements for levels of simulator fidelity necessary to adequately train pilots in
the performance of various mission segments and tasks, and to maintain their proficiency
need to be developed.

MILESTONE SCHEDULE: (List significant events and dates during project life)
Revised
: Scheduled Scheduled Actual
e } Completion Completion Completion

Start concept validation 8/8s

STATUS: (Enter current information)

REMARKS/NOTES
Related Work

o Airplane Simulation Uses in Airman Certification, AFO-260.
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3.3.7 SIMPLE SIMULATORS

Objective:

To identify the extent to which inexpensive simulators and part-task trainers can
be utilized in the training of pilots,

Background and Requirement:
There has been constant improvement in the design of flight simulators. The

emphasis has been on establishing simulator facilities which closely approximate
the operation of specific types of aircraft. Flexibility and realism are important
characteristics. The simulation of six degrees of motion, all-weather day/night
visual scenes, and accurate flight control programs are considered essential for
airline use. Without question, these devices are effective in training flight

crews, and are safer and more economical than actual flight training. These’
complex simulators are limited in number because they are expensive, and

therefore are not readily available for use by all pilots.

There are a number of desktop-type simulators, as weil as simulation software
for use in home computers, which allow the dynamic presentation of flight
. control information. Before qualification credit can be given for training on
these devices, an assessment of these devices must be made. The assessment
must address the simulator's level of sophistication and its limitations. -

Approach: . -

° Identify potential training applications for low~cost training devices.

o Assess the capabilities of currently available devices,

o Evaluate the utility of selected low-cost simulators with regard to the
training applications identified above.

F

Products: .
Recommendations and guidelines for the use of low-cost simulators.
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AVS RESUME RESUME NO. 18

(23)
Date of Resumes 1/15/85' Date Deferred/Cancelled:
Date of Revision: ) Date of Final Completions
PROJECT TITLE:
SIMPLE SIMULATORS

PRINCIPAL SPECEL-IS.‘I‘. s G, Tinsley, AFO-210 (202) 426-8080

P. Hwoschinsky, APM~430 (202) 426-3754

. OBJECTIVE: (Brief descripdon of what 13 to be accomplished)

To identify the extent to which inexpensive simulators and part-task trainers can be utilized
in the training of pilots.

.iEQUIBEMENTs (Brief description of why project is being undertaken)

The introduction of new "high technology” systems in existing aiccraft requires additional
training of the operators to adequately utilize these new systems. The purchase of complete
flight simulators are necessary to meet the requirements of the regulations for the training
of pilots in small airlines or air taxi operations is generally out of the question for economic

. teasons.

- The development of truly low cost simulators may facilitate wider use of these devices and

thereby, enhance safety.
WILESTONE SCHEDULE: (List significant events and dates during project life)

L Scheduled Schedul Actual
- . Completion Completion Completion

Detailed test plan 1/88
STATUS: (Enter current information)

REMARKS/NOTES:

Related Work

0 Use and requirements for Low Cost Simulators, AP M-430.
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3.3.8 PERFORMANCE FEEDBACK IN SIMULATORS

Objective:

Increase the effectiveness of simulation training for developing and maintaining
flying proficiency. '

Backeround and Requirement:
Traditionally, pilots in simulator training are subjectively evaluated based on a

pass/fail grading system. The pess/fail system does not provide:

° Relative performance feedback;

0 A detailed measure of training effectiveness;

o A sensitive indicator of training program needs; or

° An effective tool for targeting safety issues.
Providing quantitative parametric feedback to the trainee as to specific
performance would serve to enhance learning through better motivation.
Quantitative scoring would provide a measure of performance relative to an
established baseline, and would help to evaluate training effectiveness and
relative proticienéy levels, Quantitati(re measures also would help to ‘identify
specific training needs and human performance safety issues related to flight
operations. ’

Approach:
o Identify or develop critical flight scenarios.

° Identify performance measures to be quantified.

(- Use the initial and recurring training programs in the B-727 simulator to
establish a pilot performancé data base using commercial airline pilots.

o Use the data base to develop parametric measures of performance in
simulator training.

° Determine the quality and format of feedback that should be provided to
the pilots, the training staff, and the air carriers.

o Perform a comparative evaluation of the relative effectiveness of pass/fail
and parametric grading systems.

Products:

Guidelines for the establishment of a quantitative and parametric pilot
performance feedback system for training in airline simulators.
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S RESUME ' ‘ RESUME NO. 19

(18)
Date of Resume: 1/15/85 Date .Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PEGJECT TITLE: '

PERFORMANCE FEEDBACK IN SIMULATORS
PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080

oy

OBJECTIVE: (Brief description of what Is to be accomplished)

_Increase the effectivenss of simulation training for developing and maintaining flying
proficiency. '

' REQUIRBMENT: (Brief description of why project is being undertaken)

With the usé of computers to cperate (light simulators and to monitor the performance of
the operators (pilots), the traditional subjective feedback to pilots could be enhanced by
more accurate, objective, and timely information that is more descriptive of what the pilots
actually did with respect to that which was required rather than the traditional "pass-fail”
grading system. It is necessary to determine what kind of feedback is optimal for the
acquisition of pilbting skills as well as the timing and extent of the feedback that should be
. provided..__ _

MILESTONE SCHEDULE: (List significant events and dates during project Life)

- Revised ’
Dokl Scheduled Scheduled Actual
: Completion Completion Completion

Start data collection . 2/85
STATUS: (Enter current information)

REMARXS/NOTES:
Related Work

o Occulometer sensing of pilot instrument seanning, NASA-Langley; and
o Video recording of flight crew performance, United Airlines.
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3.4 REGULATION

This section includes four proposals directed toward updating or expanding existing Federal
Aviation Regulations. The proposals consider the following regulatory issues:
o Simplification and organization of Part 121 related to flight crew responsibilities
to improve the interpretability and ease with which relevant regulations can be
accessed and used during time-critical flight situations;

o Possibility of flight crew fatigue decreasing flight safety by disrupting the manner
in which flight erews work together;

o Necessity for additional requirements for crew training to compensate for
reductions in company emphasis on flight training during periods of negative.,
economic conditions in the air carrier industry; and -

TR

o Updating of licensing and testing of aircraft mechanics to reflect advances in
aviation technology. ' ‘
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3.4.1 INCREASE THE USEABILITY OF THE FARS

Objective:
Modify and clarify the federal aviation regulations in order to develop a

regulation reference system or manual which can be used easily by aircrews to
- resolve uncertainties regarding their legal responsibilities.-

Background and Requirement:
Pilot groups often complain that federal regulations are unnecessarily complex

and difficult to understand. When pilots are faced with situations requiring them
to consult the federal aviation regulations, the application of appropriate
regulatory requirements may be difficult. They find that the regulations often
are hard to locate and interpret,

The 1981 Report of the President's Task Force on Aircraft Crew Complement
lists in its Summary of Conclusions and Recommendations the following
recommendation: "Many of the Federal Aviation Regulations (FARs) relating to
fliglit éfew responsibilities appeai' to be unnecessarily complex. An effort should
be made to simplify and clarify the FARs to make them more understandable and
easier to use.”

.
PER TN .-

Important federal aviation regulations that require review and simplification are
. FARs Parts 91 and 121. An FAA project is underway to review and rewrite Part
91 to increase their understandability. The review and simplification of the -
sections of Part 121 relating to (light crew responsibility have not been initiated.

Aggroacﬁ':. .

° Review the sections of FAR Part 121 relating to flight crew responsiblity
with pilots and pilot organizations to identify problems associated with
their use during flight.

0 Modily, clarify, and simplify objectionable sections, and have the changes
reviewed to ensure that they meet all legal requirements.

0 Develop a simple and effective reference system for the regulations.
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) Test and evaluate the usability and clarity of the mocfified regulations
under simulated flight conditions with a sample of flight crews provided by
volunteer airlines.

Produets:

° Revisions of selected sections of Part 121 that are related to flight crew
responsibilities.

o An improved reference document of flight crew regulations designed for
in-flight use.
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AVS RESUME RESUME NO. 20

(29)
Date of Resumes 1/15/8% Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE: ‘

INCREASE THE USEABILITY OF THE FARS
PRINCIPAL SPECIALIST: G. Tinsley, AF0-210 (202) 426-8080
OBJECTIVE: (Brief description of what IS to be accomplished)

Modify and clarify the federal aviation regulations in order to develop a regulation
reference system or manual which can be used easily by airerews to resolve uncertainties
regarding their legal responsibilities.

REQUIREMENT: (Brief description of why project is being undertaken)

The Federal Aviation Regulations currently provide highly detailed determinations for
conducting all aspects of civil aviation. A number of the regulations may be redundant and
there may be conflicts between regulations that apply to the same categories of aviation.
There is a need to review the FARs to determine if such redundancies and conflicets exist, to
identify 1l:hem if they do exist, and to suggest revisions of the FARs which would eliminate
this problem. ‘

MILESTONE SCHEDULE: (List significant events and dates during pcoject Life)

Revised
Scheduled Scheduled Actual
Completion Completion Completion

G-10 recommendations 6/86
" STATUS: (Enter current information)

REMARKS/NOTES: n -
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3.4.2 FATIGUE AND CREW INTERACTION

Objiective:

Backeround and Requirement: .
Fatigue and fatigue management is a major problem in the cockpit. Industrial

researchers have found that fatigue causes inattention, perseveration of ideas,
confusion, and anxiety, all of which could degrade crew interaction in the
cockpit. Pilots and researchers attending the FAA's human factors research
workshops noted that the effects of fatigue on stress and on flight deck
operations should be studied. ASRP pilot reports indicate that decrements in
flight performance and in the effectiveness of crew interactions are related to
the time of day and are more severe during the final phases of flight when
fatigue would be expected to be greater.

Approach:
.} Assessment:

©  Survey the literature on the influences of fatigue and sleep.
deprivation on social interaction, cooperative behavior, and

leadership dynamics; and
o Review crash investigation results to identify important flight crew
and situational variables.,
o Method: e
° Development of a test plan; ’
° Development of flight test scenarios;
° Selection of flight crew test subjects;
o Data collection in full mission simulator;
o Data analysis;
o Development of prototype countermeasures; and
o Evaluation of countermeasure effectiveness in full mission
simulation.
Products:

A report documenting and summarizing the effects of fatigue on crew
interaction, and describing potential techniques for alleviating fatigue-related
problems, will be produced. The report will provide meihodologies for evaluating
the effectiveness of these techniques. ’
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AVS RESUME RESUME NO. 21
(20).

Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:

PROJECT TITLE:

FATIGUE AND CREW INTERACTION
PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080
OBJECTIVE: (Brief description of what IS to be accomplished)

To determine the effects of fatigue on crew interaction and develop countermeasures to
neutralize the adverse effects.

REQUIREMENT: (Brief description of why project is being undertaken)

Inadequate fatigue and cockpit resource management is recognized as a major contributor to
aireraft crashes. Reports from airline pilots indicate that fatigue affects crew interaction
and that fatigue management is a major problem in the cockpit. ASRP data indicate that
decrements in flight deck performance and in the effectiveness of crew interactions are
related to the time of day and are more severe during the final phases of flight, when
fatigue is greater, .

MILESTONE SCHEDULE: (List significant events and dates during project Life)

Revised
Scheduled Scheduled Actual

Completion Completion Completion

NASA short haul study ’ 2/85
NASA long haul study 12/88

" STATUS: (Enter cwrrent information)

REMARKS/NOTES:
Related Work
o Effects of (atigue on flight crew interaction in the B-727, NASA-Ames; and

o Effects of fatigue on flight crew interaction in corporate twins, Ohio State
University.
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3.4.3 ECONOMICS AND FLIGHT TRAINING

Objective:
Assess the impact of economic difficulties on the quality and quantity of

recurrent training provided by the commercial airlines.

Background and Requirement:
There is a perception within the airline pilot community that the amount and

quality of pilot training is tied directly to the economi¢ health of individual
airlines: the better the financial condition of the airline, the greater the
investment in high-quality training. As a result of the competitive forces in the
marketplace resulting from deregulation, pilots argue that the quality -and
quantity of training offered by financially pressed airlines is decreasing.

Approach:
Conduct an in-depth study to determine if airline pilot training fluctuates

directly with an airline's economic status. This will involve:
o Reviewing the types and amounts of training offered by the airlines
over the past decade;
o Examining the financial conditions of the airlines over the past
decade; and
o Determining if there is a correlation between these factors.

Products:

A report on the relationship between economics and flight training, with
.recommendations for ensuring that training does not fall below the minimum
level required for safety, will be produced. )
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AVS RESUME _ RESUME NO. 22

{30)
Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE:

ECONOMICS AND FLIGHT TRAINING

PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080
OBJECTIVE: (Brief description of what IS to be accomplished)

Assess the impact of economie difficulties on the quality and quantity of recurrent training
provided by the commercial airlines.

REQUIREMENT: (Briel description of why project is being undertaken)

Deregulation has forced many airlines to adopt severe cost-cutting measures in order to stay
competitive. Training may be one target of these cuts. To save money, airlines might stop
renting simulators for crew training; simulator flight scenarios may not be upgraded, and
there may be cuts in training staff. These cuts may result in reduction of flight safety.
Study is needed to determine if there have been cuts resulting in deficiencies in training.

MILESTONE SCHEDULE: (List significant events and dates during project life)
Revised

Scheduled Scheduled Actual
Completion Completion Completion

Impact assessment 10/86
STATUS: (Eater current information)

REMARKS/NOTES:
Related Work

o Airplane Simulation Uses in Airman Certificaton, AFO-260; and
o Uses and Requirements for Low Cost Simulators, APM-430.
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3.4.4° SELECTION, TRAINING, AND LICENSING OF MAINTENANCE PERSONNEL

Objective:

To update the process of selection, training, and licensing of maintenance personnel to
reflect the use of advanced technology in aircraft system design.

Background and Requirement: .
The Sixth Human Factors Workshop on Aviation held at the Mike Moroney Aeronautical

Center, Oklahoma City, Oklahoma, July 7-8, 1981, identified a number of issues which
relate the training, testing, and qualification of newly FAA certified mechanics. The major
issues identified by attendees at the Workshop are related to one of the following
considerations: (1) the need to updaté FAR Part 147, Aviation Maintenance Technical
Schools; (2) the adequacy of present procedures used in A & P licensing; and (3) the need to
incorporate testing techniques that evaluate problem solving ability as well as the level of:
conceptual understanding of the maintenance functions and technical details. :
The updated needs of the technical level of training provided candidates for an A & P
license, as recommended by participants of the Workshop, included additional training in:

Strength of materials;

Electrical and electronic systems;

o Rotoreraft;
° Turbine engines; and
o

New composite structural materials.

Concern for testing procedures produced recommendations that the testing techniques not
be heavily weighted in favor of testing for strictly factual information that may be
irrelevant or easily outdated. In addition, concern was expressed that tests should not be
used which encourage the applicant to study testing format techniques and depend upon
answering questions on the basis of what is perceived to be correct. Such testing
techniques, it is argued, are inefficient, causing the student to study principally for the
examination.

Another concern expressed in the Workshop related to the inability, or inadvisability, of
placing a newly certified A & P rated mechanic in a position of responsibility without [irst
determining the skills of the particular mechanic. The limited scope of training provided to
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qualify the A & P candidate for an industry with highly specialized maintenance needs was
cited as one of the reasons for this situation. ’

Approach:
Establish a task group to:
o Develop clear statements of requirements to update the qualification level of
future candidates seeking A & P certification; and
o Examine the validity of concerns expressed regarding the methodology of testing
candidates for A & P certification.

Products:

The products of this activity will provide documentation with which the FAA can use to
determine future action on maintenance selection, training and licensing.
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AVS RESUME RESUME NO. 23
) (24, 26, 28)

Date of Resume: 1/15/85 Date Deferred/Cancelled:
Date of Revision: Date of Final Completion:
PROJECT TITLE:

MAINTENANCE PERSONNEL
PRINCIPAL SPECIALIST: G. Tinsley, AFO-210 (202) 426-8080
OBJECTIVE: (Briel description of what Is to be accomplished)

To update the process of selection, training, and licensing to reflect the advaneces in aviation
technology.

. REQUIREMENT: (Brief description of why project is being undertaken)

Resulted from the Sixth Human Factors Workshop on Aviation held at the Mike Monroney
Aeronautical Center on July 7-8, 1981.

Update FAR 147 -~ Require training curricula which reflects the technological advances in
aircraft design. :

A&P Licensing - Assess adequacy of present procedures.

Testing Procedures - Testing should evaluate the applicant's problem solving ability as well
as conceptual understanding. Testing should not be limited to measuring rote memory

capability. . . .
MILESTONE SCHEDULE: (List signilicant events and dates during project life)

Revised
Scheduled Scheduled: Actual

Completion Completion Completion
Establish task group 4/86

STATUS: (Enter current information)

REMARKS/NOTES:
Related Work
o NTSB study.
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4.0 RESOURCES

This aviation research program is directed toward improving aviation system
safety and effectiveness by focusing on the characteristics of flight crews. It is
recognized that flight crews are critical elements in the design and use of flight
system procedures and cockpit components. This work has a wide constituency
in the aviation community.

Many of these constituents can contribute to the success of the proposed
problem-solving efforts. Site visits to selected aviation safety research
facilities throughout the country revealed many common research interests and
the possibility of new cooperative research efforts with the FAA., Such
cooperative activities can inerease the cost effectiveness of FAA human factors
wotk and increase the number of high-priority problem areas that can receive
near~term attention. Described below are facilities that have research interests
and capabilities which are directly related to the interests of the FAA.

41 Nasa

NASA-Ames and NASA-Langley are the two NASA facilities currently doing
“work that is most directly applicable to the FAA's needs. Both are active in
large-scale flight simulation systems, but there are differences between the
simulators and the research orientations at the two facilities. The work at Ames
is more basic and cperator-oriented, while the work at Langley tends to be more
display-and flight systems-oriented.

AMES
At Ames, most of the programmatic human factors work is done in the Man-
Vehicle Systems Research Division. Important areas of direct relevance to the
FAA include the following:
0 Operator Automation Interaction: Survey of pilot experience with
automation in 767 and DC9-80, and development of human factors
principles in automation; T
o Workload and Performance Assessment: Develop physiological and
subjective measures of pilot workload; and
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o Flight Crew Fatigue: Identification of dimensiéns, correlates, and
antecedents of crew reactions to fatigue during intercontinental flights.

Among its extensive fixed wing and rotorcraft simulator facilities is a 727 full
mission simulator equipped for audio, video, and physiological recording of crew
behavior under real time operational conditions. A summary of the major areas
of human factors researach at Ames is presented in Table 1 in Appendix A of this
report.

LANGLEY

The more equipment- and' application-oriented work at Langley is directed
toward developing and evaluating cockpit displays and systems from the pilot's
point of view. The human factors work is concentrated in three branches, or
offices, at Langley:

° Flight Operations Research Branch;

o  Flight Management Branch; and

o  Advenced Transport Operating Systems Otfice (ATOPS)

e e e

The Flight Operations Branch does work which can be related to general or
commercial aviation problems, but is oriented primarily towards single pilot IFR
flight conditions. Problem arees being studied which are of particular interest to
the FAA include the following:

o Data link presentation of ATC information;

0 Workload and cockpit automation; and

° Key issues in GA single pilot IFR operations.

The Flight Management Branch has done -simulator evaluations of the use of the
CDTI (Cockpit Display of Terminal Information) for monitoring in-trail
separation during terminal area approach operations. The ATOPS office is
primarily concerned with the automation of information transfer from the
terminal area to the cockpit work of particular relevance to the potential impact
of NAS modernizations on cockpit operations.

Langley's performance-measurement equipment and simulation facilities are
extensive. The Langley occulometer is one of the best available in the industry.
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It could be very useful in the development and testing of display formatting

standards. The simulation facilities provide the capability for simulating general

aviation, helicopter, and air carrier aireraft. Currently, voice and data links are

being established between one of Langely's air carrier simulators and the air

traffic control simulation facility at the FAA's Technical Center. This

capability is being developed to investigate pilot-controller interactions during -
MLS approaches. A sixmmary of the major factors research activities at Langley

is presented in Table 2, Appendix A.

4.2 DOD

The Department of Defense's extensive experience in complex air operations
provides a basis for significant contributions of relevant research facilities and
expertise to civil aviation. In may cases, because of the normally high stress
operational conditions involved, DOD's research on human performance and
operator requirements is leading the state-of~the-art. A review of DOD-funded
research in aviation through a search of the Defense Logistics Agency Manpower
and Training Research Information System (MATRIS) data base revesaled that
DOD agencies are supporting contract research in over half of the 31 problem
areas proposed for research in this plan. DOD agencies prominent in aviation=
related research include the following:

Aerospace Medical Research Laboratory
Air Force Flight Dynamics Laboratory
Air Force Human Resources Laboratory
Air Force Office of Scientific Research
Army Research Institute

David W, Taylor Naval Ship R & D Center
Naval Air Systems Command

Naval Health Research Center

Naval Personnel Research and Development Center
Naval Surface Weapons Center

Naval Training Equipment Center

A site visit was conducted to the Aerospace Medical Research Laboratory
(AMRL) and the Flight Dynamics Laboratory (FDL) at Wright Patterson Air
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Force Base. AMRL and FDL were selected for site visits because of the direct
relevance of their human factors research to human performance areas which
have been identified by the FAA for special attentionn. AMRL has been
aggressive in the development, refinement, and application of both subjective
and objective measures of aircrew workloads. They are also developing new
methods for allocation of flight control functions between the pilot and system
automation. Scientists working in the area of flight function allocation at
Wright Patterson appear particularly sensitive to the need for pilot-automation
compatibility in their flight systems.

With continued advances ih flight system technology, the human operator
increasingly becomes the limiting element in system design and knowledge of his
capabilities become more important to the system designs. Presently, there is
no central repository of existing knowledge on human capabilities relevant to
such design. AMRL is, with the aid of consultants, scientists, and academicians,
assembling a vast compendium of such information. With the bt;oper formatting,
references, qualifications, and capability for updating, this document could be an
important reference for déveloping flight systems design guidelines and
certification criteria which are based upon human performance.

Among the responsibilities of the Flight Dynamies Laboratory is to anticipate
the operational and technological requirements of the next generation of
aircraft, develop control concepts to satisfy those requirements, and then to
develop the hardware required to translate those concepts into cockpit reality.
This approach to flight systems design keeps FDL at the state-of-the-art in their
research and development activities. Work in three of their research areas is of
particular relevance to civil aviation: pictoral situation displays presented on
CRTs, voice recognition systems for use in cockpits, and the development and
testing of variations in keyboard logic for display selection and control. The
display work has direct application to the formatting and presentation of
approach plates in the advanced technology cockpit of developing carrier
aircraft; control of display data presentation by voice may provide a useful
means of reducing head down time by pilots in high workload conditions; and the
use of the new situation tailored keyboard logic being explored may reduce
keyboard data entry errors.
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Highlights of this human factors work are represented in Table 3 of Appendix A.

4.3 INDUSTRY

Both airframe manufacturers and air carriers maintain significant research
capability in terms of facilities and researcher expertise.

The major aircraft manufacturers make simulators as well as civilian aircraft
and conduct the research required to create aircraft which are compatible with
the most demanding operational conditions. Accordingly, the most advanced
m in the design and evaluation of flight system often resides with ‘
industry. Site visits were made to Sikorsky Aircraft and Douglas Aireraft Co.
and special conversations were held with Boeing Commercial Aircraft Co. to
determine the types of non-proprietary human factors work conducted by these
compainies that was of particular relevance to the FAA.

Sikorskv Aireraft Company
Sikorsky is the largest manufacturer of military and of large helicopters in the

world and has much of the human factors capability required to support this
activity. However, in-house human factors research and development activities
and facilities at Sikorsky Aireraft currently are limited. Presently, lab facilities
are limited to a mock-up facility, a fixed-base developmental simulator, and a
single laboratory room with a variety of more-or-less standard assortment of
human factors equipment such as small computer/display systems, an eye
position recorder, cameras, motion picture analyzers, and psycho-physiological
measurement devices.

Sikorsky has plans to develop a major human factors research facility at their
plant. These plans include a vast increase in (loor space that can be dedicated to
human factors research, advanced computer support, and the addition of a
motion-base helicopter simulator with a 3600 dome visual system.

Douglas Aircraft Comoany o 7
This airframe manufacturer has the design and human factors expertise required

for designing and evaluating cockpit display and control systems. This capability
is used for aviation-related cesearch contracted from NASA, DOD, and the FAA.
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As with other major airframe manufacturers, in-house and contract research
activities often define the state-of-the-art in aviation systems. Current
research activities of particular interest to the civil aviation community include
work in workload measurement, problems encountered with flight crew and
automation interaction, the formatting of CRT displays for aircraft cockpits,
and the application of artificial intelligence to aircraft warning systems.
Selected research activities and facilities are represented in Table § in

Appendix.

Boeing Aireraft Company

Boeing is the largest airframe manufacturer in the world. They have complete
facilities for the design, development, and fabrication of flight deck displays and
controls, and for the measurement of pilot behavior as they use them. Boeing
has the resident engineers, software modules, pilots, human factors specialists, .
and simulator system designers required for the research and evaluation of
advanced flight deck conecepts. Boeing's experience is well known in aviation and
ranges from initial requirements determinations and task workload analysis
through the hardware and software engineering and evaluation efforts required
to develop and produce such FAA-certified aircraft as the 757 and 767 air
carriers. '

Their research laboratories include flight simulators, part-task training devices,
information processing and display laboratories, and general and special purpose
computers. The Flight Deck and Research and Preliminary Design Laboratory
includes developmental and generic fixed-base simulators, advanced cockpit
displays in flat panel configurations, programmable symbol generators,
sophisticated eye view monitors, and prototype voice recognition systems.

The Beeing Aircrew Training Facility has motion-based simulators as well as
part-task trainers for the 707, 727, 737, 757, 747, and 767. It has day/night/dusk
visual systems for these simulators, and the in-house programming capability
required to use the simulators.

Boeing regularly performs human factors research under contract and has done
such contracted work for NASA, DOD, and the FAA. A summary of Boeing's

105



research facilities relevant to the FAA's human factors interests is illustrated in
Table 8 of Appendix A.

4.4 TRAINING CENTERS

A number of human factors research areas proposed for attention is this plan
involve the examination of alternatives to the current design of air carrier crew
training programs. The' design and evaluation of such alternatives will require
access to both aviation training experts, and training facilities. The Flight
Safety International's Fairchild Learning Center in San Antonio, Texas and
United Airlines' Training Center in Denver, Colorado were visited to identify
training facilities and expertise potentially available for application to the study
and resclution of training preblems in civil aviation.

Flight Safety International
The Fairchild Learning Center is one of 24 Flight Safety International (FSI)

centers "providing training to over 2,200 corporate and commuter aireraft
operators and military clients.” '

Flight simulator facilities at the Fairchild Learning Center include:
° One SA 226 Merlin Metro with 4 degrees of motion and night-only
computer generated visual system;
-] One SA227 Merlin Metro with 4 degrees of motion and night/twilight
computer generated visual system; and
o One SAAB Fairchild 340 with 4 degrees of motion and night/twilight
computer generated visual system.
These simultors are supported by in-house maintenance and in-house and
corporate programming capabilities.

Each of FSI's centers specialize in particular aircraft types, under contract to
manufacturers of the aircraft, and in arrangement with aircraft operators.
Aircraft manufacturers. include: Fairchild, McDonnell Dougless, Gulfstream,
Canadair, Lear Fan, Ltd, Cessna, Bell, Sikorsky, and others. The simulator and
other procedures trainings, six computer-aided instruction stations, and audio-
visual display outfitted classrooms are used for the ' corporate and
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commuter aircraft flight and maintenance training for the Merlin Metro and
Fairchild 340 aircraft.

In addition to commuter and corporate aircraft simulators, the Fairchild
Learning Center offers CAI (Computer Assisted Instruction) capabilities for
flight procedures and maintenance training. Individualized instruetion CaAl
programs enable pilots to practice simulated malfunction and emergency
management procedures and to familiarize themselves with these procedures
prior to flight simulator sessions. Currently, the software Fairchild Learning
Center is developing CAl/videodisc integrated sottw;re for pilot training in
flight problem identification and management, cockpit resource/crew interaction
management, and fatigue/workload mansgement. Maintenance trainees use FSI-
developed CAI to practice problem identification procedures as a part of
transition courses. A summary of the Fairchild Learning Center's facilities is
presented in Appendix A of this document in Table 7.

United Airlines Training Center
The United Airlines Training Center, Stapleton Airport, Denver, Colorado,

provides centralized training and personnel management for all United Airlines
flight and cabin crew personnel. Training for flight crew includes initial,
recurrent, transition, and upgrade programs. Cabin crew training includes initial
and recurrent emergency management programs. Approxmately 6,000 pilots are
served by this center's programs.

The training center provides classrooms equipped with video~tape recorders,
television monitors, and other audio-visual training aid devices, procedures
training mock-ups, conference rooms, offices for training, personnel and flight
command staff, a cafeteria, and extensive flight simulator facilities.

Fourteen flight simulators used for initial, recurrent, and upgrade training, and
for flight checks (under FAR exemptions) include:

Two Link 2 degrees of motion DC-8;

One Link 3 degrees of motion DC-8;

One Conductron 3 degrees of motion DC-8;

Three Link 3 degrees of motion B-727;

One Redifon 3 degrees of motion B-727;

o 0 0 0o o
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Two Conductron 3 degrees of motion B~-737;
One Link 6 degrees of motion B-747;

Two Redifon 8 degrees of motion DC-10; and
One Redifon 6 degrees of motion B-757.

o 0 0 O

In addition to these fourteen flight simulators, United has one B-737 emergency
procedures training device. This is used for training flight and cabin crews in
emergency evacuation. Its capabilities include limited roll (tilt) and piteh,
simulated fire and cabin smoke generation.

The flight simulators, one of which is rated as Phase II, have a variety of CPU
memory and programming capabilities, motion systems, and visual display
characteristics. Programming and maintenance support for the simulators is also
housed at the center. The simulator scenarios are reprogrammed-once each year
to include a different mix of géographica.l variables in accordance with changes
in United's route system, and to provide for the inclusion of line flight problems
of current concern, such as wind shear,

In addition to simulators, United extensively uses CAI and audio-visual training
devices., Procedures trainers of graded complexity are also used and are_ of
particular importance in the transition training programs.

While the primary purpose of the Center is training, United Airlines is interested
in conducting research related to its training cbjectives. The LOFT program has
been research oriented for example. A summary of the Training Center's
facilities is presented in Table 8 of Appendix A.

4.5 UNIVERSITIES: OHIO STATE (OSU)

A number of universities in this country are currently involved in aviation-
related research. These include MIT, Princeton, Purdue, University of (llinois,
Univeristy of Wisconsin, Univerisity of Massachusetts, University of Miami,
Georgia Technical, Virginia Polytechnical Institute, and Ohio State University.
Of these, the Ohio State University is currently the most active in applied
aviation human factors.
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The Ohio State University's (OSU) Department of Aviation has its own airport,
flight school, and staff of aviation psychologists. Judging from the published
human factors literature, OSU's Department of Aviation is currently the most
active academic department in civil aviation human factors research today. The
department is housed at the OSU Airport.

Staff members have military and civilian flight experience. They also have
advanced degrees in engineering and human factors psychology, teach graduate
level courses in the aviation sciences, and do contract work for NASA and the
FAA.

Most of the department's work has been in general aviation, but new research
capabilities are being established in commercial aviation. It has the following
particular strengths and capabilities:
* o  Design and evaluation of cockpit displays;

° Research on general aviation instruction and training; and

o Research on pilot error and pilot judgement.

A summary of recent and current aviation research done at OSU is presented in
Table 9 of Appendix A.

4.6 FAA

The Federal Aviation Administration currently has a variety of human factors
programs underway. Work is done at headquarters both "in-house" and through
contracts and interagency agreements with NASA, DOD, universities, and
private firms.

The FAA  also maintains two major field facilities for conducting
aviation-related human performance research: The FAA Civil Aeromedical
Institute (CAMI), located at the Mike Monfoney Aeronautical Center in
Oklahoma City, Oklahoma, and the FAA Technical Center at Atlantic City
Airport, New Jersey. Both organizations are oriented primarily toward
supporting the FAA air traffic control responsibilities, but they also do some
"airside” work. CAMI's airside work is primarily concerned with the influence of
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'

personal and environmental stress upon operator performance, whereas the
Technical Center's airside work is more oriented toward the pilot's interaction
with flight control systems.

Headquarters
At headquarters, the FAA has a number of research and development programs

concerned with pilot performance and the pilots interface with the aircraft and
the National Airspace System. Some of the work is related to the high priority
problems presented in this document for special attention. Most of the cockpit~
related human performance work is administered through three offices:

¢  Program Engineering and Maintenance Secvice (APM);

o Office of Aviation Medicine (AAM); and

o Office of Flight Operations.

The work is broad and varied and includess:
° Development and evaluation of cockpit displays;
Development of pilot training methods and eirrucula;

o Development and evaluation of cockpit alerting systems;-
0 Development of methods and procedures of cockpit certification; and
o Review of accident investigation procedures.

A brief summary of the cockpit-related human factors work administered from
FAA headquarters is presented in Table 10 of Appendix A.

Civil Aeromedical Institute (CAMI)

CAMI's role is to provide the FAA with primary support for medical and
behavioral research. Its activities are approved and directed by the Office of
Aviation Medicine., The work actually conducted is based upon information
requirements placed upon it by this office and upon the interest of the individual
researchers as reflected in research proposals submitted to the office for
approval.

The unique strengths of this facility are the broad range of research capabilities
among its staff members, its toxicological facilities, and its facilities simulating
environmental stressors. Although most of the work done here s
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application-oriented in that it provides data upon which to base FAA regu.lationé
or advisories, much of the work is also general enough and of the necessary
quality for use by the aviation community at large and the scientific community
as well.

Work which is done at CAMI is done almost entirely in-house--contractor
support for research is rare. This limits CAMI's ability to satisfy all of the
FAA's research needs, but also assures that the expertise developed through
CAMI research remains with the FAA.

The CAMI research complex is divided into four laboratories that are identified
according to the following four research disciplines:

o Aviation Toxicology;

o Aviation Physiology: .

o Aviation Psychology; and

o Protection and Survival.

Each laboratory includes highly-trained researchers who maintain skills and do
research in the areas of direct relevance to aviation safety.

A inajor advantage of CAMI is its substantial capability for testing human subjects
and a variety of environmentally~, task-, and drug~induced conditions of stress. The
following is a partial list of specialized equipment that can be used in studies of
such stressors: '

Multiple tasks (psychomoter) performance battery
Disorientation (middle ear) device

Simulated radar display in en-route console

Honeywell Mark II Vision Tester

Physiological measurement equipment

Electronically insulated test chamber

Environmental chamber

Altitude chamber

Lower body negative pressure device

Chamber for testing masks and other breathing equipment

o 0 0 0O 0O 0 0 0 0 ©
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Treadmill

Complete optics and vision laboratory
Microwave research laboratory

Indoor swimming pool 14' deep by 40' square
Liquid chromatograph .

Gas chromatograph

ATC-S10 Personal Flight Simulators

o ©0 0 0 0 0 o

A summary of the research to the Office of Aviation Medicine for initiation and
continuance in 1984 is represented in Table 11 of Appendix A. Review of this table
reveals the broad range of interest and capability at CAMI which include work in
cabin safety and the influence of drugs on flight safety--two areas of which are
probably not being addressed qutside of government laboratories. Work in pilot
ercor and display monitoring are areas of particular relevance to designers of
cockpit automated systems. The investigative methods which would be used in the
proposed research include data base reviews, collection and analysis of fluid and
tissue samples from accident victims, and classieal laboratory research. Products
are primarily informational, being comprised of technical reports.

Table 11 also shows that most of the wark done by the Psychology Laboratory is
directed toward air traffic control. This work will be dealt with at a later date, as
the present report is concerned with work more closely associated with activities
inside of the aireraft.

FAA Technical Center

The FAA Technical Center is located near Altantic City, New Jersey.
Organizationally, it is part of the FAA's Office of Development and Logistics.
Presently, the Technical Center's research and development activities are directed
primarily toward air traffic control. They are heavily involved in testing and
evaluating systems and hardware that are developed by contractors for the 9020
replacement program. This heavy involvement in the ground side of the National
Airspace System (NAS) is reflected in the activities listed in Tables included in
Appendix A of this report. -
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Some pilot work has been and is being done at the Technical Center. It has managed
several studies conducted through Embry Riddle Aeronautical University that were
concerned with training the general aviation pilot. A subjective technique
(POSWAT) for estimating pilot workload was developed here; and some evaluational
work on the Cockpit Display of Terminal Information (CDTI) has been conducted.
Current flight-related work is concerned with microwave landing systems (MLS).
Some work is being done to obtain data for establishing technical instrument
approach procedures (TERPS) for MLS approaches to heliports. Another study is
concerned with the use of segmented MLS approaches by conventional aircraft. This
study will use commercial pilots flying a DC-9 simulator at NASA Langely while
talking to air traffic controllers at the ATC simulation facility at the Technical
Center.

_There is no single organizational concentration of human factors expertise in the
‘Technical Center. Most of the peopie with human factors skills are distributed
among the following three divisions:

o Air Traffic Control Systems Divisiop (ACT-200);

o Systems Integration Division (ACT-500); and

o Engineering Division (ACT=100).

The names, specialty areas and organizational assignments of these people are
shown in Table 12 of Appendix A.

Although the Technical Center has recently deemphasized its human factors work
and capability, it has the following unique facilities (some of which are currently
being used) for studying pilot-air traffic control issues:

o MLS equipped experimental heliport;

o It will have the first operational and simulated example of an automated en
route ATC and so may be in a good position to investigate the impact of
this system on cockpit workload;

o It has a cooperative working agreement with NASA-Langely linking their
DC-9 flight simulator with the Technical Center's ATC simulation
facilities. ’
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APPENDIX A: FUNDING







APPENDIX B: TABLES OF RESEARCH F-ACILI‘I‘IES AND ACTIVITIES
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APPENDIX C: SUMMARY OF DOD HUMAN FACTORS RESEARCH
REPRESENTED IN MATRIS
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CIVIL AVIATION SAFETY RELATED
DEPARTMENT OF DEFENSE AVIATION HUMAN FACTORS RESEARCH

Retrievals from the Defense Logistics Agency ngpouer and
Training Research Information System (MATRIS) provided
information on unclassified DOD aviation human factors research.
This document describes human factors research sponsored by 00D
that relates to civilian aviation safety human factors problems

of concern to the Federal Aviation Administration.

1. NAS/COCKPIT AUTOMATION AND PILOT WORKLOAQ

DOD projects were sponscred.hy the Office of Naval Researzh
(ONR), the Aerospace Medical Research Laboratory (AMRL), the Air
Force Office of Scientific Reseaqch (AFQSR), and the Arny
Research Institute (ARI). These projects explored a variety cf.

human performance, technical development and applications issues

" rslated to automation and pilot workload in military mission

eontexts. Research topics include:

fatigue affects on performance:

visual performance efficiency:

hand-eye coordination:

digital display configurations:

flight and fire control keyboard designs:
helmet mounted displays:

automatic control requirements:

night vision reguirements and capabilities:
occulomater research applications: and
decision making models;: and

digital flight controller-multiple function keyboard

use.
2. HumAN PERFORMANCE CRITERIA RELATED IO COCKPIT CERTIFICATION
ONR, AMRL, AFOSR, the Naval Training Equipment Center (NTEC), and

0000000000 O,

the Naval Air Systems Command (NASC) sponsored research in areas

realated human performance in military alreraft cockpit

configurations. This research includes investigations of:



windscreen optical effacts:
metrics conversion;
acoustics:

control augmentation:

crau statian design criteria;
instrument lumenescence and lighting:
vaice tachnology parametars:
risk assessmant:

side stick contraollers;
avionics displays: .
visual perfarmance criteria;
display optical vartahles;
image quality:

HUD:

glideslape indicators:

3-0 displays:

mental worklaoad:

performance theary:

divided attention:

viesuing tasks;

tactual displays:

vibration effects on gerformance; and
tracking tasks.

0000000000000'0000000000

3. QPERATOR INFORMATION REQUIREMENTS

Rasearch by ONR, AMRL, ﬂ?OSR. the Air Force Human Resources

Labcratary (AFHRL), and the Oavid W. Taylor Naval Shig R 3 0O

Center- (OTNSC), in areas relatad tao this concern,
investigations of:

display regquirements:

HUO:

intarvening enviranmental factors:
c3:

display tachnology:

00 00O0CO

conveyance):

signal/noise ratias;

color displays: and

-] equipment anthropometrics.,

[ ]

4. VYOICE ACTIVATED SYSTEMS

includes

CRT raster structures { impact an informtian

AMRL AND NASC rasearch on vcice activated sysiems :ncludes:

multi-system control/display integratisn:
response capabilities;

protatyge equipment perfsrmance:

harduare de-elaogment:

000

rd



-] labératory simulatton:
o softuare configuration development: and
o . systems evaluatians.
S. RESEARCH RELATED IO NEW TECHNOLOGY APPLIED IQ SAFETY
The AFOSR sponsored evaluations of the effectiveness of

situational emergency training as an alternative to traditional

emargency procadures training. Study topics include:

Q an assaessmant of emergency cue characteristics:
0 instructional materials svaluation: and
o systems information flow analysis.

6. SIMPLE SIMULATORS
Research related to the development of louw-cost simulator

configurations includes:

-] assessment of the acquisition and transfer of flying
skills from low-cost, low-fidelity, part- task simulators:

° CAl programs for instrument tnstruction:

° use of part-task trainers for retraining:

-] evaluation of low-cost techniques emphasizing mini- and
micro=computers, computer graphics and simplified
controls for part-task training: and

-] assessment of B-52 aerial refueling part-task trainer.
This research was sponsored by AFHRL, the Naval Training

Equipment Center, and the Army Research Institutes.

7. SIMULATOR TRAINING EIDELITY CRITERIA
000 studies of the relationship between the fidelity with which
simulated flight condtfion cues represent the cues experienced in
actual flight, and training outcomes include:

-] operator control models for motion conftguratxoniz,

o experiments on task loads;

. utilities of motion cues for pilots with different
flight experience levels;

o visual and motion cue integration studies:
o studies of task structure and pilot resgonse
limitations:

Q atudy of a multiplicative motor noise model:

(U]



e developrent of  wide—angle visual systems with high
" resolution target imagery: :

Q study of G-seat and visual factors in .advanced
simulator for undergraduate pilot training:
- Q development of mission profilaes: )
° studies of the effects of mission length on learning

piloting akills:
-} pgrocurenent of simulators for the cobra attack

helicapter:
Q gse of sterascscopic displays in helicopter simulators:;
o invastigation of the transfer effectiveness of simulater

visual display parameters for training carrier landings:
man=in-tha-loop experiments far specific flight cantral
scenarias; :

avaluation of G-seat motion cueling:

NAP-of the earth computar image generation:
helmat-mounted display technolagy:

davalopment of a performance equivalence methadolagy:
and

-} visual system simulation of B8-52 modsl aircraft.

This work was sponsored By AFQOSR, NTEC, AFHRL, ARI, and AMRL.

8. PEREQRMANGE FEEDEACK IN SIMULATORS
Work tn this area includes:

-] devalogment and avaluation of autamatad

feadback praograms for flight simulator training:

e development of perfarmance-errar analysis mathads:

-] develogment af rating scales and automated atds for
tnflight performance avaluation:

a davalagmant of an Lnexpensive tn-flight portable data
collection device to supart research an aviater gerformance:
and :

o evaluatian of an “intelligent” tnstructional system

for eritiquing students' behavior.

This wark was sponsored by NTEC, AFHRL, and ARI.

9. PILOT PROF Y WITH AUTQMATED SYSTENMS
Research efforts include studies to developg and avaluate methcds
for measuring the effectiveness uith which ptlots use automated

flight control systems. These studies iavclve:

G develogment of maneuver-non-sgecifis, proficiencsy leval
measures:
o investigation of reacquisition and maintenance of

"flying skills:



Lwe—

e identification of eriteria for selection of automated
performance measures;

-] simulator performance assessment criteria development:
and .
-] development of measurements for pilot skill in air

combat maneuvering.

AFHRL, the Air Force Academy, and NTEC. sponsored these studias.

10. LINE ORIENTED FLIGHT IRAINING ENHANCEMENT

The Office of Naval Research (ONR), sponsored a study conducted
by Texas éhristtan University on *Personnal Technolagy:
Development of Leadership Effectiveness®, This study assessed
the validity of assumptions about modal descriptions of leader
behavior, evaluated subordinates®' perceptions of leader
behaviors, and subordinates®' affective and behavioral reactions

in effective leader—-subordinate relationships.

. 11. JUDGEMENT TRAINING AND EVALUATION

DOD studies related to judgement iraining and evaluation _tocused

on:

o human understanding of complex systems:

o models of skill acquisition:

o defining visual raeferants in relattonship (o complex
task performance:

o identifying tactical decision making methods and
techniques:

o deductive and inductive reasoning, construct problem
solving and perscriptive models for training analogical
reasoning for complex skills;

-] decision making with multiple sources of probabiltstie
information: .

o optimal information processing techniques: )

©° investigating cognitive skill flight requirements:

-] analogical understanding of complex phystcal systems:

. and

-] pilot judgements and decisions in emergency situations.

Work in these areas was sponsored by ONR, AFHRL, and AFOSR.

12. HUMAN PERFORMANCE CRITERIA FOR APPROACH PROCEDURES
Studies sponsored by ONR, AFOSF, and AFHRL investigated:



e  carrier landing approach requirements, syat&ns and pilot
parformance; and .
a cyclophorta and pilot grediction of the runway plane.

13. EATIGUE AND CREW INTERACTION

Systems analysis of performance related to physiological stress
in high performance aircraft was sponsored by AFQS and conducted
By the Uiversity of California at OQavis. Physiological,
paychological, 3sleep and performance data in a combat stress
enviornment were collected by Ounlap ;nd'hssactatea. Ine. under
contract ta ONR, in a longitudinal study af interaction betueen
individual measures and environmental factors relating to carrier

gilot performancas.

14. AIRCREW WORKLOAQ BEASUREMENT

A substantial number of workload studies conducted under 000

sponscrship uwere listed. These lnclude}.

-] measurement of aircrew performancs under task
loading (AFHRL):

-] gsychaphysics of mental workload under concurrent task
conditions (ONR);

Q development of a neuraophysiological werkload test
battary (AMRL):

] encaphalographic indicants of cognitive functianing:

9 muliti~task performance gquantification (AMRL):

o devalapment of a methodolagy for aircrew workload

assessment (AMARL):
-] attention and task complexity (AFHRL):
") attention alloccation and workload (AFQSR):

- 38 worklaad and attention assessment using Lehavicsral and
psychophysiological techniques (AFHRL):
] a capacity~thearetic apgroach tao work load

assassment (AFQSR):
evoked resgonse potenttals (AFQSR):
aggregate workload mathematical models and tndtcater
systems (AFQSR);
thermal stress factors research (AFOSR):
cardiovascular adagtation to stress (AFQSR}:
physiological stress response measurement (AFOSR):
anvirgnmental stress adaptation (AFQSR):

. man=-machine intarface evaluattans (Maval AL
Develogment Center [MADC));

00000



o development and evaluation of a workload assessment
device (NADC):

-] use of electrophysiological and davelopgment af
stochastic models for myoelectric . vartables
for cognitive workload assessment (AFOSR):

° fatigue effects on the acquisition of flying skills end
patterns of stress response in pilots at varying
workload levels (AFHRL):

-] strength and endurance measures for atrcrew selection
(AFHRL); :

° physical size, strength and endurance criteria for task
and environmental requirements (AMRL):

° tolerance requirements in hyperbaric environments
(ONR);:

-] collection of stress, sleep and mood data related to

carrioer pilot landing performance in combat
environments (ONR);:

-] human faciors engineering analysis of cperator workload
in a task processing environment (NADC): and
o prototype cross-coupled instability tracking device for

in-flight workload measurement.

1S. DATA ACQUISITION AND ANALYSIS
Data related to aircraft accidents and incidents was acquired by '
the Naval Health Research Center, AFOSR, AMRL, and the Naval

Aercspace Medical Research Laboratory.

16. mmmmmgzmmmﬂ
A broad range of D0D-sponsored projects relate to issuss of
selegtlng and ¢traintng of persaonnel for aviation maintenance
Jobs. These include:

° research on tnstructicnal methods and devices:

development of maintenance task simulators, trainers
and part-task tratners: )

o identification of factors affecting the performance .of
maintenance personnel:

o team training logistica:

(-] combat unit maintenance capabilities:

o CAl training for maintenance tasks:

o development of specifications for electiromechanical
maintenance training systams;

o comprehensive aviation systems training pragram
development:

o general aviation maintenance training methodology
development;



a inatructional sy:tepa davelaopment for managenent and
techntcal procedures training:

Q. simulated avionics maintenance trainer davelopment and
evaluation:

-] develapment of an Aircraft Maintenance Effectiveness
Simulation Modal: and

[} behavioral analysis appraoach to for support personnel
training. ‘ .

This work was sponsored by AHRL, AFHRL, NTEC, the Naval Persannel
Research and Development Centar, the Naval Weapons Center, the
Maval Surfsce Weapons Center, ONR, and the Naval Air Sysitenms

Command.



ALINAWWIOO NOLIVIAV 3HL
b1
GIAIZEd SV

SVAHV WIIOOHM SHQLOVE NV



.3'.>' T .\.l :.».-.



. (6) 2101 5103€) UeNY 2y 0IUF ATy Aon op man 8I°T
2IyeuUuoT3I83ND € faueq J011d SIUBPIIUL/SIUSPIOOY At OT°T .

aouayaadxa jorid M LAjqeasjyaad) sysyreyoads
. s1030e] uaumy Juajadnco Aq (Teje3 pue (ejej-ucu)
mI03 anssy - S (VId) uasuap Juapjode Juadax furpaehan ejep jo uopjeujurexy 6°1

*PA1INJ00 J0aA3 ueuny
o) Km ysyiqeasa Afajenbope axau 03 sjuspyooe
. . . 33eadage jJo wopjebyysaauy 103 (sur03 ‘saanpacoad

mn uaguﬁcn::s-uv:ﬂ: .nﬁoou.amouocoﬁmsoﬁﬂaumamumoﬁgg a.a

s1030e4 ubyseq Juawdinbt@ -p

s1030e] [exojaeysd °¢

£a030e4 (ejusumoazaug feuwoyjeasdy °g
Sa030e3j [eOIPaN  °Y

$3e JoO[ O3 uofIeNTRAd

JuspIooe a03 teal, Apnag adurNIojaad treumy)

99 IToAT (vav) paeddoy —Juapjoor Jo Ay 03 uojIuUSIIe DAY LT
89 I1TAT (VW) aanpoom wumaﬁ.m:m ejep a9339a 9°T
: .+ (serbnog skanang #a1o aaouw
6€ IITToA T VIV) 1913qeD --23ep Juasaxd woay sysijeue juspyooe 13330 S°T
. L6 € (vdov) trsuweay, eIep JUapyOOR 910U PISN VeI

M suyuejap pue asned 3y se pajdecoe
v IT0AT (VaT¥) aanod seA 30219 J07§d auayM suspjooe 3sod sujuwexs-Iy . €°T

X Al A A € (vdoy) uome K3y3uenb jou X3y1enb uoyjebyiseauy juapjooy Z°1

sIUBPTIOR .-nuuu..:o: a.ﬂuqu&mv fvopjehyasaauy
X A4 4 * € (Vdov) uoame JUBPIIOR JO UOEIDASS 0] BEANTID MU poaN 1°T

(8T) uojaebyassaur Juapyooy a9333d

abeq doysyaon 29389bbng UOTIEpURNIIOO3Y X0 ansS]

sysffeuv pue woylysinbov e3eq - T Kiobaaen



C C C ( C 4 C
(11o0
14114 € viy) asyjoxas suefqoad A3jausp; 03 saasn Asaang SE°T
- (T1°m . S | _— 3
SOt € viv) asyyoals SIUIPIOOL UNAJ PIPP 510IDRJ Ueuny II0U PIIN PE°1
| © cweyy u>8&a..?i.
. (1100 ¢107998 9jejadoxdde ajeonpe ‘weigoad Y3 adoos .
SoT £ VI¥) asyaoals ‘os 31 Jwefqoud feaa © Ba030ej umumy| S €T .
(g) asadooyian
WL IToAT (¥d1¥) 8antom weaboza sysy puedx3 ze
stptqoxd DLV
%01 € .§<a~ SUCUS 9zj3j20jad pue ezjaobajed 03 QUSY 3SN 1€°'1T
330dy 80104 }sel
8 80aa3 yseL TejuepIsaad SUsY 203 aoddng Buoals et
S6-¥6 I NI (vI1v) spumpd SISV 203 3aoddns Huallg 6Z°1
L6 € (vdov) Treumexy, weashs bujazodey A193es wo syseydia 0z T
(5) sy 103 aoddng
*uoYJedFJTIUSPY
IATOB 03 MOY JO UOjIepunoj e ysjrqeasd  °¢
) Zooupgop Aajriqeadecoe sy Mol °T
. (6) 231 eanseau o op Mol °T kA
a1yeuuo} 3831y ) € Toued 1011d Jueiqoad 8103003 uvuayy v AJIJUSP] am op MOl AUl 61°T
(6) tPIqOAd S83030%4 Ueuny JO UOYIEIFFFIUSPI
abed dOUBIoM - a93893bbng UO JepuUaO3Yy 20 anss]

sjsAteuy pue ..333.&3 vieg - { Axobaed



\II

191

(un[nsuco) ITTIW

AV *9°7 ‘sa9jnduoo yITM Bupyen aae
s3071d 810229 jJo adky ayy jJo sysAteue pasN or't

(1) s20113 ae3nducp GYTIUL ezkreuv

L6
XA 44

(vdov) Trsuurexy
(vdoy) uvome]

2jea JUIPIoOrR uj soustaadxe Jo Aousoda mouy 03 PasN 6E°T
fouaaand ‘aansodxa—ejep uojjejaAR TeadURb, pooN ;T2

(Z) uorjejAy TeIBU=D

9% 3 6C

/2

IToAT

(VWD *3°n) uaqy

(VITVY) aanToom

UO}3ed13J]I230 Uy pasn

e3ep Ji dacadup TTYM 3apaoozy YOYTd YITM ¥AD
swa1qaxd sdo aafosai pue yoaeasaa jJaoddng
*sjuawaanbaa

/suoyiebjysaaur o137oads 103 ejep apyaoagd
suoyqoad teyjuazod Ajyauapl

snopiezey oq Aew YoJyM Io0jAeyaq [ensnun 093]
SUOTILITWIT JO SOUEPIIOND 3033aq

1303 ejeq YOYTIUL JO anten Le°1

e o @ e o o
-QNﬂv D ™~

’ 's330dxd .
uojIeIAR IO pue ‘sadanjorjnuen ‘8333 TuM0D
TROTUYID] WMV Woaj uojjeuojuy Jyo§1os  °t
(paujeay pue pojuallo saojoe] ueuny)
Tauucsaad paggyTenb Aq suoyjearasqo JIdp0D  °7
&anans pajyoITos 01Hd  °T
ejeg 8203083 ueumyy JYHFTIUI JO UOFIOBTT0D 9€°Y

(Z) e3eq sa030e4 ueuny| u__m..:u&

abeq

doysjzoM

aaysabbng

.:oﬁaﬁgguz 20 anss]

syeAeuy pue uojjysinboy ejeq - | Kaobajey



¢ ¢ C .ﬁ C C €
.
ti
. 829300} T8 U vIEp JUIPIIOY
o1 £ (IvH) yoeqssoy 103 sanbjuyday TEOTISTILIS 29333q PIN £p T
(1) ssnbjuyoal, 1e013ISTILIS
Jaodey ao0303 jysey
1 92304 ¥seL TejIuspsatd . : sode], YAD UO BUOTIESISAUCD 09301 Ak §
(1) sader WD
Jxoday 90303 YSel
11 20203 Jysel, TejuspIsaad . SuSY suorstaoad Ajjurump usyabuaals vt
’ (1) Kayurump susv
abeg dousyaoM a93sabbng UOTIPPUIINOaY 10 3hss]

sysdreuy pue uoyIysinboy weg - 1 A106939)



$SAUAA) 13243 S|y uu_s_xes pue peoj
-x408 10]3d azjwjuyw 0} wBYSAS ausogaje pue punosb jo
86 b (svsn) Bunoy U0} 124637u} 40J SANP3J0Ld pue SIUBWAYNbIL BujuBIAQ L2

. £5u3ydyjoad tenuey °d
suojjouny bujaojjuom/ieajuad jo vopInqiaIsig °q

(vdlv) spunwp3 papasau s} uojjewojne jJo adAy jeyy ‘e
wa04 anss| ) S (°WN jo °n) 303s0y v uoj jewojne 0 uojjedy(ddy 9°2
g6 b (dvsn) bunop uojjewojne 33dx20d §0 S|2A3| (euo}jdo ujuualag g2

. : *sud}sAs pajewojne jo bGujuaojjuow
R € (v133) anidjul  ayy 40y paaynbas sanbjuyday puv uojjewsojul ayy s§ JeuN b2

bujaojjuow pajewojne 43pysuod pinoys ~ uoyy
-ews0ju} ajenbape JnoyjyM bGujaojjucw ueuny a0y ueld °p
uojjeutojuy yjed jubyy pasy  °d
Uoj JeRIOJUL pudJa) PISN °q
juepunpaa Li(nj - Lgqeapy ‘e
S8 I 10A L (vdW) tiamoy bujs03juow Jua|I|J4NS INOYI}M uO} JROINY €2

43A03)0)
(enuew 40j AJu3)djjoad JO |3A3| JO UAIDUO) °q
suoj3do [043u0d 43YJ0 40}

S8 1 LOA | (vdv) 13m0y jusudinba ajenbape pasu - aunpjey Juaudinba oyny ‘e
U0y SH3A3Y |enuey YA
vdw )
bujyasy 92404 LIno 333¢ s} jeyy p6ujsoyjjuow djewoine .

. ¥sel 4 H (vdv) 1i3moy 403 papasu S} jeyq A(enuem £\ ) 0} papadu S} JPUH 1°2
. : . (91) uojyewoyny 33dy20)

abey doysyaoyn 13359bbng } 0} JOPUIILLOIAY 4O INSS]

uoj3e3441343) pue ubysag juaudynb3 ‘uojjeuscju] 31§dxI0) - 2 Kaobaye)



C C C C ¢ . C
08 € (viad) exrerus paezeyj uopIerpey s€°z
08 € (vIaa) aratus ssauybyag-ung {4
08 t (viza) extajuL SUOYJIORaIUL Y UeOs 1 A
08 € (viad) arauL J0UBTNGINL U] SRTQOAd TENSIA T
. (a1PPTY |
ye-19 N 3 faqu@) saouuco S5TON TensiaA 1€°C
(6) s.14D
(6) . Zpasn
IajeULo] I8NY £ foued 201}d °ae saajoweaed Jeym ~ UOTIEDTIFIA0 U S2030'4 uwunl 0L *Z-22°'C
| 80103 SRl 8°0T18 39p10 W4
6-8 Jaoday tejwepIsaad 30 L8T dewp uatano dovy pue 8391dwo) - A3ja0Fad UGTH L4
' goujtaye avos &q poaspao
oq Aea yoyym Jusudinbo teuojado Jou pue uojjeanbyjuod
€6 II o0 T (va1¥) ttemonn - ueudinbe paepues uo paseq 3 PINOYS UOTJEDFITIAN 0zt
. . 90304 jsel, Ssaan(jel Iqeidooor YITM SITPNIB PPOPIOM JONpUCO pue
678 zodag 12JUePIE9Ad "IIH 98]Oa9XD §83001d UOJIRDFJTIAS0 JUARTANCO MaID U] 61°C
. ssaooad uoy]
18-98 ITOAT (vd1y) ueyad,0 ~B01313190 Y] U] BoURILIOJAAd Ueuny jJO uoy3eo}3Joads 81°2
g °ddy €ZST°ST UV WM soueyiduod
16 I T (vaTv) uwa13d,0 #OyS 0) BJI93110 OU ~ BPINY ISAL U614 BuyassuIbug L1
) (¢1) =pInO 3saL 6T 1d
(6) vopjeumne
Oumﬂguuaa . € oued 0f1d XOP uzmuﬂu a0 jucu >~0>~uowuuﬂ ™ Op MOY 91°¢-8°C
obeq doys{aoM 819383bbng’ .

UOTIepUaIOO3Y 20 dNSS]

uoj3E0}31339) pue ubjseq Juawdinta ‘uoyjenLiojul o) - ¢ A10ba3e)



]
SOT € (11e0-1vH) asyoals Aeydsyp pue 8[0ajUCO IZFpaepueRIS £5°2

Sot € (Trea-Ivy) asypyonlg BupaybyT TeuxaIAd Ul S3YOURTOTIA 6T
(vasa001S sanoy QT-g suoyssju fuoy

(4 £ IVi}) suojasg uo 8399339 uojjeaqra/esyou Apnis 8103093 ueuny pIaN 16°2

uoyjeabajuy ABotouyoay woyd
~eojurumoo pue ‘Aeidsip 10IJUCO PAOURADR ‘JUSUMIOTTAUD

14 € (1vil) yoeqssay _ uopjeaqia ‘esjou ‘ubysep Jess 03 uojjualIe AaoH 05°Z
(Pr8I041S W6TT &g A13 pue

a . € IVH) suojasg  aajm Aq A3 ‘ze6T Aq @1e0I 1380 03 AF[Iqe SPIdU wVa 6v°C

(S) amdooyTan

“(6)

a1y eUUO}]BBNY) € Taueq 30714 . TENSJA pue Teqian 8F°Z-0V°Z
{6) suoyjeOTUMIIIC)
(etePTY .
vL-19 € Xxqu3) saouuco : sfeydsjp aotco asn 6£°C
. anbyae3y
pue IQL19 8ONpax 03 UojIRZIpaepue3s a0 ABotoquis
uog anssy S (vdov) wojme] ‘10100 ‘adeys ‘azys ‘aeunto] ‘uoyjejuasaid voyjemiojul ;] k4
. s3yd
. =)000 sujiaje uy sfeydsyp aqny Kea sporpeo jo uoyjonp
wxog onssy . S (viyv) ussuap ~033U] 8Y3 U} PIATOAUT 8103083 ueuny JO uoyjebyisaaug teee
08 ‘€ (V133) exraryL . 0100 9g°Z
abeg doysyaom sa19380bbng ' UOTIEPUBLIIOOIY 10 MNSS]

uoTIROFJTIAa) pue ubysag Jusudinkg ‘vopjeuzojur JFdPo) - ¢ Lrobae)



C € C C ( C C
]
(182015 UOJIOLIIU] SOTCA 303
(4] € 1vil) euo3asg e]I33130 UOTIRDFITIAID ~ SIAUTTIPINY SOUAMIOJA] PIN 09°C
58 ITonT (va1v) 1emon soojasp A1jue paroqhay YITM suRTqOAd 6S°T
) {setbncg su9yshs voTIORIIUY Yoaads - votoeraIUY a3INdID
A3 IT N T YIV) t91aqen 07 spoylaw 9jeural v ssasse-spieogloy YIIm sweTqoad 85°2
(¢) sa01a8g Induy aandno)
SUOJ3TPUcO Y613 (Bbuea TINJ) 35EO ISI0M pue [EuIOU
26 IToAT (vaIv) uepag,0 epnou] O3 UOFIe(IIS UOISSTU TTNJ ‘UOjIed}ITIA0 aad Ls°t
sj011d sujl palod9Tes
bugsn ..oauad...._au (uoyssiu TINJ) suojieasdo aull °q
J011d pat3TEenb &g vojaentead antldelqns pancadun ce
80104 XselL shugpniou; sanbjuyoey uoTILDTJ§I1130
6-8 Jaroday 1efauepIsaid U0 MaID JBajel SN ‘L9L-LSL JO UOJIeD}JFIAD 95°C
ubysap JI¥ pue ss5800ad UOJIEDTIIIA0 JJeaADATE
ve IToNT (VYaTV) TTomon uj uvogaedjorraed pue ubysep up Ajaes Jorid spnioul S5°C
+ 90103 jyselL 8,430 ...:m....u:o 91T saanpaocoad poan  *ssaocoad
6-8 Jzodoy ~ Tejjucpysald ‘uoyIed}3FIAe0 U S3011d patIjrend BulT Isn pINoYs V4 ¥S°T
(v) uoj3ed131319) 20) IsAL WGITd
abeg doysx)aoM 819389bing voyIvpUALOOY A0 ANSS]

UOJIEOF3 T2 pue ubysag Jusudinka ‘vojjeutioul Id¥R0) ~ 7 Krxobare)



*suoyjeaado
PozZ]paepue)s pue JUIISISUCO JO YPE] *aouepinb oyseq
buypyaocad uy 307asp Buyzoljuon awy Jo AIfTIqerTaM
(oossy *37do00 YY) Uy S3DTAIP DJUCIA[3 Aq Furaolyuom
uxqd anssi S fpetao) Apet0 (epn3y3te) 010D YIed Y6114 JO S53UIATIDATID Ay, 99°C

(1) saocaag sapMmTITV

. JUBURTY ueuny
a1y sa9pysuco ATIn] eyl paepueis o Aydosoriyd ubysap
' W01y JFJouaq J0U Op Jeyy JJeidrje IIPTo pue Mau
_ a4 anssy S (ortandeny) uewrropa 203 padoransp buyaq suDIBAS Mou JO JaqUU B 3av AL $9°Z

pazjpaepuels aq sfeydsyp 10 sforjuwo jo adeys 1o azys -
wioy anss] -9 QureN ON uoyIecoT aagnhax el 8,UV3 S UF ATIIIT 8§ aaay, ¥9°Z

(z) voyjezipaepuels 3tdxpo)

{1saonls .
4 | € Ivil) suolasg azemyjos T2316Ip Jo ToajUCO pue uoTIEPTTRA PaAN £9°2
69 Z (puetriaenaa) vojarddy 1013400 21eMIJ0S- “AUfTdTOSIP 21eMYJOS I 29°¢
*gabueyo wopjeanhijuco aaemyjos jo fujaojjuon pue
80103 YSBL UOTIEDFIFIA0 10] sainpaooid 27JToads  *uoyIed§ITIAD

6-8 * 3a0day Tejuapysaxd aaem3jos Te1bp 103 saanpaooad doyassp pue 3jels 19°C

(€) azemyjos Te¥big

abed doYsyaoM X3]sabbng UoTJepuUaINISY 10 INSST

woyIe0§3 118D pue ubysag Jusuddinbg ‘uvoyjeuzogur Jydpo) - 7 LAiobaje)



) anbyaey 0714 VO §30a330 pajeran
: pue ‘vojieyae Teasush Plo Ao/pue MU U UOTIRIAYTA
uiog enssy s (WOV) uome] pue 250U 10) djqeTjesr S25pnIs paysyiand oN oLz

(1) vojleaqia pue ISToN v/9

J011d
03 aea[d SY MOTJ O1JFead 08 /°039 ‘aamaedsp ‘yovoadde
UO 3Jeadate IR0 ‘Ofjjea] vo uojeuojuy ajenbape

© 68 Iont (v@1v) Tromon POSN *yuIT eIep Bugsn uaym aanjojd 61q jo s507 69°C
(1) >uyl erea
(¥saoxys uPl] [eI¥ITID IU6TITI
4| : € 1Ivil) suvolasg ~ Juaweajnhoa souwmrojaad Juswebeurw JubI 13 PaaN 89°C

(1) ususbeuey YOY T4

*£37119718]A 291001 USAD MOTTP O] Spae
-puEls 989y} XLT23 03 UOFILPPpUIDOIA JIJJUN0O JYs ue
pajezodioous avinoao Axosyape jeap v *suoyleinba
1210paJ JO 9poD AR JO PT O1INL U PaTJroxis
vuad ansst . S (°H°N JO °n) 2008y spavpuels LJJTIGESIA 19am J0U0 OP 3JVADATLY JUILIND Auvey 19°¢

(1) £L3119181A 31dpOD

abed gnﬂa 2338abbng . VO JepUSINIOa 10 anss]

UojeOTJ 1333 pue ubyseg Juaudintyg ‘vogjeuiojur u.u._xuoo - 2 Kxobaye)



safeIN0 JO SUOTILUTEINO pue [eI0) SSOSSE

8 I1T10A X (vaTy) TT9MOH 03 poaN °*Arojeaedas passasse aie SURI TeNPIATPUI SL°T
(1) 13u
. L6 € (wov) trsuweas UOTIRUIOJUT XM 333A3q Pa3u - Jjeadaje v/D MeN vL°t
. (1) Kerdsia xM v/
L6 € (vdov) Yravmreaj, &3a3es aocueyua 03 ABorouypal mau abexped €L°T
(z) ABotouypoar maN
. (oTPPTY ’ .
vL-19 £ Liqug) saouuap sbujuies pue sjaaye Auew oqt L 2
{1) sbujuaem pue s3jaaty
TensSyA 03 JWI U0AJ JUSUNIAISU LVOTITSuRI]
(sauyragy soanjaedap ‘asn tensya Moy ‘yoroadde atoy perq
S8 ‘IT TOA T uedjaay) 3I3IIM fu0§ILIUSTI0 JOTS UIA 103 NI dOTaAsP O3 anujuoD Lz
. (1) a
abeq doysaom a93sabbng uotIepuawuoDaYy 10 aNSSI
UOTIe0}31233) pue ubysaq Jueuiinky ‘uopjewiojur 3dED ~ Z Az0baIe)
D D) D D J D) D D



.4ANO00 §10229 spnjtIfe op M

89 ITOAT ° (VTIv) {an{ooH *223WITY A2UFO hnig JO SIIIUITDTI 08°C
(1) a9jaunpaty 2ajuiad vmag
(atoPnd 8,J44) PIVURADY ‘HUA 20 8,anil ‘Al ‘S, vV
¥L-19 £ Kiquyg) saouuc) teaybya tevg - Juaudinbe 3jdx000 wnwjuw 9zjpaepuels 6L°C
(1) jusudinig 7dp0D uswITUTH
(segbnoa 89§30} 331P UOFITSURIY
1€ II Ton 1 NIV) 191aqeD #2150 9ZJWUW O3 UOJILZIpPaEpURIS Jwuo] Aerdsig 8L
(1) vojaezipavpuess Aeidsia
13ued Juaunaasuy WHITI
. . 3@ Uo 8,J4) uo uojjmuojuy atbue ped ubITF Jo
8 - II ToA T (viv) t1essmi asn (ejauslod 8yl Jo Joeduy pue Ju2IXe a3 3iordxa (YA 4
(1) vda
unpusppy ‘IT ton T (ue3nsucp) ALTTIH 3jeaoaje y/o uy Ind pue 8,UAD 293399 PIN 9L T
(1) s,u0
abeq doysxy oM 23383bbng UOT JEPULIOY 20 INSS]

uojIE0] 31319 puw ubyseg Jusudinkg ‘voyaeviiojul TR0 - T Kx0b693e) v



QIWN ‘WD ‘W m

(11°a 2jeUIPI00O -~ dRURJ/ATew - sjuaeaynhaa Lijawodoayuy
1) § €, Ivit) aayyoays suRiqoad peq pjose 03 1I0Jwoo 30J ubysap jesg 18°C
: (1) as3dooy T3l
sbegd aoysy.1oM a3383bong 83...?.2.50&.: a0 anssI
uoj3edY3J 313D pue ubsaq Juaudyntg ‘uoyjenzojul ydpPad ~ 7 Kiobare)
by ) h) b) b) D D D



C C ( C ( C C
* [ ] .
. BRI Y
BujjeeH VI , . opeabdn 23071330 38214 203 Buguteay aanpsooad KLousbasup
- /#9303 ysey (Va1V) T19MoH /iojernunys (wuuou pasu ‘oste - poob bujujeay L3ol e
oL II 1oA 1 (wojsed-viv) Apead speau bujujeay [ie s39aw bujuteay L3071 11°e
(v) Bujureay, 1101
upUSpPY IT Ton I (UeTNSUcD) IBTTIH fujujeay 0uj UojIebIIsRAUT tRdap-uy BACH | o't
N ) Y i}
(otrP R
*-19 S Kaqu@) aouua) Juaubpnf Hujujeay aes ‘obe s,301yd bujujeay dois 6°E
(o10PTY o _ :
wioj onsel S Kaqug) aouuop orqyssod usym sa0jefwls OFISTIANTS SN 8°t
. ¢skerdsip oTuUOA3IID
(etrPHd pacueape 03 53071d speabdn 03 UDTIONAISUT TBAST
wmiad enssg < &xqug) aouuao puUOOSs e PIsSN Bq SUOJIONAISUY papie 1IN0 PINOYS L't
. 33e10a10
w10 INssf S (o71gnday) uewtopa BUO URY) JICW Uf u:oﬁaoﬁ:a.& 3011d 3O acueuajujed 9°¢
uxqj enssy ¢ (°n wwoyepp) uvenfy fouspoyjoad jorjd tadueudjuUTEW TTIXS S°t
burureay suerdaye
) ¢ 9AJ09330 S 3 O} AP0 U] °©q A0RTIMNS © IS
wiod anss] S {YSYN) soysnod d1asjIEa Mot ‘fujujexy sueydije *sa aoje(ugs felal vt
eboun *9°y ‘sweIsks mou
- 59 Iont (vav) Tromon Kpavrrojaaed - aojeynms uj A331epyd ajenbope poeN £°¢
11 IonT (VITIVv) T1ema bujujea) jo A3jtenb ssonpaa JsCO DJUDMOTY z°t
8 . ITAT (vaiv) Tremol - 8.9.3385 %.oo}ﬂ&m PasN 1843
| """ (o1) Blyuyeas, tesusn
abegq doysiaoM 813)83bing UOT I PPUBOOIY 30 o:wmu

e

UOJ3E0}31310) UAWIY ‘U0}3091es ‘Gujuleal ‘ssunpaoold/suojiezedy - £ A10baae)



L6 € (vdov) Yyauweaxy, . euyydposip 11doco paroxdiy a0j upexl 0z°¢
L6 € . . {(vdov) tyeuwexy, sjuoplooe uyds/{1els juaaaxd o3 ujexy 61°t
. paanseau
a0 6ney aq Juauebpnp Poo, Ue) *SIUSPIIOE VD
- w03 SONnes] S sueN ON 3sai 103 syqysuodsaa 8] ,uauwebpnpe xoog, *Juawabpnp T8I
(€) bujuyeay, v/o
*sgaooad 8} AJJIeTO O3 UINEIASPUN U SBY
Yoaessaa a1 *IFPoo By JO 2aNINAYS B[O YL,
uiod snssl S (vsuN) saysnog *uojIRUIPICOD MA1) *Juawabeury sdanOSH LT1°€
buyyasy VaTY . .
- /83304 yseL (vaT¥) Tremon Bujujesy Juausbeuen J§dyo00 0] pIau B 8] 3a3YL, 91°¢
Juausbeusy 33dy000 Jnoqe UMOW 8] Jeyy -
TI% W Yueq ejep afquessy *JuauRaynbax jaaw 03 Jybned
#OYy pue Papasu uayy s} uojeuiojul Jeyy Zbujueny
eL ITonT © (¥aIV) ebpry Juaunbeusy 31000 103 SuswRANbaa a8y aae ety STt
(€) usunbeuey I31dp0D
80103 YsRl, au:u@—ooa pajerai-Maxd sonpax 03 Aem Ay
11 zoday Tejveplsad -sgaxdu] 8] 1401 PITA Bujuyeay uswebeuew Jyd¥oam . 12 &%
€8 1T T (VaIv) TTanmal Gujujery 03 yoeoxdde aayssaifioxd jJo arduexa 10l €1°€
abed doysaoM 839}183bbng . UoT3EPU/INOY 10 BNSS]
L4 . ] Do
UOJIEDFJ IR0 UMY ‘u0YI0aTes ‘Buuell ‘sainpacald/suoyiezado - ¢ Kiohaye)
J D) ) D) ) J J D)



4 ( ( ( ( ( C .
L i
et
'} o
[ [
e saanpsooad,
‘ uosaxd [1e 33>r» pinoys  *seanpaooad juauRpqe,
8 ITONT (Vav) Tromon @8y0U pazpaEpukas 10) L}I311I0 TeuojIeu Pt ot
82104 3sey, . ) 33jeaoaje a93atnh ‘aamou
ot azodey 1e1Iusp)saad Jduexe pur sainpaoald JuawRIeqR SSTOU BziPaepuels 97°t
(z) Juawleqy asyoN
X AT A4 £ (vdov) uoane] UDJITUURISSIP PUR UOTIOITTOO XM 29333q PaaN Sz ¢
19 IT1TOnT (VaTIv) obpr Seale Wio3s ©I9A08 I0J 83uj [OpInb OFISTILax PON | 2/t 3
(Z) M
. . *aouru03jad
qo11d wo Guysbe jo 5399339 8y aujuexa o) Apms
4 IToAT (OsSL) uosaopuy aojejae gooT AaeN °Ss °n (pm3) 3aokins 03 anuyua) (XA
. Zsuoyjeinfoa
/SPATpURIS UDLANO BAOQR PuR ABN0 ouenuojaad Jomid
Qg enssl S {avsn) ayou 20j 198 5q SPALPUNS BoURIIOASd wruwjuw Ued/pInous F A 3
] *6ujofe Gujpniouy sa03023
Teo1peu pue Teauaumoataue Aq psonpoad 18uuosaad
uojaejae Jo 531IFTIqeded tevojjeaado pue TEUOIIDUN]
w0l ansst S (IWD) ugzasy uj sebuwp Eujaentess J0J spoyrsw Jo Juaudotanag 12°¢
. . * (g) buyabv
obeq doysy oM sa038sbbng

Uo}IeIFJ TR0 VU ‘uoj3oRTes ‘bujugeal ..Esooow&\g-uauo& - £ K10693e)

UOJIepUNIioo3y 10 anss]

A



aanpaooxd IaAyeM SE9S8e O3 PasN  °*spaepums

8 ITOAT (VETV) TTamol awoosq UBYY efaR3F0 paidaooe 0y suojidioxa/s1anTeM zE°€
(1) suvojydiexg/sasajeMm
fujpueisaspum 1RIsAS JO YoRT PpuR 9sn JO Yoy
98 ITOATY (va1v) Yrawmon 10} anp suRIBAS PIJEWOINE U SOUIPTIUCO JO YET 1€°€
(1) sueisis pajeuogny
) foushizaum ue yYons Jo UsAd A Ul saanpacoad
N aox03 jysel, ajejadoadde MOT103 O3 puR ASUPLMAID MOTTD3 € JO
1 xody ejuspisadd uojjejjoedeou} aTIqNS 9zZFubOOaA 03 SIBQEBIMIAD uge], €'t
. (1) voyjeayordeour
. i 393013
. L6 € (vdow) trsumrexy, ...5,.59»2- 30) syuauRagnban anoy Apnmys o anugjuq 6Z°C
{1) Pujaey Juaumajlsuy
oounm. ysel, asn O] JA9[SLd puR I[qepuels
1 J2oday Tejiuspysald  -ISpun dlcul UBLR aYew 03 8,4V3 Ajyaerd pue L3yjidmys 8z ¢t
(1) s,uva
abed doysIom 819383bbng

Smuggg A0 anss}

UOTIeD3JIAD UMY ‘uofoaTeg ‘Buurea), ‘saanpsooad/suojierado - ¢ Lxobae) .



sysAjeue uwpqoad 03 1dacuco uRIsAs jo
19A9T anbIY 303 posu (d) ‘vbowo *a°§ fany3oayjsul Apmis,
swoy JO 98N - JuaoTJep Arremaoe ‘aeded uo poob syoOT -
bujujeay (q) ‘SUOISILAIP 10j PIU - SprOT T3ng “ujw (e),

€8 It (vav) T1amon uj buj3INEaT SUDFILASdO BUFTATR U] SOJURICOD JO BSAIIS LE°t
. . . (1) SOTuOMOOd JO 553138
€L 1ot (VaTV) aanOoH " (pjoav 9 0935) spaepuels uwojjeaedeg tensia ejenteAd 9€°C
. (1) vorjeaedag tensia
Jjuaoaje oy buyi(j o3 @jefax Jou
. 80204 XSelL ob vy} SUOTIOLAIBIP PUR SPURIRP W] PIJeInsul pue
1] § Jaodoy Tejuspysad JO paAdj1aa 8q PINOYS 92§18 AVAIEUYM JO SMAID by1d SE°t
(1) soyang Aaajes-uon
80204 YsvelL .
118 Jaoday 1efivepIsand dIN 9ARy pInoys 1301330 IS ve°e
(1) 4Lv/3201330 ISA1d
(pa3yun
[ 4] ITTONT viN) s ’ gsoualeMe SpNIJITY 10J PIdu e 8 aaatillL X e 3
(1) ssauazemy 3pMITITY
abeg

JousRIoN sa9359bbng , UOTIEPUSIIOOSY 10 ONSSI

UOJ3LD13FAAS0 UWITY ‘uooaTes ‘Oujuieal .aﬂi&o@w&\guuﬁu& -t ,30035_ . , j

e

D BETRTE



90T

(110 stoajuco pue sferdsyp smou 03 sToxjuco pue sAetdsyp

€ IVH) aayjoass Juaaano woaj bujugery jo asjsueay A} ssasse QF ov°c
(1) bujuyeay, aa3sueay,
0103 ysey © saaep
1T qzoday Tejauspsaag yoreoadde pue ‘eaae Teuyurs) ajnoaud jo ubysep aaocadin 6€°t
(1) sazep
*20119 Jo ujbxew paseaadsp e uy buyjnsaa
.ouOuouo.—u X393Je8_JO TaADT TRUOTIIPPE UR J0U SumwTujw
aamoy uf Itnsaa spie buypuey peaocadul “uoyjeaedss
'8 ITonT (Vav) T1T3Mon poonpaa 103 J§paad jxoddns Jou TT§M SIOTYd ~ SVOA - 9€°t
(1) woyjonpay uoyjeaedag/umurpuyl
abeq

doysy:xom 819)83bbng uoTIepUBoaY 10 anss]

UOJILOTJTIIAD Uy ‘uor3oates ‘Gujujes], saanpadoag/suogjerado - ¢ Arocboye)



RN RO

sysoUoayoUASepP JO 5399339 SuTUIRIA

"-19 € (etprTu Aaqug) aouucp e
!...mo 3 (otrpd Kaqug) aouuop enbjjes uo ojuoseIIU] JO 5I0IFID o_:_nm_oaar (V184 4
T (on) enbraes
45 I 10A T (setbnog-viv) te1aqeD peopton 20J sbues srqeidaose jo paepuels dotansg 6°F
0s I 10A T (bujoca-viv) ojaebbrmy " APOTOpOtfIsl JUIUPANSLIW PLROTHION IJePFeA O3 PIaN 8y
8€~LE 1 T0A T (se16nog-vIv) 19jaqen  spaepueis souwuzojaad J071d JO UOJIJUFIOP [wa3 PIaN Lv
(A3 I Ton T (setbnog-viv) 1912qed SPOYIaW JUSWSSISER proPiIoM pancadusy pasN 9°y
( *o08sY BIONpOA]

(1] ItontT Sojnevoasy) paema) fujjex propiiom aaj3oalqns jo A3fTIIn 3y Ijenjeay Sy
1% 4 ITonNT {avon) asbuyya B80JADP JUBUISEIESE PYOIIOM A3R0 pue HH3 djenieay 1A )
44 ITOAT (vva) pawybyo {esnoae JO 93v38 JO TOPCU PUR DANSEAW A0 POaN £y

*geaae

Teujmaay A3ysuap Y63y ug ¥ar uy Bujjeiado ‘3jeaoaye

M2ID-]I[IW pue jJeadaje uojjejae feasusb paddinbs

A1ayby1 *3071d O1buss usamyaq sauauainbox
uzo] enss] S (IWvD) v el © propiom 3JdiO00 Ul SIOUAABIFIP SR are JeiM °r

. . *souemzojaad ysey Axojowjsyies 3. paujuuaa3lap se

A39jes pue proppom usamlaq (aaj3ebau 20 aajltsod)

UDJIRTS2100. BY) SUUIIIP O3 Sf aNSS] pajeaa v

*SUOJIEN]TE 9Jesun 03 peal (propiom) A3jarioe
wiog enssy S (Wwa/avsn) pueisen M31D JO BIaAST MOT ao/pue ybry Atauweaixa og v

o . . . . AR PR | A@U csgg
sbeq aOUSHA0M 29388bing ~ UOTIRPUILIO3Y 10 aNES] ,

UOTIeATIcH ‘oby ‘E8a13g ‘enbyles ‘proppioM ‘ecumuiojisd 1011d - ¢ K106



yL-19 € (etrPy Kaqu@) aouuop uoyjeapiysp jo Buﬁwm R
vL-19 £ (a1PPN K2qu@) aowucp soueutojaad pue uojljainu Jo sdjysuorIeTRe ozv
+ (p) vopayxany
’ A
. auryy A3np pue 3Yb¥T3. 103
(ssurtagy paajun | ssao0xd Kiojenbax up sysouoayoulsap 03 aajjeraa
9L Itont viv) QIjus UOTIRULIOJUY DIJFIUITOS BIqRTIRAR IOPISUC) 61°V
Y} usamIaq
(saug1ay paITWN diysuojjejaa a3 pue s883als pue ‘snbyjey
SL-YL 11T VIV) Rus ‘propiion Apn3s 03 uOlIRTMGS DTLOS-TINI PON 1] 8 2
ux0g onssy S (*emp jo °n) Lemorion soueuzojaed vo surpdya feojborolq Jo 83199339 AL Ly
JuanuoatAUl Teuorjeaado ayy
. : uy Yioq ejefax 03 Tepoum pue poyraw @ doraasp
Tr-or I 10A (°n "3 TR)) Jaunpaxls usyy peopyaom pue anbjjej jJo saansean dotanag 9T°v
(°0 8338 y6yaM) ebpog _3yby3 320dsuexy
u103 enssy S (*N°N-v¥D) IMcH TIATO tRYA pajeyoosse suadljed dsats paqanisia ST°¥
SUOJIOUN] pajetTaI-ybyTy uo
5309339 3nbyie] 88219APP JO UOTINUJURP 0] POSEISSE
suwdeIdUNcO Teyiudlod pue ‘pat3jrenb s309339
(1Ww) atobayw] . A13R ‘pa131auspl 8q 03 Pasu (TeIUNOITAUD
(*o0ssy Apetao) Apeyao pue Teojborojq) anbyie jo sausuodwoo ‘3jote
uqj anssl S (e1rP A2qu@) aouucp spojaad Anp 6uot 3o 3x33uco pajdyaIsaR A Ul 12847
suojjeaado auyyaje uy s3oryd jJo
) . werqoad pajeis Apjuenbaaj 3sou ayy sy snbyjes
wuzag anssl S (INVD) v Tau *juawebeuen anbyjej/onbije; peuojlezado '3 0d
suojeado 9P IGITI
L-19 ¢ (atrPRd A2cu) 2ouucp 3Is pajeroosse sa030e) anbyaey Ajyauspl Ty
abeg doysyaoM 23383bbng UOT JEPUNLIDOSY 10 2NSST

uojIeATIcH ‘aby ‘ssaarg ‘enbyiej ‘peopicy ‘eocueuttojaad 30714 - ¢ Kro0bae)



€ C C C € C Dy
Jjeaoaye y/9 sau uy souwuojaad joryd
L6 € (vdov) troumeas - -~ U0 12497 9SjOU JO 309338 ayy Apmas 03 pasll Ly
Vo : S B FRE R N
‘ S gy v (T) @STON ¥/9
djysvojieraa uvw-uem 9yl
S6~¥6 ImoaTY {(va1v) spurpg BS3Ippe PINOYsS SIIPN3Is aoueuiojaad uewry) 9z v
(1) sdyysuojjetay uen/uey
(x03ua) acuwmiojaad maaoaje pue s9jhojeays Huydoo
uraj enssy S K39jug Teaen) aovTv 559138 9jenbopeut. usamjaq dyysuojjeiaa aty, Al
*039 ‘toycote ‘suaajavd Buyjes pue daois aocod
‘astqe frap ‘uojjeolpau-)1o8 Se Yons S10S53aS
‘ PIONPUT-3TeS 03 aNp Lojepeabop aouwuiojaad
uzoj snssy S (avsn) uag Ma1017e JO Uyoaessaa a3 puedxa pue snujjuvo) T/ ]
(z) ssaaag
. A ) souenojasd peopiion mead 3093Je Arueoyjjubys
uog enssy S (etreu Laqug) zouuap PINCO JVY} UOFIFAIW UO UOJIPUIOJUY JO U] x4
sssusaeme Anp uvo,
011d 03 8Aajjetaa A3jaTior 10 UOTICH PIIFWET
(°oul ‘szosjapy U pue ‘uvopjeapiysp ‘voj3faInu Jo 53093139 w19l
mwiay anssl - —sbeuey vojjeIAY) pPaoN =3a048 pue GLOT Yoawesax O) padu v AN 8] A 4
ebeg dOYBHI0M A93389btng

uofjeAjIcH ‘eby ‘ssaaag ‘enbjaes ‘proproM ‘souwuiojasd 1071d - ¢ A1obai)

. . UOIIEpURAIIINOTY 10 NSST
[ : ’ . : L. [ |

A AR )



(SsujTAJv Pa3Tun

Tesybotoydisd
¢ fouspuadep TeOJuWRYD ‘ejoueul] ‘Teosiyd
*Ljuey ‘wsy yoyooTe——suweaboad acueysysse

s9 II 100 T viN) Qs safordio 10j sauyapynb/sasifeue poan €c°y
(1) weaboaq 3syssv salordg
9 IITOA T (snqayy) aakads propIon wrwp3do JO UOFIFUFIOP PON ey
asuaxojasd -.55... e} WO I01I3 JO [OURYP I
SIZJUUTW YOTUM OFILUSOS B UY JUAWSATOAUT ueuny
96 It (VaTV) Tremon wnarpido ey} ‘peoryiom wwpido ey ST JeuM TE°P
(2) proppoM umurg3do
souwu03aad J077d U0 BI03OEI TEWISIXD A0 RTM
uxa3 anssf S (1WD) ujzand BVUTISCNE DIX0) JO 63103]J9 3YJ UO eJep PasN oty
. (1) 8303333 oxaL
uojjeATION
{sweibnog . 30 taeasr aaybyy ybnoay) soueurzojasd maid
ov ITOA T VIV) 1913qe) panoxduy 203 #3109 03 dooOT PEqPOd) PIAN 6Z°V
(1) oeqpeal soueut103add
..oq...asu«a. xoydioo up synduj usayb ; :wm..,__mnmmm
0e-62 ITOATY (avsn) aebuyxa . ueuny sajeral YopyM tepon am:unwmaow PN 8Ty
) (D) TepoM 30114
abed dOUSYI0M A9383bbng UOFIEPUBUOOIY 10 INSB]
wojIeATIcN ‘efy ‘653138 ‘enbyjeg ‘propyioM ‘souwutio}aad 071 ~ ¢ A106939)
e
p ) > b p > 5 >



L6

uaudinbo wo poujeay oq Jou Aew
£ (vdov) TToueay, J3UMO M3U ‘a9)s8URI) diysasumo jeadaje YyIM = 3
(1) sbuew) asumg geacaTy
v i - e - AUBTTI ug
VISP puw ‘9Z}¢" 3o Budjjdeoredsyu osnes TTe
. 8Retds}p Axobeury Aq posnieo ejdodin Jusunaysuy pue
uxay snssy ’ S (°H°N 3O °n) omosy eydoxadAy pue eydolin qySyu ‘v1dofa P1913-Aydig T
. (1) eydody
~obeg doysyion EEST UOTIePUSIIODY 10 SnSe]

UorIRATIOH ‘oby ’s53139 ‘onbyyeg ‘propraoy eoueur03 a0y 0T - » Aiobaje)



v e e e tm me - —

: . SR surea60.id
=ow~u:-n>u pue ‘Gujujesy jo juaudo|anap.*saanpadroad
ujuaasds uy payidde aq Lew yojym e:nvuucmsscngma

‘ qof {njssadINSs 40§ juejsodwy dae YOLYM sadugeujew
© (dao) sapshyd puR S43(|04JU0D JO $I}]S}437004eyd (o2 b6ojoydhsd

15t v {e43u39) uasSURISEAY) pue eaybojoysAyd 6uyjescdaoduy s|apow dojarag m.m

| (1) 6ujjapoy 43(1043u0)

LooLh et Uy

.- ‘uojjuyJap a24e3(d

paau sasodand teuoyjduny/sjuawdainbaa euoyjeuadp

*JU3LD}J3P 40 Oym 3soy) £q SA0443 SURYSAS Uy

8SL3IOU} B|Q)ISSO4 °UOLSEA J0({0D U} SI}IUB| DY JOP

: . ) 403 pajueab uaaq aaey suaapem Luey uwd)sSAs
wao4 anss] S (vv3) 1eaomdid (3uuosJaad J1y 3y3 uo sfe|dsyp 40102 jo }dedw] 5°S

$43(|04jU0D JO UO}IRN|RAD puR U0} }II|IS .
991 b {oyuny) suosaed 40) S3ANSEIW pue vEAIF}AD parocadwy doyaasg v°S

(2) uo0}32913S 49| |043u0)

Bupugeay 43 1043u00 Jo
99] ) (oyuny) suosaed £2u34an2 aansse 03 spoyjsu L dde pue dojaarag £°s

.7 2b6u)S Youd 40§ SUBURA] JO SIUNJRIS Je|NpOl
pue Sjudwdaynbas saujea) auyjyap (2) abeis yoed

- 404 sjuaudanbaa bujujeay ysey paey augsap (q)
(d10) sayshyd . sijun J1y pajewojne o} sabueyd uojjjsued) pue

051 b 1243U39) uasSuaIS|IY) ubysap waysks aujyap (e) sadujeay dopaaap of 'S
Sjuaud)nbaa
(dao) soyshyd ) Gujujeasy 2} j)323ds Luojjeasduab, £3ydads pue

8y v _ |eJ43u39) uasudlsjay) ‘o 1V 3O ,Suojjesduab, jo wco.u_e—uuw,no-o>u= 1°s
e e Thafre g g peastopaaag S i s el

. . . C b oy Ava o pue oo ' "
_s ey .*:.? ..w .w.... _: .—_.hu,. . Aﬁ.«._"ﬁ.c.—.-.—.‘ﬂ-h LU——O-—&BB
abed —doysy 108 J13352bbng ' U0} JepUBUANOIBY A0 BNSS]

uojjenjeal pue ‘bujujea). *uojydaias Jiy - G Laobaje)




wmigy enss]

uxog enssy

a1y snssl -

wiQ3 oNnss]

uiog ansst

LY .”.-..

*B}333710 UDJIOI[IS 19110IJUCO Buyiepyiea pue m.c_aoﬁgov.
203 pue pehueyp aie sjusupaInhoa qof sv ahueto
30) auj1aseq v opjaoad 03 paiynbea s} uoyIRMIOJUL

*sauauRatnbal abpaTMOW| PUe STTTXS JIITT0IIVRD.
S oueN ON . 30 BujpueIsappun PIFUSWNOOP PuR ARDTO JO. Pl

*aA10A? O] enujjuco suRSAs DLV se pajepdn ATtenuyjuco,

9q PINOYs Inq ‘syseq UFI-JUO © UO J0U PIIINPUOD
S oureN ON 9q 01 pOau SIPNIS 10139 ueISAs ‘syshjeue xsel

*djysuojjetal sujyoes-uew 3Y) Uy pue ‘ssaooad

UOJ3098S Byl Ul ISIsse 03 padolansp aq 03 Padu

soseq VWl *JLY 203 s5300ad Bupymnolsiosp 8yl uj

S SureN ON sueuny jo osn payoefoxd ay3 yagm sysiteue ysel

*aL¥ U0 YoaeasaT BI0RORJ Ueuyy JO
seaae Auew 10) SysSeq v SR PSpIsu S sourmrojaad qof

alv 103 K1essaoou S9FIITIGR pue ‘STTINS ‘ofpatmouy

S surey ON sty s91370ds Jeyy syshfeue STIINS dAFsUaYaRdUOO ¥

*3971023U00 poob ® 8q 03 paagnbax sbpatmouy pue sIYRI]

UO pue ‘propiIom IITTOIJUCO UO ‘HI0M AITTOAJUOO UY

sobueyo jJo Joeduy Buyssasse 103 syseq v 9pyaoad 03

S SureN ON soueur03asd jysey 2191102U00 JO SESATeUROADTW PIIN

*039 ‘6ujujeay JLv Buysiaea ‘saojeajrow qol bujdotansp

. *giejauarod pue sposu uojjeuogne buissesse s} daas

(aamjasul YpavesH 1e13ju Juelzodu) Ue oq PNOM SJLY RTM vor3eladood
S IS0MPTH) wetex) UJ 8aBYDILIBAA Aq PAATISP BansEaW BATINR(QO W

ssapeardde aajeursge djenteasd

03 YoJym Jsujebe ey931a0 SU FEaIR YIILISIA

: . - ure3-aeau Aurn: 103 -K3e88308u dae,qof 93 VO

S ouren ON soumniogasd A2TOIIU00 JO SAINSEAN IATIVALAD

L9

9°9

$°9

¥°9

€9

9

1°9

1 fzR) syshyeuy ysey,

abeq

JA NI 39350b6ng . UOjIepUSIIN0sY 0 onSS] .f §

PRODHON Pue BOUEI0313d JLY - 9 Aiobae)



4

*sup)8As pajwuoine
« . A1ybyy Uy pue sSUOTIEN]S PROT MO] UJ SAITTOAJUOD
./ v suosaeg . 20] SaanNseaw [LjPauRl pue SIPON I01AD JUURSIaq ST°9

vot € (00LY¥a) ‘suouyg . UOJIONPa1 10118 LY BNRIANG b9

*aur) SIYY e SIPNIS 38
e Lfuvo oy ﬂoﬁs—. usaq sey eaie SIYY U] YOaArasAY
*10239 ue bujdoransp 03 arqyidsosns ssaf 10
axow uny ayew Jeyy souwurojaad 8,237701U00 3YY
JO SJUNPTD Y)Y SUULIRIDP O} POPaU 8] LOYILU
~20JUy TeuoIIIPPY °woIsAS pue [enpIATPUl YIoq
uiqg snsst S sweN ON ‘sao1a waIsAs 03 pajeraa S10309) Y SujuIdlQ ET°9

(€) voylonpay aoaxz

UoJIEIS HIOM e
I[qeIJeAR UOJIRUIOJUY SY] BISH puv SILTIWISER

{111 € (001vd) suounyg J3[TOAJUCO IINOT UD MOy uo Apnys auftaseq pasN 219

149§ £ (o01va) suoung 3071d/23T 0100 3} JO BTO2 8Y) SEISELAA O} PaaN 1T°9
39J8URI] UOTIRUIOJUT

voT € (oo1va) suoung - XM U} IBTTCIFUCO A JO B[O 3YF SY JeyM 01°9

*gy Kqeaa
337 FOa3U00 05 Aq souvuzojaad ,K193sew, JeyM
fuypuelsIopUM 03 B3jeTal BNES] aYL °*TOAJUOD

uxod snssl S aureN ON o13jjea] aje Jo suorIouny aAjJuhoo jJo sysiteuy 6°9
. sgafueyo pasodoad pue uojIENIEAd BaN3INJ 103
. 9seq WIEP ¥ BB 2A198 TTIM 31 *[EOTIFI0 aue ey qof
. . sy} JO suRTd o) ssosse Ajajenbspe 03 papasu
u1ag anssy .S sureN ON 5] 81Ul *qof JLY ap jJo sysiteue TII¥8 @ doyaraq 8°9
abeq doysyaoM muaaomﬁ:m " UOIepUSuIuoOdYy J0 INBST |

" peOP(IcH pue soUTIIO}aAd JIV - 9 Axoha3e)



C C C C £ C ( e
~, - ‘ T
8E € ' (ooiva) suouns asnduod JI¥ JO uojIeaausb JIxau a3padid 0z°9
o (1) 393ndioy MoN
T . PRI |
) *UOT30R3STIEESIPAIOIIORISES. ...
uicy snsel S (0 d1100RR)) IexonL qof 03-)oeqpea) Jo sasseld jJo djysuolieral 61°9
‘ ~ (1) voyadezsyIeS qor
, dwa3sis AGojoanau ayy uo aaey
uiQj SNssY S ey ON ) woaj suoyssjue Ava-x ssop Joeduy JeyM 81°9
‘ (1) 8,aMD
*gournuojaad qof sieyxad
pue vojIoeIsiIvs qof Jo siendl bujseaaduy
. JO SuURA PU}J O] JUNNOIJAUD HI0M IITTOAIU0D
w0y enssy S aureN ON oy} jo sjoadse Tejoos apy Apnys 03 poaN L9
(1) s3dadsy Teyoos
*SUDJIUN]]8 IQLID Uj Ppuv SUCTIEN}|8 [NJSSAI8 5P
119M se souwzojaad foutou uy paajoaut sydadse
1eo160to0uoAsd pue fezojavyaq bujujuualop
uo sjseydip YIM 5358300ad SUOFILDTUNILIDD
[41] * € (ooLvd) suowis uoza.\._uozouucoo 93ebjasoau} pIoYs vvd 91°9
o b oy ""{1)’ svoyaeojuruIND)
abeqd “doysiIoM a3383bng UOTJEepUIIOIBY 10 INSST

PRODIOM PuR ooueut03asd JLY - 9 A10693e)

NE : A LR



juauoetdax Jo 3800 Y6YY B uy
FINEA YOFYM SAWTF HAOM ABTTOIJUCO SUaoys

gt € {o01yd) suourys . fuy33eIsaopUn O3 INP FIASA0 DATSS30Xd Buysn A A
. (1) Burzgeas
Jepex Joyjeam
8E € (00LVd) suouyg suyy Teax Buyyreasuy o3 £3j201ad eAyn 12°9
. (1) aeped xM
abeq doysyion

a338obbng . . UOJepUSUINOO] 10 SNBSS

propaoM pur aouRItojaad JL¥ - 9 KXiobaye)



PR ._."_..—_.

3104 431043000 uy .abueyd- 40y, qunode. 03,

ot v (viv) :up::o 1da3v03 40709S uWea)} Se U0} ]e]S NIO0M IS|ATY e
601 v (viv) yoany) $493U3I :..wan_aosu A_ezw‘rv arm__ o>_quwﬁ 01°¢
‘e e o : Pty .
SWIISAS MU pue JUIAIND
- 601 v (viv) yoany) U} swo|qosd Sa0}Jey veumy dA|0SIS pue A)3avepl,s, - 6L ..

. . sauo mau Gujdo|aaap pjoae pue uRISAS. 433ndwod

L0l v : (viv) youny . 32403 ¥} SWA|GOad S403IL) ueLNY AU|UWADIS] 8¢

L0l v (viv) uwany) Spaau Jasn $333u Juaudo|3Aap UDSAS MAU JUNSSY Lt
uojjewoIne JIV JO S{AA3| Lewm)1do JO UO|IRUULIDIAP

w04 aNssj ) S aureN ON moge (11™ 1ey] sanbjuyda) doiaAasp 03 MOl 9°¢
’ sabueyos asay) JO $133)J9 IY) SSISSE 03 PIpadu

wa04 INss] S JuRN ON aJe s$4030e) ueuny °pasodosd ase SuUO)IRAII| P UIYN L 4
*sa4npadoad

. 9J0)J37U} 43 |043U02/10]1d M3U 3O UO| U} JBP OSLY

. *1109 ‘STH *STH °SVD se yans $3dadcuod )Ly Mau
wa04 ansS] S (vv3) sbujuuap pasodoad J0j 3I03433U} SuyIeW/URD JO UOYI}UY )20 vl

: . su}sAs aanny {(ew};ido duiwsdIdPp
w04 anss] S ureN ON 0) SUO)IPUJGWOD UjYIPW-URE SNO)IRA UO YI40353Y €L

suwa}sAs jo jududoldrap
ayy uy 1daduod pajeabajuy ue jo uo}jedy (dde .
em e -m¢m=~m==e> . ouammaeumou:vauesna_aane:nocve»ouua rAd

*swa}sAs IanIny dAjjeusdy|e bujienyead
40§ S|00) Se AJ4essdau 3.e aA| suayaadwod

wi0j aNss] S awey ON pu? 3IV4NIOR 4P Jey) SIUNSL3W 3A} 12 1°¢
. o e Y e Tew) ks 91y aumang
abey doysyaop 49}52bbng UO| JEpUI0IAY 4O ANSS]

. juaudoyanag wRISAS JIV - ( Kaobaje) .

[ . . B



mE@um»mwmuz mc_ao_oruv pue Bujubysap
sIs(e}Iads pue SJ3sN UBMIIQ SUO| eI uUNWDD 43}3313q

95t b (°n epqunio)) sajueqed ys{1qe3sa o3 saanpadoad L|dde pue dojaaag YrAL |
msmwm»m Ke|dsyp e:m ‘buyssaroad
. ‘UojSS|WSURJI) UO| JRULIOJU) MAU JO U0} IINP,
~0aju} 0) anp sdjysuojje|as j0(yd 43|(043u0d
1411 v (*n eyqunio)) sajuejen {e421u} 30 uojjepeabap ajejaqo pue ujuualag 12°¢
$3dac’uod Mau JO U0} IINPOSJU}
bS1 v (*n epqunio)) s3jue|ey u} a4npadsoud 2)jeuRIshs Adde pue doyaasg 02°¢
: ‘ suoj jeajunwmod puncab-aje jo jJuaudo)dadp
£S1 v (°n ejqunio)) Jajueqed ayy vy 3anpadoad Jjjeunshs Ajdde pue dojaaag 61°¢L
r{{1 v (viv) woany) 40443 ueuny JO ISNeI pue d.njeu Apnis g1°¢
$3da3u0d (04JU0D pajewOINe M3U Jo Jududo|dAap ‘
2Li-1t v (viv) yoany U} S3aNSS} $20300) ueuny Ssasppe pue Lj§uap] H't
uoj jejuasaud
o1l v (viv) yany) °3I0P JO danjeu pue $3AA) 3S|AIL pue MI|A3Y 91°¢L
ot ] (viv) ydany) suoj Je43do JO Ipow angje) 3S|AIA pue MI|ADY S1°¢
_ paau JO 3IdurjaeA 03 puodsas 0} uBISAS UYIIM
otL v (viv) yaamp " K3p11qixaty Gupansse aoy sauj|apynb dogaaeg vitL
$40179S |Pu0}1e43d0 UIIMIIQ PRO|NAOM
ott v (viv) yoany) 6ujoueieq 40) Sau}|apinb asyAas pue MajAdY 1L
pajuaus (dui
aJe $3daJu0d pue uRISAS MU SP SUI||043U0D jO
sasse|d Guowe S3|3}(})q)sucdsas pue uojjewaojuy jo
ol S (viv) yauny UojIRIO| (@ J0J SAUL(IPIND 3s|Ada pue MI|ADY 21°L
abed doysyA0M 43}52bbng UO} JPPUILIOIIY SO ANSS] '
juaudoyanag uBIsAS J1v - £ Kaobaje)
p) D D ) D) ) D J



8tl

(el

LeL

Lel

LEL-SEL

4]\

9s1

951-6S1

981

. 981

v (JVAINN) moaaeg

v (JVAINN) moaaeg

v (JVAINN) mosaeg
v (JVAIND) moaaeg

v (JVAINN) mosaeg

v ("N epqunio)) Jjueiey

v (*n eyqunio)) s2jueiey

¥ (°n epqunio)) s9jue|ey

b (°n eyqunio)) s2jueiey

'y (*n eyquifc)) dajueled

C < C C

wISAs Mau yJjm pue uoyjsueay ybnoayy sayyy(iq
-_mccamosgop_esuceuue‘ce_ueoc__uageo_u.ae_o>e=

. ‘ o S
31942 juaudojanap Y3y 0} SJ010R) ueuny
woa) syndu) o sadhky pue sauy| |euydo IujEIIIBQ

m:n_u_ezuew
*saaau)bud ss03de) veuny *s13](047U0D °Judud0|IAIP
wd1sAs u} sdnoab (ed) 3440 | (© apn|du]

uoyje|nw}s mg_m: nmau *saanpadoad *juaudynba
J0 $3d3J3u03 O UO|IEN|RAD PUR YIARISIA IOH

JUDWUOS) AUD PIJRWIOINE MU U} SIY 1) |} q)Suodsds
pue *sajInp °3104 43| (04]3U0) dU|JAP 03 YILeAsAY

suR)sAs pajewone A(ybyy vy saydryyb
aaeny)os woay Gupjnsaa £y3jes jo uo)jepesbap
21°)Aq0 03 S3anpadoad apow aun|jes do|aasg

*SwISAS I4EM}JOS pue Jsempaey paaynbas do|aaap
pue 3ujJap 0} 43PJ0 U} yoed 0] pasjnbaa uojjew
=J0ju} Y} *SJ43||043U0D pue S$30(}d JO SI|L04 3Y)
'we)SAS IV 24nINJ JO SUCEIJUYJIP 2ed|D dOL3AI(

w}SAS M3U JUI|I} JJ3 B0 © OJU} IA|0AI 0) SUOYIIBIP
pue waSAS JUaLIND 0} Sjuauvacaduy (ejuayod
Kjyuapy 03 ubysap uweIsAS | |0JIA0 dujuex]

y Juawuoa) aud 46y 13 ayy vy syoyyd

pue SJ3||043U0D JO Suojlejjmj| pue ‘s3jijijqeded
*sua|qosd 3yy jo buypuejsaapun pue abpamouy jenjnu
aseasou} 0) sasnpadosd Aydde pue dojaasg

$3daou0d
' uwayshs 3u=‘so,waaeczﬂquuwuo,aa.a~gawao9u= pue
6ujjeniead Jo ‘spoljistn 5) {bidoysKS KYdde pub ‘Boyaash

¢t L

1€8°¢

0E°¢
62°L

8e°t

@t

9¢°¢(

5¢°L

ve'L

#2t

abed

doysyaon 42752b0nS

juauwdo}aA3g wIISAS IV - £ Kascbaje)

[N

*

el

o] {EPUSBOO3Y 40 oNFSI



f . o

*uojjes3do jo apowm Jangjey © ..._ PO 0] UINI3A 4O MIU 0}
JOAOYDILAS 3107} 1I0y 0} uR)IsAs ubysap (q) sabueyd jo
Guydnosb pue Guymyy {e) juaudinba mau jO uojjeg|ejsu}

Lp/ (dao) soyshyd £q pasned joedwy aajjebau wosy |duvosaad buyje|osy
) (e43u29) uasSUIISEIY) 40§ saunpadoad pue spoyjaw A|dde pue aujuudlag €vL
el i1 1oA | (11n) £1(3uuo) J1V u} sa0ydey .::a:. _.muz., r{ M4
e . ssa204d
104302 3§ 3jea} 4je 3yl uy A|3Ajyde Ijedydyjaed
cu I 1oA (11W) £y13uu0) ued 3y jey) os j0(1d 3yl 03 uojemIoju} d40H L
weaboad jJuauwrdeidaa s33ndwod )iy
65-85 1 oAl (°dio) x3s53) unsky 30 ubysap ayy uy atdoad sa0320y ueuny 3pn|duj ov-L
wrsioy [
- paJjnbaa suojjedys|pows
. .pue JujodMaja Sao0jdey ueuny e wosy wIISAS JLV
_so/f ) (vdov) sauacy ayy JO uojjeujuexd aAjsuaydadwod e ys)(dwoddy 6€°L
43( |043u00 pue j0)id uaanyaq
s/ v .{ydoy) Jauaeyn £3}119)sucdsas jo uopedoie {ewyydo aujwaaag 8E° L
. ) IIY $O JUBWUOAJAUD pup
10/ v (vdov) souaepn uo} 3} sodwod edjbojoyrAsd 3y) jo sajpms 3Inpuo) Find |
£7vade(dwod ‘uojjudjjeu} ‘wopasoq ‘aduejuodw)
pue snje3s 3|04 JO Ju3UySjUIW}P JO {24:°6°2
*JUBWOSJ AUD PIJRWOJNR U} UO|IILdA JI| |04U0D
w.m | v (2VAINN) moaaeg J40) Saunseam [ejpauds pue joeduwy Jujwad}3Q 9t£°¢L
: SwasAS pajewone Mau
&5 ! v (2vAINN) Moaaeg 40j SjuduRANbaa Gujujesy pue |(i%s 3ujmadlag SE°L
. suss pajewolne
461 v (OvVAINN) moaaeg _ 405 sjuduRanbas uoyjemuojuy Aeydsyp aujuadlag vl
LTyt T NN T L TR N T WL I L TP DY S TR AR TR T
SwA}SAS PIJLWOINL MAU--204153) 4 (] ) Suodsaw pue
8¢/ v (IVAINR) moaaeg $34npadoad pou Ian|’jey aA)193433 ‘aea|d ‘do|dA8g €€°¢L
. YRR vt . ..‘ ..u....
abeq doysyaop 43)53bbng . U0} Jepuatnoday 40 anss|
juaudogaaag wa)IsAs Iy ~ £ Lsobaje)
J



33404 yse)::

ot J40d3dy $,JUdp}Sasd 3yl uo) yebaabac u_uwuyu 104 muboas_e J3AD} |34 MW:, £5°¢
33404 ysej:: ., . _;u.u_

(1] 340day $,Uap)sSaad Y]l ajedsaje pasn A|)ACay ||P 40J |0AIU0D BA}|SOd, 2S°¢
33404 NS€) . 3Juepj0AR URIS]{10D JO UO)JRIU3UR [dw} v}

6 , ja0day S, JUdpySaAd YL ud)sAS uodIedq Jepea )1y Jo A3)|)q)ssod duurex] 1$°¢
3404 yse) sjuauAcaduy g1V pujy--£3)404ad

6 J40day S, JUIP} SaAd Y] 1s3y6)y s,yv4 aq pinoys 3duesnsse uojjesedss 0S°¢L

Nv. djueunssy uojjesedas

(souy J1V v} pue 33d%20d 343 uy

92 v uedja3uy) s3b6unop uojjewojne 6ujjeu)psod a0y SIVBURLINbII Jujuedag 6b° ¢

191 b (oyuny) suosaed SPIdV 4| |043U03 uO paseq ubysap ajyns 1203335 gv ¢
14032985 )1V

w04 INSs] S aweN ON ajnos ud Yy Jo uojieanbyjuod unwj3do ayy sy IPUH !
. SwWIISAS JUIJAND pue MU U}

6t ¥ (xass3) uasjay) SJ0449 PAINPU} ubSIP IA|0SIA pue dVuULII3Q0 9p L
t93154S Mdu
(dao) soyshyd 03 Gujuojijsueay uy 3duewsojsad ajel)|)dey o)

oSt v (©43U39) UasSUAYIS|IY) sJ9660f Asowsw pasynbaa dojasap pue aujwad130 Syl
(as)eyoads . " *p13)s ou) quaudynba
SudSAS 6uj3Ind 3240)3q $40449 uUbD}SAP JO UO)IN|OS3A

(3 v sAemajy) vosuey ~ pue u0}3I)J)Juap) aJnsse 0y, euivcsa.hopmsma_ 1A'}
abed doysyaon 19)5906nS .ucmmwwwculewwwmAmo onssl -

NS [

yuaudo|aAsg wasAS JLV - £ Asobaje)

[} v P RS S PR R



.<=u<v uoj Jeugine 3o
$1143uaq jo abejueape axej 03 (540173s bujbaeiud)

[1/ b (vdv) Axsujyod $J433ua) bujyepy{osuod Jo A3j{}q)sedy dujuual3Q 85°¢L
(1) 423u3) 3iep)|0SU0)
‘SuU0j 1§ puod uojjjsuesy wady-buoy :
pue wa}-pjw Gujanp sdyysuoye|as 43¢ |0a3u0d
. -j01}d jo uojjepesbap ou dunsse 03 sanbjuyday
(dao) sI)shyd A|dde pue dojaasg °sSdiysuojie|aa 43| |043u0d
&bl b |e43u39) uasuasS§IY) -j01}d bugssasse oy sanbjuyday dogaasg -  (S5°L
{1)djysuojeiay 43|{043u0)/3011d
. . t6ugysnd uo3ing
SJ1V U} Suoj3Ianpaa Juanbasuod juejsoduy yYiim
. abenbue| 433ndwod 03 paje|sued) 3q UO)jewIOJU}
S SweN oN a3uraed|d a0 ueid ybyj ue) °Induy AdjOA 95°¢
(1) anduj 3d0A
(1128 . . Gujm paxy)
S0t t IVH) 43430435 /no|s/1se)/a91d0ody 13y - xjw )iy jo Apn3s pas3N SS°L
. _ (1) xW JLv
(*212 *6ujjybyy *asjouv ‘aunjesadiny) uojjejuaus |duy
. ‘24nIng U} suLB|qoad YINS IILJAGO puR S43|{043U0D
U0 JUULOAJAUD YA0M I} Jid3ds sjeuou jo oeduy
8s1 1 (oyuny) suosaed 910} Ad( @ 0} Saunseaw (e)pawds A|dde pue 3ujsad ¥S°L
) it iv) .:;.:;e.aae awmsecs.>=w 40K
. . . : R TE T S S TUY PP TTRN PRI
abed doysyaon 1915abbng uojjepuaumwoday Jo anss]
juaudo|aaag udsAS Iy - £ Aaobdje)
H B
D



Py enavoay

*SU0} 3} Sued)
ws93-6uog pue wady-4e3u 40§ |030304d Yys}Lqeysd
(dao) sIyshud pue SUO}}JSURAY UO IRP [BI}40351Y 124dadju)

oSt v {e22u3g) uasSUINS|AY) pue J3y3eb A|aA}32afqo pue Ai|ed}3eunyshs 09°¢L

(1) uoyjpsues) wAysAS

*2732 ‘Gujujeny
Ys34npadoad ‘ubysap wIISAS JO SIX|W IA)JRUSI| R
‘ ajenqeAd 0} saajaweaed 6uyadauibud ssoydey
(dao) s2yshud veuny JO SIUNST3W IA)1}SUIS pue PpjieA *3qe) (3L
1St v {049U3Y ). UISUBYS|AY) pue ©)433)43 paaynbaa doyaAap pue IjenieAl 65°¢

] . P vy o4 e LR N M ] Tt

{1) saxiH 3ajaeusaI|y ajenjeA]

abed doysyaon 2235900nS uoj JepudMOIAY Jo ANSS]

juoudojaaag waIsAs J1y - £ Aa0baje)



(paayppo] wR38is QLY 8yy Ojuy

¢4 ITI ToA T vIv) 285&_ 3 bujaeabojuy sy JUGETI G-p YATM weTqoad Teaa ayl, s°8
(1) aeN G-y
. DERE RPN |
(3sempazon wroxdde Teus3 *a°y ‘ubyrl
06 II ToA © VIN) uvosyojapaag jJo noa!.m TOOIITIO HUTanp SUOTFROJUNINIO JLY SONPAT v'o
" (1) suoyjedjunuNOD
saspuodsueay (aspooud 8333
O opoi sl @ YA paddinbe oq 03 soedsaje pataseay
saxad yemL, Ayjaeay Gupsn jjeadaje fie aaynbax vyl ey PUULKODL
ot Jaodey Tejluspysang o ‘ua38i8 JLY SR JO SB3IUIATIDD)JID O BIURYUD QL €8
(1) O epou
*gEalR TPUTLLID]
* uy Araegnoylaed ‘vopjewrojuy asygeam JyGYTIUY
80103 yswy, ajeanooe pue Atewpy pue sbuyjayaq asyeam W6IT3
ot xodany ejawepysald -axd jo uwoysyaoxd uj spew 8q PINOYS SIUWIACAAUT 28
8033 ysEL . )
dINEV
buyjoan (YdTY) 1TamoH . JUADATOAUJ IV POON — SOUEPIOAR ISJLaM HIOAIS 18
(T) *M.
abed doysyaoM a3jssbbng WoIepuBuINody 10 anassy
. ey JEEE TR BEEN LT
TR T L T P O PR v b ey
sanpaoory IV - 9 auomoua
P S LY LT Y
u u v u.u 1 } u _ u [ IS KRS



« % L1 PEPREE)
i o beepeent

. (T1en : ' " “poOpONI 'SY HJUBAD -
ms . m ns_.uo._uo.uum dauo&n ﬁn.oua 33@822 uo—ouu:ooua...uan u.e

sjuang Tejoads

sbeq dousIoM agjgebing UOJICPUSURIDODY 10 aNss]

© gaanpaooad ALY - g Axobage)



*10118 Jo upBaEm By UY BEEAINHP JUEIMSAT ¥ 42103
. =339 ‘Aj9Jes JOo 1aAaY feuOTITPPE UP 20U - sunurpuyE
2] ITOA T (va1v) TTamonl aaMO] Uf 3nsaa spie Buppuet pue yeoadde iy o

: L )
o L . (1)eujuiH Buypuer

(aTPPRY BuTUBTY 11 IV ‘Fuyacaab
9 £ Laqugg) saouucp ‘g1 *adots opIIb ‘S1I ~ SAemuma (e spye I8N, 5°6

(1) spyv Buypue] ‘yoecaddy

Jr0dagy *O°N
. asbeuey . ubysap Teuyulad]
.5@:33 :qg-.u&.unvd-c.ﬂg U] SUOJIRABPISUOO EI030LJ Ueuny I0J SUOTILPUIDORR] ¢°6

i spye uopjebyaeu apmaya[e Mol Jo uetqoad teyoads sy
» (1red -*s330dy 1oy pumoae satorysqo GuybYT Jo uBTqoad auy,
L0T € IVH) saspoals *sya0dy oy Jo sauawaagnbaa ubysep syy Apnys 03 poaN £°6

(1) saaody s

setbnoa
or II TOA T VIV) 197aqeD . yoeoadde Guyanp souepinb [Ens|A TeOFIARA J0J PN T°6

spuriojne se yons K3jriqeded jjeadaye uy sacueape \RTM
. soed doay 03 pepeafidn eq pinoys sayaylIow] Jzoddns
. pumoib pajeoa pue §11  *S9111TI0R3 (S11) vesis
BuypUe] JUANIISUT SARY OSTR PTROYS Ba8tIaed aye Aq
. poa1ss s310dafy  °saajaaed aye Aq pesn shemma re
80104 XSeL uo PaTIeISU] aq PINoys ‘saojesypu adors yoeoadde
ot ) xoday Tejuapysald © Yensja se yons ‘aouepinb [ed}320A JO w03 auos 1°6

(z) sowepjrO [EOTIIAA

abeg doisyaoM _ av)sabbng . UOTIEPUBIDOIY 10 BNSST

.ﬂ...omuuc 'gayaFtr 3 ‘skemayy - 6 A10693®)



, $19A3] @dueu0yIad
paonpas uy Guyynsaa saojdey (euoyieziuebao pue, Juaul

tht . v (Jvsn) squwo) -abevew 403 saunseaw |ejpauas dojasap pue £)Iuapl, 6°01
. sua|qoad wa3sAs Jo buyysodaa pue uoydAAP UL .,
£bl ] (3vsn) squo) 34N||0) 405 SIINSLIW (R)PIUWIS PUR SIIUNOS AUULIBII] O]

. \ =o_¢~=_u>m

pue *juawdojaadp ‘ubysap wayshs jo sabeis juanbasuns

) LLR ST |13 Se u0}1ju}JIp sjuausajnbas Laeujwy|dad
ekl ) (svsn) squo) uj uojjedyd)jsed SAI||0AUOD pue SUR|IIUYIA] AJNSSY L°0L

uR3sAs pajeunojne
M3y y)ym Gupyaom suejdjuyIa) 40s SIUWRANba
erl . ] (svsn) squo) U0} 3034 )} 143D pueR S|3A3| 3IUIBdWOD IV 30 9°0t

1)5AS pajewoine Mau o3 uoyl}
-SueJ) J40j SIUALRAINbas Gujuyedsy 23w 03 AGo|OUYII)
eut v (avsn) squo) 6ujujeay Jo Ju3audOLDAP 40 A7} |}qe||RAR FINSSY S*0l

w3 sAS PIjeWoINe MaU 0} UO|]|SURS) J0J SIUNPID
vt . (3vsn) squwo) ~0ad pue SJUIwRAINbaA (11S pue Bujujesy aujuualz0 ]

JUeWA0)23d 3343 40449 3A])I3)J2 03 3ALINPUOD
ivt ) (4vsn) squo) JUIUIOAJAUD 3)PS © dunsse 03 suedw Ajdde pue do|aa3g £°01

saanssaad pue suR|qosd 3p}sIno
. om B (svsn) squo) *sad)32ead juauebeuew 03 anp sasned dyseq Aj)uap] 2°01

wyshs ym bujoessdjuy veuny jo suojjejwy|
(e2¢sAyd pue QUL 40} SIINSRIWAIIUN0D dO|IAIP
oL - v (svsn) squo) pue ‘sasned *jo bujpueissapun dojanap *A)juap] Lot

uoj JewoINY /Sue|djuyI3f IV

L

TR T AT Yo DR

abeyd doysyaon 2335abbng . oy nusw@wawwu:x@.uawmi
. ’ e BT

et P

duveudjujel ~ 0| £a06930)



- , ushs
:w:eumz_co_u_m=~g¢=~awEognmeowc-su*ao-a:u»ma

L1 (93ds swayshs semajy)
) —-e:c.mmohcjav udsuueyop pue Bujujeay aunsse o3 saunpadoad dojaag 61°01L
. .mv.gnyowacc:u w7 sAS
(d3ds swaysAS shenaiy) wa)sAs Gujaioad u} sajiiiig
P4 b (Leuo}ssajoad) uasuueyop -|suodsas pue s3|04 30 uojiedo] (e (euo}ido aujwsalag 81°01L
(dads swaysAs sfkemajy)
1\ b (L1euoyssajoad) uasuueyop . Spaau suejdjuyldy 23w 03 ubysap wRISAS danssy Lol
uoj3isynboe WOYSAS U} SIUIWI|D IJURUIIUJLW pue S40)I0y
KT v (svsn) squo) ueuny 6ug3Ind Jao0ys- pjoae 03 buypuny djenbape aanssy 91°'01
) $3}711192) 2.anIng pue Juasaad (qe 40y ueaboad
bbl v {4vsn) squo) jJuaudynbd buyysay pazjpaepuels e apjaoad pue dojaasg S1°0L
spje bujjooysa|gnous) u} s|enuen pue uoy)
(42 ) (3vsn) squo) ~RJUALNI0P |0 U} AIRINIIP |eDHUYIDY JUBAIND BANSSY TR0
spje bujjooysajqnoay pue .
vbL v (svsn) squo) djueudqujew Jo A3} jqe|jeae o JududolaAap ainssy £1°01
ddurudjujew 3agIeIuaAdad Jo uojIonpaa
171 v (dvsn) squo) 40 Joedw) assaape [e)judjod ajeiAqo pue dujwidIaQ 21°01L
SuRysAs JO spujy [(e 40y Saanpadoad ||e
144} 4 (svsn) squo) 40 u0j1e3}J}3430 J0 uR)Isks pazypaepues e dojaasg o
. . £31 1191 sucdsaa
. paseasduy jo adue3dadnde SueidjuydId) 40 SIA|JUIIUY
azjuJapow 03 sueal 43yjo pue sabueyd yuom £jy1udp}
44 . b ~ {vsn) squo) pue mu_u_._a—mmaﬁmum.emwzmw_ws,mcawuwm;uwu.wm*wwz 01°01
abed . doysyacy 49353bbng S :c-wmvzwggaumz.go anss|
. adueudjujey - 0y Ls0b63ye)
] . Ce e Y RY .
R : : ot
b} ) b .



-
~
~

( ( C ( C
(uoj epunos aduvUIIU el v
56 9 uoj}IRIAY) 1503 SLo0yds yijn ABojouyday Mau daeys pLnoys Jaun)dejnuey 62°0L
. . £ J0uBu 3304 30U BuyA{OS’
St 9  (a1pp1y Aaqul) dyn} WI{qo4d *u0)Ied} )} 143D pue bu)3say vy ubisapay 82°01
. o Cwnynagaand yy4 oy
Sy 9 (21pp1y Aaqul) dyny sabueyd ajesodaoduy (ssad0ad Ased) Ayseinbaas o3 pasi, L2 01
SSIU|YJI0MA R
yjesdaje Gujpansu) v uREIUYIIY IJuRUIJU| W
14 9  (o1ppyy Aaquy) diny UOj AR 3Y) SO 3|04 Y] Jujusa}p A |2} IewR]SAS 92° 0t
. . Aboyouyday Buydojaaap pue Abojouyday uaasnd
St 9 (a1pP1y Aaqul) diny 1921434 03 ENNILIIND juasaad ay) apeabdn o3 paaN G2°01
L1 9 (a1ppiy Aaquy) diny LbL Yvd aepdn o) pasN b2 0l
: (£) (v wvy
. saJnseaw |v|pawda dojaaap pue
(ds0) soyshud JaujRIUjRW Yo JO SeISR |(}NS JO ueds 3y) ybnoawy
1st” ¥ {e43u3D) UBSUIS)AY)  Sud|qoad dduvuoysad paydafoad pue JUILND JuLULIIS] £2°01L
sayoeoadde 29y}
(dao) sayshyg -vu4a)| 0 3JeNieAd pue sjuaduaaynbaa bujujeay {euojlyp
1St by {e49uU39) UISU3}S|AY)  -UOD SO uojIeIado WRISAS IV 3Y) vo oedwy dujuwadyg 22 0L
(dao) sajskuyd Si1i%s mou Dujuaeay a0)
0St v {043u39) uasSUIIS|AY) Gujujeay ujRIUjRE pUR IIUIIIJIA ‘v}u9)}d do|3A3g 12:01
{da0) soysAyd sitins Bupasyxa Gujugejuiem agjym si|ins mau Gujuaea|
6vl .. b, ..1e43u3D) vosuasiay)  A13u9)21399 pue K|9A1103)50 Joy salbajedys aujuaIRg 0Z°0L
abegq T doys 108 . 33359bbng P 0} JUPURIAISY 20 BNSS]

dueudjujey - Ot Kaobaye)

Peen gt e anest s.:-..._:..

- TS

UL ey Vo IR

AR I

PR 1 PR B . . ___._l



(uojyepunoj adueuajuyey

¢ Besiy

$34N3IN43S qUOIAIUOY JO SIANJINAYS

98 9 uojjeyay) 3soy papuoq j0 sjedaa yoeay oy paddynba jou s(ooyds L£°01
(voy Jepunoy 3ducuaju|ey mmc_mgo LEE: aaos;uu
98 9 uojejay) 5oy pue 9-)d Se Yons uo =.uuu 0) juaudynba padueape paaN 9€°01
(2) uzugn_aew bujuyea)
(seibnog
£€ 11 10A L ViV) 1914989 s|enuewn 3dueudjujel paroadu) padN SE°01
(epeue) U0} JRJUILNIOP J3YJ0 pue S{enuew
[ 11 {OA | 3sodsueaj) (Laqdwe) u} aanje|duawou *AGojoujmad) JO UO)IeZ|pacpue]S Tl ]|
(2) sienuey adueudjuyey
(142unoy uojjeInp3 ’
ot 9 :uoh uojje§AY) 3oy P124J 3y} uy 3(doad ddueudjujew ujeaIdL pue 3|43y £€°01
(vojjepunoy adueuaju)ey
£6 9 uojiejay) 150% S403f £ YILI |eMIUDL JSUIDIL| dTV 2€°01
(uoj1epuncy 3sueuajujey .
26 9 uoj1ejAy) 3soy s9) 4062303 pazy|ejdads oju} asuady| 4w I1LdS 1€°01
(€) buysuady div
ubysap qeaj12ead jo abpajmouy
apjaoad s|00YdsS pue S3onposd Mau YK SI00YIS
(uoj 3epunoy ajueudjujey apjaoad - spooyds 03 AGojouydray mau buyaadjsueay
9 .9 uoea) 350y Jo asodind 243 yyin 3a1yumod Kiospape wiod  OE°OL
owoa - doysyson 4235abbng ' =cnaue=ogzauo¢ J40 anss]
' gjueudjujey - Of Asobayey 1 -
- .A i . | !
J D D) ) ) J P J J



C C . C C C C ( ( C
B :N TN R LI N ol
i 9 L (6uyacg) Aauysey ajueudjujew 0) paezey - aoop seab asou buyaog T
L A o .;:a_v s400Q 4oy
I W ST e L) sedd gy
U0} JeWI0U} PaUAEd| JO uojed}jdde jedyydead Ay,
*6upajos wa|qoad 0} uojyedy(dde ‘wayshs jo Gujpuers
8y 9 (1pPPIY Aaqu3) yoneays  -48pun J4oj 1593 pinoys - Aydosel jyd 6uyysa3. ajen|eA] £EveoL
(1) bujisay
. eussa)) Apooy .
19 9 (dvsn) weyesg sjvewdaynbaa adueudjujew 3INPIA 03 subjsap ajduys asn MO
(1) £3011qeuyRup el
19 ) 9 (Jvsn) weyesy 6ujujeay vy :e.uasoaoew Kav) 4O/ L }ALD PIIN v 0t
(1) vojyesadoo) Kaedjiin/L1A1)
. $34U04339|3 pue ABGani|eldw Uy SISINOI SP
29 9 (Jvsn) weyesy yons jooyas y6jy vy Gujupesy adueudjujew abeanodul ov 0L
' (1) Gujuyeay Looydss ubyy
{uoy yepunog ajueudjujey
66 9 . uojjejay) Isox weabouad 92)juasdde ue 40y padu e S} 34YL 6€°0L
19 9 (4vsn) weyesy {91doad 3duRUIIUjEW |RUO)JEPPe JIRIIIR M Op MOH 8e° 0L
. o ., o, St ag v ey wop sl aroon _..__...:_A—v,d-.-ﬂ.ﬂ.-d-,_—.-..-ucw—
abeg U0} 3P pUAL0IAY 0 o:mm_....

: aa:mxsaz J9ysabbng

R

Jueudyujel - 0| Asxobaje)

- T ' o gnn g

Ty .o . 4.._——,_



A Juaudoyaaap,
ueaboad yiym djeaadood |||A GSIN - dILJIIJU} )JV pue

| S 11 10A { (gS1N) soufeq uojjejae |ea3uadb apnduy pynoys weaboad sa03dey uewny o1t
. ) wa)sAS _emo_A
(dao) soyshyd -e43do u} swd|qosd IAL0SAA 0} SPOy3w buyadauybuad -
_ 1St B {©J3UdD) uSUIYS|IY) : $403204 ueiny ajqed} (dde pue Spadu aujwsa)ag 6°L1
i
. .. uojjesado pue uojjejuaunidw) jududo|daap waSAS
(d1o) sayshyd Mau jo aseyd yiea e suojInqgjajuod buyadauybud
\\\a 1St v {e43u39) uasualysjay) s401Je) ueuny JO Sujmp) pue aanjeu ayy vy . 8Ll

uoj3Jeys)Ies 43asn
. wnuy xew pue uojjdnasyp emjuiw yIpm sabueyd buy3dayje
30 spoyjaw 40) pue wdySAs Jo ubysap pue 40y spaau jo

SUO} JRUUIIIIP U} PISBPISUOI 3 O} SUO| JRPUINWOIAN

(daoy sdyshyd pue *suojuido °sapn3jIe J3ujeJUIRW pue JI|(0AJUOD
051 : v Le43U3Y) uISUBISYIY) Gujuye3qo 40j S3INPadosd djyeudysAs doyaasg L
| 11 10A L (viv) £amoq . . : papaau yoeoadde sua)sAs 91l
€9 110A L (vdav) ti3mon 6upAyy ssaujsnq 03 anp asaom 336 Kew x4y s° 1l
’ eaJe ue .
£8 1 10A | (vdv) L13noy 0} 9243uwW0D Jj® JO AN|eA 3jowosd 03 SpPAdU 100/WV4 vl
£8 1 10A (vdiv) L1anoy $40449 1R}SAS JO JURLI|0) 3G ISNW SUWDYSAS MaAN €1t

. 3jeqdqye jo
€| I 1oad (vaW) tisroy  A3psuap aaybyy ajpuey o3 paubysap aq ysnw SwasAs MaN 2

. oedw} wdSAs |30 - SO} AeUBIS .
me __o>— .«aa<.-—m:== _ogo_aosaaosov.uceueaucnzuaosaanmeoumameowz _.__

(01) ydeouddy suwyshs

. . vy

abed doysyaoq 42}5abbng : NS U0} JPPUALWOIBY L0 aNSS]

juauabeuey weaboad Iduemaojaad ueuny - -.asomuuuu :

. o v o



" gyeorzzo vopIeyAR

unpusppy IT oA T (aueansuop) 29TTIH JOJU3S 10j UOTILUTAIOOPU] BI0FOR3 UwunYy PISN 9T°T1
(1) vojaeutaoopur Ji
unpusppy IZTTOAT (3ueatnsuo)) a9TTIH fooozoxd vogjebiasaau] sa03oe) ueuny dotaasg ST°1T
umpuappy II TOA T (JueaInsua)) A3TTIH uojebjisoau] JuUepjoOR U] SI0JRTMULS BH) [ AGR Y
. (z) uojaebyasanul JUSPYOSY
umpusppy I T T (umtnsua) A9TTIH . BS%00q 2POd OVOI/ESIN 8200MAISHY €T 1y
(1) sxood 3poD
) 81940202891
M ‘03 afqelieAR 9pws oq viep I59) (p) seaued nd
\. | =¥o00 o.aﬂ::: bugsn adejoopia (D) 810039 MBAD IS
‘paooaa (q) saanpaooad jjeadage uj paujery s101eNeA
€6-26 1A T (vd1v) uayad,0 (e) Juswssesse Ma10 YBT3 U 81030v3 ueuny asy) AR
(6ujecn JUaLRINSLIW ‘
0s II ToA T VIV) uoppes . pUR PROTHAOM DATIOV(QO U NIOM JVSN Jaocking I
. (Z) uuPansesyy peopioM
abeg JoYsNI0M aas’bng . UOJJEpUSUIoORY] 10 NSS]

Juawebeuei weabolg edwentojasd ueum) -, 1T Kxwobae)y



(syourrr - . A S Dy
* IToAT 30 °n) Joffel YoM £203084 Ueun) UF UOFIRUFPICOD QOO/WVA 33335G PSSN ZZ°TT

(1) uoyjeuypaoo)

19-09 ITAT (URINEUCD) I9TTIH SAV U 33edxe si030e) ueuny poyyjtenb sAEH  TZ°TT
. e (1) 329d0E AN

. t
atax mau a3 muojyad 03
L33TIqe veuny auny Jo vorIEpITeA ‘pajetdieiuco aie sabueyd
afox Juedyjjubls aaays Bujpueisieopun a3333q pasu (q)
sla9Te pue sbujures pajeasusb Ljjeojjewoank 03 uojjoeaa
. ueuny Jo ebpatmowy axow pasu (v) SO73IBTaRIORIEYD Ueuny
3 =~o>~ .c.-.ﬁﬂonuauﬂgauuoomeou\b.!uo?%—:ﬁgoﬁgﬂg em.ﬁ

(1) sojasyasyowael) ueumy

(uedyasuny dnoab Kaosyape
v6 II TOA T viy) voasnog) 20 Jy6y829A0 paOUaTIadXe Juajaduoo 203 pasN 6T°1T

(1) dnoap 3yby8I3M0

uvoyaouny .
¥6 I TOA T viv) vojsnoq NooqpuUR] 81030¢3] UTuRW] UOTILJAR 30J PaoN 8T 11
(1) ooqouen
. (uedyaauny Kxysnpuy ‘saojousbe JuaumIBA09H
1] . LI TOA T VIV) voIsholl ‘SIURRNSUCO ‘S3J]TBABATUN ~ :Bumoum paoueTeq © pasN FARd & §

(v a1mponIlsg weaboad

abeq AOYSHIOM 333183bbng UOTJIepUNNNOSY 30 3NSSI

Juausbeueyy weabolg ueuzojasg ueumy - {1 Ax0baje)



C C ¢ ( ( C C
v
I '
say3aed
€6 II Ton T {(va1v) ueyad,0 Po9Isa1au] 03 UOFIEDFI1IAe0 JuUauRTAD Ma3D. UadD. 8z 11
. o R (1) vorawI313a%) vado
(Kaysaeatun Abotorofsd
14 4 IT ToA T vjquNio)) asjueted Tejuaupaadxe ueimy Uy Yoavasax dyseq 10J pPIaN FEAA |
(1) yoarvesay odyseqd
€8 I1100nT | {vav) T1amon weaboxd paemo) apnajIe dajelou sey vwa 9z°11

(1) spmyIIV VWi

\\a u0g SNssf

S (o1PPRu Axquid) aowucp

‘PaATOAUT BTENDIATPUT
pue ‘pai1cpisuco yoaessaa ‘smms uvreiboad o3 se
Kaoyisodea sa030€3 URw| JUBAAND © 103 PISN Sz 11

(1) Kaoaysoday eaea

uwRtqotd UOTSABAUCO .moﬂ..aoﬁums adoos 03 OWDI

. € (oWNY) pudyas 03 pejuasaxd oq 03 Apnys ojuouo0d pue A39jes POoN bZeTt
| . (1) vojjeo1Iay
(*ou1 .oomm¢. . *980 30J pPIALPjSUCO 8q PTNOYs pue (003 {Daeasaa .
SO0t I1 Ton T fpera0) Aper0 wosks v se feyausjod snopusuioay v sey bujured 1401 XA
(1) 2301
abeg doys)aoM 193890bng - 8_.%&_8.88:3@%%

qumupbeury weabolg uenxojaed ueunj| - 1T Ax0693e)



APPENDIX ﬁ: COCKPIT-RELATED HUMAN FACTORS
PROBLEMS IDENTIFIED FROM WORKSHOP LIST






FA-490/AFS-84-1

SELECTED EUMAN FACTORS PROBLEMS IN CIVIL AVIATION
(a preliminary list)

A, Blumenstiel
S. Huntley
J. Koonce®
S. Salvatore

U.S. Department of Transportation
Transportation Systems Center
Office of Research and Analysis

Operator/Vehicle Systems Division

Cambridge, Massachusetts 02142

March 30, 1984

* University of Massachusetts



J



SECTION

1.0
1.l
1.2

2.0
2.1
2.2
23
2.4

3.0
3.1
3.2
3.3

4.0
4.1
4.2
4.3
4.4

" 4.8

5.0
5.1
8.2

5.3

5.4

8.0
6.1

8.2
8.3

7.0
7.1
7.2
7.3
1.4

- 8.0
8.1

SELECTED HUMAN FACTORS PROBLEMS
IN GIVIL AVIATION

CONTENTS

MAN/MACHINE INTERFACE
13
Maintenance

PILOT PERFORMANCE
> 44 tress

Internal Stress

Measurement

How Pilots Fly

REGULATORY ISSUES

Flight Crew

Alrcraft
Maintenance

OPERATIONS AND PROCEDURES
re-rlight

En Route ]

Approach and Landing

Maintenance

Communications

TRAINING .
Commercial Pilots

General Aviation Pilots
Simulation :
Maintenance

ACCIDENT INVESTIGATION
eflciencies in General

Procedures

Determination of Pilot Error

Data Characteristics

HELICOPTER OPERATIONS
erm rocedures

Cockpit Design

Alr Traffic Control

Hellpad Design

AIRPORTS AND FACILITIES
Surface Lighting and Signing

o
>
Q
tx

WO ~N~IPOMD LN






SELECTED EUMAN FACTORS PROBLEMS
IN CIVIL AVIATION

1.0 MAN/MACHINE INTERFACE

11 Cockpit
1.1.1 Design Considerations

-]

o

Human Factors Reposito A central repository of human factors
Information Is not aVaﬂ'a_bEe to designers of aviation systems.

Crew Fatigue: The effects of different flight deck operations upon
crew fatigue levels are not understood.

Error_Types and Fﬂfneiaz The specific errors made by crew
members in their use of cockpit equipment, the frequency of these
errors, and the conditions under which errors are made are no
known. .
Failure Analysis: Currently no specific, generally accepted method

widely used by the manufecturers of aviation systems for
systematically determining human performance failures that could
oceur in using those systems. A

Pﬁnetion Allocation: A widely aééepted method for allocating
unctions to man or machine does not currently exist.

System Add-Ons: Human factors are often ignored in the
3evt3ﬁment and integration of systems for for use on new or older
aireraft. '

Integration: Requirements and procedures for integrating ground
tmae %me systems to maximize pilot effectiveness do not exist.

1.1.2 Automation

(-]

Implications: The implications of cockpit automation for workload
Imits, task involvement demands, heads-down time, ete. are not
understood.

Status Monitoring: There Is a lack of clarity concerning the
Information ané techniques required to monitor the status of

automated flight systems, e.g., autoland, so that crew members are
able to detect and react appropriately to automation malfunctions.

Flight Information and Control: Cockpit designers do not have a
ﬁ grasp of the information that is required to fly advanced
alreraft in cases of automation failures. For example, there is a
need to perform research to determine the information and



control that a DC-10 pilot needs in order to safely land the aircraft
when the autoland system fails under zero zero conditions.

o Pilot Proficiency: Increased reliance by pilots on automated flight
systems may reduce pilot proficiency In manual flight during
equipment outages, _

1.1.3 Displays

0 Altimeters: Pilots continue to make errors in reading altimeter

y3.

o Cockoit Standardization: The absence of standardized controls and
EEEEys In general a?iafion aireraft contributes to pilot errocs.

° Pflot Famillarity: Pleasure pilots’ unfamiliarity with the operations
of newly acquired aireraft contributes to the incidence of general
aviation crashes. '

o  Standardization of Glass Cockpit Svmbolﬁs Bugtypes, display
symbolegy and control shapes are not stan ed in the new glass
cockpits. ° .

o Standardization of Commercial Alrcraft Cockpits: The focation,

e and shape of many controls and displays in existing commercial
alreraft are not standacrdized.

o

Color Displays: Cockpit designers to not take sufficient advantage
of color Eﬁys. .

L.1.4 Controls

o

Voice Interactive Systems: There are no performance guidelines
either for determEx'n% the conditions under which voice interactive
systems may be used, or {or detecmining the charactersitics of such
systems, which will make them safe for use in aireraft cockpits.

Sidearm Controllers: Several airframe manufacturers are doing
research on sidearm controllers and anticipating their deployment in
civilian aircraft. Yet, performance guidelines for determining the
conditions under which these controllers may be used in civilian
alccraft or for determining the most acceptable configurations for
their deployment have not been developed.

1.1.5 Alerts and Warnings .

o

False Alarms and Uninformative Warning Svstems: Commercial
aircraft alert and warning systems otten generate false alarms and.

do not always provide information on the source of the trouble.



o Take Off Warnings: Take-off warning horns do not identify specific
roblems, for example, whether the problem is flaps, spoilers, or

P
stabilizer setting.

1.1.8 Visual Anomalies, Visibility Standards and Mispercentions of Size and
Distance: Empty lleld myopia, nignt myopm! an% hyperopia, and

1.1.7

insttument myopla caused by visual imagery displays lead to

misperceptions of size and distance in flight.

Information Enhancement

o mggt Path Control: Procedures for use of electronie Flight Path
ntro Tude) devices in the cockpit are inconsistent and have
not been standardized.

o  Rotation_ Point: " Use of time-to-speed and distance-to-speed
markers are not aceepted by the air carrier industry.

° Flicht Path Angle: Flight instrument panels currently in use do not
provide pilots with information on flight path angle.

o Altitude Estimation: Line pilots have trouble estimating vertical
distance above airports during VFR landings. Reliable external .
distance cues may not be available and YASI and ILS equipment may
be absent , as well . :

o ~ G/A Weather Displays:. Weather displays in general aviation aireraft
are inadequate.

1.1.8 Visibility Standards

° Many current aireraft do not meet the visibility standards specified
in Title 14 of the CFR. .

1.1.9 Design Induced Errors

o Fuel Controls: The relationship between fuel selector switch
movements and switch function is Qllogical, and the relationship
between fuel gauges and fuel selector switches is unclear.

° Standardization of Critical Controls: Critical controls are not
stan 12e

° Labeling of Controls: Controls may be poorly labeled.

0 Manuals: Manuels may include inconsistent specifications of
' take-oil distances and speeds with different flight configurations
(flap positions, gear position, etc.). Manuals for many light aircraft
are not sufficiently detailed with regard to unusual operating

characteristies. For example, take off speeds for other than hard - -

surfaced runways may not be specified and there may not be
instructions for restarting engines after inflight fuel starvation.

3



1.2  Maintenance

121 Alrcraft Design

o [Ease of Maintenance: Aircraft are not designed for easy

maintenance. This results in some maintenance items being
systematically overlooked with consequent reductions -in flight

safety.

o Checking Condition of Aircraft: Aircraft may not be designed so
That thelr readiness for service is apparent. For example, oil (fller
caps may appear to be serewed on when they are not.

1.2.2 Instruction Placards

0 Composition and Placement: Instruction placards mounted on
ﬂF-'-l‘ ﬁt are sometimes poorly written and poorly placed. The
{nstruction placard for (illing the DC-10 hydraulic reservoir is one
example that has been noted. -

123 Manuals

o Comoposition and Contents: Maintenance manuals are not designed

' o¢ the user. They are not writtenin a straightforward language, do
not provide step-by-step procedures, and do not identify tools
required for specific complex jobs. -

o Standardization of Languege: Terminology and nomenclature in
maintenance man is not standardized.



2.1
2.1.1

2.1.2

2.2
2.2.1

2.2.2

2.2.3

2.2'4

Noise and Vibration

PILOT PERFORMANCE
External Stress

o Standards: There are neither data nor usable standards regarding
the Influence of noise and vibration upon pilot performance.

Fatique

o Physiological and Environmental Correlates: Identification and
understanding of the physiological and env onmental aspects of

fatigue and countermeasures for the effects of fatigue during long

flight duty periods are needed.
° Fatigue and Time Zone 3
- e cumulative effects on pilot performance of fatigue and

chronosis due to transit through multiple time zones are
neither understood nor adequately considered in airman duty-
time regulations;
- Little is known about the interaction of desynchronosis with
physical condition and age.

Internal Stress

Life Stress

o  Stress and Pilot Error: A relationship between life stress and the
probability of pilot error is suspected but not verified for civillan
pilots.

Licit Drugs

o  Understanding and Guidelines: There is a lack of understanding or
guidelines on the use of therapeutic drugs by pllots including:
- uinine water effects on inner ear functions;
-  Enderin {cardiac medication) reduction of pilot sensitivity to

negative G forces; and
- Antihistamine interaction with altitude, leading to hypoxia.

Aleohol

o  Contribution to Crashes: Alcohol is associated with approximately
16 percent of fatal G/A crashes. Problems contributing to crash
likelihood inelude:

Pilot drinking;

Pilot bravado;

Complacency of before-flight witnesses; and

Complacency of passengers.

Biorhythms

o The relationship between biorhythms and pilot performance is not.
understood.
5



2.3.1

2.3.2

2.3.3

2.3.4

2.4
2.4.1

2.4.2

2.4.3

Measurement

Workload

Assessment _Methodology:  Currently there is no universally
recognized meth or assessing pilot workload. Designers and
manufacturers need such a method to assess cockpit control and
display aiternatives.

Effects of Changes in __Eguipment and Procedures on Operator
Performance

o

Measurement of Long-Term Effects: Means for determining long-
term elfects ol changes in equipment and procedures on operator
performance are not available.

Long-term Effects

]

Measurement and Evaluation: Broadly accepted methods are not
avallable (or evaluating gradual, long-term changes in functional
and operatiocnal capabilities of aviation personnel that may be
produced by medication, life experiences, aging, exposure to
agricultural chemicals, and by microwave radiation.

'Fatigue and Comolacency

Measures of Readiness to Perform: Methods which are satisfactory
for operaﬁons-on'enta research, or for monitoring operator
alertness while on the job, are not available for measuring the
relationship between fatigue and arousal and the readiness of pilots
and controllers to perform.

How Pilots Fly

Information Requirements

Q

Flight Cues: There is only limited information concecning the cues
that pllots use to fly, the relative importance of these cues, how
thz relate to one another, and their specific influences on (lying
behavior.

Obtaining Information

-]

Cockpit Displavs: The manner in which pilots extract information
rom cockpit displays is poorly understood.

Workload

Q

Task Involvement Levels: The optimum levels of task involvement
for minimizing the Likelihood of human ecrors are not known. B



3.0
3.1
1.1

3.1.2

3.1.3

3.2
3.2.1

3.2.2

REGULATORY ISSUES

Flight Crew

Crew Compliment

o Compliance with FAR 24.1523, Appendix D: There are no specific
human performance or data a._nﬁysE requirements in the FAA
Engineering Flight Test Guide for determining crew compliments or
for demonstrating compliance with FAR 24.1523, Appendix D.

[FR Training and Certification

o Weather: Current flight time qualification requirements for IFR
may contribute to the incidence with which VFR pilots fly
in instrument meteorological conditons (IMC), and crash.

Terraln: General aviation pilots receive IFR certification without
tegard to the type of terrain that they fly over.

FR .
Flying Skills: Regulations for recertification of G/A pilots do not

take adequate account of the degeneration of flying skills over time.
Adequate demonstration of {lying proficiency is not required.

o

Alreraft
Instrumentation

° Currency: Regulations for cockpit instrumentation are outdated.
They do not include requirements for current state-of-the-art
mvi ments and do not represent the needs of modern, commercial
aviation. ,

Certification Procedures

o Human Performance Testing: FAA requirements for assessing
uman performance (actors in the certification of alrcraft systems
and controls is vague. ~

o . Use of Line Pilots: The FAA does not use line-qualified pilots in the
certification process. That is, the pilots who certify aircraft are not
those who are most familiar with the environment in which the
aircraft that they are certitying will be used.

o  Oversight: General aviation aircraft may be certificated although
delficiencies in their design may result in unsafe flight
characteristics under certain conditions. One type of aircraft for -
example, has been reported to have a strong tendency to roll iftitis -
close to stall speed, with its landing gear and flaps down, if power is
applied for a go-around attempt. .



3.3  Maintenance
3.3 Certiffeation
o ualification of Mechanics: There is no requirement for recurrent
certification. ol mechanics, and thus no assurance that mechanics
are trained in servicing modern technology equipment.
3.3.2 Violations : .

o Inspection Oversifgt: Lack of rigor in Inspections may permit
operators to modity aireraft to below certiticated limits. It has been
alleged, for example, that a plane recently crashed because the left
engine failed and the blade on the remaining engine had been filed

below minimums.

3.33 Alrcraft Design

° Assembly Ercorss Alrcraft designs permit assembly errors Dy
malntenance personnel. -On some aireraft, ailerons can be rigged in

reverse, for example.



4.0
4.1

4.1.1

4.1.2

4.1.3

4.1.4

. 4.2

4.2.1

4.2.2

OPERATIONS AND PROCEDURES

Pre=-Plight

Mtions

° Checklists: Many General Aviation pilots do not use checklists
during pre-{light inspections; these inspections may, therefore, be
.incorrectly conducted.

o mﬂt glannigg‘ Inadequate flight planning is a major cause of
en aviation crashes resulting {rom:

fuel exhaustion;

no identified alternative airports;

weight allowances exceeded; and

weather changes unanticipated.

Rental Procedures

0 Flight Objectives Checks: Checkout procedures for rental aircraft
are often incomplete and the purposes for which the aircraft will be
used are not taken into account in releasing the aireraft for use by
customers. T

Weather Informationr

° Pilot Omissions:
= Unless specifically requested, pilots may not be advised of
critical SIGMETS at FSS briefings;
-  Many pilots do not request weather updates when en-route; and
- fﬂ&scmisjudge severity of weather and their own ability to fly
: n .

Crews for Commercial Flights

o No criteria or guidelines for assembling crew members for
commercial flights currently exist.

En Route
Storm Avoidance

0 Company Policies: Airline companies' storm avoidance policies may
be impractical and insufficient. Realistic guidelines to assist line

pilots in making decisions about flying in stormy conditions are
needed. .

Air Crew Fatigue ) A ‘

o Sleep Disruotions: Long, East-West transport flights may lead to
sleep disruptions and associated fatigue on the part of the flight
erew members.

9



4.2.3 Altitude Assignment Violations

o Monito Flight Progress: Despite complex systems of alerts and
W , Line pilots commonly violate altitude assignments. This
may resuit {rom misunderstandings and/or failures to monitor the

pregress of the flight.
4.3 Aggroach and Landing
4.3.1 Charts and Approach Plates

o Symbol and Clutter: Sectional charts and approach plates are
af'zztaﬁ: to read and may be misleading:
- the symbology used on NOAA and Jeppson charts is not the

same;

- eha.rt’s are cluttered, and

- the importance and ocder of use of information is ignored in
approach plate layouts.

4.3.2 Visual Separation
o See and Avoid: Pilots do not, and perhaps cannot see all of the

other aircralt that they are in danger of colliding with and need to
avoid. : A , .

4.3.3 Workload

o Single Pilot: Flight procedures and activities required at high
density terminal areas may easily overload the single pilot. For
example, when forced to make a go-around, the pilot must
reconfigure the aircraft, pick up new headings, change radio
trequencies and engage in ATC communications.

4.3.4 Noise Abatement
o Standardization of Procedures: Noise abatement procedures at

#
erent airpocts are not standardized and may place unacceptable
workloads on pilots.

4.3.5 Minimum Separation

o Margin for Ecror: Lower minimums resulting from improved
approach and Tanding aids decrease the pilots’ macgin for error and

therefore may decrease flight safety.

4.3.6 Non-Flight Related Activities

o Critical Flight Phases: During critical phases of flight, ﬂig.ht crews'.

may be encumbered by non-flight-related activities, such as
obtaining airline connection information for passengers, while
maneuvering during {inal approach.

10



4.3.7 IPR/VER Transition

o  Reduction of Minimums: Transition from IFR to VFR when landing
ow ty conditions is becoming more and more dangerous as
flight minimums are reduced.

4.3.8 Landing Proficiency

o Automation: The religbility of modern aircraft may lead to
complacency on the part of pilots and this, in turn, may lead to
reductions in their readiness to anticipate and respond effectively
in emergency situations.

° Duty Time Limits: Flight crews assigned to international flights do
not get suilicient practice in landings to retain acceptable levels of
proficiency. Monthly duty time limits, long distances flown between
landings, and sharing of the few landings that are made by captain
and first officer contribute to this problem.

o Feedback: Line pilots receive little feeddback on their landing
performance. As a result, their proficiency may deteriorate.

4.4  Maintenance

4.4.1 Complacency

o Periodic Inspections:- Complacency in conducting periodic

Tlons of commercial aircraft resuits in undetected {laws and

reductions in safety margins. For example, X-ray negatives showing

tractures in the wing of a DC-9 were examined during six separate
inspections without detection of the flaws.

4.4.2 Errors

° Installation of Parts: Installation of incorrect parts and incorrect
tion of correct parts incorrectly contribute to crashes of
commereial and general aviation aircraft.

4.4.3 Communications

o Maintenance to Pilot: There is a lack of reliable procedures which

Tnsure that owners and pilots of pleasure aircraft are informed of
incomplete maintenance. A Beech 99 out of Richmond allegedly
failed because the pilot was not informed of a faulty stabilizer
actuator which had been discovered earlier by a mechanic but not

repaired.

[} Pilot to Maintenance: There is a lack of reliable procedures which
Thsure that the owners and pilots of pleasure aircraft adequately
inform maintenance personnel about problems in need of attention.
‘:lhls result ts in inadequate maintenance and reduces the safety of the

reraft. ‘

11



4.5

o  Maintenance Shift Change Brie{_lr_{m,_: Maintenance personnel going
otf-shift may not adequately brief personnel coming on-shift about

the status of the aircraft that they are repairing. For example, it
was alleged that, "In one instance, incomplete briefing of
maintenance personnel at shift change resulted in the engine
cowling of a DC-10 blowing of in flight. Three different
maintenance shifts serviced the aircraft, in sequence, and the
second two shifts were inadequately briefed on the status of the

repairs.

Communications

Workload: There are too many ATC communlcatiéns demands on
pilots during critical phases of flight, e.g., during final approach.

Errors: Causes of communication errors between coatrollers and
pilots include:

=  cockpit noise

aireraft call sign confusions

pilot expectations

failure to follow communications procedures

ATC U%gadez There is a lack of planned effort to assure that
degradation of pilot/controller relationships does not cceur during

ATC system upgrade.

12



5.0
S.1.
S.1.1

o

General Aviation Pilots

]

TRAINING
Commercial Pilots
Crew Skills/Aireraft Operations Mismatch

Pilot Qualifications: Some pilots who are flying commercial
aircralt are not currently quelified to do so. Standards and
procedures presently used to classify and identify pilots in terms of
qualification levels are not always effective.

Curricula Curreney: Development and deployment of pilot training
curricula lags beluind cockpit technology. For example, some pilots

are unfamiliar with procedures required to bypass autoland in
instances of system failure or final approach procedure changes.

Pilot Knowledge of System c?mmgx: Mismatch between systems
used and operators’ understanding of systems may result in faflure to
use systems due to lack of confidence in them, This, in turn, may
result in decisions, such as shooting the minimums, that lead to

unnecessary risk.

ATP Emergency Training: Flight crew personnel may not receive
sullicient instruction in implementation of emergency procedures.
This may result in inappropriate and ineffective reactions by flight
erews in emergency situations such as aborted take offs.

Commuter Airline Operator Emergency Training: Because of
Tinancial constraints, commuter airlines may be unable to provide
simulator training in emergency procedures for their flight crews,
resuiting in impaired ability to deal effectively with certain inflight
emergency conditions. :

First-Officer-For-Command Training: First officers working for
emergent airines which, because they have financial difficulties,
cannot affort to provide adequate training, may be promoted to
command positions without being thoroughly trained for that job.

Cockpit Resource M%emem: Deficient human relations and
management capabilities in command officers may decrease flight

"safety in high workload and in other situations requiring effective

cooperation among crew members.

Requirements: Currently there is no specific requirement that air
carrier crews receive formal training in the management of cockpit
resources.

Familiarity with Aiceraft: Second and third owners of light aircraft
are not as adequately trained in operating the aircraft and its
equipment as are original owners. ’ -

13
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5.4
s.4.1

504.2

K-

Emergency Procedures: General aviation pleasure pilots are not

tFﬂeEled to handle In-{Light emergencies such as:

- engine failure .

=  control malfunctions

= unanticipated weather

Unusual Flight Conditions: Many general aviation pilots are
am with aircraft capabpilities under unusual conditions of

flights

-  short field take offs

- extreme cross winds

- combinations of conditions

K Flight Instructor Qualifications: Certification of nigh't instructors
does not consider their teaching ability.

Simulation , .

o  Substitution for Fuggt Times The characteristics of simulation
w are required (or training in (light simulators to adequately
substitute for training in actual aircraft have not been determined.

o Real Flight Expectations: The influence of simulation training on
expectations in real tlight Is unknown.. ’

Maintenance '

Curricula

o Advanced Electronies: Currently, training requirements for avionics
technicians do not include expertise in microprocessing technology.
This knowledge is necessary to service advanced avionics systems.

o Aleframe Repair: Schools are not equipped to teach repair of
Bonded structures oc honeycomb structures to airframe mechanics.
Avionies: There is no current standardized curriculum for training
mechanics to repair advanced avionics systems.

Assessment .

o Trouble-Shooting Skills: Skills in trouble-shooting and problem
solving are not measured by current certification tests (or aircraft
maintenance personnel.

) Test Instruments: There are no validated instruments f{or assessing

the usefulness ot current practices for teaching A & Ps to maintain -
modern, sophisticated aircraft. -

14



5.4.3 Skill/Job Requirement Mismatches

Mili Training: Aircraft mechanics who are trained in the
military may be certificated to assume responsibility for ecivil
aircraft repairs and inspections without being required to attend
FAR 145 school '

Maintenance of Avionics: Aircraft mechanics who have not been
tralned In, or examined on the requisite skills are expected to

maintain and certify complex avionics in light aircraft.

Certification Authority: Mechanies may repair and certify aircraft
With which they have no current experience. For example, licensed
A & Ps whose current experience is limited to turbine engines are
also authorized to repair, inspect and certificate reciprocating

engine aircraft.

15



8.2

ACCIDENT INVESTIGATION

P

Deﬁcienci'es In General Procedures

f#

0.

Information Sharing: The civil aviation section does not take
adv. of Investigatory techniques or salety information

_advantage
developed by D.O.D.

Non-Fatal Accident Investizations: Non-fatal accidents are not

v ted although the characteristics of these
aceidents may be practically identical to those of accidents
vesulting in fatalities. Therfore, opportunities to obtain first-hand
accounts from persons involved in accidents are lost.

Comparability of Data from Accident Investigations: Criteria for
eter the detail with which accident investigations are
conducted are not standard. Therefore, levels of detail are not
uniform across investigations and the results of different

" Investigations may not be comparable.

Investization of Commercial Aviation Accidents: Investigations of
commeccial aircraft aceidents are not conducted by people trained
in human factors engineering who ere also familiar with flight
operations and flight deck equipment.

Uniformity: The lack of uniformity and thoroughness of
vestigations of general aviation crashes reduces the usefulness of
data produced by those Investigations.

Con ation of General Aviation Aircraft: Detailed information
on control settings and equipment compliment is often not gbtained.
Maintenance Historv: There is often little attempt in accident
Investigations to determine the reason for maintenance errors (or

inactions) that contribute to airplane crashes from mechanical
failure.

Data Collection Forms: The new NTSB accident investigation forms
structure the investigators' thinking in ways that may interfere with
the discovery of what really happened,

Determination of Pilot Ecror

o

o

Limited Use of Flight Data Voice Recordings: Currently, DFR and
VR are not suiiiciently used to enable thorough understanding of
role of pilot error in crashes. ;

Inaccuracy: DFR equipment in crashed aricraft have provided
Inaccurate information on aircraft flight parameters. -

Lack of Transcribing Equioment: Lack of equipment to transeribe
~ TVR records has reduced their utility in accident investigations.

16



° mﬁt Crew Testimonv: Accident reports frequently do not include
P testimony in explanation of pilot errors.

o Critera for Attributing Alreraft Accidents to Pilot Error and Other
Ruman Factors: Specilic criteria for determining the extent to
Which aircralt accidents are due to pilot error have not been
established.

o Insufficient Data: Insufficient data on crew performance and
characteristics are collected during accident investigations to
specify human errors that contributed to a crash and why these
human errors occurred. For example, insufficient information was
collected in the case of Pensacola 727 crash to determine why the
flight engineer turned the GPWS off.

o Pilot Characteristies: General aviation accident investigations do
not collect sulllcient information on pilot characteristics to enable
analysis of the extent to which these characteristics contribute to
crashes. For example, information on recency of flying experience
may not be cbtained.

o Work Environment: In most acecidents, information on (flight
conditions and operational situations that promote pilot errors ere
not systematically addressed, e.g.,’ cockpit design, pilot workload,
environmental conditions. ' _

Data Characteristics

° ASRS: ASRS data on inflight emergencies does not contain
sutllcient information for determining contributing human factors in
these incidents.

° Data Base O%ﬁox\se Computerized safety data bases are not
structured to facilitate analysis of human factors data.

o E e Data: The relative criticality of flight conditions and
eergorrnanee problems cannot be determined because of insufficient
exposure data, e.g., reliable and representative data on pilot flying
-time under various conditions are not availadble.,

o Application of Result Currently there are no established
procedures whereby the results of accident investigations can
influence system design efforts and whereby suspected human
factors problems in system designs can influence accident
investigation procedures. . :
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7.2

7.3
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8.0
8.1

HELICOPTER OPERATIONS
Termiml» Procedures )
' o Alreraft Mix: It is difficult to control and fly helicopters mixed

With the faster, fixed wing aircraft within the context of current
terminal procedures;

o  Vertical Obstructions: It is difficult for heliccpter pilots to see
vertical cbstructions near landing areas, such as antenna towers that
are illuminated for detection by conventional aireraft, but not for
detection by rotoreraft.

Cockpit Design

o  Standardization: Extreme lack of standardization of displays and
controls in hellcopters contribute to transfer of training problems
for helicopter pilots.

o Pilot Performance Data: There is insufficient pilot performance
data to permit develcpment of standardized guidelines for
helicopter displays and controls.

o Seats: -Anthropom.etric specifications for pilot seats to be used in
- Tellcopters are not available to cockpit designers.

Alr Traffic Control

o Radar Cluttec: Alr traffic controllers have difficulty identifying
hellccpters on their radar scopes because helicopter returns often
fall within radar clutter.

o Direction of Movement: Because of the nature of external lighting

on hellcopters, it IS often difficult for arrival controllers to
determine their direction of horizontal movement.

Helipad Design

° Low Altitude Navigation Aids: Design requirements (or heliports
are not well understood, particularly those for low altitude
navigation aids.

AIRPORTS AND FACILITIES

Surface Lighting and Signing
o Standardization: Runaway and taxiway signs and lights are not

D e E—— ———
standardized across airports and are difficult to see under conditions™
of restricted visibility. Often runways cannot be discriminated from. .

taxiways. .

o Geround Conditions: Information painted on the ground is lost in snow
and (og.
18
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US Deporment Transportaoon Kenaal Square

of Tronsporanon Sysierns Center Camonage. Massachusets (2142
Ressorchand - ' :

Special Progroms May 18, 1984

Dear G-10 Committee Member:

At the last committee meeting in Long Beach, I told you that the Transportation
Systems Center was developing a human factors research plan for the FAA, and that we
would like to obtain the endorsement of the committee for the plan. The first step in
obtaining this endorsement is to obtain committee approval of the list of issues that
will be addressed in the plan. Toward that end, we would like your response to the 30
issues described in the enclesed material.

These 30 safety issues were selected from a list of 371 items that were identified
through interviews with various members of the civil aviation community and a review
of the proceedings {rom the series of human factors workshops that was conducted by
the FAA a few years ago. We recognize that many important human factors issues
which could be addressed by the FAA are not included here. Because of limits in the
resources potentially available for new FY'8S research initiatives, we selected only &
few of the issues from the total set far near-term attention. With your assistance, we
will reduce this number to about 10 items which we will propose to the FAA for
inclusion in their FY'84 research and development plan. )

To identify the 30 safety issues we rated each of the 371 items as high, medium, or low
regarding the following characteristies: )

SFlight Safetv - Current influence of the issue on crash probability, and the
potential impact of a solution on that influence;

*Promotion of Aviation = The degree to which addressing the issue would advance
aviation technology and the popularity of flying in this
country;

‘simportance - The apparent significance of the issue as reflected by the
attention it is currently receiving in technieal reports and
in discussion among members of the aviation community;

Commonality - Commonness of the issue throughout the aviation
community; °

FAA Relevance - Degree to which work on the issue would support current

FAA activities; R

Near-Term Pay Off - Potential for work on the issue to produce implementable
results within two or three years; and



Peasibility - Feasibility of implementing products of research once
completed, and the likely impact of that implementation
on flight safety and on the promotion of aviation.

When comparing the ratings given the 371 safety issues, we placed special emphasis on
ratings that they received regarding the three starred characteristics.

Regarding the enclosed list, please do the following:
1. Rank the items in the list according to their importance to civil aviation;

2. Indicate your rankings by writing a number from 1 to 30 next to each safety
fssue, and

3. Return the material with your comments to me at the G-10 committee
meeting on the 24th of May, or send it to me no later than the 11th of June
at the following address:

Dr. M. Stephen Huntley, Jr.
DTS=45

Transportation Systems Center
Kendall Square

Cambridge, MA 02142

" Tel. = (617) 494-2339
"FTS - 837-2339

We probably will include the safety issues that are ranked in the top ten in our FAA
human factors research plan. As soon as we have a draft version of the plan, it will be
presented to the committee for the review and comment of its members.

Thank you for your time, attention, and effort. Please contact me if you have any
questions regarding the list,

Sincerely,

Mg i

M. Stephen Hunt[zey, Jr., Ph.D.
Engineering Psychalogist



HUMAN PERFORMANCE SAFETY ISSUES

A. Cockpit Information, Equipment Design, and Certification

(1)

(2)

(3)

(%)

(5)

(6)

)

(8)

(9

(10)

Automation - Automation and modernization of the NAS gust not
adversely affect pilot workload. Adequate human factors
engineering must be included in the design of advanced techonolgy
cockpits.

Manual Reversion - When operating automated systems, the pilot must
have adequate information to safely revert to manual control.

Information Requirements - The information required for monitoring
automated flight and for manual control must be determined and the
difference in these requirements must be identified.

Human Factors Certification Criteriae~ The FAA must clearly define
the certification criteria for advanced technoleogy cockpits.

Stan&ardized Information Presentatioﬁ « Studies are required to
deternine the best formats for display presentations and to
establish formating standards.

Rotoreraft - Display and Control Standardization - Standards are
required which permit IFR flight within acceptable levels of

worklead.

Keyboard Entry Devices - Establish a program to avoid equipment
designs which are susceptible to human error.

Voice Actuated Systems - Performance guidelines and criteria for
applying voice activated control systems in the cockpit are
required.

Digital Software - Valid criteria for certifying digital software
for use in airborn systems must be developed.

Data Link = Guidelines for the presentation of data link
information must be developed to minimize pilot workload and to
ansure the timely transfer of information to the cockpit. An
impact assessment on the loss of the "party .line" an pilot
performance and flight safety is required.



(11)

New Technology Applied to Safety - The use of new technology to
attain higher levels of safety through accident prevention.

Operatidns, Procedures, Training, Selection, and Airmen Certification.

(12)

(13)

(18)

(15)

(18)

(17)

(18)

(19)

(20)

121)

(22)

(23)

Simulator Fidelity Criteria - The relationship between simulator
fidelity and credit for training needs to be determined.

Simple Simulators - The role of the inexpensive simulator in pilot
training needs to de determined.

Performance Feedback in Simulation - The influence of performance
feedback during simulation training needs %o be determined.

"Pilot Proficiency/Automated Systems - The training required to

retain manual flight control proficiency of pilots using automated
flight systems needs to be determined.

LOFT - Use for cockpit management tralning and to identify human

_ performance safety issues.

Judgement Training - What is the influence of judgement tralning
on pilot decision making? What are the effective applications of
this traiaing? :

Weather callection/Dissemination = Determine if the weather data
to be provided dy the developing NAS will meet the pilats’
requiregents,

Simolify FARs - Reduce the regulatory burden and regulatory
conflicts.

Economic Stress on Training - Assess the impact of economics on
the quality of training.

Approach Charts - Determine the usefulness of a prioritized
infermafion approach chart format for manual and automatad
information presentation applications.

Fatizue- Determine the effects of fatigue on crew interacticas
and develop countermeasurss for adverse eflects.

Workload - Develop a baseline workload assessment aethodology.



2. Maintenance .
(24) Update FARIU7 - Required trainins curricula should reflect the

advance that have been made in aircraft design. |
(25) AsP Licensing - Assess adequacy of present licensing procedure.

(26) Testing Procedure = Testing should evaluate the applicants problem
solving abiligy as well as conceptual understanding. It should
not be limited to measuring rote memory capability,

3. Data Acquisition and Analysis
(27) Pilot Error - Develop methcds for determining the why of pilot
error.

(28) Non-Fatal Accidents - Criteria for human error analyses of non-
fatal accidents are needed.

(29) ASRS = ASRS should be used to identify human performance safety
issues.

(30) In Flight Data - Establish procedures, accéptable to the 1ﬁduatry,
to identify automated systems incompatibility, so that designers
can avoid future confliets. What is s working well and why.
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G-10 RANKING RESULTS
(EP 15 ITEMS OUT OF 30)

AUTOMATION

o Pilot Workload - To ensure that modernization of the NAS and cockpit
designs does increase pilot workload.

o Manual Reversion - Develop design philosophies and criteria for future
automated systems that will facilitate reversion to manual operation when
required.

o Data Entry - Reduce operator error when using digital data input devices
in the cockpit.

o Pilot Proficiency - Identify the extent to which automation causes
degradation of pilot skills. If warranted, determine the necessary
corrective measures.

COCKPIT INFORMATION REQUIREMENTS

o Monitoring Automation - Determine pilot information requirements for
monitoring automated systems.

o Weather - [dentify weather information required by pilots and compare
with that to be supplied in the developing NAS.

COCKPIT INFORMATION FORMATTING

o Data Link - Develop guidelines for the formatting and presentation of
information transinitted to the pilot. ‘

- o Cockpit Displays - Develop standards for the structure, formatting, and :
presentation of flight system and navigation information in ‘advanced-
cockpits.



o Maps, Charts, and Procedures - Develop human performance criteria for
evaluating the design of maps, charts, and procedures.

o Cockpit Certification - Develop certification criteria for edvanced
technology cockpits, which are based upon objective measures of crew
performance. )

WORKLOAD

o Alirerew Workload Messurement - Develop an objective and quantifiable
method of measuring aircrew workload.

PILOT ERROR

o Causes - Determine why pilots make the errors that they do and develop
countermeasures where feasible. Determination methods to be considered
for this purpose include: S

- Human error analysis of non-fatal accidents; and
- Collection of in-flight data to determine why some cockpit systems
are operated error free and others not.

ROTOR CRAFT

o Displays and Control Standardization - Develop standard guidelines and
criteria based upon objective and quantitative measures of human
performance for designing advanced technology helicopter displays and
controls.
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NATIONAL TRANSPORTATION SAFETY BOARD
CREW COORDINATION
RECOMMENDATION: A-84-043

DATE OF ACCIDENT: May S5, 1983
ACCIDENT CITY: MIAMI
ACCIDENT STATE: FL

REPORT NUMBER: AAR=-84-04

ACCIDENT SYNOPSIS:

ON MAY 5, 1983, EASTERN AIR LINES FLIGHT 855, A LOCKHEED
L-1011 AIRPLANE, N334EA, WAS EN ROUTE FROM MIAMI, FLORIDA,
TO NASSAU, GRAND BAHAMA ISLAND, WHEN THE FLIGHTCREW NOTED A
LOSS OF OIL PRESSURE ON THE NO. 2 ENGINE AND SBUT IT DOWN.
RATHER THAN CONTINUE THE DESCENT TO NASSAU, WHICH WAS ABOUT .
S0 NAUTICAL MILES AWAY, TEE CAPTAIN DECIDED TO RETURN TO
MIAMI BECAUSE OF BETTER WEATHER AND TERMINAL APPROACH AIDS
THERE. HOWEVER, AFTER THE AIRPLANE'S COURSE WAS REVERSED
AND LEVELED AT 16,000 FEET, THE NO. 3 ENGINE FLAMED OUT.
ABOUT 5 MINUTES LATER, THE NO. 1 ENGINE FLAMED OUT. WITH
NONE OF THE AIRPLANE'S ENGINES OPERATING, THE FLIGHTCREW
BEGAN A DESCENT TO MAXIMIZE THE GLIDE DISTANCE, AND BEGAN
EFFORTS TO RESTART THE NO. 2 ENGINE. AT THE SAME TIME, THE
FLIGHTCREW CONSIDERED IT PROBABLE THAT THEY WOULD BE FORCED
TO-DITCH THE AIRPLANE. THE FLIGHT ENGINEER TOLD THE SENIOR
FLIGHT ATTENDANT TO PREPARE THE CABIN FOR DITCHING. AFTER .
DESCENDING ABOUT 11,000 FEET, THE FLIGHTCREW SUCCEEDED IN
RESTARTING THE NO., 2 ENGINE AND SUBSEQUENTLY LANDED THE
AIRPLANE SAFELY IN MIAMI. THERE WERE NO INJURIES TO THE 162
PASSENGERS AND 10 CREWMEMBERS.

LOG NUMBER: 1682
RECOMMENDATION NUMBER: A~-84-043
DATE OF ISSUE: May 7, 1984
, NTSB STATUS: OPEN = RESPONSE RECEIVED
RECOMMENDATION: .

THE NTSB RECOMMENDS THAT EASTERN AIR LINES: REVIEW AND MODIFY

AS NEEDED, ITS FLIGHT MANUALS, FLIGHT ATTENDANT MANUALS, AND
TRAINING PROGRAMS TO ASSURE COMPATIBILITY OF EMERGENCY PROCEDURES
AND CHECKLISTS, AND TO REQUIRE JOINT COCKPIT AND CABIN CREW TRAINING
WITHE RESPECT TO EMERGENCY PROCEDURES; SPECIFIC ATTENTION SBOULD BE
GIVEN TO_CONDUCTING PERIODIC EMERGENCY DRILLS IN WHICH COCKPIT/CABIN
CREW COORDINATION AND COMMUNICATION ARE PRACTICED AND PASSENGER
BRIEFINGS ARE SIMULATED REGARDING EVENTS THAT MAY BE EXPECTED DURING
SUCH EMERGENCIES.



NATIONAL TRANSPORTATION SAFETY BOARD
RECOMMENDATION: A-84-076
CREW COORDINATION

DATE OF ACCIDENT: June 2, 1983 .
ACCIDENT CITY: CINCINNATI

ACCIDENT STATE: OH

REPORT NUMBER: -AAR~-84-09

'ACCIDENT SYNOPSIS:

THE NATIONAL TRANSPORTATION SAFETY BOARD HAS COMPLETED ITS
INVESTIGATION OF THE ACCIDENT INVOLVING AIR CANADA FLIGHT
797, WHICH OCCURRED ON JUNE 2, 1983, WHEN AN IN-FLIGHT FIRE

FORCED THE FLIGETCREW OF THE MCDONNELL DOUGLAS DC-9 AIRPLANE .

TO MAKE AN EMERGENCY LANDING AT THE GREATER CINCINNATI
AIRPORT. UPON LANDING, A FLASH FIRE CCCURRED IN THE CABIN.
THE PIVE CREWMEMBERS AND 18 PASSENGERS WERE ABLE TO EVACUATE
THE BURNING CABIN; THE REMAINING 23 PASSENGERS DIED IN THE
FIRE. THE SAFETY BOARD'S INVESTIGATION HAS DETERMINED THAT
THE PIRE PROPAGATED THROUGH THE AIRPLANE'S LEFT REAR
LAVATORY, BUT WAS UNABLE.TO IDENTIFY POSITIVELY THE SOURCE
OF IGNITION. THE SAFETY BOARD WAS NOT ABLE TO DETERMINE THE
EXTENT TO WHICH THE PLIGHTCREW'S DELAY IN INITIATING AN ‘
EMERGENCY DESCENT FOR LANDING CONTRIBUTED TO THE ACCIDENT AT
STANDIFORD PIELD, LOUISVILLE, KENTUCKY, ABOUT 3 TO 5 MINUTES
SOONER THAN THE LANDING AT CINCINNATI. THE SHORTENED
EXPOSURE TIME OF THE PASSENGERS TO THE TOXIC ENVIRONMENT IN
THE CABIN WOULD UNDOUBTEDLY HAVE MEANT LESS DEGRADATION OF
THEIR PHYSICAL AND MENTAL CAPACITY AND WOULD HAVE ENHANCED
THEIR CHANCES OF SUCCESSFULLY LEAVING THE CABIN BEFORE IT
WAS CONSUMED BY FIRE.

LOG NUMBER: 1706
RECOMMENDATION NUMBER: A-84-076
DATE OF ISSUE: July 12, 1984

NTSB STATUS: OPEN - RESPONSE RECEIVED



RECOMMENDATION :

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:
REQUIRE THAT AIR CARRIER PRINCIPAL OPERATIONS INSPECTORS REVIEW
THE TRAINING PROGRAMS OF THEIR RESPECTIVE CARRIERS AND IF
NECESSARY SPECIFY THAT THEY BE AMENDED TO EMPHASIZE REQUIREMENTS:

FOR FLIGHTCREWS TO TAKE IMMEDIATE AND AGGRESSIVE ACTION
TO DETERMINE THE SOURCE AND SEVERITY OF ANY REPORTED
CABIN FIRE AND TO BEGIN AN EMERGENCY DESCENT FOR LANDING
OR DITCHING IF THE SOURCE AND SEVERITY OF THE FIRE ARE
NOT POSITIVELY AND QUICKLY DETERMINED OR IF IMMEDIATE
EXTINCTION IS NOT ASSURED.

FOR FLIGHT ATTENDANTS TO RECOGNIZE THE URGENCY OF INFORM-
ING FLIGHTCREWS OF THE LOCATION, SOURCE, AND SEVERITY OF
ANY FIRE OR SMOKE WITHIN TBE CABIN.

FOR BOTH FLIGHTCREWS AND FLIGHT ATTENDANTS TO BE KNOW-
LEDGABLE OF THE PROPER METHODS OF AGGRESSIVELY ATTACKING
A CABIN FIRE BY INCLUDING HANDS-ON-TRAINING IN THE.
DONNING OF PROTECTIVE BREATHING EQUIPMENT, THE USE OF THE
FIRE AX TO GAIN ACCESS TO THE SOURCE OF THE FIRE THROUGH
INTERIOR PANELS WHICH CAN BE PENETRATED WITHOUT RISK T0
ESSENTIAL AIRCRAFT COMPONENTS, AND THE DISCHARGE OF AN
APPROPRIATE HAND FIRE EXTINGUISHER ON AN ACTUAL FIRE.



NATIONAL TRANSPORTATION SAFETY BOARD
PILOT INFORMATION REQUIREMENTS

SPECIAL STUDY NUMBER: AAR-82-15,SIR83
DATE OF SPECIAL STUDY: January 23, 1982

SPECIAL STUDY SYNOPSIS:

ON JANUARY 23, 1982, WORLD AIRWAYS, INC., FLIGHT 30H, A
MCDONNELL DOUGLAS DC-10-30, WAS A REGULARLY SCHEDULED
PASSENGER PLIGHT FROM OAKLAND, CALIFORNIA, TO BOSTON,
MASSACHUSETTS, WITH AN EN ROUTE STOP AT NEWARK, NEW JERSEY,
FOLLOWING A NONPRECISION INSTRUMENT APPROACH TO RUNWAY 1SR

AT BOSTON-LOGAN INTERNATIONAL AIRPORT, THE AIRPLANE TOUCHED
- DOWN ABOUT 2,500 FEET BEYOND THE DISPLACED THRESHOLD OF THE
RUNWAY, LEAVING 6,691 FPEET REMAINING ON WHICH TO STOP.
ABOUT 1936:40, THE AIRPLANE VEERED TO AVOID THE APPROACH
LIGHT PIER AT THE DEPARTURE END OF THE RUNWAY AND SLID INTO
THE SHALLOW WATER OF BOSTON HARBOR. THE NOSE SECTION
SEPARATED FROM THE FORWARD FUSELAGE AFTER THE AIRPLANE
DROPPED ONTO THE SHORE EMBANKMENT. OF THE 212 PERSONS ON
BOARD, 2 ARE MISSING AND PRESUMED DEAD. THE OTHERS
EVACUATED THE AIRPLANE SAFELY, BUT WITH SOME INJURIES. THE
REPORTED WEATHER WAS A MEASURED 800-~-FOOT QVERCAST, 2 l/2
MILE VISIBILITY, LIGHT RAIN AND FOG, TEMPERATURE 35 DEGREES,
AND WIND 165 DEGREES AT 3 KNS. THE WET RUNWAY WAS COVERED
WITH BARD~-PACKED SNOW AND A COATING OF RAIN AND/OR GLAZED
ICE.

LOG NUMBER: 1530

RECOMMENDATION NUMBER: A-82-157

DATE OF ISSUE: December 23, 1982

NTSB STATUS: CLOSED - ACCEPTABLE ACTION
RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:
AMEND AIR TRAFFIC CONTROL PROCEDURES TO REQUIRE THAT CONTROLLERS
DISSEMINATE "POOR"™ AND "NIL" BRAKING ACTION REPORTS PROMPTLY TO
AIRPORT MANAGEMENT AND TO ALL DEPARTING AND ARRIVING FLIGHTS UNTIL
AIRPORT MANAGEMENT REPORTS THAT THE BRAKING ACTION IS "GOOD".



'LOG NUMBER: 1530
RECOMMENDATION NUMBER: A-82-158.

DATE OF ISSUE: December 23, 1982
NTSB STATUS: CLOSED - ACCEPTABLE ACTION
RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:
STRESS IN INITIAL AND RECURRENT AIR TRAFFIC CONTROLLER TRAINING
PROGRAMS, THE IMPORTANCE OF TRANSMITTING ALL KNOWN CONTAMINATED
RUNWAY CONDITION INFORMATION TO DEPARTING AND ARRIVING FLIGHTS,
THAT A "FAIR™ OR "POOR" BRAKING REPORT FROM A PILOT MAY INDICATE
CONDITIONS WHICH ARE HAZARDOUS FOR A HEAVIER AIRPLANE, AND THAT
DEPARTING AND ARRIVING PILOTS SHOULD BE INFORMED WHEN NO RECENT
LANDING BY A COMPARABLE AIRPLANE HAS BEEN MADE.

LOG NUMBER: 1530

RECOMMENDATION NUMBER: A-82-159

DATE OF ISSUE: December 23, 1982

NTSB STATUS: CLOSED - ACCEPTABLE ACTION
RECOMMENDATION: .-

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:

AMEND AIR TRAFFIC CONTROL PROCEDURES TO REQUIRE THAT AUTOMATIC
TERMINAL INFORMATION SERVICE (ATIS) BROADCASTS: (1) BE UPDATED
PROMPTLY AFTER RECEIPT OF REPORTS OF BRAKING CONDITIONS WORSE THAN
THOSE REPORTED IN THE CURRENT BROADCAST, AND (2) WHEN CONDITIONS ARE
CONDUCIVE TO DETERIORATING BRAKING ACTION, INCLUDE A STATEMENT THAT
BRAKING ACTION ADVISORIES ARE IN EFFECT. ’

LOG NUMBER: 1530

RECOMMENDATION NUMBER: A-82-160 .

DATE OF ISSUE: December 23, 1982

NTSB STATUS: ‘CLOSED -~ ACCEPTABLE ACTION
RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:

AT SUCH TIME AS AIR TRAFFIC CONTROL PROCEDURES ARE AMENDED TO

REQUIRE AUTOMATIC TERMINAL INFORMATION SERVICE (ATIS) BROADCASTS

TO BE MODIFIED, AMEND THE AIRMAN'S INFORMATION MANUAL TO ALERT PILOTS
THAT WHEN ADVISED ON ATIS THAT BRAKING ACTION ADVISORIES ARE IN

EFFECT THEY SHOULD BE PREPARED FOR DETERIORATING BRAKING CONDITIONS,
THAT THEY SHOULD REQUEST CURRENT RUNWAY CONDITION INFORMATION IF NOT
VOLUNTEERED BY CONTROLLERS, AND THAT THEY SHOULD BE PREPARED TO PROVIDE
A DESCRIPTIVE RUNWAY CONDITION REPORT TO CONTROLLERS AFTER LANDING.



LOG NUMBER: 1530

RECOMMENDATION NUMBER: A-82-161

DATE QOF ISSUE: December 23, 1982 .
NTSB STATUS: OPEN - ACCEPTABLE ACTION

RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE PEDERAL AVIATION ADMINISTRA-
TION: REQUIRE THAT AIR CARRIER PRINCIPAL OPERATIONS
INSPECTORS REVIEW THE OPERATING PROCEDURES AND ADVISORY
INFORMATION PROVIDED TO FLIGHETCREWS FOR LANDING ON SLIPPERY
RUNWAYS TO VERIFY THAT THE PROCEDURES AND INFORMATION ARE
CONSISTENT WITH PROVIDING MINIMUM AIRPLANE STOPPING

DISTANCE.

LOG NUMBER: 1530

RECOMMENDATION NUMBER: A-82-163

DATE OF ISSUE: December 23, 1982

NTSB STATUS: OPEN - UNACCEPTABLE ACTION
RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:

AMEND 14 CFR 25.107, 25,111, AND 25.113 TO REQUIRE THAT MANUFACTURERS

OF TRANSPORT CATEGORY AIRPLANES PROVIDE SUFFICIENT DATA FOR OPERATORS

TO0 DETERMINE THE LOWEST DECISION SPEED (V1) FOR AIRPLANE TAKEOFF

WEIGHT, AMBIENT CONDITIONS, AND DEPARTURE RUNWAY LENGTH WHICH WILL

COMPLY WITH EXISTING TAKEOFF CRITERIA IN THE EVENT OF AN ENGINE POWER
LOSS AT OR AFTER REACHING V1.

LOG NUMEER: 15390

RECOMMENDATION NUMBER: A-82-164

DATE OF ISSUE: - December 23, 1982

NTSB STATUS: QPEN - UNACCEPTABLE ACTION
RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:

AMEND 14 CFR 121.189 AND 14 CFR 135.379 TO REQUIRE THAT OPERATORS OF
TURBINE ENGINE-POWERED, LARGE TRANSPORT CATEGORY AIRPLANES PROVIDE
FLIGHTCREWS WITH DATA FROM WHICH THE LOWEST V1 SPEED COMPLYING WITH
SPECIFIED TAKEQFF CRITERIA CAN BE DETERMINED.

5

)



LOG NUMBER: 1530 _ ) .
RECOMMENDATION NUMBER: A-82-168

DATE OF ISSUE: December 23, 1982
NTSB STATUS: OPEN - ACCEPTABLE ACTION
RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:

IN COORDINATION WITH THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION,
EXPAND THE CURRENT RESEARCH PROGRAM TO EVALUATE RUNWAY FRICTION
MEASURING DEVICES WHICH CORRELATE FRICTION MEASUREMENTS WITH AIRPLANE
STOPPING PERFORMANCE TO EXAMINE THE USE OF AIRPLANE SYSTEMS SUCH AS
ANTISKID BRAKE AND INERTIAL NAVIGATION SYSTEMS TO CALCULATE AND DISPLAY
IN THE COCKPIT MEASUREMENTS OF ACTUAL EFFECTIVE BRAKING COEFFICIENTS
ATTAINED.



NATIONAL TRANSPORTATION SAFETY BOARD
ROTORCRAFT DISPLAYS AND CONTROLS
RECOMMENDATION: A-78-023

DATE OF ACCIDENT: : March 11, 1977
ACCIDENT CITY: COLDFOOT
ACCIDENT STATE: AR

REPORT NUMBER:
ACCIDENT SYNOPSIS:

ON MARCH 11, 1977, AN AEROSPATIALE SA-318C ALLOUETTE II
HELICOPTER WAS INVOLVED IN AN ACCIDENT NEAR COLDFOQOT,
ALASKA. THE NATIONAL TRANSPORTATION SAFETY EOARD'S
INVESTIGATION OF THE ACCIDENT REVEALED A DESIGN FEATURE
OF THE CYCLIC GRIP WHICH MAY COMPROMISE A PILOT'S ABILITY
TO HANDLE CERTAIN EMERGENCY SITUATIONS.

LOG NUMBER: 0836 ' .

RECOMMENDATION NUMBER: A-78-023
DATE OFP ISSUE: April 13, 1978 .
NTSB STATUS: OPEN -~ ACCEPTABLE ACTION

RECOMMENDATION NUMBER:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:

EXPAND ITS PROPOSED RESEARCH PLANS ON "COCKPIT HUMAN FACTORS PROBLEMS,"
PARTICULARLY IN THE AREA OF HUMAN CAPABILITIES AND LIMITATIONS AND
DISPLAYS AND CONTROLS, TO INCLUDE PROBLEMS PECULIAR TO BELICOPTER
CONTROLS AND DISPLAYS,



NATIONAL TRANSPORTATION SAFETY BOARD
APPROACH CHARTS
RECOMMENDATION: A-84-82

DATE OF ACCIDENT: March 8, 1984
ACCIDENT CITY: ROSSLYN
ACCIDENT STATE: Va

REPORT NUMBER:
ACCIDENT SYNOPSIS:

BETWEEN 4 P.M. AND 5 P.M. ON MARCH 8, 1984, THE NATIONAL
TRANSPORTATION SAFETY BOARD RECEIVED SEVERAL TELEPHONE CALLS
FROM WITNESSES WHO HAD OBSERVED AIRCRAFT FLYING CLOSE TO
TALL BUILDINGS LOCATED IN THE ROSSLYN, VIRGINIA, AREA.

THESE AIRCRAFPT WERE CONDUCTING APPROACHES TO LAND AT
WASHINGTON NATIONAL AIRPORT, WASHINGTON, D.C. THE WITNESSES
WERE IOCATED ON THE GROUND AND IN THE BUILDING AT 1000
WILSON BOULEVARD. AS A RESULT OF THE REPORTS AND BECAUSE OF
PREVIOUS SIMILAR INCIDENTS INVESTIGATED BY THE SAFETY BOARD,
THE SAFETY BOARD CONDUCTED A COMPREHENSIVE INVESTIGATION OF
THE INCIDENTS. GROUND WITNESSES, FLIGHTCREWS, AND AIR
TRAFFIC CONTROLLERS WERE INTERVIEWED, FLIGHT DATA RECORDERS
(FDR) FROM INVOLVED AIRCRAFT WERE READ OUT, AND RECORDED
RADAR DATA WERE PLOTTED. AN ANALYSIS OF THIS INFORMATION
HAS UNCOVERED SEVERAL SAFETY HAZARDS WHICH WARRANT CORREC-
TIVE ACTION BY THE FAA. THESE INVOLVE THE INTERPRETATION OF
DESCENT PROFILE ALTITUDE RESTRICTIONS ON INSTRUMENT APPROACH
PROCEDURE CHARTS, EFFECTIVENESS OF THE MINIMUM SAFE ALTITUDE
WARNING SYSTEM (MSAW), AND AIR TRAFFIC CONTROLLER PROCEDURES
FOR ISSUING SAFETY ADVISORIES TO AIRCRAFT.

LOG NUMBER: " 1688
RECOMMENDATION NUMBER: A-84-082

DATE OF ISSUE: August 13, 1984
NTSB STATUS: OPEN - AWAIT REPLY
RECOMMENDATION::

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:
PRESCRIBE STANDARDIZED ALTITUDE SYMBOLOGY TO BE USED IN THE PROFILE
VIEW OF APPROACH PROCEDURE CHARTS.



, NATIONAL TRANSPORTATION SAFETY BOARD
HUMAN PERFORMANCE
RECOMMENDATION: A-82-091

DATE OF ACCIDENT: January 20, 1981
ACCIDENT CITY: SPOKANE :
ACCIDENT STATE: WA

REPORT NUMBER:
ACCIDENT SYNOPSIS:

ON JANUARY 20, 1981, A CASCADE AIRWAYS, INC. BEECH 99A
AIRCRAFT EN ROUTE FROM MOSES LAKE, WASHINGTON, TO SPOKANE,
WASHINGTON, CRASHED ABOUT 4.5 MILES SOUTEWEST OF SPQKANE
INTERNATIONAL AIRPORT. THBE ACCIDENT OCCURRED WHILE THE
PILOT WAS MAKING A LOCALIZER INSTRUMENT APPROACH TO RUNWAY
3. SEVEN PERSONS INCLUDING THE PLIGHTCREW WERE KILLED, AND
TWO PASSNEGERS WERE INJURED SERIOQUSLY.

LOG NUMBER: 1487

RECOMMENDATION NUMBER: A-82-091

DATE OF ISSUE: . August 18, 1982

NTSB STATUS: OPEN - ACCEPTABLE ACTION
RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:
ESTABLISH FORMAL HUMAN PERFORMANCE CRITERIA FOR THE
DEVELOPMENT AND EVALUATION OF INSTRUMENT APPROACH PROCEDURES
AND INSTRUMENT APPROACH CHARTS. ’



_NATIONAL TRANSPORTATION SAFETY BOARD
APPROACH CHARTS
RECOMMENDATION: A-81-034

DATE OF ACCIDENT: October 24, 1980
ACCIDENT CITY: GAINESVILLE
ACCIDENT STATE: PL

REPORT NUMBER:
ACCIDENT SYNOPSIS:

ON OCTOBER 24, 1980, A BEECHCRAFT BE-18S, N65V, CRASHED
AND BURNED AFTER STRIKING A TELEVISION ANTENNA TOWER
WHILE EXECUTING A MISSED APPROACH FROM THE GAINESVILLE,
FLORIDA, REGIONAL AIRPORT. ALL THREE OCCUPANTS OF THE
AIRCRAFT WERE KILLED. THE PILOT OF THE AIRCRAFT HAD
BEEN CONDUCTING AN INSTRUMENT LANDING SYSTEM (ILS)
APPROACH IN POOR WEATHER CONDITIONS JUST BEFORE

THE ACCIDENT OCCURRED. WHEN THE PILOT REPORTED THAT
HE HAD MISSED THE APPROACH, THE AIR TRAFFIC

CONTROLLER ADVISED HIM TO EXECUTE THE PUBLISHED

MISSED APPROACH PROCEDURES. SHORTLY THEREAFTER, THE
PILOT REPORTED THEAT N65V HAD IOST AN ENGINE. THE
AIRCRAFT PROCEEDED STRAIGHT OUT ON A NEAR-CENTERLINE
COURSE (280 DEGREE MAGNETIC) FROM THE END OF THE .
RUNWAY- 28, TEE ILS RUNWAY, UNTIL COLLIDING WITH THE
ANTENNA TOWER, WHICH WAS APPROXIMATELY 5.2 NAUTICAL
MILES FROM THE AIRPORT.

LOG NUMBER: 1254
RECOMMENDATION NUMBER: A-81-034
DATE OF ISSUE: March 30, 1981

’

NTSB STATUS: OPEN-- ACCEPTABLE ACTION

RECOMMENDATION :

THE NTSB RECOMMENDS THAT THE INTER-AGENCY AIR CARTOGRAPHIC
COMMITTEE: TAKE STEPS TO AMEND ALL APPROPRIATE NOS APPROACH
CHARTS TO DEPICT THE MISSED APPROACH TRACK WITH A CURVED ARROW
IN THE DIRECTION OF THE REQUIRED TURN, REGARDLESS OF WHERE THE
TURN BEGINS. THESE CHANGES SHOULD BE ACCOMPLISHED ALONG WITH
ROUTINE AMENDMENTS RESULTING FROM PERIODIC REVIEWS.



NATIONAL TRANSPORTATION SAFETY BOARD
APPROACH CHARTS
RECOMMENDATION: A-80-060

DATE OF ACCIDENT: October 31, 1979
ACCIDENT CITY: MEXICO CITY
ACCIDENT STATE: MEX

REPORT NUMBER:
ACCIDENT SYNOPSIS:

ON OCTOBER 31, 1979, WESTERN AIRLINES, INC., MCDONNELL
DOUGLAS DC-10-10, N-903WA, CRASHED AT MEXICO CITY
INTERNATIONAL AIRPORT, MEXICO. ALTHOUGH THE AIRCRAFT
WAS CLEARED TO LAND BY MEANS OF A SIDESTEP MANEUVER

ON RUNWAY 23R, THE CREW CONTINUED THE APPROACH TO
RUNWAY 23L, WHICH HAD BEEN CLOSED FOR REPAIRS. THE
AIRCRAFT STRUCK HEAVY EQUIPMENT ON RUNWAY 23L AS THE
CREW ATTEMPTED TO EXECUTE A MISSED APPROACH. OF THE 76
PASSENGERS AND 13 CREWMEMBERS ABOARD, 61 PASSENGERS AND
11 CREWMEMBERS WERE FATALLY INJURED, 13 PASSENGERS AND
2 CREWMEMBERS WERE SERIOUSLY INJURED. ONE PERSON ON
THE GROUND WAS FATALLY INJURED.

LOG NUMBER: 1149

RECOMMENDATION NUMEER: A-80-060

DATE OF ISSUE: July 14, 1980

NTSB STATUS: OPEN - ACCEPTABLE ALTERNATE ACTION
RECOMMENDATION :

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION:

PUBLISH AN ADVISORY CIRCULAR, OR AMEND AN EXISTING ADVISORY

CIRCULAR, TO DISSEMINATE INFORMATION ON THE SIDESTEP MANEUVER
PROCEDURES, TERMINAL ATC COMMUNICATION PROCEDURES, RADAR SEPARATION
AND EQUIPMENT REQUIREMENTS, AND LANDING MINIMA APPLICABLE TO THE USE -
OF THE .SIDESTEP MANEUVER BY AMERICAN AIR CARRIERS AT BOTH DOMESTIC

AND FOREIGN AIRPORTS.



. NATIONAL TRANSPORTATION SAFETY BOARD
APPROACH CHARTS
RECOMMENDATION: A-80-051

DATE OF ACCIDENT:
ACCIDENT CITY:
ACCIDENT STATE:
REPORT NUMBER:

ACCIDENT SYNOPSIS:

A SAFETY BOARD REVIEW OF 14 CFR 91.23 (FUEL REQUIREMENTS
FPOR FLIGHT IN IFR CONDITIONS) AND 91.83 (FLIGHT PLAN;
INFORMATION REQUIRED) HAS REVEALED A DISPARITY WITH
RESPECT TO THE REQUIREMENT THAT A PILOT FILE FOR AN
ALTERNATE AIRPORT IN A FLIGHT PLAN. THE REGULATIONS
STATE THAT A PILOT IS NOT REQUIRED TO FILE FOR AN
ALTERNATE AIRPORT ON AN INSTRUMENT FLIGHT RULES (IFR)
FLIGHT PLAN IF THE FORECAST WEATHER AT THE INTENDED
DESTINATION AIRPORT, FOR A PERIOD OF 1 HOUR BEFORE T0 1
HOUR AFTER THE ESTIMATED LANDING TIME, INDICATED A
CEILING OF 2,000 FEET ABOVE THE AIRPORT AND VISIBILITY
OF 3 MILES. THUS, IF THE INTENDED DESTINATION CEILING
IS 2,000 FEET, THE CURRENT REGULATIONS DO NOT REQUIRE
THAT PILOTS FLYING INTO THESE AIRPORTS FILE FOR AN
ALTERNATE DESTINATION WHEN THE WEATHER IS BELOW APPROACH
MINIMUMS. ALTBOUGH THIS SITUATION HAS NOT CONTRIBUTED
TO AN ACCIDENT, THE SAFETY BOARD BELIEVES THAT THE
HAZARD POTENTIAL IS SUFFICIENT TO WARRANT CORRECTIVE
MEASURES TO ALERT PILOTS TO THE DISPARITY IN THESE
REGULATIONS.

LOG NUMBER: 1167

RECOMMENDATION NUMBER: A-80-051

DATE OF ISSUE: June 30, 1980

NTSB STATUS: OPEN = ACCEPTABLE ACTION
RECOMMENDATION:

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINIS-
TRATION: ALERT PILOTS TO THE DISPARITY BETWEEN THE
REQUIREMENTS OF 14 CFR 91.23 AND 91.83 AND THE APPROACH
MINIMUMS FOR CERTAIN HIGH ALTITUDE AIRPORTS, BY
PUBLISHING IN THE AIRMAN INFORMATION MANUAL AND ON
APPROPRIATE APPROVED APPROACH CHARTS A SPECIFIC .
REQUIREMENT TO FILE FOR AN ALTERNATE AIRPORT FOR THOSE
AIRPORTS WHERE APPROACE MINIMUMS ARE HIGHER THAN 2,000-
FEET ABOVE AIRPORT ELEVATION. '
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