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PREFACE

This technical report, entitted "Age 60 BRule Research, Part lil:
Consolidated Database Experiments Final Report,” is the third document in the
series of products from Hilton Systems resulting from a two year contract o
scientifically examine issues related to the Federai Aviation Admiinistration's
{FAA's) mandatory retirement regulations for pilots. The first report, entitied "Age
60 Rule Research, Part I: Bibliographic Database,” was published as an Office
of Aviation Medicine Technical Report (DOT/FAA/AM-94/20). The second report
was published as "Age 60 Rule Research, Part li: Airine Pilot Age and
Performance--A Review of the Scientific Literature” (DOT/FAA/AM-84/21).

The Federal Aviation Regulations (FARs), Part 121, prohibit individuals
from serving as captain or copilot (1st officer) of an aircraft in air carrier
operations i those persons have reached their 60th birihday. Commonly
referred to as the "Age 60 Rule”, the regulation was implemented in response to
conceins about the safety of aging pilots as the airline industry transitioned into
the jei age. Although the rule has withstood legal and legislative challenges,
little scientific evidence has been available to either support the rule or to guide
the FAA to an appropriate alternative.

In 1990, the FAA's Associate Administrator for Cedification and
Regulation (AVR-1), Mr. Anthony Broderick, reguested and sponsored a two
year research contract fo exarnine the relationship between age, experience,
and accident rates. The Civil Aeromedical Institute (CAMI) was assigned the
task of developing and monitoring the contract. In September 1990, the contract
was awarded to Hilton Systems Inc., of Cherry Hill, New Jersey. Hilton Systems
collaborated with Lehigh University faculty to supplement technical expertise.
The FAA requested that the contractor engage in a fresh, innovatir'e approach to
the issues involved in the Age 60 Rule. No direction was given by the FAA to
the contractor on whether the Agency desired to mainrtain a position either for or
against the rule.

This report was a major focus of the research project. Since 1983, a
primary source of the defense of the Age 60 Rule was a study by Richard
Golaszewski entitied “The Influence of Total Flight Time, Recent Flight Time and
Age on Pilot Accident Rates.” The purpose of *his phase of the contract was to
replicate and extend the analyses conducted in the Goiaszewski study, resolving
methodological problems in the process. T0 accomplish this, Hilton systems
integrated three existing data sources on a single computer platform: 1) the FAA
Airmen Centification file, 2) the FAA Medical Hisiory file, and 3) the National
Transportation Safety Board (NTSB) Accident data base. The integrated data,
the Censolidated Data Base (CDB), was a major project deliverabie and survives
the contract as a significant research toal. The CDB currently resides in the Civil
Aeromedical Institute’'s (CAM!} Accident {nvsstigation Research Section (AAM-
610).



The data in this report represent merely a selection from the myriad
analyses conducted by Hilton Systems to address the Age 60 issues. In total,
approximately 181 separate models of pilot age, accidents and flight time were
examined by Hilton in the course of preparation of this report. The analyses
which Hilton and Lehigh feit most directly addressed the Age 60 Ruie for Part
121 pilots are presented here.
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1.0 INTRODUCTION

il Background

Part 121 of the Federal Aviation Regulations (121.383c) contains =z
provision for mandatory retirement at age 60 of commercial airline pilots-in-command
and co-pilots. The Age 60 rule was estzblished in 1955 with the objective of reducing
aircraft accidents attributable to the effects of pilot aging., The rationale behing the rule
was that the increased speeds and passenger loads of commercial airliners placed
greater demands on pilots with respect to their physicz! fitness and piloting skills. In
addition, existing studies reinforced a belief thar progressive deterioration of
physiological and psychological functions reguiarly accompanied increasing age. Cther
studies raised the concern that sudden incapacifation could be brought on by such
events as heart attacks or strokes, which occur with greater frequency among older
members of the general population. Although not 2ll individuals experience eguivalent
age-related deterioration in health and performance, it was nevertheless concluded that
an age 60 limitation was prudent on the grounds that performance decrements could not
be reliably and objectively measured or predicted on an individual piiot basis.

In 1979, the U.S. Congress enacied P.L. 96-171, an Act to reguire 2 study
of the desirability of mandatory age retirement for certain pilots and for other purposes.
The legisiation required the Directer of the National Institut , of Health, in
consultation with the Secretary of Transportation, to conduct a study 1o determine the
effect of aging on the ability of individuals to perform the duties of pilots with the
highest level of safety. The National Institute on Aging was assigned the srimary
responsibility for implementing the legislation and formed an inter-institute commintes
to prepare the federally-mandated report. The committes decided in favor of awarding
2 contract to the Institute of Medicine (JOM) of the Naticnal Academy of Sciences to
provide an objective examination, summary, and assessment of existing scieatific
knowledge relevant to the questions posed in P.L. 96-171.

The National Insttute cn Aging established 2 Panel on the Experienced
Pilots Study in 1981 to asust in reviewing the IOM report (Insttute of Medicire,
1681). The panel held three public meetings 0 receive comments on the ICM repont
and to hear oral statements from several organizations. The panel was unable o
identify « medical or performance assessment system that could determine which pilots
would pose & safety hazard because of early or impending deterioration in heath or
performance. It recommended that the Age 60 rulc 2 retained, while at the seme tme
recominending that a systematic collection of medicz! and performance data be carried
out for future consideration of the Age 60 rule. This recommendatica formed the basis
for this project.



In 1990, Hilton Systems, Inc. {HSI) began a2 two-year contract o provide
support to the Civil Acromedical Instituie {CAMT) of the FAA for sdies of existing
data contained in several databases concerning aging and pilot performance. This
prosect included an exhaustve review of the scientific ltersture (Hyiand, Kay,
Deimier, & Gurman, 1952). A prncipal goal of the proiect was to develop a
Consolidated Database (CDB) from several pertinent FAL and NISB datsbases m
order to facilitate analyses that explore relationships between age and performance and
identify potential age-sensitive contributing factors. The CDB was designed to identify
and incorporate relevant pilot, medical, and accident data currently stored in several
dissimilar data files into 2 structured, organized form capable of supporting rigorous
data analysis,

12 Oojectives

The purpese of this study was to conduct stafistical znalysis on historical
data to investigate the relationship between pilot age and accident 7ates. Tae uiimate
long-term aim of the Age 60 Project was fo eahance avigtion safery by Increasing
understanding about the relationships among pilot age, expesience, and accident rates.

The specific aims of the project were:

. To consolidate the currently separate datzhases related o piot
certification: and aviation accidents and incidents.

. To use this consolidated datsbase to siafistically examine the
rejationships that exist among clvonoiogical age, accidents, and other
factors.

Althongh the study was primerily directed at pilofts who fly for FAR Pant

121 air carriers who are subject o the Age 50 Rule, additional anzlyses were conducied
for other categories of pilois io take advantage of ad iSors! dats availzble for sotive
pilots beyond the age of 60, and to further examine the influence of confounding
factors.

i.3 Constraints

The conclusions that could be drawn zbout the relationships among
chronological age and accident rates were constrzined by the kinds of data in the
existing databases. It is important 1o keep in mind that there were 2 number of faciors
confounded with age, factors that would have affected the resuits in the study. The
information contained in the dawbases did no: allow us to untangle the confounding
effects of all of those factors. This section will review some of the constraints that
were considered in evaluating the methods and resuits of this study.




1.3.1  Methosiological Problems in Studies of Aging

Advancing age is acsociated with declines in physiological functioning and
an increase in the prevalence of disorders. However, it was important to recognize at
the outset that individuals vary considerably in their rates of physiological aging and in
their predisposition to disease. While average levels of functioning would decrease
with inciessing age, individua! variability appeared to increase. Thus, group averages
could be particularly poor predictors of individual performance among older persons.

Despite these problems in using chronologiczl age as & meaningful marker
of an individual’'s functioning, it was sHll imporiant to investigaic the relationship
between increasing age and functioning, at least in terms of group patterns. However,
the design of studies on aging presented difficult problems of interpretation. Cross-
sectional stvsdies compared (at a single point in time) groups of individuals that varied
in age, rather than repeatedly testing the same group of individuais as they aged (2
longitudinal design). It should be noted that cross-sectional and longitudinal studies did
not always suggest the same age effects, even when using datz from the same
population over the same time period. There were interpretation difficulties with both
of those simple research designs.

Cross-sectional data were difficult to interpret beczuse our society changes
so rapidly that individaals bom at different times {(different birth cchorts) can
experience very different life circumstances. Thus, in 2 cross-sectional study, the
different age groups can vary on a namber of dimensions besides age (such as health,
education, and 1% experiences}. Differences in the behavior of these groups could
reflect cohort effects which were difficult if not impossible to separate from aging
effects.

In this study, older pilots could differ in significant ways from younger
pilots in ways that were unrelated o the aging process. For example, oider air carrier
pilots could have differing educational backgrounds and employment experiencss {such
as military fiying experience) than younger pilots. Older pilots also had more seniority
than younger pilots and could select routes with substantially different levels of
exposure to risk. For exampie, the number of takeoffs and landings per flight hour
could decrease with age. zs older piiots could use their seniority to chooss longer routes
with terminal operations confined o major metropolitan airports. This would result in
fewer takeoffs and landings per hour of flight, arguably 2 lower risk environment.
Unfortunately, the information contained in the existing databases did not allow
examination of this potential confounding factor beczuse pilots reported only hours
flown for various periods of time, not the number of landings. One way to minimize
this confound was to exzmine data for Part 91 general aviaton pilots whe did not
operate in the framework of seniority rules.




Since longitudinal studies followed the same individuals over time. they
avoided the confounding of cohort and aging effects that was found in cross-sectional
studies. That type of study was extremely valuable because it permined the direct
examination of changes in individuais as they aged. However, the results of
longitudinal studies were difficult to interpret for at least two reasons.

Sinte longituding) stodies reguited meny years o compiete, sigrificam
numbers of subjects could drop out of the study. This experimental mortality of
subjecis may not have been random, but rather biased in that those subjects with lower
levels of performance may have been more likely to drop out. Thus, interpretation of
the results of longitudinal studies was difficult because aging effects could have been
confounded with experimental mortality effects. For example, in the study's context it
was likely that the FAA's rigorous mediczl and operational performance standards
screened out, over tme, pllois more likely 10 be in accidents.

The results of longitudinai studies were also difficult to interpret because of
the confounding of age effects and time-of-measurement eifects. Since longitudinal
studic 3 were carried out over long periods of time, not only were individuals aging but
the environmental context in which they were developing was also changing. For
example, the context in which air carrier pilots performed had changed significantly
over e past several detedes in terms of the Jronf fown and the fving envitonmemt
itself. If a group of pilots had different accident retes in 1960 when thev were 30 years
old compared 1o 1990 when they where 60 years old, it could be due to changes in the
flying environment as well as aging-related changes in the pilots themsslves. For
example, as Figure 1-1 illustrates, an overall decline in counts of accidents was seen in
the period 1976-1588 (as discussed in Section 3, the data for the year 1986 was not
used in this study).

I
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Figure 1-1. Number of accidents recorded in the NTSE datubase for the yasrs
1976-1988.

Iceally, what was needed to fully re-evaluate the Age 60 Ruie was datz from
several cohorts of Part 121 pilots who had been moritored over time, including data on
pilots over age 60. Then both cross-sectional and longitudina! comparisons could be
made of accident rates of pilots over age 60 and under age 60. However, the dam that
would have provided this direct comparison were simply not available in the datzbase,
primarily because airfine pilots had been retired at age 60 since 1959. Examination of
pilots who were not subject to the Age 60 Rule, such as Part 91 generai aviation pilots,
could have provided an alternate way to examine the relationship berween chronological
age and accident rates. However, as the next section will detail, the ability to examine
specific groups of pilots such as Part 121 professional pilots versus Part 91 general
aviation pilots was constrzined by limitations inherent in the databases.

132 i i ating Accident

To examine whether accident rate increased with age, It was necessary
calculate the accident rate as the ratio of the number of accidents to the overall number
of hours flown {(an estimate of exposure} for various age groups and then to compare
those accident rates. Also, since there were significant qualitative differences in type
of flying that Part 121 air carrier pilots, Part 155 commuter/air taxi pilots, and Part S1
general avigtion pilots engaged in, it would have been ideal to calculate separate
accideni ratios for each of thosc catsgories of fiving.



For example, > answer the questicn whether Pant 121 accident rates
differad 2s 2 function of piot age, it was necessary 1o ideatify Part 121 accidents and to
get 3 good esimaie of the exposure of pilots to those accidents. However, the
information contained in the databases would not directly support those types of
anajyzes.

While the acchient databaees inciuded information about the numbers of Part
121, Part 135, and Part 91 accidents for pilots of different ages, there was no way o
directly calzulate exposure rates for those pilots. Precise exposure rates would have
bezn based on the number of Part 121, Part 135, and Part §1 hours flown by pilots of
different ages. Since the data for number of hours flown had tc be based on ali pilots,
not just pilots w20 had been in accidents, those data were potentially available only in
the FAA Comprehensive Airman Information Svstem (CAIS) medicz! database, and
were not avatlable from the NTSB accident database.

Unfortunately, the CAIS medical datsbase only included recent (over the
past six months) and totzt flight time broken down by the medical class certificate of
the pilot, not by the type of flying (i.e., Part 121, Pant 135, or Part 91). A Class I
medical certificate had to be renewed every six months and was required of all air
transport pilots (ATP); a Class II certificate had to be renewed yearly and was required
of all commercial pilots; 2 Class III medical certificate had to be renewed every 2 years
and was required of ali private and student pilots. However, while there was some
relationship between class of medical certificate and type of flying, it was by no means

2 perfect fit.

For example, to be certified as 2 Part 121 pilot-in-command, a pilot had to
initially and periodically demonstrate proficiency in flying the aircraft, possess an ATP
pilot certificate and 2 rating for the specific aircraft to be flown, and possess 2 Class I
medical certificate, obtzinable by passing a semi-annual medical examination. Thus,
all Part 121 hours were accumulated by pilots with 2 Class T medical certificate, but the
reverse was not true.  Not ail hours reported by pilots with Class T medical certificates
represented Part 121 flying. As Table I-{ iflustrates, only 3.38 percent of all accidents
between 1983 and 1988 where the pilot in command had a Class T medical certificates
mvolved Part 121 flights. In fact, the majority of accidents for Ciass I pilots (72
percent) were Part 91 fliphts.

1
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Tadle 1-1. Numixr of accidents recorded in the NTSE database for the years
1683-19%3 as ¢ functics of type of fying (Pert 121, 135, and 91) and
medica] certification class. Percentages indicate the percentage of the
total pumber of accidents within & medical certificetion class.

Class 1 Class 1 Class IIT

Type of { Accident Accident Accident

Flying | Count Percent| Count Percent! Count Percent
121 57  3.36 1 0.02 6 0.0
135 351 20.72 273 6.23 0 0.00
91 1,211 71480 3277 7477 4981 99.64
Other*! 75 4.43 832  18.9% 18 0.36
Total 1,694 4,383 4,999

There were many pilots holding a Class I medical certificate who did not fly
air transport. For example, an air taxi service may have required its pilots to have a
Class I medical certificate, even though FAA regulations allowed a pilot with a Class IT
certificate to fly an air taxi. Also note that a pilot may have had o use an out-of-date
certificate in piace of one from a lower class, provided the certificate was not out-of-
date for the lower class. Thus 2 Class I medical certificate (good for § months) was, in
effect, a Class I certificate for a year or a Class III certificate for 2 years. As Table 1-
2 illustrates, the distribution of pilot certificates for those who had accidents varied
greatly by medical certification. The number of Class I pilots with ATP and
Commercial certificates was about the same while the majority of Class IIT pilots had

Under certain conditions it may have been possible to identify Class I pilots
who were flying under Part 121. For example, the CAIS medical database included
information about the pilot’s employer, the pilot's job, and the kind of flying (solely
business, solely pleasurs, or both). Restricting analyses to those Class I piicts who
worked as pilots for scheduled airlines, who did not fly for pleasure alone, and who
had flown a substantial number of hours within the last year, could have provided
better estimates of accident rate for pilots most likely to be flving under Part 121.



Table 1-2.

Number of pilots recorded in the NTSB datshase for the years 1976-
1988 as a function of type of certificste held by the pilot {(ATF,

Commercial, etc.) and medicsl certification clsss.

Percentages

indicate the percentsge of the total mumber of pilots within a medical

certification class.
Class 1 Class II Class Il
Pilot Pilot Pilot

Pilot Certificates] Count Percent ] Count Percent| Count Percent
ATP 2,328  38.76 810 4.7 43 6.27
Commercial 2,553 42.51] 11,796  68.46 824 5.28
Private 270 450 3,214 1865 11,734 74.82
Student 75 1.25 203 1.18] 2,987 19.05
QOther*? 780 12.99¢ 1,207 7.01 95 0.61
Total 6,006 17,230 15,683

Since the Age 60 Rule applied to Part 121 pilots, it may have been ideal to
focus on age differences in the accident rates of this group of pilots. However, in
addition to the difficuities estimating exposure rates for Part 121 pilots described
above, there were two other factors that constrained the types of analyses that could be
done on that group of pilots. First, Part 121 accidents were so infreguent that the data
could have been 100 sparse to allow for valid statistical inferences. Second, because of
the Age 60 Rule itself, there were no comparable data on accident rates for Part 121
pilots under and over age 60. As 2 comparison of Tables 1-3 and 1-4 illustrates, the
distribution of accidents by type of flying underwent a dramatic change for Class 1
pilots at age 60. Those problems could be partially addressed by analyzing other

groups of pilots.
Table 1-3. Number of saccidents recorded in the NTSB datshase for the years
1976-1988 by pilots aged 20 to 60 a5 & function of type of flying (Part
121, 135, and 91) and medical certification class. Percentages
indicate the percentage of the total number of accidents within o
Class 1 Class I Class I
Type of | Accident Accident Accident
Flving | Count Percent ! Count Percent ! Count Percent
121 57 3.45 ! 0.02 0 0.00i
135 348 21.09 264 6.49 0 0.00
91 1,170 70.91 2,986 73.70; 4,531 99.60
Other*! 75 4.55 204 15.78 18 0.40
Total 1,650 i 4,065 4,549
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Tabie I-4. Number of accidents recorded in the NTSB dstabase for the years
1976-1988 by pilots aged 61 to 84 as 2 function of type of {lying (Part
121, 135, and 91) and medicsl certificstion class. Percestages
indicsic the percentage of the total mumber of accidents within 2

medical certification class.
Class I Class 1 Class IlI
Type of | Accident Accident Accident
Flying | Count Percent | Ccunt Percent | Count Perceat
121 0 0.00 0 .00 0 0.00
135 3 6.82 9 2.83 0 0.
91 41 93.18 281  88.3¢ 450 100.
Other®! 0 .00 28 8.81 0 0.
Total 44 318 450

For example, analyses could have focused on Class III pilots and Part 91
accidents involving Class IH pilots. While those analyses were only indirectly relevant
to the Age 60 Rule, they did provide a more general view of the effects of age on
accident rate. However, there were limitations on the types of interpretations that
could be drawn from that approach. Part 91 general aviation pilots did not need to
meet as rigorous medical and proficiency standards as airline pilots, and their selection
and lcensure were not as Tigorous. Nevertheless, when Class I pilots and Part ©1
accidents were used {0 draw tenfative inferences about Part 121 accident rates, the data
needed to be selected vo that the population was reasonably comparable to the group of
Part 121 pilots to be analyzed. For example, the analyses could have been restricted to
experienced pilots with high hours flown in the last year and high total flight time, both
of which were characteristic of airline pilots.

That type of analysis of Part 91 accidents did provide information about the
general effects of aging on aviation accidents. Further, it did cast light in an area
where the Part 121 accidents left us totally in the dark: accidents by flvers older than
60. If the 60th birthday is an important milestone in flying ability, the data from the
analysis of the Part 91 accidents should have reflected this, especially when age was
examined year by year.

i4 Approach

The overall approach taken in this project was to first develop the
Consolidated Database and then to conduct experiments on the CDB. The CDB was
designed to support scientific analysis, and is described in detail in Section 3 of this
report. In the interest of maximizing the efficiency of output during the development
effort, a parallel approach was adopted. Since the CAIS Medical Database and the
NTSB accident database were the major databases of interest in this study, they were
loaded and verified first s¢ that analysis depending on those data could be started while
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the remaining databases were icaded. The cther database of importance in the analysis
was the CAIS Cenification Database, because it provided a linkage between the
accident and medical databases through the pilot's cedtificate number (see Section 3,
Figure 3-1). Consequently the Certification Database was the third database to be
instalied in the CDB.

A number of supporting tabulations and analyses were conducted throughout
the course of the work that wers necessary and useful, but not revealing in regard to
the scientific conclusions of the study. For example, pilot attrition studies and pilot
counts were conducted to characterize the varicus groups that were used for analysis.
These results and many others were rot incorporated in this report,

1.5 Document Overview

The remainder of this report is organized as follows. Secticn 2 discusses
prior research concerning accident rate and the age of the pilot. This includes a
discussion of the Golaszewski report of 1983, which is the most widely cited previous
work. Section 3 describes the Consolidated Database and provides an expianation of
how the CDB was utilized to support the analytical work contzined in this report.
Section 4 describes in detail the analytical methodology employed in this study. The
statistical approach used throughout the analyses is explained and justified. Section 5
presents the results of the anaiysis. The format used to present the results is to frame
the discussion in 2 series of answers to questions that progress in 2 logical fashion to
the conclusions conceming chronological age, accidents, and other factors. Finally,
Section € summarizes and discusses the resuits of the analysis and offers conclusions
relevant to the Agz 60 Rule.

As previously noted, the results of analyses presented in this report are those
that bear directly on the stated objectives of the research. The analytical results, tables,
and figures contained in the report are but a small fraction of the overall analytical
research that was conducted throughout the duration of this effori.

*l Oxher type of flying includes miscelianecus categories such as 103, 105, 123, 125, 127, 129, 133,
137, and 141.

*2 Other pilot certificates include flight engineer, foreign flight instructor, military, and special purpose.
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2.9 PRIOR RESEARCH

A number of studies investigated the relationship between accident raie and
the age of the pilot (Golaszewski, 1983; Guide and Gibbon, 1951; Mortimer, 1991;
QTA, 1990). Golaszewski's study was widely cited and can be considered the basis for
these subsequent studies. Indsed, both Mortimer and the OTA derived their data from
Golaszewski's study. The methodology of Guide and Gibson was alsc similar to that of
Golaszewski. Those studies are summarized below.

2.1 1983 Golaszewski Analysis

In 1983, Richard Golaszewski produced a report *The influence of total
fiight time, recent flight time and age on pilot accident rates™ (Golaszewsk:, 1983).
The report was based on data contained in the National Transportation Safety Board
(NTSB) Accident Records Database and the FAA CAIS Medical Certification Database
for the years 1976-1980. From the two databases, the age, recent flight time, and total
flight time of licersed pilots were determined. Golaszewski estimated accident rates
for different pilot categories as a function of the factorial combination of age, recent
flight time, and total flight ime. Recent flight time was construed as experience within
the previous 12 months, The data were analyzed in two groups: ail pilots and pilots
holding Class III medical certificates. Golaszewski set up categories of recent flight
time as 0-20 hours, 21-50 hours, 51-100 hours, 101400 hours, and 401 hours and
over. He used the NTSB Accident database to tabulate accidents by age, recent flight
time, and total flight time for Class III pilots and jor ail pilots. The CAIS Medical
Certification database was used to estimate the exposure (i.e. number of hours flown)
for each class of pilot. Golaszewski used annualization factors to compute exposure as
follows: for Class I pilots who reported every six months, the number of recent hours
in each record were each divided by two; for Class II pilots, who reported on a yearly
basis, the number of hours flown was not modified; for Class HI pilots, who reported
biannuzlly, the number of hours flown was muitiplied by two. All of Golaszewski's
analyses were restricted to two groups, Class III pilots and Class I, II, and III pilots
combined.

After visually inspecting his graphs, Golaszewski concluded:

Accident rates were inversely proportional to recent flight time.

2. For low recent flight time, older pilots had more accidents than
younger pilots, while the converse held for higher recent flight time.

3. For recent flight time less than 50 hours, Class I and II pilots had
more accidents than Class ITI pilots.




4, Accident rates were inversely proportional 1o total flight time.
5. Ciass I pilots had more accidents, regardless of total flight time.

For Class I and II pilots with 101 to 5,000 total flight hours, older
pilots had more accidents than younger ones.

7. The older the Class III pilot, the less likely an accident until age 60,
when accidents became more likejy.

8. Pilots with over 1,000 total flight hours and less than 50 recent flight
hours had the highest accident rates, while pilots with over 1,000
total hours and greater than 50 recent hours had the lowest accident
rates.

9. For Class IIT pilots with low total flight ime and fewer than 50
recent flight hours, accident rates increased with age; the converse
was true if the nmmber of recent flight hours exceeded 506.

10.  For pilots with more than 50 recent flight hours and less than 1,000
total flight hours, accident rates decreased with age; the converse
held for pilots with less than 50 recent flight hours and less than
1,000 total flight hours.

2.1.1

Combining pilot classes, as done in the Golaszewski analysis, was
inappropriatc because it produced misleading accident rates. For example, pilots
holding Class I medical certificates had relatively fewer accidents and higher flight
hours. The accident rate profile of a heterogeneous group was influenced by the
proportion of Class I pilots in that group. Further, because Class I pilots were
involvad in so few accidents, Golaszewski did not compute the accident rates within
various categories of flying by Class I pilots. The fact that accidents involving Class I
pilots were so rare strongly suggested that the distribution of such accidents across the
various categories was different than for the groups of pilots Golaszewski did study,
Class III pilots alone and ali pilots. Further, although Class I pilots were involved in
few accidents they accumuiated a substantia! number of flight hours. Thus they
contributed substantially to the denominators (hours flown) of the accident rates and
contributed relatively little to the numerators (number of accidents). This meant that
differences in accident rates could have been artifacts; they could have reflected
differences in flight hours accumulated by Class 1 pilots rather than differences in the
likelihood of accidents.

Golaszewski included accidents by pilots whose medical certificates had
lapsed. Their flight hours were not recorded in the CAIS medical database and their
exposure to accidents could not be sstimated. Thus, those pilots only contributed to the



numerators of the accident rates. Any systematic bias in the distribution of those pilots
by age would have distorted the corresponding accident rates.

Golaszewsk performed no statistical anziyses on his date, depending only
on visual inspections of the data. As we argue in detail in Section 4.4, the data were
guite amenabie to statistical analysis. Statistical analyses would have told us which
differences were real and were to be expected in the future as opposed fo those
differences that were chance occurrences. For example, points 9 and 10 in
Golaszewski's summary zbove suggested a triple interaction among age, recent flight
time, and total flight time. Without 2 statistical analysis, firm evidence for this
conclision was lacking.

The Age 60 Rule represents a2 sharp cutoff, presumably reflecting some
relatively dramatic change in the pilots as they approach 60 years. The 10-vear age
categories used by Golaszewski were too gross to get a clear picture of such 2 change.
A more fine grained analysis, say by year, wounld have been more appropriate.

22 1990 Office of Technelogy Assessment Anailysis

In 1990, the Office of Technology Assessment (OTA) released a report
{Office of Technology Assessment, 1990) that presented graphs of data supphied by Dr.
Charles Billings of the NASA Ames Research Center. The figures stated that the data
were from “Golaszewski 1983, and NTSB 1990”. The OTA report drew the following
major conclusions:

1. For Ciass I and II pilots with more that 1,000 hours total flight
experience and more than 50 hours recent flight experience “an age
effect was present and was beneficial until 50, after which rates
increased”.

2. For Class 1 and II pilots "an increase in accident rates with increasing
age was seen after age 39 in pilots with 501-1,000 hours, after age
49 in piiots with 1001-5,000 hours, and after age 59 in pilots with
over 5,000 hours”.

3. For Class I and I pilots "who flew more than 100 hours/vear,
increasing age {(and probably total experience) and increased recent
flying time both had beneficial effects. After age 60, accident rates
increased even if pilots continued o fly over 400 hours per year™.

It appeared that the datz for the OTA report were obtined by subtracting
the numbers for Class III pilots from the numbers for the corresponding combined
group of Class I, 11, and I pilats, thus indirectly obtaining dat for the corresponding
group of combined Class I and Ii pilots. Conclusions from these datz were tentative,



because no statistical anaiyses were performed on the data. Unfortunately, whatever the
source of the data, they did not bear directly on the Age 60 Rule, because they
combined Class I and Class II pilots to create guite haterogeneous groups.

2.3 1991 Guide and Gibson Analysis

A third study was conducted by Guide and Gibson (1951) and reported at
the 1991 meeting of the Human Factors Society. Their design was similar to
Golaszewski's and utilized data for the years 1982 - 1988 from four sources: the
NTSB Accident database, the Aircraft Owners and Pilots Association Ailr Safety
Database, the FAA Statistical Handbook on Aviation, and the COMSIS Ressarch
Corporation. They used 5-year age categories, starting with 23-24 and finishing with
35-58. They computed accident rates in two ways: {1) per number of active pilots and
(2) per number of annual hours flown. All analyses depended upon visually examining
four figures displaying the above data; no statistical analyses were rzported.

Thrae of the figures displayed the accidents per number of active pilots for
air transport pilots, for commercial pilots, and fer private pilois, respectively.
Exposure was not accounted for in these fiziwres. The fourth figure displayed accidents
per bours flown for Part 135 pilots as a function of age and of hours flown in the
preceding year (101-400 versus > 400), aithough the data for the 20-24 age group
were omitted fcr some unstated reason. There appeared to be no discernible trends as a
function of age in the data in the fourth figure. Indeed, differences among the various
age groups appeared minimal, however, this was difficult to verify without statistica’
tests. For each of the seven age groups displayed, the pilots with more than 400 recent
flight hours had an accident rate roughly one third that of the pilots with 101-40 recent
flight hours. The probability of that happening by chance was less then 0.01 (applying
the sign test, with N=7).

2.4 1991 Mortimer Analysis

Mortimer (1991) examined 2 random sample of 1,034 generzl aviation
accidents drawn from the NTSB data base for the years 1985 and 1986. Although not
clear from his description, ke appeared to have estimated exposure by multiplving the
number of pilots in various categories in 1985 and 1986 by the mean number of hours,
per pilot, flown by the corresponding pilots in Golaszewski’s report. Mordimer
concluded from the resulting data, apparenty without statistical analysis, that private
pilots over 60 had accident rates at least twice that of their juniors. Mortimer's
methodology had a number of weaknesses, particularly his estimadon of exposure. If
the percentage of pilots over 66 in 1985-1986 was twice that of 1576-1920, Mortime:'s
effect disappeared. Because Mortimer was vague zbout the exact nature of his
calculations, they could not be readily reproduced or analyzed using the CDB datz and
therefore were not considersd in this study.



3.0 CONSOLIDATED DATA BASE

This section summarizes the development of a Consolidated Database (CDB)
to support diverse research needs in the aviation safety and human factors research arez
and provide more direct access to the wealth of information collected by the FAA and
NTSB. The CDB merges several NTSB and FAA historical dawabases tha! are
currently organized in heterogenecus formats into 2 single relationally structured
database. Each of the historic datzbases contains information on z particular aspect of
available information including the results of periodic medical examinations required
for all pilots, pilot certifications and ratings information, accident investigagons, piiot
incidents, and pilot deviations. The consolidatior of these databases aliows researchers
to pose guestions that czanot be readily determined from a single database. Each of
these historic databases was developed and maintained by separate organizational
entities and organized for the needs of the specific organization. Researcher access 0
these historic databases to explore new hypotheses is difficult, if noct impossibie.
Additionally, the individual databases are based upon diverse file and dambase
management systems utilizing a variety of hardware and software environments.
Semantically similar information is stored using a vaniefy of forma!s and data modeis
and each database uses different naming conventions.

A high level description of the FAA and NTISB source dambases used in
these analyses is provided as well as information on the processes used to verify the
contents and to retrieve the information reguired for the analyses preseated in this
report. For additional details about the CDB, the reader is referred to the CDB
Techrical Reperts: Age 60 Project Consolidated Database Implementation (Harrs,
Hiliman, and Voros, 1992a) and Age 60 Project Consolidated Database User's Guide
(FHarris, Hillman, and Voros, 1992b) {(see attached bibliographies for citations).

3.1 FAA and NTSB Historic Databases

The CDB incorporates information from several existing sources, including
the FAA Comprehensive Airman Information System (CAIS) conteining both medical
history and certification data, the Accident/Incident Dawbase (AIDS), the Piiot
Deviztion System (PDS), and the NISB Accident database. These source databases
contain information regarding pilot characteristcs, operationmal experience, medical
data, aviation deviations, incidents, and accidents as described below.

3.1.1 Tve Alry inf: tion Svstem (CAIS)

The CAMI Comprehensive Airman Informatdon System (CAIS), mainmined
in Qklahoma City, coutzins medical daa for pilots 2s well 2s airman cerificae
information. The medical certification sys'em contains Informaion oo zairman
applications for medical certification based upon physice! standards prescribed in FAR,
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Paris 61 65, 67, and 187. CAIS airman inrormation is organized into the following
two groups of information:

i. Pilot certificarion which contains 2 single record for each pilot with
the most recent informaton on the pilot's certificates, rahngs,
accidems, violations, canceliation/revocations, and imitations.

2. Medical certification which contains 2 recoré for each cestification
physical including date of birth, ceriification ciass, flight hours
{civilian total amnd last six months}, medical information
{carciovascular, vision, kearing, resmictions, and pathology codes).

From the pilot cerfificate database no historic information is available nor is
there an indication of when the information for the pilot changes. For example, no
information is provided about when a pilot obtained a particuiar costificate or raties.

3.L2 NTSB Accident Records Database

The NTSB Accident Records Database, mazintained in Washington, DC,
contains information derived from accidents investigated by the NTSB. Three different
forms have been used t0 collect the date. From 1962 to 1981, an Adircraft Accident
Analysis Sheet {NTSB Form 6120.12) based on punched card imagss was used. In
1982, the form was revised {6120.4D NTSB Accident/Incident Report) to facilitaie the
collection of data in 693 fields plus a free-form narrative. The data collectsd from
1983 to the present are based upon the information contained on revised form $120.4,
NTSB Factual Report Aviation, which has 236 fields. The NTSB accident data for
1983 to the nresent contains an additional 22 files each of which provides information
on a specific arez such as a text narrative of the acciden:, causal factors, copilot
information, etc. Information comtained in the NTSB Accident Datzbase Inciudes the
following: pilot information {age, flight hours for specific aircraf? and 2ll afremaft for
last 24 bours, 30 days, 30 days, and overall total), weather, cabir crew and passenger
informnaton, aircraft information, operational phase, Investiganon results, and czuses
and factors. Currently, the NTSB miormation incorporated inio the CDB inciudes the
core file containing material provided on form 6120.4, the accident narrative file, cause
factors defailed in the sequence of events file, and co-pilot file.

3.2 CDB Database Statistics

The contents of the CDB were venified, where possible, by comparing the
number of records icaded from the medie supplied by the database administraicrs, In
addition, statistical sources were consuited where aveilizble. Table 3-1 presen
siatistics on the CAIS medicel records included in the CDB compared to the
information shown in FAA 1990 Yearbook {Table I1.B, Receipts of Medical Certificate
Applications by Class). The dats in Table ILB is based upon receipt of medical
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certificates, while the data from the CDB is based upon year of medical examination
and only includes those applications that were acceptably processed into the CAIS
system.

The large Aiscrepancy for 1986 CAIS medical records data shown in Tabie
3-1 was investigated further. Table 3-2 presents 2 month by month analysis of the
CDB data versus the information presented in the FAA 1586 Yearbook (Tabie 1B,
Receipis of Medical Certificate Applications by Class). It appears that the missing data
for 1986 was irrevocably iost. The data for May, June, July, and August of 1986 show
large wvariations between that shown in the FAA Yearbook. Unfortunately, no
discernible pattern for the missing data could be established and therefore 1986 data
were omitied from the analyses included in this report.

The information extracted from each of the source databases was stored ina
series of tables in the CDB. Table 3-3 contzins the number of records included in the
CDB for each of the source databases used in these analyses as well as an indication of
the associated time periods.

Table 3-1. A comparison of the rumber of medical certificetes spplications
received reported in the FAA statistical handbook with the number of
records lozded iIn the CDE for the yvears 1976-1988. The large
discrepency for 15986 is apparently due to lost records. See the text

for more details.
FAA
Statistical |  CDB
Year Handbook | Datsbase | Difference
1976 542,159 524,445 17,710
1977 550,243  538,350] 11,893
1678 565,534 558,973 6,561
1975 550,188  Ss1,905|  -1.717
1980 520,051,  S04,015 25,036
1981 520,418 302,098  27.320
1982 463241 479916  -16,675
1983 477,905, 490271  -12,366
1984 463,617, 468919  -5.302,
1985 479,843, 474,094 5,755
: 1986 4783920 347,604 126,788
1987 470,208] 471,223 1,015
1988 466,326 463.745 2,577
Totl (All Years) 6,562,131 6,375,566, 186,565
Total (Excluding 6,087,739 6027962  59,77h
1986) i N
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Table 3-2. Count of medical certificates in the CDB for 1985 &s & function of
Note the low totels for Msy, June, July, and

month znd class.

August,
Month Class T Percent Clasz I Percent Class Il! Percent  Total
January, 86 12,386 33% 11,273 30% 13,625 37% 37,285
Febroary, 86 10,642 3% 9,957 31 11,822 38% 32,421
Mzgrch, 85 11,562 31% 11,294 0% 14445 8% 37302
Apri, 86 11,658 3% 11,298 28% 15,773 41% 33,731
May, 86 9,158 3% 8,244 27% 12,602 42% 30,044
June, 86 1,358 43% 05 25% 1,024 2% 3,187
July, 86 1,437 31% 1,516 2% 1,780 7% 4,703
Auvgest, 86 3,518 27% 4,403 % 508 39% 12,939
Scptember, 86 11,815  29% 11,734 29% 16640  4I1% 20,189
October, 86 12,560 31% 11,730 2% 106,383 0% 40,673
November, 86 10,506 33% 9,134 2% 12,046 38% 31,656
December, 85 11,308 34% 9,736 28% 12,148 37% 33,192
CDB 1986 Total 107,950 32% 101,134 30% 133,278 9% 342,362
FAA 1986 Yearbook 133304 28% 146,113 31% 154,975 £1% 474392
Differonce 25354 1I8% 443579 31% 61,657 32% 132,030 28%
Tabie 3-3. Count of the nurmher of racords in the CDB &s = function of fhe source
databases,
Time Period
CDB Source Database Number of CDB records Included in CDB
FAA Medical 6,375,566 1976-108S
NTSB Accident 47.616 1976-1988
EAA Certification 2,954,599 1962-108%
FAA Pilot Deviation System 13,895 1986-1990
FAA Accident/Incident 41,341 1986-1991
Total 9,433,417

3.3 CDB Organization

The development of the CDB involved designing a global structure that
unified the diverse database information, identifying semantically eguivalent data
elements, and developing consistent formatting and coding schemes. The CDB was
developed using the Oracle Relational Databzse Management System (RDBMS) on an
HP 9000/75C UNIX Workstation. The information contained in each source database
was examined and similar information, such as aircraft owner, pilot data, weather,

accident causes, efc., was grouged inio a set of Oracle tables.




Unique identifiers were required to liuk the CDB tables based upon the
information available from the source data. For example, 2 mechanism for associating
a pilot involved in an accident with that pilot's medical examination information was
nezded. The certification, accident (1982 to preseni), pilot deviation, and
accident/incident database information contain the pilot certificaion number.
However, the pilot records in the CAIS Medical Certification database are identified
only by the pilot's social security number. Since the CAIS Cernficate Database
contains dboth the pilot’s certificate number and social security number, this information
was used to add an additional data element containing the pilot's certificate number to
each medical rzcord for the pilot. This mapping could not be readily accomplished
because certificate numbers in the CAIS Certificate Database are not unique and it
appears that the certificate numbers are reused. In order to uniguely identify a pilot,
the foliowing combination of database elements are required:

. NTSB Accident, Pilot Deviation — certificate number and date of
birth

. FAA Certificate — cerfificate number and social security number

It is important 0 note that the personal identifiers in the NISB Accident
database prior to 1982 were removed and, therefore, accident information in this period
could not be linked to other databases. Figure 3-1 illustrates how the source databases
can be linked through the pilot certificate number in combination with appropriate
additional fields as described above. For purposes of illustration, this figure only
shows the certificate number.



CONSOLIDATED DATABASE

GAIS Airman Detabase (G | o] §

Figure 3-1. A view of the constituent dstabases of the CDB and how they may be
linked using the pilot’s certificate number.

The source databases used 2 variety of schemes for encoding information.
These coding schemes ~ere used to associate an abbreviation or a2 mnemonic with a
particular entry in a set of possible values for a column of mmformation. To facilitate
the use of the CDB, common encoding schemes were developed for key pieces of data,
such as pilot medical certification class. Table 3-4 illustrates the coding schems
developed for the CDB based upon those used in the NTSB Accident and FAA Medical
for medical class {medical class is not contained in the ATDS and PDS datahases).
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Table 3-4.

Encoding schemes for pilot medical cless for the CDB, FAA Medical

and NTSB datzhases.
NTSB
Bilot
Medical 1983 1o
Ciass CDB | FAA Medical | Priorto 19282 1982 Present
I 1 11-19 AD,G 1 2
jit 2 21-2% B,E.H I 3
i1 3 31-39 C,F1I m 4
None ¢ 0 J Blank i
Unknown | Null :{ Z Blank O
34 CDB Utilization
3.4.1 Se¢lection Criteria

The criteria for selecting accident and medical examination database records
for inclusion in the CDB analyses described here were:

. The ége of the pilot was between 20 and 74;
. The medical class was 1, 2, or 3; and

. Recent and total flight time were both valid and greater than zero.

Table 3-5 presents statistics on the CDB Medical records that were included
in this stady while Table 3-6 presents similar statistics for NTSB accident records.
Although NTSB accident records were available for 1986, they were not used in any
analyses that also involved 1986 medical records.

3.4.2 Accident Rate Calculation Procedure

The NTSB information in the CDB includes the pilot's age, medical class,
and total flight hours and recent flight ime {previous 3G days for all aircraft). The
medical examination data in the CDB contains pilot's date of birth, medical class, total
flight time, and recent flight time (previous six months). The term "recent flight
hours” in this report is defined as the number of hours flown by a pilot for a single
year.
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Hours were annualized according to the Golaszewski study (see Section 2.1 for
discussion of the Golaszewsii methodology). The accident rate as calculated for a
given group of pilots is computed as shown below based on the method developed by
Golaszewski (1983):

. _ Count of NTSB Accidents
Accident Rate = 7omT FRAA Medica' Annual Flight Hours
Table 3-5. Count of the number of medical records in the CDB snd the oumber

of medical records used in the CDB experiments as 2 fanction of year
{1976-1928). Note that the records from 1985 were not used in the
CDB experiments, because x substantizl nomber of records are

missing for that year.

Records Used in CDB

Year CDB Medical Records Analyses
1976 524,449 338,794
1977 538,350 348,080
1978 558,973 342,916
1979 551,905 347,590
1980 504,615 337,604
1981 502,098 333,348
1932 479,916 312,816
1983 450,271 317,583
1984 468,919} 314,357
1985 474,094 324,311
1986 7,604 Not Useg™
1987 471,223 334,055
1988 463,749 334,124
TOTAL -- All Years 6,375,566 3,985,578
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Table 3-6. Count of the number of accident records in the CDE and the number
of accident records used m the CDB snalyses as a function of year

(1976-1988).
Records Used in CDB
Year NTSB Accidents Analyses
1976 4,367 3,839
1977 4,468 3,947
1978 4,699 4,116
1979 4,208 3,632
1980 3,961 3,361
1981 3,877 3,187
1982 3,592 3,180
1983 3,555 2,494
1984 3,452 2,370|
1985 3,092 2,247
1986 2,872 Not Used™
1987 2,795 2,027
1988 2,678 1,941
TOTAL - All Years 47,616 33,414

The procedure for generating the data required to calculate the accident rafes
for a categorical group of pilots, e.g., year of accident/medical examination, piloi age,
pilot medical class, and recent flight hours categories (less than 250G per year, more
than 500 per year, etc.} was as follows. The annual flight hours for the NTSB
accidents was determined by multiplying the hours reported the past 90 days for flying
all aircraft by 4. The recent flight hours contained in the medical examination data was
for the past 6 months and this number was multiplied by 2 to obtair annuat flight
hours. Since pilots varied in the frequency in which medical examinations were
required by medical class, the annualization factors shown in Tabie 3-7 were applied to
the annual hours obtained from the medical and accident data.

Tablz 3-7. Annualization factors used to convert the total number of sanus} hours
reported by a2 class of pilofs to an estimste of the number of howrs
flown by that class during the year.

Annualization Factor
Medical Examination Applied o Annual Flight
Medicat Class Freguency Hours
1 Every six months 0.5
I Once a year 1.0
m Every two years 2.0




3.4.3 Data Limitations

When utilizing the CDB for various studies, the limitations of the various
component source databases were censidered in determining the viability of the
proposed study. Some of those limitations are described below.

Each of the databases used a different scheme for specifying invalid or
unknown information. For example, NTSB Accident database filled the field with 9's
or Z's while the FAA Medical database contained zeroes. Therefore, flight time
information containing a zero was subject to a variety of interpretation -- it coulid mean:

1. The pilot did rot have any flight time and actually entered a zero or

2. The information was unknown or missing and, in some databases,
blank information was entered as a zero.

Frequently, data elements for a source database appeared to have poiential
for study but upon careful examination of the data, the element was not sufficiently
populated to permit statistical analysis. For example, the NISB Accident database
contained data elements for day and night landings for the last 90 days for all aircraft.
However, as Table 3-8 illustrates, the insufficient number of accident records with
information supplied for this field preciuded its use.

Tabile 3-8, Day and night landings for Class 1, 11, and I piiots from NTSB
Accident Data 1983-1988 .

Class [ Class IT Class Il
NTSB Accidents (1983- Percent Percent Percent
1983) Count Populated | Count Poputated | Count Populated
Accidents Included in CDB 2,008 5,214 5,833
Day Landings (Last 90 406 20.2 295 17.2 886 14.9
Days)
Night Landing= (Last 90 512 258.5 1,577 30.2 1,944 32.8
Days)

The CAIS Certificate data provided information on pilot certificates, e.g.,

ATP, commercial, private, etc. However, no information was provided about when
the certificate was obtained and therefore usage of this information for historical data
analysis was problematic. Although the CAIS Certificate and Medica! Databases could
be linked, generating accident rates for Class III pilots with private certificates for the
period 1983-1988 could not be meaningfully accomplished since the CAIS certificate
data was as of 1992 and the piict certificates for the period 1983-1988 could not be
determined.

3-10



An additional limitation was that the information obtained from the NTSB
Accident database varied depending upon the particular time period. For example, the
specification of the regulation the flight was conducted under, e.g., Part 121, Part i35,
Part 91, was not available for data prior to 1982. Pilot identifier information, such as
certificate number, was removed for data prior to 1982 and :herefore data for this
period could not be linked to the other databases for aralysis.

Ir: analyzing accidents based upon various groupings of causes, the NTSB
Accident database information for the period 1982 to 1988 contained numerous detailed
cause codes in the sequence of events file, No higher level cause categories such as
medical, mechanical, pilot error, etc., were provided and therefore, each researcher
had to examine the numeric codes and establish their own particular mapping of the
codes to higher level causes categories.

*3 2,073 gccident records for 1986 met the selection criteria stated in Section 3.4.1.
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4.0 METHODOLOGY
4.1 Plan of Analysis

A number of principles guided the analyses. First, it was inappropriate to
aggregate data across medical classes, because this created heterogeneous groups with
misleading accident rates. For example, Class I pilots had relatively few accidents and
relatively high flight hours. If the medical class of the pilots was ignored in forming
groups, the accident rates of the groups would have reflected differences in the
proportion of Class I pilots in the various groups.

Second, the data for Class I pilots shed some light on the accident rates of
Part 121 pilots, subject to 2 number of constraints. Only pilots younger than 60 should
have been included, because no Part 121 pilots flew afier 60. Further, the data for
Class I pilots with high recent flight time were more cha-acteristic of Part 121 pilots.
Third, the data for Class III pilots provided convergent evidence on the effects of age
on accident rate. While Class IIT pilots were less like Part 121 pilots, the daia for that
class were less affected by changes in the membership of the groups with age,
especially the dramatic change seen for Class I pilots after age 60. Further, the
accident rates for Class TII pilots provided evidence for the general effects of aging.
Finally, the Class IT pilots formed a heterogeneous group and were the least vseful
group for shedding light on the age 60 rule.

All the analyses were based upon sets of data retrieved from the CDB. The
details of the query used to obtain a given set of data from the CDB are shown in
Appendix B. The analyses were of four general kinds as described in subsequent
paragraphs:

Accident rates as a function of age,
Lorngitudinal view of accident rates,
Accident frequency as a function of age, and
Subsidiary analyses.

o A e

4.1.1 Accident Rate as 3 Function of Age

The CDB provided medical records of all pilots for the years 1976-1985 and
F987-1988. These records contained the number of hours of recent flight time and of
total flight time for all pilots of 2 given age in each medical class (i, I, and M), and
these data, in turn, were used to estimate the tofal number of hours flown by a group of
pilots in the preceding year. The CDB also provided records of all accidents during the



years 1976-1985 and 1987-1988, records which contzined the pilot's medical class,
age, and number of hours of recent and of total flight time. From these data, the
number of accidents by pilots in a given group could be counted. Thus, for some
group of interest (e.g., Class I pilots who had at least 700 recent flight hours, *~ho had
at least 2,000 total flight hours, and who were of age 50-54) the accident rate was
estimated by dividing the number of accidents for the group by the estimated number of
hours flown by the group.

To validate the integrity of the CDB, the data set described by Golaszewski
(1983) (i.e., for the years 1976-1980) was retrieved to determine whether our data
agreed in detail with those reported by Golaszewski. Examination of those data
indicated good agreement. See Appendix A for details.

Focusing on Class I pilots, the interaction of recent flight time and age on
accident rate was explored. Then attention was restricted to those Class I pilots most
like pilots of scheduled air carriers by considering only those pilots who had the
necessary minimum total flight hours and who had the number of recent flight hours
characteristic of pilots of scheduled air carriers. Next, only Part 121 pilots with ATP
rating and high recent flight hours were considered. Finally, attention was shifted to
Class IIT pilots with high recent flight hours to provide a different view of the effect of
age on accident rate. Ir all cases above, the data were aggregated in a cross-sectional
manner. For example, the data for 50-year-old piiots were aggregated for all pilots of
that age without respect to the year in which the data were collected. Thus, the 50 year
old pilot of 1976 was the 51 year old pilot of 1977. In 1976 that pilot's data were
grouped with the 50-year-olds' data; in 1977 that pilot’s data were grouped with the
51-year-clds' data.

4.1.2 Longitndinal View of Acgident Rate

Because the data in the CDB spanned the years 1976-1985, one could take a
longitudinal view of accident rate by following the same group for I years. In that
analysis, accident rate as a function of birth year was examined. For example, the
accident rate of pilois born from 1946-1950 was examined for each of the 10 years
from 1976 to 1985.

4.1.3 i cy as a Function of A

In addition to the age of the pilot, the CDB recorded z great deal of
information about each accident. Thus the accidents recorded in the CDB could be
classified according to the age cf the pilot and some secornd factor, e.g., the time of
day when the accident occurred. The resulting data could be analyzed to determine
whether the distribution of accidents in the various categories of the second factor
differed as a function of age, e.g., whether oider pilots were more likely to be involved
in an accident at dusk than younger pilots.

42



4.1.4 Subsidiary Analyses

The analyses above raised a number of guestions about the underlying
population of pilots. For example, given that the formation of the groups was not
under the experimenters' control, how did the membership of the groups change as a
function of age? This question suggested that the attrition and accretion of groups as a
function of age should have been studied.

4.2 Assumptions of the Statistics

To maintain their certification, holders of Class I certificates obtained
medical examinations every six months, holders of Class II certificates every year, and
holders of Class IT certificates every two years. In all cases, pilots stated the number
of hours flown in the last six months and the number of total hours flown. We defined
*recent flight hours flown" as the number of hours fiown in the previous year. Thus,
doubling the number of hours flown in the previous six months was a2 reasonable
estimate of recent hours flown. To use those data to estimate the recent hours flown by
various categories of pilots, the data had to be further "annualized.™ Thus, because the
Class I pilots reported their recent hours twice a year, those recent flight hours were
divided by two when aggregated. Similarly, the recent hours flown which were reported
by Class IH pilots were multiplied by two when aggregated

The statistical approach, which is described in more detail below, assumed
accident rate was normally distributed in the case of the F-test of the analysis of
variance and assumed accidents were independent events in the case of the chi-square
test. The latter assumption obviously held, while the former assumption merited more
discussion. A member of any particulaer group of pilots had a given probability of
being in an accident. Each observation from that group constituted an independent
Bernouili tnial, i.e., a trial for which there was or was not an accident. Becauss the
observations were independent, the number of accidents for the given group was
binomially distributed. (Drzke, 1967). The normal distribution is a2 good
approximation of the binomial when the mean is larger than 3 standard deviations and
at least 3 standard deviations less than the number of observations (Drake, 1967). Qur
analyses were restricted to those data that satisfied that criterion, and the accident rates
were therefore approximately nermally distributed.

4.3 The Statistical Approach

The analysis of variance (ANOVA) was used ic analyze the accident rate
data, and the chi-square statistic was usec to analyze the frequency data. For statistical
analyses using the ANOVA, the test was applied to completely crossed factorial
designs, i.e., designs in which ali combinations of levels of each factor occurred. Such
an ANOVA yields an F statistic for each main effect and interacton. When
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interactions are significant in completely crossed designs, the interpretation of any
significant main effects must take into account the significant interaction(s}. Indeed, in
socme cases, the significant main effect takes a back seat to the significant interachon.
That is, ignoring the significant mair effect in favor of the significant interaction may
clarify the interpretation. That approach was taken in interpreting the results shown
below.

In our analysis of accident rates, an ANOVA was used that treated the data
as proportions {Games, 1978). For such an znalysis, the value of the degrees of
freedom {df) for the denominator was infinite, because the estimate of the variance was
exact (Games, 1378, tabie 3). For all F values reported, only the degrees of freedom
for the numerator were given, and it should be understood that the value of the degrees
of freedom for the denominator was infinite.

The chi-square test was applied to counts of accidents which were
categorized according to the age-group of the pilot and according to some second
factor, e.g., season of the year. Those categorizations led to two-dimensional tables of
counts {so called two-way coniingency tables). The chi-square est can be applied to
any two-way table each of whose cells have expected frequency (as compuied in
preparation for the chi-square test) egual to 5 or greater (Hays, 1973, p. 723).

4.4 Justification of the Use of Statistics

Golaszewski {1983) argued that statistical analyses shonld not have been
applied to his data because the datz constituted the whole population, and the daia were
not normally distributed. Following his lead, Billings (OTA, 1990), Guide and Gibson
{1991), and Mortimer (1951) also failed to apply statistical analyses to their data.

Above, it was explained why it was reasonable to assume that the data were
normally distribeted. The gquestion of whether the data constituted the wheie
population depended on the inferences desired. This study reguired inferences about
the population of all possible flights. In particulzr, the probability of an accident as a
function of age in the population of all pessible fiights needed to be inferred. Cur datz
could indeed be used to make such inferences. To understand this, consider the logic
of statisticz] testing in more detail for the example of comparing the probabilities of an
accident in two groups. The probability of an accident in each group was esimated by
conducting an analysis in which we drew 2 sample of observations from ¢ach group and
compated the proportion of observations in each sample that were accidents. Then a
statistical {est was performed to determine whether the two proporbons differed
sufficiently to conclude that it was unreasonadle o assume that the probability of an
accident was the seme for both groups. If It was unreasonzble to assume egual
probabilities, then a similar difference in the same direction was expected whan
repeating the anaylsis. If the assumption of equal probabilities was reasonable, there



was no statistical evidence for predicting the outcome wher repeating the anaiysis. Our
data were from an analysis which was more elaborate (and very large) but perfectly
znalogous to the above exampie. It was important w0 infer whether the same results
would occur when the anzlysis was repeated {the following year). Without inference,
the data spoke for a population and the question became "Was the policy of mandaiory
retirement at age 60 justified for that population {and only that population)?” That
question might have had some academic interest, but provided no direction for future
policy decision, unless one also asked, "Could we infer anything from past
performance of the policy to the performance of the policy now and in the future?”



5.8 RESULTS

The resulis of the data analyses were organized according to a senies of
guestions to be answered. The text following a guestion presented first the cata that
addressed the question, followed by the results of statistical anaiyses on the data which
were usually presented in zn accompanying figure. Appendix B contains the backup
data for each figure along with the parameters used to extract the necessary information
from the CDB. Usually, the text wou!d be silent about effects that were statistically
insignificant. The analyses of variance (ANOVAs) were for completely crossed
factorial designs and subsidiary comparisons (or contrasis, sce Hays, 1973), where the
degrees ot freedom for the denominator were always infirite. Thus, for ANOVAs,
only the degrees of freedom for the numerator were reported. Finaliy, how the results
of the statistical analyses had a bearirg on the original question was discussed.

When discussing the results, it is important to keep in ming that there were a
number of factors confounded with age, factors that could affect the outcomes in this
study. First, the composition of various groups changed with age. For example, it
was likely that the FAA's rigorous medical and operational proficiency standards
screened out, over time, pilots more likely to be in accidents. That issue was addressed
10 some extent with appropriate samples of data from the CDB. Furthermors, the
proportion of pilots flying under Part 121 decreased suddenly and dramatically at age
60. Second, the number of landings per flight hour could decrease with age, because
older pilots could use their seniority to choosc longer routes. Third, the safety
characteristics of the route and the airports could be correlated with age for similar
reasons. Those latter two factors in regard to Part 121 pilots could not be addressed by
the datz in the CDB but weakened some interpretations of the results. Note that if an
increase in accident rate with age was observed in the data, such an increase would
have occurred despite the above confounds, wheress if 2 decrease in accident rate was
observed in the data, such a decrease could be attributed to the above confounds.
Analysis of data for Class [T (Past 91) pilots minimized the effect of these confounds
because those pilots did not operate in the framework of the more rigorous standards or
of seniority rules.

- 8.1 Age and Accident Rate

5.1.1 Did Accident Rates of Class I Pilots Change with Age?

Here, all Class I pilots were grouped together without regard to total and
recent flight experience. We wanted to get an overall view of the relationship between
age and accident rate, knowing that we could not readily generalize to Part 121 pilots,
who were 2 select subgroup of Class I pilots. Data were resiricted to pilots between 30
and 59, grouped in 5-year age groups, because that was the zge range of Part 121
piiots. Figure 5-1 dispiays those datz. Pilot age affected acciden: rate for those data
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{F{5)=284.65, p<.01). In particular, accident rate decreased with increased age for the
younger pilots, leveling off for the older pilots {(linear trend, F(1)=306.03, p<.01;
and quadratic trend, F(1)=106.02, p<.01).
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~ Figure 5-1. Accident retes for all Cless I pilots for the years 1576-1985 and 1987-
1988 as 2 fimetion of zge. Pilots were grovped in 5-vear intervals.
The numerator for rate was obtained by counting all accidents in the
NTSB for the given group of pilots. The denominstor was oblained
by sccummlating from the medics! datebase the total gnmualized hours
flown duoring the year by pilots in the given group. See Table 3-6 for
the annustizstion factors.

5.1.2 ‘What Was the Relationship Between Age and R t Flight Time for Class I
Pilots?

Golaszewsla's (1983) data suggesiad that flight time affected accident rate
and interacted with pilot age. That relationship was examined more closely for Class I
piiots with more than 2,000 hours of total flight ime. A minimum 2,000 hours of total
flight time was chosen because it was the Air Transport Pilot (ATP) requirement for
Part 121 pilots. A preliminary analysis determined how total flight ime affected the
accident rates of pilots with more than 2,000 total flight hours. With three levels of
total flight time (2,000-5,000 hours, 5,000-10,00C hours, and > 10,000 hours), an
ANOVA showed no effect for total flight hours and no interacton with pilot age.
Therefore, subseguent analvses ignored tota! ilight hours as a factor, other than
focusing on pilots with more than 2,000 totz! flight hours. Figure 5-2 displays zccident
rates for Class I pilots with more than 2,000 total flight hours as a function of age and
of recent flight ime, where recent fight time was defined as the number of hours



flown in the previous year. For those data, accident rate decreased with increased age
umtil 40 and then leveled off (F(5)=34.01, p<.0l), accident rate decreassc with
increased recent flight time (F(7)=415.75, p< .01}, and the differences in accident rate
among the recent flight time groups decreased with increased age (F(33)=1.65,
p<.0i}).
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Figure 5-2. Accident rates for ail Class I pilots with more than 2,000 hours
total flight time for the years 1976-19835 and 1987-1988 25 2
function of age and of recent flight hours (hours flown in the
preceding 12 months). Pilots are grouped in S-year intervals.
The numerator for rate is obiained by counting ali accidents in the
WTSB for the given group of pilos. The denominator is obiined
by accumulating from the medical database the towal anmnalized
hours flown during the year by piiols in the given group. See
Table 3-5 for the annualization factors.

5.1.3 w Did Accident Rate e with Age for Pilots with Relatively Hish
Recent Flight Time?

The data of Figure 5-2 show that recent fiight time was a crucial variable
when studying accident rate, especially because it interacted with the effects of age.
Because Part 121 pilots typically had high recent flight time, Class I pilots with at least
250 hours of recent flight time were next examined, a group guite likely to inciude
most Part 121 piiots. The data for those pilots are shown in Figure 5-3. Accident rates
changed with age (F(5)=68.82, p<.01), initially decreasing and then leveling off
{contrast for Iinear trend, F(1)=247.06, p<.0l; contrast for quadratic trend,
FB(1)=80.37, p<.D1).
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Figure 53. Accident rates for all Class 1 pilots with more than 2,000 tot! flight
hours @i more than 250 recent flight bours (hours flown in the
preceding 12 months) for 1976-1985 and 1587-1988 s a2 function of
age. Pilots were grouped in S-yesr intervals. The numerstor for rate
was obtamed by counting sll sccidents in the NTSB for the given
group of pilots. Toe denominstor was obtzined by soumulating from
the medical datebese the toial annualized hours flown during the vear
by pilots in the given group. Ses Table 3-8 for the zmmualization
factors.

A full-time pilot for a scheduled air carrier typically logged about 70 flight
hours a month (Brown, 1992). Thus, it was likely that the group of Class I pilots who
had 700 or more recent flight hours and more than 2,000 total flight hours more closely
fit 2 profile of scheduied air carrier pilots than did the groups of Figure 5-3. To be
sure that 700 recent flight hours was a reasonable number for Class I pilots, the
distribution of Class I pilots as a2 function of age and recemt flight hours was
determined. Those data are shown in Figure 5-4. Clearly a substantial proportion of
Class I pilots had more than 700 hours of recent flight time, independent of age. In
general, 30.0 percent of Class I pilots with more than 2,000 total flight hours had more
than 700 recent flight hours,
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Figare 54, Counts of pilots in the CDB for 1976-1985 and 1987-1988 with
more than 2,000 total flight hours as a function of age and of
recent fight hours (hours flown in the preceding 12 months).

Figure 5-5 shows accident rate as a functon of age for Class I pilots with
more than 700 recent flight hours and more than 2,000 total flight hours. Accident rate
decreased with increased age and then leveled off (overall F(5)=23.62, p<.0l; linear
trend, F(1)=98.60, p<.01; quadratic tread, F(1)=12.74, p<.01}.
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Figure 5-5. Accident rates for ail Class I pilots with more than 2,900 total flight
hours and more thep 700 recemt fight hours (hours flown in the
preceding 12 months) for 1976-1985 and 1987-1988 as 2 function of
sge. Pilots were grouped in S-yesr intervals. The numerstor for rate
was obtained by counting all accidents in the NTSB for the given
group of pilots. The denominstor was obtained by stcumulsting from
the medical database the total snnualized hours flown during the year
by pilots in the given group. Sec Table 3-6 for the annuailization
factors.,

Given the power of the CDB, the above analysis could be further refined. In
particular, the medical and certificate databases provided information about the pilot's
employer and the pilot's level of certification. We chose to again examine accident rate as
a function of age, restricting our attention to pilots with ATP ratings who were employed
by major airlines and who had more than 700 recent flight hours. The data for those pilots
are shown in Figure 5-6. Analysis of those data was problematic, for two reasons. First,
the certificate data about when a particular certification was obtained were only the
current ceriifications for a pilot, and, second, because those pilots had so few accidents.
The lower the probability of an accident the morc fragile (unreliable) is the statistical
analysis. Thus, we were confronted with 2 siatistical uncertainty principie: the more
refined the analysis, the less reliable is the analysis. For the data of Figure 5-6, there was
no effect due to age (F(5)=0.84}.
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Figure 5-6. Accident rates for all Class I piiots with more than 2,000 total flight
bours and mors than 700 racent flight bours (hours flown in the
preceding 12 months), who had ap ATP rsting, and who were
employed by s major sirdine, for 1976-1985 and 1987-1988 35 a
function of age. Pilots were grouped in S-year imtervals. The
numerator for rate was obtained by counting sll accidents in the NTSB
for the given group of pilots. The demominator was obtained by
sccumulsting from the medical database the total annuslized hours
flown during the year by pilots in the given group. See Table 3-6 for

As pointed out in Section 4.1, the data for Class II pilots were not very useful
for our purposes, because groups of Class II pilots are heterogeneous. Nevertheless, for
the sake of completeness, accident rates for Class 11 pilots were briefly examined. Figure
5-7 shows the accident rates of Class 11 pilots as a function of age. Note that here the
data for pilot ages 30 through 69 was examined. For those data, accident rate decreased
with age, leveling off for older pilots {overall F(7)}=12.30, p<.0]; linear trend, F{1}=59.70,
p<.01; quadratic trend, F(1)=10.16, p<.01).




1976-1985 & 1907-19%¢
Class I Pllcts

Accident Ratew/ 100,000 Pilot Recort Flig
Time Hours
ERERR

0-34 1539 £-44 45-49 56-54 55-55 60-64 8569

Figuze 5-7. Accident rates for all Class II pilots for the years 1976-1585 and
1987-1988 as ¢ function of age. Pilots were grouped in S-year
intervals. The numerator for rate was obiained by counting all
accidents in the NTSB for the given group of pilots. The denominator
wzs obtzined by accumuisting from the medical database the total
annualized hours flown during the year by pilots in the given group.
See Table 3-6 for the annualization factors.

5.1.5 ¥ $3g aN 10 ,-__ ' n. i

The accident rates of Class IIl pilots were examined, starting with a broad
picture of Class T pilots, foliowed by more narrowly focused pictures. Figure 5-8
presents accident rates for ail Class HI pilots. Just as for all Class I pilots and for all Class
II pilots, accident rate decreased with age for all Class ITT pilots, leveling off for older
pilots (overall F(7)=27.49, p<0l; linear trend, F(1)=165.34, p<.0l; quadratic trend,
E(1)=12.16, p<.01).
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Figure 5-8. Accident rates for all Cless I pilots for the years 1975-1985 and
1987-1988 as a function of age. Pilots were grouped in S-yesr
intervals. The numerator for sate was obtained by counting alf
accidents in the NTSB for the given group of pilots. The denominator
was obtained by accumuiating from the medical database the total
annualized Bours fiown during the year by pilots in the given group.
See Table 3-6 for the annualization factors.

Next, the focus was on Class T pilots who were relatively experienced in
terms of total flight time and relatively practiced in terms of recent flight time. The
distribution of Class I pilots as a function of recent flight time showed that 27.8% of
Class I pilots had more than 50 hours of recent flight time. That is the percentage of
Class IIT pilots with more than 50 hours of recent flight time (30.0%) was roughly the
same as the percentage of Class I pilots with more than 700 hours of recent fight dme
(30.0%). Consequently, we chose to examine the accident rates of Class III pilots with
more than SO recent flight hours and more than 500 total flight hours. Those data are
shown in Figure 3-9. Accident rate decreased with age, leveling off for older pilots
(overall F(7)=6.75, p<.0l; linear trend, F(1)=33.86, p<.0l; quadratic trend, F{1)=7.23,
p<.01l).
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Figure 5-5. Accident rates for all Class II1 pilots with moss than 500 total flight
hours and more then 50 recent flight hours (hours fiown i the
preceding 12 months) for the years 1976-1985 and 1987-1988 as &
function of age. Pilots were grouped in S-year intervals. The
numerator for rate was obtained by counting all sccidents in the NTSB
for the given group of pilots. The depominaior was obtained by
accumulating from the medical database the tota] anmualized hours
flown during the year by pilots in the given group. See Teble 3-6 for
the annuslization factors.

Whereas the membership of the groups of pilots underwent dramatic change at
age 60 for Class I pilots, no such change occurred for Class Il pilots. Thus, while Class
HI pilots differed in many ways from Class I pilots, their accident rate afier age 60
revealed more about the general effect of age. Further, because accidents were more
numerous for Class ITT pilots, analyses of accident rate were statisticaily more reliable. In
particular, the accident rate for each year of age could be examined in 2 more robust
manner, rather than aggregating pilots in five-year age categories. Our main interest lay in
the years near age 60. Thus, we examined the accident rates of Class TII pilots who had
more than 500 total flight hours, who had more than 50 recent flight hours, and who were
between the ages of 50 and 65. Those data wetre shown in Figure 5-10. For those piiots,
age had no effect on accident rate (overall F(19)=0.99, linear trend, F(1)=0.12).
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Figure 5-18.  Accident rates for Class 11 pilots between the sges of 50 and 65 with
more than SOC total flight bours and more than 50 recent flight hours
(hoursﬂmm:hcprwedmgnmﬁxs}fortheyarsw?&wssm
1987-1988 as & function of age. Pilots were grouped in single-year
mtervals. The numerator for rate was obiained by counting all
accidents in the NTSB for the given group of pilots. The depomingtor
was obtained by accumulating from the medicz] database the total
snmuealized hours flown doring the year by pilots in the given group.
See Table 3-6 for the annualization factors.

52 Longitudinal View of Accident Rates

Yes. All pilots born in a particular period could be characterized for a
particular year in the database, and those pilots with the same characteristics who
appeared in the database in subsequent years could be identified. Then the accident rates
of the group whose membership changed to some degree each subsequent vear could be
computed for each year. By necessity, previous studies approached the data from 2 cross-
sectional point of view, examining pilots of different ages at one particular time.
However, the greater scope of the data in the CDB afforded 2 more longitudinal view. To
take advantage of that powerful feature, cohorts of pilots for the years 1975-1985 were
studied. Because there were some changes in group composition over time, this wasnot a
true longitudinal study but was referred to in this report as quasi-longitudinal 1t would
have been desirsble to follow the cohorts longer, i.e., from 1976 to 1988, but the absence



of data for 1986 made such an analysis problematic. The analyses described below
focused on Class I and Class ITT pilots with high flight hours. In each case, the accident
rate of a group of pilots born during a particular S-year period was examined in each of
the ten years from 1976 to 1985. For example, pilots born in 1952-1955 were followed by
computing the accident rate of 20-24 year-olds in 1976, the accident rate of 21-25 year-
olds in 1977, the accident rate of 22-26 year-clds in 1978, etc. In this fashion, pilots in a
particular birth-cchort could be tracked over a ten year period.

5.22  What Did 2 Quasi-Longiudinal Analvsis of Class I Pilots Show?

Figure 5-11 displays accident rates for Class I pilots with more than 700 recent
flights hours and more than 2,000 total flight hours as a finction of year of birthand as a
function of the year in which the accident occurred (1975-1985). The data of Figure 3-11
can be thought of as overlapping snapshots of the curve relating accident rate to age. For
example, the pilots born from 1946-1950 appeer as 31-35 year olds in 1981, while the
pilots born from 1941-1945 appear as 31-35 year oids in 1976, Note that the various
groups suffered both from attrition and ffom accretion as some pilots fifed to renew their
ceriification and other pilots gained initial certification or renew lapsed certification. For
those data, accident rate decreased with age, ie, time from birth (F{4)=23.49, p<.01},
decreased with year in which data were collected, ie, 2 second way to measure age,
(F(9)=5.35, p<.01), and the decrease in accident rate with year of data collection was
greater for younger pilots than clder pilots (interaction of age and year of data collection,
(F(36)=2.03, p<.01). Accident rate initially dacreased as function of age (linear contrast,
F(1)=63.76, p<0l), and then leveled off {quadratic contrasi, F(1)=28.46, p<0I)
Accident rate linearly decreased as a function of year of data collection (finear contrast,
F(1)y=44.30, p<.01). Figure 5-12 displays the data of Figure 5-11 as a function of age,
distingnishing the pilots by date of birth. The data were obtained directly from Figure 3-
11 by shifting the curve for the pilots born from 1941-1945 five years to the right, shifting
the curve for the pilots born from 1936-1940 ten vears to the right, etc. For the data of
Figure 5-12, accident rate decreased as a function of age (F{4)=4.06, p<.01), as a function
of the year in which the data were collected {age from a different point of view,
F(3)=11.08, p<.01), and accident rete was lower when the data for an age group were
collected five years later (F(1)=6.43, p<05).
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Figure 5-11.  Accident mates for Class I pilots with more then 2,000 totsl flight
hours and more than 700 recent flight hours (bours flown n the
preceding 12 months) for the years 1976-1985 and 1987-1988 25 2
function of cate of birth and of the year in which the dats were
coliectad. Piiots were grouped in 5-vear Intervais sccording to date of
birth and in single year intervals sccording to the year in which the
Jats were collectad. The oldest age for including pilots was 59. The
numerator for rate was obtzined by counting zil accidents in the NTSB
for the given group of piicts. The desominator was obtsined by
sccurmuisting from the medical database the tote! anmualized hours
flown during the yesr by pilots in the given group. See Tsbiz 3-5 for
the snmalization factors.

The data of Figures 5-11 and 3-12 are quite striking. They appesr to provide
various views of an underlying curve showing accident rate decreasing with age. Only
pilots under 60 were included for the data of Figures 5-11 and 5-12, because the age
groups over 60 had a dramatically different membership. The milder changes in the
groups under &0 as time passed could also explain the decrease of accident rate with age.
If poorer pilots dropped out of the groups and better pilots entered the groups with the
passage of time, then the accident rate would go down. An absence of changes n the
membership of the groups over time would argue against this interpretation.  This
question will be examined in more detail below.
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Tigors §-32.  Accident rates for Class ] pi'ots with more than 2,000 totsl flipht
hours snd more than 700 recent fight hours (hours fiown in the
preceding 12 months) for the years 19756-1985 and 1987-1988 ss a3
fumction of date of birth azd of =ge year in which the dats wers
coflectad. Pilots were grouped in S-year Intervals according to dste of
birth and in single year intervels according to the yesr in which the
data were coliocted. This figure recapitulates the datz of Figure 5-11
by listing ths various groups according to the ending age of zach 5-
yesr cobort. The oldest 2ge for including pilols was 59. The
Tumesator for rate was obtained by counting &l accidents in the NTSBE
for the given grovp of pilots. The denominator wes obtiined by
flown during the year by pilots in the gives group. See Table 3-6 for
the snnualizetion factors.

Longitudinal analyses anzlogous to the ones in Section 5.2.1 were carried
out for Class I pilots who were between the ages of 2€ and 60 in 1976, who had more
than 500 total flight hours, and who had more than 50 recent flight hours. Note that
for Class IH pilois the data extended to pilots as old as 89, whereas in the longitudinal
analysis for Class I pilots the pilots were no older thar 59. Figure 5-13 presents the
accident rates of Ciass III pilots as a function of vear of birth and of vear in which the
datza were coliected., Tor those dats, accident rate decreased as vear increased
(F®)=6.93, p<.0l), accident raic docrezsed 25 time from binth increased
(F(6y=T7.11, p<.01), and the decrease over years was greater for the younger piiots
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{interaction, F(54)=1.52, p<.01). Finally, the decrease in accident rate over years
was strictly linear (linear contrast, F(1)=53.82, p<.C1}.

The data for the Class III pilots mirrored the datz for the Class I piiots,
except that there was no leveling off of accident rate with year for the Class I pilots.
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Figure 5-13.  Accident rates for Class HI pilots with more than 500 tota! Jight
bours end more then 50 recent fight bours (howrs flown I the
preceding 32 months) for the vezrs 1976-1985 and IS57-1988 as 2
function of date of birth aod of the vear In which the dets were
collectad. Pilots wers grouped in S-vear intervals zecording to date of
birth and in single yezr iptarvils sccording to the vesr in which the
dats wese collected. The oldest age for including pilots was 69. The
numerator for rate wes obtainad by counting =il accidents m the NTSE
for the given group of pilots. The demominptor was obtzined by
flown during the vear by silols in the given group. See Table 3-6 for

Figure 5-14 recapitulaies the date of Figure 5-17 in the same way that
Figure 5-12 recapitulates the data of Figure 5-11. For the data of Figure 5-14 accident
rate decreased as 2 function of age (F(5)=4.19, p<.01), accident rate decreased as a
function of the year in which the data were collected (2 different view of age,
F(4)=3.35, p<.01), acciden: rate was lower when the datz for an age group were
coliected five vears later (F(1)=18.54, p<.01), and the details of the changes in
accident raie over time differed for the various groups (triple interaction, F(20)=1.58,

p<.08).
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Figure 5-14.  Accident rates for Class III pilots witk more than 500 total flight
hotrs xod more than 50 recent flight hours (hours flown in the
preceding 12 months) for the years 1976-1985 and 1587-1988 s a
fonction of date of birth and of age vear In which the data were
collected. Pilots were grouped in S-year istervals scoording to dete of
birth and in single vear intervals according to the year in which the
data were collected, This figure recapitulates the data of Figme 5-11
by listing the various groups sccording to the ending sge of each S5
yvear cobort. The oldest age for inclading pilots was 6%, The
nmmerstor for rate was obtained by counting all accideats in the NTSE
for the given group of pilots. The depominzior was obteined by
flown during the veer by pilots in the given grogp. See Table 3-6 for
the grmalizetion factors.

53 Analyses of Accident Frequencies

A number of analyses were considered, based upon the accident records
originating in the NTSB database. First, analyses were considered which were based
upon the Chi-Square statistic, and then some analyses were considered based upon the
anglysis of variance (ANOVA), i.e., the F statistic.

In ail of the Chi-Square anzivses, the accidents were categorized according
to the age of the pilot and according to some second 7actor, e€.8., season of the year,
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and then the number of accidents were counted for each combination of age category
and second factor category. Thus, if the ages were categorized as 30-34, 35-39, ...,
55-59 (six categories of age) and the second factor was season of the year (four
categories), then there would be 6 x 4 = 24 "cells” each containing the number of
accidents appropriate for the cell, e.g., accidents by 30-34 year olds in winter.

The Chi-Square analysis was appropriate for such data, so long as the cell-
entries were “"reasonably large™ (usually taken fo mean numbers >S; Hays, 1973).
The Chi-Square statistic answered the guestion, “Was it reasonable to believe that the
proportion of accidents in each of the categories of the second factor did not depend
upon age?" Thus, when we had a significant Chi-Square (here taken to mean p>.03),
we concluded that “the proportions of accidents among the various categories of the
second factor varied as a function of age.”

In all cases, all accidents occurring from 1983 to 1988 for Class I pilots
were considered.

5.3.1  Chi-Sgeare Anajyses

5.3.1.1 Did the proportion of pilots with a medical waiver change as a function of
age?

Yes, Chi-Square{5)=12.99, p=.024., A greater proportion of the older
pilots in accidents had medical waivers than did the younger pilots. The proportions
for the wvarious groups are displayed in Table 5-1. The increase in proportion of
medical waiver for older pilots in accidents could refiect a concomitant increase for all
Class I pilots. To check this, the CDB was used o obfain the proportion of all Class I
pilots with a medical waiver as a function of age, where attention was restricted to
pilots examined between ! February 1988 and 30 June 1988. Those datz are dispiayed
in Table 5-2. The proportion of pilots with medical waivers differed with age, Chi-
Square(5)=102.40, p<.001. The patterns seen in Tables 5-1 and 5-2 differ somewhat,
but for both tables, the older pilots had more medical waivers, and it did not appear
that possession of a medical waiver was implicated with having an accident.
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Table 5-1.

Percent of Class I pilots who had & medical waiver and were involved
in an accident a5 & function of age. Data are from the NTSE datsbase
for the years 1983-1988.

Age
30-34 35-3% 40-44 4549 50-54 55-59¢
Percent 4.8 36 3.1 4.9 7.0 10.3
Number of Accideats 419 415 318 224 200 116
Table 5-.2. Percent of Class I pilots who had 2 medicsl waiver as 2 function of
age. Date sre from the Medical database for 1 Februzary 1988 10 30
June 1988,
Age
30-34 35-3% 4044 45-49 50-54 55-59
Percent 8.1 8.1 6.8 6.3 6.9 9.9
Number of Pilots 10291 9479 10529 10085 7595 4008
5.3.1.2 Did the proportions of accidents in the various seasons of the year change

5.3.1.3

5.3.14

with age, if we defined the seasons by the quarters of the year?

No, Chi-Square(15)=24.04, p>.05.

Did the proportion of accidents that involved (at least in part) pilot error
vary with age?

No, Chi-Square(5)=4.75, p>>0.05.

Did the proportion of accidents in which there was a weather visibility
restriction depend on age?

No, Chi-Square(5)=8.27, p>0.05, although it is worth noting that the vast

majority of the accidents involved such a restriction.

5.3.1.5

Did the proportions of accidents during various times of day (daylight, dusk,
nighttime, dawn) vary as a function of 2ge?

A careful analysis of this question would involve taking the geographicai

location and the time of year into account in determining when dusk and dawn occur.
We crudely defined dusk as the hours 16:30 to 15:3% and dawn as the hours 4:30 to
7:30. For this crude approximation the answer was no, Chi-Square(15)=11.78,

p>0.05.
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5.3.1.6 Did the proportions of accidents during various phases of flight { {2} takeoff,
climb, (b) approach, descent, landing, (c) other) vary as a function of age?

No, Chi-Square(10)=14.82, p=0.15.

5.3.2 { Vari V.

The NTSB recorded the amount of recent and iotal flight time flown by the
pilot in the same type of aircraft as the one in which the accident occurred. For each
year of age, the average amount of recent flight time and of total flight time the pilots
spent in an aircraft of the same type was computed. Thus, for each group of five years
(30-34, ..., 55-59), we had five data points. To those data a one-way ANOVA was

applied.
5.3.2.1 Did the total time in the same type zircraft vary as a function of age?

Yes, F(5,24)=5.66, p<.01. The older the pilot, the greater time spent in
the same type aircraft. This was not surprising. The daiz are displayed in Table 5-3.

Table 5-3. Mean number of total fight hours, as 2 functice of age, in the same
type of aircraft as the one in which sn accident occurred. These data
were for Class ] pilots involved in accidents during 1583-1988.

Mean hours
Tetal Flight
Age Group Time
30-34 801
35-39 727
40-44 755
45-49 1,143
50-54 1,232
55-56 2,094

5.3.2.2 Did the recent time in the same type aircraft vary as a function of age?

No, F(5,24)=0.56, p>.50). The data are shown in Table 5-4. One
might hypothesize that lack of recent experience with an aircraft was more
likely to Iead to an accident for a pilot with less overall experience with the
aircraft, but the data (Sections 5.3.2.1 and 5.3.2.2) lent nc support to that

hypothesis.



Table 54, Mean number of recent flight hours, 25 & function of ege, in the same
twpe of aircreft as the ope in which an accident occurred. These data
were for Class 1 pilots involved in sccidents during 1983-1988.

Mean hours
Recent Flight
Age Group Time
30-34 57
35-3¢ 51
40-44 52
45-49 46
50-54 55
53-59 43
5.4 Limitations Placed on the Analyses by the Data

ATl analyses had been conducted on intact data. This meant that the "groups
of inierest” wers seif-selected in numerous ways and were not under experimental
control. Thus, extreme care had to be taken to be sure that other factors were not
confounded with factors examined in this study. Below, two possible confounding
factors were considered in detail, factors we had previously afluded to: the change in
membership of groups over time and the possibility that the number of takeoffs per
flight bour changed with age.

5.4.1

Change in the membership of groups is best illustrated in the context of the
data shown in Figures 5-11, 5-12, 5-13, and 5-14. Those figures purport to follow the
same pilots over 10 years, but, as suggested at the end of Section 5.2.1, this was only
partially true, because the membership of the groups changed to some extent each year
as some pilots allowed their medical certificates to lapse and other pilots obtained their
initial certificates or renew lapsed certificates. If the changes in the membership of the
groups were small, then those changes would have, at most, small effects on the
accident rates. Figures 5-15, 5-16, and 5-17 view from two different perspectives the
degree to which groups changed in membership. The data in these figures are not
exhaustive but indicate the nature of the problem. An exhaustive study of the problem
would only serve to determine the precise size of the problem but would provide no
insight into how changes in membership of the groups affected accident rates. Figure
5-15 displays the change in membership, from one year to the next, of the group of
Class I pilots aged 36-40 in 1976, with at least 250 recent flight hours and at least
2,000 total flight hours. The left (black) bar of a pair gives the number of pilots in the
group for the first year, and the right (gray) bar gives the number of those pilots still in
the group the foliowing year. For example, of the approximately 11,800 pilots in the
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group in 1976, approximately 9,200 remained in 1977. Meanwhile, the group in 1977
consisted of approximately 12,200 pilots, information that can be gleaned from the set
of bars for 1977-1978. Approximately 85 percent of the pilots appearing one year
were still present the following year. In general, the group for the following year was

iarger than the group the previous year so that the “holdovers™ represented less than
85% of the pilots the following year,
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Figure 5-15.  Count of Class I pilots aged 36-4C with more than 2,000 total flight
bours and more than 250 recent flight hours (hour flown the
preceding 12 mouaths) for the years 1576-1985. The dark bar gives &
count of all piiots who zppeared in the given year. The light bar
gives a count of those pilots who appeared in the following year and
in the given vear, i.e., the light ber measures retention.

One might infer from the data of Figure 5-15 that the groups had changed
membership completely after about S years, but this assumes that pilots who leave a
group never return. The data of Figures 5-16 and 5-17 suggest this is not the case.
Each figure follows the change in size of a group over ten years and contrasts that with
the number of pilots from 1977 who appeared in subsequent years, Figure 5-16
displays data for 26-30 y=ar old, Class I pilots, and Figure 5-17 dispiays data for 46-50
year old, Class I pilots. In each case, the change in count for the pilots originally
counted in 1976 was largest the first year. For the younger pilots, there was actually a
slight increase in count in later vears as pilots apparently renewad lapsed certificates
more frequently than they let them lapse. For the older pilots, the influx of new pilots
led to minimal changes in the membership of the group originally counted in 1976. On
the other hend, the group was decreasing substantially in size in the later years,
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probably reflecting the effect of the Age 60 rule. For younger pilots, the groups were
changing substantially in size because of the influx of new pilots, and for older pilots
the groups were changing in size because of atirition. In either case, the groups
underwent substantial change in membership, opening the door to a confounding of
changes in membership with age.
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Figure 5-16.  Counts of Class I pilots aged 25-30 for the years 1976-1985 mnd
1987-1988 as 2 function of year. The top line coumts all pilots. The
second line counts those pilots appearing in 1976 and in the given
subsequent year, i.e., the data point for 79 counts those pilots who
appeared both in 1976 and 1979, 2 measurs of retention. The bottom
two lines count those Class I pilots appearing in 1976 who appearsd
In a subsequent year as a Class I or Class ITI pilot.

As an aside, it is interesting to note that Figure 5-17 shows that very few
Class I pilots who allowed their medical certificate to lapse continued to fly, i.e., they
uszally did not get Class II or Class Il medicat certificates. Thus, the accident rates of
Class 1T and Class III pilots should have been relatively unaffected by an influx of
former Class I pilots.
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5.4.2 What Were the Difficulties in Estimating Exposurc?

In all of the analyses, exposure was measured ir terms of the number of
fiight hours. However, accidents were more likely to occur during takeoff and landing.
For exampie, Trammell (1980), in a study of corporate flight, found that 47 perceat of
the accidents occurred in the landing of the aircraft phase which represented 3 percent
of the total flight time. All things being equal, pilots flying longer flights should have
had fewer accidents per flight hour, i.e., a lower accident rate. It is reasonable to
assume that older pilots of scheduled air carriers could exercise seniority to opt for
longer flights thus reducing their risk of an accident. If so, then age was confounded
with length of flight, masking an increased likelihood of being in an accident. If, on
the other hand, the number of flights per hour was constant with respect to age, then
flight hours, as a measure of exposure were not confounded with age. The data from
the NTSB database were used to assess this question, at least for pilots in accidents.

1976-1988
Retention Study
Class I Pilots
Age in 1976: 46-50

Pilot Cownt

Figure 8.17.  Counts of Class I pilots aged 46-50 for the yesrs 1976-1985 2nd
1987-1988 as a function of year. The top line counts s!l pilots.
The secoad line counts those pilots appearing in 1976 and in the
given subsequent year, i.c., the data point for 79 counts those
pilots who appezred both in 1976 and 1979, 3 messur= of
retention. The boitom two lines count those Class I pilots
appeariag in 1976 who appesred in a subsaguent yesr gs 2 Class
I or Ciass fill pilot.
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The NTSB database inciudes fields to record the number of takeoffs by the pilot
in the last 90 days, however, approximately 80 percent of the time this field was empty
for Class I pilots and therefore could not be meaningfully analyzed. Additionally,
whether age was confounded with number of flights or flight hours was not the sole
criterion of whether flight hours were a good measure of exposure, although it was
most relevant in this case. Night flight time, weather, etc. also influenced quality of
exposure.
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6.0 SUMMARY AND DISCUSSION

The foundation for analyzing data from the CDB was based on the
justification presented in Section 4, which supported traditional statistical analyses.
Aggregating data from 1976-1988 (excluding 1986) provided 2 more extensive data set
and improved the reliability of the analyses.

6.1 Conclusions Based Upon Flight Time Analyses

When the accident rate for each medical! certificate class of pilots was
examined as a function of age (Figures 5-1, 5-7, and §-8, for Classes I, II, and III,
respectively), a decrease in accident rate was found for the younger pilots, followed by
a leveling off for older pilots.

The data of Figure 5-2, which display the accident rates of Class I pilots
with more than 2,000 total flight hours, show that the more recent flight time 2 pilot
had, the less likely the pilot weuld be in an accident. Indeed, recent flight time was the
dominant factor affecting accident rates. Further, for Class I pilots with more than
2,000 total flight hours, no effect of total flight time on accident rates was found.

The data of Figures 5-1, 5-2, 5-3, 5-5, and 5-6, represent progressive
attempts to home in on groups of pilots that are most typical of Part 121 pilots. With
the exception of the data of Figure 5-6, for which no effect of age was found, all the
data indicated a2 modest decrease in accident rate with age, with a leveling off for older
pilots.

When the rates of Class II pilots aged 50 to 70, with more than 500 total
flight hours, and with more than 50 recent flight hours were examined as a function of
age, year by year, no effect for age was found (Figure 5-10).

6.2 Counclusions Based Upon the Quasi-Longitudinal Analyses

Accident rates of Class I and of Ciass U1 pilots with high recent flight time
were examined from a longitudinal perspective, i.e., various cohorts were followed for
2 10 year period. Again, accident rates initially decreased with age and then leveled
off (Figures §-11, 5-12, 5-13, ard 5-14).

6.3 Conclusions Relevant to the Age 60 Ruie

The Age 60 rule applies to pilots employed by scheduled air carriers.
Lacking the ability to directly determine the flight hours of that specific group of pilots,



the accident rates of reasonably comparable groups were examined, i.e., Class I pilots
with at least 2,000 total fiight hours and at least 700 recent flight hours, and pilots with
more than 700 recent flight hours who had ATP cerfificate and who were employed by
2 major airline. For the former group, accident rates decreased with age, leveling off
for older pilots (Figure 5-5), and for the latter group no effect was found due to age,
probably because of lack of statistical power, i.e., the sample size was too small.

In an attempt to examine accident rates for the age range 50-70 and to
minimize the possible confound of older pilots of scheduled carriers having fewer
takeoffs and landings per flight hour (which would mask an increase in accident rate),
experienced Class III pilots with high recent flight time were examined. For Class HI
pilots with at least 500 total flight hours and at least 50 recent flight hours, age had no
effect on accident rate (Figure 5-10j.

Our analyses provided no support for the hypothesis that the pilots of
scheduled air carriers had increased accident rates as they neared the age of 60. Most
of the arnalyses indicated a slight downward trend with age, but those results must be
treated cautiously because of the number of potentially confounding factors. The data
did provide indirect evidence that any changes in takeoffs and landings per flight hour
with age had litile affect on accident rate, because such an effect would only occur for
Part 121 pilots exercising seniority. Yet the data for all the various groups of pilots
were remarkably consistent in showing 2 modest decrease in accident rate with age, a
trend shared by the data of Figure 5-5. That is, the same modest effect of age appeared
in all the data and was not solely due to changes in takeoffs per fiight hour as the pilot
aged. On the other hand, substantial changes in membership of the groups of pilots
from year to year made interpretation of the modest decrease in accident rate with age
problematic. It was as easy to conclude that the FAA's system improved the
composition of the groups over time as it was to conclude that pilots' performance
improved with age.

In all of our analyses, we saw no hint of an increase in accident rate for
pilots of scheduled air carriers as they neareqd their 60th birthday. There were no data
available on scheduled air carrier pilots beyond age 60. To what age could retirement
for those pilots be safely put off? This question must be answered very conservatively
because of the possibility of catastrophic results.

Statisticians distinguish between “pianned” and "post-hoc™ tests. Planned
tests are formulated before collecting the data while post-hoc tests are formuiated after
looking at the data. Statistical controls are applied to the latter test to counteract their
being biased in favor of finding statistical significance. In the analyses discussed
below, the statistical tests were treated as planned fests to maximize the probability of
finding even hints of an increase in accident rate with age for pilots near age 60. Itis
quite likely that any trend detected is spurious, but we were being conservative.
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Because we were concerned with accident rates for pilots affer age 60, we were forced
to look at the data for Medicai Class If and HI pilots.

Examining the data for all Medical Class II pilots (see Figure 3-7), the
accident rate for group 60-64 did not differ from that of group 55-3% {¥F(i)=2.99,
p>.05), but was lower than that of group 65-65 (F(1)=8.41, p<.0l if planned;
F(7y=1.20, not significant if post-hoc).

For ali Class HI pilots, (see Figure 5-8), the accident rate for group 60-64
did not differ from that of 50-59 F{1)=2.7, p>.05) but was lower than that of group
65-69 (F(1)=35.9, p<.05 if planned; F(7)=0.84, not significant if post-hoc).

For Class ITI pilots with more than 50C twotal flight hours and more than 50
recent flight hours {see Figure 5-9), the accident rate for group 60-64 did not differ
from that of group 55-59 (F(1)=0.75, p>.05) or from that of group 6569
(F(1)=2.01, p>.05).

Finally, looking year-by-year at the accident rates of Class HI pilots with
more than 500 total flight hours and more than 53 recent flight hours {see Figure 5-10},
thers was an increase in accident rate for the years 63 through 65 (Jinear trend,
F(1)=5.93, p<.05 if planned; not significant if post-hoc).

Taken together, these analyses give 2 hint, and a hint only, of an increase in
accident rate for Class HI piloss older thar 63 years of age. This suggests that one
could cautiously increase the retirement age to age 63.
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APPENDIX A, COMPARISON OF GOLASZEWSKI STUDY AND AGE 60
STUDY

When the accidents in the CDB were segregated into the fine-grained categories
used by Golaszewski {e.g., Pilots aged 17019, with Class BI certificate, and with 501-
1000 total flight hours), the CDB data agreed aimost exactly with that of Golaszewsig,
as shown in Tabie A-1. For example, for the recent flight Sme analysis, the CDB
included 18,101 of the 18,366 accidents counted by Golaszewski (Golaszewski, 1983,

Appendix A-1) and 306,775 summed recent flight time versus 307,579 included by
Golaszewski.
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APPENDIX B. DATABASE QUERIES AND BACKUP DATA

This appendix contains the parameters that were used to extract the data
from the CDB for each of the figures in Section 5. The database parameters are
grouped by source database. After the set of parameters, the spreadsheet containing the
data used to generate the named figure is shewn.

Table B-1A. Figure 5-1 (Accident rates for all Class I pilots for the
years 1976-1985 and 1987-1988 .as a function of age)
Database Query Parameters

Accident Accident/Incident= Accident

Accident Year = 1976-1988

Medical Class =

Pilot Age:

30-34; 35-39; 40-44; 45-49; 50-54; 55-5¢
Recent Flight Time > 0

Total Flight Time > ()

Medical Exzmination Medical Examination Year = 1976-1988
Medicat Class = 1
Pilot Age:

30-34; 35-39; 40-44; 45-49; 50-54; 55-59
Recent Flight Time > 0
Total Flight Time > 0

Tabie B-1B. Figure 5-1 (Accident rates for all Class I pitots for the
years 1976-1985 and 1987-1988 as a function of age)

Spreadsheet
1976-1985 & 1987-1988
Class I Pilots
All Accidents
Pilot Age | Accident | Amnualized | Accident
Rate | Recent Time Count
30-34 1.78 | 56,737,745 1,009
3533 1.19 1 61,136,517 728
40-44 0.75 | 62,044,266 464
45-49 0.63 | 55,719,557 352
50-54 0.72 | 40,084,535 287
33-56 0.67 | 28.424,898 190
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Table B-2A.

Figure 5-2 (Accident rates for all Class I pilots with
more than 2,000 hours total flight time for the years
1976-168S and 1987-1988 as a function of age and of
recent flight hours } Database Query Parameters

. Database Parameter
Accident Accident/Incident= Accident
Accident Year = 1976-1988
Medical Class = 1
Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59
Recent Flight Time:
1-100; 101-200; 201-300; 301400; 401-500; 501-600;
601-700; > 700
Total Flight Time > 2,000
Medical Examination Medical Examination Year = 1976-1988
Medical Class = 1
Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59
Recent Flight Time:
1-100; 101-200; 201-300; 301-400; 401-500; 501-600;
601-700; > 700
Total Flight Time > 2,000
Table B-2B. Figure 5-2 (Accident rates for all Class 1 pilots with
more than 2,000 hours tofai flight time for the years
1976-1985 and 1987-1988 as a function of age and of
recent flight hours) Spreadshest
Recent Flight RFT >=1& <= 100 RFT > 100 & <= 200
Time Categories
Pilot Age Annualized Annualized
Recent | Accident | Accident § Recent | Accident | Accident
Time Count Rate Time Count Rate
30-34 230,426 70 30.4 674,613 67 9.9
35-39 274,127 56 20.4 857,034 52 6.1
40-44 250,828 37 14,8 846,293 47 5.3
45-49 217,995 34 15.6 711,689 37 5.2
50-54 164,737 17 10.3 522,016 39 5.7
55-59 148,464 25 16.8 396,124 19 4.8
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Recent Flight RFT >=200& <= 300 RFT > 30 & <= 406
 Lime Caregories
Pilot Age  jAnnualized Annualized
Recent | Accident | Accident | Recent | Accident | Accident
Time Count Rate Time Count Rate
30-34 1,032,608 74 7.2 3,107,154 31 2.6
35-39 1,396,077 61 4.4 4,077,475 73 1.8
40-44 1,356,930 4D 2,8 4,161,049 37 0.9
45-45 1,101,346 27 2.5 3,505,594 26 6.7
50-54 838,691 21 2.4 2,492,696 27 1.1
55-59 676,359 21 3.1 1,678,659 27 1.6
Recent Flight RFT >=400 & <=500 RFT > 500 & <= 600
Time Categories o I
Annualized Annualized *
Recent | Accident { Accident | Recent | Accident | Accident
Pilot Age Time Count Rate Time Count Rate
30-34 3,057,868 87 2.8 7,388,744 a3 1.3
35-3¢ 4.335,532 69 1.6 16,863,005 57 8.5
40-44 4,723,456 44 0.5 13,058,950 47 8.4
45-45 4 (98,322 36 0.5 12,325,819 24 0.2
50-54 2,866,356 34 1.2 8,631,532 28 0.3
55-59 1,963,496 17t 05 15641,909( 11 0.2
Recent Flight RFT >=600 & <= 700 RFT > =700
Time ories
Pilot Age  JAnnualized Annuaiized|
Recent | Accident ! Accident § Recent ! Accident | Accident
Time Count Rate Time Count Rate
30-34 3,385,503 64 1.9 25,422,449 261 1.0
35-38 5,310,635 39 3.7 27,658,475 173 0.6
40-44 6,698,412 24 0.4 126,891,304 130 0.5
45-40 6,435,119 24 0.4 24,218,236 8% 0.4
S0-54 4,845,841 20 0.4 18,107,355 73 0.4
55-59 3,950,581 il 9.3 13,088,110 30 o 03




Table B-3A, Figure 5-3 (Accident rates for all Class I pilots with
more than 2,000 total flight hours and more than 250
recent flight hours for 1976-1985 and 1987-1988 as 2
function of age) Database Query Parameters

Database

Parameter

Accident

Accident/Incident=Accident

Accident Year = 1976-1988

Medical Class = 1

Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59

Recent Flight Time > 250

Total Fhight Time > 2,000

Medical Examination

Medical Examination Year = 1976-1988

Medical Class = |

Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59

Recent Flight Time > 250

Total Flight Time > 2,000

Table B-3B. Figure 5-3 (Accident rates for all Class I pilots with
more than 2,000 total flight hours and more than 250
recent flight hours for 1976-1985 and 1987-1988 as a

function of age) Spreadsheet
Annualized Recent | Accident
Pilot Age Time Count Accident Rate
30-34 44,791,490 605 1.4
35-3¢ 54,331,786 436 0.8
40-44 56,963,943 294 0.5
45-49 51,599 381 211 0.4
50-54 37,611,987 193 0.5
55-59 26,664,584 it 0.4




Table B4A.

Figure 54 (Counts of pilots in the CDB for 1976-
1985 and 1587-1988 with more than 2,000 total flight
hours as a function of age and of recent flight hours)
Database Query Parameters

- Database

- .. Parameter

Accident

Accident/Incident = Accident

Accident Year = 1976-1988

Medical Class = 1

Filot Age:
30-34; 35-39; 40-44; 4549; 50-54; 55-59

Recent Flight Time:
1-100; 101-200; 201-300; 301-400; 401-500; 501-600;
601-700; > 700

Total Flight Time > 2,000

Medical

Examination

Medical Examination Year = 1976-1988

Medical Class = 1

Pilot Age:
30-34; 35-39; 40-44; 4549; 50-54; 55-59

Recent Flight Time:
1-100; 101-200; 201-300; 301-400; 401-500; 501-600;
601-700; > 700

Total Flight Time > 2,000

Table B-4B.

Figure 54 (Counts of pilots in the CDB for 1976-
1985 and 1987-1988 with more than 2,000 total flight
hours as a function of age and of recent flight hours)
Spreadsheet

Piot AgelRFT >={ RFT > | RFT' > | RFT > | RFT > { RFT > | RFT > | RFT >
J1& <=] 100& | 200& | 300& ; 400& | S00& | 600 & 700
100 <=201<=300 <=4 <=500 1 <=800i<=T0

30-34 | 7,597 7,387 7,258 115,858 112,477 {24,815 9.843 154,584
35-39 | 8,752 9,404 9,858 (20,872 17747 136546 115,550 161,816
40-44 | 7827 9,400 9,620 121,316 113446 144,064 119,765 161,393
45-49 1| 6.656 7,947 7,914 18,615 15968 141644 119,080 155,953
50-54 | 5,230 5,925 6,197 112,863 111,920 129233 114,407 142,150
55-59 | 4,891 4,614 4,520 8.746 8,252 119,222 111,807 130,826
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Table B-5A. Figure 5-5 (Accident rates for all Class I pilots with
more than 2,000 total flight hours and more than 700
recent flight hours for 1976-1985 and 1987-1988 as a
function of age) Database Query Parameters

Database

Paramneter

Accident

Accident/Incident = Accident

Accident Year = 1976-1988

Medical Class = i

Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-5%

Recent Flight Time > 700

Total Flight Time > 2,600

Medical Examination

Medical Examination Year = 1976-1988

Medical Class = §

Piiot Age:
30-34; 35-39; 40-44; 45-49; S0-54; 55-5S

Recent Flight Time > 700

Total Flight Time > 2,000

Table B-5B. Figure 5-5 {Accident rates for all Class I pilots with
more than 2,000 tota! flight hours and more than 700
recent flight hours for 1976-1985 and 1987-1988 as a

function of age) Spreadsheet
Annuzlized Recent | Accident
Pilot Age Time Count  jAccident Rate
30-34 25,422,449 261 1.0
35-39 27,658,475 173 0.6
40-44 26,891,304 130 0.5
45-49 24,218,236 85 0.4
50-54 18,107,355 73 0.4
55-59 13,098,110 36 0.3
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Table B-6A.

Figure 5-6 (Accident rates for all Class I pilots with
more than 2,600 total flight hours and more than 700
recent flight hours, who had an ATP rating, and who
were employed by a major airline, for 1976-1985 and
1987-1988 as a function of age) Database Query
Parameters

Accident Accident/Incident=Accident
Accident Year = 1976-1088
Medical Class = 1
Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59
Recent Flight Time > 700
Total Flight Time > 2,000
Pilot Certificates = "A" or "AI"
Medical Examination Medical Examination Year = 1976-1088
Medical Class = 1
Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-5¢
Recent Flight Time > 700
Totai Flight Time > 2.000
Employer code:
ASA; TPA; AAL; BNF; CAL; DAL; EAL; MWA;
NWA; PDA; PAL; SWA; TWA; UAL: USA
Pilot Certificate Pilot Certificate Ratings:
AALL; AAMEL; AAMELC; AAMES; AASEL;
AASES; BAMEL
Table B-6B. Figure 5-6 (Accident rates for all Class I pilots with
more than 2,000 total flight hours and more than 700
recent flight hours, who had an ATP rating, and who
were employed by a major zirline, for 1976-1585 and
1987-1988 as a function of age) Spreadsheet
: Annuaiized Recent Accident
|Pilot Age Time Count  jAccident Rate|
30-34 6,910,366 & 0.09
35-3% 11,765,684 3 0.03
40-44 15,024 225 9 0.06
45-49 15,488,962 i1 0.07
50-54 11,881,263 7 G.06
55-59 8,612,907 5 { 0.06
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Table B-7A. Figure 5-7 (Accident rates for ali Class II pilots for
the years 1976-1985 and 1987-1988 as a function of
age) Database Query Parameters

Parameter

Accident

Accident/Incident=Accident

Accident Year = 1076-1088

Medical Class = 2

Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59; 60-64; 65-
69

Recent Flight Time > 0

Total Flight Time > C

Medical Examination

Medical Examination Year = 1976-108%8

Medical Class = 2

Pilot Age:
30-34; 35-30; 40-44; 45-49; 50-54; 55-59; 60-64; 65-
65

Recent Flight Time > §

Tota! Flight Time > 0

Table B-7B. Figure 5-7 (Accident rates for all Class II pilots for
the years 1976-1985 and 1987-1988 as a function of

age) Spreadsheet

Arnualized Recent | Accident i

Pilot Age Time Count Accident Rate
30-34 35,264,264 2,687 7.62
35-29 37,746,188 2.488 6.58
40-44 32,345,426 1,991 6.16
45-49 25,599,502 1,670 6.52
50-54 21,094,996 1,224 5.80
55-59 17,438,224 965 5.56
50-64 5,866,110 499 5.06
65-63 3,444,256 203 5.8
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Tabie B-8A.

Figure 5-8 {Accident rates for all Class I pilets for
the years 1976-1985 and 1987-1988 as 2 function of

age) Database Query Parameters
Database Parameter

Accident Accident/Incident=Accident
Accident Year = 1976-1988
Medical Ciass = 3
Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59; 60-64; 65-
&9
Recent Flight Time > §
Total Flight Time > O

Medical Examination Medical Examination Year = 1976-1988
Medical Class = 3
Pilot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59; 60-64; 63-
€9
Recent Flight Time > §
Totzl Flight Time > §

Table B-8B. Figure 5-8 (Accident rates for all Class IIT pilots for
the years 1976-1985 and 1987-1988 as a function of
age) Spreadsheset

Annualized Recent | Accident
Pilot Age Time Count  [Accident Ratel

30-34 16,484,312 2,126 i2.

35-36 18,678,968 2.090 11.1

40-44 18,990,832 2,066 15.88
45-49 15,325,124 2,826 10.48
50-54 18,763,440 1,728 9.21
55-59 14,410,584 1,249 8.67
50-64 8,216,628 i 659 8.02
65-62 3,643,696 i 327 8.57




Table B-9A. Figure 5-9 (Accident rates for ali Class I pilots wita
more than 500 total flight hours and more than 50
recent flight hours for the years 1976-1585 and 1987-
1988 as a function of age} Database Query Parameters

Database

Pamameter

Accident

Accident/Incident=Accident

Accident Year = 19761988

Medical Class = 3

Piiot Age:
30-34; 35-39; 40-44; 45-49; 50-54; 55-59; 60-64; 65-
£5

Recent Flight Time > 50

Total Fiight Time > %)

Medical Examination

Medical Examination Year = 1976-1588

Medical Class = 3

Pilot Age:
30-34; 35-39, 40-44; 45-49; 50-54, 55-59; 60-64; 65-
&89

Recent Flight Time > 50

Total Flight Time > 500

Table B-9B. Figure 5-5 (Accident rates for all Class I pilots with
more than 500 toma! flight hours and more than 30
recent flight hours for the years 1976-1985 and 1987-
1988 as a function of age) Spreadshest

Arnualized Recent | Accident
Pilot Age Time {  Count [Accident Ratel
30-34 3,045,488 % 261 8.56
35-39 5,420,784 : 370 £.83
40-44 7,388,344 | 510 £.50
45-49 9,165,756 618 6.74
50-54 10,106,600 803 5.97
55-59 8,630,068 507 5.87
60-64 5.254,668 287 5.45
£5-69 2,448,168 130 6.13




Table B-10A. Figure 5-10 (Accident rates for Class III pilots

between the ages of 50 and 69 with more than 500
total flight hours and more than 50 recent fiight hours
for the years 1976-1985 and 1987-1988 as a function
of age) Database Query Parameters

Database

Accident

Accident/Incident=Accident

Accident Year = 1976-1988

Medical Class = 3

Pilot Age:
50-69 in one-year age steps

Recent Flight Time > 50

Total Flight Time > 500

Medical Examination

Medical Examination Year = 1976-1988

Medical Class = 3

Pilot Age:
50-63 in one-year age steps

Recent Flight Time > 50

Total Flignt Time > 500
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Table B-10B. Figure 5-10 (Accident rates for Class IT pilots
between the ages of 50 and 62 witu more than 500
total flight hours and more than 50 recent flight hours
for the years 1976-1985 and 1987-1988 as a function

of age) Spreadsheet
Annualized Recent |  Accident
Pilct Age . Time 1" Count |Accident Rate
50 2,004,992 105 5.24
51 1,998,476 132 6.61
52 2,065,376 126 6.10
53 2,002,584 133 6.64
54 2,035,172 167 5.26
55 1,931,404 119 6.16
56 1,880,172 110 5.85
57 1,718,264 103 5.99
58 1,613,868 88 5.45
59 1,486,360 87 5.85
60 1,312,312 85 6.48
61 1,191,620 62 5.20
62 1,013,704 52 5.13
63 927,036 38 4.10
64 809,996 50 6.17
65 679,204 34 5.01
66 568,724 34 5.98
67 479,816 37 7.71
68 389,636 24 6.16
69 330,788 21 6.35




Table B-11A. Figure 5-11 (Accident rates for Class I pilots with

more than 2,000 total flight hours and more than 700
recent flight hours for the years 1¢7° "985 and 1987-
1988 as a function of date of birth and of the year in
which the daia were collected) Database Query
Parameters

Patabase

Accident

Accident/Incident = Accident

Accident Year and Pilot Age Combinations:

1976 - Age 26-30; 31-35; 3640; 41-45; 46-50
1977 - Age 27-31; 32-36; 37-41; 42-46; 47-51
1978 — Age 28-32; 33-37; 38-42; 43-47; 48-52
1979 -- Age 29-33; 34-38; 39-43; 44-48; 49-53
1980 - Age 30-34; 35-39; 40-44; 45-49; 50-54
1981 - Age 31-35; 36-40; 41-45; 46-50; 51-55
1982 — Age 32-36; 37-41; 42-46; 47-51; 52-56
1983 — Age 33-37; 38-42; 4347, 48-52; 53-57
1984 -- Age 34-38; 39-43; 44-48; 49-53; 54-58
1985 - Age 35-39; 40-44; 4549; 50-54; 55-39

Medical Class = 1

Recent Flight Time > 700

Total Flight Time > 2,000

Medical Examination

Medical Examination Year and Pilot Age
Combinations:

1976 -- Age 26-30; 31-35; 36-40; 41-45; 46-50
1977 —- Age 27-31; 32-36; 37-41; 42-46; 47-51
1078 — Age 28-32; 33-37; 38-42; 43-47; 48-52
1979 - Age 29-33; 34-38; 39-43; 44-48; 48-53
1980 — Age 30-34; 25-39; 40-44; 45-49; 50-54
1081 -- Age 31-35; 36-40; 41-45; 46-50; 51-55
1982 -- Age 32-36; 37-41; 42-46; 47-51; 52-56
1983 -~ Age 33-37; 38-42; 43-47; 48-52; 53-57
1984 -- Age 34-38; 39-43; 44-48; 49-53; 54-58
1985 - Age 35-39; 40-44; 45-49; 50-54; 55-59

Medical Class = 1

Recent Flight Time > 700

Total Flight Time > 2,000
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Table B-11B. Figure 5-11 {Accident rates for Class I pilots with
more than 2,000 total flight hours and more than 700
recent flight hours for the years 1976-1985 and 1987-
1988 as a function of date of birth and of the year in

which the data were cullected) Spreadsheet

Birth Year Recent Flight Accident
Year {Pilot Age) Time Totals " Count |Accident Rate
1976 1946-50 (26-30) 1,282,718 21 1.64
1976 1941-45 (31-35) 1,848,586 22 1.19
1976 193640 (36-40) 2,107,671 16 0.76
1976 1931-35 (41-45) 1,789,551 10 0.56
1976 1926-30 (46-50) 1,174,220 4 0.34
1977 1946-50 (26-30) 1,524,842 34 2.23
1977 1941-45 (31-35) 2,008,595 17 0.85
1977 193640 (36-40) 2,250,490 i1 0.49
1977 1931-35 (41-45) 1,886,066 5 0.27
1977 1926-30 (46-50) 1,174,284 7 0.60
1978 1946-50 (26-30) 1,804,094 30 1.66
1978 1941-45 (31-35) 2,232,406 19 0.85
1978 1936-40 (36-40) 2,462,137 12 0.49
1978 1931-35 (41-45) 2,002,937 12 0.60
1978 1926-30 (46-50) 1,233,583 6 0.49
1979 1946-30 (26-30) 2,185,602 31 1.42
1979 1641-45 (31-35) 2,504.728 18 0.72
1979 193640 (36-40) 2,617,210 9 0.34
1979 1931-35 (41-45) 2,005,368 8 0.38
1979 1926-30 (46-50) 1,230,315 9 0.73
1980 1946-50 (26-30) 2,336,362 34 1.46
1980 1941-45 (31-35) 2,386,439 22 0.92
1980 1936-40 (36-40) 2,531,144 7 0.28
1980 1931-35 (41-45) 2,041,254 6 0.29
1980 1926-30 (46-50) 1,151,415 2 0.17
1981 1946-50 (26-30) 2,353,842 24 1.02
1981 194145 (31-35) 2,273,752 12 0.53
1981 1936-40 (36-40) 2,347,014 il 0.47
1981 1931-35 (41-45) 1,917,546 6 0.31
1981 1926-30 (46-50) 1,036,140 4 0.39
1982 1946-50 (26-30) 2,275,248 19 0.84
1982 1941-45 (31-35) 2,111,816 9 0.43
1982 1936-40 (36-40) 2,248,276 9 0.40
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_ Birth Year Recent Flight | Accident
Year (Pilot Age) Time Totals Count __ jAccident Rate
1982 1926-30 (46-50) 992,458 5 0.50
1983 1946-50 (26-30) 2,377,316 13 0.55
1983 1941-45 (31-35) 2,269,669 13 0.57
1983 1936-40 (36-40) 2,410,256 16 0.66
1983 1931-35 (41-45) 1,958,217 4 0.20
1983 1926-30 (46-50) 1,024,058 7 0.68
1984 1946-50 (26-30) 3,031,633 15 0.49
1984 194145 (31-35) 2,648,838 15 0.57
1984 1936-40 (36-40) 2,771,686 7 0.25
1984 1931-35 (41-45) 2,247,937 6 0.27
1984 1926-30 (46-50) 1,098,166 1 0.09
1985 1946-50 (26-30) 3,315,334 8 0.24
1985 1941-45 (31-35) 2,887,167 11 0.38
1985 1936-40 (36-40) 2,977,187 6 0.20
1985 1931-35 (41-45) 2,287,459 7 0.31
1985 1926-30 (46-50) 1,032,529 8 0.77
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Table B-12A. Figure 5-12 (Accident rates for Class I pilots with

more than 2,000 total flight hours and more than 700
recent flight hours for the years 19765-1985 and 1987-
1988 as a function of date of birth and of the year in
which the data were collected) Database Query
Parameters

Database

Parameter

Accident

Accident/Incident=Accident

Accident Year and Pilot Age Combinations:

1976 — Age 26-30; 31-35; 36-40; 41-45; 46-50
1977 - Age 27-31; 32-36; 37-41; 42-46; 47-51
1978 -- Age 28-32; 33-37; 38-42; 43-47; 48-52
1979 -- Age 29-33; 34-38; 39-43; 44-48; 49-53
1980 - Age 30-34; 35-39; 4G-44; 4549; 50-54
1981 -- Age 31-35; 36-40; 41-45; 46-50; 51-55
1982 - Age 32-36; 37-41; 42-48; 47-51; 52-56
1983 — Age 33-37; 38-42; 43-47; 48-52; 53-57
1984 -- Age 34-38; 39-43; 44-48; 49-53; 54-58
1985 -- Age 35-39; 40-44; 45-49; 50-54; 55-59

Medicat Class = 1

Recent Flight Time > 700

Total Flight Time > 2,000

Medical Examination

Medical Examination Year and Pilot Age
Combinations:

1976 -- Age 26-30; 31-35; 36-40; 41-45; 46-50
1977 -- Age 27-31; 32-36; 37-41; 42-46; 47-51
1978 - Age 28-32; 33-37; 38-42; 43-47; 48-52
1979 -- Age 29-33; 34-38; 39-43; 44-48; 49-53
1980 — Age 30-34; 35-39; 40-44; 4549, 50-54
1981 -- Age 31-35; 36-40; 41-45; 46-50; 51-55
1982 -- Age 32-36; 37-41; 42-46; 47-51; 52-56
1983 -- Age 33-37; 38-42; 4347, 48-52; 53-57
1984 -- Age 34-38; 39-43; 44-48; 49-53; 54-58
1985 - Age 35-39; 40-44; 45-49; 50-54; 55-59

Medical Class = 1

Recent Flight Time > 700

Total Flight Time > 2,000
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Table B-12B. Figure 5-12 (Accident rates for Class I pilots with
more than 2,000 total flight hours and more than 700
recent flight hours for the years 1976-1985 and 1987-
1988 as a function of date of birth and of the year in

which the data were collected) Spreadsheet

.. k. Birth Year | :RecentFlight -{. Accident
Year |  (PilotAge) | Time Totals” '} Count  lAccident Rate]
1976 1946-50 (26-30) 1,282,718 21 1.64
1976 1941-45 (31-35) 1,848,586 22 1.19
1976 1936-40 (36-40) 2,107,671 16 0.76
1976 1931-35 (41-45) 1,789,551 10 0.56
1976 1926-30 (46-50) 1,174,220 4 0.34
1977 1946-50 (26-30) 1,524,842 34 2.23
1977 1941-45 (31-35) 2,008,595 17 0.85
1977 1936-40 (36-40) 2,250,490 11 0.49
1977 1931-35 (41-45) 1,886,066 5 0.27
1977 1926-30 (46-50) 1,174,284 7 0.60
1978 1946-50 (26-30) 1,804,094 30 1.66
1978 1941-45 (31-35) 2,232,406 19 0.85
1978 1936-40 (36-40) 2,462,137 12 0.49
1978 1931-35 (41-45) 2,002,937 12 0.60
1978 1926-30 (46-50) 1,233,583 6 0.49
1979 1946-50 (26-30) 2,185,602 31 1.42
1979 1941-45 (31-35) 2,504,728 18 0.72
1979 193640 (36-40) 2,617,210 9 0.34
1979 1931-35 (41-45) 2,095,368 8 0.38
1979 1926-30 (46-50) 1,230,315 9 0.73
1980 1946-50 (26-30) 2,336,362 34 1.46
1980 1941-45 (31-35) 2,386,439 22 0.92
1980 1936-40 (36-40) 2,531,144 7 0.28
1930 1931-35 (41-45) 2,041,254 6 0.29
1980 1926-30 (46-50) 1,i51,415 2 G.17
1981 1946-50 (26-30) 2,353,842 24 1.02
1981 1941-45 (31-35) 2,273,752 12 0.53
1981 1936-40 (36-40) 2,347,014 11 0.47
1981 1931-35 (41-45) 1,917,546 6 0.31
1981 1926-30 (46-50) 1,036,140 4 0.39
1982 1946-50 (26-30) 2,275,248 19 0.84
1982 1941-45 (31-35) 2,111,816 9 0.43
1982 1936-40 (36-40) 2,248,276 g 0.40
1982 1931-35 (41-43) 1,867,412 3 0.16
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Birth Year Recent Flight Accident
Year (Pilot Age} Time Totzls Count Accident Rate
1983 1946-50 (26-30) 2,377,318 i3 0.55
1983 1941-45 (31-35) 2,269,669 13 0.57
1983 1936-40 (36-40) 2,410,256 16 0.66
1983 1931-35 {(41-45) 1,958,217 4 0.20
1983 1926-30 (46-50) 1,024,058 7 0.68
1984 1946-50 (26-30) 3,031,633 15 (.49
1084 1841-45 (31-35) 2,648,838 15 0.57
1584 193640 (36-40) 2,771,686 7 0.25
1984 1931-35 (41-45) 2,247,937 6 0.27
1684 1926-30 (46-50) 1,098,166 1 8.09
1585 1946-50 (26-30) 3,319,334 8 0.24
1985 i941-45 (31-35%) 2,887,167 1i 0.38
1985 1936-40 (36-40) 2,977,187 6 0.20
1985 1631-35 (4145 2,287,450 7 {.31
1985 1926-30 (46-50) 1,032,520 8 0.77
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Tabie B-13A, Figure 5-13 (Accident rates for Class I pilots with
more than 500 total flight hours and more than 350
recent flight hours for the years 1976-1935 ané 1987-
1988 as a function of date of birth and of the year in
which the data were collected) Database Query
Parameters

Accident | Accident/Incident=Accident

Accident Year and Pilot Age Combinations:

1976 — Age 26-30; 31-35; 36-40; 41-45; 46-50
1977 - Age 27-31; 32-36; 37-41; 42-46; 47-51
1978 — Age 28-32; 33-37; 38-42; 43-47; 48-52
1979 -- Age 26-33; 34-38; 39-43; 44-48; 49-53
1980 — Age 30-34; 35-39; 40-44; 45-49; 50-54
1981 — Age 31-35; 36-40; 41-45; 46-50; 51-55
1982 — Age 32-36; 37-41; 42-46; 47-51; 52-56
1923 - Age 33-37; 38-42; 43-47; 48-52; 53-57
1984 —~ Age 34-38; 39-43; 44-48; 49-53; 54-58
1985 ~ Age 35-39; 40-44; 45-49; 50-34; 55-59

Medical Class = 3

Recent Flight Time > 50

Total Fiight Time > 500

Medical Examination Medical Examination Year and Pilot Age
Combinations:

1976 - Age 26-30; 31-35; 36-40; 41-45; 46-50
1977 — Age 27-31; 32-3¢; 37-41; 42-46; 47-51
1978 — Age 28-32; 33-37; 38-42; 43-47; 48-52
1979 — Age 29-33; 34-38; 35-43; 44-48; 40-53
1980 — Age 30-34; 35-39; 40-44; 45-49; 50-54
1981 — Age 31-35; 36-40; 41-45; 46-50; 51-535
1982 — Age 32-36; 37-41; 42-46; 47-51; 52-56
1983 - Age 33-37; 38-42; 43-47; 48-52; 53-57
1984 — Age 34-38; 38-43; 44-48; 49-53; 54-58
1985 - Age 35-39; 40-44; 45-49; 50-54; 55-59

Medical Class = 1

Recent Flight Time > 50

Total Flight Time > 500

-
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Table B-13B. Figure 5-13 (Accicent rates for Class HI pilots with
more than S00 total flight hours and more than 50
recent flight hours for the years 1976-1985 and 1987-
1988 as a function of date of birth and of the year in

which the data were collected) Spreadshest

Birth Year Recent Flight Accident
Year (Piiot Age) Time Totals Count  iAccident Rate}
1976 1946-50 (26-30) 113,000 17 15.04
1976 1941-45 (31-35) 276,072 28 10.14
1576 193640 (36-40) 435,580 37 8.49
1576 1931-35 (41-45) 641,452 61 9.51
1976 1926-30 (46-50) 952,892 78 8.19
1976 1921-25 (51-55) 908,528 58 6.38
1976 1916-20 (56-60) 533,160 41 7.69
1977 1946-50 {26-30) 152,764 23 15.06
1977 1941-45 (31-35) 337.336 20 5.93
1977 1936-40 (36-40) 492,856 42 8.52
1977 1931-35 (41 45) 692,096 48 6.94
1977 1926-30 (46-50) 957,608 80 8.35
1977 1921-25 (51-55) 842,008 68 3.08
1977 1916-20 (56-60) 475,348 35 7.3
1978 1946-50 (26-30) 201,708 18 8.92
1978 1941-45 (31-35) 406,176 47 11.57
1978 1936-40 (3640) 542,308 35 6.45
1978 1931-35 (41-45) 755,236 57 7.55
1978 1626-30 (46-50) 1,041,196 73 7.01
1978 1921-25 (51-35) 802,744 75 8.40
1978 1916-20 (56-60) 485,636 16 3.2%
1979 1846-50 (26-30) 255,240 23 8.87
1975 184145 (31-35) 467,012 34 7.28
1979 1936-40 (36-40; 585,052 46 7.86
1979 1931-35 (41-45) 793,128 58 7.44
1979 1926-30 (45-50) 989,006 61 6.17
1979 1921-25 (51-55) 816,496 7 3.76
1979 1816-20 (56-60} 431,544 23 5.33
1980 1946-5C (26-30) 288,420 30 10.40
1580 1941-45 (31-35) 499.036 44 8.82
1980 193640 (3640} 641,804 54 8.41
1980 1931-33 (41-45) 778.136 52 6.68
1580 1926-30 (46-50) 680,608 56 5.71
1980 1821-25 (31-35) 771,856 32 4.15

B-20



Birth Year Recent Flight | Accident

Year (Pilot Age) Time Totals - Count  |Accident Rate
1981 1946-50 (26-30) 326,332 29 8.89
1981 1941-45 (31-35) 551,736 3% 7.07
1981 1936-40 (36490} 659,432 50 7.58
1981 1931-35 (41-45) 792,120 55 6.94
1981 1926-30 (45-50) 889,928 47 5.28
1981 1921-25 (51-55) 718,364 43 5.99
1981 1916-20 (56-60) 363,160 26 7.16
1982 1946-50 (26-30) 339,900 20 5.88
1082 1941-45 (31-35) 531,600 30 5.64
1982 1936-40 (36-40) 626,276 30 4.79
1982 1931-35 (4145) 701,172 48 6.35
1982 1926-30 (46-50) 830,064 45 5.42
1982 1921-25 (51-55) 635,812 23 3.62
1982 1916-20 (56-60) 301,164 21 6.97
1983 1946-50 (26-30) 360,504 20 5.41
1083 194145 (31-35) 567,128 35 617
jOR3 1936-40 (36-40) 625,012 32 5.12
1983 1931-35 (41-45) 701,628 53 7.55
1083 1926-30 (46-50) 796,996 46 5.77
1983 1921-25 (51-55) 590,112 41 6.95
1983 1916-20 (56-60) 274,024 14 5.11
1984 1946-50 (26-30) 359,595 23 6.40
1984 1941-45 (31-35) 571,236 43 7.53
1984 1936-40 (36-40) 650,832 37 5.68
1984 1931-35 (4145 680,036 33 4.85
1984 1926-30G {(46-50) 741,160 48 6.48
1984 1921-25 (51-55) 537,404 28 5.21
1984 1916-20 (56-60) 244,376 17 5.56
1985 1946-50 (26-30) 456,216 27 £.92
1985 1941-45 (31-33) 614,916 37 6.02
1985 193640 (3640} 672,324 40 5.85
1985 1931-35 (41-45) 701,448 40 5.70
1985 1926-30 {46-50) 752,564 2 5.58
1985 1921-25 (51-53) 516,316 28 5.42
1985 1916-20 (56-60) 242,562 3 3.30
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Table B-14A. Figure 5-14 {Accident rates for Class I pilots with

more than 500 total flight hours and more than 53
recent flight hours for the years 1976-1985 and 1987-
1988 as 2 function of date of birth and of the year in
which the data were coliected) Database Query
Parameters

Database

Parameter

Accident

Accident/Incident=Accident

Accident Year and Pilot Age Combinations:

1976 — Age 26-30; 31-35; 3640; 41-45; 46-50
1977 — Age 27-31; 32-36; 37-41; 42-46; 47-51
1978 — Age 28-32; 33-37; 38-42; 4347, 48-52
1979 -- Age 29-33; 34-38; 35-43; 44-48; 49-53
1980 — Age 30-34; 35-39; 40-44; 45-49; 50-54
108: — Age 31-35; 36-40; 41-45; 46-50; 51-55
1082 — Age 32-36; 37-41; 42-46; 47-51; 52-56
1983 -- Age 33-37; 38-42; 43-47; 48-52; 53-57
1984 — Age 34-38; 39-43; 44-48; 49-53; 54-58
1985 — Age 35-39; 40-44; 45-49; 50-54; 55-5¢

Medical Class = 3

Recent Flight Time > 50

Total Flight Time > 500

Medical Examination

Medical Examination Year and Pilot Age
Combinations:

1976 — Age 26-30; 31-35; 36-40; 41-45; 46-50
1977 — Age 27-31; 32-36; 37-41; 42-46; 47-51
1978 — Age 28-32; 33-37; 38-42; 43-47; 48-52
1979 - Age 29-33; 34-38; 39-43; 44-48; 49-53
1980 -- Age 30-34; 33-39; 40-44; 45-49; 50-54
1981 — Age 31-35; 36-40; 41-45; 46-50; 51-55
1982 -- Age 32-36; 37-41; 42-36; 47-51; 52-56
1983 — Age 33-37; 38-42; 43-47; 48-52; 53-57
1984 — Age 34-38; 39-43; 44-48; 49-53; 54-58
1985 -- Age 35-39; 40-44; 45-49; 50-54; 55-59

Medicai Class = 1

Recent Flight Time > 50

Tota! Flight Time > 500
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Table B-14B. Figure 5-14 (Accident rates for Class il pilois with
more than 500 total flight hours and more than 50
recent flight hours for the vears 1976-1985 and 1987-
1988 as a function of date of birth and of the vear in

which the data were collzcted) Spreadshest

- Birth Year Recent Flight Accident
Year (Pilot Age) TimeTotals | Count |Accident Rate
1976 1946-50 (26-30) 113,000 17 15.04
1976 1941-45 (31-35) 276,072 28 10.14
1976 193640 (36-40) 433,580 37 8.49
1976 1931-35 (41-45) 641,452 61 9.51
1976 1926-30 (46-50) 952,892 78 8.19
1976 1921-25 (51-55) 908,528 58 6.38
1576 1916-20 (56-60) 533,160 41 7.69
1977 1946-50 (26-30) 152,764 23 15.06
1977 194145 (31-35) 337,336 20 5.93
1977 1936-40 (36-40) 492,856 42 8.52
1977 1931-35 (41-45) 692,096 48 6.94
1977 1926-30 (46-50) 957.608 80 8.35
1977 1921-25 (51-55) 842 008 68 .08
1977 1916-20 (56-60) 475,348 35 7.36
1978 1946-50 (26-30) 201,708 18 8.92
1978 1941-45 (31-35) 406,176 47 11.57
1978 1936-40 (36-40) 542,308 35 6.45
1978 1931-35 (41-45) 755,236 57 7.55
1978 1926-30 (46-50) 1.041.196 73 7.01
1978 | 1921-25 (51-55) 892.744 75 8.40
1978 1916-29 (56-60) 485,636 16 3.29
1979 1946-50 (26-30) 259,240 23 8.87
1979 194145 (31-35) 467 012 34 7.28
1979 1936-40 (3640) 585,052 45 7.86
1979 1931-25 (41-45) 793.128 59 7.44
1979 1926-30 {46-50) 989,096 51 5.17
1979 1921-25 (51-55) 816.496 7 i 3.76
1979 1916-20 (56-60) 431,544 23 {533
1980 1946-50 (26-30) 288,420 30 10.40
1980 1941-45 (31-35) 499,036 44 8.8 |
1980 1936-40 (36-40) 641,804 34 841
1980 1931-35 (41-45) 778,156 52 6.63
1980 1926-3Q (46-50) 980,608 56 571
1980 1921-25 (51-53) 771,858 32 | 4.15
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Birth Year Recent Flight | Accident
Year {Piiot Age) Time Totzls Count Accident Ratg,
1981 1946-50 (26-30) 326,332 29 I R.89
1981 194145 (31-35) 551,736 3% 7.07
1981 193640 (36-40) 659,432 50 | 7.5%
1981 1931-35 (41-43) 792,120 35 P 6.54
1981 1926-30 (46-30) §89.928 47 . 5728
1981 1921-25 (51-55) 718,364 43 | 5.99
1981 1916-20 (36-60) 363,160 26 AT
1982 1946-50 (26-30) 339,900 2 . 5.88
1982 1941-45 (31-35) 531,600 30 B
| 1982 1836-40 (36-40) 626,276 3 1 47
1982 1931-35 (41-45) 701,172 48 L 683
1982 1926-30 (46-50} 830,064 45 5.42
1982 1921-25 (51-55) 635.812 23 T
1982 1916-20 {56-60) 301,164 21 I 8.97
1983 1946-30 (26-30) 369,504 20 | 5.41
1983 194145 (31-35) 567.128 35 5.17
1983 1936-40 (36-40) 625,012 32 5.12
1983 1931-35 (4145) 701,628 53 7.55
1983 1926-30 (46-50) 766,996 46 {577
1983 1921-25 (51-55} 550,112 41 .95
1983 1916-20 (56-60) 274,024 14 5.11
1984 1946-50 (26-30) 359,596 23 .40
1984 194145 (31-33) 571,236 43 7.53
1984 1936-40 (36-40) 650,932 37 5.68
1984 1931-35 (4143 680,036 33 xS
1984 1926-30 (46-50) 741.180 48 6.48
1984 1921-25 (51-35) 537.404 2 {521
1984 1916-20 (56-60) 244,376 17 P 6.95
1985 1946-50 (26-30) 456,216 27 LR
1985 194145 (31-35) 614.316 37 P60
1985 193640 (36-40) 672,324 20 © 595
1985 1931-35 (4145) 701,448 40 [ 370
1985 1926-30 (46-50) 752,584 42 I 558
1985 1921-25 (51-55) 518.316 28 [ 5.42
1985 1915-20 (56-60) 242 592 g L 3.30




Table B-154, Figure 5-15 (Count of Class I pilots aged 3640 with
more than 2,000 :otal flight hours and more than 250
recent flight hours for the years 1976-1985) Database
Query Parameters

Database Parameter

Medical Examination Medical Class = |

Recent Flight Time > 250

Total Flight Time > 2,000
ical Examination Year and Pilot Age

Combinations:

1976 — Age 3640

1977 -- Age 3741

1978 - Age 38-42

1979 -- Age 3943

1980 — Age 40-44

1981 - Age 41-45

1982 - Age 4246

1983 — Age 4347

1984 — Age 44-48

1985 -- Age 45-49

Table B-15B. Figure 5-15 (Count of Class I pilots aged 3640 with
more than 2,000 total flight hours and more than 250
recent flight hours for the vyears 1976-1585)

Spreadsheet

Years Year] |  Year2
1876-77 11,580 9,254
1977-78 12,261 9932
1978-79 13,582 11,202
1979-80 14,922 12,135
1980-81 15,078 12.218
1981-82 15,028 12,145
1982-83 14,789 11,974
1983-84 14,773 12,077
1984-85 15,367 12.774
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Table B-16A. Figure 5-16 (Counts of Class I pilots ‘ged 26-30 for

the years 1976-1985 and 1987-1988 as a function of
vear) Database Query Parameters

RN

Pargmeter

Medical Examinats

Medical Class = |
Recent Flight Time > =0

Total Flight Time > = 0

Medical Examination Year and Pilot Age Combination:
1976 Age 26-30

Certificate Number

IF certificate number EXISTS in 1976 AND class | in

1977, mncrement 1577 Class 1 count.

IF certificate rumber EXISTS in 1976 AND class H in
1977, increment 1977 Class 1 count.

{F certificate number EXISTS in 1976 AND ciass I7T in
1977 increment 1977 Class T count.

REPEAT above for years 1978 - {988 (excluding 1986}

Table B-i6B. Figure 5-16 {Counts of Class  pilots aged 26-30 for

the years 1976-1985 and 1987-1988 a5 a fimction of

year) Spreadsheet
Year Owerall Clags | Class ! Classi— (Chssi- I

for vexr Adtrition Class 1
76 10,049 10,059 286 3
77 12,367 7.852 607 4
73 15979 7.858 628 32
79 18.760 7.665 540 32
® 19.275 7.503 551 1%
81 19,788 7.440 698 29
n 18,736 7,212 863 43
83 18,959 7.203 928 38
84 20.6¢1 7,465 | 921 46
85 2,180 ! 7758 ! 853 42
-1 24,065 8,060 8§38 42
33 25.33¢ £.084 368 &7




Table B-17A. Figure 5-17 (Counts of Class I pilots aged 46-50 for
the years 1976-1985 and 1987-1988 as a function of
year) Database QGuery Parameters

Database Parameter

Medical Exzmination Medical Class = 1
Recent Flight Time > =0
Toml Flight Time > = 0

Medical Examination Year and Pilot Age Combination:
1976 Age 46-50

Certificate Number IF certificate number EXISTS in 1976 AND class | in

1977, increment 1977 Class [ count.

TF ceraficate number EXISTS in 1976 AND class il in
1977, increment 1977 Class I count.

iF certificate number EXISTS in 1976 AND class IT] in
1977, increment 1977 Class HI count.

REPEAT above for years 1978 - 1988 (excluding 1986)

Table B-17B. Figure 5-17 (Counts of Class I pilots aged 46-50 for
the years 1976-1985 and 1987-1988 as a function of

year) Spreadsheet
Year Overall Class I Class I ClassI—- |ClassI-- M

for year Attrition Class II
76 8,335 8,283 33 3
77 8,312 7,607 141 7
78 8,503 7,390 i85 20
79 8,650 7,228 185 15
8¢ 8,177 7,027 211 11
81 8,440 6,943 253 10
82 8,161 6,724 280 25
83 7,767 6,407 320 24
84 7.395 6,046 309 25
85 6,929 5,416 355 42
87 4,721 3,535 509 68
83 3,554 2,586 630 86
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