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An AnAlysis of the U.s. Pilot PoPUlAtion from 1983-2005: 
evAlUAting the effects of regUlAtory chAnge 

Scientific data are not taken for museum purposes; they are taken as a basis for doing something. If nothing is to be done with the 
data, then there is no use in collecting any. The ultimate purpose of taking data is to provide a basis for action or a recommenda-
tion for action. The step intermediate between the collection of data and the action is prediction.

— William Edwards Deming (1)

INTRODUCTION

The.demograph�cs.of.the.U .S ..general.populat�on,.of.
wh�ch.the.U .S ..c�v�l.p�lot.populat�on.�s.a.subset,.have.
changed.cons�derably.over.the.last.several.decades ..Are.the.
changes.observed.�n.the.U .S ..general.populat�on.reflected.
�n.the.nat�on’s.c�v�l.av�ator.commun�ty?.Th�s.quest�on.
�nterests. researchers,. regulators,. safety. pol�cy. makers,.
and.spec�al-�nterest.groups ..To.better.exam�ne.changes.
over.t�me,.a.long�tud�nal.v�ew.of.the.av�ator.populat�on.
�s.needed.to.analyze.the.long.range.effects.of.regulat�ons,.
pol�c�es,.and.chang�ng.demograph�cs ..

Est�mates.of.the.U .S ..c�v�l.p�lot.populat�on’s.numbers.
have.suggested.that.�t.has.been.�n.an.overall.decl�ne.�n.
recent.decades.(2) ..Quant�fy�ng.and.model�ng.changes.
�n. the. U .S .. c�v�l. p�lot. populat�on. was. conducted. to.
�mprove.the.analys�s.of.th�s.decl�ne ..A.good.stat�st�cal.
model.w�ll. perm�t. researchers. to.descr�be. the. changes.
�n.th�s.populat�on.and.make.pred�ct�ons.relat�ve.to.�ts.
future. character�st�cs ..The.development.of. th�s.model.
was.based.on.the.data.ava�lable.for.the.U .S ..c�v�l.p�lot.
populat�on.from.1983.through.2005 ..A.model.cover�ng.
such.a.large.span.of.t�me.requ�res.flex�b�l�ty.to.accom-
modate.any.pol�cy.changes.that.have.occurred.that.may.
affect.the.length.of.t�me.an.a�rman.could.be.cons�dered.a.
member.of.the.populat�on ..For.th�s.reason,.a.segmented.
l�near. regress�on.model.was.developed. to.descr�be. the.
changes. �n. the.overall. counts.of. the.U .S ..c�v�l. a�rman.
populat�on ..

In. add�t�on. to. model�ng. the. s�ze. of. the. U .S .. p�lot.
populat�on,.th�s.study.exam�ned.the.trends.for.factors.
such.as.gender,.age,.exper�ence,.and.d�fferences. �n.the.
numbers.of.med�cal.cert�ficates.by.class ..The.reasons.for.
changes.�n.these.character�st�cs.w�th�n.the.U .S ..c�v�l.p�lot.
populat�on.were.also.analyzed.and.d�scussed.at.length .

The.data.for.the.study.per�od.were.constructed.on.Sc�-
ent�fic.Informat�on.System.(SIS).pr�nc�ples,.as.descr�bed.
�n.Development of an Aeromedical Scientific Information 
System for Aviation Safety (3) ..The.pr�mary.purpose.of.
th�s. system. was. to. enhance. the. feas�b�l�ty. of. av�at�on.
ep�dem�olog�cal. stud�es. by. �ncreas�ng. the. accuracy. of.
calculat�ng.spec�fic.d�sease.prevalence.over.t�me ..Study�ng.

the.ep�dem�ology.of.spec�fic.d�seases.or.cond�t�ons.w�th�n.
the.U .S ..c�v�l.p�lot.populat�on.and.the.correspond�ng.ac-
c�dent/�nc�dent.outcomes.can.determ�ne.�f.segments.of.
the.populat�on.w�th.these.cond�t�ons.are.at.greater.r�sk.
of.an.acc�dent.or.�nc�dent .

BACKGROUND

Av�ators.who.hold.a.val�d.med�cal.cert�ficate.�n.a.g�ven.
year.are.referred.to.as.active airmen ..A.med�cal.cert�ficate,.
w�thout.l�m�tat�ons,.allowed.an.a�rman.to.be.class�fied.an.
act�ve.a�rman.for.as.long.as.two.years.pr�or.to.1996.and.
up.to.three.years.after.1996 ..The.change.�n.the.durat�on.
of.med�cal.class.�s.based.on.an.FAA.pol�cy.amendment.
enacted.�n.1996.that.�ncreased.the.length.of.the.cert�ficate’s.
val�d�ty.based.upon.the.a�rman’s.age .

The.d�str�but�on.of.the.U .S ..c�v�l.av�ator.commun�ty.
by.age,.med�cal.class,.exper�ence,.and.gender.can.further.
descr�be.the.demograph�c.changes.occurr�ng.over.t�me ..In.
th�s.study,.the.U .S ..c�v�l.p�lot.populat�on.was.categor�zed.
us�ng.these.var�ables.to.define.how.they.have.changed.
over.a.23-year.per�od.(1983.–.2005) ..Many.researchers.
have.extens�vely.stud�ed.age.and.measures.of.exper�ence,.
seek�ng.a.correlat�on.between.these.var�ables.and.adverse.
outcomes.such.as.acc�dents.and.�nc�dents .

Th�s.study.was.not.the.first.attempt.to.exam�ne.the.
act�ve.a�rmen.populat�on.us�ng.ex�st�ng.electron�c.av�at�on.
records ..An.effort.to.observe.the.U .S ..c�v�l.p�lot.popula-
t�on.us�ng.the.access�ble.electron�c.av�at�on.records.of.the.
day.was.done.as.early.as.1968.by.Booze.(4) ..H�s.attempt.
to. merge. the. ex�st�ng. datasets. �nto. a. usable,. coherent.
whole. was. not. poss�ble. g�ven. the. technolog�es. of. the.
t�me ..Regard�ng.these.restr�ct�ons,.Booze.stated.“Both.
the.a�rman.cert�ficat�on.and.med�cal.cert�ficat�on.systems.
are.automated.and.the.obv�ous.solut�on,.wh�ch.would.
�nvolve.match�ng.the.two.tape.files.and.categor�z�ng.the.
a�rman.by.rat�ng.and.med�cal.cert�ficat�on.status,.would.
greatly.s�mpl�fy.the.problem ..However,.th�s.solut�on.�s.
not. feas�ble. due. to. lead/lag. cons�derat�ons,. workload.
cons�derat�ons. and. backlogs,. �ncompat�b�l�ty. of. �nput.
control.data.under.the.separate.systems,.d�fferences.�n.
the.degree.of.automat�on,.and.further.magn�ficat�on.of.
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d�screpanc�es.between.the.two.tape.systems.due.to.�nput.
errors .”.These.l�m�tat�ons.requ�red.Booze.to.restr�ct.h�s.
study.per�od.to.exam�n�ng.the.U .S ..c�v�l.p�lot.popula-
t�on.over.a.s�ngle.year.from.October.1,.1966.to.October.
1,.1967 ..In.1977,.Booze.ach�eved.the.construct�on.of.
an.ep�dem�olog�cal.database.by.restr�ct�ng.h�s.data.to.a.
sampl�ng.of.the.U .S ..p�lot.populat�on.for.av�at�on.stud�es.
but.covered.a.l�m�ted.t�me.frame.(5) ..Improved.computer.
and.database. technolog�es.have. allowed. the. successful.
l�nk�ng.of.the.numerous.ex�st�ng.datasets.�nto.a.s�ngle,.
coherent.database.structure ..The.SIS,.w�th.�ts.23.years.
of.�ntegrated.long�tud�nal.data,.perm�tted.us.to.exam�ne.
the.act�ve.a�rman.populat�on.year.by.year.and.construct.a.
segmented.l�near.regress�on.model.descr�b�ng.changes.�n.
overall.numbers ..The.SIS.l�berated.us.from.hav�ng.to.use.
any.sampl�ng.techn�ques.or.generat�ng.po�nt.est�mates,.
s�nce.the.ent�re.populat�on.�s.ava�lable.for.analys�s ..

Age.has.been.a.controvers�al.top�c.�n.av�at�on.med�-
c�ne.for.many.years.and.has.been.the.focus.of.numerous.
stud�es ..L�.and.Baker,.�n.the�r.retrospect�ve.cohort.study.
of.profess�onal.p�lots.(a�r.tax�/a�r.carr�ers),.reported.that.
av�at�on. acc�dent. rates.d�d.not. s�gn�ficantly. change. as.
commerc�al.p�lots.aged.from.the�r.late.fort�es.to.the�r.late.
fift�es.(6) ..They.concluded.that.the.med�cal.cert�ficat�on.
process.effect�vely.screened.out.p�lots.that.exper�enced.the.
most.age-related.decl�nes.�n.health.and.cogn�t�ve.ab�l�ty ..
In.essence,.the.absence.of.assoc�at�on.between.age.and.
acc�dent.rates.was.descr�bed.as.a.result.of.the.“healthy.
worker. effect;”. those. p�lots. not. meet�ng. m�n�mum.
standards.of.health.are.forced.out.of.the.system ..They.
argued.that.the.amount.of.exper�ence,.�n.terms.of.num-
ber.of.fl�ght.hours.an.�nd�v�dual.atta�ns.(5,000.–.9,999.
hours),.�s.a.more.l�kely.determ�nant.of.an.�nc�dent.than.
age ..They.found.that.p�lots.w�th.less.than.5,000.hours.
of.total.fl�ght.t�me.were.tw�ce.as.l�kely.to.exper�ence.an.
acc�dent.and.that.an.add�t�onal.�ncrease.�n.cumulat�ve.
fl�ght.t�me.beyond.10,000.hours.was.not.assoc�ated.w�th.
any.decrease.�n.crash.r�sk .

Booze.also.conducted.a.study.of.4,491.general.av�at�on.
acc�dents. from.1974.and.reported.that.age.appears.to.
be.a.factor.�n.acc�dents.and.that.the.common.trend.for.
general.av�at�on.�s.�ncreased.r�sk.of.acc�dent.w�th.�ncreas-
�ng.age.(5) ..Booze.po�nted.out.that.greater.cumulat�ve.
exper�ence.must.reduce.acc�dents,.but.at.some.po�nt.any.
spec�al.benefit.ga�ned.from.cumulat�ve.exper�ence.�s.lost.
and.becomes.a.r�sk.factor.as.�ncreas�ng.t�me.�n.the.a�r.
�s.measured.as.�ncreased.exposure.to.the.hazards.of.the.
env�ronment ..He.demonstrated.th�s.find�ng.by.show�ng.
that.more.than.half.of.all.a�rmen.w�th.200.hours.or.less.
only.accounted.for.a.th�rd.of.all.acc�dents ..He.d�d.note.
that.the.one.except�on.to.th�s.observat�on.was.for.a�rl�ne.
p�lots,.who.had.the.h�ghest.cumulat�ve.exper�ence.of.any.

group.and.ma�nta�ned.a.very.low.acc�dent.rate ..He.con-
cluded.that.“R�sk.analys�s.based.on.h�gh.age.alone.or.�n.
any.comb�nat�on.not.also.assoc�ated.w�th.h�gh.exposure.
are. somewhat. �nconclus�ve .”.He. then.went.on. to. say,.
“The.frequently.observed.relat�onsh�ps.of.greater.r�sk.of.
acc�dent.at.h�gher.ages.�s.seen.to.result.from.a.d�lut�on.
of.younger.age.rates.by.a.large.number.�n.th�s.age.group.
w�th.l�ttle.or.no.exposure .”.He.also.adds.a.gender.com-
ponent.to.the.age.argument,.not�ng.that.the.data.seem.
to.�nd�cate.that.women.exper�ence.s�gn�ficantly.fewer.ac-
c�dents.proport�onately.than.the�r.male.counterparts ..Th�s.
observat�on.on.gender.has.been.supported.more.recently.
by.Baker.et.al ..(7) ..One.of.the.�ssues.acknowledged.by.
Booze.�n.h�s.research.�s,.“A.recogn�zed.d�fficulty.�n.all.
the.stud�es.c�ted.has.been.the.ava�lab�l�ty.of.appropr�ate.
and.accurate.denom�nator.data.for.rate.computat�on .”.
Th�s.�s.one.of.the.pr�mary.purposes.of.the.SIS:.to.prov�de.
accurate.and.cons�stent.denom�nator.and.numerator.data.
for.any.av�at�on.ep�dem�olog�cal.study .

A.study.by.Bruckart.exam�ned.a.select�on.of.demo-
graph�cs.concern�ng.the.U .S ..p�lot.populat�on.over.a.20-
year.per�od.(8) ..He.evaluated.the.U .S ..p�lot.populat�on.
by.categor�z�ng.p�lots.�nto.age.ranges.and.found.the.mean.
p�lot.populat�on.age.�ncreased.from.35.to.40.years.and.
that.the.number.of.p�lots.over.the.age.of.60.�ncreased.
five-fold.over.the.years.spann�ng.1968.to.1987 ..S�nce.
1980,.he.noted,.there.has.been.a.steady.decl�ne.�n.new.
p�lots.under.the.age.of.35 .

Age.cont�nues.to.be.a.controvers�al.top�c.�n.av�at�on.
med�c�ne,.as.age.determ�nes.how.long.an.a�rman’s.med�-
cal.cert�ficate.�s.val�d.and.also.plays.a.key.factor.�n.the.
roles.an.a�rman.can.perform ..The.“Age.60.Rule”.(T�tle.
14.of.the.Code.of.Federal.Regulat�ons.(CFR).§121 .383),.
�n.place.s�nce.1960,.determ�ned.that.an.a�rman.cannot.
perform.the.dut�es.as.a.p�lot.or.cop�lot.of.a.commerc�al.
passenger.or.cargo.a�rcraft.w�th.ten.or.more.passenger.
seats.or.7,500.payload-pounds.of.capac�ty.after.turn�ng.
60.years.of.age ..The.purpose.of.the.rule.was.to.d�m�n�sh.
the.r�sk.of.an.�n-fl�ght.�ncapac�tat�ng.med�cal.cond�t�on.
such.as.heart.attack.or.stroke,.wh�ch.are.assoc�ated.w�th.
advanc�ng.age ..The.pr�mary.effect.of.th�s.rule.was.seen.�n.
the.commerc�al.a�rl�ne.�ndustry,.where.p�lots.were.forced.
�nto.ret�rement.or.d�fferent.jobs.once.they.reached.60.
years.of.age ..

S�nce. 1994,. the. FAA. has. sponsored. stud�es. that.
exam�ned. the. quest�on. of. age. and. p�lot. performance,.
part�cularly. �n.regard.to.age.60 ..Both.a.database.con-
sol�dat�on.study.(9).and.an.exper�mental.evaluat�on.of.
p�lot.performance.(10).y�elded.no.conclus�ve.ev�dence.
that.p�lots.aged.60.or.over.caused.a.greater.proport�on.
of.acc�dents.or.�nc�dents ..
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In.a.speech.by.then-FAA.adm�n�strator.Mar�on.Blakey.
at.the.Nat�onal.Press.Club.�n.January.2007,.�t.was.an-
nounced.that.the.age.l�m�t.of.60.would.be.ra�sed.to.65.
(11),.mean�ng.that.reach�ng.age.60.would.no.longer.s�gnal.
the.end.of.a.commerc�al.av�ator’s.career ..Some.cons�dered.
the.Age.60.rule.obsolete,.as.fore�gn.p�lots.older.than.60.
were.allowed.to.fly.�n.U .S ..a�rspace ..Upon.reach�ng.60,.
many.Amer�can.p�lots.s�mply.changed.employers.from.a.
domest�c.carr�er.to.a.fore�gn-based.a�rl�ne.and.cont�nued.
fly�ng ..Ra�s�ng.the.l�m�t.from.60.to.65.years.of.age.puts.
the.FAA.�n.compl�ance.w�th.Internat�onal.C�v�l.Av�at�on.
Organ�zat�on. (ICAO). standards .. As. of. December. 13,.
2007,.commerc�al.av�ators.were.allowed.to.fly.beyond.the.
age.of.60 ..That.�s.the.date.when.the.Fa�r.Treatment.for.
Exper�enced.P�lots.Act.was.passed,.wh�ch.amended.the.
age.standard.of.T�tle.14.of.the.Code.of.Federal.Regula-
t�ons.(CFR).§121 .383(c).from.60.to.65,.to.be.the.same.
as.the.ICAO.standard.(12) .

METHODs

A.populat�on.database.was.constructed.based.upon.
the.methods.descr�bed.by.Peterman.et.al ..(3).�n.Devel-
opment of an Aeromedical Scientific Information System 
for Aviation Safety,.cover�ng.the.t�me.frame.from.1983.
through.2005 ..The.electron�c.med�cal.records,.collected.
on.all.a�rmen,.are.hosted.at.the.C�v�l.Aerospace.Med�cal.
Inst�tute.(CAMI).and.served.as.the.foundat�on.for.th�s.
un�que.data. construct ..The.pr�mary.purpose.of.us�ng.
Sc�ent�fic. Informat�on. System. pr�nc�ples. to. construct.
study.datasets.was.to.enhance.av�at�on.ep�dem�olog�cal.
research;.th�s.�s.what.makes.the.subject.database.d�st�nct.
from.a.typ�cal.management.�nformat�on.system.(MIS) ..
The.database. cons�sted.of. a. table. for. each.year.under.
study,.populated.w�th.the.records.of.each.�nd�v�dual.who.
qual�fied.as.an.act�ve.a�rman.for. that.year. �n.the.U .S ..

c�v�l.p�lot.populat�on ..The.cr�ter�on.for.membersh�p.�n.
the.U .S ..c�v�l.p�lot.populat�on.�s.based.on.the.med�cal.
exam�nat�on.that.each.a�rman.must.pass.to.exerc�se.the.
pr�v�leges.of.a.p�lot.cert�ficate ..

A.member.of.the.populat�on.of.U .S ..p�lots.was.de-
fined.or�g�nally.as.one.who.passed.a.fl�ght.phys�cal.from.
a.cert�fied.Av�at�on.Med�cal.Exam�ner.(AME),.lead�ng.
to.a.th�rd-,.second-,.or.first-class.med�cal.cert�ficate ..The.
level.of.med�cal.cert�ficate,.the.year.�t.was.earned,.and.
the.age.of.the.a�rman.at.the.t�me.of.the.med�cal.exam.
determ�nes.the.length.of.t�me.the.a�rman.�s.qual�fied.to.
rema�n.�n.the.populat�on ..W�th�n.the.t�me.frame.of.th�s.
study,.an.a�rman.can.rema�n.�n.the.populat�on.for.as.long.
as.three.years,.based.upon.a.s�ngle.exam ..D�squal�fy�ng.
cond�t�ons.and.the.d�fferent.types.and.durat�on.of.med�cal.
cert�ficates.are.descr�bed.�n.the.Guide for Aviation Medical 
Examiners.(13) ..

Med�cal.cert�ficates.have.vary�ng.durat�ons:.
A.f�rst-class.a�rman.med�cal.cert�f�cate.�s.requ�red.to.
exerc�se.the.pr�v�leges.of.an.a�rl�ne.transport.p�lot.(ATP).
cert�f�cate ..Th�s.cert�f�cate.�s.val�d.for.the.rema�nder.of.
the.month.of.�ssuance,.plus.s�x.months,.for.act�v�t�es.
requ�r�ng. a. f�rst-class.med�cal. cert�f�cate ..After. that.
t�me,.the.cert�f�cate.�s.val�d.for.another.s�x.months.for.
act�v�t�es.requ�r�ng.a.second-class.med�cal.cert�f�cate,.
plus.an.add�t�onal.12.to.24.months.for.act�v�t�es.re-
qu�r�ng.a.th�rd-class.med�cal.cert�f�cate,.depend�ng.on.
the.age.of.the.p�lot.at.the.t�me.of.the.exam ..
A.second-class.a�rman.med�cal.cert�f�cate.�s.requ�red.
for.commerc�al,.non-a�rl�ne.dut�es.(e .g .,.for.crop.dust-
ers.or.corporate.p�lots).and.�s.val�d.for.the.rema�nder.
of. the.month.of. �ssuance,.plus.one.year ..After. that.
t�me,.the.cert�f�cate.�s.val�d.for.an.add�t�onal.12.to.24.
months.for.act�v�t�es.requ�r�ng.a.th�rd-class.med�cal.
cert�f�cate,.depend�ng.on.the.age.of.the.p�lot.at.the.
t�me.of.the.exam ..Those.exerc�s�ng.the.pr�v�leges.of.a.

•

•

Table I. Duration of Medical Certificates by Class 

Prior to September 16, 1996     
Certificate Class First Second Third 
Privilege ATP Commercial Private 
Duration 6 Months + 1 Year + 2 Years +
+  The remainder of the month of issuance
   
   Age
Post-September 16, 1996, Amendment  40  < 40 
Certificate Class First Second Third Third 
Privilege ATP Commercial Private Private 
Duration 6 Months + 1 Year + 2 Years + 3 Years + 
+  The remainder of the month of issuance  
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fl�ght.eng�neer.cert�f�cate,.a.fl�ght.nav�gator.cert�f�cate,.
or.act�ng.as.an.a�r.traff�c.control.tower.operator.must.
hold.a.second-class.a�rman.med�cal.cert�f�cate ..
A.th�rd-class.a�rman.med�cal.cert�f�cate.�s.requ�red.to.
exerc�se.the.pr�v�leges.of.a.pr�vate.p�lot,.recreat�onal.
p�lot,.or.a.student.p�lot ..Th�s.cert�f�cate.�s.val�d.for.
the.rema�nder.of. the.month.of. �ssuance,.plus.three.
years.for.p�lots.under.age.40,.or.two.years.for.p�lots.
40.and.over ..Pr�or.to.September.16,.1996,.before.the.
FAA.rev�sed.14.CFR,.§61 .23,.the.th�rd-class.med�cal.
cert�f�cate.was.val�d. for. two.years,. regardless.of.age.
(Table.I) ..Ind�v�duals.were.def�ned.as.act�ve.dur�ng.a.
spec�f�c.year.as.long.as.the�r.med�cal.cert�f�cate.was.val�d.
for.at.least.one.month.of.that.year ..The.exact.length.of.
t�me.an.a�rman.was.cons�dered.act�ve.was.captured.�n.
a.var�able.called.Months Contributed,.wh�ch.records.the.
number.of.months.�n.the.current.year.that.the.a�rman.
was. cons�dered. an. act�ve. member. of. the. U .S .. c�v�l.
a�rman.populat�on.(3) ..On.24.July,.2008,.the.dura-
t�ons.of.f�rst-.and.th�rd-class.med�cal.cert�f�cates.were.
extended.to.one.and.f�ve.years,.respect�vely,.for.p�lots.
under.the.age.of.40.(14) ..Th�s.study.cannot.research.
the.effects.of.those.changes.unt�l.new.data,.generated.
under.the.2008.pol�cy.changes,.are.ava�lable .

The. a�rmen. records. w�th�n. the. SIS. were,. �n. turn,.
l�nked.to.other.datasets.such.as.the.Nat�onal.Transporta-
t�on.Safety.Board.(NTSB),.the.FAA.Acc�dent.Inc�dent.
Database.System.(AIDS),.and.the.FAA.Comprehens�ve.
A�rman. Informat�on. System. (CAIS) .. The. Structured.
Query.Language. (SQL). scr�pts. and. the.order.of. the�r.
execut�on.�n.bu�ld�ng.and.defin�ng.the.result�ng.a�rman.
populat�on. w�th�n. the. SIS. �s. referred. to. as. the. Active 
Airmen Algorithm.(3). The.data.�n.the.SIS.represent.the.
ent�re.populat�on.of.p�lots,. rather. than. just. a. sample ..
Thus,.the.stat�st�cal.results.are.populat�on.parameters,.
rather.than.stat�st�cal.est�mates,.and.are.not.subject.to.
sampl�ng.error.(15) .

The.var�ables.of.�nterest.�n.our.study.were.age,.gender,.
med�cal.class,.measures.of.exper�ence,.and.the.overall.s�ze.
of.the.U .S ..c�v�l.p�lot.populat�on ..Each.of.these.w�ll.be.
exam�ned.to.determ�ne.how.they.have.changed.over.the.
study.per�od ..Some.of.these.changes.are.due.to.pol�cy.
dec�s�ons;. others. are. due. to. chang�ng. demograph�cs,.
wh�le. others. can. be. attr�buted. to. fluctuat�ons. �n. the.
av�at�on.�ndustry .

In.bu�ld�ng.the.dataset.and.observ�ng.the.number.of.
med�cal.exams.conducted.per.year,.data.anomal�es.for.years.
1986,.1989,.and.1993.were.revealed,.as.seen.by.the.“d�ps”.
�n.F�gure.1 ..The.1986.anomaly.was.first.observed.dur�ng.
the.consol�dated.database.port�on.of.the.Age.60.project.
�n.1994.and.was.om�tted.�n.the.calculat�on.of.acc�dent.
rates.for.that.study.(9) ..There.�s.no.explanat�on.for.the.

•

m�ss�ng.records.dur�ng.the.years.1986.and.1993 ..It.was.
deemed.that.enough.records.rema�ned.�n.1986.and.1993.
to.be.�ncluded.�n.the.analys�s.of.age.and.act�ve.av�ator.
counts.by.year.�n.our.study,.as.there.were.not.enough.
m�ss�ng.records.to.s�gn�ficantly.affect.the.annual.med�an.
age.or.the.coeffic�ent.of.determ�nat�on.�n.our.segmented.
l�near.regress�on.model.for.av�ator.counts ..

The.1989.anomaly.was.due.to.techn�cal.�ssues.�n.the.
electron�c.systems.of.the.day ..For.example,.data.were.manu-
ally.entered.�nto.these.systems,.and.only.p�lot.med�cals.
that.requ�red.l�ttle.med�cal.rev�ew.(those.from.pr�mar�ly.
younger.appl�cants).were.forwarded.for.electron�c.sub-
m�ss�on ..Th�s.approach.resulted.�n.approx�mately.75%.
of.the.1989.electron�c.exams.to.go.m�ss�ng.�n.the.data-
set,.an.anomaly.severe.enough.to.�ntroduce.s�gn�ficant.
b�as.�nto.our.model.regard�ng.the.counts.and.the.ages.
of.the.U .S ..c�v�l.p�lot.populat�on ..When.we.exam�ned.
the.med�an.age.for.only.those.a�rmen.who.had.a.fl�ght.
phys�cal.�n.a.g�ven.year,.we.confirmed.that.the.surv�v-
�ng.exams.for.year.1989.are.from.younger.p�lots.(F�gure.
2) ..The. length.of. act�ve. a�rman.membersh�p. for. each.
�nd�v�dual.was.calculated.based.on.the.date.of.the�r.most.
recently.passed.med�cal.exam�nat�on.that.was.requ�red.
to.exerc�se.the.pr�v�leges.of.a.p�lot.cert�ficate ..An.a�rman.
who.passed.h�s/her.av�at�on.1989.med�cal.exam�nat�on.
w�thout.l�m�tat�ons.was.qual�fied.to.rema�n.�n.the.act�ve.
a�rmen.populat�on.for.the.rema�nder.of.the.month.�s-
sued,.plus.two.years,.before.another.exam.was.requ�red ..
The. electron�c. med�cal. records. from. 1989. were. used.
to.determ�ne.wh�ch.a�rmen.were.act�ve.for.years.1989,.
1990,.and.1991 ..Therefore,.we.cons�dered.the.summary.
stat�st�cs.for.age.and.overall.counts.to.be.b�ased.for.these.
three.years.due.to.the.way.our.act�ve.p�lot.populat�on.
was.defined.�n.the.SIS.dataset .

The.data.were.modeled.us�ng.Stat�st�cal.Analys�s.Soft-
ware.(SAS).vers�on.9 .1 .3.and.Ins�ghtful.M�ner.vers�on.
7 .0;.the.database.scr�pts.were.wr�tten.�n.Transact-SQL.
and.Procedural.Language.SQL.(PL/SQL).to.accommo-
date.both.the.M�crosoft.SQL.Server.2000.and.Oracle.
vers�on.8 .1 .7.platforms ..Graphs.were.produced.�n.the.
SAS,. Ins�ghtful. M�ner,. and. M�crosoft. Excel. software.
packages ..

Adjust�ng.for.the.known.data.anomal�es,.a.mathemat�-
cal.model.was.constructed.to.expla�n,.descr�be,.and.pre-
d�ct.the.s�ze.of.the.U .S ..c�v�l.p�lot.populat�on ..Stat�st�cal.
s�gn�ficance.was.defined.at.an.alpha.of.0 .05.(α.=.0 .05) ..
We.also.exam�ned.the.results.�n.terms.of.age,.gender,.and.
measures.of.exper�ence.to.�dent�fy.trends.over.t�me .

Added.to.the.d�fficult�es.posed.by.the.data.anomal�es.
were.the.problems.�ntroduced.by.pol�cy.changes.affect�ng.
el�g�b�l�ty.�n.our.defined.populat�on.us�ng.the.act�ve.a�r-
man.algor�thm ..Th�s.�s.why.our.model.was.based.upon.a.
segmented.regress�on.analys�s.�nvolv�ng.�nterrupted.t�me.
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ser�es ..The.model.must.be.able.to.compensate.for.these.
pol�cy.changes.to.accurately.pred�ct.the�r.effects.upon.
the.s�ze.of.the.U .S ..c�v�l.a�rman.populat�on .

REsULTs

Population Frequencies From 1983-2005
Observ�ng.the.frequenc�es.of.the.U .S ..c�v�l.p�lot.popu-

lat�on.v�a.the.act�ve.a�rmen.algor�thm.tells.us.a.great.deal.
about.the.s�ze.and.demograph�cs.of.th�s.populat�on.and.
how.�t.has.changed.over.t�me ..The.SIS.data.revealed.the.
1989.electron�c.med�cal.records.anomaly,.as.well.as.the.
effects.of.the.rule.change.�n.1996.that.s�gn�ficantly.af-
fected.membersh�p.�n.our.populat�on ..The.data.anomaly.
caused.by.the.lack.of.med�cal.exams.for.the.year.1989.
created.a.d�p.�n.our.overall.act�ve.p�lot.populat�on.from.
1989.through.1991.(F�gure.3) ..For.the.purposes.of.our.
analys�s.and.model�ng.efforts.these.years.were.treated.as.
be�ng.b�ased.�n.regard.to.overall.counts.and.age .

In.September.of.1996,.a.rule.change.extended.the.length.
of.the.med�cal.cert�ficates.for.people.under.the.age.of.40 ..
P�lots.not.yet.40.at.the.t�me.of.the�r.med�cal.exams.were.
cert�fied.for.a.max�mum.of.three.years,.as.opposed.to.two ..
A�rmen.who.had.been.�ssued.a.med�cal.cert�ficate.�n.late.
1996.or.1997.normally.would.have.been.dropped.from.
our.act�ve.populat�on.unless.they.renewed.the�r.cert�ficate,.

but.they.were.allowed.to.rema�n.an.add�t�onal.year.�n.
the.populat�on.due.to.th�s.pol�cy.change,.result�ng.�n.an.
art�fic�ally.�ncreas�ng.trend.�n.overall.numbers.from.1999.
through.2000 ..The.populat�on,.as.defined.by.our.act�ve.
a�rmen.algor�thm,.appeared.to.decl�ne.when.the.�n�t�al.
�mpact.of.the.pol�cy.change.on.the.populat�on.was.over,.
beg�nn�ng.�n.2001 ..However,.even.w�th.the.rule.change.
that.allowed.younger.p�lots.less.than.40.years.of.age.to.
rema�n.an.extra.year.as.members.of.our.defined.p�lot.
populat�on,.the.number.of.p�lots.decl�ned.over.the.23-
year.per�od.(1983-2005).by.approx�mately.200,000 ..Had.
the.rule.not.changed.�n.1996,.we.would.have.observed.a.
larger.d�spar�ty.between.1983.and.2005 ..Thus,.the.overall.
numbers.of.the.U .S ..c�v�l.p�lot.populat�on.�s.decl�n�ng ..
Th�s.find�ng.d�ffers.from.Booze’s.1968.find�ng,.that.the.
U .S ..c�v�l.p�lot.populat�on.was.on.the.�ncrease.(4) ..Th�s.
�s.an.�nd�cat�on.that.the.�ndustry.has.gone.through.deep-
seated.changes.over.the.last.40.years .

We.modeled.the.frequenc�es.of.our.p�lot.populat�on.
to.extrapolate.changes.and.pred�ct.the.populat�on’s.s�ze.at.
future.po�nts ..To.accompl�sh.th�s,.we.accounted.for.the.
�mpact.of.the.1996.pol�cy.change.regard�ng.the.length.
of.t�me.an.a�rman.can.reta�n.a.med�cal.cert�ficate ..Th�s.
change.�n.pol�cy.affected.the.s�ze.of.the.populat�on,.start�ng.
�n.1999,.the.year.we.demonstrated.the.d�splacement.�n.
frequenc�es ..Tak�ng.th�s.pol�cy.change.�nto.account,.we.

Figure 3. Number of Active Airman per Year. Figure 3. Number of Active Airman per Year.
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modeled.the.frequenc�es.us�ng.segmented.l�near.regres-
s�on.�nvolv�ng.�nterrupted.t�mes.ser�es.analys�s.(16) ..The.
model.accounted.for.the.pol�cy.changes.and.st�ll.allowed.
test�ng.of.our.data.for.a.l�near.relat�onsh�p ..The.model.
�n�t�ally.took.the.form:

Y = β0 + β1 * (time) + β2 * (policy change) + β3 * (time 
after policy change) + error term

In.the.model,.time.represents.any.of.the.23.years.of.
the.study ..The.policy change.�s.an.�nd�cator.var�able.that.
takes.a.value.of.0.for.years.before.1999.and.1.�n.1999.
and.beyond ..The.time after policy change.represents.the.
number.of.years.post-policy change.(1999) ..The.error term.
represents.the.random.var�ab�l�ty.that.our.model.could.
not.expla�n ..The.regress�on.coeffic�ent.β0.represents.the.
y-�ntercept;.β1 �s.the.slope.of.the.populat�on.over.t�me.
before. the. effect. of. the. pol�cy. change ..The. regress�on.
coeffic�ent.β2.represents.the.offset.at.the.po�nt.at.wh�ch.
the.pol�cy.change.took.effect ..That.�s,.the.d�fference.�n.
numbers.caused.by.the.pol�cy.change.�n.the.U .S ..c�v�l.p�lot.
populat�on.from.1999.forward ..The.regress�on.coeffic�ent.
β3 �s.s�m�lar.to.β1 �n.that.�t.represents.the.slope.�n.the.
populat�on.over.t�me.but.after.the.year.1999;.therefore,.
we. were. able. to. determ�ne. �f. there. was. a. stat�st�cally.
s�gn�ficant.change.�n.the.overall.slope.of.the.model.after.
the.pol�cy.change.took.effect .

Model�ng.the.frequenc�es.of.the.U .S ..p�lot.popula-
t�on.us�ng.segmented.regress�on.analys�s.and.om�tt�ng.
the.b�ased.years.(1989,.1990,.and.1991).generated.the.
results.�n.Table.II .

The.p-value.for.β3.was.greater.than.0 .05;.therefore,.
�t.was.cons�dered.stat�st�cally.�ns�gn�ficant,.mean�ng.that.

the.rate.of.decl�ne.d�d.not.change.s�gn�ficantly.after.the.
year.1999 ..When.th�s.�ns�gn�ficant.term.was.dropped,.the.
final.most.pars�mon�ous.regress�on.model.became:

Y = β0 + β1 * (time) + β2 * (policy change) + error 
term

The.model.was.cons�dered.a.second.t�me.us�ng.only.
the.s�gn�ficant.terms.to.generate.the.results.for.the.par-
s�mon�ous.model.(Table.III) .

G�ven.th�s.result,.our.pred�cted.regress�on.model.looks.
l�ke.F�gure.4,.where.our.equat�on:.

Y = β0 + β1 * (time) + β2 * (policy change) + error 
term 
becomes:.Ŷ=.25,136,096.54 + (-12,238.28)(time) + 
(85,692.80)( policy change)

Note.that.�n.Table.III,.our.coeffic�ent.of.determ�nat�on.
(R-square).�s.0 .913,.wh�ch.means.the.model.has.accounted.
for.91%.of.the.var�ab�l�ty.�n.the.dataset ..Based.on.th�s.
model,.we.calculated.where. the.populat�on.w�ll.be. �n.
the.future,.�f.ex�st�ng.cond�t�ons.hold ..In.Table.IV.�t.was.
est�mated.how.large.the.act�ve.a�rman.populat�on.would.
be.through.2008,.w�th.a.95%.confidence.band .1.

F�gure. 5. represents. the. pred�cted. values. from. the.
pars�mon�ous.regress�on.model ..The.grey.l�nes.�nd�cate.
the.95%.confidence.band.for.the.pred�cted.populat�on.
values ..From.th�s.regress�on.model,.we.concluded.that.
the.1996.pol�cy.change,.wh�ch.was.des�gned. to.allow.
younger.a�rmen.to.keep.a.val�d.med�cal.cert�ficate.for.a.
longer.per�od.of.t�me,.d�d.not.change.the.rate.of.decl�ne.
of.the.act�ve.p�lot.populat�on ..If.th�s.were.the.final.state.of.
our.model,.then.F�gure.5.would.represent.our.pred�cted.

1Hand.calculat�ons.may.d�ffer.sl�ghtly.from.those.est�mated.by.SAS.
s�nce.the.regress�on.coeff�c�ents.are.computed.to.only.two.s�gn�f�cant.
f�gures .

Table II. Full Segmented Regression Model 

Coefficient Standard Error t-statistic p-value R-square
Intercept 0 26054379.92 2008185.039 12.97 <.0001 0.926 
Baseline Trend  1 -12699.69 1008.823 -12.59 <.0001
Level Change 2 66885.70 18081.045 3.70 0.0019
Trend Change 3 6014.72 3642.740 1.65 0.1182

Table III. Parsimonious Segmented Regression Model 

Coefficient Standard Error t-statistic p-value R-square
Intercept 0 25136096.54 2025246.102 12.41 <.0001 0.913

Baseline Trend  1 -12238.38 1017.393 -12.03 <.0001

Level Change 2 85692.80 14738.029 5.81 <.0001
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Table IV. Population Projections With Upper (UCL) and Lower (LCL) Confidence 
Intervals Through 2008 

Year Population Size LCL UCL
2006 671595 653874 689315 
2007 659356 640502 678211 
2008 647118 626964 667272 

Figure 4. Parsimonious Regression Model. 
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values.through.2015,.but.there.were.more.pol�cy.changes.
�n.2008.that.are.not.covered.by.our.current.dataset ..These.
pol�c�es.also.affected.the.durat�on.of.med�cal.cert�ficates.
(14) ..Add�t�onal.data.are.needed.to.allow.the.model�ng.
of.the.regulatory.changes.�mplemented.�n.2008.and.to.
final�ze.our.regress�on.model ..

Population Frequencies by Gender
When.gender.was.cons�dered,.we.found.that.women.

compr�se.a.small.percentage.of.the.act�ve.a�rmen.popula-
t�on,.and.th�s.percentage.rema�ns.fa�rly.constant.over.the.
23-year. �nterval. (F�gure.6) ..The.percentage.of.women.
ranges. from. 6 .4%. to. 7%. over. th�s. per�od. w�th. the�r.
greatest.numbers.at.the.start.of.the.study.per�od.�n.1983.
(58,847) ..At.the.end.of.the.study,.�n.2005,.women.num-
bered.42,536 ..The.lowest.number.of.women.occurred.�n.
1990.at.40,327,.but.th�s.�s.one.of.the.years.affected.by.
the.b�as.caused.by.the.m�ss�ng.med�cal.records;.the.next.
lowest.year.occurred.�n.1998.at.41,063 .

To.better.v�ew.the.var�at�on.�n.the.numbers.of.female.
p�lots.over.the.23-years.of.the.study,.F�gure.7.shows.the.
same.graph.of.women. from.F�gure.6.on.a. condensed.

scale ..The.same.data.anomal�es.and.pol�cy.changes.that.
affected.the.number.of.act�ve.a�rmen.per.year.(F�g ..3).
are.also.ev�dent.�n.F�gure.7 .

Population Frequencies by Medical Class
Med�cal.class.�s.a.dynam�c.var�able.that.can.change.

annually.for.any.�nd�v�dual.a�rman ..A�rmen.w�th.a.first-
class.cert�ficate.can.have.that.cert�ficate.become.second-
class,.and.�t,.�n.turn,.can.drop.to.a.th�rd-class.cert�ficate.
�f.the.a�rman.fa�ls.to.renew.�t.as.requ�red.for.each.class ..
A.th�rd-class.cert�ficate,.�f.not.renewed.pr�or.to.�ts.ex-
p�rat�on.date,.leaves.the.a�rman.w�thout.a.val�d.med�cal.
cert�ficate.and.legally.unable.to.fly .2.To.ga�n.an.accurate.
understand�ng.of.the.d�str�but�on.of.the.three.med�cal.
classes,.a.constant.po�nt.�n.the.year.was.chosen,.and.an.
algor�thm. was. developed. for. determ�n�ng. the. current.
med�cal. class.held.by.all. �nd�v�duals. at. that. t�me;. th�s.
approach.led.to.what.was.referred.to.as.Effective Class ..
Effect�ve.Class.�s.essent�ally.the.point prevalence.of.the.

2.The.except�on.to.th�s.�s.the.rule.regard�ng.Sport.P�lots,.wh�ch.was.
enacted.�n.1994.under.14.CFR.§61 .23 .

Figure 5. Parsimonious Regression Line With 95% Confidence Band.
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Figure 6. Active Airman per Year, by Gender. 

Figure 7. Active Female Aviators, by Year. 
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three.classes.of.med�cal.cert�ficates ..For.th�s.study,.the.
last.day.of.each.year.was.used.to.calculate.th�s.var�able ..
Cons�der�ng.the.prevalence.of.med�cal.cert�ficates.(F�g ..
8).over.the.23-year.span.of.th�s.study.reveals.a.tale.of.
contrasts .

There.were.more.th�rd-class.med�cal.cert�ficate.hold-
ers.than.any.other,.but.those.numbers.were.�n.decl�ne ..
Second-class.med�cal.cert�ficate.holders.numbered.less.
than.half.that.of.th�rd-class.med�cal.cert�ficate.holders,.
and.they.too.were.�n.decl�ne ..F�rst-class.med�cal.cert�ficate.
holders. �n�t�ally.numbered. less. than. e�ther. second-.or.
th�rd-class.med�cal.cert�ficate.holders.but.were.generally.
�ncreas�ng. and. were. close. to. overtak�ng. second-class.
med�cal.cert�ficate.holders. �n.recent.years,. �n. terms.of.
overall.numbers .

Population Frequencies by Age
The.populat�on.dataset.has.the.recorded.age.of.the.

p�lots.reported.at.the.t�me.of.the�r.med�cal.exam,.wh�ch.
makes. �t. a. stat�c. var�able,. just. as. �t.was. for.Bruckart’s.
study.(8) ..An.algor�thm.was.used.that.�ncorporated.the.
age.of.the.p�lot.as.a.dynam�c.var�able.and.computed.the.
exact.age.of.every.�nd�v�dual.on.the.last.day.of.each.year ..
F�gure.2.d�splayed.the.med�an.age.of.a�rmen.who.had.
successfully.passed.a.phys�cal.�n.the.g�ven.year ..F�gure.9.
shows.the.med�an.age.of.all airmen considered active.�n.
the.g�ven.year ..When.we.v�ew.the.med�an.age.of.act�ve.
a�rmen.by.year.(F�g ..9),.we.see.that.age.�s.�ncreas�ng.year.
to.year,.just.as.Bruckart.observed ..The.scarc�ty.of.med�cal.
records.for.1989.�s.reflected.�n.the.med�an.age.for.that.
year;. those.numbers.are.overwhelmed.by.a�rmen.who.
had.med�cal. exams. from.prev�ous.years. and.were. st�ll.
cons�dered.act�ve.�n.1989 ..The.med�an.age.ranged.from.
37.�n.1983.to.45.�n.2005 ..Clearly,.the.U .S ..c�v�l.a�rman.
populat�on.�s.grow�ng.older .

When.our.populat�on.was.categor�zed.by.gender,.�t.
seemed.the.trend.affects.men.and.women.al�ke,.as.seen.
�n.F�gure.10 .

It.�s.ev�dent.that.the.med�an.age.�ncreased.for.both.
men.and.women.from.1983.through.2005 ..For.men,.the.
m�n�mum.med�an.age.was.37.�n.1983,.and.the.max�mum.
was.45.�n.2005 ..The.women’s.m�n�mum.med�an.age.was.
32.�n.1983;.the.max�mum.was.38.�n.1998,.1999,.and.
2005 ..Although.women,.as.a.group,.were.gradually.ag�ng,.
they.were.st�ll.younger.than.male.av�ators ..The.explana-
t�on.for.why.female.av�ators,.as.a.group,.were.younger.
than.the�r.male.counterparts.rema�ns.unknown .

To.cons�der.how.the.populat�on.changed.regard�ng.the.
d�fferent.age.categor�es,.refer.to.the.populat�on.pyram�ds.
�n.F�gures.11.and.12 ..The.graphs.d�splay.how.the.age.

d�str�but�on.for.men.and.women.changed.from.the.start.
and.the.last.year.of.the.study .3

Population Measures of Experience
Measur�ng.levels.of.exper�ence.for.�nd�v�dual.a�rmen.

�nvolves.many.factors ..For.the.purposes.of.th�s.study,.we.
observed.the.total.number.of.fl�ght.hours.reported.by.each.
a�rman.on.the�r.most.recent.med�cal.exam.and.class�fied.
them.by.gender,.age,.and.class.of.med�cal.cert�ficate ..At.
the.t�me.of.the�r.med�cal.exam,.a�rmen.were.asked.how.
many. total. hours. they. had. accumulated ..The. answer.
was.assumed.to.be.an.est�mate.or.an.approx�mat�on.by.
the.a�rman.based.upon.when.they.last.tall�ed.the.fl�ght.
hours.�n.the�r.logbook .

We.expected.that.age.and.reported.fl�ght.hours.should.
be.h�ghly.correlated ..That.�s,.the.longer.an.a�rman.had.
ma�nta�ned.a.med�cal.cert�ficate,.the.more.accumulated.
total.fl�ght.t�me.would.be.acqu�red ..S�nce.female.av�a-
tors.tended.to.be.younger.than.the�r.male.counterparts,.
we. categor�zed. total. fl�ght. t�me. by. gender .. Break�ng.
our.analys�s.down.by.gender.revealed.that,.s�nce.female.
p�lots.were.younger.than.the�r.male.counterparts,.the�r.
accumulated.fl�ght.t�me.was.lower.(F�gure.13) ..The.fact.
that.the.few.med�cal.records.for.1989.belonged.pr�mar-
�ly.to.younger,.�nexper�enced.av�ators.�s.reflected.�n.the.
average.hours.calculated.for.that.year ..

We.further.subd�v�ded.our.analys�s.by.gender.and.class.
of.med�cal.exam ..F�gures.14,.15,.and.16.show.the.average.
hours.reported.at.the.t�me.of.the.a�rman’s.med�cal.exam.
by.these.var�ables ..

The. trends. shown. �n. F�gures. 14,. 15,. and. 16. were.
very.s�m�lar,.suggest�ng.that.all.female.med�cal.classes,.
as.a.group,.tended.to.be.younger.than.the�r.male.coun-
terparts,.and,.therefore,.have.accumulated.fewer.fl�ght.
hours.than.men ..

DIsCUssION

One.of.the.purposes.of.th�s.study.was.to.develop.a.
method.to.track.changes.�n.the.counts.of.var�ous.data.
categor�es.that.may.be.of.�nterest.to.av�at�on.safety.regula-
tors,.acc�dent.�nvest�gators,.and.researchers ..When.there.
are.factors.that.change.dur�ng.the.course.of.a.study,.�t.�s.
�mportant.to.try.to.take.these.changes.�nto.account ..In.th�s.
study,.the.only.regulatory.change.occurred.�n.1996,.the.
effect.of.wh�ch.was.delayed.unt�l.1999 ..Other.researchers,.
Wagner.et.al .,.for.example,.have.found.that.regulatory.
effects.upon.purchas�ng.patterns,.adverse.events,.or.other.
measurable.act�v�t�es.can.be.followed.w�th.segmented.l�n-
ear.regress�on.model�ng ..Recent.examples.�nclude.changes.

3.The.number.of.�nd�v�duals.hold�ng.med�cal.cert�f�cates.under.the.
age.of.16.�s.not.d�splayed.s�nce.they.were.few.�n.number .
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Figure 8. Effective Medical Class, by Gender. 
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Figure 9. Median Age of Active Airmen at End of Year. 

Figure 10. Median Age of Active Airmen at End of Year, by Gender (M = Male and F = Female). 
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Figure 11. Population Pyramid of Female Pilots, by Age Category and Year. 

Figure 12. Population Pyramid of Male Pilots, by Age Category and Year. 
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Figure 13. Average Hours Reported at Time of Medical, by Gender (M = Male and F = Female). 

Figure 14. Average Hours Reported at Time of Third-Class Medical, by Gender. 
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Figure 15. Average Hours Reported at Time of Second-Class Medical, by Gender. 

Figure 16. Average Hours Reported at Time of First-Class Medical, by Gender. 
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�n.�nsurance.pol�c�es.and.med�cat�on.use.(16) ..W�th�n.our.
study,.we.noted.that.after.the.regulatory.change.of.1996,.
�t.was.�mmed�ately.apparent.that.the.otherw�se.stra�ght.
l�ne.mark�ng.the.counts.of.act�ve.p�lots.had.an.upward.
bump.�n.1999 ..If.one.were.to.try.to.make.pred�ct�ons.
us�ng. the. ent�re.data. ser�es. from.1983. to.2005,. there.
would.be.unexpla�ned.var�at�on.and.error.�n.the.est�mates.
pred�cted.by.a.standard.regress�on.model ..

Segmented.l�near.regress�on.allows.the.model�ng.of.
before.and.after.changes.to.exam�ne.and.pred�ct,.us�ng.all.
of.the.data.ava�lable,.lead�ng.to.more.accurate.est�mates ..
Th�s.type.of.model.can.accommodate.mult�ple.changes.
s�nce.more.than.one.segment.can.be.employed.�n.the.
analys�s ..It.�s.�mportant.to.note.that.the.techn�que.does.
not.auto-�dent�fy.the.segments;.�t.�s.up.to.the.researcher.
to.closely.correlate.the.known.factors,.such.as.regulatory.
change,.and.�nclude.an.�nd�cator.var�able(s).to.allow.the.
segmented.regress�on.to.proceed ..One.var�able.establ�shes.
the.presence.or.absence.of.a.segment(s),.and.another.var�-
able.marks.the.years.after.the.change.occurs ..Thus,.for.
our.model,.zeros.were.used.to.precede.the.change,.and.
ones.were.used.to.�nd�cate.that.the.change.had.occurred ..
S�m�larly,.after.the.change,.another.�nd�cator.var�able.was.
used.�n.�ncrements.of.one.for.each.year.after.the.effect.
of.the.regulatory.change.(1,.2,.3,.4,.and.so.on) ..These.
�nd�cator.var�ables.create.structure.that.l�near.regress�on.
models.can.use.to.account.for.the.�n�t�al.effect.of.the.fac-
tor.and.the.poss�ble.prolonged.effect.over.the.years.after.
the.factor.change ..In.th�s.study,.only.the.�n�t�al.effect.of.
the.regulatory.change.was.stat�st�cally.s�gn�ficant ..When.
new.data.become.ava�lable.from.2008.forward,.we.expect.
to.see.a.jump.�n.the.number.of.act�ve.p�lots,.s�m�lar.to.
what.was.seen.�n.1999,.due.to.the.�ncreased.durat�on.of.
first-.and.th�rd-class.med�cal.cert�ficates ..In.other.words,.
2008.w�ll.become.the.next.year.we.place.a.segment.for.our.
regress�on.model ..W�th.th�s.new.segment,.we.can.once.
aga�n.test.to.determ�ne.�f.the.new.pol�c�es.have.any.effect.
on.the.rate.of.decl�ne.for.our.populat�on ..The.benefit.of.
our.segmented.l�near.regress�on.model.�s.that.any.number.
and.type.of.regulatory.change.that.affects.the.s�ze.of.the.
populat�on.can.be.�ncorporated.�n.the.analys�s .

After.the.1996.regulatory.change.to.Part.61.(extend�ng.
the.durat�on.of.val�d�ty.of.a.th�rd-class.med�cal.cert�ficate.
for.the.under.age.40.group),.there.are.two.poss�ble.ex-
planat�ons.for.the.effect.upon.the.count.of.act�ve.p�lots ..
The.first.�s.that.more.p�lots.may.have.become.�nterested.
�n.obta�n�ng.a.med�cal.cert�ficate.due.to.the.attent�on.
be�ng.pa�d.to.the.regulatory.change ..From.the.counts.of.
the.med�cal.exams.subm�tted.(F�g ..1),. �t. �s.poss�ble.to.
see.that.there.was.a.temporary.�ncrease.�n.the.number.of.
appl�cants ..The.second.explanat�on.�s.that.the.regulatory.
change.had.the.d�rect.effect.of.elevat�ng.the.number.of.
act�ve.p�lots.by.�ncreas�ng.the.val�d�ty.per�od,.beg�nn�ng.

�n.exams.subm�tted.�n.1996.and.reflected.�n.1999.(F�g ..
3) ..Th�s.threshold.effect.means,.�n.model�ng.terms,.that.
there.would.be.a.d�fferent.Y-�ntercept.for.post-1999.data.
compared.to.the.pre-1999.data ..Wh�le.the.overall.effect.
was.to.�ncrease.the.number.of.act�ve.p�lots.by.~86,000,.
most.of.th�s.�ncrease.came.as.a.result.of.the.extens�on.
of.the.cert�ficates.of.ex�st�ng.p�lots,.and.a.much.smaller.
contr�but�on.(wh�ch.waned.as.the.years.went.by).was.due.
to.more.p�lots.apply�ng.for.a.med�cal.cert�ficate .

The.rate.of.loss.of.p�lots.before.the.regulatory.change.
�n.1996.and.the.rate.of.loss.after.the.effect.of.the.regula-
tory.change.appears. �n.1999. �s.not. stat�st�cally.d�ffer-
ent ..That.�s,.there.was.a.stat�st�cally.s�gn�ficant.change.
�n. the.number.of. p�lots. after. the. �n�t�al. effects. of. the.
regulatory.change,.but.the.slopes.of.the.model.(rate.of.
loss).rema�ned.the.same ..In.pract�cal.terms,.the.rate.at.
wh�ch.p�lots.are.leav�ng.the.med�cal.cert�ficat�on.system.
was.unaffected.after. the. regulatory.change .. It. �s. l�kely.
that.the.change.�n.the.regulat�on.was.sought.to.�ncrease.
the.number.of.p�lots.by.decreas�ng.the.frequency.of.the.
mandatory.med�cal.exam.for.younger.p�lots,.sav�ng.them.
t�me.and.expense.w�thout.comprom�s�ng.av�at�on.safety ..
The.exam.frequency.was.decreased,.but.the.number.of.
p�lots.not.ma�nta�n�ng.a.med�cal.cert�ficate.cont�nued.�ts.
mult�-year.decl�ne ..Operators.of.gl�ders,.ultral�ghts,.bal-
loons,.and,.more.recently,.sport.a�rcraft,.do.not.requ�re.a.
med�cal.cert�ficate.to.fly;.�ncreases.�n.the.number.of.such.
p�lots.would.not.show.up.�n.our.study.of.act�ve.a�rmen,.
wh�ch.�ncludes.only.p�lots.w�th.val�d.med�cal.cert�ficates ..
Perhaps.p�lots.who.prev�ously.m�ght.have.held.a.med�-
cal.cert�ficate.and.flew.�n.general.av�at�on.act�v�t�es.are.
chang�ng.to.perform.fly�ng.act�v�t�es.that.do.not.requ�re.
a.med�cal.cert�ficate .

There.may.be.other.�mped�ments.to.fly�ng.such.as.the.
�ncreas�ng.costs.of.a�rcraft,.fuel,.ma�ntenance,.�nsurance,.
land�ng.and.hangar.fees,.all.of.wh�ch.may.be.contr�but�ng.
to.the.decreas�ng.number.of.act�ve.p�lots ..Th�s.study.d�d.
not.have.access.to.p�lot.surveys.or.other.data.that.m�ght.
be.exam�ned.to.expla�n.the.prolonged.trend.of.decreas�ng.
numbers.of.act�ve.p�lots .

CONCLUsIONs

Based.on.the.results.of.th�s.study,.the.U .S ..c�v�l.av�a-
tor.populat�on.�s.�nd�sputably.�n.an.overall.decl�ne ..The.
segmented. l�near. regress�on. model. developed. to. help.
descr�be.and.quant�fy.the.numbers.of.the.U .S ..c�v�l.p�lot.
populat�on.over.the.23.years.of.the.study.per�od.was.used.
to.project.future.numbers.through.the.year.2008.(Table.
IV) ..If.current.cond�t�ons.hold,.the.model.pred�cts.that.
the.U .S ..c�v�l.p�lot.populat�on.w�ll.cont�nue.to.decl�ne.
and.fall.to.new.lows ..The.model.d�splays.the.decl�n�ng.
numbers,.along.w�th.the.effects.of.regulat�ons.that.changed.
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the.length.of.val�d�ty.of.a.med�cal.cert�ficate.for.av�ators.
under.the.age.of.40 ..The.model.w�ll.be.mod�fied.to.reflect.
future.pol�cy.dec�s�ons,.both.�n.2008.and.beyond,.when.
data.concern�ng.those.years.are.ava�lable .

When. we. categor�zed. the. populat�on. by. Effect�ve.
Class.over.the.23.years.of.the.study,.we.are.able.to.see.
th�rd-. and. second-class. med�cal. cert�ficate. holders. are.
�n. decl�ne .. Holders. of. first-class. med�cal. cert�ficates.
are. �ncreas�ng .. These. trends. �n. med�cal. class. may. be.
representat�ve.of.changes.w�th�n.both. the.general.and.
commerc�al.av�at�on.�ndustr�es ..Perhaps.there.�s.a.wan-
�ng.number.of.the.general.publ�c.�nterested.�n.general.
av�at�on,.for.wh�ch.only.a.th�rd-class.med�cal.cert�ficate.
�s.needed ..Non-a�rl�ne.commerc�al.operat�ons.may.also.
be. d�m�n�sh�ng,. wh�ch. would. expla�n. the. decreas�ng.
numbers.of.second-class.med�cal.cert�ficate.holders ..More.
first.officers.may.be.seek�ng.first-class.med�cal.cert�ficates.
to.be.able.to.upgrade.to.capta�n.status.or.may.be.fulfill-
�ng.requ�rements.from.the�r.compan�es.that.they.hold.
h�gher.med�cal.cert�ficates.than.requ�red.by.the.federal.
regulat�ons ..F�nally,.commerc�al.operat�ons.requ�r�ng.a.
first-class.med�cal. cert�ficate. such.as.a�rl�ne.operat�ons.
may.be.expand�ng,.wh�ch.�s.why.we.have.observed.an.
�ncrease.�n.th�s.category ..Our.find�ngs.suggest.that.one.
or.more.general.av�at�on.components.are.decl�n�ng,.wh�le.
a�r.carr�er.and.other.commerc�al.operat�ons.requ�r�ng.a.
first-class.med�cal.cert�ficate.are.grow�ng.(2) .

In.our.�n�t�al.look.at.the.parameters.of.the.U .S ..c�v�l.
p�lot.populat�on,.we.have.defin�t�ve.ev�dence.of.an.ag�ng.
populat�on. that. �s. shr�nk�ng. �n. overall. numbers ..Th�s.
populat�on,.although.gradually.grow�ng.older,.confirmed.
that.women,.as.a.group,.are.generally.younger.than.the�r.
male. counterparts ..We. found. that. female. av�ators,. al-
though.a.very.small.part.of.the.overall.populat�on,.d�ffered.
�n.med�an.age.by.as.much.as.seven.years.from.men.by.
the.year.2005 ..The.data.suggest.that.�n.the.younger.age.
categor�es,.there.are.proport�onately.more.women.than.
men ..W�th�n.the.older.age.categor�es,.the.proport�on.of.
women.drops.off.cons�derably ..The.reason.for.th�s.age.
d�fference.between.the.genders.�s.unknown ..

Measures.of.exper�ence.show.that.total.accumulated.
fl�ght.t�me,.as.reported.by.av�ators.at.the.t�me.of.the�r.last.
med�cal.exam,.�s.greatest.for.holders.of.a.first-,.second-,.
and. th�rd-class. med�cal. cert�ficate,. respect�vely .. These.
d�fferences.may.be.due.to.the.�nvolvement.of.holders.of.
first-.and.second-class.med�cal.cert�ficates.�n.commerc�al.
av�at�on ..P�lots.�nvolved.�n.commerc�al.act�v�t�es.would.be.
expected.to.earn.more.fl�ght.t�me.than.�nfrequent.fl�ers ..
It.�s.not.surpr�s�ng.that.the.greatest.average.fl�ght.t�me.
was.held.by.those.w�th.a.first-class.med�cal.cert�ficate ..
Th�s.group.of.av�ators.�s.composed.largely.of.profess�onal.
p�lots.that.log.many.hours.of.fl�ght.t�me.annually ..The.
data.suggests.that.women.logged.hours.at.the.same.rate.

as.men,.but.s�nce.women,.as.a.group,.tend.to.be.younger.
than. the�r.male. counterparts,. the. accumulated. female.
fl�ght.exper�ence,.as.measured.�n.total.fl�ght.t�me,.was.less ..
Th�s.trend.was.also.observed.for.the.d�fferent.classes.of.
med�cal.cert�ficates ..Total.annual.fl�ght.t�mes.for.women.
lagged.beh�nd.those.reported.by.men.�n.all.categor�es.of.
med�cal.cert�ficates.because.women.p�lots,.on.average,.
are.younger.than.the�r.male.counterparts.and.generally.
have.fewer.years.of.av�at�on.exper�ence ..

.As.people.are.l�v�ng.longer.and.w�th.the.ag�ng.of.the.
Baby.Boomers,.the.U .S ..general.populat�on.�s.becom�ng.
older.(17) ..Increas�ng.age.�s.one.of.the.r�sk.factors.for.
many.chron�c.d�seases ..Other.factors.�nclude.tobacco.use,.
lack.of.phys�cal.act�v�ty,.and.poor.nutr�t�on ..Therefore,.
the.�nc�dence.of.many.chron�c.d�seases.�n.the.U .S ..general.
populat�on.�s.�ncreas�ng ..As.better.treatments.for.chron�c.
d�sease. and.d�sab�l�ty. are.developed,.we.would. expect.
an.�ncrease.�n.l�fe.expectancy ..Th�s,.�n.turn,.w�ll.lead.to.
a. correspond�ng. �ncrease. �n. the.prevalence. of. chron�c.
d�sease. and. d�sab�l�ty .. U .S .. demograph�c. project�ons.
�nd�cate.that.the.proport�on.of.people.65.and.older.w�ll.
swell. from.12%.�n.1995.to.20%.by.2050.(18) ..S�nce.
the.U .S ..c�v�l.p�lot.populat�on.�s.a.subset.of.the.overall.
U .S.populat�on,.we.would.expect.to.see.s�m�lar.results.�n.
terms.of.�ncreas�ng.prevalence.and.�nc�dence.of.chron�c.
d�sease ..Future.ep�dem�olog�cal.stud�es.w�ll.target.some.
of.these.chron�c.cond�t�ons,.along.w�th.the�r.prevalence.
and.effects.w�th�n. the.av�at�on.commun�ty. to. �nclude.
fl�ght.safety .
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