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Glossary of Terms 

Skill-based errors (SBes) .SBes.occur.w�th.l�ttle.or.no. 
consc�ous.thought .SBes.can.be.thought.of.as.“do�ng”. 
errors .For.�nstance,.l�ttle.thought.goes.�nto.turn�ng.one’s. 
steer�ng.wheel.or.sh�ft�ng.gears.�n.an.automob�le .S�m�larly,. 
bas�c.f�ght.sk�lls.such.as.st�ck.and.rudder.mo�ements.and. 
��sual.scann�ng.refer.more.to.how.one.does.someth�ng. 
rather.than.where.one.�s.go�ng.or.why .the.d�ffculty.w�th. 
automat�c.beha��ors.�s.that.they.are.part�cularly.suscept�ble. 
to.attent�on.and/or.memory.fa�lures .As.a.result,.SBes. 
such.as.the.breakdown.�n.��sual.scan.patterns,.�nad�ertent. 
act��at�on/deact��at�on.of.sw�tches,.forgotten.�ntent�ons,. 
and.om�tted.�tems.�n.checkl�sts.often.appear .e�en.the. 
manner.(or.sk�ll).w�th.wh�ch.one.f�es.an.a�rcraft.(aggres-
s��e,.tentat��e,.or.controlled).can.affect.safety . 

Decision errors (de) .one.of.the.more.common.error. 
forms,.des,.represent.consc�ous,.goal-�ntended.beha��or. 
that.proceeds.as.des�gned,.yet.the.plan.pro�es.�nadequate. 
or.�nappropr�ate.for.the.s�tuat�on .these.errors.typ�cally. 
man�fest. themsel�es. as. poorly. executed. procedures,. 
�mproper.cho�ces,.or.s�mply.the.m�s�nterpretat�on.and/or. 
m�suse.of.rele�ant.�nformat�on  

Perceptual errors (Pe) .Wh�le.de.and.SBes.ha�e.dom�-
nated.most.acc�dent.databases.and.ha�e,.therefore,.been. 
�ncluded.�n.most.error.frameworks,.the.th�rd.and.fnal. 
error.form,.Pe,.has.rece��ed.comparat��ely.less.attent�on . 
Perce���ng.errors.ar�se.when.sensory.�nput.�s.degraded,.or. 
“unusual”.as.�s.often.the.case.when.fy�ng.at.n�ght,.�n.the. 
weather,.or.�n.other.��sually.�mpo�er�shed.en��ronments . 
A�rcrew.run.the.r�sk.of.m�sjudg�ng.d�stances,.alt�tude,. 
and.descent.rates,.as.well.as. respond�ng. �ncorrectly. to. 
a.�ar�ety.of.��sual/�est�bular.�llus�ons.when.faced.w�th. 
�mperfect.or.�ncomplete.�nformat�on . 

Violations (V) . rout�ne. Vs. tend. to. be. hab�tual. by. 
nature.and.are.often.enabled.by.a.system.of.super��s�on. 
and. management. that. tolerates. such. departures. from. 
the.rules.(reason,.1990) .often.referred.to.as.“bend�ng. 
the.rules,”.the.class�c.example.�s.that.of.the.�nd���dual. 
who.dr��es.h�s/her. automob�le. cons�stently.5-10.mph. 
faster.than.allowed.by.law .Wh�le.clearly.aga�nst.the.law,. 
the.beha��or.�s,.�n.effect,.sanct�oned.by.local.author�t�es. 
(pol�ce).who.often.w�ll.not.enforce.the.law.unt�l.speeds. 
�n.excess.of.10.mph.o�er.the.posted.l�m�t.are.obser�ed  

there. are. also. except�onal. Vs,. wh�ch. are. �solated. 
departures.from.author�ty,.ne�ther.typ�cal.of.the.�nd�-
��dual.nor. condoned.by.management . For. example,. 
wh�le. author�t�es.m�ght. condone.dr���ng.65. �n. a.55. 
mph.zone,.dr���ng.105.mph.�n.a.55.mph.zone.would. 
almost.certa�nly.result.�n.a.speed�ng.t�cket .It.�s.�mportant. 
to.note.that.wh�le.most.except�onal.Vs.are.appall�ng,. 
they.are.not.cons�dered.“except�onal”.because.of.the�r. 
extreme.nature .rather,.they.are.regarded.as.except�onal. 

because.they.are.ne�ther.typ�cal.of.the.�nd���dual.nor. 
condoned.by.author�ty  

Adverse mental states (AMS) .Be�ng.prepared.mentally. 
�s.cr�t�cal.�n.a��at�on .AMS.�nclude.the.loss.of.s�tuat�onal. 
awareness,.mental. fat�gue,.c�rcad�an.dysrhythm�a,.and. 
pern�c�ous.att�tudes.such.as.o�erconfdence,.complacency,. 
and.m�splaced.mot��at�on.that.negat��ely.�mpact.dec�s�ons. 
and.contr�bute.to.unsafe.acts  

Adverse physiological states (APS) .equally.�mportant. 
howe�er,.are.those.APS.that.preclude.the.safe.conduct.of. 
f�ght .cond�t�ons.such.as.spat�al.d�sor�entat�on,.��sual. 
�llus�ons,.hypox�a,.�llness,.�ntox�cat�on,.and.a.whole.host. 
of.pharmacolog�cal.and.med�cal.abnormal�t�es.are.known. 
to.affect.performance .It.�s.�mportant.to.understand.that. 
cond�t�ons. l�ke. spat�al. d�sor�entat�on. are.phys�olog�cal. 
states.that.cannot.be.turned.on.or.off.–.they.just.ex�st . 
As.a.result,.these.APS.often.lead.to.the.comm�ss�on.of. 
unsafe.acts.l�ke.Pes .For.�nstance,.�t.�s.not.uncommon. 
�n. a��at�on. for. a.p�lot. to.become. spat�ally.d�sor�ented. 
(APS).and.subsequently.m�sjudge.the.a�rcraft’s.p�tch.or. 
att�tude.(Pe),.result�ng.�n.a.loss.of.control.and/or.coll�-
s�on.w�th.the.terra�n  

Physical/mental limitations (PMl) . PMl. �ncludes. 
those. �nstances.when.necessary.sensory. �nformat�on. �s. 
e�ther.una�a�lable,.or.�f.a�a�lable,.�nd���duals.s�mply.do. 
not.ha�e.the.apt�tude,.sk�ll,.or.t�me.to.safely.deal.w�th. 
�t .there.are.�nstances.when.an.�nd���dual.s�mply.may. 
not.possess. the.necessary. apt�tude,.phys�cal. ab�l�ty,. or. 
profc�ency.to.operate.safely . 

Crewresourcemanagement (crM) .there.are.occas�ons. 
when.crew.members.may.not.fully.understand.each.other’s. 
�ntent�ons .When.th�s.occurs,.confus�on.(AMS).and.poor. 
dec�s�ons.�n.the.cockp�t.can.result .crM.�ncludes.the. 
fa�lures.of.both.�nter-.and.�ntra-cockp�t.commun�cat�on,. 
as.well.as.commun�cat�on.w�th.A�r.traffc.control.(Atc). 
and.other.ground.personnel .crM.also.�ncludes.those. 
cases.when.�nd���duals.fa�l.to.coord�nate.act���t�es.before,. 
dur�ng,.and.after.a.f�ght  

Personal readiness (Pr) .th�s.category.�ncludes.those. 
occurrences.when.�nd���duals.ha�e.not.ab�ded.by.crew. 
rest. requ�rements,. ha�e. �mproperly. self-med�cated,. or. 
ha�e.not.ensured.that.they.are.prepared.for.f�ght. 

Technological environment. (te) . te. encompasses. 
the. des�gn. of. equ�pment. and. controls,. d�splay/�nter-
face. character�st�cs,. checkl�st. des�gn,. and. automat�on . 
Automat�on.des�gned.to.�mpro�e.human.performance. 
can.ha�e.unforeseen.consequences .For.example,.h�ghly. 
rel�able.automat�on.has.been.shown.to.�nduce.AMS.such. 
as.o�erconfdence.and.complacency,.result�ng.�n.p�lots. 
follow�ng.the.�nstruct�ons.of.the.automat�on.e�en.when. 
“common.sense”.suggests.otherw�se  
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UNDERSTANDING THE HUMAN FACTORS ASSOCIATED WITH VISUAL FLIGHT RULES 

FLIGHT INTO INSTRUMENT METEOROLOGICAL CONDITIONS 

the.14.cFr.Part.91.personal.f�ght.was.not.on.a.f�ght.plan .V�sual.meteorolog�cal.cond�t�ons.pre�a�led.at.the. 
t�me.of.the.acc�dent    An.�nd���dual.represent�ng.n9523P.contacted.the.Pr�nceton.Automated.Fl�ght.Ser��ce.Stat�on. 
(AFSS).at.0455.on.the.morn�ng.of.the.acc�dent .the.�nd���dual.requested.a.��sual.f�ght.rules.(VFr).weather.br�efng. 
from.GPZ.[Grand.rap�ds/Itasca.county.A�rport].to.Stc.[St .cloud.reg�onal.A�rport],.depart�ng.at.0600 .the.caller. 
was.ad��sed.of.the.current.and.forecasted.cond�t�ons.along.the.proposed.route.of.f�ght,.as.well.as.of.the.Aeronaut�cal. 
Meteorolog�cal.Informat�on.(AIrMet).�n.effect.at.the.t�me .An.abbre��ated.weather.br�efng.was.requested.from. 
Pr�nceton.AFSS.at.0541 .Proposed.departure.t�me.was.stated.as.0600 .dur�ng.h�s.�n�t�al.statement.to.the.br�efer,.the. 
caller.noted.that.cond�t�ons.at.GPZ.were.marg�nal.at.the.t�me .He.noted.that.current.cond�t�ons.at.GPZ.were.about. 
2,800.feet.o�ercast.and.that.he.was.“hoping to slide underneath it and then climb out.”.He.requested.current. 
cond�t�ons.at.Stc.and.any.p�lot.reports .He.was.ad��sed.of.the.Stc.cond�t�ons.and.that.no.p�lot.reports.were.on.fle. 
across.the.state.at.that.t�me . 

Final Report: the.c�rrus.Sr-22.a�rcraft.was.destroyed.upon.�mpact.w�th.trees.and.terra�n.follow�ng.a.loss.of.alt�-
tude.dur�ng.a.turn .the.acc�dent.s�te.was.located.�n.relat��ely.le�el,.wooded.terra�n .the.surround�ng.area.was.sparsely. 
populated.and.hea��ly.wooded .the.acc�dent.occurred.pr�or.to.c���l.tw�l�ght.and.marg�nal.VFr.weather.cond�t�ons. 
were.reported.at.the.departure.a�rport .Cause Report:.Spat�al.d�sor�entat�on.exper�enced.by.the.p�lot,.due.to.a.lack.of. 
��sual.references,.and.a.fa�lure.to.ma�nta�n.alt�tude .contr�but�ng.factors.were.the.p�lot’s.�mproper.dec�s�on.to.attempt. 
f�ght.�nto.marg�nal.VFr.cond�t�ons,.h�s.�nad�ertent.f�ght.�nto.�nstrument.meteorolog�cal.cond�t�ons,.the.low.l�ght�ng. 
cond�t�on.(n�ght).and.the.trees . 

Introduct�on 
Wh�le. weather-related. general. a��at�on. (GA). acc�-

dents. represented. a. relat��ely. small. percentage. of. the. 
acc�dents. �n. 2005,. they. accounted. for. nearly. 14%. of. 
the.fatal.acc�dents. �n�ol��ng.fxed-w�ng.a�rcraft.w�th.a. 
gross.we�ght.less.than.12,500.lbs .Moreo�er,.two-th�rds. 
of.weather-related.acc�dents.resulted.�n.a.fatal�ty .More. 
than.70%.of.the.fatal.weather-related.acc�dents.�n�ol�ed. 
GA.p�lots.operat�ng.under.��sual.f�ght.rules.(VFr).that. 
cont�nued. �nto. �nstrument. meteorolog�cal. cond�t�ons. 
(IMc).[A�rcraft.owners.and.P�lots.Assoc�at�on.A�r.Safety. 
Foundat�on.(AoPA-ASF),.2006] . 

So.why.would.a.p�lot.fy.�nto.ad�erse.weather,.know-
�ng.the.hazards.assoc�ated.w�th.such.dec�s�ons?.After.all,. 
e�ery.p�lot.�s.taught.the.fundamentals.of.weather.early.�n. 
tra�n�ng.–.�nclud�ng.how.to.a�o�d.�t.by.obta�n�ng.pre-f�ght. 
weather.br�efngs,.as.well.as.recogn�z�ng.hazardous.weather. 
cond�t�ons.�n-f�ght,.e�ther.through.d�rect.��ew�ng.outs�de. 
the.cockp�t.or.w�th.the.use.of.on-board.weather.radar.�n. 
appropr�ately.equ�pped.a�rcraft .In.fact,.t�tle.14.of.the. 
code.of.Federal.regulat�ons.(cFr).Part.91 103.ad��ses. 
that.all.p�lots.fy�ng.�nstrument.f�ght.rules.(IFr).or.out. 
of.the.a�rport.area.should.be.aware.of.weather.reports.and. 
forecasts.pr�or.to.�n�t�at�ng.a.f�ght.(FAA,.2006)  

one.explanat�on.could.be.that.p�lots.cont�nue.fy�ng. 
�nto.poor.weather.and.s�mply.fa�l.to.real�ze.the.�mm�nent. 
danger. (Batt. &. o’Hare,. 2005) . Goh. and. W�egmann. 
(2001).ha�e.suggested.that.�t.may.be.that.the.dec�s�on.to. 
proceed.�nto.ad�erse.weather.�s.s�mply.the.end.result.of. 

—ntSB.acc�dent.report:.cHI03FA057 

poor.s�tuat�on.awareness,.hazardous.r�sk.percept�on,.mot�-
�at�onal.factors,.or.s�mply.�mproper.dec�s�on-mak�ng . 

on.the.other.hand,.�t.may.be.that.suffc�ent.or.adequate. 
weather.�nformat�on.�s.e�ther.una�a�lable.or.s�mply.not. 
used .extract�ng.cr�t�cal.facts.from.mult�ple.sources.of. 
weather. �nformat�on. can. be. challeng�ng. for. e�en. the. 
exper�enced. a��ator. (Parson,. 2006) . Moreo�er,. �n. the. 
absence.of.weather.d�splays,.en.route.weather.�nformat�on. 
�s.a�a�lable.only.to.the.extent.that.a.p�lot.seeks.�t.out  

to.ass�st.p�lots.w�th.pref�ght.weather.plann�ng.and. 
�n-f�ght.dec�s�on-mak�ng,. the.FAA.recently. released.a. 
gu�de.for.GA.p�lots.(FAA,.2005) .the.goal.was.to.pro��de. 
gu�dance. to.p�lots. that.ha�e. l�ttle.weather. exper�ence,. 
s�nce.�t.appears.that.many.fatal.weather-related.acc�dents. 
tend.to.occur.when.p�lots.ha�e.between.50.and.350.total. 
hours.of.f�ght.exper�ence.(cra�g,.2001) . 

In.the.end,.no.s�ngle.explanat�on.seems.to.account.for. 
all.VFr.f�ght.�nto.IMc.acc�dents .Just.as.exper�ence,.as. 
defned.by.s�mple.f�ght.hours,.cannot.expla�n.all.VFr. 
f�ght.�nto.IMc;.ne�ther.can.mot��at�onal.factors,.poor. 
s�tuat�on.awareness,.lack.of.knowledge,.or.poor.p�lot.dec�-
s�on-mak�ng.alone.account.for.these.acc�dents .rather,.�t. 
�s.probably.a.comb�nat�on.of.all.these.�ssues,.and.perhaps. 
more,.that.contr�bute.to.what.acc�dent.�n�est�gators.refer. 
to.as.VFr.f�ght.�nto.IMc.(Goh.&.W�egmann,.2002) . 

the.d�lemma.�s.that.few.stud�es.ha�e.fully.determ�ned. 
why.a.p�lot.would.fy.�nto.IMc.when.l�m�ted,.by.tra�n-
�ng,.to.fy.under.VFr .th�s.�s.not.to.say.that.determ�ned. 

1 
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efforts.by.pr��ate.and.go�ernment.organ�zat�ons.ha�e.not. 
been.conducted.to.address.th�s.�ssue;.�t.�s.just.that.most. 
ha�e.not.�n�est�gated.all.of.the.causal.and.contr�butory. 
factors. assoc�ated. w�th. these. acc�dents . Instead,. they. 
ha�e.typ�cally.focused.on.a.few.demograph�c.�ar�ables. 
or.more.conceptual.human.components,.such.as.the.loss. 
of.s�tuat�on.awareness . 

HFACS 
Beg�nn�ng. �n. 1998,. the. FAA. �n�t�ated. an. effort. to. 

analyze.all.un�ted.States.(u S ).c���l.a��at�on.acc�dents. 
w�th.Human.Factors.Analys�s.and.class�fcat�on.System. 
(HFAcS),. a. human. error. taxonomy. used. by. a��at�on. 
and.other.h�gh-r�sk.�ndustr�es.to.�dent�fy.acc�dent.and. 
�nc�dent.causal.factors.attr�buted.to.humans.at.the.opera-
tor,.super��sory,.and.organ�zat�onal.le�els . 

Although.or�g�nally.de�eloped.for.use.w�th�n.m�l�tary. 
a��at�on,. �n. recent.years.HFAcS.has.pro�en.useful. �n. 
�dent�fy�ng.human.causal.factors.assoc�ated.w�th.general. 
and. commerc�al. a��at�on. (detw�ler,. Hackworth,. Hol-
comb,.Boquet,.Pfe�derer,.W�egmann,.&.Shappell,.2006;. 
Shappell,.detw�ler,.Holcomb,.Hackworth,.Boquet,.&. 
W�egmann,.2007;.W�egmann,.Faaborg,.Boquet,.detw�ler,. 
Holcomb,.&.Shappell,.2005) .A.complete.descr�pt�on.of. 
HFAcS.�s.pro��ded.elsewhere.(W�egmann.&.Shappell,. 
2003);.howe�er,.a.summary.of.those.causal.factors.assoc�-
ated.w�th.general.a��at�on.�s.pro��ded.�n.the.Glossary  

Purpose 
the.purpose.of.th�s.study.was.to.pa�r.GA.acc�dent. 

causal. factors. class�fed. w�th. HFAcS. w�th. trad�t�onal. 
demograph�c. data. (whether. a. f�ght. plan. was. fled,. a. 
weather.br�efng.was.obta�ned,.etc ).�n.an.effort.to.pres-
ent. a.more.complete.p�cture.of.VFr.f�ght. �nto. IMc. 
acc�dents .to.accompl�sh.th�s,.GA.acc�dents.assoc�ated. 
w�th.VFr.f�ght.�nto.IMc.were.exam�ned.to.determ�ne.�f. 
there.were.any.potent�al.pred�ctors.or.causal.factors.that. 
set. these.acc�dents.apart. from.the.rest.of.GA.(roGA). 
acc�dents  

Method 
GA.acc�dent.data.(� e ,.14.cFr.Part.91).from.calendar. 

years.1990-2004.were.obta�ned.from.databases.ma�nta�ned. 
by.the.nat�onal.transportat�on.Safety.Board.(ntSB).and. 
the.FAA’s.nat�onal.A��at�on.Safety.data.Analys�s.center. 
(nASdAc,. now. known. as. A��at�on. Safety. Informa-
t�on.Analys�s.and.Shar�ng,.ASIAS) .only.fnal.reports. 
�n�ol��ng.fxed-.and.rotary-w�ng.a�rcraft.assoc�ated.w�th. 
a�rcrew.error.were.�ncluded.�n.th�s.study .Acc�dents.that. 
were.class�fed.as.ha��ng.“undeterm�ned.causes”.and.those. 
attr�buted.to.sabotage,.su�c�de,.or.cr�m�nal.act���ty.(e g ,. 
stolen.a�rcraft).were.excluded  

of.the.19,137.acc�dents.�ncluded.�n.th�s.study,.VFr. 
f�ght.�nto.IMc.(referred.to.as.VFr-IMc).was.c�ted.as.a. 
cause.or.contr�but�ng.factor.by.the.ntSB.�n.609.cases . 
the.rema�n�ng.18,528.compr�sed.the.compar�son.group. 
of.acc�dents.referred.to.as.roGA  

each.acc�dent.w�th�n.the.database.conta�ns.a.�ar�ety. 
of.demograph�cs.descr�b�ng. such. s�tuat�onal. factors. as. 
the.en��ronment.(weather,.l�ght�ng,.etc ),.a�rcraft.(make,. 
model,.etc ),.and.a�rcrew.(f�ght.t�me,.rat�ngs,.etc ) .In. 
add�t�on,. acc�dents. were. selected. that. were. assoc�ated. 
w�th. spec�fc. causal/contr�butory. factors. attr�buted. to. 
a�rcrew.error  

Human Factors Analysis 
Although. the.or�g�nal.HFAcS. framework. conta�ns. 

19.causal.categor�es,.most.GA.acc�dents.�n�ol�ed.only. 
the.lower.two.t�ers.of.HFAcS.(unsafe.Acts.of.opera-
tors.and.Precond�t�ons.for.unsafe.Acts),.s�nce.rarely.are. 
super��sory.or.organ�zat�onal.causal.factors.c�ted.�n.the. 
acc�dent.record .W�th�n.those.t�ers.are.10.causal.categor�es. 
that.are.�ncluded.�n.th�s.study:.sk�ll.based.errors.(SBe),. 
dec�s�on.errors.(de),.perceptual.errors.(Pe),.��olat�ons. 
(V),.ad�erse.mental.states.(AMS),.ad�erse.phys�olog�cal. 
states. (APS),.phys�cal/mental. l�m�tat�ons. (PMl),.crew. 
resource.management.(crM),.personal.read�ness.(Pr),. 
and.technolog�cal.en��ronment.(te) . 

P�lots.were.recru�ted.from.the.oklahoma.c�ty.area.as. 
subject.matter.experts.(SMes) .each.p�lot.was.pro��ded. 
roughly.16.hours.of.�nstruct�on.on.the.HFAcS.frame-
work,.wh�ch.�ncluded.d�dact�c.lecture.and.pract�ce.(w�th. 
feedback).us�ng.the.HFAcS.framework.w�th.ntSB.and. 
nASdAc.acc�dent.reports .After.tra�n�ng,.the.p�lot-raters. 
were.randomly.ass�gned.acc�dents.so.at.least.two.separate. 
p�lot-raters.�ndependently.analyzed.each.acc�dent  

After.the.p�lot-raters.ass�gned.the�r.�n�t�al.codes.(� e ,. 
SBe,. de,. V,. etc ),. the. two. �ndependent. rat�ngs. were. 
compared . Where. d�sagreements. ex�sted,. the. corre-
spond�ng.p�lot-raters.were.�nstructed.to.reconc�le.the�r. 
d�fferences,.and.the.consensus.code(s).was.�ncluded.for. 
further.analys�s . 

results 
Part I. Comparisons Between VFR-IMC and RoGA 

Demographics 
AircrewInformation. S�m�lar.to.other.reports.(e g ,.Goh. 

&.W�egmann,.2002),.we.found.that.a.h�gher.percent-
age.of.those.w�th.a.pr��ate.p�lot.cert�fcate.(69 5%).were. 
�n�ol�ed.�n.VFr-IMc.acc�dents.�n.compar�son.to.roGA. 
acc�dents. (table. 1) . roGA. p�lots. had. more. ad�anced. 
cert�fcates.(A�r.transport.P�lot.[AtP].–.10 3%,.cert�-
fed.Fl�ght.Instructor.[cFI].–.15 9%,.and.commerc�al. 
–.33 5%).and.were.more.l�kely.to.be.�nstrument.rated;. 
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Figure 1. Phase of flight percentages for VFR-IMC 
and RoGA accidents. 

 
 

   
     

     
   

       
       

   
       
           

     

     

  
   

   
     
       
       

 

 
 

 
    

    
         
         
      

   
    

            
             

    
     

             
  

      

Table 1. Crew Certificate and Rating Percentages for 
VFR-IMC and RoGA Groups. 

Certificate/Rating VFR-IMC RoGA 
ATP 5.6 10.3 
CFI 6.7 15.9 
Commercial 27.1 33.5 
Private 69.5 51.2 
Recreational 0.0 0.1 
Student 2.3 9.9 
Instrument-

Airplane 33.0 45.8 
Helicopter 2.6 3.7 

Note. Pilots may have more than one crew certificate and/or rating. 

Howe�er,.the.hours.fown.�n.the.last.30.and.90.days.d�d. 
not.re�eal.large.d�fferences,.suggest�ng.that.recent.f�ght. 
exper�ence. alone. cannot. expla�n. d�fferences. obser�ed. 
between.the.groups . 

Phase of Flight. the.h�ghest.percentage.of.acc�dents.for. 
the.VFr-IMc.group.occurred.dur�ng.the.cru�se.phase.of. 
f�ght,.whereas.most.roGA.acc�dents.occurred.dur�ng.the. 
land�ng.phase.(F�gure.1) .less.notable.d�fferences.were. 
obser�ed.dur�ng. takeoff. and.maneu�er�ng.f�ght,.w�th. 
the.former.be�ng.more.pre�alent.dur�ng.roGA.and.the. 
latter.dur�ng.VFr-IMc  
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th�s.�s.cons�stent.w�th.what.others.ha�e.found.(e g ,.Goh. 
&.W�egmann,.2002) .Perhaps.equally.�mportant.may.be. 
the.obser�at�on.that.roGA.p�lots.held.a.h�gher.number. 
of.mult�ple.cert�fcates.than.the.VFr-IMc.p�lots.(table. 
2),.suggest�ng.that.they.may.be.tra�ned.to.handle.more. 0 

complex.s�tuat�ons  

Table 2. Percentage of Certificates Held 
for VFR-IMC Pilots and RoGA Pilots. 
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Number of 
Certificates VFR-IMC RoGA 
1 89.1 80.7 
2 9.8 16.5 
3 1.2 2.8 
4 0.0 0.1 

to.determ�ne.�f.there.were.d�fferences.�n.exper�ence. 
(measured.by.f�ght.hours).between.VFr-IMc.acc�dent. 
p�lots. �ersus. roGA. p�lots,. we. exam�ned. the. med�an. 
hours.pro��ded.�n.the.ntSB.reports .An.�nspect�on.of. 
table.3.re�eals.that.w�th.one.notable.except�on.(P�lot-
In-command.[PIc].of.make/model.of.a�rcraft),.roGA. 
p�lots. had. earned.more.f�ght. hours. across. the. board . 

Table 3. Median Flight Hours for VFR-IMC 
Pilots and RoGA Pilots. 

Physical/Geographic Characteristics. relat��ely. fewer. 
VFr-IMc. acc�dents. occurred. dur�ng. dayl�ght. cond�-
t�ons. (64 6%). than. roGA. acc�dents. (86 7%;. F�gure. 
2) .In.contrast,.although.comparat��ely.fewer.acc�dents. 
occurred.dur�ng.the.n�ght,.the.proport�on.of.VFr-IMc. 
acc�dents.was.not�ceably.larger.than.roGA  
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Day Twilight Night 

Lighting Conditions 

90 

Flight Hours VFR-IMC RoGA 
Last 30 Days 10.0 12.0 
Last 90 Days 23.0 29.0 
PIC Make 131.0 93.0 
PIC Alla 408.0 621.0 
Instrument -

Simulated 10.0 46.0 P
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Actualb 62.5 76.0 
0 

Total Alla 731.0 758.0 
aThe “PIC All” and “Total All” flight hours excluded any 
cases with a blank or where the database had a value of “0.” Figure 2. Percentage of accidents occurring during
bOnly the hours in which it was indicated that the pilots day, twilight, and nighttime conditions for VFR-IMC 
possessed an instrument rating were included. and RoGA accidents. 
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that.a�rcraft.damage.that.was.susta�ned.�n.a.VFr-IMc. 
acc�dent.was.far.greater.than.for.roGA . 
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S�m�lar.to.pre��ous.acc�dent.stud�es.(Goh.&.W�eg-
mann,. 2002),. we. found. that. the. �njury. se�er�ty. for. 
VFr-IMc.acc�dents.was.greater.than.for.roGA.(F�gure. 
3) .that.�s,.fatal�t�es.were.much.more.common.�n.VFr-
IMc.(80 3%.�s .18 8%) .e�en.more.�mportant,.there. 
were.954.fatal�t�es.assoc�ated.w�th. the.609.VFr-IMc. 
acc�dents .For.the.18,528.roGA.acc�dents,.there.were. 
6,211.fatal�t�es .therefore,.�t.was.not.a.surpr�se.to.fnd. 

Preconditions forUnsafeActs..F�gure.5.re�eals.that.VFr-
IMc.p�lots.were.more. l�kely. to.exper�ence.an.ad�erse. 
mental.state.(odds.rat�o.=.2 906,.χ2.=.79 333,.p.< 001). 
and.an.ad�erse.phys�olog�cal.state.(odds.rat�o.=.12 706,. 
χ2.=.853 764,.p.< 001) .Although.stat�st�cally.s�gn�fcant,. 
the.d�fferences.obser�ed.between.VFr-IMc.and.roGA. 
for. phys�cal/mental. l�m�tat�ons. (odds. rat�o. =. 1 877,. 
χ2.=.36 240,.p.< 001).and.crew.resource.management. 
(odds.rat�o.=.1 566,.χ2.=.14 052,.p.< 001).were.m�nor  
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Figure 3. Injury severity percentages for VFR-IMC 
and RoGA accidents. 

Human Error 
UnsafeActs of theOperator.Sk�ll-based.errors.were.more. 

pre�alent.�n.roGA.than.�n.VFr-IMc.(odds.rat�o.=.4 167,. 
χ2.=.332 531,.p.< 001) .not.surpr�s�ngly,.howe�er,.VFr-
IMc.p�lots.were.more.l�kely.to.comm�t.a.dec�s�on.error. 
(odds.rat�o.=.2 062,.χ2.=.77 961,.p.< 001);.exper�ence. 
a.perceptual.error.(odds.rat�o.=.3 179,.χ2.=.118 350,.p. 
< 001);.and.comm�t.a.��olat�on.(odds.rat�o.=.29 960,.χ2. 
=.2454 198,.p.< 001),.see.F�gure.4 .note.that.percentages. 
across.all.unsafe.acts.w�ll.not.sum.to.100.due.to.mult�ple. 
unsafe.acts.w�th�n.an.acc�dent  
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*Percentages do not add up to 100 

Figure 5. Conditions of the operator percentages for 
VFR-IMC and RoGA accidents. 

In.general,.mult�ple.factors.come.together.to.produce. 
an.acc�dent .G��en.the.alternat��e.scenar�os.that.ha�e.been. 
offered.as.prec�p�tat�ng.VFr-IMc.acc�dents,.we.sought.to. 
fnd.out.�f.more.human.error.causal.factors.were.pre�alent. 
�n.VFr-IMc.acc�dents .our.analyses.re�ealed.that.VFr-
IMc.acc�dents.d�d.ha�e.a.h�gher.percentage.of.HFAcS. 
codes.present.�n.the.acc�dent .Assum�ng.that.all.else.�s. 
equal.(e g ,.the.depth.and.deta�l.of.the.acc�dent.�n�est�ga-
t�ons.are.the.same),.th�s.would.seem.to.suggest.that.there. 
were.more.causes.and/or.factors.that.were.attr�butable. 
to.human.error.�n.VFr-IMc.scenar�os.than.�n.roGA. 
(table.4) .the.mean.number.of.codes.for.roGA.was.1 9,. 
whereas.the.a�erage.for.VFr-IMc.was.2 8 . 

Table 4. Percentage of Accidents by the 
Number of Total HFACS Codes for VFR-IMC 

RoGA 
VFR-IMC 

Fatal Non-Fatal 

Injury Severity 

RoGA 
VFR-IMC 

SBE DE PE V 

Unsafe Acts 

P
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ts and RoGA.90 

80 

Number of HFACS VFR-IMC RoGA70 

60 Codes 
50 1 14.8 43.8 
40 2 33.3 35.4 
30 

3 25.8 14.220 

10 4 14.8 4.5 
0 5 7.4 1.3 

6 1.6 0.4 
*Percentages do not add up to 100 

Figure 4. Percentages of unsafe acts for VFR-IMC 
and RoGA accidents. 

7 1.3 0.1 
8 0.8 0.0 
9 0.2 0.0 
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For.a.better.understand�ng.of.the.spec�fc.human.error. 
causal.factors,.we.looked.at.the.comb�nat�on.of.HFAcS. 
codes.present.w�th�n.the.acc�dents .As.�s.e��dent.�n.table. 
4,.approx�mately.85 2%.of.the.VFr-IMc.and.55 9%. 
of.roGA.acc�dents.had.two.or.more.HFAcS.codes .A. 
h�gh.number.(73 9%).of.VFr-IMc.acc�dents.rece��ed. 
between.two.and.four.HFAcS.codes .the.top.two.most. 
frequent.HFAcS.comb�nat�ons.are.presented.for.VFr-
IMc.(table.5a).and.roGA.(table.5b).acc�dents  

Table 5a. Different Combinations of HFACS 
Codes Present in VFR-IMC Accidents. 

Number of VFR-IMC N 
HFACS 
Codes 

2 SBE-V 
DE-SBE 

69 
30 

3 DE-SBE-V 
PE-V-APS 

21 
13 

4 PE-V-APS-PML 
PE-V-AMS-APS 

12 
7 

Note. There were 160 different combinations 
present in the accidents with 2 or more codes. The 
codes listed above do not necessarily depict the 
order in which they occurred in the accident 
sequence. 

Table 5b. Different Combinations of HFACS 
Codes Present in ROGA Accidents. 

Number of RoGA N 
HFACS Codes 

2 SBE-SBE 
DE-SBE 

2360 
1210 

3 SBE-SBE-SBE 
DE-SBE-SBE 

441 
370 

4 SBE-SBE-SBE-PML 
DE-SBE-SBE-SBE 

79 
78 

Note. There were 495 different combinations present in the 
accidents with 2 or more codes. The codes listed above do 
not necessarily depict the order in which they occurred in 
the accident sequence. 

For.acc�dents.where.two.HFAcS.codes.were.ass�gned,. 
SBes.were.more.frequently.comb�ned.w�th.Vs.for.the. 
VFr-IMc.group.than.any.other.comb�nat�on .For.roGA,. 
the. most. frequent. dual. comb�nat�on. was. SBe-SBe .. 
de-SBe.was.the.second-most.frequent.comb�nat�on.for. 
both.acc�dent.groups . 

When.3.codes.were.ass�gned,.the.most.frequent.tr�o. 
for.VFr-IMc.was.de-SBe-V.�ersus.SBe-SBe-SBe.for. 
roGA .Pe-V-APS-PMl.was.the.most.frequent.set.when. 
4.HFAcS.codes.were.�dent�fed.w�th�n.VFr-IMc .For. 
roGA,.the.most.frequent.occurr�ng.comb�nat�on.was.4. 

codes.that.cons�sted.of.3.SBes.pa�red.w�th.a.PMl.or.3. 
SBes.pa�red.w�th.a.de . 

In.many.VFr-IMc.acc�dents,.a.��olat�on.was.coded,. 
wh�ch.may.be.a.character�st�c.of.th�s.type.of.acc�dent . 
nonetheless,.these.fnd�ngs.�llustrate.the.�ar�ous.human. 
error.complex�t�es.that.surround.a.VFr-IMc.acc�dent. 
�ersus.those.that.occur.�n.other.cond�t�ons .to.further. 
understand. the. nuances. of. VFr-IMc. acc�dents,. we. 
focused.se�eral.analyses.on.these.acc�dents.solely  

Part II. In-Depth Examination of VFR-IMC Accidents 
Demographics 

Pilot Characteristics. When.p�lot.age.for.the.VFr-IMc. 
acc�dents.was.d���ded.�nto.f�e.groups.(<30,.30 1.–.40,. 
40 1.–.50,.50 1.–.60,.and.60 1>),.those.30.years.and. 
younger.had.fewer.acc�dents.by.compar�son.(table.6) . 
Howe�er,.�t.�s.poss�ble.that.th�s.�s.s�mply.an.art�fact.of. 
fewer.p�lots.for.th�s.age.group.�n.general .the.rema�n�ng. 
acc�dents.were.d�str�buted.fa�rly.e�enly.across.the.four. 
age.groups . 

Table 6. VFR-IMC Age Group Distributions. 

Age Groups N Percent 
<30 58 9.6 
30.1 – 40 104 17.2 
40.1 – 50 154 25.4 
50.1 – 60 136 22.4 
60.1> 154 25.4 

Perhaps.more.�mportant,. �njury.se�er�ty.was.e�enly. 
d�str�buted.across.age.groups.(table.7) . 

Table 7. Percentage of Fatal vs. Non-
Fatal for Each VFR-IMC Age Group. 

Age Groups Non-Fatal Fatal 
<30 27.6 72.4 
30.1 – 40 15.4 84.6 
40.1 – 50 20.8 79.2 
50.1 – 60 22.1 77.9 
60.1> 15.6 84.4 

As.ment�oned.pre��ously,.p�lots.w�th.fewer.f�ght.hours. 
ha�e.been.found.to.be.�n�ol�ed.�n.many.fatal.weather-
related.acc�dents .Indeed,.cra�g.(2001).referred.to.the. 
range.of.f�ght.hours.between.50.and.350.as.the.“k�ll�ng. 
zone ”.We. found. some. support. for.cra�g’s.hypothes�s. 
�n.that.nearly.one-th�rd.of.the.VFr-IMc.fatal.acc�dent. 
p�lots’.total.hours.fell.w�th�n.th�s.range . 

to.determ�ne.what. the.VFr-IMc.p�lots.may.ha�e. 
understood.about.the.cond�t�ons.that.they.were.depart-
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�ng. �nto,.we.exam�ned. the.f�ght.plans. that.were.fled. 
and.the.type.of.weather.br�efng.they.rece��ed .In.do�ng. 
th�s,.we.d�sco�ered.that.the.major�ty.(80 0%).d�d.not. 
fle.a.f�ght.plan,.and.only.16 7%.had.a.VFr.plan.on. 
fle.(table.8)  

Table 8. Types of Flight Plans Filed for the VFR-
IMC Accidents. 

Flight Plan Filed N Percent 
Company VFR 14 2.3 
IFR 18 3.0 
None 487 80.0 
Unknown 1 0.2 
VFR/IFR 1 0.2 
VFR 88 14.4 

It.may.seem.unusual.to.see.an.IFr.f�ght.plan.fled.for. 
a.VFr-IMc.acc�dent .each.of.the.s�tuat�ons.had.spec�al. 
nuances.that.expla�n.th�s.“anomaly ”.For.example,.an.IFr. 
f�ght.plan.was.fled.but.cancelled.pr�or.to.the.acc�dent,. 
an.IFr.f�ght.plan.was.fled.but.the.p�lot.was.not.�nstru-
ment-rated,.or.the.p�lot.requested.an.IFr.f�ght.plan.�n. 
the.a�r.and.was.wa�t�ng.for.an.IFr.clearance  

the. ntSB. was. only. able. to. document. that. p�lots. 
rece��ed.some.type.of.weather.br�efng.�n.42 1%.of.the. 
VFr-IMc.acc�dents.(table.9) .For.the.most.part,.how-
e�er,.�t.was.unknown.whether.the.rema�n�ng.57 2%.of. 
the.p�lots.had.rece��ed.any.weather.�nformat�on  

Table 9. Documented Weather Briefings for 
VFR-IMC Pilots. 

Weather Briefing Percent 
Abbreviated 0.5 
Full 31.3 
Partial-limited by briefer 1.0 
Partial-limited by pilot 9.3 
Unknown 57.2 

Table 10. Top 3 NTSB Subject Codes for Each 
Unsafe Act Within the VFR-IMC Accidents. 

Unsafe Acts Percenta 

Skill-based Errors 
Clearance 19.4 
Altitude/Clearance 19.0 
Aircraft Control 16.1 

Decision Errors 
VFR Flight into IMC 43.0 
In-Flight Planning/Decision 20.2 
Weather Evaluation 6.8 

Perceptual Error 
Aircraft Control 77.5 
Altitude 5.4 
Descent 2.7 

Violations 
VFR Flight into IMC 85.9 
Flight into Known Adverse Weather 3.6 
Design Stress Limits of A/C 3.2 

aPercent of each subject code within each of the unsafe acts 
(e.g. – 19.4% of the SBEs involved clearance). 

Table 11. Percentage of Modifier Codes for 
Accidents With VFR Flight Into IMC as a Subject 
Code and Assigned as a Decision Error and/or 
Violation. 

Modifier Code Decision Error Violation 
N (%) N (%) 

Unknown 2 (1.3) 5 (1.1) 
Attempted 2 (1.3) 80 (17.5) 
Continued 6 (4.0) 221 (48.3) 
Inadvertent 135 (89.4) 2 (0.4) 
Intentional — 60 (13.1) 
Inadequate — 1 (0.2) 
Initiated — 28 (6.1) 
Performed — 57 (12.4) 
Encountered 6 (4.0) 4 (0.9) 

Human Error 
Unsafe Acts of the Operator. Sk�ll-based. errors. were. 

assoc�ated. w�th. 40 6%. of. the.VFr-IMc. acc�dents . A. 
more.deta�led.�n�est�gat�on.re�ealed.that.the.ma�n.SBe. 
was.fa�lure.to.ma�nta�n.clearance.from.terra�n.or.obstacles. 
(table.10) .dec�s�on.errors.were.assoc�ated.w�th.44 7%. 
of.the.acc�dents .not.surpr�s�ngly,.the.pr�mary.de.was. 
�nad�ertent.VFr.f�ght.�nto.IMc.(table.11),.followed. 
by.�n-f�ght.plann�ng/dec�s�on-mak�ng .Perceptual.errors. 
were.found.�n.17 4%.of.the.VFr-IMc.acc�dents.and. 
pr�mar�ly.�n�ol�ed.the.�nab�l�ty.to.ma�nta�n.a�rcraft.con-
trol .th�s.could.be.the.result.of.p�lots.exper�enc�ng.spat�al. 
d�sor�entat�on .V�olat�ons.were. assoc�ated.w�th.77 2%. 

of. the.VFr-IMc.acc�dents .th�s.was. not. unexpected. 
as.the.major�ty.of.these.were.continued.VFr.f�ght.�nto. 
IMc.(table.11),.followed.by.f�ght.�nto.known.ad�erse. 
weather . 

Preconditions for Unsafe Acts. VFr-IMc. p�lots. 
exper�enced.an.ad�erse.mental.state.w�th�n.13 3%.of.the. 
acc�dents .More. spec�fcally,. the.p�lot’s. o�erconfdence. 
�n. personal. ab�l�ty. was. at. the. top. of. the. l�st . Ad�erse. 
.phys�olog�cal.states.were.apparent.�n.22 3%.of.acc�dents . 
In.nearly.all.(92 1%).of.the.acc�dents.where.an.ad�erse. 
phys�olog�cal.state.was.a.factor,.the.precursor.was.spat�al. 
d�sor�entat�on .Phys�cal/mental.l�m�tat�on.factors.played. 
a.role.�n.19 4%.of.the.VFr-IMc.acc�dents,.w�th.lack. 
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of.exper�ence.present.�n.the.�ast.major�ty.of.these.s�tua-
t�ons .crew.resource.management.factored.�nto.14 3%. 
of.the.acc�dents,.of.wh�ch.pref�ght.plann�ng.and.prepa-
rat�on.accounted.for.67 4%.of.these.acc�dents .Personal. 
read�ness.and.tes.were.factors. �n. less.than.1%.of.the. 
acc�dents .table.12.l�sts.the.top.2.ntSB.subject.codes. 
for.each.precond�t�on.for.unsafe.acts.w�th�n.the.VFr-
IMc.acc�dents  

Table 12. Top 2 NTSB Subject Codes for Each 
Precondition for Unsafe Acts Within the VFR-
IMC Accidents. 

Preconditions for Unsafe Acts Percenta 

Adverse Mental States 
Overconfidence in Personal 31.8 

Ability 
Pressure 28.4 

Adverse Physiological States 
Spatial Disorientation 92.1 
Became Lost/Disoriented 5.0 

Physical/Mental Limitations 
Lack of Experience 93.0 
Lack of Certification 3.1 

Crew Resource Management 
Preflight Planning/ Preparation 67.4 
Preflight Briefing Service 18.0 

aPercent of each subject code within each of the preconditions 
for unsafe acts (e.g. – 92.1% of APS involved spatial 
disorientation). 

d�scuss�on 
Weather-related.acc�dents,.part�cularly.those.assoc�-

ated.w�th.VFr.f�ght.�nto.IMc,.cont�nue.to.be.a.threat. 
to.GA.safety,.g��en.that.80%.of.the.VFr-IMc.acc�dents. 
resulted.�n.a.fatal�ty .th�s.outcome.�s.not.un�que.to.the. 
u S ,.as.Batt.and.o’Hare.(2005).ha�e.found.that.76%. 
of.the.GA.acc�dents.�n�ol��ng.VFr.f�ght.�nto.IMc.�n. 
Austral�a.also.resulted.�n.at.least.one.fatal�ty . 

the.goal.of.th�s.study.was.to.further.understand.the. 
cause.of.VFr.f�ght.�nto.IMc.by.exam�n�ng.demograph�c. 
and.human.factors.assoc�ated.w�th.these.types.of.acc�dents . 
Part�cular. emphas�s. was.placed.on.how. the.pattern.of. 
human.error.may.d�ffer.between.those.acc�dents.assoc�ated. 
w�th.VFr.f�ght.�nto.IMc.and.those.�n.the.rest.of.GA  

S�m�lar.to.other.reports.(Goh.&.W�egmann,.2002),. 
we. found. that. the. major�ty. of. VFr-IMc. acc�dents. 
�n�ol�ed. non-�nstrument. rated. pr��ate. p�lots . Perhaps. 
not.altogether.surpr�s�ng,.�t.was.�nterest�ng.to.note.that. 
�n. compar�son,. p�lots. �n�ol�ed. �n. other. types. of. GA. 
acc�dents.(� e ,.roGA).had.more.cert�fcate.rat�ngs.o�erall. 
and.were.more.l�kely.to.be.�nstrument.rated  

th�s. �s.not. to. say. that.non-�nstrument. rated.p�lots. 
are.prone.to.VFr.f�ght.�nto.IMc .Assum�ng.f�ghts.are. 

properly.planned.and.weather.adequately.e�aluated,.e�en. 
the.non-�nstrument.rated.p�lot.should.be.able.to.fy.safely . 
Howe�er,.we.should.recogn�ze.that.non-�nstrument.rated. 
p�lots.are.taught.to.a�o�d.weather.and.ha�e.l�m�ted.f�ght. 
tra�n�ng.�n.s�mulated.�nstrument.cond�t�ons .Arguably,. 
th�s.does.not.prepare.non-�nstrument.rated.p�lots.�f.they. 
fnd.themsel�es.�n.true.�nstrument.meteorolog�cal.cond�-
t�ons.(M�chael.lenz,.personal.commun�cat�on) . 

the.next.log�cal.quest�on.�s.whether.or.not.p�lots.assoc�-
ated.w�th.VFr.f�ght.�nto.IMc.e�en.knew.they.were.about. 
to.encounter.hazardous.weather .What.we.do.know.�s.that. 
all.p�lots.fy�ng.out.of.the.a�rport.area.are.requ�red.to.educate. 
themsel�es.about.the.weather.cond�t�ons.and.forecasts.for.the. 
area.(FAA,.2006) .therefore,.�t.seems.reasonable.to.expect. 
that.e�en.p�lots.�n�ol�ed.�n.VFr.f�ght.�nto.IMc.acc�dents. 
were.knowledgeable.of.ex�st�ng.weather.cond�t�ons . 

unfortunately,.we.do.not.know.�f.the.57 2%.of.the. 
p�lots.that.were.�n�ol�ed.�n.VFr-IMc.acc�dents.actually. 
obta�ned.a.weather.br�efng .St�ll,.at.least.42 1%.d�d.get. 
a. weather. br�efng,. accord�ng. to. the. acc�dent. reports,. 
and.theoret�cally.understood.the.l�kel�hood.of.an.ad�erse. 
weather.encounter.en.route .In.fact,.�t.�s.qu�te.poss�ble. 
that.the.number.of.p�lots.obta�n�ng.some.sort.of.weather. 
�nformat�on.pr�or.to.f�ght.�s.h�gher.than.reported.by.the. 
ntSB,.g��en.that.many.p�lots.exam�ne.weather.on.the. 
Internet.or.l�sten.to.an.Automat�c.term�nal.Informat�on. 
Ser��ce. (AtIS).br�efng. . someth�ng. that.ne�ther.we. 
nor.the.ntSB.could.confrm .When.taken.together,.�t. 
�s.d�ffcult.to.know.exactly.what.the.p�lots.actually.knew,. 
and.perhaps.more.�mportantly,.understood.regard�ng.the. 
cond�t�ons.they.were.depart�ng.�nto.at.the.t�me . 

Although.the.acc�dent.data.exam�ned.here.would.seem. 
to.suggest.that.pref�ght.plann�ng.and.preparat�on.play. 
an.�mportant.role.�n.a.number.of.VFr-IMc.acc�dents,. 
�t.�s.d�ffcult.to.know.from.the.acc�dent.record.exactly. 
what.weather.�nformat�on.the.p�lot.obta�ned.before.and. 
dur�ng.f�ght .As.a.result,.we.are.currently.conduct�ng. 
a.follow-up.study.that.�n�ol�es.�nter��ew�ng.GA.p�lots. 
that.encounter.ad�erse.weather .Ideally,.by.�nter��ew�ng. 
p�lots.d�rectly,.we.hope.to.obta�n.a.better.understand�ng. 
of.GA.p�lot.weather.dec�s�ons . 

regardless.of.whether.or.not.p�lots.�n�ol�ed.�n.VFr-
IMc.acc�dents.rece��ed.and.understood.the.weather.they. 
encountered,.most.of.the.acc�dents.occurred.en.route,. 
wh�ch.adds.further.complex�ty.to.the.�ssue.of.what.p�lots. 
knew.about.the.weather.at.that.t�me .Pre��ous.research. 
(Knecht,.�n.press).has.documented.the.range.of.weather. 
products.and.pro��ders.that.p�lots.use.�n.f�ght.plann�ng. 
and.suggests.that.weather-related.acc�dents.are,.at.least. 
�n.part,.�nformat�on-dr��en .GA.a�rcraft.on.cross-country. 
f�ghts.tra�el.at.speeds.that.expose.them.to.the.l�m�ts.of. 
pre-departure. forecast�ng . It. �s. certa�nly.plaus�ble. that. 
weather.at.p�lots’.dest�nat�ons.may.be.worse.than.fore-
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casted.(Knecht.&.lenz,.�n.re��ew) .Because.of.th�s,.these. 
p�lots.are.exposed.to.chang�ng.weather.cond�t�ons.o�er. 
extended.space.and.t�me . 

In.2005,.the.ntSB.compared.GA.weather-related.acc�-
dent.f�ghts.w�th.a.matched.control.group.of.non-acc�dent. 
f�ghts.and.found.that.p�lots.on.f�ghts.of.more.than.300. 
naut�cal.m�les.(nm).were.4 7.t�mes.more.l�kely.to.be.�n�ol�ed. 
�n.an.acc�dent.than.p�lots.on.f�ghts.of.50.nm.or.less  

It.�s.�mportant.to.note.that.systems.and.products.that. 
pro��de.t�mely.and.accurate.weather.�nformat�on.to.p�lots. 
are.expected.to.be.a.key.part.of.any.�nter�ent�on.a�med.at. 
reduc�ng.VFr-IMc .one.such.product.�s.en.route.weather. 
�nformat�on.a�a�lable.from.Fl�ght.Watch .unfortunately,. 
the.extent.of.�ts.ut�l�zat�on.and.other.weather.products. 
used.by.GA.p�lots.�ar�es.w�dely  

Although.weather.�s.an.ob��ous.concern.when.d�scuss-
�ng.VFr-IMc,.f�ght.exper�ence.has.also.been.proposed. 
as.an.explanat�on.for.a.number.of.fatal.weather-related. 
acc�dents.(cra�g,.2001) .Some.support.of.cra�g’s.hypoth-
es�s.was.found.�n.the.data.presented.here;.�n.that,.nearly. 
one-th�rd.of. the.VFr-IMc. fatal. acc�dent.p�lots’. total. 
hours.fell.w�th�n.th�s.range.(50.to.350.hours).–.although. 
somewhat. lower. than. the. percentage. cra�g. reported . 
the.reason.for.the.lower.percentage.�n.th�s.study.may.be. 
because.we.ha�e.focused.solely.on.VFr-IMc.acc�dents,. 
wh�ch.are.a.subset.of.all.weather-related.acc�dents .thus,. 
when.we.look.at.weather-related.acc�dents.as.a.whole,.the. 
percentage.of.fatal.acc�dents.�s.l�kely.to.�ncrease  

often.go�ng.hand-�n-hand.w�th.exper�ence,.p�lot.age. 
may. be. a. ��able. explanat�on. for.VFr-IMc. acc�dents . 
Howe�er,.our.analyses.re�ealed.l�ttle.d�fferences.between. 
the.age.groups .Interest�ngly,.the.ntSB.(2005).suggested. 
that.age.at.cert�fcat�on.�s.a.much.better.pred�ctor.regard-
�ng.weather-related.acc�dent.�n�ol�ement.than.age.at.the. 
t�me.of.the.acc�dent .In.fact,.they.argue.further.that.p�lots. 
who.beg�n.the�r.fy�ng.career.wh�le.young.are.less.l�kely.to. 
be.�n�ol�ed.�n.a.weather-related.acc�dent.than.those.who. 
beg�n.later .they.pos�t.that.for.those.that.enter.a��at�on. 
early.�n.l�fe,.there.may.be.d�fferences.�n.mot��at�on.for. 
fy�ng.and.plans.for.a��at�on.as.a.career  

As.seen.elsewhere,.(e g ,.Goh.&.W�egmann,.2002).the. 
major�ty.of.the.VFr-IMc.acc�dents.occurred.dur�ng.the. 
cru�se.phase.of.f�ght .After.all,.at.least.dur�ng.the.take-off. 
phase.of.f�ght,.VFr.cond�t�ons.l�kely.pre�a�l .to.some. 
extent,.the.same.can.be.sa�d.for.the.land�ng.phase.of.f�ght . 
typ�cally,.�t. �s.dur�ng.cru�se.that.a.p�lot.�s.more.l�kely. 
to.encounter.IMc.and.be.forced.to.make.a.dec�s�on.to. 
cont�nue.or.d��ert.to.an.alternate.land�ng.s�te . 

Add�t�onally,.we.found.a.h�gher.proport�on.of.VFr-
IMc.acc�dents.occurred.at.n�ght .therefore,.�t.�s.poss�ble. 
that.p�lots.may.not.ha�e.recogn�zed.or.ha�e.been.unaware. 
of.the.se�ere.weather.�n.the�r.path  

ob��ously,.�ar�ables.such.as.age,.exper�ence,.tra�n�ng,. 
weather.br�efngs,.and.phase.of.f�ght.can.pro�e.useful.�n. 
the.de�elopment.and.target�ng.of.�nter�ent�on.strateg�es . 
For. �nstance,. �t.can.be.argued.that.one.way.to.reduce. 
acc�dents. assoc�ated. w�th. VFr. f�ght. �nto. IMc. �s. to. 
pro��de.p�lots.w�th.better.�n-f�ght.weather.�nformat�on. 
through.enhanced.d�splays.and.datal�nks  

Howe�er,.the.solut�on.to.many.human.factors.�ssues. 
fac�ng.GA.p�lots.today.may.requ�re.more.than.trad�t�onal. 
approaches.such.as.technolog�cal. �mpro�ements .After. 
all,. no. s�ngle. �nter�ent�on. w�ll. l�kely. be. the. panacea,. 
and.�n.some.cases.may.actually.lead.to.more.problems. 
than.�t.resol�es .For.example,.Ber�nger.and.Ball.(2004). 
demonstrated.that.when.dec�d�ng.to.fy.�nto,.under,.or. 
through.the.weather,.p�lots.were.more.l�kely.to.do.so.w�th. 
a��on�cs.that.had.h�gher.resolut�on .l�kew�se,.W�ll�ams,. 
Yost,.Holland,.and.tyler.(2002).found.that.p�lots.adm�tted. 
that.they.would.be.more.w�ll�ng.to.take.a.chance.and.r�sk. 
fy�ng.closer.to.the.weather.when.us�ng.the.d�splays.than. 
w�thout .they.also.found.that.the.�ncrease.�n.a��on�cs.�n. 
the.cockp�t.caused.p�lots.to.rely.more.on.the.equ�pment. 
than.the�r.bas�c.fy�ng.sk�lls,.�n.add�t�on.to.more.“heads-
down”.t�me.�n.the.cockp�t . 

So.wh�le.technolog�cal.approaches.are.appeal�ng,.they. 
may.pro��de.p�lots.w�th.an.o�erconfdence.of.how.close. 
they.can.get.to.weather.and.to.na��gate.through.�t .on. 
the.other.hand,.Ball.(�n.re��ew).found.that.some.p�lots. 
can.be.tra�ned.to.use.weather.�nformat�on.strateg�cally.as.a. 
means.to.a�o�d,.rather.than.to.tact�cally.na��gate.through,. 
dangerous.en��ronments .clearly,.weather.�nformat�on,. 
w�th.the.r�ght.tra�n�ng.and.understand�ng,.can.beneft. 
GA.p�lots.at.all.le�els.–.although.some.degree.of.caut�on. 
should.be.employed.when.fy�ng.�n.weather . 

Boatman.(2001).noted. that.p�lots. are. taught. to.be. 
confdent.when.fy�ng .For.less-exper�enced.p�lots.who. 
may.underest�mate.the.r�sks.of.fy�ng.�n.marg�nal.VFr. 
cond�t�ons,.o�erconfdence.�n.the�r.ab�l�t�es.may.conf�ct. 
w�th.good.dec�s�ons.�n.these.c�rcumstances .Indeed,.we. 
found.that.p�lots’.o�erconfdence.�n.the�r.personal.ab�l�ty. 
was.a.factor.�n.VFr-IMc.acc�dents  

For. years,. go�ernment. and. pr��ate. organ�zat�ons. ha�e. 
attempted. to. educate. p�lots. to. make. �nformed. dec�s�ons. 
when.�t.comes.to.fy�ng.�n.weather .Work.by.the.FAA.(2005). 
pro��des. gu�dance. to. p�lots. through. a. dec�s�on-mak�ng. 
framework .It.d�scusses.three.steps.(perce��e,.process,.and. 
perform). dur�ng. f�ght . AoPA-ASF. has. a. �ar�ety. of. free. 
on-l�ne.courses.that.p�lots.can.take.that.educate.them.on. 
d�fferent.weather.top�cs . 

In. 1989,. the. ntSB. �dent�fed. many. of. the. same. 
causes.and.factors.that.were.found.to.be.an.�ssue.�n.our. 
analyses .G��en.the.s�m�lar�t�es,.one.m�ght.general�ze.that. 
the.�nter�ent�on.strateg�es.that.ha�e.been.put.�n.place.for. 
nearly.the.past.2.decades.ha�e.been.�neffect��e . 
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Inform�ng.p�lots.of.the.p�tfalls.of.VFr-IMc.w�th.the. 
hope.of.educat�ng.them.about.the.consequences.of.tak�ng. 
r�sks,.the.�mportance.of.ga�n�ng.a.clear.understand�ng.of. 
the.weather.w�th�n.the�r.f�ght.path.from.departure.to. 
land�ng,.and.rem�nd�ng.p�lots.that.�t.�s.the�r.respons�b�l�ty. 
to.be.aware.of.weather.when.lea��ng.the.a�rport.traffc. 
area.are.�ntegral.steps.to.stop.the.cha�n.of.e�ents.that.can. 
result.�n.a.VFr.f�ght.�nto.IMc.acc�dent . 

though.the.suggest�on.may.seem.rad�cal,.one.solu-
t�on. proposed. dur�ng. a. bra�nstorm�ng. act���ty. was. to. 
requ�re.all.p�lots.to.obta�n.a.weather.br�efng.and.to.fle. 
a.f�ght.plan.before.departure .l�m�t�ng.th�s.requ�rement. 
to. those. lea��ng. the.a�rport. traffc.pattern.would.help. 
ensure.that.pr�or.to.tak�ng.off.all.p�lots.were.br�efed.on. 
the.a�a�lable.weather .th�s.assumes.that.all.p�lots.ha�e. 
the. requ�s�te. sk�lls. to.process. the.weather. �nformat�on. 
they.are.pro��ded  

Knecht,.Harr�s,. and.Shappell. (2005).descr�bed. the. 
many. fnd�ngs. surround�ng. the. d�ffcult�es. assoc�ated. 
w�th.p�lots.assess�ng.the.r�sk.of.weather .Wh�le.try�ng.to. 
ascerta�n.the.�nfuence.of.a.�ar�ety.of.mot��ators.for.why. 
GA.p�lots.would.depart.�nto.marg�nal.cond�t�ons,.they. 
found.that.personal�ty.alone.d�d.not.�nfuence.take-off . 
Soc�al-cogn�t���sts.(M�schel.&.Shoda,.1995).ha�e.long. 
argued.that.understand�ng.personal�ty.w�th�n.a.context. 
�s.the.best.pred�ctor.for.beha��or .When.money.was.not. 
man�pulated. to. be. a. mot��ator,. Knecht,. et. al . (2005). 
found. the. �nteract��e. effect. of. ��s�b�l�ty. and. ce�l�ng. 
encouraged.p�lots.to.stay.on.the.ground .one.ca�eat.to. 
cons�der. �s.half.of. the�r.part�c�pants.were. �nstrument-
rated,. so. that.add�t�onal.knowledge.may.ha�e.ass�sted. 
dec�s�on-mak�ng . nonetheless,. the. authors. concluded. 
that.two.groups.of.weather-r�sk.p�lots.emerged:.1).those. 
w�thout.an.understand�ng.of.the.r�sks.of.weather,.and. 
2).p�lots.who.ha�e.l�ttle.�nstrument.t�me .ensur�ng.that. 
p�lots.ha�e.and.understand.the.weather.before.depart�ng. 
sounds.l�ke.a.s�mple.solut�on,.but.how.can.that.be.done. 
cons�stently?.It.�s.plaus�ble.that.�f.all.p�lots.are.requ�red. 
to.document.weather.awareness.pr�or.to.departure.and. 
learn.how.to.perce��e.and.process.weather,.th�s.add�t�onal. 
�nformat�on.could.reduce.acc�dents .Knecht.and.lenz.(�n. 
re��ew).po�nt.out.that.VFr.p�lots.are.tra�ned.to.a�o�d. 
bad. weather;. therefore,. when. they. fnd. themsel�es. �n. 
the.m�dst.of.poor.cond�t�ons,.they.are.�nexper�enced.�n. 
na��gat�ng.the�r.way.through.�t .As.noted,.the.FAA.has. 
made.gu�dance.a�a�lable.to.p�lots.about.the.compl�cat�ons. 
and.threats.of.fy�ng.�n.weather . 

We.now.ha�e.a.better.understand�ng.of.the.human. 
error.assoc�ated.w�th.VFr-IMc.acc�dents .But.how.can. 
th�s. �nformat�on.help.us.pre�ent. these.acc�dents. from. 
occurr�ng.�n.the.frst.place?.In.a.separate.study,.we.are. 
exam�n�ng.the.�ar�ous.�n�t�at��es.�n.place.that.are.a�med. 
at.reduc�ng.VFr-IMc.acc�dents .We.plan.to.present.the. 

�ar�ous.�n�t�at��es.w�th.the.complement�ng.descr�pt�ons. 
of.the.errors.that.they.are.a�med.at.reduc�ng  

The Next Step … 
clearly,.the.data.descr�bed.here.pa�nt.a.more.complete. 

p�cture.of.VFr.f�ght.�nto.IMc.and.offer.a.gl�mpse.at. 
potent�al.�nter�ent�ons.to.address.th�s.threat.to.GA.safety . 
Howe�er,.many.quest�ons.rema�n .For.�nstance,.wh�ch. 
of.the.�nter�ent�ons.suggested.would.ha�e.the.greatest. 
�mpact.on.VFr.f�ght.�nto.IMc?.Are.s�m�lar.programs. 
currently.underway.w�th�n.the.FAA.that.can.be.le�er-
aged.�n.th�s.regard?.Are.there.gaps.�n.ex�st�ng.GA.safety. 
programs.that.need.to.be.addressed.�f.we.are.to.reduce. 
VFr.f�ght.�nto.IMc? 

these. are. but. a. few. of. the. quest�ons. that. must. be. 
answered.�f.the.pre�alence.of.VFr-IMc.acc�dents.�s.to.be. 
reduced .the.next.step.�n.any.system.safety.process.after. 
the.hazard.has.been.�dent�fed.and.suffc�ently.defned.�s. 
the.�dent�fcat�on,.de�elopment,.and.assessment.of.puta-
t��e.�nter�ent�ons .to.some.extent,.th�s.effort.has.already. 
begun,.as.descr�bed.abo�e .Howe�er,.a.second.effort.�s. 
currently. underway. that. w�ll. use. the. Human. Factors. 
Inter�ent�on.matr�X.(HFIX).to.�dent�fy.ex�st�ng.safety. 
programs.that.ha�e.been.�mplemented.�n.c���l.a��at�on. 
that.can.be.mod�fed.or.red�rected.to.address.VFr.f�ght. 
�nto.IMc.and.other.threats.to.GA . 

As.dep�cted.�n.F�gure.6,.HFIX.p�ts.the.HFAcS.causal. 
categor�es,. as. �dent�fed.w�th�n.HFAcS. (e g ,.dec�s�on. 
errors,.sk�ll-based.errors,.perceptual.errors,.and.��olat�ons),. 
aga�nst.f�e.common.approaches.to.acc�dent. �nter�en-
t�on.�dent�fed.w�th�n.the.l�terature.(Shappell.&.W�eg-
mann,.2006) .Spec�fcally,.HFIX.employs.�nter�ent�on. 
approaches.that.target.change.w�th�n.the.1).organ�zat�on,. 
2).human,.3). technology,.4).m�ss�on,. and.5).phys�cal. 
en��ronment .Whereas.�t.�s.not.uncommon.for.organ�-
zat�ons.to.focus.on.one.or.two.approaches,.depend�ng. 
on.the.makeup.of.�ts.staff,.HFIX.looks.at.the.breadth.of. 
�nter�ent�ons.across.all.f�e.approaches . 

Operational/ 
Organizational/ Human/ Technology/ Task/ Physical 
Administrative Crew Engineering Mission Environment 

Decision 
Errors 

Skill-based 
Errors 

Perceptual 
Errors 

Violations 

Figure 6. The “Human Factors Intervention matriX” (HFIX). 
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our. current. effort. �n�ol�es. mapp�ng. ex�st�ng. and. 
prospect��e. �nter�ent�ons. �dent�fed. by. programs. such. 
as.Jo�nt.Safety.Inter�ent�on.teams,.Jo�nt.Safety.Act�on. 
teams,.the.nat�onal.A��at�on.research.Plan,.and.other. 
resources.�nto.the.HFIX.matr�x .us�ng.HFIX,.�t.w�ll.be. 
poss�ble.to.�dent�fy.wh�ch.programs.would.s�gn�fcantly. 
reduce.a.g��en.type.of.human.error.and.where.gaps.�n. 
the.current.safety.strategy.ex�st .the.goal.�s.to.pro��de. 
the. FAA. w�th. a. ready. reference. of. �nter�ent�ons. that. 
target. spec�fc. types. of. human. error. (e g ,.VFr. f�ght. 
�nto. IMc),. rather. than.a. type.of. acc�dent. (controlled. 
f�ght.�nto.terra�n).or.general.error.form.(e g ,.dec�s�on. 
errors),.as.has.been.done.�n.the.past .Ideally,.th�s.data-
dr��en.�nter�ent�on.approach.w�ll.target.spec�fc.human. 
errors.known.to.ad�ersely.affect.general.a��at�on.safety . 
ult�mately,.th�s.w�ll. lead.to.changes.that.w�ll. �mpro�e. 
safety.and.decrease.fatal�t�es  
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