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EXECUTIVE sUMMARY 

The.Internat�onal.C���l.A��at�on.Organ�zat�on.(ICAO). 
requ�red. the. �mplementat�on.of. �ts. language.pro-
fc�ency. standards. �n. March. 5,. 2008,. among. �ts. 
member.states.who.were.ready,.and.w�ll.extend.a. 
max�mum.3-year.wa��er.to.�ts.member.states.that. 
can.subm�t.the�r.test�ng.program.to.ICAO.by.the. 
March.deadl�ne .The.de�elopment.of. these. stan-
dards.began.as.a.response.to.an.�ncrease.�n.a��at�on. 
fatal�t�es.and.acc�dents.that.c�ted.�nadequate.Engl�sh. 
language.profc�ency.as.e�ther.a.causal.or.contr�but-
�ng.factor  

The.purpose.of. th�s. report. �s. to.pro��de. some. 
�nd�cat�on.as.to.the.types.and.frequency.of.commu-
n�cat�on.problems.exper�enced.by.p�lots.who.may. 
or.may.not.ha�e.Engl�sh.as.the�r.pr�mary.or.offc�al. 
language .To.do.th�s,.the.commun�cat�ons.of.p�lots. 
and.controllers.were.exam�ned.that.occurred.between. 
March.and.August.2006.at.f�e.U S .a�r.route.traffc. 
control.centers.(ARTCCs) .A�rcraft.call.s�gns.were. 
used.to.class�fy.them.as.e�ther.U S .or.fore�gn.reg�s-
try,.and.then.the.offc�al.language.of.the.country.of. 
reg�stry.was.�dent�fed .Three.d�fferent.groups.were. 
exam�ned:.U S -Engl�sh.(n=642),.fore�gn-Engl�sh. 
(n=26),.and.fore�gn-Other.(non-Engl�sh,.n=164) . 
We.were.not.able.to.confrm.the.nat��e.languages.of. 
the.p�lots.work�ng.the.rad�o;.howe�er,.by.l�sten�ng. 
to.the.�o�ce.propert�es.of.the.speakers,.we.were.able. 
to.e�aluate.whether.or.not.language.was.a.problem. 
�n.commun�cat�on.gu�ded.by.the.appl�cat�on.of.the. 
ICAO.Rat�ng.scales  

In.th�s.report,.we.defne.a.commun�cat�on.prob-
lem.as.a.s�tuat�on.�n.wh�ch.a.message.�s.not.under-
standable.�n.content,.speech.(accent),.structure,.or. 
a.comb�nat�on.that.reaches.the.le�el.of.�nterfer�ng. 
w�th.traffc.procedures .Notably,.a.commun�cat�on. 
problem. may. create. an. a�r. traffc. control. (ATC). 
problem;.howe�er,.an.ATC.problem.(e g ,.d��ert�ng. 
a�rcraft.away.from.a.weather.front).rarely.creates.a. 
commun�cat�on. problem . Commun�cat�on. prob-
lems. were. encoded. that. resulted. �n. �nterference. 
w�th.traffc.procedures,.requ�red.pla�n.language.to. 
resol�e,.or.requ�red.ass�stance.from.other.p�lots.or. 
ATC.to.con�ey.the.message,.or.the.encoder.bel�e�ed. 
that.commun�cat�on.had.broken.down . 

The. commun�cat�on. problems. were. class�fed. 
�nto.three.major.categor�es:.readback.errors,.requests. 
for.repeat,.and.breakdowns.�n.commun�cat�on .An. 
exam�nat�on. of. these. commun�cat�on. problems. 
showed.that.for.U S .reg�stry.a�rcraft.transact�ons. 

w�th.one.commun�cat�on.problem,.51%.�n�ol�ed. 
readback.errors,.34%.requests.for.repeat,.and.15%. 
breakdowns.�n.commun�cat�on .In.contrast,.23%. 
of. the. fore�gn. reg�stry. a�rcraft. transact�ons. w�th. 
one.commun�cat�on.problem.were.readback.errors,. 
62%.were.requests. for.repeat,.and.14%.�n�ol�ed. 
breakdowns.�n.commun�cat�on .Of.the.transact�ons. 
w�th.mult�ple.problems,.more.than.75%.�n�ol�ed. 
fore�gn.reg�stry.a�rcraft  

To. determ�ne. whether. or. not. commun�cat�on. 
problems.�ncluded.messages.w�th.defc�enc�es.�n.Eng-
l�sh.language.profc�ency,.an.o�erall.deta�led.analys�s. 
was.performed.on.the.p�lot-controller.transact�ons. 
�dent�fed.as.ha��ng.one.or.more.commun�cat�on. 
problem .Generally,.the.encoder.answered.two.ques-
t�ons:.(1).Is.there.a.commun�cat�on.problem?.(yes. 
or.no);.and.(2).Was.language.profc�ency.�n�ol�ed?. 
(yes.or.no) .If.the.encoder.bel�e�ed.language.prof-
c�ency.was.�n�ol�ed,.then.an.attempt.was.made.to. 
class�fy.Engl�sh.language.profc�ency.us�ng.the.ICAO. 
Language.Profc�ency.Scales.as.a.gu�de . 

Among. fore�gn. reg�stry. a�rcraft,. the. more. fre-
quently.occurr�ng. readback.errors. �ncluded. rad�o. 
frequency.and.route.a��at�on.top�cs .In.64%.of.the. 
readback. errors. made. by. fore�gn-Other. reg�stry. 
a�rcraft.p�lots,.the�r.accents.made.�t.d�ffcult.for.the. 
controller.to.understand.what.was.be�ng.sa�d .for. 
U S .reg�stry.a�rcraft,.the.more.frequently.occurr�ng. 
readback.errors.�n�ol�ed.rad�o.frequency.and.alt�tude. 
a��at�on.top�cs,.of.wh�ch.pronunc�at�on.was.a.factor. 
for.1%.of.the.readback.errors . 

Nearly.63%.of. the. requests. to. repeat. �n�ol�ed. 
the.confrmat�on.or.say.aga�n.of.a.spec�fc.a��at�on. 
top�c .fore�gn.and.U S .reg�stry.a�rcraft.each.wanted. 
confrmat�on.of.rad�o.frequenc�es,.routes,.and.al-
t�tudes.more.than.any.of.the.other.a��at�on.top�cs . 
The.follow�ng.message.expresses.se�eral.factors.that. 
�nfuenced.a.p�lot’s.rat�onale.for.a.request.for.repeat,. 
“I – I APOLOGIZE IT’S EARLY IN THE MORNING, AND MY 

BRAIN’S UH – THE PEN UH WHICH ISN’T WORKING WELL 

– UH YOU GOTTA READ IT AGAIN SLOWER.”. 
Of.the.transact�ons.�n�ol��ng.a.breakdown.�n.com-

mun�cat�on,.runway.ass�gnment,.and.route.clearance. 
transact�ons.were.espec�ally.problemat�c.for.the.p�lots. 
of.fore�gn-Other.reg�stry.a�rcraft .The.problem.may. 
be.part�ally.due.to.controllers’.and.p�lots’.use.of.pla�n. 
language.and.the.p�lots’.pronunc�at�on.and.fuency . 
Notably,.accent.affected.the.�ntell�g�b�l�ty.of.40%. 
of.the.p�lots’.messages . 
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The.breakdowns.�n.commun�cat�on.exper�enced. 
by.U S -Engl�sh.reg�stry.a�rcraft.�n�ol�ed.call.s�gn. 
confus�on.and.the.transfer.of.commun�cat�on.process. 
(e�ther.a.transfer.occurred.too.soon.or.the.control-
ler.had.to.�n�t�ate.the.call-up) .Pronunc�at�on.and. 
�ocabulary.rarely.appeared.�n.a.breakdown.of.the�r. 
commun�cat�on . 

The.fnd�ngs.presented.here.re�ealed.that.when. 
the.reg�stry.of.an.a�rcraft.was.fore�gn.and.�ts.pr�mary. 
or.offc�al.language.was.not.Engl�sh,.not.only.d�d. 
p�lots.spend.more.t�me.commun�cat�ng.w�th.ATC,. 
they. also. exchanged.more. transm�ss�ons. and.had. 
more.commun�cat�on.problems.�n.the�r.transact�ons . 
The. add�t�onal. p�lot. messages. may. ha�e. resulted. 

from.attempts.to.resol�e.some.of.the.commun�ca-
t�on.problems .In.these.s�tuat�ons,.a.p�lot’s.Engl�sh. 
language. profc�ency. —. espec�ally. h�s/her. accent. 
—.often.resulted.�n.the.controller.not.be�ng.able.to. 
completely.understand.what.the.p�lot.was.attempt�ng. 
to.say .Rarely.d�d.the.controllers.express.d�ffculty. 
understand�ng.an.Engl�sh-speak�ng.p�lot . 

Taken. together,. the. results. suggest. that. be�ng. 
able.to.speak.Engl�sh.may.be.necessary.but.�s.not. 
suffc�ent. �n. l�m�t�ng. commun�cat�on. problems . 
The.profc�ency.of.the.speaker. �n.the.product�on. 
of.Engl�sh.beyond.the.m�n�mum.spec�fed.�n.the. 
ICAO.language.profc�ency.scales.must.be.real�zed. 
�f.commun�cat�on.problems.are.to.decl�ne . 

�� 

https://often.resulted.�n.the.controller.not.be�ng.able.to


  
    

      

                
    

        

                
      

PILOT ENGLISH LANGUAGE PROFICIENCY 

AND THE PREVALENCE OF COMMUNICATION PROBLEMS 

AT FIVE U.S. AIR ROUTE TRAFFIC CONTROL CENTERS 

Approach: “CESSNA ONE TWO THREE X-RAY YANKEE, TRAFFIC IS AT YOUR 12 O’CLOCK, 5 MILES AND 

3000 FEET, A SAAB 340.” 

Cessna 123XY: “LOOKING. WHERE IS HE? OVER THE RIVER?” 

Approach: “TRAFFIC NO FACTOR. HE’S OVER THE RIVER, THROUGH THE WOODS, AND ON HIS WAY TO 

GRANDMOTHER’S HOUSE. CONTACT TOWER NOW ON 120.7.” 

Most.res�dents.�n.the.Un�ted.States.recogn�ze.“….o�er. 
the.r��er,.through.the.woods…”.as.part.of.the.popular.song. 
often.learned.�n.elementary.school.dur�ng.the.Thanksg��-
�ng.season .It.�s.an.excerpt.from.“A.Boy’s.Thanksg���ng. 
Day,”.a.poem.wr�tten.by.Lyd�a.Mar�a.Ch�ld.�n.Flowers 
for Children,.�olume.2,.�n.1844 .To.understand.the.ap-
proach.controller’s.humor.requ�res.more. than.a. l�teral. 
�nterpretat�on.of.the.words;.�t.requ�res.an.understand�ng.of. 
both.U S .culture.and.h�story,.and.competency.�n.general. 
Engl�sh .As.Walcott.(2006).po�nts.out,.“It.�s.not.enough. 
to.s�mply.ha�e.knowledge:.one.needs.to.understand.what. 
one.knows.and.be.able.to.commun�cate.�t .Th�s.ab�l�ty. 
to. commun�cate. what. one. knows. �s. what. determ�nes. 
‘competence ’”.Th�s.appl�es.equally.to.p�lots.and.a�r.traffc. 
controllers .for.a.p�lot.to.successfully.commun�cate.w�th. 
a�r.traffc.control.requ�res.more.than.the.ab�l�ty.to.parrot. 
back.the.�nformat�on.transm�tted.by.that.controller;.�t. 
requ�res.competency.�n.the.language.of.a��at�on  

Non-nat��e.Engl�sh-speak�ng.p�lots.are.at.a.d�sad�an-
tage.fy�ng.�nto.countr�es.where.the�r.pr�mary.or.nat��e. 
language.�s.not.spoken 1.Not.only.must.they.be.able.to. 
understand.spoken.Engl�sh,.the.language.of.a��at�on,.but. 
also.speak.�t.when.commun�cat�ng.w�th.a�r.traffc.control-
lers.whose.pr�mary.or.nat��e.language.may.or.may.not.be. 
Engl�sh .H�stor�cally,.some.non-nat��e.Engl�sh-speak�ng. 
p�lots.had.a.l�m�ted.ab�l�ty.to.commun�cate.w�th.control-
lers,.and.that.led.some.non-Engl�sh-speak�ng.commerc�al. 
a�rl�nes.to.�nclude.an.�nterpreter.as.part.of.the.f�ght.crew. 
who.could.commun�cate.d�rectly.w�th.a�r.traffc.control. 
(ATC).should.the.need.ar�se 2.In.other.cases,.they.h�red. 
nat��e.Engl�sh-speak�ng.p�lots.who.could.no.longer.fy. 
commerc�ally.for.U S .a�rl�nes.because.they.were.60.yrs. 
old. (Age.60.Rulemak�ng.Comm�ttee,.2006;. currently. 

.—.ATC.commun�cat�on 

§.121 383(c).of.T�tle.14,.Code.of.federal.Regulat�ons. 
[14.CfR]) . 

Another.d�sad�antage.for.non-nat��e.Engl�sh-speak�ng. 
p�lots.�s.the.d�spar�t�es.between.the.phraseology.adopted. 
by.a.part�cular.Internat�onal.C���l.A��at�on.Organ�zat�on. 
(ICAO). member. state. and. the. standard. phraseology. 
supported.by.ICAO .for.example,.the.ICAO.standard. 
phraseology.for.an.a�rcraft.that.�s.�nstructed.to.wa�t.be-
fore.enter�ng.�ts.departure.runway.�s.“l�ne.up.and.wa�t ”. 
Howe�er,.U S .a�r.traffc.controllers.use.the.phraseology. 
“tax�.�nto.pos�t�on.and.hold ”.Th�s.phraseology.may.not.be. 
fam�l�ar.to.fore�gn.p�lots.depart�ng.from.U S .a�rports . 

Other.examples.are.g��en.�n.Append�x.1.of.the.Un�ted. 
K�ngdom’s.(U K ’s).C���l.A��at�on.Author�ty.publ�cat�on. 
CAP413 Radiotelephony Manual.(CAA,.May.2006) .The. 
manual.pro��des.a. table. that.deta�ls. the.d�fferences. �n. 
ICAO.and.U K .rad�otelephony.procedures.and.phraseol-
ogy .Presented.�n.Table.1.�s.an.excerpt.from.that.table .The. 
frst.column.�llustrates.two.examples.of.the.d�fferences. 
between.the.phraseolog�es,.and.the.second.column.pro-
��des.the.reason.for.U K .noncompl�ance.w�th.ICAO . 

In.response.to.a.U S .Congress�onal.request.put.forth. 
by.Representat��e.Bob.franks.�n.2000,.U S .Inspector. 
General.Kenneth.Mead.undertook.an.�n�est�gat�on.to. 
determ�ne.the.pre�alence.of. �nternat�onal.p�lots.fy�ng. 
�n.U S .a�rspace.who.are.unable.to.commun�cate.w�th. 
a�r.traffc.controllers.due.to.�nadequate.knowledge.of.the. 
Engl�sh.language.and.�ts.�mpact.on.safety .The.fnd�ngs. 
conta�ned.�n.th�s.response.noted.that.from.January.1997. 
to.August.2000,.the.fAA.recorded.a.total.of.16.(out.of. 
309,.approx�mately.5%).p�lot.de��at�ons3.nat�onw�de.that. 
were.attr�butable.to.language.or.phraseology.problems. 
between.p�lots.and.a�r.traffc.controllers  

1.It.may.be.that.the.off�c�al.language.of.the.country.�s.Engl�sh.but.the.pr�mary. 3. .fAA.Order.7210 56C.Air Traffic Quality Assurance.§4-1-1 .Def�n�t�ons.a. 
language.spoken.by.the.p�lot.�s.not  (3).P�lot.De��at�on .“the.(s�c).act�ons.of.a.p�lot.that.result.�n.the.��olat�on.of. 
2.Th�s.p�ece.of.�nformat�on.was.shared.w�th.the.f�rst.author.by.controllers. a.federal.A��at�on.Regulat�on.or.North.Amer�can.Aerospace.Defense.(Com-
dur�ng.�nformal.con�ersat�ons.and.conf�rmed.by.commun�cat�ons.between. mand.A�r.Defense.Ident�f�cat�on.Zone).Tolerance ” 
the.f�rst.author.and.some.fore�gn.p�lots  

1 
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Table 1. Examples of U.K. Differences to ICAO Radiotelephony Procedures. 

Details of ICAO/U.K. Difference Reason/Remarks 

Phraseology FLIGHT LEVEL ONE ZERO ZERO 
(ICAO) is not used in U.K. In the U.K., flight levels 
ending in hundreds are transmitted as HUNDRED, e.g., 
FLIGHT LEVEL ONE HUNDRED. 

To avoid potential confusion with adjacent flight 
levels and misidentification of cleared levels, e.g., 
Flight Level One Zero Zero with FLIGHT LEVEL 
ONE ONE ZERO. 

Phraseology CLEARED FOR ILS APPROACH is not 
routinely used in the U.K. In the U.K., pilots will be asked 
to “Report established” on the localizer. Once established, 
they will then be given clearance to “descend on the ILS.” 
In busy RTF environments, the phraseology may be 
combined to “When established on the localiser, descend 
on the ILS...” 

Due to procedure design and airspace complexity, 
along with lessons learned from flight safety related 
incidents and occurrences, the UK has elected to 
enhance safety by adopting unambiguous 
phraseology that includes a positive descent 
instruction to ensure that descent is initiated only 
when it is safe to do so. 

In.2004,. ICAO,.an.agency.of. the.Un�ted.Nat�ons,. 
publ�shed. �ts. Manual on the Implementation of ICAO 
Language Profciency Requirements.�n.response.to.se�eral. 
acc�dents4. and. �nc�dents. where. language. profc�ency. 
was.c�ted.as.e�ther.causal.or.contr�but�ng.factors .In.that. 
same.year,.the.APANPIRG.ATM/AIS/SAR.Sub-Group5. 
(ATM/AIS/SAR/SG/14). presented. the. Secretar�at. of. 
ICAO. w�th. a. document. ent�tled. Language Profciency. 
that.st�pulated.“….p�lots.on.�nternat�onal.f�ghts.shall. 
demonstrate.language.profc�ency.�n.e�ther.Engl�sh.or.the. 
language.used.by.the.stat�on.on.the.ground .Controllers. 
work�ng.�nternat�onal.ser��ces.shall.demonstrate.language. 
profc�ency.�n.Engl�sh.as.well.as.�n.any.other.language(s). 
used.by.the.stat�on.on.the.ground ”.(Para.2 4) .L�kew�se,. 
p�lots.are.go�erned.by.Annex.10.ICAO,.wh�ch.establ�shes. 
the.rules.of.commun�cat�on.between.p�lots.and.controllers. 
that.are.not.con�ersant.�n.each.other’s.nat��e.language . 
Spec�fcally,.§.1 2.of.Annex.10.states:. 

“The.pr�mary.means.for.exchang�ng.�nformat�on.�n. 
a�r-ground.commun�cat�ons.�s.the.language.of.the.ground. 
stat�ons,.wh�ch.w�ll.�n.most.cases.be.the.nat�onal.language. 
of.the.State.respons�ble.for.the.stat�on ”.Paragraph.5 2 1 1. 
2.recommends.“that.where.Engl�sh.�s.not.the.language. 
of.the.ground.stat�on,.the.Engl�sh.language.should.be. 
a�a�lable.on.request,. thereby,.the.recommendat�ons.of. 
the. Annex. �nd�cate. that. the. Engl�sh. language. w�ll. be. 
a�a�lable.as.a.un��ersal.med�um.for.rad�otelephone.com-
mun�cat�ons ”. 

4. .As.an.example,.�n.1990,.A��anca.fl�ght.52.was.mak�ng.�ts.th�rd.approach.�nto. 
JfK.A�rport.and.fa�led.to.�nform.a�r.traff�c.control.they.had.a.fuel.emergency. 
and.crashed  
5.A�r.Traff�c.Management/Aeronaut�cal.Informat�on.Ser��ces.and.Search.and. 
Rescue.(ATM/AIS/SAR).Sub-Group.of.APANPIRG.(As�a.Pac�f�c.A�r.Na��ga-
t�on.Plann�ng.and.Implementat�on.Reg�onal.Group) 

In. March. 2008,. ICAO. �mplemented. �ts. language. 
profc�ency.requ�rements 6.Spec�fcally,.“Aeroplane.and. 
hel�copter. p�lots. and. those. f�ght. na��gators. who. are. 
requ�red.to.use.the.rad�o.aboard.an.a�r.carr�er.shall.dem-
onstrate.the.ab�l�ty.to.speak.and.understand.the.language. 
used. for. rad�otelephony. commun�cat�ons ”7. L�kew�se,. 
“A�r.traffc.controllers.and.aeronaut�cal.stat�on.operators. 
shall.demonstrate.the.ab�l�ty.to.speak.and.understand.the. 
language.used.for.rad�otelephony.commun�cat�ons ”8.To. 
reta�n.the�r.l�censes,.p�lots,.na��gators,.controllers,.and. 
stat�on. operators. must. meet. the. language. profc�ency. 
requ�rements.found.�n.Manual on the Implementation of 
ICAO Language Profciency Requirements.(2004) . 

There.are.s�x.le�els.of.operat�onal.profc�ency.rang-
�ng.from.pre-elementary.(Operat�onal.Le�el.1).through. 
expert.(Operat�onal.Le�el.6) .There.are.s�x.d�mens�ons.of. 
profc�ency.that.are.e�aluated:.Pronunc�at�on,.Structure,. 
Vocabulary,.fluency,.Comprehens�on,.and.Interact�ons . 
fa�lure.to.reach.Operat�onal.Le�el.6.language.profc�ency. 
w�ll.requ�re.retest�ng.at.least.once.e�ery.three.yrs.�f.the. 
test.results.place.the.p�lot.at.Operat�onal.Le�el.4.or.e�ery. 
s�x.yrs.�f.the.p�lot.�s.at.Operat�onal.Le�el.5 .The.t�me. 
�nter�al.for.retest�ng.�s.determ�ned.by.the.�nter��ewee’s. 
demonstrated.ICAO.operat�onal.le�el.of.language.pro-
fc�ency.�n.both.speak�ng.and.understand�ng . 

6.S�nce.the.publ�cat�on.of.Appendix A, Manual on the Implementation of ICAO 
Language Proficiency Requirements,.a.draft.resolut�on.was.put.forth.that.mod�-
f�es.the.�mplementat�on.date.(see.Language Proficiency Requirements Resolution 
A36/11 ICAO TE/36 10/9/07) . 
7 Appendix A, Manual on the Implementation of ICAO Language Proficiency 
Requirements. 
8..Appendix A, Manual on the Implementation of ICAO Language Proficiency 
Requirements. 
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It.should.come.as.no.surpr�se.that.many.commerc�al. 
educat�onal.suppl�ers.are.rap�dly.de�elop�ng.�nstruct�onal. 
and.test�ng.mater�als.for.the.a��at�on.�ndustry.to.meet.the. 
March.2008.t�mel�ne .L�kew�se,.many.ICAO.member. 
states.are.bus�ly.establ�sh�ng.standards.by.wh�ch.those. 
�nstruct�onal.and.test�ng.mater�als.w�ll.be.e�aluated .What. 
�s.absent.are.data.from.wh�ch.the.effect��eness.of.those. 
tra�n�ng.programs.can.be.assessed .That.�s,.a.need.ex�sts. 
to.descr�be,.basel�ne,.and.document.current.operat�onal. 
commun�cat�ons.pr�or.to.the.�mplementat�on.of.ICAO. 
language.profc�ency.requ�rements.so.future.research.w�ll. 
be.able.to.track.whether.these.requ�rements.actually.help. 
to.reduce.the.product�on.of.commun�cat�on.problems . 

W�th�n.the.U S ,.data.are.lack�ng.concern�ng.the.pre�a-
lence.of.ATC.commun�cat�on.problems.attr�butable.to.the. 
product�on.and.comprehens�on.of.Engl�sh .As.used.�n.th�s. 
report,.a.communication problem.�s.a.s�tuat�on.�n.wh�ch.a. 
message.�s.not.understandable.�n.content,.speech.(accent),. 
structure,.accuracy.of.readback,.or.any.comb�nat�on.of. 
these.elements.that.reaches.the.le�el.of.poss�bly.�nterfer-
�ng.w�th.ATC.procedures .Commun�cat�on.problems.are. 
presented.�n�ol��ng.readback.errors.(RBEs),.breakdowns. 
�n.commun�cat�on.(BIC),.and.requests.for.repet�t�on.(RfR). 
by.commerc�al.a�rl�ne.p�lots .We.ha�e.encoded.BICs.that. 
resulted.�n.�nterference.w�th.ATC.procedures,.requ�red. 
pla�n.language.to.resol�e,.requ�red.ass�stance.from.other. 
p�lots.or.ATC.to.con�ey.the.message,.or.�n.wh�ch.the. 
SMEs.bel�e�ed.that.commun�cat�on.had.broken.down . 
Unl�ke.RBEs.that.can.be.eas�ly.determ�ned.by.compar-
�ng.the.p�lot’s.readback.w�th.the.controller’s.message.�n. 
a.couplet.or.determ�n�ng.the.presences.of.an.RfR,.BICs. 
often.�n�ol�e.mult�ple.transm�ss�ons.between.the.control-
ler.and.p�lot.�n.a.transact�on .Also,.there.may.be.se�eral. 
BICs.�n.a.transact�on .Consequently,.there.may.not.be.a. 
1:1.relat�onsh�p.between.the.controller-p�lot.exchange.of. 
�nformat�on .The.controller-p�lot.commun�cat�on.process. 
�s.not.a.casual,. �nformal.�eh�cle. to.exchange. �nforma-
t�on.—.the.�nformat�on.�n.a.message.carr�es.we�ght.of. 
�mportance,.� e ,.safety .A.commun�cat�on.problem.may. 
create.an.ATC.problem . 

Therefore,.the.purpose.of.th�s.report.�s.to.document. 
problemat�c.commun�cat�ons.accord�ng.to.the.type.of. 
a�rcraft.(U S ,.fore�gn),.type.of.commun�cat�on.problem,. 
and.frequency.of.occurrence .Approx�mately.50.hours.of. 
d�g�tal.aud�o.tapes.(DATs).of.p�lot-controller.�o�ce.com-
mun�cat�ons.were.transcr�bed.�erbat�m.and.exam�ned.for. 
the. presence. of. commun�cat�on. problems .The. DATs. 
were.requested.from.f�e.A�r.Route.Traffc.Control.Cen-
ters.(ARTCCs) .fac�l�ty.representat��es.selected.sectors. 
and.t�me.samples.that.refected.the.bus�est.�nternat�onal. 
traffc.per�ods . 

METHOD 

subject Matter Experts (sMEs) 
The.frst.author.of.th�s.report.had.12.yrs.of.exper�ence. 

analyz�ng.p�lot.controller.commun�cat�ons .The.second. 
author.was.an.�nstrument-rated.p�lot.and.former.control-
ler.who.had.worked.as.an.fAA.Academy.�nstructor.for. 
8.yrs.and.had.worked.for.12.yrs.�n.fAA.super��s�on.and. 
management .The.th�rd.author.had.ass�sted.the.second. 
author.�n.encod�ng.p�lot-controller.commun�cat�ons.for. 
more.than.10.yrs  

Materials 
Audio Tapes .f��e.ARTCCs.were.asked.to.pro��de.10. 

hours.of.�o�ce.commun�cat�ons.for.a.total.of.51.hours. 
of.record�ngs .fac�l�ty.representat��es.�dent�fed.the.sec-
tors.and.t�me.samples.w�th.the.hea��est.concentrat�on. 
of. �nternat�onal.traffc .The.commun�cat�ons.occurred. 
between. March. and. August. 2006 . D�g�tal. aut�o. tape. 
(DAT).record�ngs.were.made.at.each.fac�l�ty.us�ng.the. 
N�ceLogger™.D�g�tal.Vo�ce.Recorder.System.(DVRS). 
to.record.and.t�mestamp.each.transm�ss�on .Each.DAT. 
conta�ned.separate.�o�ce.records.of.all.commun�cat�on. 
transm�tted.on.the.rad�o.frequency.ass�gned.to.a.part�cular. 
sector.pos�t�on.on.the. left.channel .The.r�ght.channel. 
conta�ned.the.Un��ersal.T�me.Coord�nated.(UTC).t�me. 
code.expressed.�n.date,.hour.(hr),.m�nute.(m�n),.and.whole. 
second.(s) .The.DVRS.decoded.and.d�splayed.t�me.and. 
correlated.�t.w�th.the.�o�ce.stream.�n.real.t�me . 

A Guide to the Classifcation of Pilot Readback 
Errors..As.used.here,.a.readback.error.�s.defned.as.an. 
unsuccessful.attempt.by.a.p�lot.to.read.back.correctly.the. 
�nformat�on.conta�ned.�n.the.commun�cat�on.elements. 
that.compr�se.the.or�g�nal.message.transm�tted.by.a�r.traffc. 
control .Many.of.the.readback.error.types.are.common.to. 
all.a��at�on.top�cs.(AT) �.The.more.typ�cal.ones.�nclude. 
subst�tut�on,.transpos�t�on,.and.om�ss�on.errors .Some. 
types.of.readback.errors.may.pose.a.greater.r�sk.to.safety. 
than.others .for.example,.transpos�ng.a.number.�n.an. 
AT.may.be.more.of.a.threat.�n.some.s�tuat�ons.than.the. 
om�ss�on.of.a.number.or.the.subst�tut�on.of.an.anchor. 
word.w�th.�ts.synonym  

As.seen.�n.Table.2,.the.column.to.the.r�ght.d�splays. 
the.�ar�ous.types.of.readback.errors.assoc�ated.w�th.an. 
alt�tude .for.example,.ATC.m�ght.transm�t.the.follow�ng. 
message.to.AAL10:.“AMERICAN TEN TURN LEFT HEADING 

TWO ONE ZERO ”.If.the.p�lot.reads.back.e�ther.“THREE ONE 

ZERO”.or.“SIX ZERO,”.�t.would.be.coded.as.a.subst�tut�on. 
error.s�nce.the.numbers.�n.the.or�g�nal.head�ng.�nstruc-
t�on. �ncluded.ne�ther.a. three.nor.a. s�x .The.complete. 
Readback Error Guide.appears.�n.Append�x.A  

9.An.a��at�on.top�c.refers.to.the.type.�f.�nformat�on.�n.an.ATC.message.(e g ,. 
head�ng,.speed,.alt�tude,.runway,.etc )  
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Table 2. An Example From the Readback Error Guide. 

Classification of Readback Errors Examples 

ATC: “AAL Ten climb and maintain one two thousand” 
Readback Errors Type (ALT) 

1 = Substitution of message numbers/flight level vs. thousand 1-“maintain one three thousand” 
“maintain flight level one two” 

2 = Substitution of climb with descend or descend with climb 2-“descend maintain one two thousand” 

3 = Substitution of message numbers with incorrect climb/descend 3-“descend maintain one three thousand” 

4 = Transposition of message numbers with incorrect climb/descend 4-“descend maintain two one thousand” 

5 = Transposition of message numbers 5-“climb maintain two one thousand” 

6 = One type of information read back as another type of information 6-“AAL Ten one two zero knots” 

7 = Omission of anchor word(s) 7-“one two” 

8 = Omission of number elements 8-“climb maintain” 

9 = Omission of anchor word(s) and some number elements 9-“climb two thousand” 

The ICAO Language Profciency Rating scale. 
The.Manual on the Implementation of ICAO Language 
Profciency Requirements.(2004).pro��des.the.cr�ter�a. 
and. rat�ng. scales. for. e�aluat�ng. ICAO. language. 
profc�ency .There.are.s�x.le�els.of.operat�onal.pro-
fc�ency.rang�ng.from.pre-elementary.(Operat�onal. 
Le�el.1).through.expert.(Operat�onal.Le�el.6) .S�x. 
d�mens�ons.of.profc�ency.are.e�aluated .They.�nclude. 
Pronunc�at�on. (pronunc�at�on,. stress,. rhythm,.and. 
�ntonat�on),.Structure.(grammar,.sentence.patterns,. 
global-mean�ng. errors,. local. errors10),. Vocabulary. 
(style,.tone,.lex�cal.cho�ces.that.correspond.to.context. 
and.status,.�d�omat�c.express�ons,.and.express.subtle. 
d�fferences. or. d�st�nct�on. �n. express�on,. mean�ng),. 
fluency.(naturalness.of.speech.product�on,.absence. 
of.�nappropr�ate.hes�tat�ons,.stammers,.or.pauses.that. 
may.�nterfere.w�th.comprehens�on),.Comprehens�on. 
(clear.and.accurate.�nformat�on.transfer.that.results. 
�n. understand�ng),. and. Interact�ons. (sens�t��e. to. 
�erbal. and. non�erbal. cues. and. responds. to. them. 
appropr�ately) . W�th�n. the. context. of. �o�ce. tape. 
analys�s,.non�erbal.cues.would.be.l�m�ted.to.per�ods. 
of.s�lence.beyond.that.of.normal.breath�ng.and.the. 
expected.per�ods.of.br�ef.s�lence.that.occur.at.the.end. 
of.a.phrase,.clause,.or.sentence  

Procedure 
Data Transcription. One. set. of. aud�ocassette. 

tapes. was.dubbed. from. each.d�g�tal. aud�o. tape. and. 
pro��ded.to.the.transcr�bers,.who.used.them.to.gener-
ate. the. �erbat�m. transcr�pts . Each. transm�ss�on. was. 
assoc�ated. w�th. the. or�g�nat�ng. fac�l�ty,. sector,. date,. 
and.transm�ss�on.number .A�rcraft.call.s�gns.(� e ,.the. 
company.name.and.f�ght.number).were.used.to.group. 
transm�ss�ons.by.a�r.carr�er.reg�stry.(U S ,.fore�gn).and. 
language. (Engl�sh,. Other) . FAA Order JO 7340.1Z 
Contractions. (fAA.2007).was.used. as. a. reference. �n. 
the.class�fcat�on.process .Each.message.was.preceded. 
by.�ts.onset.and.offset.t�me.represented.�n.hour.(hr). 
m�nute.(m�n).and.second.(s).after.�t.was.typed.onto. 
an.electron�c.copy.of.the.A��at�on.Top�cs.Speech.Acts. 
Taxonomy-Cod�ng.form.(ATSAT-Cf;.Pr�nzo,.Br�tton,. 
&.Hendr�x,.1995) . 

Once.the.transcr�bers.fn�shed.a.set.of.tapes.for.an. 
ARTCC,.the.second.and.th�rd.authors.were.pro��ded. 
w�th.cop�es.of.the.transcr�pts,.��deo.maps,.procedures. 
manual,.a�r.carr�er.�dent�fers,.and.other.mater�als.that. 
they. requested. for.use.dur�ng. the.encod�ng.process . 
They.also.were.pro��ded.w�th.a.DVRS.and.the.fac�l-
�ty-pro��ded. DATs. were. loaded. onto. �t. to. fac�l�tate. 
message.encod�ng .Th�s.process.was.followed.for.each. 
of.the.f�e.ARTCCs  

10.In.l�ngu�st�cs,.global.errors.typ�cally.occur.between.�ndependent.and.de-
pendent.clauses.�n.a.sentence.that.can.result.�n.confus�on .Local.errors.occur. 
w�th�n.a.clause.and.may.�n�ol�e.art�cle.usage,.�erb.tense,.etc . 
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Table 3. Parsed ATC Message Categorized by Speech Acts and Aviation Topics. 

SPKR Message T1 T2 T3 T4 
ATC OWNSHIP SIXTY FOUR TEN/ {FID} / RESUME NORMAL SPEED / 

CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO 
RID SID IS IA 

Table 4. ATC Message Couplets. 

SPKR Message T1 T2 T3 T4 
ATC OWNSHIP SIXTY FOUR TEN/ {FID} / RESUME NORMAL 

SPEED / CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO 
RID SID IS IA 

FD6410 OKAY / NORMAL SPEED /AND UP TO FLIGHT LEVEL TWO 
FOUR ZERO /OWNSHIP SIXTY FOUR TEN 

IGA IS IA SID 

Table 5. Identification of Communication Problems. 

SPKR Message 
Com 
Prob 

Type 
Prob 

Type 
RBE 

RBE 
AT 

ATC 

OWNSHIP SIXTY FOUR TEN/ {FID} / RESUME NORMAL 
SPEED / CLIMB MAINTAIN FLIGHT LEVEL TWO THREE 
ZERO 1 1 1 IA 

FD6410 
OKAY / NORMAL SPEED /AND UP TO FLIGHT LEVEL TWO 
FOUR ZERO /OWNSHIP SIXTY FOUR TEN 1 1 1 IA 

Message Encoding..Message.encod�ng.was.a.4-stage. 
process .It.began.w�th.the.rece�pt.of.a.complete.set.of. 
transcr�pts,. aud�o. med�a. of. the. commun�cat�ons,. and. 
reference.mater�als  

step 1 .In.Step.1,.each.controller.message.was.parsed. 
�nto.commun�cat�on.elements.and.categor�zed.by.speech. 
act.and.a��at�on.top�c.us�ng.the.protocol.establ�shed.by. 
Pr�nzo,.Hendr�x,.and.Hendr�x.(2007) .In.Table.3,.the. 
column.labeled.“T1”.�s.the.rece��er.�dent�fcat�on,.under. 
“T2”.�s.the.speaker.�dent�fcat�on.(�n.the.example,.fID. 
stands.for.fac�l�ty.Ident�fcat�on.and.�t.refers.to.the.name. 
of.the.ARTCC),.“T3”.conta�ns.a.speed.�nstruct�on.(IS),. 
and.“T4”.shows.that.the.last.commun�cat�on.element.�s. 
an.�nstruct�on.to.change.alt�tude.(IA) .The.transm�ss�on. 
conta�ned.four.commun�cat�on.elements,.of.wh�ch.two. 
�n�ol�ed.�nstruct�ons.and.two.�dent�fed.the.speaker.(SID). 
and.rece��er.(RID).of.the.transm�ss�on  

step 2..In.Step.2,.each.controller.transm�ss�on.was. 
pa�red.w�th.the.p�lot’s.reply.to.that.message .The.a�rcraft. 
�dent�fer.and.message.contents.were.used.to.match.the. 
controller’s. transm�ss�on. w�th. the. p�lot’s. response . As. 
shown.�n.Table.4,.the.controller.transm�tted.a.message. 
to.the.f�ght.deck.(fD).of.Ownsh�p.6410,.to.wh�ch.the. 
p�lot.repl�ed.w�th.a.general.acknowledgment,.the.readback. 
of.the.speed.and.alt�tude.�nstruct�ons,.followed.by.the. 
a�r.carr�er’s.call.s�gn  

step 3 .In.Step.3,.each.readback.was.e�aluated.for.ac-
curacy .Th�s.�s.a.mult�stage.encod�ng.process .As.shown.�n. 
Table.5,.�f.no.problem.was.present,.then.a.“0”.was.entered. 
under.the.column.labeled.“Com.Prob ”.Otherw�se,.the. 
number.of.commun�cat�on.problems.was.recorded.for.the. 
ent�re.message .In.th�s.example,.there.was.one.�dent�fed. 
commun�cat�on.problem.�n.the.couplet,.so.the.�alue.of. 
“1”.appears.�n.that.column  

Then.the.type.of.commun�cat�on.problem.was.coded. 
under. the. column. labeled.“Type.Prob ”.Commun�ca-
t�on.problems.were.coded.as.readback.error.(RBE).=.1,. 
breakdown.�n.commun�cat�on.(BIC).=.2,.and.request. 
for.repeat.(RfR).=.3 .If.a.commun�cat�on.problem.was. 
�dent�fed.that.d�d.not.match.the.pre-defned.class�fca-
t�ons,.then.�t.was.ass�gned.a.new.�alue.and.added.to.the. 
class�fcat�on.scheme .Presented.below.�s.an.example.of. 
each.type.of.commun�cat�on.problem .The.�nformat�on. 
w�th�n.a.message.appear�ng.�n.bold.font.ser�es.to.�solate.the. 
problemat�c.aspects.of.the.transm�ss�on.or.transact�on  

Encoding Readback Errors..As.shown.�n.Table.5,. 
there.�s.an.error.�n�ol��ng.the.readback.of.the.alt�tude. 
�nstruct�on .Us�ng.the Guide to the Classifcation of Pilot 
Readback Errors.(Append�x.A),.the.readback.errors.were. 
grouped. accord�ng. to. the�r. type. (e g ,. subst�tut�on. =. 
1,. transpos�t�on.=.2,.om�ss�on.=.3,.comb�nat�on.=.4) . 
In.Transm�ss�on. 1,. the. controller. �nstructed. the. p�lot. 
to.“CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO ”.In. 
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Table 6. An Example of a Breakdown in Communication. 

SPKR Tx Message 
Com 
Prob 

Type 
Prob 

ATC 1 
OWNSHIP SIX / TURN FIFTEEN DEGREES RIGHT VECTOR FOR 
TRAFFIC 1 2 

FD6 2 A RIGHT / TURN TEN DEGREE OWNSHIP SIX 1 2 

ATC 3 
OWNSHIP TURN FIFTEEN DEGREES RIGHT VECTOR FOR 
TRAFFIC / EXPECT DIRECT {INTERSECTION} IN TWO ZERO MILES 0 0 

FD6 4 OWNSHIP SIX / ROGER 0 0 

ATC 5 
OWNSHIP SIX / YOUR READBACK WAS UH BROKEN / TURN 
FIFTEEN DEGREES RIGHT 1 2 

FD6 6 TURN TEN DEGREES TO THE RIGHT 1 2 
ATC 7 OKAY / TEN DEGREES RIGHT / OWNSHIP SIX 0 
FD6 8 OWNSHIP SIX / ON HEADING ONE FOUR FIVE 0 

Transm�ss�on.2,.the.p�lot.erroneously.read.back.“FLIGHT 

LEVEL TWO FOUR ZERO ”.The.readback.error.was.class�fed. 
as.a.subst�tut�on.error.s�nce.none.of.the.numbers.�n.the. 
or�g�nal.alt�tude.�nstruct�on.conta�ned.the.number.4  

The.last.part.of.the.�dent�fcat�on.of.readback.errors. 
defned.wh�ch.of.the.a��at�on.top�cs.were.read.back.�n-
correctly .S�nce.the.faulty.readback.�n�ol�ed.the.alt�tude. 
�nstruct�on,.“IA”.was.coded.under.the.column.labeled. 
“RBE.AT ” 

Encoding Breakdowns in Communication. P��otal. 
to.a.breakdown.�n.commun�cat�on.�s.a.fa�lure.between.the. 
controller.and.p�lot.to.ach�e�e.a.mutual.understand�ng,. 
wh�ch.can.result.�n.�nterference.w�th.ATC.procedures . 
A.BIC.often.�n�ol�es.mult�ple.transm�ss�ons.before.the. 
problem.�s.resol�ed  

Presented.�n.Table.6.�s.an.example.of.a.BIC .It.beg�ns. 
�n.Transm�ss�on. 1. w�th. the. controller. �nstruct�ng. the. 
p�lot.to.change.the.a�rcraft’s.head�ng.by.15.degrees .In. 
Transm�ss�on.2,.the.p�lot.reads.back.a.head�ng.change.of. 
10.degrees .We.would.ha�e.encoded.that.message.couplet. 
as.a.readback.error,.except.that.the.controller.repeated.the. 
same.�nstruct�on.�n.Transm�ss�on.3,.to.wh�ch.the.p�lot. 
repl�ed.“ROGER”.�n.Transm�ss�on.4 .In.Transm�ss�on.5,. 
the.controller.r�ghtfully.restates.the.same.�nstruct�on.a. 
th�rd.t�me.because.the.acknowledgment.“ROGER”.does. 
not.ensure.that.the.p�lot.understood.that.the.controller. 
wanted.a.15-degree.turn.to.the.r�ght,.espec�ally.when.the. 
preced�ng.readback.was.�ncorrect .In.Transm�ss�on.6,.the. 
p�lot.yet. aga�n.pro��des. the. same.erroneous. readback . 
Apparently,. the. controller. real�zes. (through. �nference). 
that.the.p�lot.wants.a.10-degree,.not.a.15-degree,.change. 
�n.head�ng .In.Transm�ss�on.7,.the.controller.�ssues.the. 
�nstruct�on.to.change.head�ng.by.turn�ng.10.degrees.to. 
the.r�ght .In.the.fnal.transm�ss�on,.the.p�lot.reads.back. 
the.new.head�ng .Th�s.�s.a.class�c.example.of.a.“fa�lure.to. 
commun�cate ”.It.would.ha�e.been.much.more.effect��e. 
for.the.p�lot.to.request.a.d�fferent.head�ng.rather.than. 

wear.the.controller.down.and.poss�bly.create.an.unsafe. 
s�tuat�on,.espec�ally.when.the.course.change. �s.due. to. 
traffc . Thus,. th�s. transact�on. was. encoded. as. a. BIC. 
�n�ol��ng.an.�nstruct�on.to.change.head�ng  

Encoding Requests for Repeat. There.are.key.words. 
that.s�gnal.that.a.p�lot.needs.to.ha�e.�nformat�on.conta�ned. 
�n. a. pre��ous. ATC. transm�ss�on. g��en. a. second. t�me . 
Some.of.these.anchor.words.are “SAY AGAIN,” “CONFIRM,” 
“VERIFY,” “COULD YOU REPEAT,”.etc .In.some.cases,.the.p�lot. 
only.needs. some.of. the. �nformat�on. restated,.whereas. 
�n.others.the.request.may.be.for.the.all.the.�nformat�on. 
conta�ned.�n.the.ATC.transm�ss�on .We.�dent�fed.four. 
d�fferent.types.of.requests:.(1).confrmat�on/�er�fcat�on. 
of.a.spec�fc.AT;.(2).confrmat�on.that.the.transm�ss�on. 
was.for.them;.(3).requests.for.the.repet�t�on.of.a.spec�fc. 
AT;.and.(4).repet�t�on.of.an.ent�re.transm�ss�on .Presented. 
�n.Table.7.�s.an.example.of.a.p�lot.request.to.ha�e.the. 
ent�re.ATC.transm�ss�on.repeated  

As. shown. �n.Table. 7,. �n.Transm�ss�on. 2,. the. p�lot. 
correctly. read. back. the. �nformat�on. conta�ned. �n. the. 
controller’s. frst. transm�ss�on . Howe�er,. �n. Transm�s-
s�on.3,.the.p�lot.asks.the.controller.to.repeat.the.ent�re. 
transm�ss�on. a. second. t�me . In. Transm�ss�on. 4,. the. 
controller.compl�es.w�th.the.p�lot’s.request.but.changes. 
the.pre��ously.�ssued.alt�tude.of.one.se�en.thousand.to. 
f�ght. le�el. one.n�ner. zero .We. do.not. know.why. the. 
controller.changed.the.alt�tude .Transm�ss�ons.3,.4,.and. 
f�e.are.encoded.as.conta�n�ng.a.commun�cat�on.problem. 
�n�ol��ng.an.RfR . 

step 4.. In. Step. 4,. the ICAO Language Profciency 
Rating Scale gu�ded.the.encod�ng.of.Engl�sh.Language. 
Profc�ency.(ELP) .To.a�d.encod�ng.the.language.prof-
c�ency,.the.encoder.had.a.copy.of.the.transcr�pt.to.read. 
wh�le.l�sten�ng.to.the.d�g�t�zed.aud�o.transm�ss�ons.and.a. 
copy.of.the.ICAO Language Profciency Rating Scale .The. 
encoder.l�stened.to.a.transm�ss�on.mult�ple.t�mes.wh�le. 
ass�gn�ng.a.�alue.along.each.d�mens�on .No.attempt.was. 
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Table 7. An Example of a Request for Repeat. 

SPKR Tx Message 
Com 
Prob 

Type 
Prob 

Type 
RfR 

ATC 1 

OWNSHIP TWENTY TWO SEVENTY SIX / AMEND ALTITUDE 
MAINTAIN ONE SEVEN THOUSAND / CLEARED DIRECT TO 
{FIX} 0 0 0 

FD2276 2 
ONE SEVEN THOUSAND / UH DIRECT {FIX} / OWNSHIP 
TWENTY TWO SEVENTY SIX 0 0 0 

FD2276 3 
{FID} / COULD YOU REPEAT / FOR OWNSHIP TWENTY TWO 
SEVENTY SIX / SORRY 1 3 4 

ATC 4 

OWNSHIP TWENTY TWO SEVENTY SIX / CLEARED DIRECT 
TO {FIX} / CLIMB MAINTAIN FLIGHT LEVEL ONE NINER 
ZERO NOW 1 3 4 

FD2276 5 
ALRIGHT / FLIGHT LEVEL ONE NINE ZERO / DIRECT {FIX} 
OWNSHIP TWENTY TWO SEVENTY SIX / THANK YOU 1 3 4 

made.to.class�fy.a.speaker’s.utterance.accord�ng.to.ICAO’s. 
s�x.Operat�onal.Le�els.of.ELP .Howe�er,.Pronunc�at�on,. 
Structure,. Vocabulary,. fluency,. Comprehens�on,. and. 
Interact�ons.were. scored. as. e�ther.0. =.not. a.problem,. 
or. 1. =.was. a.problem. for. the. transm�ss�on,.us�ng. the. 
descr�ptors.pro��ded.on.the.ICAO Language Profciency 
Rating Scale  

Presented.�n.Table.8.are.the.same.examples.presented. 
�n.Tables.5,.6,.and.7,.along.w�th.the.rat�ngs.of.“0”.or. 
“1”.for.each.message.on.the.s�x.d�mens�ons.of.ELP .The. 
transact�on.w�th.the.RBE.was.found.not.to.conta�n.any. 
ELP.problems .Had.the.“UH”.�n.Transm�ss�on.3.appeared. 
embedded.w�th�n.the.a��at�on.top�c.rather.than.preced-
�ng.�t,.a.poss�ble.fuency.problem.would.be.noted.w�th. 
a.“1”.�n.�ts.des�gnated.column .The.transact�on.w�th.a. 
BIC.had.problems.assoc�ated.w�th.pronunc�at�on.(p�lot. 
few.a.fore�gn-Other.a�rcraft.and.the.accent.affected.the. 
�ntell�g�b�l�ty.of.the.utterance).and.poss�bly.comprehen-
s�on .In.two.�nstances,.the.p�lot’s.readback.was.�ncorrect. 
and.�n.a.th�rd,.the.p�lot.repl�ed.“ROGER,”.wh�ch.�mpl�es. 
understand�ng .All.three.p�lot.repl�es.were.to.the.same. 
head�ng. �nstruct�on .In.the.RfR.example,. there. �s.one. 
�nstance.of.a.potent�al.fuency.problem.(the.p�lot’s.words. 
run.together)  

EncodingReliability..Inter-rater.rel�ab�l�ty.was.e�alu-
ated.by.ha��ng. the.frst. and. second.author. randomly. 
encode.the.same.set.of.125.messages.(25.for.each.fac�l�ty) . 
S�nce.the.frst.and.second.author.both.used.A Guide to the 
Computation of Level of Complexity.to.compute.complex-
�ty,.�t.was.expected.that.there.would.be.a.h�gh.percentage. 
of.agreement.between.them .Kr�ppendorff ’s.alpha.(α),11. 

11.Kr�ppendorff ’s.alpha �s.a.rel�ab�l�ty.coeff�c�ent.that.was.or�g�nally.de�eloped. 
for.e�aluat�ng.agreement.between.coders.perform�ng.a.content.analys�s .It.�s. 
a.stat�st�c.that.�s.w�dely.appl�cable.where�er.2.or.more.methods.of.process�ng. 
data.are.appl�ed.to.the.same.set.of.objects,.un�ts.of.analys�s,.or.�tems.and.the. 
quest�on.�s.how.much.they.agree.(Kr�ppendorff,.1980)  

a.rel�ab�l�ty.coeffc�ent.was.performed.on.the�r.rat�ngs.as. 
each.set.of.data.was.completed.and.after.all.the.data.were. 
encoded . Treat�ng. the. rat�ngs. as. ord�nal. data. produced. 
α =. 945,.�nd�cat�ng.h�gh.�nter-coder.agreement  

REsULTs 

Only. transact�ons. between. controllers. and. p�lots. 
who.few.for.commerc�al.a�r.carr�ers.were.analyzed .The. 
transact�ons.began.w�th.the.a�rcraft.check�ng.�n,.�n�ol�ed. 
changes.�n.trajector�es,.speeds,.alt�tudes,.runway.ass�gn-
ments,.other.a��at�on.top�cs,.and.ended.w�th.a.transfer.of. 
commun�cat�ons.(TOC) .There.were.4,816.p�lot.trans-
m�ss�ons.(78%.Engl�sh,.22%.Other).from.832.a�rcraft. 
(74%.U S ,.26%.fore�gn).that.were.aggregated.accord�ng. 
to.fac�l�ty,.sector,.t�me.sample,.and.f�ght.�dent�fer.(the. 
company.name.coupled.w�th.�ts.f�ght.number) .They. 
represented.53.d�fferent.U S .a�r.carr�ers,.U S -Engl�sh. 
(e g ,.Amer�can,.Cont�nental,.Delta,.Un�ted,.etc ),.ten. 
fore�gn.a�r.carr�ers.w�th.Engl�sh.as.the�r.pr�mary.or.offc�al. 
language,.fore�gn-Engl�sh.(e g ,.Speedb�rd,.Tradew�nds,. 
New.Zealand,.Qantas,.etc ),.52.fore�gn.a�r.carr�ers.w�th. 
a.language.other.than.Engl�sh.as.the�r.pr�mary.or.offc�al. 
language,. fore�gn-Other. (e g ,. A�r. france,. Mex�cana,. 
Pak�stan,. Sw�ss) . Consequently,. f�ght. �dent�fer. and. 
language.was.comb�ned.to.create.one.factor.w�th.three. 
groups:.Reg�stry-Language.(U S -Engl�sh.n.=.642;.for-
e�gn-Engl�sh.n.=.26;.fore�gn-Other.n.=.164) . 

Three.sets.of.analyses.were.performed .The.frst.set. 
exam�ned. the. mean. total. rad�o. frequency. occupancy,. 
mean.number.of.transm�ss�ons,.and.mean.total.number.of. 
commun�cat�on.problems.�n.a.transact�on .Of.these.832. 
transact�ons,.23%.conta�ned.one.or.more.commun�cat�on. 
problems.(U S -Engl�sh.=.21%,.fore�gn-Engl�sh.=.19%,. 
fore�gn-Other.=.30%) .The.second.set.was.restr�cted.to. 

7 

https://The.second.set.was.restr�cted.to
https://fore�gn-Other.=.30
https://Engl�sh.=.21%,.fore�gn-Engl�sh.=.19
https://mean.number.of.transm�ss�ons,.and.mean.total.number.of
https://ments,.other.a��at�on.top�cs,.and.ended.w�th.a.transfer.of
https://a.rel�ab�l�ty.coeffic�ent.was.performed.on.the�r.rat�ngs.as
https://�n.Tables.5,.6,.and.7,.along.w�th.the.rat�ngs.of.�0�.or


  

  

 

 

 

 

 

       
       

              

 
       
             

       
         

 
         
               

          
      

  
      

            
      

       
 

      

          
       
  

      

            
            

              
      

      
     

       

 
       

          

 
       

          
      

   
          

 
        
             

Table 8. Encoding of ATC/FD Messages According to ICAO ELP Dimensions. 

SPKR Types of Communication Problems 

ICAO ELP Dimensions 

Pr
on

un
ci

at
io

n
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ru

ct
ur

e

V
oc

ab
ul

ar
y

Fl
ue

nc
y

C
om

pr
eh

en
si

on

In
te

ra
ct

io
n 

READBACK ERROR (RBE) 

ATC 
OWNSHIP SIXTY FOUR TEN RESUME NORMAL SPEED 
CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO 0 0 0 0 0 0 

FD6410 
OKAY NORMAL SPEED AND UP TO FLIGHT LEVEL TWO 
FOUR ZERO OWNSHIP SIXTY FOUR TEN 0 0 0 0 0 0 

ATC 
SKYWEST SIXTY FOUR TEN NEGATIVE IT'S FLIGHT 
LEVEL TWO THREE ZERO 0 0 0 0 0 0 

FD6410 
OKAY I'LL TURN UP THE HEARING AID UH FLIGHT 
LEVEL TWO THREE ZERO SKYWEST SIXTY FOUR TEN 0 0 0 0 0 0 

BREAKDOWN IN COMMUNICATIONS (BIC) 

ATC 
OWNSHIP SIX TURN FIFTEEN DEGREES RIGHT VECTOR 
FOR TRAFFIC 

0 0 0 0 0 0 

FD6 A RIGHT TURN TEN DEGREE OWNSHIP SIX 1 0 0 0 1 0 

ATC 

OWNSHIP TURN FIFTEEN DEGREES RIGHT VECTOR 
FOR TRAFFIC EXPECT DIRECT {INTERSECTION} IN TWO 
ZERO MILES 

0 0 0 0 0 0 

FD6 OWNSHIP SIX ROGER 1 0 0 0 0 0 

ATC 
OWNSHIP SIX YOUR READBACK WAS UH BROKEN TURN 
FIFTEEN DEGREES RIGHT 

0 0 0 1 0 0 

FD6 TURN TEN DEGREES TO THE RIGHT 1 0 0 0 1 0 
ATC OKAY TEN DEGREES RIGHT OWNSHIP SIX 0 0 0 0 0 0 
FD6 OWNSHIP SIX ON HEADING ONE FOUR FIVE 1 0 0 0 0 0 

REQUEST for REPEAT (RfR) 

ATC 

OWNSHIP TWENTY TWO SEVENTY SIX AMEND 
ALTITUDE MAINTAIN ONE SEVEN THOUSAND 
CLEARED DIRECT TO {FIX} 0 0 0 0 0 0 

FD2276 
ONE SEVEN THOUSAND UH DIRECT {FIX} OWNSHIP 
TWENTY TWO SEVENTY SIX 0 0 0 0 0 0 

FD2276 
{FID} COULD YOU REPEAT FOR OWNSHIP TWENTY 
TWO SEVENTY SIX SORRY 0 0 0 1 0 0 

ATC 

OWNSHIP TWENTY TWO SEVENTY SIX CLEARED 
DIRECT TO {FIX} CLIMB MAINTAIN FLIGHT LEVEL 
ONE NINER ZERO NOW 0 0 0 0 0 0 

FD2276 
ALRIGHT FLIGHT LEVEL ONE NINE ZERO DIRECT {FIX} 
OWNSHIP TWENTY TWO SEVENTY SIX THANK YOU 0 0 0 0 0 0 
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Table 9. Transaction Throughput Presented by Aircraft Registry-Language. 

Aircraft Registry-Language Total Frequency 
Occupancy Time (sec) 

Total Pilot 
Transmissions 

Mean Number of 
Communication 

Problems 

Foreign-English 19.27 (11.35) 6.81 (3.25) .19 (0.40) 

Foreign-Other 19.75 (13.17) 6.46 (3.02) .51 (1.08) 

U.S.-English 13.61 ( 7.87) 5.57 (2.71) .30 (0.71) 

exam�ne.the.content.of.the.p�lot-controller.commun�ca-
t�ons.that.had.one.or.more.commun�cat�on.problems . 
It.was.conducted.on.1,532.p�lot.transm�ss�ons,.repre-
sent�ng.204.f�ghts .The.th�rd.set.attempted.to.class�fy. 
the. transact�ons.w�th.commun�cat�on.problems.us�ng. 
the.ICAO.language.profc�ency.scales.(but.not.ass�gn-
�ng.operat�onal.le�els.of.profc�ency) .for.that.analys�s,. 
348.p�lot.transm�ss�ons.were.analyzed .for.all.analyses,. 
stat�st�cal.s�gn�fcance.was.set.at.p.<. 05  

Analysis One: Transaction Throughput 
The.Engl�sh.language.profc�ency.of.�nd���dual.p�lots. 

and.controllers.w�ll.be.cons�dered.�n.a.future.report .In. 
that.report,.the.operat�onal.le�el.of.the.ICAO.scales.w�ll. 
be.appl�ed.to.each.utterance.�n.a.transact�on.w�th.one. 
or. more. commun�cat�on. problem. for. each. Reg�stry-
Language.a�rcraft  

There.were.three.dependent.measures.that.compr�sed. 
transact�on.throughput:.the.total.amount.of.t�me.the.p�lot. 
of.an.a�rcraft.was.on.the.rad�o.frequency.commun�cat�ng. 
w�th.the.controller.(Total.frequency.Occupancy.T�me. 
reported.�n.seconds),.the.total.number.of.p�lot.transm�s-
s�ons,.and.the.total.number.of.commun�cat�on.problems. 
�n.the.transact�on.(Mean.Number.of.Commun�cat�on. 
Problems) .All.the.means.and.standard.de��at�ons.(pre-
sented.�n.parentheses).for.the.throughput.measures.are. 
presented.�n.Table.9  

A.Mult��ar�ate.Analys�s.of.Var�ance.(MANOVA),.con-
ducted.to.determ�ne.whether.or.not.Reg�stry-Language. 
resulted. �n. d�fferences. �n. transact�on. throughput,. was. 
stat�st�cally.s�gn�fcant.[f(6,1654).=.12 83] .Subsequently,. 
Un��ar�ate.ANOVA.procedures.were.used.to.e�aluate.the. 
effects.of.Reg�stry-Language.on.each.dependent.measure,. 
and.f�sher’s.Least.S�gn�fcant.D�fference.(LSD).stat�st�c. 
�solated.stat�st�cally.s�gn�fcant.d�fferences.between.the. 
three.groups.for.each.dependent.measure .All.Reg�stry-
Language.of.the.ANOVAs.were.stat�st�cally.s�gn�fcant . 
The.results.are.d�scussed.below .The.complete.table.of. 
results.appears.�n.Append�x.B  

Frequency OccupancyTime. The.Reg�stry-Language. 
ANOVA.was.stat�st�cally.s�gn�fcant.[f(2,829).=.31 51] . 
Post.hoc.compar�sons.re�ealed.that.the.p�lots.fy�ng.fore�gn. 
reg�stry.a�rcraft.spent.6.sec.more.on.frequency.speak�ng. 
w�th.controllers.than.p�lots.fy�ng.for.a.U S .a�r.carr�er. 
and.no.d�fference.due.to.language.among.the.p�lots.fy�ng. 
a.fore�gn.a�r.carr�er  

Total Pilot Transmissions per Transaction. The. 
Reg�stry-Language.ANOVA.re�ealed.that.the.p�lots.fy-
�ng.fore�gn.reg�stry.a�rcraft.transm�tted.more.messages. 
to.ATC.than.the.p�lots.of.U S .reg�stry.a�rcraft.[f(2,829). 
=.8 42] .furthermore,.post.hoc.compar�sons.showed.no. 
stat�st�cal. d�fference.due. to. language. (Engl�sh,.Other). 
among.the.fore�gn.a�rcraft  

Mean Total Number of Communication Problems. 
The.results.�nd�cate.that.when.a�r.carr�ers.had.a.language. 
other.than.Engl�sh.as.the�r.pr�mary.or.offc�al.language,.the. 
commun�cat�ons.of.the�r.p�lots.w�th.controllers.resulted.�n. 
more.commun�cat�on.problems.per.transact�on.[f(2,829). 
=.5 23] .Post.hoc.compar�sons.re�ealed.no.rel�able.d�ffer-
ence.between.U S .and.fore�gn.reg�stry.f�ghts.when.the. 
pr�mary.language.of.the.a�rcraft.was.Engl�sh  

Analysis Two: Types of Communication Problems 
for.the.second.set.of.analyses,.the.ch�-square.stat�st�c. 

was.used.to.exam�ne.the.�nfuence.of.Reg�stry-Language. 
on.the.pre�alence.of.commun�cat�on.problems.�n.the.en. 
route.en��ronment .The.fore�gn-Engl�sh.reg�stry.a�rcraft. 
were.excluded.because.they.d�d.not.fulfll.the.requ�rements. 
of.the.ch�-square.stat�st�c.(Reg�stry.and.Language.were. 
not.mutually.exclus��e) .furthermore,.only.the.transm�s-
s�ons.w�th.one.commun�cat�on.problem.underwent.the. 
ch�-square.analys�s .Stat�st�cal. s�gn�fcance.was.set.at.p. 
< 05 .The.fnd�ngs.re�ealed.that.there.was.a.d�fference.�n. 
the.number.of.commun�cat�on.problems.exper�enced.by. 
p�lots.who.few.fore�gn-Other.as.compared.w�th.U S -
Engl�sh.reg�stered.a�rcraft,.[Χ2(2).=20 50]  
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Table 10. Communications Problems Presented by Aircraft Registry-Language. 

Aircraft Registry-
Language 

Type of Communication Problem 

One Problem Two or More Problems 

Total RBE RfR BIC RBE + RfR RBE + BIC RfR + BIC 

Foreign-English 1 4 0 0 0 0 5 

Foreign-Other 18 48 11* 1 2 4 84 

U.S.-English 97 64 29 0 1 1 192 

Total 116 116 40 1 3 5 281 
* Bold values included in chi-square analysis. 

A.content.analys�s.was.performed.on.the.commun�ca-
t�on.problems.to.determ�ne.wh�ch.a��at�on.top�cs.were. 
problemat�c.for.the.p�lots .Th�s.was.done.for.each.type.of. 
commun�cat�on.problem.accord�ng.to.Reg�stry-Language,. 
and.the�r.types.and.frequency.of.commun�cat�ons.prob-
lems.are.presented.for.all.three.groups.�n.Table.10  

The.data.for.fore�gn-Other.reg�stry.a�rcraft.presented. 
�n.Table.10.show.that.for.transact�ons.w�th.one commu-
n�cat�on.problem,.23%.(18/77).of.the.commun�cat�on. 
problems.were.readback.errors,.62%.were.requests.for. 
repeat,.and.14%.�n�ol�ed.breakdowns.�n.commun�cat�on . 
Approx�mately.51%.(97/190).of.the.U S -Engl�sh.reg�stry. 
a�rcraft.transm�ss�ons.w�th.one.commun�cat�on.problem. 
�n�ol�ed.readback.errors.(RBE),.34%.requests.for.repeat. 
(RfR),.and.15%.breakdowns.�n.commun�cat�on.(BIC) . 
There.were.only.f�e.commun�cat�on.problems.�n�ol��ng. 
fore�gn-Engl�sh.reg�stry.a�rcraft .Of.the.n�ne.transm�s-
s�ons.w�th.mult�ple.problems,.e�ght.�n�ol�ed.a.breakdown. 
�n.commun�cat�ons.—.s�x.w�th.fore�gn-Other.reg�stry. 
a�rcraft.and.two.w�th.U S -Engl�sh.reg�stry.a�rcraft  

Readback Errors. S�nce.there.was.only.one.RBE.(an. 
alt�tude.restr�ct�on).made.by.a.fore�gn-Engl�sh.a�rcraft,. 

�t.was.not.�ncluded.�n.f�gure.1 .Consequently,.only.the. 
readback.errors.made.by.fore�gn-Other.and.U S -Engl�sh. 
reg�stry.a�rcraft.were.categor�zed.by.type.of.a��at�on.top�c . 
As.shown.�n.f�gure.1,.the.read.back.of.rad�o.frequency. 
a��at�on. top�cs. accounted. for. 24%. of. readback. errors. 
among.p�lots.fy�ng.fore�gn-Other.reg�stry.a�rcraft.and. 
nearly.31%.of.readback.errors.among.p�lots.fy�ng.U S -
Engl�sh.reg�stry.a�rcraft .for.p�lots.fy�ng.fore�gn-Other. 
reg�stry.a�rcraft,.20%.of.the�r.readback.errors.were.at-
tr�buted.to.alt�tude.and.alt�tude.restr�ct�ons,.as.compared. 
w�th.31%.by.p�lots.fy�ng.U S -Engl�sh.reg�stry.a�rcraft . 
Str�k�ngly,.route.clearances.accounted.for.about.19%.of. 
the.readback.errors.made.by.p�lots.fy�ng.fore�gn-Other. 
reg�stry.a�rcraft,.compared.w�th.only.2%.for.U S -Engl�sh. 
reg�stry.a�rcraft  

Requests for Repeat..The.types.of.RfR.transm�ss�ons. 
are.presented.by.Reg�stry-Language.�n.Table.11 .There. 
are.four.types:.(1).46%.�n�ol�ed.the.confrmat�on.of.a. 
spec�fc.AT.(e g ,. CONFIRM THAT WAS TWENTY EIGHT POINT 

ONE FIVE);.(2).16%.were.confrmat�on.that.the.transm�s-
s�on.was.for.them,.(e g ,.alr�ght.one.n�ne.zero.that.was.for. 
ownsh�p.th�rty.one.ffty.e�ght);.(3).17%.were.the.repet�t�on. 

Figure 1. Readback Errors Presented by Aviation Topic and Aircraft Registry. 
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Table 11. Requests for Repeat Presented by Aircraft Registry-Language. 

Aircraft Registry-
Language 

Confirmation Say Again 

Aviation 
Topic 

Was that 
for me? 

Aviation 
Topic Transmission Total 

Foreign-English 3 0 1 0 4 

Foreign-Other 27 5 8 13 53 

U.S.-English 26 14 12 13 65 

Total 56 19 21 26 122 

Figure 2. Confirmations Presented by Aviation Topic and Aircraft Registry. 
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of.a.spec�fc.a��at�on.top�c.(e g ,.SAY AGAIN THE ALTIMETER 

SETTING PLEASE);.and.(4).21%.�n�ol�ed.the.repet�t�on.of. 
an.ent�re.transm�ss�on.(e g ,.SAY AGAIN PLEASE) . 

Requests for Confrmation of a Particular Avia-
tion Topic. As. seen. �n.Table.11,.50%.(27/53).of. the. 
fore�gn-Other. and. 40%. (26/65). of. the. U S -Engl�sh. 
f�ghts’.RfR.�n�ol�ed.confrmat�on.of.a.part�cular.a��at�on. 
top�c .The.compos�t�on.of.these.requests.�s.presented.�n. 
f�gure.2 .It.shows.that.requests.to.confrm.the.accuracy. 
of.the.read.back.of.rad�o.frequenc�es.accounted.for.26%. 
of.the.RfR.made.by.f�ghts.operated.by.fore�gn-Other. 
reg�stry.a�rcraft.and.about.31%.by.U S -Engl�sh.reg�stry. 
a�rcraft .Confrmat�on.of.routes.accounted.for.30%.of. 
the.fore�gn-Other.f�ghts.and.19%.of.the.U S -Engl�sh. 
f�ghts .When.alt�tude.and.alt�tude.restr�ct�on.�nstruct�ons. 
were.comb�ned,.they.jo�ntly.accounted.for.23%.of.the. 
fore�gn-Other.and.38%.of.the.U S -Engl�sh.confrma-
t�ons.of.a.part�cular.a��at�on.top�c  

Requests for Repeat of a Particular Aviation Topic 
(say Again)..There.were.20.requests.for.ATC.to.repeat. 
a. part�cular. a��at�on. top�c. (40%. fore�gn-Other,. 60%. 
U S -Engl�sh) .As.shown.�n.f�gure.3,.of.these.“say.aga�ns,”. 
13%.of.the.fore�gn-Other.and.25%.of.the.U S -Engl�sh. 
f�ghts.RfR.�n�ol�ed.rad�o.frequenc�es .Requests.of.“say. 

aga�n.route.clearances”.�n�ol�ed.63%.of.the.fore�gn-Other. 
and.25%.of.the.U S -Engl�sh.f�ghts .Another.13%.of.the. 
fore�gn-Other.compared.w�th.25%.of.the.U S -Engl�sh. 
f�ghts’.“say.aga�ns”.�n�ol�ed.alt�meters .f�nally,.only.the. 
p�lots.of.a�rcraft.operated.by.U S -Engl�sh.reg�stry.a�rcraft. 
asked. for. a. repeat.of. alt�tude,. speed,. and. transponder. 
a��at�on.top�cs  

Breakdowns in Communication. There.were 467. 
p�lot-controller.messages.from.26.a�rcraft.(35%.fore�gn-
Other,.65%.U S -Engl�sh).that.�n�ol�ed.48.BICs .None. 
�n�ol�ed.fore�gn-Engl�sh.reg�stry.a�rcraft .The.types.of. 
�nformat�on.that.contr�buted.to.the.problems.appear.�n. 
f�gure.4 . 

Unl�ke.readback.errors.and.requests.for.repeats,.break-
downs.�n.commun�cat�on.are.more.complex.and.often. 
�n�ol�e.mult�ple.exchanges.between.ATC.and.the.f�ght. 
deck .Although.both.the.fore�gn-Other.and.U S -Engl�sh. 
reg�stry.a�rcraft.had.a.15%.breakdown.�n.commun�cat�on,. 
there. were. e�ght. transact�ons. w�th. mult�ple. problems. 
—.s�x.w�th.fore�gn-Other.and.two.w�th.U S .reg�stry. 
a�rcraft .Among.the.fore�gn-Other.reg�stry.a�rcraft,.82%. 
of.the.transm�ss�ons.�n�ol�ed.runway.ass�gnments.(41%). 
and.route.clearances.(41%) .Approx�mately.33%.of.the. 
messages. from. U S -Engl�sh. reg�stry. a�rcraft. �n�ol�ed. 
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Figure 3. “Say Agains” Presented by Aviation Topic and Aircraft Registry. 
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Figure 4. Breakdowns in Communication Presented by Aviation Topic and Aircraft Registry. 

�ncorrect.call.s�gns,.and.19%.were.related.to.the.transfer. 
of. commun�cat�on. (early. transfer.of. commun�cat�ons,. 
problem.w�th.the.ass�gned.rad�o.frequency,.ATC.doesn’t. 
answer.�n�t�al.call-up) . 

Analysis Three: English Language Profciency and 
Communication Problems 

A.Reg�stry-Language.by.ELP.ch�-square.analys�s.was. 
performed.on.the.276.commun�cat�on.problems.made. 
by.the.fore�gn-Other.and.U S -Engl�sh.a�rcraft .fore�gn-
Engl�sh.reg�stry.a�rcraft.were.excluded.from.the.ch�-square. 
analys�s.because.of.the�r.shared.class�fcat�on.w�th.a�rcraft. 
reg�stry.and.language .As.shown.�n.Table.12,.ELP.was.a. 
factor.for.75%.of.the.�dent�fed.commun�cat�on.problems. 
among. fore�gn-Other. f�ghts. and. for. 29%. �n�ol��ng. 
U S -Engl�sh.f�ghts.[X2.=.50 05] . 

Each.p�lot.transm�ss�on.assoc�at�on.w�th.a.readback. 
error.(120),.request.for.repeat.(122),.and.breakdown.�n. 
commun�cat�on. (106). was. exam�ned. for. any. poss�ble. 
problem.w�th.Engl�sh.language.profc�ency .S�nce.read-
back.errors.and.requests.for.repeat.�n�ol�e.transact�on. 
couplets. (� e ,. ATC. sends. a. message. to. the. f�ghtdeck. 
and.the.p�lot.repl�es),.there.would.be.one.�nstance.for. 
each.p�lot.reply .Howe�er,.when.a.breakdown.�n.com-
mun�cat�on.occurs,.there.are.more.transm�ss�ons.from.the. 
f�ght.deck.and.ATC .There.were.31.transact�ons.w�th.48. 
embedded.breakdowns.�n.commun�cat�on.that.�n�ol�ed. 
106.transm�ss�ons.from.the.f�ght.deck  
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Table 12. The Influence of Pilot English Language Proficiency on the Production of 
Communication Problems. 

Registry-Language 

Was English Language Proficiency a Factor? 

Total No Yes 
Foreign-Other 21 63 84 

U.S.-English 136 56 192 

Total 157 119 276 
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Figure 5. Breakdowns in Communication Presented by ELP Scales and Aircraft Registry. 

There.were.189.�nstances.of.ELP.problems.that.were. f�gure.5.shows.that.of.all.the.�dent�fed.commun�ca-
�dent�fed.from.348.p�lot.transm�ss�ons.(ELP.could.be.a. t�on.problems,.30%.were.assoc�ated.w�th.pronunc�at�on,. 
problem.across.more.than.one.d�mens�on.of.the.ICAO. 26%.w�th.fuency,.and.2%.comprehens�on.attr�buted.to. 
Scales) .S�nce.there.were.only.four.�nstances.of.an.ELP. p�lots.who.few.fore�gn-Other.reg�stry.a�rcraft .L�kew�se,. 
problem. among. the. fore�gn-Engl�sh. f�ghts. (Pronun- for.p�lots.fy�ng.U S -Engl�sh.reg�stry.a�rcraft,.30%.of.the. 
c�at�on.=.1,.Structure.=.1,.fluency.=.2),.only.the.ELP. rema�n�ng.ELP.problems.�n�ol�ed.fuency,.6%.�n�ol�ed. 
problems.assoc�ated.w�th.the.fore�gn-Other.and.U S - �nteract�ons,.and.2%.structure .A.deta�led.exam�nat�on. 
Engl�sh.f�ghts.are.presented.�n.f�gure.5 . of.these.�nstances.follows.accord�ng.to.Reg�stry-Language. 

and.types.of.commun�cat�on.problem  
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Table 13. Readback Errors Presented by English Language Proficiency and Aircraft Registry-
Language. 

English Language Proficiency 
Foreign-
English 

Foreign-
Other 

U.S.-
English Total 

Pronunciation 

All words understood with minimal or no accent 1 10 97 108 

Accent required close attention to understand word(s) 7 7 

Could not understand all words 2 1 3 

Drawn out words/skipped syllables 2 2 

Structure 

Message in logical ATC content and order 1 21 96 118 

Substitution(s) not consistent with standard
phraseology 

2 2 

Vocabulary 

Appropriate words 1 21 98 120 

Non-standard phraseology 

Fluency 

Used words and phrases easily 1 14 83 98 

Dysfluency / misarticulation 6 14 20 

Words run together 1 1 2 

Comprehension 

Message understood 1 20 98 119 

Message not understood 1 1 

Interaction 

Responded with related message 1 21 98 120 

Responded with unrelated message 

Readback Errors and English Language Prof-
ciency..P�lot.ELP.was.exam�ned.for.120.transm�ss�ons. 
w�th.a.readback.error.accord�ng.to.Reg�stry-Language . 
As.seen.�n.Table.13,.pronunc�at�on.was.a.factor.for.52%. 
(11/21).of.the.fore�gn-Other.reg�stry.a�rcraft.RBEs .Upon. 
closer.exam�nat�on,.64%.(7/11).of.the�r.d�ffcult�es.w�th. 
pronunc�at�on.were.attr�buted.to.the.p�lots’.accents;.�t. 
was.d�ffcult.for.the.controllers.to.understand.what.was. 
be�ng.sa�d .Only.1%.(1/98).of.the.U S -Engl�sh.reg�stry. 
a�rcraft’s.RBEs.resulted.from.the.p�lots’.e�ther.draw�ng. 
out.words.or.sk�pp�ng.syllables  

There.were.two.�nstances.where.U S .p�lots.used.the. 
wrong.structure.dur�ng.the�r.readbacks.—.In.response. 
to.the.ATC.�nstruct�on.“…CROSS [FIX] AT ONE ZERO THOU-
SAND [AIRPORT] ALTIMETER THREE TRIPLE ZERO,”.the.p�lot.read. 
back,.“[FIX]ONE ZERO THOUSAND AND THREE TRIPLE ONE OWN-
SHIP FIVE THIRTY ONE WE’RE AT ABOUT TWO TWENTY KNOTS ”. 
P�lot.fuency.w�th.controllers.was.a.problem.�n.se�en.of. 
the.fore�gn-Other.and.15.of. the.U S -Engl�sh.f�ghts . 
.f�nally,.comprehens�on.was.a.factor.�n.one.fore�gn-Other. 
transact�on  
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Table 14. Request for Repeat Presented by English Language Proficiency and Aircraft Registry-
Language. 

English Language Proficiency 
Foreign-
English 

Foreign-
Other 

U.S.-
English Total 

Pronunciation 

All words understood with minimal or no accent 3 34 65 102 

Accent required close attention to understand word(s) 19 19 

Could not understand all words 1 1 

Drawn out words/skipped syllables 

Structure 

Message in logical ATC content and order 3 52 64 119 

Substitutions not consistent with standard phraseology 1 1 1 3 

Vocabulary 

Appropriate words 4 53 65 122 

Non-standard phraseology 

Fluency 

Used words and phrases easily 2 27 42 71 

Dysfluency / misarticulation 2 26 22 50 

Words run together 1 1 

Comprehension 

Message understood 4 53 65 122 

Message not understood 

Interaction 

Responded with related message 4 53 65 122 

Responded with unrelated message 

Request for Repeat and English Language Prof-
ciency..P�lot.ELP.was.exam�ned.for.122.transm�ss�ons. 
w�th.an.RfR.accord�ng.to.Reg�stry-Language .Notably,. 
Table.14.shows.that.accent.was.a.factor.for.36%.(19/53). 
of.the.fore�gn-Other.reg�stry.a�rcraft.only .furthermore,. 
two.fore�gn.RfR.and.one.U S .RfR.�ncluded.the.subst�tu-
t�on.of.words/phrases.that.was.�ncons�stent.w�th.standard. 
phraseology .Among.the.U S -Engl�sh.f�ghts,.there.was. 
one. �nstance. �n. wh�ch. the. p�lot’s. words. ran. together,. 
mak�ng. �t.d�ffcult. to.understand.what.was.be�ng.sa�d. 
and.22.other.�nstances.that.conta�ned.fuency.problems . 

Among.the.fore�gn-Other.f�ghts,.poss�ble.problems.w�th. 
fuency.were.recorded.26.t�mes .None.of.the.other.ELP. 
d�mens�ons.were.represented.�n.any.other.RfR  

Breakdowns in Communication and English Lan-
guageProfciency..There.were.106.p�lot.transm�ss�ons.�n-
�ol�ed.�n.breakdowns.�n.commun�cat�on .Approx�mately. 
38%.of.the.U S -Engl�sh.reg�stry.a�rcraft.transm�ss�ons. 
(28/73).had.one.or.more.ELP.problems .In.contrast,.76%. 
of.the.transm�ss�ons.(25/33).by.fore�gn-Other.reg�stry. 
a�rcraft.had.one.or.more.problems.w�th.ELP .There.were. 
no.BICs.for.fore�gn-Engl�sh.reg�stry.a�rcraft . 
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Table 15. Breakdown in Communication Presented by English Language Proficiency and Aircraft 
Registry-Language. 

English Language Proficiency 
Foreign-
English 

Foreign-
Other 

U.S.-
English Total 

Pronunciation 
All words understood with minimal or no accent 7 72 79 

Accent required close attention to understand word(s) 17 17 

Could not understand all words 9 9 

Drawn out words/skipped syllables 1 1 

Structure 
Message in logical ATC content and order 33 73 106 

Substitutions not consistent with standard 
phraseology 

Vocabulary 

Appropriate words 32 72 104 

Non-standard phraseology 1 1 2 

Fluency 

Used words and phrases easily 18 55 73 

Dysfluency / misarticulation 15 18 33 

Words run together 

Comprehension 

Message understood 31 71 102 

Message not understood 2 2 4 

Interaction 

Responded with related message 33 61 94 

Responded with unrelated message 12 12 

As.shown.�n.Table.15,.among.the.p�lots.fy�ng.fore�gn-
Other.reg�stry.a�rcraft,.accent.affected.the.�ntell�g�b�l�ty.of. 
79%.(26/33).of.the.messages.transm�tted.to.ATC .There. 
was.one.�nstance.of.p�lot.use.of.non-standard.phraseol-
ogy.(e g ,.“WE CAN’T TAKE TWO TWO RIGHT.”) .fluency.(e g ,. 
dysfuency).was.a.factor.�n.15.messages .There.also.were. 
two.�nstances.of.comprehens�on.problems.�n�ol��ng.ELP . 
No.other.problems.w�th.Engl�sh. language.profc�ency. 
were.�dent�fed .There.were.no.BICs.�n�ol��ng.fore�gn-
Engl�sh.a�r.carr�ers  

L�kew�se,. for. the. p�lots. operat�ng. the. U S -Engl�sh. 
reg�stry.a�rcraft,.there.was.one.�nstance.where.pronun-
c�at�on.was.a.factor.and.another.�nstance.�n�ol��ng.�o-
cabulary.(e g ,.“CAN WE BUMP IT UP?”) .fluency.presented. 
�tself.18.t�mes,.and.there.were.two.�nstances.�n.wh�ch. 
comprehens�on.was. a.problem .f�nally,. there.were.12. 
�nstances.where.p�lots.responded.to.the.controllers.w�th. 
unrelated.messages  

DIsCUssION 

ICAO. requ�red. �ts. language. profc�ency. standards. 
to.be.�mplemented.�n.March.2008;.howe�er,.member. 
states.that.were.not.qu�te.ready.w�ll.be.pro��ded.w�th.a. 
max�mum.3-yr.wa��er,.pro��ded.they.subm�tted.a.test�ng. 
program.to.ICAO.by.the.March.5,.2008,.deadl�ne .The. 
standards. are. des�gned. to. �mpro�e. the. p�lot-control-
ler. commun�cat�on. process. and. w�ll. l�kely. reduce. the. 
�nc�dence.of.m�scommun�cat�ons .The.de�elopment.of. 
these.standards.or�g�nated.as.a.response.to.an.�ncrease.�n. 
a��at�on.fatal�t�es.and.acc�dents.w�th.�nadequate.Engl�sh. 
language.profc�ency.c�ted.as.e�ther.a.causal.or.contr�but-
�ng.factor  

The. analys�s. of. ATC. �erbal. commun�cat�ons. �s. a. 
complex.process.that.del�es.deeper.and.deeper.�nto.the. 
layers.of.p�lot-controller.transact�ons .It.can.beg�n.w�th. 
a. l�ngu�st�c.analys�s.of.utterances.and.culm�nate. �n.an. 
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exam�nat�on.of. the.psychol�ngu�st�c.and.soc�al.aspects. 
of.language .Although.much.�s.known.about.the.types. 
of.messages. and. commun�cat�on.problems.w�th�n. the. 
current. TRACON. (Pr�nzo. et. al ,. 2007). and. past. en. 
route.(Cardos�,.1993).and.tower.(Burk�-Cohen,.1995;. 
Cardos�,. 1994). en��ronments,. there. �s. no. d�st�nct�on. 
between.problems.exper�enced.by.p�lots.who.fy.U S ,. 
as.compared.w�th.fore�gn.a�rcraft . 

The.purpose.of.th�s.report.�s.to.pro��de.some.�nd�ca-
t�on.as. to. the. types. and. frequency.of. commun�cat�on. 
problems. exper�enced.by.U S . and. fore�gn.p�lots.who. 
may.or.may.not.ha�e.Engl�sh.as.the�r.pr�mary.or.offc�al. 
language .To.do.th�s,.fac�l�ty.representat��es.at.f�e.U S . 
ARTCCs.pro��ded.d�g�tal.aud�o.tape.reproduct�ons.of.the. 
commun�cat�ons.of.p�lots.and.controllers.that.occurred. 
between.March.and.August.2006 .The.commun�cat�on. 
samples.were.to.conta�n.hea�y.concentrat�ons.of.�nter-
nat�onal.arr��als.and.departures.at. that. fac�l�ty.and.be. 
commun�cat�on.r�ch .A�rcraft.call.s�gns.were.�dent�fed. 
as.e�ther.U S .or. fore�gn.reg�stry,.and.then.the.offc�al. 
language.of.the.country.of.reg�stry.was.�dent�fed .In.some. 
cases,.the.a�rcraft.was.fore�gn.and.the.pr�mary.or.offc�al. 
language.was.Engl�sh .Three.d�fferent.groups.of.transac-
t�ons.were.exam�ned:.U S -Engl�sh,.fore�gn-Engl�sh,.and. 
fore�gn-Other.(non-Engl�sh)  

The. pre�alence. of. commun�cat�on. problems. was. 
compared.among.p�lots.fy�ng.642.U S . and.190. for-
e�gn.reg�stry.a�rcraft.by.e�aluat�ng.the�r.messages.from. 
transcr�pts.made.from.d�g�t�zed.cop�es.of.aud�o.record-
�ngs.pro��ded.by.ARTCCs .Of.the.190.fore�gn.reg�stry. 
a�rcraft,. 26. had. Engl�sh. as. the�r. offc�al. language . All. 
fore�gn.a�rcraft,.regardless.of.the�r.pr�mary.language,.spent. 
about.6.s.more.on.frequency.commun�cat�ng.w�th.ATC. 
than. U S . a�rcraft .Th�s. add�t�onal. t�me. on. frequency. 
may.be.due.�n.part.from.p�lots.transm�tt�ng.more.mes-
sages.than.the.p�lots.fy�ng.U S .reg�stry.a�rcraft .Some. 
of.these.add�t�onal.transm�ss�ons.may.ha�e.resulted.from. 
p�lots.w�th.Engl�sh.as. a. second. language.exper�enc�ng. 
more.commun�cat�on.problems.(per.transact�on).than. 
the.fore�gn.and.U S .p�lots.who.spoke.Engl�sh.as.the�r. 
pr�mary.language  

To.determ�ne.whether.or.not.commun�cat�on.problems. 
�ncluded.messages.w�th.defc�enc�es.�n.Engl�sh.language. 
profc�ency,.an.o�erall.deta�led.analys�s.was.performed.on. 
the.p�lot-controller.transact�ons.�dent�fed.as.ha��ng.one. 
or.more.commun�cat�on.problem .Generally,.the.encoder. 
answered.two.quest�ons:.(1).Is.there.a.commun�cat�on. 
problem?.(yes.or.no);.and.(2).Was.language.profc�ency. 
�n�ol�ed?.(yes.or.no) .If.the.encoder.bel�e�ed.that.language. 
profc�ency. was. �n�ol�ed,. then. an. attempt. was. made. 
to.class�fy.ELP.us�ng. the.ICAO.Language.Profc�ency. 
Scales.as.a.gu�de . 

The.commun�cat�on.problems.were.class�fed.�nto.three. 
major.categor�es:.readback.errors,.requests.for.repeat,.and. 
breakdowns.�n.commun�cat�on .An.exam�nat�on.of.these. 
commun�cat�on.problems.showed.that.for.U S .reg�stry. 
a�rcraft.transact�ons.w�th.one.commun�cat�on.problem,. 
51%.�n�ol�ed.readback.errors,.34%.requests.for.repeat,. 
and.15%.breakdowns. �n.commun�cat�on .In.contrast,. 
23%. of. the. fore�gn. reg�stry. a�rcraft. transact�ons. w�th. 
one.commun�cat�on.problem.were.readback.errors,.62%. 
were.requests.for.repeat,.and.14%.�n�ol�ed.breakdowns. 
�n. commun�cat�on .Of. the. transact�ons.w�th.mult�ple. 
problems,.o�er.75%. �n�ol�ed. fore�gn. reg�stry. a�rcraft . 
Also,.the.major�ty.of.these.transact�ons.were.found.not. 
to.ha�e.problems.(o�erall,.only.23%.had.one.or.more. 
commun�cat�on.problem)  

It.�s.�mportant.to.restate.that.not.all.commun�cat�on. 
problems.lead.to,.or.contr�bute.to,.unsafe.acts.or.under-
m�ne.safety .The.p�lot-controller.commun�cat�on.process. 
�s.redundant;.the.p�lot.reads.back.the.ATC.transm�ss�on. 
rece��ed.on.the.f�ght.deck.wh�le.the.controller.l�stens.for. 
an.accuracy.rec�tat�on.of.the.contents .If.the.readback.�s. 
�naccurate,.the.controller.may.restate.or.otherw�se.clar�fy. 
the. or�g�nal. transm�ss�on . Often. readback. errors. are. 
resol�ed.w�th.the.�nclus�on.of.two.add�t�onal.messages:. 
one.by.the.controller.correct�ng.the.erroneous.a��at�on. 
top�c.and.one.by.the.p�lot.w�th.correct.rec�tat�on.of.that. 
a��at�on.top�c . 

Readback Errors 
Among.fore�gn.reg�stry.a�rcraft,.the.more.frequently. 

occurr�ng.readback.errors.�ncluded.rad�o.frequency.and. 
route.a��at�on.top�cs .In.64%.of.the.readback.errors.made. 
by.fore�gn-Other.reg�stry.a�rcraft.p�lots,.the�r.accents. 
made.�t.d�ffcult.for.the.controller.to.understand.what.was. 
be�ng.sa�d .for.U S .reg�stry.a�rcraft,.the.more.frequently. 
occurr�ng.readback.errors.�n�ol�ed.rad�o.frequency.and. 
alt�tude.a��at�on.top�cs,.of.wh�ch.pronunc�at�on.was.a. 
factor.for.1%.of.the.readback.errors . 

Requests for Repeat 
L�kew�se,.p�lots.who.are.fy�ng.�nto.unfam�l�ar.areas,. 

speak�ng.w�th.a.d�fferent.accent.(� e ,.they.ha�e.to.“put. 
the�r.ears.on”),.or.ha�e.been.up.all.n�ght,.may.want.�erbal. 
�er�fcat�on.or.confrmat�on.when.ATC.messages.�n�ol�e. 
mult�ple.�nstruct�ons,.clearances,.ad��sor�es,.requests,.or. 
a.comb�nat�on.of.these.speech.acts .These.requests.for. 
repet�t�on.�n�ol�e.two..add�t�onal.messages:.one.by.the. 
p�lot.query�ng.the.controller.about.the.or�g�nal.transm�s-
s�on.and.one.by.the.controller.who.pro��des.the.p�lot. 
w�th.the.requested.�nformat�on . 

Nearly.63%.of.the.requests.to.repeat.a.transm�ss�on. 
�n�ol�ed.the.confrmat�on.or.“say.aga�n”.of.a.part�cular. 
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a��at�on.top�c,.followed.by.a.request.to.ha�e.the.ent�re. 
transm�ss�on.repeated .fore�gn.and.U S .reg�stry.a�rcraft. 
each.wanted.confrmat�on.of.rad�o.frequenc�es,.routes,. 
and.alt�tudes.more.than.any.of.the.other.a��at�on.top-
�cs .The.follow�ng.message.expresses.se�eral.factors.that. 
�nfuenced.the.p�lot’s.rat�onale.for.a.request.for.repeat:.“I 
I GOTTA APOLOGIZE IT’S EARLY IN THE MORNING AND MY BRAIN’S 

UH — THE PEN UH WHICH ISN’T WORKING WELL — UH YOU GOTTA 

READ IT AGAIN SLOWER ”. 
Once.aga�n,.p�lot.accent.(36%).and.dysfuency.(49%). 

were.assoc�ated.w�th.RfR.among.fore�gn.reg�stry.a�rcraft. 
when. the.pr�mary. language.was.not.Engl�sh .Message. 
structure.was.a.factor.for.two.fore�gn.and.one.U S .request. 
that.�n�ol�ed.the.subst�tut�on.of.words/phrases.that.were. 
�ncons�stent.w�th.standard.phraseology .for.example,.�n. 
the.p�lot’s.message,.“AND [FACILITY ID] WE GOT TOLD ON 

ONE TWO THREE FOUR FIVE TO SQUAWK ONE ZERO THREE FOUR 

IS THAT CORRECT?”.A.more.appropr�ate.request.would.be. 
“CONFIRM SQUAWK ONE ZERO THREE FOUR ”.Once.aga�n,.there. 
were.23.�nstances.�n.wh�ch.p�lots.of.U S -Engl�sh.reg�stry. 
a�rcraft.exh�b�ted.some.problems.w�th.fuency .In.one.case,. 
when.speak�ng,.the.p�lot’s.words.ran.together,.mak�ng. 
�t.d�ffcult.to.understand.what.was.be�ng.sa�d .None.of. 
the.other.ELP.d�mens�ons.were.represented.�n.any.other. 
RfR .None.of.the.other.ELP.d�mens�ons.were.a.problem. 
for.e�ther.U S .or.fore�gn.reg�stry.a�rcraft  

Breakdowns in Communication 
Unl�ke. readback. errors. and. requests. for. repeats,. 

commun�cat�on.problems.that.�n�ol�e.a.breakdown.�n. 
commun�cat�on.may.requ�re.mult�ple.exchanges.between. 
the.p�lot.and.controller.before.the.problem.�s.�dent�fed,. 
understood,.acknowledged,.and.resol�ed .Th�s.process.can. 
add.mult�ple.messages.to.a.transact�on.and.m�ght.pose. 
a.safety.�ssue.when.a.meet�ng.of.the.m�nds.fa�ls.to.occur. 
(� e ,.a.common.ground.of.understand�ng).between.the. 
p�lot.and.controller .Hence,.readback.errors.may.result. 
�n.part.from.memory.o�erload.(Baddeley,.1987;.M�ller,. 
1956),. l�ngu�st�c. factors. (e g ,. art�culatory. durat�on,. 
phonolog�cal. s�m�lar�ty,. and.phonolog�cal. complex�ty). 
(Mueller,.Seynour,.K�eras,.and.Meyer,.2003),.number. 
of.a��at�on.top�cs.�n.a.message.(Barsh�.and.Healy,.2002;. 
Morrow.and.Pr�nzo,.1999),. and.poss�bly. �nformat�on. 
complex�ty.(Cardos�,.1993;.but.see.Barsh�,.1997) .L�ke-
w�se,.requests.for.repeat.may.be.due.to.these.factors,.as. 
well.as.workload,.stat�on.keep�ng.tasks,.d�stract�on,.d���ded. 
attent�on,.comprehens�on,.understand�ng,.caut�on,.and. 
other.language-based.�ssues.(e g ,.d�alect.�nfuenc�ng.the. 
�ntell�g�b�l�ty.of.the.utterance,.language.profc�ency) . 

Whereas. both. readback. errors. and. requests. for. re-
peat. �n�ol�e. a. pa�r. of. transm�ss�ons,. breakdowns. �n. 
.commun�cat�on.often.�n�ol�e.more.than.two..or.three. 
transm�ss�ons.to.reach.a.common.ground.of.understand-

�ng .Isolat�ng.the.source.of.the.breakdown.may.res�de. 
w�th.factors.assoc�ated.w�th.readback.errors.and.requests. 
for.repeat,.as.well.as.the.faulty.process�ng.of.the.syntact�c. 
or.semant�c.propert�es.of.an.utterance,.fa�lure.to.success-
fully. �ntegrate. ongo�ng. �nformat�on. w�th. �nformat�on. 
gleaned. from. pre��ous. utterances,. understand�ng. the. 
context.w�th�n.wh�ch.the.act�on.�s.to.occur,.pr�or.knowl-
edge,.and.other.factors .Hopefully,.e�ther.the.speaker.or. 
rece��er.d�sco�ers.that.some.port�on.of.the.transact�on. 
was.m�s�nterpreted.and.sets.about.to.correct.the.m�sun-
derstand�ng .Whether.commun�cat�on.problems.beg�n. 
w�th.encod�ng/decod�ng.processes.that.culm�nate.w�th. 
h�gher.le�els.of.cort�cal.�n�ol�ement.�s.a.theoret�cal.�ssue. 
not.d�scussed.here  

Of.the.transact�ons.�n�ol��ng.a.breakdown.�n.com-
mun�cat�on,. runway. ass�gnment. and. route. clearance. 
transact�ons.were. espec�ally.problemat�c. for. the.p�lots. 
of. fore�gn-Other. reg�stry. a�rcraft .The. problems. may. 
be.part�ally.due.to.controllers’.use.of.pla�n.language.and. 
the.p�lots’.d�ffcult�es.w�th.pronunc�at�on.and.fuency . 
Notably,.the.p�lots’.accents.affected.the.�ntell�g�b�l�ty.of. 
79%.of.the�r.messages.to.ATC . 

The. presence. of. a. problem. �n. comprehens�on. was. 
more.d�ffcult.to.determ�ne,.as.�llustrated.�n.Table.16 . 
In.both.�nstances,.the.controller.spoke.to.the.p�lot.of.a. 
fore�gn-Other.reg�stry.a�rcraft.�n.pla�n.Engl�sh.rather.than. 
standard.phraseology .It.�s.uncerta�n.whether.the.p�lots. 
understood.what.the.controller.was.ask�ng,.as.refected. 
by.the�r.responses.(“STANDBY”.and.“BE BACK”) .On.one. 
hand,.�t.may.be.that.the.p�lots.needed.t�me.to.check.the�r. 
charts,.a�rcraft.performance,.we�ght.and.balance,.and.other. 
factors.not.assoc�ated.w�th.language.profc�ency .On.the. 
other.hand,.�t.may.be.that.the.p�lots.of.each.a�rcraft.were. 
d�scuss�ng.among.themsel�es.what.the.controller.sa�d.and. 
what.would.be.the.appropr�ate.response . 

Had.the.controller.sa�d,.“EXPECT RUNWAY.[numbers] 
RIGHT”.the.p�lot.st�ll.m�ght.respond.“STANDBY”.or.“UNABLE”. 
�f. the.runway.d�d.not.meet.the.a�rcraft’s.requ�rements. 
for.a.safe.land�ng,.or.w�th.“ROGER”.�f.that.runway.was. 
acceptable .There.�s.an.�nd�cat�on.that.the.controller.also. 
had.some.d�ffculty.understand�ng.what.the.p�lots.were. 
say�ng.(“I’M SORRY … DID YOU SAY…” and “I’M SORRY WAS THAT 

AFFIRMATIVE OR NEGATIVE”) .The.frst.example.requ�red.the. 
exchange.of.12.transm�ss�ons,.whereas.the.second.example. 
conta�ned.se�en.transm�ss�ons .The.controller.needed.th�s. 
�nformat�on.to.coord�nate.each.a�rcraft’s.arr��al.routes.to. 
the�r.dest�nat�on.a�rports  

The.breakdowns.�n.commun�cat�on.exper�enced.by. 
U S -Engl�sh.reg�stry.a�rcraft.�n�ol�ed.call.s�gn.confus�on. 
and.the.transfer.of.commun�cat�on.process.(e�ther.a.trans-
fer.occurred.too.soon.or.the.controller.had.to.�n�t�ate.the. 
call-up) .Pronunc�at�on.and.�ocabulary.rarely.appeared. 
�n.a.breakdown.of.commun�cat�on .Rather,.fuency.was. 
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Table 16. Examples of Breakdowns in Communication. 

SPKR MESSAGE 
Example 1 

ATC FOREIGNSHIP EIGHT CAN YOU ACCEPT RUNWAY TWO TWO RIGHT AFFIRMATIVE OR 
NEGATIVE 

FD8 STANDBY ONE 
FD8H FOREIGNSHIP EIGHT HEAVY WE CAN'T TAKE TWO TWO RIGHT 
ATC NEGATIVE OKAY YEAH PLAN ON HOLDING OVER {FIX} SIR 
ATC OH FOREIGNSHIP EIGHT UH CAN YOU TAKE TWO SEVEN RIGHT PLEASE 
FD8 UH {UNINTELLIGIBLE-P} TAKE EH RIGHT 
ATC I'M SORRY FOREIGNSHIP EIGHT DID YOU SAY YOU ARE AFFIRMATIVE FOR TWENTY TWO 

RIGHT 
FD8 NO I SAID NEGATIVE NEGATIVE FOR TWENTY TWO RIGHT 
ATC OKAY SOMEBODY GOT STEPPED ON FOREIGNSHIP EIGHT CAN YOU TAKE TWO TWO 

RIGHT FULL LENGTH AFFIRMATIVE OR NEGATIVE 
FD8H NEGATIVE WE CANNOT TAKE TWO TWO RIGHT FOREIGNSHIP EIGHT HEAVY 
ATC {COUGH} CAN YOU TAKE TWO SEVEN RIGHT SIR 
FD8 UH AFFIRMATIVE WE ARE ABLE TWO SEVEN RIGHT 

Example 2 
ATC FOREIGNSHIP FIFTY CAN YOU ACCEPT RUNWAY TWO SEVEN RIGHT FULL LENGTH 

AFFIRMATIVE OR NEGATIVE 
FD50H BE BACK UH FOREIGNSHIP UH FIFTY HEAVY 
ATC FOREIGNSHIP FIFTY HEAVY I'M SORRY WAS THAT AFFIRMATIVE OR NEGATIVE FOR TWO 

SEVEN RIGHT FULL LENGTH 
FD50H NEGATIVE FOREIGNSHIP FIFTY HEAVY 
ATC OKAY UH ONE MORE TIME SIR AFFIRMATIVE OR NEGATIVE I'M MISSING PART OF YOUR 

TRANSMISSION 
FD50H NEGATIVE FOREIGNSHIP FIFTY HEAVY WE CANNOT ACCEPT 
ATC YOU CANNOT ACCEPT NEGATIVE OKAY THANK YOU 

more.l�kely.to.be.an.�nd�cator.of.a.problem.—.25%.of. 
the.73.p�lot.transm�ss�ons.were.potent�ally.problemat�c. 
�n.language.product�on  

In.some.cases,.dysfuenc�es.such.as.“UHS,” “UMS,”.and. 
“AHS”.are.�nd�cators.of.uncerta�nty.rather.than.d�srupt�ons. 
to.formulat�ng.an.�ntell�g�ble.and.fuent.readback .for. 
example,.when.ATC.�ssued.the.follow�ng.clearance,.“U.S. 
OWNSHIP 753 RIGHT TURN DIRECT [fx] ON COURSE THANKS”.the. 
p�lot.responded.appropr�ately.w�th.the.transm�ss�on,.“UH 

WE CAN MAKE A RIGHT TURN U.S. OWNSHIP UH 753 WE BUT UH TO 

[fx] NOT ON AIRWAY ”.In.the.example,.the.a�rcraft.�s.on.a. 
part�cular.arr��al.that.does.not.�nclude.the.fx.ment�oned. 
by.the.controller .Had.the.p�lot.agreed.to.the.route,.a.r�ght. 
turn.would.requ�re.a.near.360-degree.turn .The.use.of.the. 
hes�tat�on,.“UH”.may.ser�e.as.an.alert�ng.mechan�sm.to. 
the.controller.from.the.p�lot.that.there.�s.a.problem.w�th. 
the.clearance,.not.the.p�lot’s.language.profc�ency  

In.contrast,.�n.response.to.the.controller.query.“FOR-
EIGNSHIP EIGHT CAN YOU TAKE TWO SEVEN RIGHT PLEASE,”.the. 
p�lot. repl�es. w�th,. “UH [un�ntell�g�ble-P] TAKE EH RIGHT ”. 
The.controller.cannot.understand.the.p�lot,.as.e��denced. 

by.the.controller’s.next.transm�ss�on,.“I’M SORRY FOREIGN-
SHIP EIGHT DID YOU SAY YOU ARE AFFIRMATIVE FOR TWENTY TWO 

RIGHT?”.In.th�s.example,.the.“UHS”.may.be.more.�nd�cat��e. 
of.the.p�lot’s.d�ffculty.w�th.the.Engl�sh.language.than. 
w�th.an.�ncongruence.between.the.fled.f�ght.plan.and. 
the.controller’s.�nstruct�on .In.fact,.the.use.of.“UH”.by. 
the.speaker.ser�es.the.role.of.a.placeholder.to.the.hearer. 
of. the.transm�ss�on.that.the.speaker.may.be.search�ng. 
the.mental.lex�con.for.the.correct.word  

To.summar�ze,.�n.ATC.rad�otelephone.commun�ca-
t�on,.�t.�s.d�ffcult.to.d�fferent�ate.between.language,. 
ATC.phraseology,.and.the.traffc.s�tuat�on .Control-
ler-p�lot.commun�cat�on.�s.not.a.casual.exchange.of. 
�nformat�on.—.messages.carry.we�ght.of.�mportance,. 
� e ,.safety .The.requ�rement.to.repeat.a.message,.pay. 
close.attent�on,.or.request.a.repeat.of.message.does.not. 
necessar�ly.create.a.commun�cat�on.problem,.nor.do. 
any.of.the.follow�ng:.(1).the.ATC.message.does.not. 
match. p�lot. expectat�on;. (2). the. ATC.message. may. 
not.correlate.w�th.the.f�ght.path;.(3).the.use.of.non-
standard.phraseology.by.e�ther.the.controller.or.p�lot;. 
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(4).equ�pment.problems,.poor.transm�ss�on.qual�ty;.(5). 
the.m�crophone.techn�que.used.by.e�ther.the.control-
ler.or.p�lot;.and.(6).the.speech.product�on.of.e�ther. 
the.controller.or.p�lot.(e g ,.speech.rate,.stammer�ng,. 
paus�ng,.words.runn�ng.together) . 

A.commun�cat�on.problem.�s.a.s�tuat�on.�n.wh�ch.a. 
message.�s.not.understandable.�n.content,.speech.(ac-
cent),.structure,.or.any.comb�nat�on.of.content,.speech,. 
and.structure.that.reaches.the.le�el.of.�nterfer�ng.w�th. 
traffc. procedures . A. commun�cat�on. problem. may. 
create.an.ATC.problem;.howe�er,. an.ATC.problem. 
rarely.creates.a.commun�cat�on.problem .Commun�ca-
t�on.problems.were.encoded.that.resulted.�n.�nterfer-
ence.w�th.traffc.procedures,.requ�red.pla�n.language. 
to.resol�e,.or.requ�red.ass�stance.from.other.p�lots.or. 
ATC.to.con�ey.the.message,.or.the.encoder.bel�e�ed. 
that.commun�cat�on.had.broken.down .An.example. 
of.an.ATC.problem.�ndependent.of.a.commun�cat�on. 
problem.would.be.an.a�rcraft.cleared.for.departure.that. 
stalls.on.the.runway.wh�le.another.a�rcraft.has.rece��ed. 
�ts.approach.clearance.to.that.same.runway .The.a�rcraft. 
on.approach.would.ha�e.to.rece��e.�nstruct�ons.to.“GO 

AROUND”.�f.the.other.a�rcraft.fa�ls.to.clear.the.runway . 
L�kew�se,.ha��ng.to.�ector.a�rcraft.around.a.weather. 
front.would.be.an.ATC.problem  

The. fnd�ngs. presented. here. re�ealed. that. fore�gn. 
reg�stered.a�rcraft.w�th.a.language.other.than.Engl�sh. 
as.the�r.pr�mary.or.offc�al.language,.that.rece��ed.ATC. 
ser��ces.�n.the.U S ,.not.only.spent.more.t�me.on.the. 
rad�o.commun�cat�ng.w�th.ATC,.but.more.transm�ss�ons. 
were. exchanged. and. more. commun�cat�on. problems. 
were.present.w�th�n.the�r.transact�ons .The.add�t�onal. 
p�lot. messages. may. ha�e. resulted. from. attempts. to. 

resol�e.some.of.the.commun�cat�on.problems .In.these. 
s�tuat�ons,. a. p�lot’s. Engl�sh. profc�ency. —. espec�ally. 
h�s/her.accent.—.often.resulted.�n.the.controller.not. 
be�ng.able.to.completely.understand.what.the.p�lot.was. 
attempt�ng. to. say . Rarely. d�d. the. controllers. express. 
d�ffculty. understand�ng. an. Engl�sh-speak�ng. p�lot . 
An.o�erall.exam�nat�on.of.the.p�lots’.Engl�sh.language. 
profc�ency. �nd�cates. that. the. accents. of. p�lots. fy�ng. 
for.fore�gn-Other.a�rcraft.was.a.l�m�t�ng.factor,.wh�le. 
for.p�lots.fy�ng.for.U S -Engl�sh.a�rcraft,.dysfuenc�es. 
were.fa�rly.common . 

These.fnd�ngs.are.congruent.w�th.a. recent.content. 
analys�s.that.was.conducted.on.commun�cat�on.between. 
Tha�. controllers. and. local.Tha�. p�lots,. nat��e. Engl�sh-
speak�ng. p�lots. (e g ,. U S ,. Br�t�sh),. and. non-nat��e. 
Engl�sh-speak�ng.p�lots.(e g ,.Korean,.Japanese) .In.that. 
study,.T�ewtrakul.(2007).found.that.the.local.Tha�.ATC. 
accent.affected.p�lot.understand�ng .In.part�cular,.there. 
were.more. commun�cat�on.problems. (readback. errors,. 
requests.for.repeats,.and.no.responses).among.the.non-
nat��e.Engl�sh-speak�ng.p�lots.(9 5%),.followed.by.nat��e. 
Engl�sh-p�lots.(4 8%) .The.least.problems.occurred.among. 
the.Tha�.or.local.p�lots.(1 4%) .T�ewtrakul.concluded.that. 
the.Tha�.controllers’.nat��e.language.may.ha�e.�nfuenced. 
the�r.Engl�sh.pronunc�at�on.to.the.po�nt.that.non-nat��e. 
Tha�-speak�ng.p�lots.were.at.a.d�sad�antage.�n.understand-
�ng.what.was.spoken  

Taken.together,.the.results.suggest.that.be�ng.able.to. 
speak.Engl�sh.may.be.necessary.but.�s.not.suffc�ent.�n. 
l�m�t�ng.commun�cat�on.problems .The.profc�ency.of.the. 
speaker.�n.the.product�on.of.Engl�sh.beyond.the.m�n�mum. 
spec�fed.�n.the.ICAO.language.profc�ency.scales.must.be. 
real�zed.�f.commun�cat�on.problems.are.to.decl�ne  
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APPENDIX A 

Pilot Readback Error Guide 

As used here, a readback error is defined as an unsuccessful attempt by a pilot to read back 

correctly the information contained in the communication elements that comprise the original 

message transmitted by air traffic control. The readback errors are illustrative replies made by a 

hypothetical aircraft. 

Classification of Readback Errors Examples 

Readback Errors Type (ALT) 

ATC: “American Ten climb and maintain one two thousand” 

1 = Substitution of message numbers/flight level vs. thousand 
1-“maintain one three thousand” 
“maintain flight level one two” 

2 = Substitution-transposition of climb/descend 2-“descend maintain one two thousand” 

3 = Substitution of message numbers with incorrect climb/descend 
3-“descend maintain one three 
thousand” 

4 = Transposition of message numbers with incorrect climb/descend 4-“descend maintain two one thousand” 
5 = Transposition of message numbers 5-“climb maintain two one thousand” 
6 = One type of information read back as another type of information 6-“one two zero knots” 
7 = Omission of anchor word(s) 7-“one two” 
8 = Omission of number elements 8-“climb maintain” 
9 = Omission of anchor word(s) and some number elements 9-“climb two thousand” 

Readback Errors Type (ALT RSTRN) 

ATC: “American Ten cross Alpha at or above one two thousand” 

1 = Substitution of message numbers/rate of descent/climb, 
substitution of word “expedite” 

1-“cross Alpha at or above one three 
thousand” 

2 = Substitution of (point/fix) 
2-“cross Bravo at or above one two 
thousand” 

3 = Substitution of message numbers with incorrect (point/fix) 
3-“cross Bravo at or above one three 
thousand” 

4 = Transposition of message numbers with incorrect (point/fix) 
4-“cross Bravo at or above two one 
thousand” 

5 = Transposition of message numbers 
5-“cross Alpha at or above two one 
thousand” 

6 = One type of information read back as another type of information 6-“descend to one two thousand” 

7 = Omission of anchor word(s) 
7-“cross (point/fix) at one two” 
“(point/fix) at one two thousand” 

8 = Omission of message numbers and/or (point/fix) 8-“cross at one two thousand” 
“cross (point/fix) at one two” 

9 = Omission of anchor word(s) and some number elements and/or 
(point/fix) 9-“cross VOR at one two” 

A-1 



       
                    

     

    

           
           
                  
           
         
              

         

        
 

                

               

      
 

              
       

 
            

            
             
                 
                 
            
                 
         

   
 

            

Note: “Expedite” clearances — Readbacks should include the word “expedite.” 
ATC: “AAL Ten expedite climb to one two thousand,” to which the FD replies: ‘hurry up to one two thousand’ 

Classification of Readback Errors Examples 

Readback Errors Type (ALTM) 

ATC “AAL Ten {Source} altimeter two nine nine two” 

1 = Substitution of message numbers 1-“altimeter nine two nine zero” 
2 = Transposition of message numbers 2-“altimeter nine two two nine” 
6 = One type of information read back as another type of information 6-“squawk two nine nine two” 
7 = Omission of anchor word 7-“(source) two nine nine two” 
8 = Omission of number elements 8-“(source) altimeter nine two” 
9 = Omission of both anchor word(s) and some number elements 9-“(source) nine nine two” 

Readback Errors Type (FREQ) 

ATC: “American Ten contact center one one eight point three” 

1 = Substitution of message numbers, (facility), (point/fix) 1-“contact center one eight” 

2 = Substitution - transposition of message numbers 
2-“contact center one eight one point 
three” 

3 = Substitution of message numbers with incorrect (facility), 
(point/fix) 

3- “contact tower one two eight point 
three” 

4 = Transposition of message numbers with incorrect (facility), 
(point/fix) 

4-“contact tower one eight one point 
three” 

5 = Transposition of message numbers 
5-“contact center eight one one point 
three” 

6 = One type of information read back as another type of information 6-“squawk one one eight three” 
7 = Omission of anchor word(s) 7-“contact center one one eight three” 
8 = Omission of number elements 8-“contact center one eight point three” 
9 = Omission of both anchor word(s) and some number elements 9-“contact center one eight three” 

Readback Errors Type (HDG) 

ATC: “American Ten turn left heading two one zero” 

1 = Substitution of message numbers 1-“zero one zero” or “six zero” 
2 = Substitution of direction of turn 2-“turn right heading two one zero” 
3 = Substitution of message numbers with incorrect direction of turn 3-“ turn right one three zero” 
4 = Transposition of message numbers with incorrect direction of turn 4-“turn right heading one two zero” 
5 = Transposition of message numbers 5-“turn left heading one two zero” 
6 = One type of information read back as another type of information 6-“two one zero knots” 
7 = Omission of anchor word(s) 7-“two one zero” 

8 = Omission of number elements 
8-“turn left heading” 
“left on the heading” 

9 = Omission of both anchor word(s) and some number elements 9-“two one” 
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Classification of Readback Errors Examples 

Readback Errors Type (HDG MOD) 

ATC: “American Ten increase rate of turn descend maintain four thousand” 

1 = Substitution of rate of turn 1-“decrease rate of turn” 

Readback Errors Type (HLDG) 

ATC: “American Ten hold northeast Alpha one zero mile legs right turns” 

1 = Substitution of message numbers, (fix/waypoint), (direction), etc. 1-“hold southwest Alpha” 
2 = Substitution - transposition of message numbers 
3 = Substitution of message numbers with incorrect (fix/waypoint), 
(direction), etc. 3-“southwest Bravo one two mile legs” 
4 = Transposition of message numbers with incorrect (fix/waypoint), 
(direction), etc. 
5 = Transposition of message numbers 
6 = Other-one type of information read back as another type of 
information 6-“via Victor twelve” 
7 = Omission of (fix/waypoint), (direction), (course), (minutes/miles), 
etc. 
8 = Omission of number elements 
9 = Omission of (fix/waypoint), (direction), (course), (minutes/miles), 
etc. and some number elements 

Readback Errors Type (RTE) 

ATC: “American Ten via Victor nine J twenty eight Alpha” 
ATC: “AAL Ten via Victor twelve J twenty eight (fix)” 

ATC: “AAL Ten turn right direct (fix)” 

1 = Substitution of message numbers, (fix), (route) 1-“via Victor five J twenty eight Alpha” 
2 = Substitution - transposition of message numbers 2-“via Victor nine J eighty two Alpha” 

3 = Substitution of message numbers with incorrect (fix), (route) 
3-“via Victor eight J twenty eight to 
Bravo” 

4 = Transposition of message numbers with incorrect (fix), (route) 
4-“via Victor nine J eighty two to 
Bravo” 

5 = Transposition of message numbers 5-“via Victor nine J eighty two Alpha” 
6 = One type of information read back as another type of information 6-“altimeter’s nine twenty eight” 
7 = Omission of (fix)/aircraft 7-“twelve twenty eight” 

8 = Omission of part/all of route 
8-“Victor and the J route (fix)” 
“(fix)” 

9 = Omission of (fix)/aircraft and part/all of route 9-“Victor and twenty eight” 
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Classification of Readback Errors Examples 

Readback Errors Type (SPD) 

ATC: “American Ten reduce speed two one zero knots” 

1 = Substitution of message numbers 1-“two five zero knots” 
2 = Substitution - transposition of message numbers 2-“reduce one two zero knots” 
3 = Substitution of message numbers with incorrect increase/decrease 3-“increase speed two five zero knots” 
4 = Transposition of message numbers with incorrect 
increase/decrease 4-“increase one two zero knots” 
5 = Transposition of message numbers 5-“reduce one two zero knots” 
6 = One type of information read back as another type of information 6-“heading two one zero” 
7 = Omission of anchor word(s) 7-“reduce two one zero” 
8 = Omission of number elements 8-“reduce speed” 
9 = Omission of both anchor word(s) and some number elements 9-“reduce two one” 

Readback Errors Type (TRNSPNDR) 

ATC: “American Ten squawk two one two four” 

1 = Substitution of message numbers 1-“squawk four two one three” 
2 = Substitution - transposition of message numbers 2-“squawk one two two four” 
6 = Other - one type of information read back as another type of 
information 6-“altimeter two one two four” 

Readback Errors Type (Advisory:APRCH/DEPTR) 

ATC: “American Ten expect ILS runway two one right approach” 

1 = Substitution of message numbers 
1-“expect ILS runway two two right 
approach” 

2 = Substitution - transposition of message numbers 
2-“expect ILS runway one two right 
approach” 

3 = Substitution of approach name 3-“expect visual approach” 
6 =Other - One type of information read back as another type of 
information 6-“expect maintain two one” 
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APPENDIX B 

MANOVA, ANOVA, and Fisher LSD Statistical Output of Throughput Analysis 

Multivariate Tests(c) 

Effect Value F 
Hypothesis 

df Error df Sig. 
Intercept 

REGISTRY_LANGUAGE 

Pillai's Trace 
Wilks' Lambda 
Hotelling's Trace 
Roy's Largest Root 
Pillai's Trace 

Wilks' Lambda 

Hotelling's Trace 

Roy's Largest Root 

.559 

.441 
1.268 
1.268 

.088 

.913 

.095 

.088 

349.587(a) 
349.587(a) 
349.587(a) 
349.587(a) 

12.663 

12.863(a) 

13.062 

24.251(b) 

3.000 
3.000 
3.000 
3.000 

6.000 

6.000 

6.000 

3.000 

827.000 
827.000 
827.000 
827.000 
1656.00 

0 
1654.00 

0 
1652.00 

0 
828.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

a Exact statistic 
b The statistic is an upper bound on F that yields a lower bound on the significance level. 
c Design: Intercept+REGISTRY_LANGUAGE 

Tests of Between-Subjects Effects 

Source Dependent Variable 
Type III Sum 
of Squares df Mean Square F Sig. 

Corrected Model Prob_total_sum 6.501(a) 2 3.251 5.227 .006 
TOTSEC_sum 5413.482(b) 2 2706.741 31.511 .000 
N_BREAK 131.039(c) 2 65.520 8.416 .000 

Intercept Prob_total_sum 21.839 1 21.839 35.114 .000 
TOTSEC_sum 60062.761 1 60062.761 699.223 .000 
N_BREAK 7701.477 1 7701.477 989.277 .000 

REGISTRY_LANGUAGE Prob_total_sum 6.501 2 3.251 5.227 .006 
TOTSEC_sum 5413.482 2 2706.741 31.511 .000 
N_BREAK 131.039 2 65.520 8.416 .000 

Error Prob_total_sum 515.594 829 .622 
TOTSEC_sum 71210.513 829 85.899 
N_BREAK 6453.730 829 7.785 

Total Prob_total_sum 617.000 832 
TOTSEC_sum 263764.000 832 
N_BREAK 34462.000 832 

Corrected Total Prob_total_sum 522.095 831 
TOTSEC_sum 76623.995 831 
N_BREAK 6584.769 831 

a R Squared = .012 (Adjusted R Squared = .010) 
b R Squared = .071 (Adjusted R Squared = .068) 
c R Squared = .020 (Adjusted R Squared = .018) 
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Multiple Comparisons 

LSD 
Dependent (I) REGISTRY- (J) REGISTRY-

Variable LANGUAGE LANGUAGE 
Mean 

Difference (I-J) Std. Error Sig. 95% Confidence 
Interval 

Lower Bound Upper 
Bound 

Lower 
Bound 

Upper 
Bound 

Lower 
Bound 

Prob_total_sum U.S.-English Foreign-English .1068 .15776 .499 -.2029 .4164 
Foreign-Other -.2131(*) .06900 .002 -.3486 -.0777 

Foreign-English U.S.-English -.1068 .15776 .499 -.4164 .2029 
Foreign-Other -.3199 .16647 .055 -.6466 .0069 

Foreign-Other U.S.-English .2131(*) .06900 .002 .0777 .3486 
Foreign-English .3199 .16647 .055 -.0069 .6466 

TOTSEC_sum U.S.-English Foreign-English -5.6586(*) 1.85408 .002 -9.2979 -2.0194 
Foreign-Other -6.1394(*) .81091 .000 -7.7311 -4.5477 

Foreign-English U.S.-English 5.6586(*) 1.85408 .002 2.0194 9.2979 
Foreign-Other -.4808 1.95642 .806 -4.3209 3.3594 

Foreign-Other U.S.-English 6.1394(*) .81091 .000 4.5477 7.7311 
Foreign-English .4808 1.95642 .806 -3.3594 4.3209 

N_BREAK U.S.-English Foreign-English -1.23(*) .558 .027 -2.33 -.14 
Foreign-Other -.89(*) .244 .000 -1.37 -.41 

Foreign-English U.S.-English 1.23(*) .558 .027 .14 2.33 
Foreign-Other .34 .589 .559 -.81 1.50 

Foreign-Other U.S.-English .89(*) .244 .000 .41 1.37 
Foreign-English -.34 .589 .559 -1.50 .81 

Based on observed means. 
* The mean difference is significant at the .05 level. 
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	EXECUTIVE sUMMARY 
	EXECUTIVE sUMMARY 
	The.Internat.onal.C...l.A..at.on.Organ.zat.on.(ICAO).requ.red.the..mplementat.on.of..ts.language.profic.ency.standards..n.March.5,.2008,.among..ts.member.states.who.were.ready,.and.w.ll.extend.a.max.mum.3-year.wa..er.to..ts.member.states.that.can.subm.t.the.r.test.ng.program.to.ICAO.by.the.March.deadl.ne ..The.de.elopment.of.these.standards.began.as.a.response.to.an..ncrease..n.a..at.on.fatal.t.es.and.acc.dents.that.c.ted..nadequate.Engl.sh.language.profic.ency.as.e.ther.a.causal.or.contr.but.ng.factor .
	-
	-
	-

	The.purpose.of.th.s.report..s.to.pro..de.some..nd.cat.on.as.to.the.types.and.frequency.of.commun.cat.on.problems.exper.enced.by.p.lots.who.may.or.may.not.ha.e.Engl.sh.as.the.r.pr.mary.or.offic.al.language ..To.do.th.s,.the.commun.cat.ons.of.p.lots.and.controllers.were.exam.ned.that.occurred.between.March.and.August.2006.at.fi.e.U .S ..a.r.route.traffic.control.centers.(ARTCCs) ..A.rcraft.call.s.gns.were.used.to.class.fy.them.as.e.ther.U .S ..or.fore.gn.reg.s.reg.stry.was..dent.fied ..Three.d.fferent.groups.
	-
	-
	try,.and.then.the.offic.al.language.of.the.country.of
	We.were.not.able.to.confirm.the.nat..e.languages.of

	In.th.s.report,.we.define.a.commun.cat.on.problem.as.a.s.tuat.on..n.wh.ch.a.message..s.not.under.a.comb.nat.on.that.reaches.the.le.el.of..nterfer.ng.w.th.traffic.procedures ..Notably,.a.commun.cat.on.problem.may.create.an.a.r.traffic.control.(ATC).problem;.howe.er,.an.ATC.problem.(e .g .,.d..ert.ng.a.rcraft.away.from.a.weather.front).rarely.creates.a.commun.cat.on.problem ..Commun.cat.on.problems.were.encoded.that.resulted..n..nterference...ATC.to.con.ey.the.message,.or.the.encoder.bel.e.ed.that.commun.cat.
	-
	-
	standable..n.content,.speech.(accent),.structure,.or
	-
	w.th.traffic.procedures,.requ.red.pla.n.language.to
	resol.e,.or.requ.red.ass.stance.from.other.p.lots.or

	The.commun.cat.on.problems.were.class.fied..nto.three.major.categor.es:.readback.errors,.requests.for.repeat,.and.breakdowns..n.commun.cat.on ..An.exam.nat.on.of.these.commun.cat.on.problems.showed.that.for.U .S ..reg.stry.a.rcraft.transact.ons.
	w.th.one.commun.cat.on.problem,.51%..n.ol.ed.%.breakdowns..n.commun.cat.on ..%.of.the.fore.gn.reg.stry.a.rcraft.transact.ons.w.th.one.commun.cat.on.problem.were.readback.errors,.62%.were.requests.for.repeat,.and.14%..n.ol.ed.breakdowns..n.commun.cat.on ..Of.the.transact.ons.w.th.mult.ple.problems,.more.than.75%..n.ol.ed.fore.gn.reg.stry.a.rcraft .
	w.th.one.commun.cat.on.problem,.51%..n.ol.ed.%.breakdowns..n.commun.cat.on ..%.of.the.fore.gn.reg.stry.a.rcraft.transact.ons.w.th.one.commun.cat.on.problem.were.readback.errors,.62%.were.requests.for.repeat,.and.14%..n.ol.ed.breakdowns..n.commun.cat.on ..Of.the.transact.ons.w.th.mult.ple.problems,.more.than.75%..n.ol.ed.fore.gn.reg.stry.a.rcraft .
	readback.errors,.34%.requests.for.repeat,.and.15
	In.contrast,.23

	To.determ.ne.whether.or.not.commun.cat.on.problems..ncluded.messages.w.th.defic.enc.es..n.Engl.sh.language.profic.ency,.an.o.erall.deta.led.analys.s.was.performed.on.the.p.lot-controller.transact.ons..dent.fied.as.ha..ng.one.or.more.commun.cat.on.problem ..Generally,.the.encoder.answered.two.quest.ons:.(1).Is.there.a.commun.cat.on.problem?.(yes.or.no);.and.(2).Was.language.profic.ency..n.ol.ed?.() ..If.the.encoder.bel.e.ed.language.profi.class.fy.Engl.sh.language.profic.ency.us.ng.the.ICAO.Language.Profic.e
	-
	-
	yes.or.no
	-
	c.ency.was..n.ol.ed,.then.an.attempt.was.made.to

	Among.fore.gn.reg.stry.a.rcraft,.the.more.frequently.occurr.ng.readback.errors..ncluded.rad.o.frequency.and.route.a..at.on.top.cs ..In.64%.of.the.readback.errors.made.by.fore.gn-Other.reg.stry.a.rcraft.p.lots,.the.r.accents.made..t.d.fficult.for.the.controller.to.understand.what.was.be.ng.sa.d ..for.
	-

	U .S ..reg.stry.a.rcraft,.the.more.frequently.occurr.ng.readback.errors..n.ol.ed.rad.o.frequency.and.alt.tude.a..at.on.top.cs,.of.wh.ch.pronunc.at.on.was.a.factor.for.1%.of.the.readback.errors ..
	Nearly.63%.of.the.requests.to.repeat..n.ol.ed.the.confirmat.on.or.say.aga.n.of.a.spec.fic.a..at.on.top.c ..fore.gn.and.U .S ..reg.stry.a.rcraft.each.wanted.t.tudes.more.than.any.of.the.other.a..at.on.top.cs ..The.follow.ng.message.expresses.se.eral.factors.that..nfluenced.a.p.lot’s.rat.onale.for.a.request.for.repeat,.“I – I APOLOGIZE IT’S EARLY IN THE MORNING, AND MY BRAIN’S UH – THE PEN UH WHICH ISN’T WORKING WELL 
	confirmat.on.of.rad.o.frequenc.es,.routes,.and.al
	-

	– UH YOU GOTTA READ IT AGAIN SLOWER.”.
	mun.cat.on,.runway.ass.gnment,.and.route.clearance.transact.ons.were.espec.ally.problemat.c.for.the.p.lots.of.fore.gn-Other.reg.stry.a.rcraft ..The.problem.may.be.part.ally.due.to.controllers’.and.p.lots’.use.of.pla.n.language.and.the.p.lots’.pronunc.at.on.and.fluency ..%.of.the.p.lots’.messages ..
	Of.the.transact.ons..n.ol..ng.a.breakdown..n.com
	-
	Notably,.accent.affected.the..ntell.g.b.l.ty.of.40


	The.breakdowns..n.commun.cat.on.exper.enced.by.U .S .-Engl.sh.reg.stry.a.rcraft..n.ol.ed.call.s.gn.confus.on.and.the.transfer.of.commun.cat.on.process.(e.ther.a.transfer.occurred.too.soon.or.the.controller.had.to..n.t.ate.the.call-up) ..Pronunc.at.on.and..ocabulary.rarely.appeared..n.a.breakdown.of.the.r.commun.cat.on ..
	-

	The.find.ngs.presented.here.re.ealed.that.when.the.reg.stry.of.an.a.rcraft.was.fore.gn.and..ts.pr.mary.or.offic.al.language.was.not.Engl.sh,.not.only.d.d.p.lots.spend.more.t.me.commun.cat.ng.w.th.ATC,.they.also.exchanged.more.transm.ss.ons.and.had.more.commun.cat.on.problems..n.the.r.transact.ons ..The.add.t.onal.p.lot.messages.may.ha.e.resulted.
	from.attempts.to.resol.e.some.of.the.commun.cat.on.problems ..In.these.s.tuat.ons,.a.p.lot’s.Engl.sh.language.profic.ency.—.espec.ally.h.s/her.accent..completely.understand.what.the.p.lot.was.attempt.ng.to.say ..Rarely.d.d.the.controllers.express.d.fficulty.understand.ng.an.Engl.sh-speak.ng.p.lot ..
	-
	—.often.resulted..n.the.controller.not.be.ng.able.to

	Taken.together,.the.results.suggest.that.be.ng.able.to.speak.Engl.sh.may.be.necessary.but..s.not.suffic.ent..n.l.m.t.ng.commun.cat.on.problems ..The.profic.ency.of.the.speaker..n.the.product.on.of.Engl.sh.beyond.the.m.n.mum.spec.fied..n.the.ICAO.language.profic.ency.scales.must.be.real.zed..f.commun.cat.on.problems.are.to.decl.ne ..
	PILOT ENGLISH LANGUAGE PROFICIENCY AND THE PREVALENCE OF COMMUNICATION PROBLEMS AT FIVE U.S. AIR ROUTE TRAFFIC CONTROL CENTERS 
	PILOT ENGLISH LANGUAGE PROFICIENCY AND THE PREVALENCE OF COMMUNICATION PROBLEMS AT FIVE U.S. AIR ROUTE TRAFFIC CONTROL CENTERS 
	Approach: “CESSNA ONE TWO THREE X-RAY YANKEE, TRAFFIC IS AT YOUR 12 O’CLOCK, 5 MILES AND 3000 FEET, A SAAB 340.” 
	Cessna 123XY: “LOOKING. WHERE IS HE? OVER THE RIVER?” 
	Approach: “TRAFFIC NO FACTOR. HE’S OVER THE RIVER, THROUGH THE WOODS, AND ON HIS WAY TO GRANDMOTHER’S HOUSE. CONTACT TOWER NOW ON 120.7.” 
	Most.res.dents..n.the.Un.ted.States.recogn.ze.“….o.er.the.r..er,.through.the.woods…”.as.part.of.the.popular.song.often.learned..n.elementary.school.dur.ng.the.Thanksg...ng.season ..It..s.an.excerpt.from.“A.Boy’s.Thanksg...ng.Day,”.a.poem.wr.tten.by.Lyd.a.Mar.a.Ch.ld..n.Flowers for Children,..olume.2,..n.1844 ..To.understand.the.approach.controller’s.humor.requ.res.more.than.a.l.teral..both.U .S ..culture.and.h.story,.and.competency..n.general.Engl.sh ..As.Walcott.(2006).po.nts.out,.“It..s.not.enough.to.s.mp
	-
	-
	.nterpretat.on.of.the.words;..t.requ.res.an.understand.ng.of

	Non-nat..e.Engl.sh-speak.ng.p.lots.are.at.a.d.sad.antage.fly.ng..nto.countr.es.where.the.r.pr.mary.or.nat..e.language..s.not.spoken ..understand.spoken.Engl.sh,.the.language.of.a..at.on,.but.also.speak..t.when.commun.cat.ng.w.th.a.r.traffic.control.Engl.sh ..H.stor.cally,.some.non-nat..e.Engl.sh-speak.ng.p.lots.had.a.l.m.ted.ab.l.ty.to.commun.cate.w.th.controllers,.and.that.led.some.non-Engl.sh-speak.ng.commerc.al.a.rl.nes.to..nclude.an..nterpreter.as.part.of.the.fl.ght.crew.who.could.commun.cate.d.rectly.w
	-
	1
	.Not.only.must.they.be.able.to
	-
	lers.whose.pr.mary.or.nat..e.language.may.or.may.not.be
	-
	2

	.—.ATC.commun.cat.on
	.—.ATC.commun.cat.on
	§.121 .383(c).of.T.tle.14,.Code.of.federal.Regulat.ons.[14.CfR]) ..
	Another.d.sad.antage.for.non-nat..e.Engl.sh-speak.ng.p.lots..s.the.d.spar.t.es.between.the.phraseology.adopted.by.a.part.cular.Internat.onal.C...l.A..at.on.Organ.zat.on.(ICAO).member.state.and.the.standard.phraseology.supported.by.ICAO ..for.example,.the.ICAO.standard.fore.enter.ng..ts.departure.runway..s.“l.ne.up.and.wa.t .”.Howe.er,.U .S ..a.r.traffic.controllers.use.the.phraseology.“tax...nto.pos.t.on.and.hold .”.fam.l.ar.to.fore.gn.p.lots.depart.ng.from.U .S ..a.rports ..
	phraseology.for.an.a.rcraft.that..s..nstructed.to.wa.t.be
	-
	.Th.s.phraseology.may.not.be

	Other.examples.are.g..en..n.Append.x.1.of.the.Un.ted.K.ngdom’s.(U .K .’s).C...l.A..at.on.Author.ty.publ.cat.on.CAP413 Radiotelephony Manual.(CAA,.May.2006) ..The.manual.pro..des.a.table.that.deta.ls.the.d.fferences..n.ICAO.and.U .K ..rad.otelephony.procedures.and.phraseology ..Presented..n.Table.1..s.an.excerpt.from.that.table ..The.first.column..llustrates.two.examples.of.the.d.fferences.between.the.phraseolog.es,.and.the.second.column.pro..des.the.reason.for.U .K ..noncompl.ance.w.th.ICAO ..
	-
	-

	In.response.to.a.U .S ..Congress.onal.request.put.forth.by.Representat..e.Bob.franks..n.2000,.U .S ..Inspector..determ.ne.the.pre.alence.of..nternat.onal.p.lots.fly.ng..n.U .S ..a.rspace.who.are.unable.to.commun.cate.w.th.a.r.traffic.controllers.due.to..nadequate.knowledge.of.the.Engl.sh.language.and..ts..mpact.on.safety ..The.find.ngs.conta.ned..n.th.s.response.noted.that.from.January.1997..309,.approx.mately.5%).p.lot.de..at.ons.nat.onw.de.that.were.attr.butable.to.language.or.phraseology.problems.between
	General.Kenneth.Mead.undertook.an..n.est.gat.on.to
	to.August.2000,.the.fAA.recorded.a.total.of.16.(out.of
	3


	.It.may.be.that.the.off.c.al.language.of.the.country..s.Engl.sh.but.the.pr.mary.3..fAA.Order.7210 .56C.Air Traffic Quality Assurance.§4-1-1 ..Def.n.t.ons.a.language.spoken.by.the.p.lot..s.not ...Th.s.p.ece.of..nformat.on.was.shared.w.th.the.f.rst.author.by.controllers.a.federal.A..at.on.Regulat.on.or.North.Amer.can.Aerospace.Defense.(Comdur.ng..nformal.con.ersat.ons.and.conf.rmed.by.commun.cat.ons.between.mand.A.r.Defense.Ident.f.cat.on.Zone).Tolerance .”the.f.rst.author.and.some.fore.gn.p.lots .
	1
	(3).P.lot.De..at.on ..“the.(s.c).act.ons.of.a.p.lot.that.result..n.the...olat.on.of
	2
	-

	Table 1. Examples of U.K. Differences to ICAO Radiotelephony Procedures. 
	Details of ICAO/U.K. Difference 
	Details of ICAO/U.K. Difference 
	Details of ICAO/U.K. Difference 
	Reason/Remarks 

	Phraseology FLIGHT LEVEL ONE ZERO ZERO (ICAO) is not used in U.K. In the U.K., flight levels ending in hundreds are transmitted as HUNDRED, e.g., FLIGHT LEVEL ONE HUNDRED. 
	Phraseology FLIGHT LEVEL ONE ZERO ZERO (ICAO) is not used in U.K. In the U.K., flight levels ending in hundreds are transmitted as HUNDRED, e.g., FLIGHT LEVEL ONE HUNDRED. 
	To avoid potential confusion with adjacent flight levels and misidentification of cleared levels, e.g., Flight Level One Zero Zero with FLIGHT LEVEL ONE ONE ZERO. 

	Phraseology CLEARED FOR ILS APPROACH is not routinely used in the U.K. In the U.K., pilots will be asked to “Report established” on the localizer. Once established, they will then be given clearance to “descend on the ILS.” In busy RTF environments, the phraseology may be combined to “When established on the localiser, descend on the ILS...” 
	Phraseology CLEARED FOR ILS APPROACH is not routinely used in the U.K. In the U.K., pilots will be asked to “Report established” on the localizer. Once established, they will then be given clearance to “descend on the ILS.” In busy RTF environments, the phraseology may be combined to “When established on the localiser, descend on the ILS...” 
	Due to procedure design and airspace complexity, along with lessons learned from flight safety related incidents and occurrences, the UK has elected to enhance safety by adopting unambiguous phraseology that includes a positive descent instruction to ensure that descent is initiated only when it is safe to do so. 


	In.2004,.ICAO,.an.agency.of.the.Un.ted.Nat.ons,.publ.shed..ts.Manual on the Implementation of ICAO Language Proficiency Requirements..n.response.to.se.eral.acc.dents.and..nc.dents.where.language.profic.ency.was.c.ted.as.e.ther.causal.or.contr.but.ng.factors ..In.that.same.year,.the.APANPIRG.ATM/AIS/SAR.Sub-Group.(ATM/AIS/SAR/SG/14).presented.the.Secretar.at.of.ICAO.w.th.a.document.ent.tled.Language Proficiency.that.st.pulated.“….p.lots.on..nternat.onal.fl.ghts.shall.demonstrate.language.profic.ency..n.e.the
	4
	5

	“The.pr.mary.means.for.exchang.ng..nformat.on..n.a.r-ground.commun.cat.ons..s.the.language.of.the.ground.stat.ons,.wh.ch.w.ll..n.most.cases.be.the.nat.onal.language.of.the.State.respons.ble.for.the.stat.on .”.Paragraph.5 .2 .1 .1.2.recommends.“that.where.Engl.sh..s.not.the.language...the.Annex..nd.cate.that.the.Engl.sh.language.w.ll.be.mun.cat.ons .”.
	of.the.ground.stat.on,.the.Engl.sh.language.should.be
	a.a.lable.on.request,.thereby,.the.recommendat.ons.of
	a.a.lable.as.a.un..ersal.med.um.for.rad.otelephone.com
	-

	0,.A..anca.fl.ght.52.was.mak.ng..ts.th.rd.approach..nto.JfK.A.rport.and.fa.led.to..nform.a.r.traff.c.control.they.had.a.fuel.emergency.and.crashed .
	4
	..As.an.example,..n.199

	A.r.Traff.c.Management/Aeronaut.cal.Informat.on.Ser..ces.and.Search.and.Rescue.(ATM/AIS/SAR).Sub-Group.of.APANPIRG.(As.a.Pac.f.c.A.r.Na..gat.on.Plann.ng.and.Implementat.on.Reg.onal.Group)
	5
	.
	-

	In.March.2008,.ICAO..mplemented..ts.language.profic.ency.requ.rements ..Spec.fically,.“Aeroplane.and.hel.copter.p.lots.and.those.fl.ght.na..gators.who.are.requ.red.to.use.the.rad.o.aboard.an.a.r.carr.er.shall.demonstrate.the.ab.l.ty.to.speak.and.understand.the.language.used.for.rad.otelephony.commun.cat.ons .”.L.kew.se,.“A.r.traffic.controllers.and.aeronaut.cal.stat.on.operators.shall.demonstrate.the.ab.l.ty.to.speak.and.understand.the.language.used.for.rad.otelephony.commun.cat.ons .”.To.reta.n.the.r.l.cen
	6
	-
	7
	8

	There.are.s.x.le.els.of.operat.onal.profic.ency.rang.ng.from.pre-elementary.(Operat.onal.Le.el.1).through.expert.(Operat.onal.Le.el.6) ..profic.ency.that.are.e.aluated:.Pronunc.at.on,.Structure,.Vocabulary,.fluency,.Comprehens.on,.and.Interact.ons ..fa.lure.to.reach.Operat.onal.Le.el.6.language.profic.ency.w.ll.requ.re.retest.ng.at.least.once.e.ery.three.yrs..f.the.test.results.place.the.p.lot.at.Operat.onal.Le.el.4.or.e.ery.s.x.yrs..f.the.p.lot..s.at.Operat.onal.Le.el.5 ..The.t.me..nter.al.for.retest.ng..s
	-
	.There.are.s.x.d.mens.ons.of
	-

	f.Appendix A, Manual on the Implementation of ICAO Language Proficiency Requirements,.a.draft.resolut.on.was.put.forth.that.mod.f.es.the..mplementat.on.date.(see.Language Proficiency Requirements Resolution A36/11 ICAO TE/36 10/9/07) ..
	6
	.S.nce.the.publ.cat.on.o
	-

	Appendix A, Manual on the Implementation of ICAO Language Proficiency 
	7

	Requirements. 8..Appendix A, Manual on the Implementation of ICAO Language Proficiency Requirements. 
	It.should.come.as.no.surpr.se.that.many.commerc.al.educat.onal.suppl.ers.are.rap.dly.de.elop.ng..nstruct.onal.and.test.ng.mater.als.for.the.a..at.on..ndustry.to.meet.the.March.2008.t.mel.ne ..L.kew.se,.many.ICAO.member.states.are.bus.ly.establ.sh.ng.standards.by.wh.ch.those..nstruct.onal.and.test.ng.mater.als.w.ll.be.e.aluated ..What..s.absent.are.data.from.wh.ch.the.effect..eness.of.those.tra.n.ng.programs.can.be.assessed ..That..s,.a.need.ex.sts.to.descr.be,.basel.ne,.and.document.current.operat.onal.comm
	W.th.n.the.U .S .,.data.are.lack.ng.concern.ng.the.pre.alence.of.ATC.commun.cat.on.problems.attr.butable.to.the.product.on.and.comprehens.on.of.Engl.sh ..As.used..n.th.s.report,.a.communication problem..s.a.s.tuat.on..n.wh.ch.a.message..s.not.understandable..n.content,.speech.(accent),.structure,.accuracy.of.readback,.or.any.comb.nat.on.of.these.elements.that.reaches.the.le.el.of.poss.bly..nterfer.ng.w.th.ATC.procedures ..Commun.cat.on.problems.are.presented..n.ol..ng.readback.errors.(RBEs),.breakdowns..n.c
	-
	-
	-
	-
	1:1.relat.onsh.p.between.the.controller-p.lot.exchange.of
	-
	t.on.—.the..nformat.on..n.a.message.carr.es.we.ght.of

	Therefore,.the.purpose.of.th.s.report..s.to.document.problemat.c.commun.cat.ons.accord.ng.to.the.type.of.a.rcraft.(U .S .,.fore.gn),.type.of.commun.cat.on.problem,..mun.cat.ons.were.transcr.bed..erbat.m.and.exam.ned.for.the.presence.of.commun.cat.on.problems ..The.DATs.were.requested.from.fi.e.A.r.Route.Traffic.Control.Cen-ters.(ARTCCs) ..fac.l.ty.representat..es.selected.sectors.and.t.me.samples.that.reflected.the.bus.est..nternat.onal.traffic.per.ods ..
	and.frequency.of.occurrence ..Approx.mately.50.hours.of
	d.g.tal.aud.o.tapes.(DATs).of.p.lot-controller..o.ce.com
	-



	METHOD 
	METHOD 
	METHOD 
	subject Matter Experts (sMEs) 
	subject Matter Experts (sMEs) 
	The.first.author.of.th.s.report.had.12.yrs.of.exper.ence.analyz.ng.p.lot.controller.commun.cat.ons ..The.second.author.was.an..nstrument-rated.p.lot.and.former.controller.who.had.worked.as.an.fAA.Academy..nstructor.for.8.yrs.and.had.worked.for.12.yrs..n.fAA.super..s.on.and.management ..The.th.rd.author.had.ass.sted.the.second.author..n.encod.ng.p.lot-controller.commun.cat.ons.for.more.than.10.yrs .
	-



	Materials 
	Materials 
	Materials 
	Audio Tapes.hours.of..o.ce.commun.cat.ons.for.a.total.of.51.hours.of.record.ngs ..fac.l.ty.representat..es..dent.fied.the.sectors.and.t.me.samples.w.th.the.hea..est.concentrat.on.of..nternat.onal.traffic ..The.commun.cat.ons.occurred.between.March.and.August.2006 ..D.g.tal.aut.o.tape.(DAT).record.ngs.were.made.at.each.fac.l.ty.us.ng.the.N.ceLogger™.D.g.tal.Vo.ce.Recorder.System.(DVRS).to.record.and.t.mestamp.each.transm.ss.on ..Each.DAT.conta.ned.separate..o.ce.records.of.all.commun.cat.on.transm.tted.on.th
	 ..f..e.ARTCCs.were.asked.to.pro..de.10
	-

	A Guide to the Classification of Pilot Readback .unsuccessful.attempt.by.a.p.lot.to.read.back.correctly.the..nformat.on.conta.ned..n.the.commun.cat.on.elements.that.compr.se.the.or.g.nal.message.transm.tted.by.a.r.traffic.control ..Many.of.the.readback.error.types.are.common.to.all.a..at.on.top.cs.(AT) ..The.more.typ.cal.ones..nclude.subst.tut.on,.transpos.t.on,.and.om.ss.on.errors ..Some.types.of.readback.errors.may.pose.a.greater.r.sk.to.safety.than.others ...AT.may.be.more.of.a.threat..n.some.s.tuat.ons.
	Errors..As.used.here,.a.readback.error..s.defined.as.an
	.
	for.example,.transpos.ng.a.number..n.an

	As.seen..n.Table.2,.the.column.to.the.r.ght.d.splays..alt.tude ..for.example,.ATC.m.ght.transm.t.the.follow.ng.message.to.AAL10:.“AMERICAN TEN TURN LEFT HEADING TWO ONE ZERO .”.If.the.p.lot.reads.back.e.ther.“THREE ONE ZERO”.or.“SIX ZERO,”..t.would.be.coded.as.a.subst.tut.on.error.s.nce.the.numbers..n.the.or.g.nal.head.ng..nstruct.on..ncluded.ne.ther.a.three.nor.a.s.x ..The.complete.Readback Error Guide.appears..n.Append.x.A .
	the..ar.ous.types.of.readback.errors.assoc.ated.w.th.an
	-

	s.to.the.type..f..nformat.on..n.an.ATC.message.(e .g .,.head.ng,.speed,.alt.tude,.runway,.etc .) .
	9
	.An.a..at.on.top.c.refer


	Table 2. An Example From the Readback Error Guide. 
	Classification of Readback Errors 
	Examples ATC: “AAL Ten climb and maintain one two thousand” Readback Errors Type (ALT) 
	Examples ATC: “AAL Ten climb and maintain one two thousand” Readback Errors Type (ALT) 
	1 = Substitution of message numbers/flight level vs. thousand 
	1-“maintain one three thousand” “maintain flight level one two” 2 = Substitution of climb with descend or descend with climb 
	2-“descend maintain one two thousand” 3 = Substitution of message numbers with incorrect climb/descend 
	3-“descend maintain one three thousand” 4 = Transposition of message numbers with incorrect climb/descend 
	4-“descend maintain two one thousand” 5 = Transposition of message numbers 
	5-“climb maintain two one thousand” 6 = One type of information read back as another type of information 
	6-“AAL Ten one two zero knots” 7 = Omission of anchor word(s) 
	7-“one two” 8 = Omission of number elements 
	8-“climb maintain” 9 = Omission of anchor word(s) and some number elements 
	9-“climb two thousand” 
	9-“climb two thousand” 

	The ICAO Language Proficiency Rating scale. The.Manual on the Implementation of ICAO Language Proficiency Requirements.(2004).pro..des.the.cr.ter.a.and.rat.ng.scales.for.e.aluat.ng.ICAO.language.profic.ency ..There.are.s.x.le.els.of.operat.onal.profic.ency.rang.ng.from.pre-elementary.(Operat.onal.Le.el.1).through.expert.(Operat.onal.Le.el.6) ..S.x.d.mens.ons.of.profic.ency.are.e.aluated ..They..nclude.Pronunc.at.on.(pronunc.at.on,.stress,.rhythm,.and..ntonat.on),.Structure.(grammar,.sentence.patterns,.globa
	-
	10




	Procedure 
	Procedure 
	Data Transcription. One.set.of.aud.ocassette.tapes.was.dubbed.from.each.d.g.tal.aud.o.tape.and.pro..ded.to.the.transcr.bers,.who.used.them.to.generate.the..erbat.m.transcr.pts ..Each.transm.ss.on.was.assoc.ated.w.th.the.or.g.nat.ng.fac.l.ty,.sector,.date,.and.transm.ss.on.number ..A.rcraft.call.s.gns.(. .e .,.the.company.name.and.fl.ght.number).were.used.to.group.transm.ss.ons.by.a.r.carr.er.reg.stry.(U .S .,.fore.gn).and.language.(Engl.sh,.Other) ..FAA Order JO 7340.1Z Contractions.(fAA.2007).was.used.as.a
	-

	.ARTCC,.the.second.and.th.rd.authors.were.pro..ded.w.th.cop.es.of.the.transcr.pts,...deo.maps,.procedures.manual,.a.r.carr.er..dent.fiers,.and.other.mater.als.that.they.requested.for.use.dur.ng.the.encod.ng.process ..They.also.were.pro..ded.w.th.a.DVRS.and.the.fac.l.ty-pro..ded.DATs.were.loaded.onto..t.to.fac.l.tate.message.encod.ng ..Th.s.process.was.followed.for.each.of.the.fi.e.ARTCCs .
	Once.the.transcr.bers.fin.shed.a.set.of.tapes.for.an
	-

	pendent.clauses..n.a.sentence.that.can.result..n.confus.on ..Local.errors.occur.w.th.n.a.clause.and.may..n.ol.e.art.cle.usage,..erb.tense,.etc ..
	10
	.In.l.ngu.st.cs,.global.errors.typ.cally.occur.between..ndependent.and.de
	-

	Table 3. Parsed ATC Message Categorized by Speech Acts and Aviation Topics. 
	SPKR 
	SPKR 
	SPKR 
	Message 
	T1 
	T2 
	T3 
	T4 

	ATC 
	ATC 
	OWNSHIP SIXTY FOUR TEN/ {FID} / RESUME NORMAL SPEED / CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO 
	RID 
	SID 
	IS 
	IA 


	Table 4. ATC Message Couplets. 
	Table 4. ATC Message Couplets. 

	SPKR 
	SPKR 
	SPKR 
	Message 
	T1 
	T2 
	T3 
	T4 

	ATC 
	ATC 
	OWNSHIP SIXTY FOUR TEN/ {FID} / RESUME NORMAL SPEED / CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO 
	RID 
	SID 
	IS 
	IA 

	FD6410 
	FD6410 
	OKAY / NORMAL SPEED /AND UP TO FLIGHT LEVEL TWO FOUR ZERO /OWNSHIP SIXTY FOUR TEN 
	IGA 
	IS 
	IA 
	SID 


	Table 5. Identification of Communication Problems. 
	SPKR 
	SPKR 
	SPKR 
	Message 
	Com Prob 
	Type Prob 
	Type RBE 
	RBE AT 

	ATC 
	ATC 
	OWNSHIP SIXTY FOUR TEN/ {FID} / RESUME NORMAL SPEED / CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO 
	1 
	1 
	1 
	IA 

	FD6410 
	FD6410 
	OKAY / NORMAL SPEED /AND UP TO FLIGHT LEVEL TWO FOUR ZERO /OWNSHIP SIXTY FOUR TEN 
	1 
	1 
	1 
	IA 


	Message Encoding..Message.encod.ng.was.a.4-stage.process ..It.began.w.th.the.rece.pt.of.a.complete.set.of.transcr.pts,.aud.o.med.a.of.the.commun.cat.ons,.and.reference.mater.als .
	step 1 ..In.Step.1,.each.controller.message.was.parsed..nto.commun.cat.on.elements.and.categor.zed.by.speech..Pr.nzo,.Hendr.x,.and.Hendr.x.(2007) ..In.Table.3,.the.column.labeled.“T1”..s.the.rece..er..dent.ficat.on,.under.“T2”..s.the.speaker..dent.ficat.on.(.n.the.example,.fID.stands.for.fac.l.ty.Ident.ficat.on.and..t.refers.to.the.name.of.the.ARTCC),.“T3”.conta.ns.a.speed..nstruct.on.(IS),.and.“T4”.shows.that.the.last.commun.cat.on.element..s.an..nstruct.on.to.change.alt.tude.(IA) ..The.transm.ss.on.conta.
	act.and.a..at.on.top.c.us.ng.the.protocol.establ.shed.by

	step 2..In.Step.2,.each.controller.transm.ss.on.was.pa.red.w.th.the.p.lot’s.reply.to.that.message ..The.a.rcraft..dent.fier.and.message.contents.were.used.to.match.the.controller’s.transm.ss.on.w.th.the.p.lot’s.response ..As.shown..n.Table.4,.the.controller.transm.tted.a.message.to.the.fl.ght.deck.(fD).of.Ownsh.p.6410,.to.wh.ch.the.p.lot.repl.ed.w.th.a.general.acknowledgment,.the.readback.of.the.speed.and.alt.tude..nstruct.ons,.followed.by.the.a.r.carr.er’s.call.s.gn .
	step 3 ..In.Step.3,.each.readback.was.e.aluated.for.accuracy ..Th.s..s.a.mult.stage.encod.ng.process ..As.shown..n.Table.5,..f.no.problem.was.present,.then.a.“0”.was.entered.under.the.column.labeled.“Com.Prob .”.Otherw.se,.the.number.of.commun.cat.on.problems.was.recorded.for.the.ent.re.message ..In.th.s.example,.there.was.one..dent.fied..“1”.appears..n.that.column .
	step 3 ..In.Step.3,.each.readback.was.e.aluated.for.accuracy ..Th.s..s.a.mult.stage.encod.ng.process ..As.shown..n.Table.5,..f.no.problem.was.present,.then.a.“0”.was.entered.under.the.column.labeled.“Com.Prob .”.Otherw.se,.the.number.of.commun.cat.on.problems.was.recorded.for.the.ent.re.message ..In.th.s.example,.there.was.one..dent.fied..“1”.appears..n.that.column .
	-
	commun.cat.on.problem..n.the.couplet,.so.the..alue.of

	Then.the.type.of.commun.cat.on.problem.was.coded.under.the.column.labeled.“Type.Prob .”.Commun.cat.on.problems.were.coded.as.readback.error.(RBE).=.1,.breakdown..n.commun.cat.on.(BIC).=.2,.and.request.for.repeat.(RfR).=.3 ..If.a.commun.cat.on.problem.was..dent.fied.that.d.d.not.match.the.pre-defined.class.ficat.ons,.then..t.was.ass.gned.a.new..alue.and.added.to.the.class.ficat.on.scheme ...each.type.of.commun.cat.on.problem ..The..nformat.on.w.th.n.a.message.appear.ng..n.bold.font.ser.es.to..solate.the.prob
	-
	-
	Presented.below..s.an.example.of

	Encoding Readback Errors..As.shown..n.Table.5,.there..s.an.error..n.ol..ng.the.readback.of.the.alt.tude..nstruct.on ..Us.ng.theGuide to the Classification of Pilot Readback Errors.(Append.x.A),.the.readback.errors.were.grouped.accord.ng.to.the.r.type.(e .g .,.subst.tut.on.=.1,.transpos.t.on.=.2,.om.ss.on.=.3,.comb.nat.on.=.4) ..In.Transm.ss.on.1,.the.controller..nstructed.the.p.lot.to.“CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO .”.In.

	Table 6. An Example of a Breakdown in Communication. 
	SPKR 
	SPKR 
	SPKR 
	Tx 
	Message 
	Com Prob 
	Type Prob 

	ATC 
	ATC 
	1 
	OWNSHIP SIX / TURN FIFTEEN DEGREES RIGHT VECTOR FOR TRAFFIC 
	1 
	2 

	FD6 
	FD6 
	2 
	A RIGHT / TURN TEN DEGREE OWNSHIP SIX 
	1 
	2 

	ATC 
	ATC 
	3 
	OWNSHIP TURN FIFTEEN DEGREES RIGHT VECTOR FOR TRAFFIC / EXPECT DIRECT {INTERSECTION} IN TWO ZERO MILES 
	0 
	0 

	FD6 
	FD6 
	4 
	OWNSHIP SIX / ROGER 
	0 
	0 

	ATC 
	ATC 
	5 
	OWNSHIP SIX / YOUR READBACK WAS UH BROKEN / TURN FIFTEEN DEGREES RIGHT 
	1 
	2 

	FD6 
	FD6 
	6 
	TURN TEN DEGREES TO THE RIGHT 
	1 
	2 

	ATC 
	ATC 
	7 
	OKAY / TEN DEGREES RIGHT / OWNSHIP SIX 
	0 

	FD6 
	FD6 
	8 
	OWNSHIP SIX / ON HEADING ONE FOUR FIVE 
	0 


	Transm.ss.on.2,.the.p.lot.erroneously.read.back.“FLIGHT LEVEL TWO FOUR ZERO .”.The.readback.error.was.class.fied.as.a.subst.tut.on.error.s.nce.none.of.the.numbers..n.the.or.g.nal.alt.tude..nstruct.on.conta.ned.the.number.4 .
	The.last.part.of.the..dent.ficat.on.of.readback.errors.defined.wh.ch.of.the.a..at.on.top.cs.were.read.back..ncorrectly ..S.nce.the.faulty.readback..n.ol.ed.the.alt.tude..nstruct.on,.“IA”.was.coded.under.the.column.labeled.“RBE.AT .”
	-

	Encoding Breakdowns in Communication. P..otal.to.a.breakdown..n.commun.cat.on..s.a.fa.lure.between.the.controller.and.p.lot.to.ach.e.e.a.mutual.understand.ng,.wh.ch.can.result..n..nterference.w.th.ATC.procedures ..A.BIC.often..n.ol.es.mult.ple.transm.ss.ons.before.the.problem..s.resol.ed .
	Presented..n.Table.6..s.an.example.of.a.BIC ..It.beg.ns..n.Transm.ss.on.1.w.th.the.controller..nstruct.ng.the.p.lot.to.change.the.a.rcraft’s.head.ng.by.15.degrees ..In..10.degrees ..We.would.ha.e.encoded.that.message.couplet.as.a.readback.error,.except.that.the.controller.repeated.the.same..nstruct.on..n.Transm.ss.on.3,.to.wh.ch.the.p.lot.repl.ed.“ROGER”..n.Transm.ss.on.4 ..In.Transm.ss.on.5,.the.controller.r.ghtfully.restates.the.same..nstruct.on.a.th.rd.t.me.because.the.acknowledgment.“ROGER”.does.not.ens
	Transm.ss.on.2,.the.p.lot.reads.back.a.head.ng.change.of
	.nstruct.on.to.change.head.ng.by.turn.ng.10.degrees.to
	the.new.head.ng ..Th.s..s.a.class.c.example.of.a.“fa.lure.to

	wear.the.controller.down.and.poss.bly.create.an.unsafe..traffic ..Thus,.th.s.transact.on.was.encoded.as.a.BIC..n.ol..ng.an..nstruct.on.to.change.head.ng .
	s.tuat.on,.espec.ally.when.the.course.change..s.due.to

	Encoding Requests for Repeat. There.are.key.words.that.s.gnal.that.a.p.lot.needs.to.ha.e..nformat.on.conta.ned..n.a.pre..ous.ATC.transm.ss.on.g..en.a.second.t.me ..Some.of.these.anchor.words.are“SAY AGAIN,” “CONFIRM,” “VERIFY,” “COULD YOU REPEAT,”.etc ..In.some.cases,.the.p.lot.only.needs.some.of.the..nformat.on.restated,.whereas..n.others.the.request.may.be.for.the.all.the..nformat.on.conta.ned..n.the.ATC.transm.ss.on ..We..dent.fied.four.d.fferent.types.of.requests:.(1).confirmat.on/.er.ficat.on.of.a.spec
	As.shown..n.Table.7,..n.Transm.ss.on.2,.the.p.lot.correctly.read.back.the..nformat.on.conta.ned..n.the.controller’s.first.transm.ss.on ..Howe.er,..n.Transm.ss.on.3,.the.p.lot.asks.the.controller.to.repeat.the.ent.re.transm.ss.on.a.second.t.me ..In.Transm.ss.on.4,.the.controller.compl.es.w.th.the.p.lot’s.request.but.changes..fl.ght.le.el.one.n.ner.zero ..We.do.not.know.why.the.controller.changed.the.alt.tude ..Transm.ss.ons.3,.4,.and.fi.e.are.encoded.as.conta.n.ng.a.commun.cat.on.problem..n.ol..ng.an.RfR ..
	-
	the.pre..ously..ssued.alt.tude.of.one.se.en.thousand.to

	step 4..In.Step.4,.theICAO Language Proficiency Rating Scale gu.ded.the.encod.ng.of.Engl.sh.Language.Profic.ency.(ELP) ..To.a.d.encod.ng.the.language.profic.ency,.the.encoder.had.a.copy.of.the.transcr.pt.to.read.wh.le.l.sten.ng.to.the.d.g.t.zed.aud.o.transm.ss.ons.and.a.copy.of.the.ICAO Language Proficiency Rating Scale ..The.encoder.l.stened.to.a.transm.ss.on.mult.ple.t.mes.wh.le.ass.gn.ng.a..alue.along.each.d.mens.on ..No.attempt.was.
	-

	Table 7. An Example of a Request for Repeat. 
	Table 7. An Example of a Request for Repeat. 

	SPKR 
	SPKR 
	SPKR 
	Tx 
	Message 
	Com Prob 
	Type Prob 
	Type RfR 

	ATC 
	ATC 
	1 
	OWNSHIP TWENTY TWO SEVENTY SIX / AMEND ALTITUDE MAINTAIN ONE SEVEN THOUSAND / CLEARED DIRECT TO {FIX} 
	0 
	0 
	0 

	FD2276 
	FD2276 
	2 
	ONE SEVEN THOUSAND / UH DIRECT {FIX} / OWNSHIP TWENTY TWO SEVENTY SIX 
	0 
	0 
	0 

	FD2276 
	FD2276 
	3 
	{FID} / COULD YOU REPEAT / FOR OWNSHIP TWENTY TWO SEVENTY SIX / SORRY 
	1 
	3 
	4 

	ATC 
	ATC 
	4 
	OWNSHIP TWENTY TWO SEVENTY SIX / CLEARED DIRECT TO {FIX} / CLIMB MAINTAIN FLIGHT LEVEL ONE NINER ZERO NOW 
	1 
	3 
	4 

	FD2276 
	FD2276 
	5 
	ALRIGHT / FLIGHT LEVEL ONE NINE ZERO / DIRECT {FIX} OWNSHIP TWENTY TWO SEVENTY SIX / THANK YOU 
	1 
	3 
	4 


	made.to.class.fy.a.speaker’s.utterance.accord.ng.to.ICAO’s.s.x.Operat.onal.Le.els.of.ELP ..Howe.er,.Pronunc.at.on,.Structure,.Vocabulary,.fluency,.Comprehens.on,.and.Interact.ons.were.scored.as.e.ther.0.=.not.a.problem,.or.1.=.was.a.problem.for.the.transm.ss.on,.us.ng.the.descr.ptors.pro..ded.on.the.ICAO Language Proficiency Rating Scale .
	Presented..n.Table.8.are.the.same.examples.presented..“1”.for.each.message.on.the.s.x.d.mens.ons.of.ELP ..The.transact.on.w.th.the.RBE.was.found.not.to.conta.n.any.ELP.problems ..Had.the.“UH”..n.Transm.ss.on.3.appeared.embedded.w.th.n.the.a..at.on.top.c.rather.than.preced.ng..t,.a.poss.ble.fluency.problem.would.be.noted.w.th.a.“1”..n..ts.des.gnated.column ..The.transact.on.w.th.a.BIC.had.problems.assoc.ated.w.th.pronunc.at.on.(p.lot.flew.a.fore.gn-Other.a.rcraft.and.the.accent.affected.the..ntell.g.b.l.ty.o
	.n.Tables.5,.6,.and.7,.along.w.th.the.rat.ngs.of.“0”.or
	-
	-

	EncodingReliability..Inter-rater.rel.ab.l.ty.was.e.aluated.by.ha..ng.the.first.and.second.author.randomly.encode.the.same.set.of.125.messages.(25.for.each.fac.l.ty) ..S.nce.the.first.and.second.author.both.used.A Guide to the Computation of Level of Complexity.to.compute.complex.ty,..t.was.expected.that.there.would.be.a.h.gh.percentage.of.agreement.between.them ..Kr.ppendorff’s.alpha.(α),.
	-
	-
	11

	.s.a.rel.ab.l.ty.coeff.c.ent.that.was.or.g.nally.de.eloped.for.e.aluat.ng.agreement.between.coders.perform.ng.a.content.analys.s ..It..s.a.stat.st.c.that..s.w.dely.appl.cable.where.er.2.or.more.methods.of.process.ng.data.are.appl.ed.to.the.same.set.of.objects,.un.ts.of.analys.s,.or..tems.and.the.quest.on..s.how.much.they.agree.(Kr.ppendorff,.1980) .
	11
	.Kr.ppendorff’s.alpha

	.each.set.of.data.was.completed.and.after.all.the.data.were.encoded ..Treat.ng.the.rat.ngs.as.ord.nal.data.produced.α =. .945,..nd.cat.ng.h.gh..nter-coder.agreement .
	.each.set.of.data.was.completed.and.after.all.the.data.were.encoded ..Treat.ng.the.rat.ngs.as.ord.nal.data.produced.α =. .945,..nd.cat.ng.h.gh..nter-coder.agreement .
	a.rel.ab.l.ty.coeffic.ent.was.performed.on.the.r.rat.ngs.as



	REsULTs 
	REsULTs 
	REsULTs 
	Only.transact.ons.between.controllers.and.p.lots.who.flew.for.commerc.al.a.r.carr.ers.were.analyzed ..The.transact.ons.began.w.th.the.a.rcraft.check.ng..n,..n.ol.ed.changes..n.trajector.es,.speeds,.alt.tudes,.runway.ass.gn.commun.cat.ons.(TOC) ..There.were.4,816.p.lot.transm.ss.ons.(78%.Engl.sh,.22%.Other).from.832.a.rcraft.(74%.U .S .,.26%.fore.gn).that.were.aggregated.accord.ng.to.fac.l.ty,.sector,.t.me.sample,.and.fl.ght..dent.fier.(the.company.name.coupled.w.th..ts.fl.ght.number) ..They.represented.53.d
	-
	ments,.other.a..at.on.top.cs,.and.ended.w.th.a.transfer.of
	-

	(e .g .,.Amer.can,.Cont.nental,.Delta,.Un.ted,.etc .),.ten.fore.gn.a.r.carr.ers.w.th.Engl.sh.as.the.r.pr.mary.or.offic.al.language,.fore.gn-Engl.sh.(e .g .,.Speedb.rd,.Tradew.nds,.New.Zealand,.Qantas,.etc .),.52.fore.gn.a.r.carr.ers.w.th.a.language.other.than.Engl.sh.as.the.r.pr.mary.or.offic.al.language,.fore.gn-Other.(e .g .,.A.r.france,.Mex.cana,.Pak.stan,.Sw.ss) ..Consequently,.fl.ght..dent.fier.and.language.was.comb.ned.to.create.one.factor.w.th.three.groups:.Reg.stry-Language.(U .S .-Engl.sh.n.=.642;.
	-

	Three.sets.of.analyses.were.performed ..The.first.set.exam.ned.the.mean.total.rad.o.frequency.occupancy,..commun.cat.on.problems..n.a.transact.on ..Of.these.832.transact.ons,.23%.conta.ned.one.or.more.commun.cat.on.problems.(U .S .-%,.%).
	mean.number.of.transm.ss.ons,.and.mean.total.number.of
	Engl.sh.=.21%,.fore.gn-Engl.sh.=.19
	fore.gn-Other.=.30
	 ..The.second.set.was.restr.cted.to


	Table 8. Encoding of ATC/FD Messages According to ICAO ELP Dimensions. 
	Table 8. Encoding of ATC/FD Messages According to ICAO ELP Dimensions. 
	Table 9. Transaction Throughput Presented by Aircraft Registry-Language. 

	SPKR 
	SPKR 
	SPKR 
	Types of Communication Problems 
	ICAO ELP Dimensions 

	Pronunciation
	Pronunciation
	Structure
	Vocabulary
	Fluency
	Comprehension
	Interaction 

	TR
	READBACK ERROR (RBE) 

	ATC 
	ATC 
	OWNSHIP SIXTY FOUR TEN RESUME NORMAL SPEED CLIMB MAINTAIN FLIGHT LEVEL TWO THREE ZERO 
	0 
	0 
	0 
	0 
	0 
	0 

	FD6410 
	FD6410 
	OKAY NORMAL SPEED AND UP TO FLIGHT LEVEL TWO FOUR ZERO OWNSHIP SIXTY FOUR TEN 
	0 
	0 
	0 
	0 
	0 
	0 

	ATC 
	ATC 
	SKYWEST SIXTY FOUR TEN NEGATIVE IT'S FLIGHT LEVEL TWO THREE ZERO 
	0 
	0 
	0 
	0 
	0 
	0 

	FD6410 
	FD6410 
	OKAY I'LL TURN UP THE HEARING AID UH FLIGHT LEVEL TWO THREE ZERO SKYWEST SIXTY FOUR TEN 
	0 
	0 
	0 
	0 
	0 
	0 

	TR
	BREAKDOWN IN COMMUNICATIONS (BIC) 

	ATC 
	ATC 
	OWNSHIP SIX TURN FIFTEEN DEGREES RIGHT VECTOR FOR TRAFFIC 
	0 
	0 
	0 
	0 
	0 
	0 

	FD6 
	FD6 
	A RIGHT TURN TEN DEGREE OWNSHIP SIX 
	1 
	0 
	0 
	0 
	1 
	0 

	ATC 
	ATC 
	OWNSHIP TURN FIFTEEN DEGREES RIGHT VECTOR FOR TRAFFIC EXPECT DIRECT {INTERSECTION} IN TWO ZERO MILES 
	0 
	0 
	0 
	0 
	0 
	0 

	FD6 
	FD6 
	OWNSHIP SIX ROGER 
	1 
	0 
	0 
	0 
	0 
	0 

	ATC 
	ATC 
	OWNSHIP SIX YOUR READBACK WAS UH BROKEN TURN FIFTEEN DEGREES RIGHT 
	0 
	0 
	0 
	1 
	0 
	0 

	FD6 
	FD6 
	TURN TEN DEGREES TO THE RIGHT 
	1 
	0 
	0 
	0 
	1 
	0 

	ATC 
	ATC 
	OKAY TEN DEGREES RIGHT OWNSHIP SIX 
	0 
	0 
	0 
	0 
	0 
	0 

	FD6 
	FD6 
	OWNSHIP SIX ON HEADING ONE FOUR FIVE 
	1 
	0 
	0 
	0 
	0 
	0 

	TR
	REQUEST for REPEAT (RfR) 

	ATC 
	ATC 
	OWNSHIP TWENTY TWO SEVENTY SIX AMEND ALTITUDE MAINTAIN ONE SEVEN THOUSAND CLEARED DIRECT TO {FIX} 
	0 
	0 
	0 
	0 
	0 
	0 

	FD2276 
	FD2276 
	ONE SEVEN THOUSAND UH DIRECT {FIX} OWNSHIP TWENTY TWO SEVENTY SIX 
	0 
	0 
	0 
	0 
	0 
	0 

	FD2276 
	FD2276 
	{FID} COULD YOU REPEAT FOR OWNSHIP TWENTY TWO SEVENTY SIX SORRY 
	0 
	0 
	0 
	1 
	0 
	0 

	ATC 
	ATC 
	OWNSHIP TWENTY TWO SEVENTY SIX CLEARED DIRECT TO {FIX} CLIMB MAINTAIN FLIGHT LEVEL ONE NINER ZERO NOW 
	0 
	0 
	0 
	0 
	0 
	0 

	FD2276 
	FD2276 
	ALRIGHT FLIGHT LEVEL ONE NINE ZERO DIRECT {FIX} OWNSHIP TWENTY TWO SEVENTY SIX THANK YOU 
	0 
	0 
	0 
	0 
	0 
	0 


	Aircraft Registry-Language 
	Aircraft Registry-Language 
	Aircraft Registry-Language 
	Total Frequency Occupancy Time (sec) 
	Total Pilot Transmissions 
	Mean Number of Communication Problems 

	Foreign-English 
	Foreign-English 
	19.27 (11.35) 
	6.81 (3.25) 
	.19 (0.40) 

	Foreign-Other 
	Foreign-Other 
	19.75 (13.17) 
	6.46 (3.02) 
	.51 (1.08) 

	U.S.-English 
	U.S.-English 
	13.61 ( 7.87) 
	5.57 (2.71) 
	.30 (0.71) 


	exam.ne.the.content.of.the.p.lot-controller.commun.cat.ons.that.had.one.or.more.commun.cat.on.problems ..It.was.conducted.on.1,532.p.lot.transm.ss.ons,.represent.ng.204.fl.ghts ..The.th.rd.set.attempted.to.class.fy.the.transact.ons.w.th.commun.cat.on.problems.us.ng.the.ICAO.language.profic.ency.scales.(but.not.ass.gn.ng.operat.onal.le.els.of.profic.ency) ..for.that.analys.s,.348.p.lot.transm.ss.ons.were.analyzed ..for.all.analyses,.stat.st.cal.s.gn.ficance.was.set.at.p.. .05 .
	-
	-
	-
	<

	Analysis One: Transaction Throughput 
	Analysis One: Transaction Throughput 
	The.Engl.sh.language.profic.ency.of..nd...dual.p.lots.and.controllers.w.ll.be.cons.dered..n.a.future.report ..In.that.report,.the.operat.onal.le.el.of.the.ICAO.scales.w.ll.be.appl.ed.to.each.utterance..n.a.transact.on.w.th.one.or.more.commun.cat.on.problem.for.each.Reg.stryLanguage.a.rcraft .
	-

	There.were.three.dependent.measures.that.compr.sed.transact.on.throughput:.the.total.amount.of.t.me.the.p.lot.of.an.a.rcraft.was.on.the.rad.o.frequency.commun.cat.ng.w.th.the.controller.(Total.frequency.Occupancy.T.me.reported..n.seconds),.the.total.number.of.p.lot.transm.ss.ons,.and.the.total.number.of.commun.cat.on.problems..n.the.transact.on.(Mean.Number.of.Commun.cat.on.Problems) ..All.the.means.and.standard.de..at.ons.(presented..n.parentheses).for.the.throughput.measures.are.presented..n.Table.9 .
	-
	-

	A.Mult..ar.ate.Analys.s.of.Var.ance.(MANOVA),.conducted.to.determ.ne.whether.or.not.Reg.stry-Language.resulted..n.d.fferences..n.transact.on.throughput,.was. .83] ..Subsequently,.Un..ar.ate.ANOVA.procedures.were.used.to.e.aluate.the.effects.of.Reg.stry-Language.on.each.dependent.measure,.and.f.sher’s.Least.S.gn.ficant.D.fference.(LSD).stat.st.c..solated.stat.st.cally.s.gn.ficant.d.fferences.between.the.three.groups.for.each.dependent.measure ..All.Reg.stryLanguage.of.the.ANOVAs.were.stat.st.cally.s.gn.fican
	-
	stat.st.cally.s.gn.ficant.[f(6,1654).=.12
	-

	Frequency OccupancyTime. The.Reg.stry-Language. .51] ..Post.hoc.compar.sons.re.ealed.that.the.p.lots.fly.ng.fore.gn.reg.stry.a.rcraft.spent.6.sec.more.on.frequency.speak.ng.w.th.controllers.than.p.lots.fly.ng.for.a.U .S ..a.r.carr.er.and.no.d.fference.due.to.language.among.the.p.lots.fly.ng.a.fore.gn.a.r.carr.er .
	Frequency OccupancyTime. The.Reg.stry-Language. .51] ..Post.hoc.compar.sons.re.ealed.that.the.p.lots.fly.ng.fore.gn.reg.stry.a.rcraft.spent.6.sec.more.on.frequency.speak.ng.w.th.controllers.than.p.lots.fly.ng.for.a.U .S ..a.r.carr.er.and.no.d.fference.due.to.language.among.the.p.lots.fly.ng.a.fore.gn.a.r.carr.er .
	ANOVA.was.stat.st.cally.s.gn.ficant.[f(2,829).=.31

	Total Pilot Transmissions per Transaction. The.Reg.stry-Language.ANOVA.re.ealed.that.the.p.lots.fly.ng.fore.gn.reg.stry.a.rcraft.transm.tted.more.messages.to.ATC.than.the.p.lots.of.U .S ..reg.stry.a.rcraft.[f(2,829).=.8 .42] ..furthermore,.post.hoc.compar.sons.showed.no.stat.st.cal.d.fference.due.to.language.(Engl.sh,.Other).among.the.fore.gn.a.rcraft .
	-

	Mean Total Number of Communication Problems. The.results..nd.cate.that.when.a.r.carr.ers.had.a.language.other.than.Engl.sh.as.the.r.pr.mary.or.offic.al.language,.the.commun.cat.ons.of.the.r.p.lots.w.th.controllers.resulted..n.more.commun.cat.on.problems.per.transact.on.[f(2,829).=.5 .23] ..Post.hoc.compar.sons.re.ealed.no.rel.able.d.fference.between.U .S ..and.fore.gn.reg.stry.fl.ghts.when.the.pr.mary.language.of.the.a.rcraft.was.Engl.sh .
	-



	Analysis Two: Types of Communication Problems 
	Analysis Two: Types of Communication Problems 
	Analysis Two: Types of Communication Problems 
	for.the.second.set.of.analyses,.the.ch.-square.stat.st.c.was.used.to.exam.ne.the..nfluence.of.Reg.stry-Language.on.the.pre.alence.of.commun.cat.on.problems..n.the.en.route.en..ronment ..The.fore.gn-Engl.sh.reg.stry.a.rcraft.were.excluded.because.they.d.d.not.fulfill.the.requ.rements.of.the.ch.-square.stat.st.c.(Reg.stry.and.Language.were.not.mutually.exclus..e) ..furthermore,.only.the.transm.ss.ons.w.th.one.commun.cat.on.problem.underwent.the.ch.-square.analys.s ..Stat.st.cal.s.gn.ficance.was.set.at.p. .05 
	-
	<
	-
	2


	Table 10. Communications Problems Presented by Aircraft Registry-Language. 
	Aircraft Registry-Language 
	Aircraft Registry-Language 
	Aircraft Registry-Language 
	Type of Communication Problem One Problem Two or More Problems 
	Total 

	RBE 
	RBE 
	RfR 
	BIC 
	RBE + RfR 
	RBE + BIC 
	RfR + BIC 

	Foreign-English 
	Foreign-English 
	1 
	4 
	0 
	0 
	0 
	0 
	5 

	Foreign-Other 
	Foreign-Other 
	18 
	48 
	11* 
	1 
	2 
	4 
	84 

	U.S.-English 
	U.S.-English 
	97 
	64 
	29 
	0 
	1 
	1 
	192 

	Total 
	Total 
	116 
	116 
	40 
	1 
	3 
	5 
	281 


	* Bold values included in chi-square analysis. 
	A.content.analys.s.was.performed.on.the.commun.cat.on.problems.to.determ.ne.wh.ch.a..at.on.top.cs.were.problemat.c.for.the.p.lots ..commun.cat.on.problem.accord.ng.to.Reg.stry-Language,.and.the.r.types.and.frequency.of.commun.cat.ons.prob .
	-
	.Th.s.was.done.for.each.type.of
	-
	lems.are.presented.for.all.three.groups..n.Table.10

	The.data.for.fore.gn-Other.reg.stry.a.rcraft.presented..n.Table.10.show.that.for.transact.ons.w.th.one commun.cat.on.problem,.23%.(18/77).of.the.commun.cat.on.problems.were.readback.errors,.62%.were.requests.for.repeat,.and.14%..n.ol.ed.breakdowns..n.commun.cat.on ..Approx.mately.51%.(97/190).of.the.U .S .-Engl.sh.reg.stry.a.rcraft.transm.ss.ons.w.th.one.commun.cat.on.problem..n.ol.ed.readback.errors.(RBE),.34%.requests.for.repeat.(RfR),.and.15%.breakdowns..n.commun.cat.on.(BIC) ..There.were.only.fi.e.commu
	-
	-

	Readback Errors. S.nce.there.was.only.one.RBE.(an.alt.tude.restr.ct.on).made.by.a.fore.gn-Engl.sh.a.rcraft,.
	.t.was.not..ncluded..n.f.gure.1 ..Consequently,.only.the.readback.errors.made.by.fore.gn-Other.and.U .S .-Engl.sh.reg.stry.a.rcraft.were.categor.zed.by.type.of.a..at.on.top.c ..As.shown..n.f.gure.1,.the.read.back.of.rad.o.frequency.a..at.on.top.cs.accounted.for.24%.of.readback.errors.among.p.lots.fly.ng.fore.gn-Other.reg.stry.a.rcraft.and.nearly.31%.of.readback.errors.among.p.lots.fly.ng.U .S .Engl.sh.reg.stry.a.rcraft ..for.p.lots.fly.ng.fore.gn-Other.tr.buted.to.alt.tude.and.alt.tude.restr.ct.ons,.as.comp
	-
	reg.stry.a.rcraft,.20%.of.the.r.readback.errors.were.at
	-
	Str.k.ngly,.route.clearances.accounted.for.about.19%.of

	Requests for Repeat..The.types.of.RfR.transm.ss.ons. ..There.are.four.types:.(1).46%..n.ol.ed.the.confirmat.on.of.a.CONFIRM THAT WAS TWENTY EIGHT POINT ONE FIVE);.(2).16%.were.confirmat.on.that.the.transm.ss.on.was.for.them,.(e .g .,.alr.ght.one.n.ne.zero.that.was.for.ownsh.p.th.rty.one.fifty.e.ght);.(3).17%.were.the.repet.t.on.
	are.presented.by.Reg.stry-Language..n.Table.11
	spec.fic.AT.(e .g .,.
	-

	Figure 1. Readback Errors Presented by Aviation Topic and Aircraft Registry. 0% 5% 10% 15% 20% 25% 30% 35% Altimeter Altitude Altitude Restriction Heading Radio Frequency Route Speed Transponder Foreign-Other U.S.-English 
	Table 11. Requests for Repeat Presented by Aircraft Registry-Language. 
	Table 11. Requests for Repeat Presented by Aircraft Registry-Language. 
	Table 11. Requests for Repeat Presented by Aircraft Registry-Language. 

	Aircraft Registry-Language 
	Aircraft Registry-Language 
	Confirmation 
	Say Again 

	Aviation Topic 
	Aviation Topic 
	Was that for me? 
	Aviation Topic 
	Transmission 
	Total 

	Foreign-English 
	Foreign-English 
	3 
	0 
	1 
	0 
	4 

	Foreign-Other 
	Foreign-Other 
	27 
	5 
	8 
	13 
	53 

	U.S.-English 
	U.S.-English 
	26 
	14 
	12 
	13 
	65 

	Total 
	Total 
	56 
	19 
	21 
	26 
	122 


	Figure 2. Confirmations Presented by Aviation Topic and Aircraft Registry. 0% 5% 10% 15% 20% 25% 30% 35% Altimeter Altitude Altitude Restriction Radio Frequency Heading Heading Modifier Other Route Speed Transponder Foreign-Other U.S.-English 
	SAY AGAIN THE ALTIMETER SETTING .SAY AGAIN PLEASE) ..
	of.a.spec.fic.a..at.on.top.c.(e .g .,.
	PLEASE);.and.(4).21%..n.ol.ed.the.repet.t.on.of
	an.ent.re.transm.ss.on.(e .g .,.

	Requests for Confirmation of a Particular Aviation Topic. As.seen..n.Table.11,.50%.(27/53).of.the.fore.gn-Other.and.40%.(26/65).of.the.U .S .-Engl.sh.fl.ghts’.RfR..n.ol.ed.confirmat.on.of.a.part.cular.a..at.on.top.c ..The.compos.t.on.of.these.requests..s.presented..n.f.gure.2 ..It.shows.that.requests.to.confirm.the.accuracy.%.of.the.RfR.made.by.fl.ghts.operated.by.fore.gn-Other.reg.stry.a.rcraft.and.about.31%.by.U .S .-Engl.sh.reg.stry.a.rcraft ...the.fore.gn-Other.fl.ghts.and.19%.of.the.U .S .-Engl.sh.fl.g
	-
	of.the.read.back.of.rad.o.frequenc.es.accounted.for.26
	Confirmat.on.of.routes.accounted.for.30%.of
	-

	Requests for Repeat of a Particular Aviation Topic (say Again)..There.were.20.requests.for.ATC.to.repeat.
	a.part.cular.a..at.on.top.c.(40%.fore.gn-Other,.60%.
	U .S .-Engl.sh) ..As.shown..n.f.gure.3,.of.these.“say.aga.ns,”.13%.of.the.fore.gn-Other.and.25%.of.the.U .S .-Engl.sh.fl.ghts.RfR..n.ol.ed.rad.o.frequenc.es ..Requests.of.“say.
	aga.n.route.clearances”..n.ol.ed.63%.of.the.fore.gn-Other.and.25%.of.the.U .S .-Engl.sh.fl.ghts ..Another.13%.of.the.fore.gn-Other.compared.w.th.25%.of.the.U .S .-Engl.sh.fl.ghts’.“say.aga.ns”..n.ol.ed.alt.meters ..f.nally,.only.the.p.lots.of.a.rcraft.operated.by.U .S .-Engl.sh.reg.stry.a.rcraft.asked.for.a.repeat.of.alt.tude,.speed,.and.transponder.a..at.on.top.cs .
	aga.n.route.clearances”..n.ol.ed.63%.of.the.fore.gn-Other.and.25%.of.the.U .S .-Engl.sh.fl.ghts ..Another.13%.of.the.fore.gn-Other.compared.w.th.25%.of.the.U .S .-Engl.sh.fl.ghts’.“say.aga.ns”..n.ol.ed.alt.meters ..f.nally,.only.the.p.lots.of.a.rcraft.operated.by.U .S .-Engl.sh.reg.stry.a.rcraft.asked.for.a.repeat.of.alt.tude,.speed,.and.transponder.a..at.on.top.cs .
	Breakdowns in Communication. There.were467.p.lot-controller.messages.from.26.a.rcraft.(35%.fore.gnOther,.65%.U .S .-.BICs ..None..n.ol.ed.fore.gn-Engl.sh.reg.stry.a.rcraft ....nformat.on.that.contr.buted.to.the.problems.appear..n.f.gure.4 ..
	-
	Engl.sh).that..n.ol.ed.48
	The.types.of

	Unl.ke.readback.errors.and.requests.for.repeats,.breakdowns..n.commun.cat.on.are.more.complex.and.often..n.ol.e.mult.ple.exchanges.between.ATC.and.the.fl.ght.deck ..Although.both.the.fore.gn-Other.and.U .S .-Engl.sh.reg.stry.a.rcraft.had.a.15%.breakdown..n.commun.cat.on,.there.were.e.ght.transact.ons.w.th.mult.ple.problems.—.s.x.w.th.fore.gn-Other.and.two.w.th.U .S ..reg.stry.%.of.the.transm.ss.ons..n.ol.ed.runway.ass.gnments.(41%).and.route.clearances.(41%) ..Approx.mately.33%.of.the.messages.from.U .S .-E
	-
	a.rcraft ..Among.the.fore.gn-Other.reg.stry.a.rcraft,.82


	0% 10% 20% 30% 40% 50% 60% 70% Altimeter Altitude Altitude Restriction Frequency Route Speed Transponder Foreign-Other U.S.-English 
	Figure 3. “Say Agains” Presented by Aviation Topic and Aircraft Registry. 
	0% 5% 10% 15% 20% 25% 30% 35% 40% 45% ACID Altitude ATC Doesn't Answer ATC Misses Joke Frequency Heading Route Runway Speed TOC Foreign-English U.S.-English 
	Figure 4. Breakdowns in Communication Presented by Aviation Topic and Aircraft Registry. 
	.ncorrect.call.s.gns,.and.19%.were.related.to.the.transfer.of.commun.cat.on.(early.transfer.of.commun.cat.ons,.problem.w.th.the.ass.gned.rad.o.frequency,.ATC.doesn’t.answer..n.t.al.call-up) ..

	Analysis Three: English Language Proficiency and Communication Problems 
	Analysis Three: English Language Proficiency and Communication Problems 
	A.Reg.stry-Language.by.ELP.ch.-square.analys.s.was.performed.on.the.276.commun.cat.on.problems.made.by.the.fore.gn-Other.and.U .S .-Engl.sh.a.rcraft ..fore.gnEngl.sh.reg.stry.a.rcraft.were.excluded.from.the.ch.-square.analys.s.because.of.the.r.shared.class.ficat.on.w.th.a.rcraft.reg.stry.and.language ..As.shown..n.Table.12,.ELP.was.a.factor.for.75%.of.the..dent.fied.commun.cat.on.problems.among.fore.gn-Other.fl.ghts.and.for.29%..n.ol..ng.U .S .-Engl.sh.fl.ghts.[X.=.50 .05] ..
	-
	2

	Each.p.lot.transm.ss.on.assoc.at.on.w.th.a.readback.error.(120),.request.for.repeat.(122),.and.breakdown..n.commun.cat.on.(106).was.exam.ned.for.any.poss.ble.problem.w.th.Engl.sh.language.profic.ency ..S.nce.readback.errors.and.requests.for.repeat..n.ol.e.transact.on.couplets.(. .e .,.ATC.sends.a.message.to.the.fl.ghtdeck.and.the.p.lot.repl.es),.there.would.be.one..nstance.for.each.p.lot.reply ..Howe.er,.when.a.breakdown..n.commun.cat.on.occurs,.there.are.more.transm.ss.ons.from.the..embedded.breakdowns..n.
	-
	-
	fl.ght.deck.and.ATC ..There.were.31.transact.ons.w.th.48

	Table 12. The Influence of Pilot English Language Proficiency on the Production of Communication Problems. 
	Registry-Language 
	Registry-Language 
	Registry-Language 
	Was English Language Proficiency a Factor? 
	Total 

	No 
	No 
	Yes 

	Foreign-Other 
	Foreign-Other 
	21 
	63 
	84 

	U.S.-English 
	U.S.-English 
	136 
	56 
	192 

	Total 
	Total 
	157 
	119 
	276 


	0% 5% 10% 15% 20% 25% 30% 35% Pronunciation Structure Vocabulary Fluency Comprehension Interaction Foreign-Other U.S.-English 
	Figure 5. Breakdowns in Communication Presented by ELP Scales and Aircraft Registry. 
	There.were.189..nstances.of.ELP.problems.that.were.f.gure.5.shows.that.of.all.the..dent.fied.commun.ca.dent.fied.from.348.p.lot.transm.ss.ons.(ELP.could.be.a.t.on.problems,.30%.were.assoc.ated.w.th.pronunc.at.on,.problem.across.more.than.one.d.mens.on.of.the.ICAO.26%.w.th.fluency,.and.2%.comprehens.on.attr.buted.to.Scales) ..S.nce.there.were.only.four..nstances.of.an.ELP.p.lots.who.flew.fore.gn-Other.reg.stry.a.rcraft ..L.kew.se,.problem.among.the.fore.gn-Engl.sh.fl.ghts.(Pronun-for.p.lots.fly.ng.U .S .-Eng
	-

	and.types.of.commun.cat.on.problem .
	and.types.of.commun.cat.on.problem .

	Table 13. Readback Errors Presented by English Language Proficiency and Aircraft Registry-Language. 
	Table 13. Readback Errors Presented by English Language Proficiency and Aircraft Registry-Language. 
	Table 13. Readback Errors Presented by English Language Proficiency and Aircraft Registry-Language. 

	English Language Proficiency 
	English Language Proficiency 
	Foreign-English 
	Foreign-Other 
	U.S.English 
	-

	Total 

	Pronunciation 
	Pronunciation 

	All words understood with minimal or no accent 
	All words understood with minimal or no accent 
	1 
	10 
	97 
	108 

	Accent required close attention to understand word(s) 
	Accent required close attention to understand word(s) 
	7 
	7 

	Could not understand all words 
	Could not understand all words 
	2 
	1 
	3 

	Drawn out words/skipped syllables 
	Drawn out words/skipped syllables 
	2 
	2 

	Structure 
	Structure 

	Message in logical ATC content and order 
	Message in logical ATC content and order 
	1 
	21 
	96 
	118 

	Substitution(s) not consistent with standardphraseology 
	Substitution(s) not consistent with standardphraseology 
	2 
	2 

	Vocabulary 
	Vocabulary 

	Appropriate words 
	Appropriate words 
	1 
	21 
	98 
	120 

	Non-standard phraseology 
	Non-standard phraseology 

	Fluency 
	Fluency 

	Used words and phrases easily 
	Used words and phrases easily 
	1 
	14 
	83 
	98 

	Dysfluency / misarticulation 
	Dysfluency / misarticulation 
	6 
	14 
	20 

	Words run together 
	Words run together 
	1 
	1 
	2 

	Comprehension 
	Comprehension 

	Message understood 
	Message understood 
	1 
	20 
	98 
	119 

	Message not understood 
	Message not understood 
	1 
	1 

	Interaction 
	Interaction 

	Responded with related message 
	Responded with related message 
	1 
	21 
	98 
	120 

	Responded with unrelated message 
	Responded with unrelated message 


	Readback Errors and English Language Proficiency..P.lot.ELP.was.exam.ned.for.120.transm.ss.ons.w.th.a.readback.error.accord.ng.to.Reg.stry-Language ..%.(11/21).of.the.fore.gn-Other.reg.stry.a.rcraft.RBEs ..Upon.closer.exam.nat.on,.64%.(7/11).of.the.r.d.fficult.es.w.th.pronunc.at.on.were.attr.buted.to.the.p.lots’.accents;..t.was.d.fficult.for.the.controllers.to.understand.what.was.be.ng.sa.d ..Only.1%.(1/98).of.the.U .S .-Engl.sh.reg.stry.a.rcraft’s.RBEs.resulted.from.the.p.lots’.e.ther.draw.ng.out.words.or.
	-
	As.seen..n.Table.13,.pronunc.at.on.was.a.factor.for.52

	There.were.two..nstances.where.U .S ..p.lots.used.the.wrong.structure.dur.ng.the.r.readbacks.—.In.response.CROSS [FIX] AT ONE ZERO THOUSAND [AIRPORT] ALTIMETER THREE TRIPLE ,”.the.p.lot.read.FIX]ONE ZERO THOUSAND AND THREE TRIPLE OWNSHIP FIVE THIRTY ONE WE’RE AT ABOUT TWO TWENTY KNOTS .”..the.fore.gn-Other.and.15.of.the.U .S .-Engl.sh.fl.ghts ...
	to.the.ATC..nstruct.on.“…
	-
	ZERO
	back,.“[
	ONE 
	-
	P.lot.fluency.w.th.controllers.was.a.problem..n.se.en.of

	f.nally,.comprehens.on.was.a.factor..n.one.fore.gn-Other.transact.on .
	Table 14. Request for Repeat Presented by English Language Proficiency and Aircraft Registry-Language. 
	Table 14. Request for Repeat Presented by English Language Proficiency and Aircraft Registry-Language. 
	Table 14. Request for Repeat Presented by English Language Proficiency and Aircraft Registry-Language. 

	English Language Proficiency 
	English Language Proficiency 
	Foreign-English 
	Foreign-Other 
	U.S.English 
	-

	Total 

	Pronunciation 
	Pronunciation 

	All words understood with minimal or no accent 
	All words understood with minimal or no accent 
	3 
	34 
	65 
	102 

	Accent required close attention to understand word(s) 
	Accent required close attention to understand word(s) 
	19 
	19 

	Could not understand all words 
	Could not understand all words 
	1 
	1 

	Drawn out words/skipped syllables 
	Drawn out words/skipped syllables 

	Structure 
	Structure 

	Message in logical ATC content and order 
	Message in logical ATC content and order 
	3 
	52 
	64 
	119 

	Substitutions not consistent with standard phraseology 
	Substitutions not consistent with standard phraseology 
	1 
	1 
	1 
	3 

	Vocabulary 
	Vocabulary 

	Appropriate words 
	Appropriate words 
	4 
	53 
	65 
	122 

	Non-standard phraseology 
	Non-standard phraseology 

	Fluency 
	Fluency 

	Used words and phrases easily 
	Used words and phrases easily 
	2 
	27 
	42 
	71 

	Dysfluency / misarticulation 
	Dysfluency / misarticulation 
	2 
	26 
	22 
	50 

	Words run together 
	Words run together 
	1 
	1 

	Comprehension 
	Comprehension 

	Message understood 
	Message understood 
	4 
	53 
	65 
	122 

	Message not understood 
	Message not understood 

	Interaction 
	Interaction 

	Responded with related message 
	Responded with related message 
	4 
	53 
	65 
	122 

	Responded with unrelated message 
	Responded with unrelated message 


	Request for Repeat and English Language Proficiency..P.lot.ELP.was.exam.ned.for.122.transm.ss.ons.w.th.an.RfR.accord.ng.to.Reg.stry-Language ..Notably,.Table.14.shows.that.accent.was.a.factor.for.36%.(19/53).of.the.fore.gn-Other.reg.stry.a.rcraft.only ..furthermore,.two.fore.gn.RfR.and.one.U .S ..RfR..ncluded.the.subst.tut.on.of.words/phrases.that.was..ncons.stent.w.th.standard.phraseology ..Among.the.U .S .-Engl.sh.fl.ghts,.there.was.one..nstance..n.wh.ch.the.p.lot’s.words.ran.together,.mak.ng..t.d.fficult
	-
	-

	Among.the.fore.gn-Other.fl.ghts,.poss.ble.problems.w.th.fluency.were.recorded.26.t.mes ..None.of.the.other.ELP.d.mens.ons.were.represented..n.any.other.RfR .
	Among.the.fore.gn-Other.fl.ghts,.poss.ble.problems.w.th.fluency.were.recorded.26.t.mes ..None.of.the.other.ELP.d.mens.ons.were.represented..n.any.other.RfR .
	Breakdowns in Communication and English LanguageProficiency..There.were.106.p.lot.transm.ss.ons..n.ol.ed..n.breakdowns..n.commun.cat.on ..Approx.mately.38%.of.the.U .S .-Engl.sh.reg.stry.a.rcraft.transm.ss.ons.(28/73).had.one.or.more.ELP.problems .%.of.the.transm.ss.ons.(25/33).by.fore.gn-Other.reg.stry.a.rcraft.had.one.or.more.problems.w.th.ELP ..There.were.no.BICs.for.fore.gn-Engl.sh.reg.stry.a.rcraft ..
	-
	-
	.In.contrast,.76


	Table 15. Breakdown in Communication Presented by English Language Proficiency and Aircraft Registry-Language. 
	Table 15. Breakdown in Communication Presented by English Language Proficiency and Aircraft Registry-Language. 
	Table 15. Breakdown in Communication Presented by English Language Proficiency and Aircraft Registry-Language. 

	English Language Proficiency 
	English Language Proficiency 
	Foreign-English 
	Foreign-Other 
	U.S.English 
	-

	Total 

	Pronunciation 
	Pronunciation 

	All words understood with minimal or no accent 
	All words understood with minimal or no accent 
	7 
	72 
	79 

	Accent required close attention to understand word(s) 
	Accent required close attention to understand word(s) 
	17 
	17 

	Could not understand all words 
	Could not understand all words 
	9 
	9 

	Drawn out words/skipped syllables 
	Drawn out words/skipped syllables 
	1 
	1 

	Structure 
	Structure 

	Message in logical ATC content and order 
	Message in logical ATC content and order 
	33 
	73 
	106 

	Substitutions not consistent with standard phraseology 
	Substitutions not consistent with standard phraseology 

	Vocabulary 
	Vocabulary 

	Appropriate words 
	Appropriate words 
	32 
	72 
	104 

	Non-standard phraseology 
	Non-standard phraseology 
	1 
	1 
	2 

	Fluency 
	Fluency 

	Used words and phrases easily 
	Used words and phrases easily 
	18 
	55 
	73 

	Dysfluency / misarticulation 
	Dysfluency / misarticulation 
	15 
	18 
	33 

	Words run together 
	Words run together 

	Comprehension 
	Comprehension 

	Message understood 
	Message understood 
	31 
	71 
	102 

	Message not understood 
	Message not understood 
	2 
	2 
	4 

	Interaction 
	Interaction 

	Responded with related message 
	Responded with related message 
	33 
	61 
	94 

	Responded with unrelated message 
	Responded with unrelated message 
	12 
	12 


	As.shown..n.Table.15,.among.the.p.lots.fly.ng.fore.gn.79%.(26/33).of.the.messages.transm.tted.to.ATC ..There.was.one..nstance.of.p.lot.use.of.non-standard.phraseology.(e .g .,.“WE CAN’T TAKE TWO TWO RIGHT.”) ..fluency.(e .g .,.dysfluency).was.a.factor..n.15.messages ..There.also.were.two..nstances.of.comprehens.on.problems..n.ol..ng.ELP ..No.other.problems.w.th.Engl.sh.language.profic.ency.were..dent.fied ..There.were.no.BICs..n.ol..ng.fore.gnEngl.sh.a.r.carr.ers .
	-
	Other.reg.stry.a.rcraft,.accent.affected.the..ntell.g.b.l.ty.of
	-
	-

	L.kew.se,.for.the.p.lots.operat.ng.the.U .S .-Engl.sh.reg.stry.a.rcraft,.there.was.one..nstance.where.pronunc.at.on.was.a.factor.and.another..nstance..n.ol..ng..ocabulary.(e .g .,.“CAN WE BUMP IT UP?”) ..fluency.presented..tself.18.t.mes,.and.there.were.two..nstances..n.wh.ch.comprehens.on.was.a.problem ....nstances.where.p.lots.responded.to.the.controllers.w.th.unrelated.messages .
	-
	-
	f.nally,.there.were.12


	DIsCUssION 
	DIsCUssION 
	ICAO.requ.red..ts.language.profic.ency.standards.to.be..mplemented..n.March.2008;.howe.er,.member.states.that.were.not.qu.te.ready.w.ll.be.pro..ded.w.th.a.max.mum.3-yr.wa..er,.pro..ded.they.subm.tted.a.test.ng.program.to.ICAO.by.the.March.5,.2008,.deadl.ne ..The.standards.are.des.gned.to..mpro.e.the.p.lot-controller.commun.cat.on.process.and.w.ll.l.kely.reduce.the..nc.dence.of.m.scommun.cat.ons ...these.standards.or.g.nated.as.a.response.to.an..ncrease..n.a..at.on.fatal.t.es.and.acc.dents.w.th..nadequate.En
	-
	The.de.elopment.of
	-

	The.analys.s.of.ATC..erbal.commun.cat.ons..s.a.complex.process.that.del.es.deeper.and.deeper..nto.the.layers.of.p.lot-controller.transact.ons ..It.can.beg.n.w.th..
	a.l.ngu.st.c.analys.s.of.utterances.and.culm.nate..n.an

	exam.nat.on.of.the.psychol.ngu.st.c.and.soc.al.aspects.of.language ..Although.much..s.known.about.the.types.of.messages.and.commun.cat.on.problems.w.th.n.the.current.TRACON.(Pr.nzo.et.al .,.2007).and.past.en.route.(Cardos.,.1993).and.tower.(Burk.-Cohen,.1995;.Cardos.,.1994).en..ronments,.there..s.no.d.st.nct.on.between.problems.exper.enced.by.p.lots.who.fly.U .S .,.as.compared.w.th.fore.gn.a.rcraft ..
	The.purpose.of.th.s.report..s.to.pro..de.some..nd.cat.on.as.to.the.types.and.frequency.of.commun.cat.on.problems.exper.enced.by.U .S ..and.fore.gn.p.lots.who.may.or.may.not.ha.e.Engl.sh.as.the.r.pr.mary.or.offic.al.language ..To.do.th.s,.fac.l.ty.representat..es.at.fi.e.U .S ..ARTCCs.pro..ded.d.g.tal.aud.o.tape.reproduct.ons.of.the.commun.cat.ons.of.p.lots.and.controllers.that.occurred.between.March.and.August.2006 ..The.commun.cat.on.samples.were.to.conta.n.hea.y.concentrat.ons.of..nter.commun.cat.on.r.ch 
	-
	-
	nat.onal.arr..als.and.departures.at.that.fac.l.ty.and.be
	language.was.Engl.sh ..Three.d.fferent.groups.of

	The.pre.alence.of.commun.cat.on.problems.was.compared.among.p.lots.fly.ng.642.U .S ..and.190.fore.gn.reg.stry.a.rcraft.by.e.aluat.ng.the.r.messages.from.transcr.pts.made.from.d.g.t.zed.cop.es.of.aud.o.record.ngs.pro..ded.by.ARTCCs ..Of.the.190.fore.gn.reg.stry.a.rcraft,.26.had.Engl.sh.as.the.r.offic.al.language ..All.fore.gn.a.rcraft,.regardless.of.the.r.pr.mary.language,.spent.about.6.s.more.on.frequency.commun.cat.ng.w.th.ATC.than.U .S ..a.rcraft ..Th.s.add.t.onal.t.me.on.frequency.may.be.due..n.part.from
	-
	-
	-

	To.determ.ne.whether.or.not.commun.cat.on.problems..ncluded.messages.w.th.defic.enc.es..n.Engl.sh.language..the.p.lot-controller.transact.ons..dent.fied.as.ha..ng.one.or.more.commun.cat.on.problem ..Generally,.the.encoder.answered.two.quest.ons:.(1).Is.there.a.commun.cat.on.problem?.(yes.or.no);.and.(2).Was.language.profic.ency.) ..If.the.encoder.bel.e.ed.that.language.profic.ency.was..n.ol.ed,.then.an.attempt.was.made.to.class.fy.ELP.us.ng.the.ICAO.Language.Profic.ency.Scales.as.a.gu.de ..
	profic.ency,.an.o.erall.deta.led.analys.s.was.performed.on
	.n.ol.ed?.(yes.or.no

	The.commun.cat.on.problems.were.class.fied..nto.three.major.categor.es:.readback.errors,.requests.for.repeat,.and.breakdowns..n.commun.cat.on ..An.exam.nat.on.of.these.commun.cat.on.problems.showed.that.for.U .S ..reg.stry.a.rcraft.transact.ons.w.th.one.commun.cat.on.problem,.51%..n.ol.ed.readback.errors,.34%.requests.for.repeat,.and.15%.breakdowns..n.commun.cat.on ..In.contrast,.23%.of.the.fore.gn.reg.stry.a.rcraft.transact.ons.w.th.one.commun.cat.on.problem.were.readback.errors,.62%.were.requests.for.repe
	The.commun.cat.on.problems.were.class.fied..nto.three.major.categor.es:.readback.errors,.requests.for.repeat,.and.breakdowns..n.commun.cat.on ..An.exam.nat.on.of.these.commun.cat.on.problems.showed.that.for.U .S ..reg.stry.a.rcraft.transact.ons.w.th.one.commun.cat.on.problem,.51%..n.ol.ed.readback.errors,.34%.requests.for.repeat,.and.15%.breakdowns..n.commun.cat.on ..In.contrast,.23%.of.the.fore.gn.reg.stry.a.rcraft.transact.ons.w.th.one.commun.cat.on.problem.were.readback.errors,.62%.were.requests.for.repe
	It..s..mportant.to.restate.that.not.all.commun.cat.on.problems.lead.to,.or.contr.bute.to,.unsafe.acts.or.underm.ne.safety ..The.p.lot-controller.commun.cat.on.process..s.redundant;.the.p.lot.reads.back.the.ATC.transm.ss.on.rece..ed.on.the.fl.ght.deck.wh.le.the.controller.l.stens.for.an.accuracy.rec.tat.on.of.the.contents ..If.the.readback..s..naccurate,.the.controller.may.restate.or.otherw.se.clar.fy.the.or.g.nal.transm.ss.on ..Often.readback.errors.are.resol.ed.w.th.the..nclus.on.of.two.add.t.onal.messages
	-



	Readback Errors 
	Readback Errors 
	Readback Errors 
	Among.fore.gn.reg.stry.a.rcraft,.the.more.frequently.occurr.ng.readback.errors..ncluded.rad.o.frequency.and.route.a..at.on.top.cs ..In.64%.of.the.readback.errors.made.by.fore.gn-Other.reg.stry.a.rcraft.p.lots,.the.r.accents.made..t.d.fficult.for.the.controller.to.understand.what.was.be.ng.sa.d ..for.U .S ..reg.stry.a.rcraft,.the.more.frequently.occurr.ng.readback.errors..n.ol.ed.rad.o.frequency.and.alt.tude.a..at.on.top.cs,.of.wh.ch.pronunc.at.on.was.a.factor.for.1%.of.the.readback.errors ..


	Requests for Repeat 
	Requests for Repeat 
	Requests for Repeat 
	L.kew.se,.p.lots.who.are.fly.ng..nto.unfam.l.ar.areas,.speak.ng.w.th.a.d.fferent.accent.(. .e .,.they.ha.e.to.“put.the.r.ears.on”),.or.ha.e.been.up.all.n.ght,.may.want..erbal..er.ficat.on.or.confirmat.on.when.ATC.messages..n.ol.e..a.comb.nat.on.of.these.speech.acts ..These.requests.for.repet.t.on..n.ol.e.two..add.t.onal.messages:.one.by.the.p.lot.query.ng.the.controller.about.the.or.g.nal.transm.ss.on.and.one.by.the.controller.who.pro..des.the.p.lot.w.th.the.requested..nformat.on ..
	mult.ple..nstruct.ons,.clearances,.ad..sor.es,.requests,.or
	-

	Nearly.63%.of.the.requests.to.repeat.a.transm.ss.on..n.ol.ed.the.confirmat.on.or.“say.aga.n”.of.a.part.cular.

	a..at.on.top.c,.followed.by.a.request.to.ha.e.the.ent.re.transm.ss.on.repeated ..fore.gn.and.U .S ..reg.stry.a.rcraft.each.wanted.confirmat.on.of.rad.o.frequenc.es,.routes,.and.alt.tudes.more.than.any.of.the.other.a..at.on.top.cs ..The.follow.ng.message.expresses.se.eral.factors.that..nfluenced.the.p.lot’s.rat.onale.for.a.request.for.repeat:.“I 
	-

	I GOTTA APOLOGIZE IT’S EARLY IN THE MORNING AND MY BRAIN’S UH — THE PEN UH WHICH ISN’T WORKING WELL — UH YOU GOTTA READ IT AGAIN SLOWER .”.
	Once.aga.n,.p.lot.accent.(36%).and.dysfluency.(49%).were.assoc.ated.w.th.RfR.among.fore.gn.reg.stry.a.rcraft.when.the.pr.mary.language.was.not.Engl.sh ..Message.structure.was.a.factor.for.two.fore.gn.and.one.U .S ..request.that..n.ol.ed.the.subst.tut.on.of.words/phrases.that.were..ncons.stent.w.th.standard.phraseology ..for.example,..n.the.p.lot’s.message,.“AND [FACILITY ID] WE GOT TOLD ON ONE TWO THREE FOUR FIVE TO SQUAWK ONE ZERO THREE FOUR IS THAT .“CONFIRM SQUAWK ONE ZERO THREE FOUR .”.Once.aga.n,.there
	CORRECT?”.A.more.appropr.ate.request.would.be


	Breakdowns in Communication 
	Breakdowns in Communication 
	Unl.ke.readback.errors.and.requests.for.repeats,.commun.cat.on.problems.that..n.ol.e.a.breakdown..n.commun.cat.on.may.requ.re.mult.ple.exchanges.between.the.p.lot.and.controller.before.the.problem..s..dent.fied,.understood,.acknowledged,.and.resol.ed ..Th.s.process.can.add.mult.ple.messages.to.a.transact.on.and.m.ght.pose.a.safety..ssue.when.a.meet.ng.of.the.m.nds.fa.ls.to.occur.(. .e .,.a.common.ground.of.understand.ng).between.the.p.lot.and.controller ..Hence,.readback.errors.may.result..n.part.from.memor
	-
	w.se,.requests.for.repeat.may.be.due.to.these.factors,.as

	Whereas.both.readback.errors.and.requests.for.repeat..n.ol.e.a.pa.r.of.transm.ss.ons,.breakdowns..n..
	-

	commun.cat.on.often..n.ol.e.more.than.two..or.three.transm.ss.ons.to.reach.a.common.ground.of.understand
	-

	.ng ..Isolat.ng.the.source.of.the.breakdown.may.res.de.w.th.factors.assoc.ated.w.th.readback.errors.and.requests.for.repeat,.as.well.as.the.faulty.process.ng.of.the.syntact.c.or.semant.c.propert.es.of.an.utterance,.fa.lure.to.successfully..ntegrate.ongo.ng..nformat.on.w.th..nformat.on.gleaned.from.pre..ous.utterances,.understand.ng.the.context.w.th.n.wh.ch.the.act.on..s.to.occur,.pr.or.knowl.rece..er.d.sco.ers.that.some.port.on.of.the.transact.on.was.m.s.nterpreted.and.sets.about.to.correct.the.m.sunderstan
	-
	-
	edge,.and.other.factors ..Hopefully,.e.ther.the.speaker.or
	-

	mun.cat.on,.runway.ass.gnment.and.route.clearance.transact.ons.were.espec.ally.problemat.c.for.the.p.lots.of.fore.gn-Other.reg.stry.a.rcraft ..The.problems.may.be.part.ally.due.to.controllers’.use.of.pla.n.language.and.the.p.lots’.d.fficult.es.w.th.pronunc.at.on.and.fluency ...79%.of.the.r.messages.to.ATC ..
	Of.the.transact.ons..n.ol..ng.a.breakdown..n.com
	-
	Notably,.the.p.lots’.accents.affected.the..ntell.g.b.l.ty.of

	The.presence.of.a.problem..n.comprehens.on.was. ..In.both..nstances,.the.controller.spoke.to.the.p.lot.of.a.fore.gn-Other.reg.stry.a.rcraft..n.pla.n.Engl.sh.rather.than.standard.phraseology ..It..s.uncerta.n.whether.the.p.lots.understood.what.the.controller.was.ask.ng,.as.reflected.by.the.r.responses.(“STANDBY”.and.“BE BACK”) ..On.one.hand,..t.may.be.that.the.p.lots.needed.t.me.to.check.the.r.charts,.a.rcraft.performance,.we.ght.and.balance,.and.other.factors.not.assoc.ated.w.th.language.profic.ency ..On.th
	more.d.fficult.to.determ.ne,.as..llustrated..n.Table.16

	Had.the.controller.sa.d,.“EXPECT RUNWAY.[numbers]RIGHT”.the.p.lot.st.ll.m.ght.respond.“STANDBY”.or.“UNABLE”..f.the.runway.d.d.not.meet.the.a.rcraft’s.requ.rements.for.a.safe.land.ng,.or.w.th.“ROGER”..f.that.runway.was.acceptable ..There..s.an..nd.cat.on.that.the.controller.also.had.some.d.fficulty.understand.ng.what.the.p.lots.were.say.ng.(“I’M SORRY … DID YOU SAY…” and“I’M SORRY WAS THAT AFFIRMATIVE OR NEGATIVE”) ..The.first.example.requ.red.the.exchange.of.12.transm.ss.ons,.whereas.the.second.example.cont
	.nformat.on.to.coord.nate.each.a.rcraft’s.arr..al.routes.to



	The.breakdowns..n.commun.cat.on.exper.enced.by.
	The.breakdowns..n.commun.cat.on.exper.enced.by.
	U .S .-Engl.sh.reg.stry.a.rcraft..n.ol.ed.call.s.gn.confus.on.and.the.transfer.of.commun.cat.on.process.(e.ther.a.transfer.occurred.too.soon.or.the.controller.had.to..n.t.ate.the.call-up) ..Pronunc.at.on.and..ocabulary.rarely.appeared..n.a.breakdown.of.commun.cat.on ..Rather,.fluency.was.
	-

	Table 16. Examples of Breakdowns in Communication. 
	Table 16. Examples of Breakdowns in Communication. 
	Table 16. Examples of Breakdowns in Communication. 

	SPKR 
	SPKR 
	MESSAGE 

	TR
	Example 1 

	ATC 
	ATC 
	FOREIGNSHIP EIGHT CAN YOU ACCEPT RUNWAY TWO TWO RIGHT AFFIRMATIVE OR NEGATIVE 

	FD8 
	FD8 
	STANDBY ONE 

	FD8H 
	FD8H 
	FOREIGNSHIP EIGHT HEAVY WE CAN'T TAKE TWO TWO RIGHT 

	ATC 
	ATC 
	NEGATIVE OKAY YEAH PLAN ON HOLDING OVER {FIX} SIR 

	ATC 
	ATC 
	OH FOREIGNSHIP EIGHT UH CAN YOU TAKE TWO SEVEN RIGHT PLEASE 

	FD8 
	FD8 
	UH {UNINTELLIGIBLE-P} TAKE EH RIGHT 

	ATC 
	ATC 
	I'M SORRY FOREIGNSHIP EIGHT DID YOU SAY YOU ARE AFFIRMATIVE FOR TWENTY TWO RIGHT 

	FD8 
	FD8 
	NO I SAID NEGATIVE NEGATIVE FOR TWENTY TWO RIGHT 

	ATC 
	ATC 
	OKAY SOMEBODY GOT STEPPED ON FOREIGNSHIP EIGHT CAN YOU TAKE TWO TWO RIGHT FULL LENGTH AFFIRMATIVE OR NEGATIVE 

	FD8H 
	FD8H 
	NEGATIVE WE CANNOT TAKE TWO TWO RIGHT FOREIGNSHIP EIGHT HEAVY 

	ATC 
	ATC 
	{COUGH} CAN YOU TAKE TWO SEVEN RIGHT SIR 

	FD8 
	FD8 
	UH AFFIRMATIVE WE ARE ABLE TWO SEVEN RIGHT 

	TR
	Example 2 

	ATC 
	ATC 
	FOREIGNSHIP FIFTY CAN YOU ACCEPT RUNWAY TWO SEVEN RIGHT FULL LENGTH AFFIRMATIVE OR NEGATIVE 

	FD50H 
	FD50H 
	BE BACK UH FOREIGNSHIP UH FIFTY HEAVY 

	ATC 
	ATC 
	FOREIGNSHIP FIFTY HEAVY I'M SORRY WAS THAT AFFIRMATIVE OR NEGATIVE FOR TWO SEVEN RIGHT FULL LENGTH 

	FD50H 
	FD50H 
	NEGATIVE FOREIGNSHIP FIFTY HEAVY 

	ATC 
	ATC 
	OKAY UH ONE MORE TIME SIR AFFIRMATIVE OR NEGATIVE I'M MISSING PART OF YOUR TRANSMISSION 

	FD50H 
	FD50H 
	NEGATIVE FOREIGNSHIP FIFTY HEAVY WE CANNOT ACCEPT 

	ATC 
	ATC 
	YOU CANNOT ACCEPT NEGATIVE OKAY THANK YOU 


	.the.73.p.lot.transm.ss.ons.were.potent.ally.problemat.c..n.language.product.on .
	more.l.kely.to.be.an..nd.cator.of.a.problem.—.25%.of

	In.some.cases,.dysfluenc.es.such.as.“UHS,” “UMS,”.and.“AHS”.are..nd.cators.of.uncerta.nty.rather.than.d.srupt.ons.to.formulat.ng.an..ntell.g.ble.and.fluent.readback ..for.U.S. OWNSHIP 753 RIGHT TURN DIRECT [fix] ON COURSE THANKS”.the.UH WE CAN MAKE A RIGHT TURN U.S. OWNSHIP UH 753 WE BUT UH TO [fix] NOT ON AIRWAY .”.In.the.example,.the.a.rcraft..s.on.a.part.cular.arr..al.that.does.not..nclude.the.fix.ment.oned.by.the.controller ..Had.the.p.lot.agreed.to.the.route,.a.r.ght.turn.would.requ.re.a.near.360-degre
	example,.when.ATC..ssued.the.follow.ng.clearance,.“
	p.lot.responded.appropr.ately.w.th.the.transm.ss.on,.“
	hes.tat.on,.“UH”.may.ser.e.as.an.alert.ng.mechan.sm.to

	FOREIGNSHIP EIGHT CAN YOU TAKE TWO SEVEN RIGHT PLEASE,”.the.UH [un.ntell.g.ble-P] TAKE EH RIGHT .”.The.controller.cannot.understand.the.p.lot,.as.e..denced.
	In.contrast,..n.response.to.the.controller.query.“
	-
	p.lot.repl.es.w.th,.“

	I’M SORRY FOREIGNSHIP EIGHT DID YOU SAY YOU ARE AFFIRMATIVE FOR TWENTY TWO RIGHT?”.In.th.s.example,.the.“UHS”.may.be.more..nd.cat..e.of.the.p.lot’s.d.fficulty.w.th.the.Engl.sh.language.than.w.th.an..ncongruence.between.the.filed.fl.ght.plan.and.the.controller’s..nstruct.on ...the.speaker.ser.es.the.role.of.a.placeholder.to.the.hearer.of.the.transm.ss.on.that.the.speaker.may.be.search.ng.the.mental.lex.con.for.the.correct.word .
	I’M SORRY FOREIGNSHIP EIGHT DID YOU SAY YOU ARE AFFIRMATIVE FOR TWENTY TWO RIGHT?”.In.th.s.example,.the.“UHS”.may.be.more..nd.cat..e.of.the.p.lot’s.d.fficulty.w.th.the.Engl.sh.language.than.w.th.an..ncongruence.between.the.filed.fl.ght.plan.and.the.controller’s..nstruct.on ...the.speaker.ser.es.the.role.of.a.placeholder.to.the.hearer.of.the.transm.ss.on.that.the.speaker.may.be.search.ng.the.mental.lex.con.for.the.correct.word .
	by.the.controller’s.next.transm.ss.on,.“
	-
	In.fact,.the.use.of.“UH”.by

	To.summar.ze,..n.ATC.rad.otelephone.commun.cat.on,..t..s.d.fficult.to.d.fferent.ate.between.language,.ATC.phraseology,.and.the.traffic.s.tuat.on ..Controller-p.lot.commun.cat.on..s.not.a.casual.exchange.of..nformat.on.—.messages.carry.we.ght.of..mportance,.. .e .,.safety ..The.requ.rement.to.repeat.a.message,.pay.close.attent.on,.or.request.a.repeat.of.message.does.not.necessar.ly.create.a.commun.cat.on.problem,.nor.do.any.of.the.follow.ng:.(1).the.ATC.message.does.not.match.p.lot.expectat.on;.(2).the.ATC.m
	-
	-
	-


	(4).equ.pment.problems,.poor.transm.ss.on.qual.ty;.(5).the.m.crophone.techn.que.used.by.e.ther.the.controller.or.p.lot;.and.(6).the.speech.product.on.of.e.ther.the.controller.or.p.lot.(e .g .,.speech.rate,.stammer.ng,.paus.ng,.words.runn.ng.together) ..
	-

	A.commun.cat.on.problem..s.a.s.tuat.on..n.wh.ch.a.message..s.not.understandable..n.content,.speech.(accent),.structure,.or.any.comb.nat.on.of.content,.speech,.and.structure.that.reaches.the.le.el.of..nterfer.ng.w.th.traffic.procedures ..A.commun.cat.on.problem.may.create.an.ATC.problem;.howe.er,.an.ATC.problem.rarely.creates.a.commun.cat.on.problem ..Commun.cat.on.problems.were.encoded.that.resulted..n..nterference.w.th.traffic.procedures,.requ.red.pla.n.language..ATC.to.con.ey.the.message,.or.the.encoder.b
	-
	-
	-
	to.resol.e,.or.requ.red.ass.stance.from.other.p.lots.or

	The.find.ngs.presented.here.re.ealed.that.fore.gn.reg.stered.a.rcraft.w.th.a.language.other.than.Engl.sh.as.the.r.pr.mary.or.offic.al.language,.that.rece..ed.ATC.ser..ces..n.the.U .S .,.not.only.spent.more.t.me.on.the.rad.o.commun.cat.ng.w.th.ATC,.but.more.transm.ss.ons.were.exchanged.and.more.commun.cat.on.problems.were.present.w.th.n.the.r.transact.ons ..The.add.t.onal.p.lot.messages.may.ha.e.resulted.from.attempts.to.
	resol.e.some.of.the.commun.cat.on.problems ..In.these.s.tuat.ons,.a.p.lot’s.Engl.sh.profic.ency.—.espec.ally.h.s/her.accent.—.often.resulted..n.the.controller.not.be.ng.able.to.completely.understand.what.the.p.lot.was.attempt.ng.to.say ..Rarely.d.d.the.controllers.express.d.fficulty.understand.ng.an.Engl.sh-speak.ng.p.lot ..An.o.erall.exam.nat.on.of.the.p.lots’.Engl.sh.language.for.fore.gn-Other.a.rcraft.was.a.l.m.t.ng.factor,.wh.le.for.p.lots.fly.ng.for.U .S .-Engl.sh.a.rcraft,.dysfluenc.es.were.fa.rly.com
	profic.ency..nd.cates.that.the.accents.of.p.lots.fly.ng.

	These.find.ngs.are.congruent.w.th.a.recent.content.analys.s.that.was.conducted.on.commun.cat.on.between.Tha..controllers.and.local.Tha..p.lots,.nat..e.Engl.shspeak.ng.p.lots.(e .g .,.U .S .,.Br.t.sh),.and.non-nat..e.Engl.sh-speak.ng.p.lots.(e .g .,.Korean,.Japanese) ..In.that.study,.T.ewtrakul.(2007).found.that.the.local.Tha..ATC.accent.affected.p.lot.understand.ng ..In.part.cular,.there.were.more.commun.cat.on.problems.(readback.errors,.requests.for.repeats,.and.no.responses).among.the.nonnat..e.Engl.sh-sp
	-
	-
	-

	.speak.Engl.sh.may.be.necessary.but..s.not.suffic.ent..n.l.m.t.ng.commun.cat.on.problems ..The.profic.ency.of.the.speaker..n.the.product.on.of.Engl.sh.beyond.the.m.n.mum..real.zed..f.commun.cat.on.problems.are.to.decl.ne .
	Taken.together,.the.results.suggest.that.be.ng.able.to
	spec.fied..n.the.ICAO.language.profic.ency.scales.must.be
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	APPENDIX A 
	Pilot Readback Error Guide 
	Pilot Readback Error Guide 
	As used here, a readback error is defined as an unsuccessful attempt by a pilot to read back correctly the information contained in the communication elements that comprise the original message transmitted by air traffic control. The readback errors are illustrative replies made by a hypothetical aircraft. 
	Classification of Readback Errors 
	Classification of Readback Errors 
	Classification of Readback Errors 
	Examples 

	Readback Errors Type (ALT) 
	Readback Errors Type (ALT) 

	ATC: “American Ten climb and maintain one two thousand” 
	ATC: “American Ten climb and maintain one two thousand” 

	1 = Substitution of message numbers/flight level vs. thousand 
	1 = Substitution of message numbers/flight level vs. thousand 
	1-“maintain one three thousand” “maintain flight level one two” 

	2 = Substitution-transposition of climb/descend 
	2 = Substitution-transposition of climb/descend 
	2-“descend maintain one two thousand” 

	3 = Substitution of message numbers with incorrect climb/descend 
	3 = Substitution of message numbers with incorrect climb/descend 
	3-“descend maintain one three thousand” 

	4 = Transposition of message numbers with incorrect climb/descend 
	4 = Transposition of message numbers with incorrect climb/descend 
	4-“descend maintain two one thousand” 

	5 = Transposition of message numbers 
	5 = Transposition of message numbers 
	5-“climb maintain two one thousand” 

	6 = One type of information read back as another type of information 
	6 = One type of information read back as another type of information 
	6-“one two zero knots” 

	7 = Omission of anchor word(s) 
	7 = Omission of anchor word(s) 
	7-“one two” 

	8 = Omission of number elements 
	8 = Omission of number elements 
	8-“climb maintain” 

	9 = Omission of anchor word(s) and some number elements 
	9 = Omission of anchor word(s) and some number elements 
	9-“climb two thousand” 

	Readback Errors Type (ALT RSTRN) 
	Readback Errors Type (ALT RSTRN) 

	ATC: “American Ten cross Alpha at or above one two thousand” 
	ATC: “American Ten cross Alpha at or above one two thousand” 

	1 = Substitution of message numbers/rate of descent/climb, substitution of word “expedite” 
	1 = Substitution of message numbers/rate of descent/climb, substitution of word “expedite” 
	1-“cross Alpha at or above one three thousand” 

	2 = Substitution of (point/fix) 
	2 = Substitution of (point/fix) 
	2-“cross Bravo at or above one two thousand” 

	3 = Substitution of message numbers with incorrect (point/fix) 
	3 = Substitution of message numbers with incorrect (point/fix) 
	3-“cross Bravo at or above one three thousand” 

	4 = Transposition of message numbers with incorrect (point/fix) 
	4 = Transposition of message numbers with incorrect (point/fix) 
	4-“cross Bravo at or above two one thousand” 

	5 = Transposition of message numbers 
	5 = Transposition of message numbers 
	5-“cross Alpha at or above two one thousand” 

	6 = One type of information read back as another type of information 
	6 = One type of information read back as another type of information 
	6-“descend to one two thousand” 

	7 = Omission of anchor word(s) 
	7 = Omission of anchor word(s) 
	7-“cross (point/fix) at one two” “(point/fix) at one two thousand” 

	8 = Omission of message numbers and/or (point/fix) 
	8 = Omission of message numbers and/or (point/fix) 
	8-“cross at one two thousand” “cross (point/fix) at one two” 

	9 = Omission of anchor word(s) and some number elements and/or (point/fix) 
	9 = Omission of anchor word(s) and some number elements and/or (point/fix) 
	9-“cross VOR at one two” 

	Note: “Expedite” clearances — Readbacks should include the word “expedite.” ATC: “AAL Ten expedite climb to one two thousand,” to which the FD replies: ‘hurry up to one two thousand’ 
	Note: “Expedite” clearances — Readbacks should include the word “expedite.” ATC: “AAL Ten expedite climb to one two thousand,” to which the FD replies: ‘hurry up to one two thousand’ 

	Classification of Readback Errors 
	Classification of Readback Errors 
	Examples 

	Readback Errors Type (ALTM) 
	Readback Errors Type (ALTM) 

	ATC “AAL Ten {Source} altimeter two nine nine two” 
	ATC “AAL Ten {Source} altimeter two nine nine two” 

	1 = Substitution of message numbers 
	1 = Substitution of message numbers 
	1-“altimeter nine two nine zero” 

	2 = Transposition of message numbers 
	2 = Transposition of message numbers 
	2-“altimeter nine two two nine” 

	6 = One type of information read back as another type of information 
	6 = One type of information read back as another type of information 
	6-“squawk two nine nine two” 

	7 = Omission of anchor word 
	7 = Omission of anchor word 
	7-“(source) two nine nine two” 

	8 = Omission of number elements 
	8 = Omission of number elements 
	8-“(source) altimeter nine two” 

	9 = Omission of both anchor word(s) and some number elements 
	9 = Omission of both anchor word(s) and some number elements 
	9-“(source) nine nine two” 

	Readback Errors Type (FREQ) 
	Readback Errors Type (FREQ) 

	ATC: “American Ten contact center one one eight point three” 
	ATC: “American Ten contact center one one eight point three” 

	1 = Substitution of message numbers, (facility), (point/fix) 
	1 = Substitution of message numbers, (facility), (point/fix) 
	1-“contact center one eight” 

	2 = Substitution -transposition of message numbers 
	2 = Substitution -transposition of message numbers 
	2-“contact center one eight one point three” 

	3 = Substitution of message numbers with incorrect (facility), (point/fix) 
	3 = Substitution of message numbers with incorrect (facility), (point/fix) 
	3-“contact tower one two eight point three” 

	4 = Transposition of message numbers with incorrect (facility), (point/fix) 
	4 = Transposition of message numbers with incorrect (facility), (point/fix) 
	4-“contact tower one eight one point three” 

	5 = Transposition of message numbers 
	5 = Transposition of message numbers 
	5-“contact center eight one one point three” 

	6 = One type of information read back as another type of information 
	6 = One type of information read back as another type of information 
	6-“squawk one one eight three” 

	7 = Omission of anchor word(s) 
	7 = Omission of anchor word(s) 
	7-“contact center one one eight three” 

	8 = Omission of number elements 
	8 = Omission of number elements 
	8-“contact center one eight point three” 

	9 = Omission of both anchor word(s) and some number elements 
	9 = Omission of both anchor word(s) and some number elements 
	9-“contact center one eight three” 

	Readback Errors Type (HDG) 
	Readback Errors Type (HDG) 

	ATC: “American Ten turn left heading two one zero” 
	ATC: “American Ten turn left heading two one zero” 

	1 = Substitution of message numbers 
	1 = Substitution of message numbers 
	1-“zero one zero” or “six zero” 

	2 = Substitution of direction of turn 
	2 = Substitution of direction of turn 
	2-“turn right heading two one zero” 

	3 = Substitution of message numbers with incorrect direction of turn 
	3 = Substitution of message numbers with incorrect direction of turn 
	3-“ turn right one three zero” 

	4 = Transposition of message numbers with incorrect direction of turn 
	4 = Transposition of message numbers with incorrect direction of turn 
	4-“turn right heading one two zero” 

	5 = Transposition of message numbers 
	5 = Transposition of message numbers 
	5-“turn left heading one two zero” 

	6 = One type of information read back as another type of information 
	6 = One type of information read back as another type of information 
	6-“two one zero knots” 

	7 = Omission of anchor word(s) 
	7 = Omission of anchor word(s) 
	7-“two one zero” 

	8 = Omission of number elements 
	8 = Omission of number elements 
	8-“turn left heading” “left on the heading” 

	9 = Omission of both anchor word(s) and some number elements 
	9 = Omission of both anchor word(s) and some number elements 
	9-“two one” 

	Classification of Readback Errors 
	Classification of Readback Errors 
	Examples 

	Readback Errors Type (HDG MOD) 
	Readback Errors Type (HDG MOD) 

	ATC: “American Ten increase rate of turn descend maintain four thousand” 
	ATC: “American Ten increase rate of turn descend maintain four thousand” 

	1 = Substitution of rate of turn 
	1 = Substitution of rate of turn 
	1-“decrease rate of turn” 

	Readback Errors Type (HLDG) 
	Readback Errors Type (HLDG) 

	ATC: “American Ten hold northeast Alpha one zero mile legs right turns” 
	ATC: “American Ten hold northeast Alpha one zero mile legs right turns” 

	1 = Substitution of message numbers, (fix/waypoint), (direction), etc. 
	1 = Substitution of message numbers, (fix/waypoint), (direction), etc. 
	1-“hold southwest Alpha” 

	2 = Substitution -transposition of message numbers 
	2 = Substitution -transposition of message numbers 

	3 = Substitution of message numbers with incorrect (fix/waypoint), (direction), etc. 
	3 = Substitution of message numbers with incorrect (fix/waypoint), (direction), etc. 
	3-“southwest Bravo one two mile legs” 

	4 = Transposition of message numbers with incorrect (fix/waypoint), (direction), etc. 
	4 = Transposition of message numbers with incorrect (fix/waypoint), (direction), etc. 

	5 = Transposition of message numbers 
	5 = Transposition of message numbers 

	6 = Other-one type of information read back as another type of information 
	6 = Other-one type of information read back as another type of information 
	6-“via Victor twelve” 

	7 = Omission of (fix/waypoint), (direction), (course), (minutes/miles), etc. 
	7 = Omission of (fix/waypoint), (direction), (course), (minutes/miles), etc. 

	8 = Omission of number elements 
	8 = Omission of number elements 

	9 = Omission of (fix/waypoint), (direction), (course), (minutes/miles), etc. and some number elements 
	9 = Omission of (fix/waypoint), (direction), (course), (minutes/miles), etc. and some number elements 

	Readback Errors Type (RTE) 
	Readback Errors Type (RTE) 

	ATC: “American Ten via Victor nine J twenty eight Alpha” ATC: “AAL Ten via Victor twelve J twenty eight (fix)” ATC: “AAL Ten turn right direct (fix)” 
	ATC: “American Ten via Victor nine J twenty eight Alpha” ATC: “AAL Ten via Victor twelve J twenty eight (fix)” ATC: “AAL Ten turn right direct (fix)” 

	1 = Substitution of message numbers, (fix), (route) 
	1 = Substitution of message numbers, (fix), (route) 
	1-“via Victor five J twenty eight Alpha” 

	2 = Substitution -transposition of message numbers 
	2 = Substitution -transposition of message numbers 
	2-“via Victor nine J eighty two Alpha” 

	3 = Substitution of message numbers with incorrect (fix), (route) 
	3 = Substitution of message numbers with incorrect (fix), (route) 
	3-“via Victor eight J twenty eight to Bravo” 

	4 = Transposition of message numbers with incorrect (fix), (route) 
	4 = Transposition of message numbers with incorrect (fix), (route) 
	4-“via Victor nine J eighty two to Bravo” 

	5 = Transposition of message numbers 
	5 = Transposition of message numbers 
	5-“via Victor nine J eighty two Alpha” 

	6 = One type of information read back as another type of information 
	6 = One type of information read back as another type of information 
	6-“altimeter’s nine twenty eight” 

	7 = Omission of (fix)/aircraft 
	7 = Omission of (fix)/aircraft 
	7-“twelve twenty eight” 

	8 = Omission of part/all of route 
	8 = Omission of part/all of route 
	8-“Victor and the J route (fix)” “(fix)” 

	9 = Omission of (fix)/aircraft and part/all of route 
	9 = Omission of (fix)/aircraft and part/all of route 
	9-“Victor and twenty eight” 

	Classification of Readback Errors 
	Classification of Readback Errors 
	Examples 

	Readback Errors Type (SPD) 
	Readback Errors Type (SPD) 

	ATC: “American Ten reduce speed two one zero knots” 
	ATC: “American Ten reduce speed two one zero knots” 

	1 = Substitution of message numbers 
	1 = Substitution of message numbers 
	1-“two five zero knots” 

	2 = Substitution -transposition of message numbers 
	2 = Substitution -transposition of message numbers 
	2-“reduce one two zero knots” 

	3 = Substitution of message numbers with incorrect increase/decrease 
	3 = Substitution of message numbers with incorrect increase/decrease 
	3-“increase speed two five zero knots” 

	4 = Transposition of message numbers with incorrect increase/decrease 
	4 = Transposition of message numbers with incorrect increase/decrease 
	4-“increase one two zero knots” 

	5 = Transposition of message numbers 
	5 = Transposition of message numbers 
	5-“reduce one two zero knots” 

	6 = One type of information read back as another type of information 
	6 = One type of information read back as another type of information 
	6-“heading two one zero” 

	7 = Omission of anchor word(s) 
	7 = Omission of anchor word(s) 
	7-“reduce two one zero” 

	8 = Omission of number elements 
	8 = Omission of number elements 
	8-“reduce speed” 

	9 = Omission of both anchor word(s) and some number elements 
	9 = Omission of both anchor word(s) and some number elements 
	9-“reduce two one” 

	Readback Errors Type (TRNSPNDR) 
	Readback Errors Type (TRNSPNDR) 

	ATC: “American Ten squawk two one two four” 
	ATC: “American Ten squawk two one two four” 

	1 = Substitution of message numbers 
	1 = Substitution of message numbers 
	1-“squawk four two one three” 

	2 = Substitution -transposition of message numbers 
	2 = Substitution -transposition of message numbers 
	2-“squawk one two two four” 

	6 = Other -one type of information read back as another type of information 
	6 = Other -one type of information read back as another type of information 
	6-“altimeter two one two four” 

	Readback Errors Type (Advisory:APRCH/DEPTR) 
	Readback Errors Type (Advisory:APRCH/DEPTR) 

	ATC: “American Ten expect ILS runway two one right approach” 
	ATC: “American Ten expect ILS runway two one right approach” 

	1 = Substitution of message numbers 
	1 = Substitution of message numbers 
	1-“expect ILS runway two two right approach” 

	2 = Substitution -transposition of message numbers 
	2 = Substitution -transposition of message numbers 
	2-“expect ILS runway one two right approach” 

	3 = Substitution of approach name 
	3 = Substitution of approach name 
	3-“expect visual approach” 

	6 =Other -One type of information read back as another type of information 
	6 =Other -One type of information read back as another type of information 
	6-“expect maintain two one” 


	APPENDIX B MANOVA, ANOVA, and Fisher LSD Statistical Output of Throughput Analysis 
	APPENDIX B MANOVA, ANOVA, and Fisher LSD Statistical Output of Throughput Analysis 
	Multivariate Tests(c) 
	Effect 
	Effect 
	Effect 
	Value 
	F 
	Hypothesis df 
	Error df 
	Sig. 

	Intercept REGISTRY_LANGUAGE 
	Intercept REGISTRY_LANGUAGE 
	Pillai's Trace Wilks' Lambda Hotelling's Trace Roy's Largest Root Pillai's Trace Wilks' Lambda Hotelling's Trace Roy's Largest Root 
	.559 .441 1.268 1.268 .088 .913 .095 .088 
	349.587(a) 349.587(a) 349.587(a) 349.587(a) 12.663 12.863(a) 13.062 24.251(b) 
	3.000 3.000 3.000 3.000 6.000 6.000 6.000 3.000 
	827.000 827.000 827.000 827.000 1656.00 0 1654.00 0 1652.00 0 828.000 
	.000 .000 .000 .000 .000 .000 .000 .000 


	a Exact statistic b The statistic is an upper bound on F that yields a lower bound on the significance level. c Design: Intercept+REGISTRY_LANGUAGE 
	Tests of Between-Subjects Effects 
	Source 
	Source 
	Source 
	Dependent Variable 
	Type III Sum of Squares 
	df 
	Mean Square 
	F 
	Sig. 

	Corrected Model 
	Corrected Model 
	Prob_total_sum 
	6.501(a) 
	2 
	3.251 
	5.227 
	.006 

	TR
	TOTSEC_sum 
	5413.482(b) 
	2 
	2706.741 
	31.511 
	.000 

	TR
	N_BREAK 
	131.039(c) 
	2 
	65.520 
	8.416 
	.000 

	Intercept 
	Intercept 
	Prob_total_sum 
	21.839 
	1 
	21.839 
	35.114 
	.000 

	TR
	TOTSEC_sum 
	60062.761 
	1 
	60062.761 
	699.223 
	.000 

	TR
	N_BREAK 
	7701.477 
	1 
	7701.477 
	989.277 
	.000 

	REGISTRY_LANGUAGE 
	REGISTRY_LANGUAGE 
	Prob_total_sum 
	6.501 
	2 
	3.251 
	5.227 
	.006 

	TR
	TOTSEC_sum 
	5413.482 
	2 
	2706.741 
	31.511 
	.000 

	TR
	N_BREAK 
	131.039 
	2 
	65.520 
	8.416 
	.000 

	Error 
	Error 
	Prob_total_sum 
	515.594 
	829 
	.622 

	TR
	TOTSEC_sum 
	71210.513 
	829 
	85.899 

	TR
	N_BREAK 
	6453.730 
	829 
	7.785 

	Total 
	Total 
	Prob_total_sum 
	617.000 
	832 

	TR
	TOTSEC_sum 
	263764.000 
	832 

	TR
	N_BREAK 
	34462.000 
	832 

	Corrected Total 
	Corrected Total 
	Prob_total_sum 
	522.095 
	831 

	TR
	TOTSEC_sum 
	76623.995 
	831 

	TR
	N_BREAK 
	6584.769 
	831 


	a R Squared = .012 (Adjusted R Squared = .010) b R Squared = .071 (Adjusted R Squared = .068) c R Squared = .020 (Adjusted R Squared = .018) 
	a R Squared = .012 (Adjusted R Squared = .010) b R Squared = .071 (Adjusted R Squared = .068) c R Squared = .020 (Adjusted R Squared = .018) 

	Multiple Comparisons 
	Multiple Comparisons 
	LSD 
	Dependent (I) REGISTRY(J) REGISTRY-Variable LANGUAGE LANGUAGE 
	Dependent (I) REGISTRY(J) REGISTRY-Variable LANGUAGE LANGUAGE 
	Dependent (I) REGISTRY(J) REGISTRY-Variable LANGUAGE LANGUAGE 
	-

	Mean Difference (I-J) 
	Std. Error 
	Sig. 
	95% Confidence Interval 

	TR
	Lower Bound 
	Upper Bound 
	Lower Bound 
	Upper Bound 
	Lower Bound 

	Prob_total_sum U.S.-English Foreign-English 
	Prob_total_sum U.S.-English Foreign-English 
	.1068 
	.15776 
	.499 
	-.2029 
	.4164 

	Foreign-Other 
	Foreign-Other 
	-.2131(*) 
	.06900 
	.002 
	-.3486 
	-.0777 

	Foreign-English U.S.-English 
	Foreign-English U.S.-English 
	-.1068 
	.15776 
	.499 
	-.4164 
	.2029 

	Foreign-Other 
	Foreign-Other 
	-.3199 
	.16647 
	.055 
	-.6466 
	.0069 

	Foreign-Other U.S.-English 
	Foreign-Other U.S.-English 
	.2131(*) 
	.06900 
	.002 
	.0777 
	.3486 

	Foreign-English 
	Foreign-English 
	.3199 
	.16647 
	.055 
	-.0069 
	.6466 

	TOTSEC_sum U.S.-English Foreign-English 
	TOTSEC_sum U.S.-English Foreign-English 
	-5.6586(*) 
	1.85408 
	.002 
	-9.2979 
	-2.0194 

	Foreign-Other 
	Foreign-Other 
	-6.1394(*) 
	.81091 
	.000 
	-7.7311 
	-4.5477 

	Foreign-English U.S.-English 
	Foreign-English U.S.-English 
	5.6586(*) 
	1.85408 
	.002 
	2.0194 
	9.2979 

	Foreign-Other 
	Foreign-Other 
	-.4808 
	1.95642 
	.806 
	-4.3209 
	3.3594 

	Foreign-Other U.S.-English 
	Foreign-Other U.S.-English 
	6.1394(*) 
	.81091 
	.000 
	4.5477 
	7.7311 

	Foreign-English 
	Foreign-English 
	.4808 
	1.95642 
	.806 
	-3.3594 
	4.3209 

	N_BREAK U.S.-English Foreign-English 
	N_BREAK U.S.-English Foreign-English 
	-1.23(*) 
	.558 
	.027 
	-2.33 
	-.14 

	Foreign-Other 
	Foreign-Other 
	-.89(*) 
	.244 
	.000 
	-1.37 
	-.41 

	Foreign-English U.S.-English 
	Foreign-English U.S.-English 
	1.23(*) 
	.558 
	.027 
	.14 
	2.33 

	Foreign-Other 
	Foreign-Other 
	.34 
	.589 
	.559 
	-.81 
	1.50 

	Foreign-Other U.S.-English 
	Foreign-Other U.S.-English 
	.89(*) 
	.244 
	.000 
	.41 
	1.37 

	Foreign-English 
	Foreign-English 
	-.34 
	.589 
	.559 
	-1.50 
	.81 


	Based on observed means. 
	* The mean difference is significant at the .05 level. 
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