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EXECUTIVE sUMMARY

Th�s.report.descr�bes.and.summar�zes.51.hrs.of.a�r.traf-
fic.control.(ATC).commun�cat�on.that.occurred.dur�ng.
normal,.day-to-day.operat�ons.at.five.d�fferent.en.route.
centers.between.March.and.August.2006 ..On.average,.
an.a�rcraft.requested.and.rece�ved.a�r.traffic.serv�ces.every.
2.m�n.4.s,.w�th.approx�mately.10.messages.exchanged.
from.�n�t�al.contact.to.the.transfer.of.commun�cat�ons ..
The.most.frequently.transm�tted.�nstruct�ons.�nvolved.
changes.�n.alt�tudes.and.sw�tch�ng.p�lots.to.another.rad�o.
frequency ..

Unl�ke.the.find�ngs.reported.by.Cardos�.(1993).where.
78%.of.the.ATC.messages.�nvolved.one.or.two.p�eces.of.
�nformat�on.(e .g .,.“contact.center.on.one.one.two.po�nt.
three.four”.=.1.p�ece.of.�nformat�on,.wh�le.“contact.[name].
center.on.one.one.two.po�nt.three.four”.=.2.p�eces.of.
�nformat�on),.we.found.that.less.than.1%.of.the.control-
lers’.messages.had.only.one.or.two.p�eces.of.�nformat�on.
(of.the.two.examples,.the.first.had.a.complex�ty.value.of.
6,.and.the.second.had.a.complex�ty.value.of.7) ..In.th�s.
report,.84%.of.the.controllers’.transm�ss�ons.conta�ned.
only. one. av�at�on. top�c. (AT). (e .g .,. alt�tude,. head�ng,.
speed),.wh�le.messages.w�th.two.ATs.occurred.�n.14%.
of.the.other.transm�ss�ons .

We.also.report.a.10 .2%.�ncrease.�n.full.readbacks.and.a.
3 .4%.decrease.�n.part�al.readbacks ..Moreover,.p�lots.who.
prov�ded.a.full.readback.also.�ncluded.the.complete.call.
s�gn.�n.approx�mately.64%.of.the�r.responses ..The.fact.
that.call.s�gns.were.excluded.�n.10%.of.the�r.readbacks.
and. .2%.of.the.spoken.call.s�gns.were.un�ntell�g�ble.leaves.
room.for.�mprovement ..Unfortunately,.both.reports.show.
the.number.of.unacknowledged.ATC.transm�ss�ons.at.
sl�ghtly.more.than.3% .

Approx�mately.71%.of.the.p�lot.responses.conta�ned.
faulty.readbacks.—.67 .4%.conta�ned.one.or.more.er-
rors.of.om�ss�on.that.could.be.attr�buted.to.�ncreases.�n.
the.complex�ty.of.ATC.messages ..Changes.�n.message.
complex�ty.alone.had.no.stat�st�cally.s�gn�ficant.effect.on.
the.product�on.of.readback.errors.(e .g .,.the.subst�tut�on.
or.transpos�t�on.of.numbers.�n.the.controller’s.or�g�nal.
transm�ss�ons) ..

Readback.errors.compr�sed.the.rema�n�ng.4 .0%.of.the.
p�lots’.faulty.readbacks.—.78%.resulted.from.a.comb�na-
t�on.of.an.error.of.om�ss�on.plus.one.or.more.subst�tut�ons.
(89%).or.transpos�t�ons.(11%) ..Unl�ke.message.complex�ty,.
message.length.affected.both.the.product�on.of.errors.of.
om�ss�on.and.readback.errors ..There.were.more.errors.of.
om�ss�on.as.ATC.message.length.�ncreased.from.short.(1.AT),.
to.moderate.(2ATs),.and.long.(3.or.more.ATs) ..Redundant.
�nformat�on.m�ght.be.el�m�nated.to.�ncrease.the.economy.
of.capac�ty.l�m�tat�ons.of.verbal.work�ng.memory ..

Readback.errors.�ncreased.once.ATC.messages.�ncluded.
two.or.more.ATs ..The.most.common.readback.errors.
�nvolved.alt�tude.and.alt�tude.restr�ct�ons,.followed.by.
changes.�n.rad�o.frequency,.route/pos�t�on.clearances,.and.
alt�meter.sett�ngs ..Some.of.the.readback.errors.�nvolved.
slang ..That.�s,.an.ATC.�nstruct�on.to.“contact.center.on.
one.one.n�ner.po�nt.zero,”.was.occas�onally.read.back.as.
“n�neteen.z�p”.or.“n�neteen.noth�ng .”.What.�s.worr�some.
for.av�at�on.safety.�s.that.other.p�lots.may.not.understand.
these.types.of.readbacks.(espec�ally.p�lots.who.are. less.
profic�ent.�n.av�at�on.Engl�sh.or.mak�ng.the�r.first.fl�ghts.
�nto.the.U .S .) .

A.common.pract�ce.among.p�lots.�s.to.acknowledge.
controller. �nstruct�ons/adv�sor�es.w�th. e�ther. the�r. call.
s�gn.only.or.the�r.call.s�gn.plus.roger/w�lco ..Also.com-
mon.�s.a.response.such.as.“Down to two five zero”.
(when. acknowledg�ng. an. �nstruct�on. to. reduce. speed.
or.ass�gnment.of.a.new.alt�tude).and.part�al. readback.
(respond�ng.to.only.one.of.two.or.more.�nstruct�ons) ..
These.examples.�llustrate.p�lot.readbacks.that.m�ght.leave.
the.controller.�n.doubt.of.p�lot.understand�ng.and.may.
thus.adversely.affect.safety .

Poss�bly.to.avo�d.the.r�sk.of.e�ther.read�ng.back.the.
contents.of.an.ATC.transm�ss�on.meant.for.another.a�r-
craft.(stolen.transm�ss�on).or.read�ng.back.�ts.contents.
�ncorrectly,.p�lots.asked.the.controller. for.e�ther.a. full.
or.part�al.repeat.of.the.or�g�nal.message ..Of.these.112.
p�lot.requests,.five.�nvolved.a.call.s�gn.m�sspoken.by.the.
controller. to. wh�ch. the. p�lot. wanted. confirmat�on. of.
the.message’s.rec�p�ent ..A.closer.look.at.requests.showed.
that.67 .5%.had.e�ther.a.fix/�ntersect�on.or.fac�l�ty.name.
�ncluded.as.part.of.the�r.content.—.and.many.of.these.
messages. �nvolved.route.clearances.and.the.transfer.of.
commun�cat�ons .. The. names. of. locat�on. �dent�fiers,.
fixes,. �ntersect�ons,. nav�gat�onal. a�des,. etc .. are. cr�t�cal.
to.nav�gat�on;. thus,.p�lots.were.prudent. �n. request�ng.
e�ther.the.repet�t�on.or.confirmat�on.of.prev�ously.heard.
�dent�fiers .

Based.on.our.find�ngs,.we.recommend.that:
1).No.more.than.three.ATs.should.be.�ncluded.�n.an.

ATC.transm�ss�on ..2).Route.clearances.should.be.g�ven.
separately.as.stand-alone.transm�ss�ons ..3).The.names.
of.all.fixes,.waypo�nts,.locat�ons,.and.other.�dent�fiers.
should.be.repeated,.and.�f.necessary,.spelled.out.fol-
low�ng. the�r.first. rec�tat�on ..For. example,. “CleareD 
DireCt CobaD – Charlie-osCar-bravo-alfa-Delta,”.
or. “CleareD DireCt CobaD – C-o-b-a-D CobaD .”. 4).
Slang. should. not. be. accepted. by. ATC. as. part. of. a.
p�lot.readback .
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The OuTcOme Of ATc messAge LengTh And cOmpLexiTy 
On en ROuTe piLOT ReAdbAck peRfORmAnce 

Many attempts to communicate are nullified by saying too much.
—.Robert.Greenleaf

Founder,.Modern.Servant.Leadersh�p.Movement

More.than.10.years.have.lapsed.s�nce.a.comprehens�ve.
analys�s.was.undertaken.to.quant�fy.and.report.the.types.
and.frequenc�es.of.p�lot.readback.errors.and.a�r.traffic.
control.(ATC).commun�cat�on.problems.that.occur.�n.the.
operat�onal.env�ronment ..In.part�cular,.�t.�s.�mportant.to.
determ�ne.whether.the.find�ngs.from.the.prev�ous.decade.
(Cardos�,.1993;.Cardos�,.Brett,.&.Han.1996;.Pr�nzo,.
1996;.Pr�nzo.&.Br�tton.1993).rema�n.representat�ve.of.
rout�ne.commun�cat�ons.�n.2006 ..

Th�s.�s.the.second.of.two.reports.that.�nvest�gated.the.
role.of.ATC.message.complex�ty.and.message.length.on.
operat�onal. commun�cat�ons. between. controllers. and.
p�lots ..In.the.first.report,.Pr�nzo,.Hendr�x,.and.Hendr�x.
(2006). descr�be. and. summar�ze. the. controller-p�lot.
commun�cat�on.process.that.takes.place.dur�ng.normal,.
day-to-day. operat�ons. �n. the. term�nal. radar. approach.
control.(TRACON).env�ronment ..In.th�s.report,.we.apply.
the.same.theoret�cal.approach.and.methodology.to.the.
analys�s.of.operat�onal.commun�cat�ons.�n.the.en.route.
env�ronment.us�ng.d�g�tal.aud�o.tapes.(DATs).prov�ded.
by.five.A�r.Route.Traffic.Control.Centers.(ARTCCs) ..

In. the�r. 2006. report,. Pr�nzo. and. colleagues. took.
the.concept.of.message.complex�ty.that.was.or�g�nally.
proposed.by.Cardos�.(1993).for.the.ARTCC.doma�n,.
mod�fied. by. Cardos�. et. al .. (1996). for. the.TRACON.
doma�n,.further.refined.�t.and.prov�ded.a.theory-dr�ven.
rat�onale.for.comput�ng.message.complex�ty ..In.part�cular,.
Wasow.(1997).suggested.that.an.utterance’s.complex�ty.
can.be.der�ved.from.the.amount.of.�nformat�on.expressed.
�n.�ts.const�tuents.as.measured.by.the.number.of.words,.
syntact�c. nodes,. or. phrasal. nodes. �n. the. const�tuent ..
They.further.c�te.the.sem�nal.work.of.M�ller.(1956).and.
Baddeley. (1987,. 2000). and. Baddeley. and. colleagues.
(1974,.1975),.who.prov�de.a.strong.theoret�cal.bas�s.for.
capac�ty.and.process�ng.components.of.verbal.work�ng.
memory ..M�ller.proposed.that.verbal.work�ng.memory.
�s.l�m�ted.�n.the.amount.of.�nformat�on.that.can.be.ac-
t�vely.processed.(7±2),.wh�le.Baddeley.added.a.temporal.
constra�nt.—.external. �nformat�on.encoded.as.mental.
representat�ons. must. be. act�vely. rehearsed;. otherw�se,.
they.beg�n.to.decay.�n.about.2.s.or.are.overwr�tten.by.
�ncom�ng.�nformat�on ..

Pr�nzo. et. al .. (2006). attempted. to. remove. as. much.
of.the.subject�ve.component.as.poss�ble.when.count�ng.
the.complex�ty.present.�n.commun�cat�on.elements ..As.
noted. �n. Pr�nzo. (1996),. commun�cat�on. elements. are.
the.fundamental.un�t.of.mean�ngful.verbal.language ..In.
av�at�on,.commun�cat�on.elements.are.�dent�fied.accord-
�ng.to.the�r.funct�onal�ty.(Address/Addressee,.Courtesy,.
Instruct�on/Clearance,.Adv�sory/Remark,.Request,.and.
Non-Codable). and. are. restr�cted. w�th. regard. to. the�r.
av�at�on.top�c.(AT:.alt�tude,.head�ng,.speed,.traffic,.route,.
etc .:.Pr�nzo,.Br�tton,.&.Hendr�x.1995) .

For.Pr�nzo.et. al .. (2006),. the. complex�ty.value.of. a.
commun�cat�on.element.�s.defined.by.each.word.or.set.of.
words.transm�tted.by.ATC.to.the.fl�ght.deck.that.conta�ns.
a.new.p�ece.of.�nformat�on.cr�t�cal.to.the.understand�ng.of.
that.commun�cat�on.element ..Ident�fy�ng.the.amount.of.
�nformat�on.�n.ATC.utterances.beg�ns.by.pars�ng.a.mes-
sage.�nto.�ts.commun�cat�on.elements,.then.defin�ng.each.
commun�cat�on.element.accord�ng.to.�ts.speech.act.and.
AT,.ass�gn�ng.a.complex�ty.value.to.each.commun�cat�on.
element,.and.finally,.summ�ng.the.complex�ty.values.to.
arr�ve.at.the.level.of.complex�ty.for.each.message ..They.
developed.several.user.gu�des.for.determ�n�ng.the.message.
complex�ty.for.the.TRACON.(Pr�nzo.et.al .,.2006).and.
En.Route.(see.Append�ces).env�ronments .

The�r.scor�ng.scheme.assumes.that.commun�cat�on.
elements.that.conta�n.more.�nformat�on.should.be.as-
s�gned.larger.values ..Th�s.assumpt�on.holds,.part�cularly.
for.alt�tude.�nstruct�ons ..For.example,.the.numer�cal.values.
present.�n.alt�tude.�nstruct�ons.such.as.“three.thousand.
five.hundred,”.“one-zero.thousand,”.and.“four.thousand”.
are.l�kely.to.�mpose.quantitatively.d�fferent.loads.on.work-
�ng.memory ..In.part�cular,.�t.takes.longer.to.pronounce.
‘three.thousand.five.hundred’.than.‘four.thousand’.(e .g .,.
art�culatory.loop.proposed.by.Baddeley,.2000).and.ut�l�zes.
more.capac�ty.because.�t.conta�ns.more.words.(M�ller,.
1956) ..In.fact,.Morrow.and.Pr�nzo.(1999).found.that.
when.ser�al.reproduct�on.�s.requ�red,.numer�cal.content.
that.ut�l�zes.more.resources.may.be.part�ally.or.completely.
om�tted.or.lead.the.p�lot.to.request.a.repet�t�on .

In. th�s. report,. we. descr�be. and. summar�ze. the.
.controller-p�lot.commun�cat�on.process.that.takes.place.
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dur�ng.normal,.day-to-day.operat�ons. �n. the. en. route.
env�ronment ..We.also.apply.the.same.theoret�cal.approach.
and.methodology.that.was.developed.for.the.TRACON.
env�ronment.to.the.analys�s.of.operat�onal.commun�ca-
t�ons.�n.the.en.route.env�ronment.(see.Pr�nzo.et.al .,.2006) ..
L�ke.the.TRACON.report,.the.purpose.of.th�s.report.�s.
to.(1).prov�de.current.�nformat�on.regard�ng.rout�ne.en.
route.commun�cat�on.pract�ces,.(2).document.the.types.
of.transm�ss�ons.that.are.exchanged.between.p�lots.and.
the.cert�fied.profess�onal.controllers.who.prov�de.them.
w�th.en.route.ATC.serv�ces,.and.(3).record.commun�ca-
t�on.problems.by.type.and.frequency.of.occurrence ..L�ke.
the.TRACON.report,.we.restr�cted.the.analys�s.of.ATC.
messages.to.�nstruct�ons/clearances,.alt�meter.sett�ngs,.(or.
both),.and.the.p�lots’.responses.to.these.messages ..

Th�s.report.�s.s�m�lar.to.Cardos�’s.(1993),.�n.that.(1).
each.report.exam�ned.vo�ce.tape.samples.from.Ch�cago,.
Los.Angeles,.New.York,.and.Oakland.ARTCCs;.(2).the.
sampled.ARTCCs.had.a. relat�vely.h�gh.proport�on.of.
fore�gn. carr�ers;. and. (3). the. commun�cat�on. samples.
�ncluded.both.h�gh-.and.low-alt�tude.sectors ..

It. d�ffers. from. the. Cardos�. report. �n. the. follow�ng.
ways:. (1). Cardos�. measured. message. complex�ty. “as.
the.number.of.separate.elements.conta�ned.�n.a.s�ngle.
transm�ss�on ..Each.word,.or.set.of.words,.the.control-
ler. sa�d. that. conta�ned. a.new.p�ece.of. �nformat�on. to.
the.p�lot. and.was. cr�t�cal. to. the.understand�ng.of. the.
message. was. cons�dered. to. be. an. element .”. [p3] .. For.
example,.“….contact.M�nneapol�s.Center.118 .8”.was.
cons�dered. one. p�ece. of. �nformat�on. �f. the. p�lot. was.
already.on.a.M�nneapol�s.Center.frequency.and.as.two.
p�eces.of.�nformat�on.�f.the.p�lot.rece�ved.�t.wh�le.com-
mun�cat�ng.w�th.a.d�fferent.ARTCC ..We,.on.the.other.
hand,.treated.“ . . ..Contact.M�nneapol�s.Center.118 .8”.as.
one.commun�cat�on.element.w�th.a.complex�ty.value.=.
6 ..Our.rat�onale.was.that.each.d�g�t.compr�s�ng.the.rad�o.
frequency.�mposes.a.memory.load.that.could.result.�n.the.
p�lot.erroneously.read�ng.back.the.wrong.fac�l�ty/funct�on;.
om�tt�ng,.transpos�ng,.or.subst�tut�ng.any.(or.all).of.the.
d�g�ts. �n.the.rad�o.frequency;.or.both ..F�gure.1.shows.

how.we.evaluated.commun�cat�on.elements and.ass�gned.
complex�ty.values ..Each.anchor.word.�s.also.ass�gned.a.
value.=.1;.�n.th�s.case,.they.are.the.words.“contact”.and.
“po�nt .”. (2). Cardos�. evaluated. vo�ce. tapes. from. e�ght.
d�fferent. ARTCCs. dur�ng. h�gh. and. moderate. traffic.
s�tuat�ons,.and.we.exam�ned.vo�ce.tapes.representat�ve.
of.h�gh.traffic.s�tuat�ons.from.five.d�fferent.ARTCCs ..(3).
Cardos�.exam�ned.48.hrs.of.vo�ce.tapes,.and.we.exam�ned.
51.hrs.of.vo�ce.tapes ..

Th�s. report. �s. also. s�m�lar. to. the. Cardos�. (1993).
and.Pr�nzo.et.al .. (2006).reports. �n.that.they.prov�ded.
descr�pt�ons. and. descr�pt�ve. stat�st�cs. related. to. three.
general.types.of.�nformat�on:.Rout�ne.ATC.Commun�-
cat�ons,.P�lot.Faulty.Readback.Performance,.and.P�lot.
Requests.for.Repeat.of.an.ATC.Transm�ss�on ..L�ke.Car-
dos�.(1993).and.Pr�nzo.et.al ..(2006),.complex�ty.values.
were. determ�ned. for. the. transm�ss�ons. that. conta�ned..
a).�nstruct�on/clearance.speech.acts.that.�nvolved.head-
�ng,.head�ng.mod�fier,.alt�tude,.alt�tude.restr�ct�on,.speed,.
approach/departure,.frequency,.hold�ng,.route/pos�t�on,.
and.transponder.ATs,.and.b).adv�sory.speech.acts.that.
�nvolved.the.alt�meter.AT ..

In.th�s.report,.separate.analyses.were.performed.for.
rout�ne. ATC. commun�cat�ons. and. p�lot. requests. for.
repeat ..Rout�ne.ATC.Commun�cat�ons.are.related.to.(1).
types.of.�nformat�on.�ncluded.�n.ATC.messages,.(2).ATC.
message.length.and.complex�ty,.(3).p�lot.responses.to.ATC.
messages,.and.(4).p�lot.use.of.call.s�gns.�n.readbacks ..The.
analys�s.of.P�lot.Faulty.Readback.Performance.�nvolves.
(1).p�lot.errors.of.om�ss�on,.(2).p�lot.readback.errors,.(3).
message.complex�ty.and.p�lot.readback.performance,.and.
(4).message.length.and.p�lot.readback.performance ..The.
analys�s.of.P�lot.Requests.for.Repeat.of.an.ATC.transm�s-
s�on.were.further.subd�v�ded.�nto.four.types.of.requests:.
(1). requests. for. the.repeat.of.a. spec�fic.av�at�on.top�c,.
(2).requests.for.the.repeat.of.an.ent�re.transm�ss�on,.(3).
requests.for.confirmat�on/ver�ficat�on.of.a.spec�fic.av�a-
t�on. top�c,. and. (4). requests. for. confirmat�on. that. the.
transm�ss�on.was.for.them ..

Figure 1. Assigning a Complexity Value to an Aviation Topic. 
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METHOD

Materials
Audiotapes ..Each.en.route.fac�l�ty.was.asked.to.prov�de.

10.hrs.of.vo�ce.commun�cat�ons.represent�ng.heavy.con-
centrat�ons.of.�nternat�onal.arr�vals,.departures,.or.both ..
The. tapes. were. of. commun�cat�ons. recorded. between.
March. and. August. 2006 .. The. fac�l�ty. representat�ve.
made.cop�es.of.the�r.D�g�tal.Aud�o.Tape.(DAT).record-
�ngs. us�ng. the. N�ceLogger™. D�g�tal. Vo�ce. Recorder.
System .. DATs. conta�ned. separate. vo�ce. records. of. all.
commun�cat�on.transm�tted.on.the.rad�o.frequency.as-
s�gned.to.a.part�cular.sector.pos�t�on.on.the.left.channel ..
The. N�ceLogger™. D�g�tal. Vo�ce. Reproducer. System.
decoded.and.d�splayed.t�me.and.correlated.�t.w�th.the.
vo�ce.stream.�n.real.t�me .

Guides to the Computation of En Route Message 
Complexity. To.compute.ATC.message.complex�ty,.the.
Guide to the Computation of Complexity:.ATC Instruction/
Clearance Aviation Topics.and.the.Guide to the Computa-
tion of Complexity:. ATC Advisory Aviation Topics.were.
developed.and.appl�ed.to.each.av�at�on.top�c.�n.controller.
transm�ss�ons ..These.gu�des.appear.�n.Append�x.A.and.

Append�x.B,.respect�vely ..Table.1.shows.an.example.of.
the.complex�ty.value.ass�gned.to.the.phraseology.used.to.
del�ver.an.alt�tude.�nstruct�on . The.first.column.presents.
the.AT,.the.second.column.presents.the.complex�ty.value,.
and.the.th�rd.column.presents.the.phraseology.extracted.
from FAA Order 7110.65P (2004).to.support.the.del�very.
of.that.serv�ce ..In.several.cases,.the.phraseology.used.by.
the.speaker.d�d.not.appear.�n.FAA Order 7110.65.(e .g .,.
good.rate).but.was.used.so.frequently.that.they.were.as-
s�gned.values ..Cap�tal�zed.words.des�gnate.anchors.and.
�tal�c�zed.words.�dent�fy.qual�fiers.that.vary.accord�ng.to.
the.geograph�cal.locat�on.and.a�rcraft.pos�t�on ..

To.determ�ne.complex�ty.value,.anchors,.qual�fiers,.and.
excess�ve.verb�age.are.ass�gned.a.value.�nd�cat�ve.of.new.
�nformat�on.or.�mportance.towards.the.understand�ng.of.
an.�nstruct�on.or.adv�sory ..In.most.cases.each.anchor.�s.
counted.as.one.element.of.complex�ty ..There.are.several.
except�ons,. however .. Some. commun�cat�on. elements.
conta�n.mult�ple.anchors,.as.�n.the.case.“turn left/right 
heaDing (degrees) .”.The.anchor.“turn left/right”.prov�des.
the.d�rect�on.of.the.turn.wh�le.“heaDing”.�nd�cates.the.
a�rcraft’s.bear�ng ..Also,.numer�cal.qual�fiers.must.be.evalu-
ated.accord�ng.to.the.phraseology.used.by.the.speaker ..
That.�s,.the.number.‘three.thousand.five.hundred’.was.

Table 1. Excerpt from the Guide to the Computation of Complexity.

AVIATION 
TOPIC COMPLEXITY PHRASEOLOGY

Altitude 

6

6

6

5

4

*4-8 
*4-8 
*3-7 
*3-6 
*2-5 
*1-3 

4=FLIGHT LEVEL + (altitude) three digits 
3=(altitude) two digits +THOUSAND 
2=(altitude) one digit + THOUSAND 
3=(altitude) two digits + HUNDRED 
2=(altitude) one digit + HUNDRED 
2=(altitude) two digits 
1=(altitude) one digit

DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND (altitude) HUNDRED 
three  five 

DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND (altitude) THOUSAND
one two twelve 

DESCEND/CLIMB & MAINTAIN FLIGHT LEVEL (altitude) 
   two three zero 
DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND 

one zero 
DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND 

four
CONTINUE CLIMB/DESCENT TO (altitude)
AMEND YOUR ALTITUDE DESCEND/CLIMB MAINTAIN (altitude) 
AMEND YOUR ALTITUDE MAINTAIN (altitude) 
DESCEND/CLIMB TO (altitude)
MAINTAIN (altitude)
(altitude, omitted “THOUSAND” “HUNDRED” “FLIGHT LEVEL”) 

* The complexity value varies as a function of the altitude 



4

ass�gned.a.value.of.4.(a.value.of.one.for.each.number.and.
a.value.of.one.for.the.anchor.‘hundred’),.s�nce.�t.would.
be.more.demand�ng.than.e�ther.one-zero.thousand.(value.
=.3).or.four.thousand.(value.=.2) ..F�nally,.one.element.of.
complex�ty.should.be.added.for.excess�ve.verb�age ..Exces-
s�ve.verb�age.�s.determ�ned.by.compar�ng.the.speaker’s.
utterance.aga�nst.the.phraseology.des�gnated.�n.FAA Order 
7110.65 ..The. cod�ng.procedures.used. to. evaluate. the.
controllers’.transm�ss�ons.were.appl�ed.to.p�lot.readbacks ..
The.level.of.complex�ty.of.an.ATC.message.�s.the.sum.of.
the.values.across.each.av�at�on.top�c.�n.the.transm�ss�on ..
Thus,.complex�ty.value.(CV).�s.to.av�at�on.top�c.as.level.
of.complex�ty.(CL).�s.to.an.ATC.message .

Guides to the Classification of Pilot Readback 
Errors..As.used.here,.a readback.error.�s.defined.as.an.
unsuccessful.attempt.by.a.p�lot.to.correctly.read.back.the.
�nformat�on.conta�ned.�n.the.commun�cat�on.elements.
that.compr�se.the.or�g�nal.message.transm�tted.by.ATC ..To.
a�d.�n.the.class�ficat�on.of.readback.errors,.the.Guide to the 
Computation of Pilot Readback Errors:.Instruction/Clearance 
Aviation Topics.and.the.Guide to the Computation of Pilot 
Readback Errors:.Advisory Aviation Topics.were.developed.
and.appl�ed.to.each.p�lot.readback ..They.are.presented.
�n.Append�x.C.and.Append�x.D,.respect�vely ..

Many.of.the.readback.error.types.are.common.to.all.
ATs ..The.more.typ�cal.ones.�nclude.subst�tut�on,.trans-
pos�t�on,.and.om�ss�on.errors ..Presented.�n.Table.2.�s.an.
example.of.n�ne.poss�ble.readback.errors.for.an.�nstruc-
t�on.to.change.alt�tude ..The.column.to.the.r�ght.d�splays.
the.var�ous.types.of.alt�tude.readback.errors ..Preced�ng.
each.example.of.a.part�cular.type.of.readback.error.�s.the.
or�g�nal.ATC.message ..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.read.back.e�ther.“three 
one zero”.or.“six zero,”.�t.�s.coded.as.a.subst�tut�on.error.
s�nce. the.numbers. �n. the.or�g�nal.head�ng. �nstruct�on.
�nclude.ne�ther.a.three.nor.a.s�x .

Some.types.of.readback.errors.may.pose.a.greater.r�sk.
to.safety.than.others ..For.example,.transpos�ng.a.number.
�n.an.av�at�on.top�c.may.be.more.of.a.threat.�n.some.s�tu-
at�ons.than.the.om�ss�on.of.a.number.or.the.subst�tut�on.
of.an.anchor.word.w�th.�ts.synonym ..To.ensure.safety,.
controllers. l�sten. to. p�lot. readbacks. wh�le. mon�tor�ng.
a�rcraft.along.the�r.route.of.fl�ght.and.w�ll.�ntervene.when.
necessary ..In.fact,.Pr�nzo.et.al ..(2006).suggest.that.correct-
�ng.a.faulty.readback.m�ght.be.a.conservat�ve.component.
of.the.hearback.process ..As.such,.�t.may.be.reserved.for.
readbacks.w�th.potent�ally.adverse.consequences.to.safety,.
a�rcraft.performance,.or.traffic.flow .

subject Matter Experts (sMEs)
The.first.author.has.14.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.superv�s�on.and.
management ..The.th�rd.author.has.ass�sted.the.second.
author.�n.encod�ng.p�lot-controller.commun�cat�ons.for.
more.than.11.yrs .

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

dubbed.from.each.DAT.and.prov�ded.to.the.transcr�bers.
who.used.them.to.generate.the.verbat�m.transcr�pts ..Each.
message.was.preceded.by.�ts.onset.and.offset.t�me.as.�t.

Table 2. Excerpt from the Guide to the Computation of Pilot Readback Errors.

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 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”
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was.typed.onto.an.electron�c.copy.of.the.Av�at�on.Top-
�cs.Speech.Acts.Taxonomy-Cod�ng.Form.(ATSAT-CF;.
Pr�nzo,.Br�tton,.&.Hendr�x,.1995) ..Once.the.transcr�bers.
fin�shed.a.set.of.tapes.for.an.ARTCC,.the.second.and.
th�rd. authors. rece�ved. cop�es. of. the. transcr�pts,. v�deo.
maps,.a�r.carr�er. �dent�fiers,.and.routes. for.use.dur�ng.
the.encod�ng.process .

Message Encoding Process..Message.encod�ng.was.a.
four-stage.process ..Some.of.the.stages.had.mult�ple.parts ..
Each.stage.�s.descr�bed .

Step 1: Parsing and Labeling Communication Ele-
ments..In.Step.1,.each.controller.message.was.parsed.�nto.
commun�cat�on.elements.and.categor�zed.by.speech.act.
and.av�at�on.top�c.us�ng.the.protocol.establ�shed.by.Pr�nzo,.
et.al ..(2006) ..In.Table.3.under.the.column.labeled.“T1”.
�s.the.rece�ver.�dent�ficat�on,.under.“T2”.�s.the.speaker.
�dent�ficat�on,.“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) ..There.are.four.com-
mun�cat�on.elements:.two.�nstruct�ons.and.the.speaker.
(SID).and.rece�ver.(RID).of.the.transm�ss�on .

Step 2: Computing Complexity..In.Step.2,.the.Guide 
to the Computation of Complexity was.used.to.look.up.the.
appropr�ate.complex�ty.value.accord�ng.to.the.phraseol-
ogy.used.by.the.controller.for.Instruct�on/Clearance.ATs.

(see.Append�x.A).and.for.Adv�sory.ATs.(see.Append�x.
B) ..Complex�ty.values.were.ass�gned.to.all. �nstruct�on.
and.adv�sory.ATs ..As.seen.�n.Table.4,.ne�ther.SID.nor.
RID.were.evaluated.for.complex�ty,.so.a.value.of.“0”.was.
entered.�n.each.of.those.columns ..For.the.first.example,.
the.complex�ty.value.of.IS.=.2.and.IA.=.6 ..The.message’s.
complex�ty.level.(CL).�s.the.sum.of.the.complex�ty.values ..
For.that.example,.CL.=.8 ..In.the.second.example,.there.
�s.a.speed.(IS),.alt�tude.(IA),.and.alt�meter.(AW).�ssued.
by.ATC ..The.complex�ty.values.are.IS.=.5,.IA.=.5,.and.
AW.=.4 ..The.transm�ss�on.has.a.CL.=.14 .

Step 3: Identifying Message Couplets..In.Step.3,.each.
ATC.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.5,.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.acknowledgement,.
the.readback.of.the.speed.and.alt�tude.�nstruct�ons,.fol-
lowed.by.the.a�rcraft’s.call.s�gn .

Step 4: Identifying Readback Performance..In.Step.
4,.each.readback.was.evaluated. for.accuracy ..Th�s. �s.a.
mult�stage.encod�ng.process ..As.shown.�n.Table.6,.�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.

Table 3. ATC Messages Parsed and 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. Complexity Values Assigned to Instruction and Advisory Aviation Topics. 

SPKR Message  RID SID IS IA AW CL 

ATC

OWNSHIP SIXTY FOUR TEN / [FID] / RESUME NORMAL 
SPEED / CLIMB MAINTAIN FLIGHT LEVEL TWO THREE 
ZERO 0 0 2 6 0 8 

ATC

OWNSHIP FOUR THREE SIX / [FID] / MAINTAIN TWO 
FIVE ZERO KNOTS / DESCEND AND MAINTAIN ONE 
FOUR THOUSAND / [LOCATION] ALTIMETER IS TWO 
NINER THREE EIGHT                                                                     0 0 5 5 4 14 

Table 5. 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 
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message .. There. was. one. �dent�fied. commun�cat�on.
problem.�n.the.couplet,.so.the.value.of.“1”.appears.�n.
that.column ..

Then.the.type.of.commun�cat�on.problem.was.coded.
under.the.column.labeled.“Type.Prob .”.The.types.of.com-
mun�cat�on.problems.were.coded.as.readback.error.(RBE).
=.1,.request.for.repeat.(RfR).=.2,.or.the�r.comb�nat�on.
=.3 ..If.a.commun�cat�on.problem.had.been.�dent�fied.
that.d�d.not.match.the.pre-defined.class�ficat�ons,.then.
�t.would.have.been.ass�gned.a.new.value.and.�ncluded.
�n.the.class�ficat�on.scheme .

If.faulty.readback.performance.�nvolved.�nstruct�ons/
clearances. then. the. Guide to the Classification of Pilot 
Readback Errors: Instruction/Clearance Aviation Topics was.
used.(see.Append�x.C);.�f.�t.�nvolved.an.adv�sory.then.
we.referred.to.Pilot Readback Errors: Advisory Aviation 
Topics (see.Append�x.D) . As.shown.�n.Table.6,.there.�s.an.
error.�nvolv�ng.the.readback.of.the.alt�tude.�nstruct�on ..
Us�ng. the Guide to the Classification of Pilot Readback 
Errors: Instruction/Clearance Aviation Topics. (Append�x.
C),. the. readback.error.was.ass�gned.a.part�cular.value.
that.depended.upon.�ts.spec�fic.type.of.error ..There.were.
three.general.classes.of.readback.errors.—.subst�tut�on,.
transpos�t�on,. and. om�ss�on. —. and. each. one. had. a.
part�cular.value.that.depended.upon.the.nature.of.the.
readback.error ..

In. the. example,. the. controller. �nstructed. the. p�lot.
to.“Climb maintain flight level two three zero”.and.
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.four,.and.�t.was.as-
s�gned.the.value.=.1 .

The.last.part.of.the.�dent�ficat�on.of.readback.errors.
defined.wh�ch.of.the.ATs.were.read.back.�ncorrectly ..S�nce.
the.faulty.readback.�nvolved.the.alt�tude.�nstruct�on,.“IA”.
was.coded.under.the.column.labeled.“Type.AT .”

Encoding Reliability..Inter-rater.rel�ab�l�ty.was.evalu-
ated. by. hav�ng. the. first. and. second. author. randomly.
encode.the.same.randomly.selected.set.of.125.messages.
(25.for.each.fac�l�ty) ..S�nce.the.first.and.second.author.
both. used. the. gu�des. presented. �n. Append�ces. A. and.
B. to. compute. complex�ty,. �t. was. expected. that. there.

would.be.a.h�gh.percentage.of.agreement.between.them ..
Kr�ppendorff ’s.alpha.(α),1.a.rel�ab�l�ty.coeffic�ent,.was.
performed.on.the�r.rat�ngs.as.each.set.of.data.was.com-
pleted.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 .

sector Descriptions
Chicago ARTCC. The.transcr�pt�ons.are.of.p�lot/con-

troller.commun�cat�on.from.two.en.route.sectors ..They.
are.low-alt�tude.arr�val.and.departure.sectors,.surface.to.
fl�ght.level.two.three.zero.jo�n�ng.a.term�nal.fac�l�ty ..The.
arr�val.sector.rece�ved.traffic.from.other.en.route.sectors.
and.descended.the.a�rcraft.to.8,000.feet.v�a.vectors.and.
arr�val. routes. and. transferred. control. to. the. approach.
control ..The.departure.sector.rece�ved.a�rcraft.from.the.
approach.control.and.cl�mbed.them.to.h�gher.alt�tudes.
and.transferred.control.to.other.en.route.sectors ..There.
were.a.few.arr�val.a�rcraft.to.outly�ng.a�rports.�n.the.de-
parture.sector.requ�r�ng.descent.and.transfer.of.control.
to.an.approach.fac�l�ty.or.other.en.route.sectors .

Los Angeles ARTCC..The.transcr�pts.are.of.10.en.
route.sectors ..The.sectors.are.north,.east,.and.south.of.
the.greater.Los.Angeles.area ..In.the.low-alt�tude.sectors.
(below.fl�ght.level.two.four.zero).the.traffic.�s.cl�mb�ng/
descend�ng.to/from.approach.areas.to.en.route.alt�tudes.
or.h�gh.alt�tude ..In.the.h�gh-alt�tude.sectors.(fl�ght.level.
two.four.zero.and.above).the.traffic.�s.also.cl�mb�ng.and.
descend�ng,.but. to.and. from. low-alt�tude. sectors.plus.
en.route.traffic .

Miami ARTCC..The.transcr�pts.are.of.p�lot.controller.
commun�cat�ons.of. arr�val. and.departure. sectors ..The.
a�rspace.�s.the.outer.per�pheral.of.the.Flor�da.pen�nsula ..
The.a�rports.are.Fort.Myers,.Key.West,.Marathon,.M�-
am�,.and.Palm.Beach ..One.sector.transcr�pt�on.�ncludes.
coord�nat�on.and.commun�cat�on.change.w�th.Havana.
1.Kr�ppendorff ’s.alpha �s.a.rel�ab�l�ty.coeff�c�ent.that.was.or�g�nally.
developed. for. evaluat�ng. agreement. between. coders. perform�ng. a.
content.analys�s .. It. �s.a. stat�st�c. that. �s.w�dely.appl�cable.wherever.
two.or.more.methods.of.process�ng.data.are.appl�ed.to.the.same.set.
of.objects,.un�ts.of.analys�s,.or.�tems.(Kr�ppendorff,.1980) ..Hayes.
(2005). developed. an. SPSS. procedure. to. compute. Kr�ppendorff ’s.
alpha that.�s.ava�lable.on.the.Internet .

Table 6. Identification of Communication Problems.

SPKR Message 
Com 
Prob

Type
Prob

Type
RBE

Type
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 
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Center ..The.traffic.�s.cl�mb�ng.and.descend�ng;.there.�s.
some.VFR.traffic.and.a. few.m�l�tary.a�rcraft.fly�ng.en.
route.to.warn�ng.areas ..

New York ARTCC..The.transcr�pts.are.of.p�lot/control-
ler.commun�cat�ons.from.offshore.sectors ..The.area.�s.just.
east.of.the.northeast.coast.of.the.U .S ..The.flow.of.traffic.�s.
�nbound.to.Boston/New.York.term�nal.areas,.w�th.a.few.
overfl�ghts.to.Canada ..The.outbound.traffic.�s.to.Europe.
and.the.Car�bbean.Islands,.plus.a.refuel�ng.track .

Oakland ARTCC..The.transcr�pts.are.of.p�lot/control-
ler.commun�cat�ons.�n.sectors.to.the.west.of.the.Cont�-
nental.Un�ted.States ..The.traffic.�s.mostly.h�gh.alt�tude.
and.cl�mb�ng.and.descend�ng ..The.sectors.are.sett�ng.up.
the. outbound. traffic. for. the�r. ocean�c. routes/alt�tudes.
and. rece�v�ng. traffic. to. the.U .S .. from. the.Or�ent. and.
Northwest.U .S ..The.outbound.traffic.�s.handed-off.to.an.
Ocean.sector.w�th.a.commun�cat�on.transfer.to.ARINC,.
en.route.frequenc�es,.or.CPDLC,.wh�le.the.�nbounds.are.
handed.off.and.commun�cat�on.transferred.to.another.
Oakland.sector ..The.traffic.�s.mostly.domest�c.a�r.carr�-
ers.and.several.fore�gn.a�r.carr�ers ..There.also.are.several.
m�l�tary.a�rcraft.work�ng.a.refuel�ng.area .

REsULTs

Routine ATC Communication
In.th�s.report,.51.hr.3.m�n.20.s.of.commun�cat�ons.

were. analyzed ..The. amount.of. vo�ce. commun�cat�ons.
var�ed.from.58.m�n.55.s.on.one.commun�cat�on.sample.
to.5.hr.13.m�n.49.s.on.another ..Approx�mately.89%.of.
the. commun�cat�ons.occurred.between.6:00. a .m .. and.
6:00.p .m ..The.data.are.representat�ve.of.77.controllers.
who.worked.arr�val,.departure,.and.m�xed.traffic.flows.
at. five.d�fferent.ARTCCs.w�th�n. the. cont�guous.U .S ..
between.March.and.August.2006 .

Presented.�n.Table.7.�s.the.number.of.transm�ss�ons,.
number.of.U .S ..and.Fore�gn.Reg�stry.a�rcraft,.and.durat�on.
of.the.commun�cat�on.samples.for.each.ARTCC.fac�l�ty ..
The.grand.total.presented.under.the.head�ng.“Number.
of.A�rcraft”.and.“Durat�on.of.Commun�cat�on.Samples”.
revealed. that,. on. average,. one. a�rcraft. requested. and.
rece�ved.a�r.traffic.serv�ces.every.2.m�n.4.s ..The.number.
of.ground-to-a�r.transm�ss�ons.averaged.4 .62.messages.
per. a�rcraft. (Number. of. ATC.Transm�ss�ons/Number.
of.A�rcraft) ..From.�n�t�al.contact.to.the.hand-off.to.the.
next.controller.�n.sequence,.the.ent�re.transact�onal.com-
mun�cat�on. set. �nvolved. the. exchange. of. 10.messages.
between.a.controller.and.p�lot.(th�s.�ncludes.all.of.the.
p�lot.transm�ss�ons.to.the.controller).and.an.allocat�on.
of.28 .24.s.of.a�rt�me.(per.a�rcraft) .

Types of Information Included in ATC Messages..
L�ke.the.Cardos�.1993.report,.the.computat�on.of.mes-
sage.complex�ty.was.restr�cted.to.�nclude.only.controllers’.
messages.that.transm�tted.a.comb�nat�on.of.�nstruct�ons,.
clearances,.and.adv�sor�es.(� .e .,.radar.contact.w�th.alt�metry.
or.radar.serv�ces.term�nated.w�th.a.frequency.change) ..Of.
the.6,875.controller-to-p�lot.transm�ss�ons,.4,261.met.the.
select�on.cr�ter�a.and.underwent.further.analys�s .

F�gure.2.shows.that.of.the.5,158.ATs.transm�tted.to.
p�lots,. the. ones. most. frequently. transm�tted. �ncluded.
alt�tudes,.rad�o.frequency.ass�gnments,.and.route/pos�-
t�on.clearances ..There.were.11.�nstances.where.p�lots.were.
�nstructed.to.hold.at.a.part�cular.locat�on.(e .g .,.“ownship 
one eighty three roger is CleareD to pivot holD northeast 
as publisheD exCept one zero mile legs approveD ten mile 
expeCt further ClearanCe two two zero five .”) .

ATC Message Length and Complexity..Table.8.shows.
that.about.92%.of.the.ATC.transm�ss�ons.had.only.�nstruc-
t�ons/clearances,.2%.conta�ned.only.an.alt�metry.adv�sory,.
and.nearly.6%.comb�ned.�nstruct�ons/clearances.w�th.the.

Table 7. Number of Transmissions, Number of Aircraft, and Communication Durations Presented by 
ARTCC Facility.

Number of Transmissions Number of Aircraft 
Source ATC Flight 

Deck
Land-

line
Unsure Total US Foreign 

Duration of 
Communication 
Samples

Chicago 1233 1326 251 2 2812 214 42 9 h 29 min 35 s 
Los Angeles 1837 1998 282 5 4122 442 57 11 h 08 min 59 s 
Miami 1999 2150 222 1 4372 370 32 9 h 39 min 01s 
New York 1028 1035 195 2 2260 125 41 10 h 37 min 39 s 
Oakland 778 865 177 1 1821 91 65 10 h 08 min 06 s 

Grand Total 6875 7374 1127 11 15387 1252 235 51 h 03 min 20 s 
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alt�metry.adv�sory ..Furthermore,.84%.of.the.transm�ss�ons.
had.one.speech.act;.rarely.d�d.controllers.�nclude.three.
or.more.speech.acts.�n.the�r.transm�ss�ons ..

An. Analys�s. of. Var�ance. (ANOVA). was. conducted.
on.the.mean.number.of.speech.acts.�n.ATC.transm�s-
s�ons.accord�ng.to. fac�l�ty.and.traffic.flow ..The.results.
�nd�cated.that.messages.were.longer.when.traffic.was.�n.
an.arr�val.as.compared.w�th.e�ther.a.departure.or.m�xed.
flow. [F(2,64)=4 .98,. p= .01] .. However,. the. stat�st�cally.
s�gn�ficant.ARTCC.Fac�l�ty.by.Traffic.Flow.�nteract�on.
[F(6,64)=2 .39,.p= .038],.d�splayed.�n.F�gure.3,.shows.the.
ma�n.effect.of.traffic.flow.�s.restr�cted.to.the.controllers.at.
the.Ch�cago.and.Los.Angeles.ARTCCs.who.sent.longer.
transm�ss�ons.only.when.traffic.was.on.an.arr�val.flow;2.
otherw�se,.message.length.was.comparable.across.ARTCC.
fac�l�t�es.and.traffic.flows ..

Table.9.shows.the.d�str�but�on.of.ATC.messages.ac-
cord�ng.to.the�r.complex�ty.level.(CL).and.message.length.
(ML) ..An.exam�nat�on.of.the.row.totals.(see.column.“CL.
Percentages”).reveals.that,.unl�ke.the.find�ngs.reported.
by.Cardos�.(1993),.where.78%.of.the.ATC.messages.had.
one.(e .g .,.frequency.change).or.two.p�eces.of.�nforma-

2.Post.hoc.compar�sons.were.performed.us�ng.the.Tukey.stat�st�c .

t�on.(e .g .,. turn.left.head�ng.090),. less.than.1%.of.the.
transm�ss�ons.analyzed. �n.th�s.report.d�d.( .40%.had.a.
CL.=.1.[e .g .,.normal.speed,.�dent],.and.another.9%.had.
a.CL.=.2.[e .g .,.start.your.decent.now]) ..

Table.9.reveals.that.51%.of.the.ATC.transm�ss�ons.w�th.
a.ML.=.1.had.a.CL.=.6-7 ..For.example.a.route.clearance.
such.as.“CleareD DireCt Camrn”.(CL.=.2).�s.less.complex.
than.“Cross heCtor at anD manintain flight level two four 
zero twenty four,”.(CL.=.8),.wh�ch.�s.less.complex.than.
“CleareD to houston after Dovey DireCt nantuCket DireCt 
boston DireCt Charlie mike kilo jet seven five to golf viCtor 
eCho jeCt three seven to sierra juliett inDia DireCt hotel 
romeo viCtor DireCt lima lima alfa DireCt viCtor uniform 
hotel DireCt papa sierra xray anD the glanD three arrival 
to houston”(CL.=.24) ..

The.most.complex.ATC.message.had.a.CL.=.31.and.
�t.conta�ned.three.speech.acts.(route.clearance,.alt�tude,.
and.speed.�nstruct�ons):.“CleareD to Delta golf alfa alfa 
airport after Champ DireCt Creeq DireCt kwlty three five 
three zero north six zero west three three five zero north 
five five west three one five zero north five zero west two 
niner five zero north four five west two seven two zero 
north four zero west two four three zero north three 

31%

9%

4%

0%

26%

14%

6%

3%

7%

Altitude

Altitude Restrictions

Heading

Hold Instructions

Radio Frequency

Route/Position Clearance

Speed

Transponder

Altimeter

Figure 2. Percentages of ATC Instruction/Clearance Aviation Topics. 

Table 8. Frequency Distribution of the Types of Speech Acts Presented by Message Length.

Types of Speech Acts 

Message Length 
Clearances and 

Instructions 
Altimeter 
Advisory Combination Total Percentage 

1 82.2% 2.1%  84.3% 
2 9.0%  5.1% 14.1% 
3 .8%  .6% 1.4% 
4 .1%   .1% 

Total Percentages 92.1% 2.1% 5.8% 100.0% 
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Table 9. ATC Messages Presented by Level of Complexity and Message Length.

Message Length 
Complexity Level 1 2 3 4 CL Percentages 

1 .40%    0.40% 
2 9.00%    9.00% 
3 5.72%    5.72% 
4 7.80% .31%   8.11% 
5 9.13% .19%   9.32% 
6 28.67% .74%   29.41% 
7 20.54% 1.04%   21.58% 
8 2.94% 3.75% .02%  6.71% 
9 .02% 4.00% .26%  4.28% 

10 .02% 1.45% .17%  1.64% 
11 .05% 2.04% .24%  2.33% 
12  .33% .12% .02% .47% 
13  .21% .10%  .31% 

14 or more1  .10% .52% .10% .72% 
ML Percentages 84.32% 14.15% 1.42% .12% 100.00% 

1 CL ranged from 1 – 31. There were only 3 transmissions with 4 communication elements and a CL  12. 

1 CL ranged from 1 – 31. There were only 3 transmissions with 4 communication elements and a CL  12. 

1
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Figure 3. ATC Message Length Presented by ARTCC Facility and Traffic Flow. 
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five west eltin gamba maintain flight level three two zero 
for now maintain maCh point eight five .”.

Pilot Responses to ATC Messages. In.response.to.
the. 4,261. ATC. messages,. there. were. 3,437. full. read-
backs,.363.part�al.readbacks,.126.acknowledgment.only.
(e .g .,.“Roger,”.“W�lco”),.26.courtes�es.such.as.“Thank.
you,”.160.messages.w�th.no.acknowledgment,.and.17.
transm�ss�ons.were.retransm�tted.by.ATC.because.they.
were.prev�ously.blocked ..In.add�t�on.to.these.messages,.
there.were.152.other.repl�es,.of.wh�ch.76 .3%.�nvolved.
uncerta�nty.regard�ng.prev�ous.ATC.�nstruct�ons ..That.
�s,.they.�ncluded.transm�ss�ons.such.as.“Confirm that was 
twenty eight point one five,”.“verify that’s up to three 
three zero,”.and.“say again seConDaries .”.

Table.10.shows.that.81 .2%.of.the.p�lots’. responses.
conta�ned.full.readbacks.of.the.controller.�nstruct�ons,.
adv�sor�es,.or.both ..Whereas.�n.Cardos�’s.1993.report,.
full. readbacks. occurred. for. 71%. of. prev�ously. �ssued.
ATC.messages,.the.data.presented.here.�nd�cate.a.10 .2%.
�ncrease.�n.full.readbacks.w�th.a.correspond�ng.decrease.
�n.part�al.readbacks.—.down.from.12%.�n.the.Cardos�.
report. to.7 .9% ..We.took.the.category. ‘Other.Repl�es’.
wh�ch. const�tuted. another. 8%. of. p�lot. responses. �n.
the.Cardos�.report.and.spl�t.�t.�nto.‘Other.Repl�es’.and.
‘Courtesy .’.Together,.they.accounted.for.3 .3%.of.the.p�lot.
responses ..Only.2 .8%.of.the.p�lots.responded.w�th.an.
acknowledgment.only .

Of. the. 3 .8%. ATC. messages. that. rece�ved. no. p�lot.
acknowledgement,.91 .9%.of.them.had.one.(86 .3%).or.
two.(5 .6%). �nstruct�ons.wh�le.another.5 .0%.�nvolved.
only.alt�meter.sett�ngs ..Of.the.unacknowledged.s�ngle-
top�c. �nstruct�ons,. 49 .0%. �nvolved. changes. to. rad�o.
frequency ..Alt�tude.(16 .0%),.transponder.(11 .0%),.head-
�ng.(5 .0%),.route/pos�t�on.(8 .0%),.speed.(6 .0%),.and.

alt�tude.restr�ct�on.(5 .0%).compr�sed.the.rema�nder.of.
unacknowledged.s�ngle-top�c.�nstruct�ons ..The.rema�n�ng.
3 .1%.unacknowledged.messages.were.a.comb�nat�on.of.
�nstruct�ons.and.adv�sor�es.that.conta�ned.two.(2 .5%).
or.more.than.two.top�cs.(0 .6%) .

Pilot Use of Call signs in Readbacks ..The.types.of.
call.s�gns.used.by.p�lots.and.the�r.representat�ve.examples.
are.shown.�n.F�gure.4 ..In.Table.11,.the.frequency.d�s-
tr�but�ons.of.the.usage.of.the.var�ous.types.of.call.s�gns.
are.presented.by.the�r.rate.of.occurrence.as.a.funct�on.of.
p�lot.responses.to.4,261.ATC.messages ..

Table. 11. shows. that. p�lots. prov�ded. e�ther. a. com-
plete. (74 .5%). or. part�al. (14 .5%). call. s�gn. �n. 89%. of.
the�r. responses. to. ATC .. Product�on. of. �ncorrect. call.
s�gns. const�tuted.1 .3%.of. the�r. responses ..There.were.
59. transm�ss�ons. where. p�lots. prov�ded. �ncorrect. call.
s�gns.(replacement.of.the.ass�gned.call.s�gn.w�th.that.of.
another) ..In.27.of.these.transm�ss�ons,.the.�ncorrect.call.
s�gns.resulted.from.�mport�ng.numbers.or.letters.not.found.
�n.the.actual.call.s�gn ..For.example,.the.p�lot.of.Ownsh�p.
2577.responded.w�th,.“ownship.twenty twenty-seven .”.
In.32.other.transm�ss�ons,.p�lots.om�tted.some.numbers.
e�ther.at.the.beg�nn�ng.(Ownsh�p.049.was.called.‘own-
ship four nine’),.m�ddle.(Ownsh�p.901.became.‘ownship 
ninety one’),.or.at.the.end.of.the.call.s�gn.(ownship.1512.
became. ‘ownship fifteen’). fa�led. to. �nclude. the. prefix.
(‘ownship’),.or.gave.only.a.part�al.prefix .

Analysis of Pilot Faulty Readback Performance
As.noted.�n.Table.11,.89%.of.the.selected.control-

ler. transm�ss�ons.were. responded. to.w�th. e�ther. a. full.
or.part�al. readback ..Of. these.3,799.readbacks,.28 .7%.
(n=1,089).were. read.back.correctly,. complete.w�th.all.
anchor.words ..The.rema�n�ng.71 .3%.faulty. readbacks.

Table 10. Pilot Responses to ATC Messages.

Types of ATC Messages 

Types of Pilot Response  
Instructions 

Only
Altimeter

 Only 
Instructions and 

Altimeter
Percent of all 

Messages 

Full Readback 76.6% 1.4% 3.1% 81.2%*

Partial Readback 6.4%  .1% 2.2% 8.6% 
Acknowledgment Only 2.5%  .2%  .0% 2.8% 
Other Replies 2.5%  .0%  .3% 2.8% 
Courtesy  .4%  .1%  .0%  .5% 
No Acknowledgment 3.3%  .2%  .1% 3.8% 
Blocked  .3%  .0%  .1%  .4% 

Table Total 92.1% 2.1% 5.8% 100.0% 
*Subject to rounding error 
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Call Sign Usage ACID Example 
 Complete  UAL56H UNITED FIFTY SIX HEAVY  
 Partial 

Prefix w/ some numbers/letters 
Inc. prefix w/ all numbers/letters 
No prefix w/ all numbers/letters 
No prefix w/ some numbers/letters 

DAL884 
ACA1017        
TRS467 
GWY256         

DELTA EIGHTY FOUR  
CANADA TEN UH SEVENTEEN 
FOUR SIXTY SEVEN 
FIFTY SIX  

 Incorrect call sign N21828CG       TWO CHARLIE GOLF 
 Unintelligible AAL538 AMER (UNINTELLIGIBLE)  
 No call sign 

Figure 4. Examples of Various Types of Pilot Call Sign Usage. 

Table 11. Pilot Call Sign Usage as a Function of the Type of Pilot Response.

Type of Pilot Response  
Pilot Call Sign 

Usage 
Full

Readback 
Partial 

Readback 
Ackn. 
Only

Other 
Replies Courtesy Blocked Percent

 Complete  63.6% 7.3% 1.6% 2.0% 74.5% 
 Partial 12.8% .8% .5% .4% 14.5% 
 Incorrect call sign .9% .3% .1%  1.3% 
 Unintelligible .1% .1% .2%
 No call sign 6.3% .4% .9% 1.4% .6% .4% 10.0% 

Table Total 83.7% 8.9% 3.1% 3.8% .6% .4% 100.5%*

* Rounding errors
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were.categor�zed.accord�ng.to.three.types.of.errors:.Er-
rors. of. om�ss�on. only. (67 .4%),. Readback. errors. only.
(0 .9%),.and.Readback.errors.comb�ned.w�th.Errors.of.
om�ss�on.(3 .1%) ..Pearson.correlat�ons.revealed.that.errors.
of.om�ss�ons.�ncreased.s�gn�ficantly.as.the.complex�ty,.r.
(3799).=. .46.and.message.length.(� .e .,.number.of.ATs),.
r(3799).=. .29.�n.a.controller’s.message.�ncreased,.p< .05 ..
S�m�larly,.the.number.of.readback.errors.�n.a.transm�ss�on.
�ncreased.w�th.�ts.complex�ty,.r.(3799).=. .11.and.length,.
r.(3799).=. .14,.p< .05 .

Pilot Errors of Omission..Readbacks.are.pred�cated.
on.the.Aeronautical Information Manual.§.4-4-6b,.wh�ch.
suggests.that.the.p�lot.read.back.the.numbers.�n.alt�tude.
ass�gnments. or. vectors .. FAA Order 7110.65. §. 2-4-3.
�nstructs.the.controller.to.ver�fy.the.accuracy.and.com-
pleteness.of.any.readback ..§.2-4-3,.wh�le.�nstruct�ng.the.
controller.to.ensure.the.completeness,.has.by.common.
usage.and.knowledge.om�tted.frequency.readbacks.from.
th�s. requ�rement ..Th�s. �s.a. log�cal.move. �n.commun�-
cat�on,. as. the. frequency. band. used. throughout. these.
transcr�pt�ons.�s.�n.the.100.range,.� .e .,.a.readback.of.a.
frequency.�nstruct�on.“one one nine point two five”.read.
back.as.“one nine two five”.would.be.cons�dered.an.error.

of.om�ss�on.(� .e .,.fa�lure.to.�nclude.the.anchor.‘point’.or.
‘DeCimal’.but.NOT.a.readback.error ..

Errors.of.om�ss�on.were.class�fied.�nto.three.types:.(1).
exclus�on.of.anchor.words.(absence.of.‘point’.�n.a.rad�o.
frequency,.‘flight level’.or.‘thousanD’.�n.alt�tude,.etc .),.
(2). exclus�on.of. some.d�g�ts. (�n. response. to.“ContaCt 
Center one one nine point two five,”.the.p�lot.repl�es.“point 
twenty five”),.and.(3).the.exclus�on.of.anchor.word(s).
and.d�g�t(s).(�n.response.to.“ContaCt Center one one nine 
point two five,”.the.p�lot.repl�es.“nine twenty five”) .

There.were.2,559.p�lot.faulty.readbacks.that.conta�ned.
errors.of.om�ss�on ..The.data.presented.�n.Table.12.under.
the.column.labeled.“Percentages.of.all.P�lot.Transm�ss�ons”.
were.computed.us�ng.the.3,799.full.and.part�al.readbacks.
�n.the.denom�nator.(e .g .,.2,506/3,799),.wh�le.data.�n.the.
column.labeled.“Percentage.of.Transm�ss�ons.w�th.Om�s-
s�ons”.used.the.2559.faulty.readbacks.�n.the.denom�nator.
(e .g .,.2,506/2,599) ..When.p�lots.attempted.e�ther.a.full.
or.part�al.readback,.67 .4%.of.the�r.readbacks.conta�ned.
one.or.more.errors.of.om�ss�on ..Of.these.om�ss�ons,.nearly.
98%.�nvolved.the.absence.of.an.anchor.word ..

Aviation Topics with Errors of Omission..Table.13.
presents.the.d�str�but�on.of.errors.of.om�ss�on.accord�ng.
to.the.types.of.ATs.read.back. �ncorrectly ..Column.(a).

Table 13. Distribution of Pilot Errors of Omission by Aviation Topic.

Type of Aviation Topic 

Number of AT in 
all Pilot 

Readbacks 
(a) 

Number of 
Errors of 
Omission

(b)

Proportion of 
Errors of 
Omission

(c)

Percentage of 
Errors of 
Omission

(d)
  Altimeter 244 185 6.83 75.82 
  Altitude 1394 933 34.44 66.93 
  Altitude restriction 396 255 9.41 64.39 
  Heading 205 109 4.02 53.17 
  Holding 9 1 0.04 11.11 
  Radio frequency 1158 876 32.34 75.65 
  Route/Position 650 134 4.95 20.62 
  Speed 276 154 5.68 55.80 
  Transponder 102 62 2.29 60.78 
    Total 4434 2709 100.00  

Table 12. Prevalence of Pilot Transmissions with Errors of Omission. 

Types of Omission Errors 
Number of 
Readbacks  

Percentage of  all 
Pilot Transmissions 

Percentage of Transmissions 
with Omissions 

Omit anchor word (s)  2506 66.0% 97.9% 
Omit digit (s) 9 .2% .4% 
Combination of both 44 1.2% 1.7% 

Total 2559 67.4% 100.0% 
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presents.the.number.of.ATs.read.back.�n.all.of.the.3,799.
p�lot.readbacks ..Column.(b).presents.the.total.number.
of.om�ss�on.errors.conta�ned. �n. the.2,559.p�lot. trans-
m�ss�ons.w�th.one.or.more.om�ss�ons ..The.proport�on.
of.om�ss�on.errors.that.are.presented.�n.Column.(c).was.
computed. us�ng. the. number. of. �nstances. a. part�cular.
av�at�on.top�c.was.read.back.w�th.an.om�ss�on.d�v�ded.
by.the.total.number.of.errors.of.om�ss�on.(e .g .,.Alt�meter.
readback.errors.=.185/2,709*100) ..

Column.(c).of.Table.13.shows. that.43 .85%.of. the.
2,709. �dent�fied. om�ss�on. errors. �nvolved. an. alt�tude.
(34 .44%).or.alt�tude.restr�ct�on.(9 .41%) ..Chang�ng.to.
another.rad�o.frequency.captured.an.add�t�onal.32 .34%.
of.the.errors.of.om�ss�on ..The.rema�n�ng.24%.errors.of.
om�ss�on.were. fa�rly.well.d�str�buted.among.alt�meter,.
speed,. route/pos�t�on,. and. head�ng. �nstruct�ons,. w�th.
transponder.and.hold�ng.�nstruct�ons.account�ng.for.less.
than.3%.of.these.errors.of.om�ss�on .

The.percentages.presented.�n.Column.(d).were.com-
puted.by.d�v�d�ng.the.number.of.�nstances.that.a.part�cular.
av�at�on.top�c.was.read.back.�ncorrectly.by.the.total.num-
ber.of.readbacks.of.that.av�at�on.top�c.found.�n.Column.
(a).(e .g .,.Alt�meter.readback.errors.=.185/244*100) ..It.
shows.that.sl�ghtly.more.than.75%.of.alt�meter.and.rad�o.
frequency.ATs.conta�ned.errors.of.om�ss�ons,.followed.
by.more.than.60%.of.the.alt�tude,.alt�tude.restr�ct�on,.
and.transponder.readbacks,.and.greater.than.50%.of.the.
head�ng.and.speed.ass�gnments ..P�lots.were.less.l�kely.to.
om�t.some.of.the.contents.of.the�r.readback.of.hold�ng.
and.route/pos�t�on.�nstruct�ons .

Pilot Readback Errors..Dur�ng.per�ods.of.heavy.traf-
fic,.rad�o.frequency.congest�on.�s.often.c�ted.as.a.problem.
affect�ng.commun�cat�on.effic�ency.(Data.L�nk.Benefits.
Study.Team,.1995) ..Follow�ng.the.del�very.of.an.ATC.
transm�ss�on,.the.controller.l�stens.for.the.p�lot.to.read.
back. accurately. the.or�g�nal.message ..The.presence.of.
a.m�stake.�s.called.a.readback.error ..Fa�lure.to.detect.a.
readback.error.�s.a.hearback.error ..Improperly.phrased.
readbacks.that.conta�n.the.correct.�nformat�on.are.not.
readback.errors ..

Each.p�lot.readback.was.evaluated.for.accuracy ..Also,.
the.type.of.readback.error.and.the.number.of.readback.
errors. were. recorded. (e .g .,. a. zero. �nd�cated. no. error,.
wh�le.a.value.of.3.�nd�cated.three.errors) ..Also.exam�ned.
was.the.prevalence.of.p�lot.readback.errors.as.a.funct�on.
of.ATC.message.complex�ty.and.message.length ..Each.
ATC.transm�ss�on.that.met.the.select�on.cr�ter�on.(� .e .,.�t.
conta�ned.an.�nstruct�on,.an.adv�sory,.or.a.comb�nat�on.
of.�nstruct�on.and.adv�sory).was.pa�red.w�th.the.p�lot’s.
response.to.that.transm�ss�on ..When.a.p�lot.read.back.the.
contents.of.a.controller’s.transm�ss�on,.the.same.cr�ter�a.
found.�n.FAA Order 7110.65.was.appl�ed.to.the.evalua-
t�on.of.that.readback ..

The.results.presented.�n.Table.14.were.der�ved.from.151.
p�lot.transm�ss�ons.w�th.one.or.more.subst�tut�ons,.trans-
pos�t�ons,.or.the�r.comb�nat�on.w�th.errors.of.om�ss�on ..
The.data.presented.under.the.column.labeled.“Percent-
ages.of.All.P�lot.Transm�ss�ons”.were.computed.us�ng.the.
3,799.full.and.part�al.readbacks.�n.the.denom�nator,.wh�le.
data.�n.the.column.labeled.“Percentage.of.Transm�ss�ons.
w�th.Readback.Errors”.used.the.151.p�lot.transm�ss�ons.
w�th.readback.errors.�n.the.denom�nator ..Four.percent.
of.the.p�lots’.readbacks.conta�ned.one.or.more.readback.
errors,.of.wh�ch.78%.resulted.from.a.comb�nat�on.of.an.
error.of.om�ss�on.w�th.one.or.more.subst�tut�on.(89%).
or.transpos�t�on.(11%).errors .

Aviation Topics With Readback Errors..Table. 15.
presents. the.d�str�but�on.of. readback. errors. accord�ng.
to.the.types.of.ATs.read.back. �ncorrectly ..Column.(a).
presents.the.number.of.ATs.read.back.�n.all.of.the.3,799.
p�lot.readbacks ..Column.(b).presents.the.total.number.of.
readback.errors.conta�ned.�n.the.151.p�lot.transm�ss�ons.
conta�n�ng.one.or.more.readback.error ..The.proport�on.of.
readback.errors.presented.�n.Column.(c).was.computed.
us�ng.the.number.of.�nstances.a.part�cular.av�at�on.top�c.
was.read.back.�ncorrectly.d�v�ded.by.the.total.number.
of. readback. errors. (e .g .,. Alt�meter. readback. errors. =.
15/162*100) ..

Table 14. Prevalence of Pilot Transmissions With Readback Errors.

Type of Readback Error 

Number of  
Transmissions with 
Readback Error (s) 

Percentage of All 
Pilot Transmissions  

Percentage of 
Transmissions with 
Readback Errors 

Transposition 3 .1% 2.0% 
Substitution 30 .8% 19.9% 
Combination of readback error types 118 3.1% 78.1% 

Total 151 4.0% 100.0% 
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Column.(c).of.Table.15.shows. that.30 .25%.of. the.
162.�dent�fied.readback.errors. �nvolved.an.�nstruct�on.
to. change. to. another. rad�o. frequency .. Alt�tude. and.
alt�tude.restr�ct�ons.captured.an.add�t�onal.36 .42%.of.
the.readback.errors ..Route/pos�t�on.clearances.were.read.
back.�ncorrectly.10 .49%,.alt�meter.contr�buted.another.
9 .26%,.wh�le.head�ng.and.speed.�nstruct�ons.each.added.
another.5 .56%.to.the.total.proport�on.of.readback.errors ..
F�nally,.hold�ng.and.transponder.�nstruct�ons.captured.
the.rema�n�ng.readback.errors ..These.find�ngs.repl�cate.
those.of.Cardos�.(1993).who.reported.rad�o.frequency,.
followed.by.cross�ng.restr�ct�ons,.alt�tude,.and.alt�meter.
ATs.were.the.most.common.readback.errors .

The.results.presented.�n.column.(c).of.Table.15.fa�l.
to.take.�nto.account.the.frequency.of.del�very.of.those.
ATs.by.controllers ..There.may.be.more.opportun�t�es.to.
�ncorrectly.read.back.a.rad�o.frequency.or.alt�tude.�nstruc-
t�on.s�mply.because.controllers.�ssued.them.more.often ..
Therefore,.another.analys�s.was.performed.that.compared.
the.number.of.readback.errors.of.a.part�cular.av�at�on.
top�c.(e .g .,.alt�meter).to.the.total.number.of.readbacks.
of. that.AT ..The.percentages.presented. �n.Column.(d).
were. computed. by. d�v�d�ng. the. number. of. �nstances.
that.a.part�cular.av�at�on.top�c.was.read.back.�ncorrectly.
by.the.total.number.of.readbacks.of.that.av�at�on.top�c.
found.�n.Column.(a).(e .g .,.Alt�meter.readback.errors.=.
15/244*100) ..The.data.show.that.22%.of.the.hold�ng.
�nstruct�ons.were. read.back. �ncorrectly,. although. they.
were.few.�n.number ..

Message Complexity and Pilot Readback Perfor-
mance. As.seen.�n.F�gure.5,.p�lots.read.back.correctly.
72%.of.the.ATC.messages.that.had.a.CL.that.was.no.
greater.than.3,.and.the�r.performance.dropped.to.less.
than.15%.accuracy.once. the.CL.of. an.ATC.message.

.�ncreased. to. 7. or. greater .. To. determ�ne. whether. the.
�ncrease. �n. faulty. readbacks. was. stat�st�cally. rel�able,.
ANOVAs.were.conducted.separately.on.errors.of.om�s-
s�on.and.readback.errors .

The.number.of.p�lot.errors.of.om�ss�on.and.number.
of. readback. errors. were. aggregated. by. fac�l�ty,. sector,.
and.complex�ty.value ..The.One-Way.ANOVA.revealed.
that.Message.Complex�ty.had.a.stat�st�cally.s�gn�ficant.
effect.on.the.product�on.of.errors.of.om�ss�on.[F(4,89).=.
52 .41].but.not.readback.errors.[F(4,89).=.1 .97] ..As.seen.
�n.F�gure.6,.F�sher.LSD.post.hoc.compar�sons.revealed.a.
steady.�ncrease.�n.the.mean.number.of.errors.of.om�ss�on.
as.the.complex�ty.value.of.ATC.messages.�ncreased ..The.
mean.number.of.om�ss�on.errors.were.comparable.at.CL.
6.and.CL.7.only.[(CL.8.>.CL.7,.CL.8.>.CL.6,.CL.8.>.
CL.4-5,.and.CL.8.>.CL.≤.3);.(CL.7.=.CL.6,.CL.7.>.CL.
4-5,.CL.7.>.CL.≤.3);.(CL.6.>.CL.4-5,.CL.6.>.CL.≤.3);.
(CL.4-5.>.CL.≤.3)] .

Message Length and Pilot Readback Performance
The.number.of.p�lot.errors.of.om�ss�on.and.number.of.

readback.errors.were.aggregated.accord�ng.to.the.fac�l�ty,.sec-
tor,.and.message.length ..The.One-Way.ANOVA.revealed.that.
Message.Length.affected.the.product�on.of.errors.of.om�ss�on.
[F(2,45).=.5 .97].and.readback.errors.[F(2,45).=.3 .61] ..As.
seen.�n.F�gure.7,.F�sher.LSD.post.hoc.compar�sons.revealed.
more.errors.of.om�ss�on.as.ATC.message. length. �ncreased.
from.one.to.two.or.more.av�at�on.top�cs,.[(NAT.3-4.>.NAT.
2,.NAT.3-4.>.NAT.1);.(NAT.2.=.NAT.3-4)] ..L�kew�se,.an.
exam�nat�on.of.the.mean.number.of.p�lot.readback.errors.us-
�ng.F�sher.LSD.post.hoc.compar�sons.�nd�cates.a.stat�st�cally.
s�gn�ficant.�ncrease.�n.the.product�on.of.p�lot.readback.errors.
once.ATC.message.length.exceeds.two.av�at�on.top�cs,.[(NAT.
3-4.>.NAT.2,.NAT.3-4.>.NAT.1;.NAT.3-4.=.NAT.2)] .

Table 15. Distribution of Pilot Readback Errors by Aviation Topic. 

Type of Aviation Topic 

Number of AT in 
all Pilot 

Readbacks 
(a) 

Number of 
Readback 

Errors
(b)

Proportion of 
Readback 

Errors
(c)

Percentage of 
Readbacks in Error

(d)
  Altimeter 244 15 9.26  6.15  
  Altitude 1394 36 22.22  2.58  
  Altitude restriction 396 23 14.20  5.81  
  Heading 205 9 5.56  4.39  
  Holding 9 2 1.23  22.22  
  Radio frequency 1158 49 30.25  4.23  
  Route/Position 650 17 10.49  2.62  
  Speed 276 9 5.56 3.26  
  Transponder 102 2 1.23  1.96  
    Total 4434 162 100.00  



15

0%

10%

20%

30%

40%

50%
60%

70%

80%

90%

100%

CL 3
N=546

CL 4-5
N=652

CL 6
N=1143

     CL 7     
N =826

CL  8
N=632

ATC Message Complexity Level

Pi
lo

t R
ea

db
ac

k 
Pe

rf
or

m
an

ce

Readback Errors
Errors of Omission
Correct Readback
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Analysis of Pilot Requests for Repeat of an ATC 
Transmission

There.are.t�mes.wh�le.p�lots.are.busy.complet�ng.check-
l�sts.or.perform�ng.other.stat�on-keep�ng.tasks.when.they.
hear,.or.th�nk.they.hear,.the�r.a�rcraft’s.call.s�gn.and.w�ll.
ask.ATC.�f.they.are.call�ng.them ..At.other.t�mes,.uncer-
ta�n.of.the.accuracy.of.an.attempted.readback,.they.may.
request.a.repeat.of.all.(say.aga�n).or.part.(what.was.that.
head�ng.aga�n).of.the.message ..In.st�ll.other.�nstances,.
they.may.request.confirmat�on.of.the.av�at�on.top�cs.that.
they.thought.they.heard.(confirm.we’re.cleared.down.to.
ten.thousand) ..

There.were.112.requests.for.ATC.to.repeat.an.earl�er.
transm�ss�on ..We.�dent�fied.four.d�fferent.types.of.requests:.
(1).25%.requests.for.the.repet�t�on.of.a.spec�fic.AT,.(2).
23 .2%.requests.for.the.repet�t�on.of.an.ent�re.transm�s-
s�on,.(3).39 .3%.confirmat�on/ver�ficat�on.of.a.spec�fic.
AT,.and.(4).12 .5%.confirmat�on.that.the.transm�ss�on.
was.for.them .

Requests for Repeat of a specific AT ..A.deta�led.
exam�nat�on.of. 28.p�lot. transm�ss�ons. request�ng. that.
ATC.repeat.a.spec�fic.av�at�on.top�c.�s.presented.�n.F�gure.
8 ..It.shows.that.route.clearances.(43%).and.�nstruct�ons.
to.sw�tch.to.another.rad�o.frequency.(29%).were.more.
frequently.requested.“say.aga�ns”.than.alt�meter.(11%),.
speed.(7%),.alt�tude.(4%),.alt�tude.restr�ct�on.(4%),.and.
transponder.ass�gnments . 

Types of Aviation Topics Requested: Message Length 
and Complexity..A.more.comprehens�ve exam�nat�on.of.
the.p�lot.and.controller.pa�rs.was.performed.that.took.
�nto.account.both.ATC.message.length.and.complex�ty.
value ..It.revealed.that.when.messages.were.short.(NAT.
=.1).and.less.complex.(CL.>.3).only.rad�o.frequenc�es.(n.
=.1).and.route.(n.=.7).were.requested ..When.messages.
were.st�ll.short.but.somewhat.complex.(CL.=.6-7),.p�lots.
requested.rad�o.frequenc�es.(n.=.6).and.a.route.clearance.
be.repeated.(n.=.1) ..There.was.only.one.repeat.request.for.

a.short.message.that.was.cons�dered.h�gh.�n.complex�ty.
(CL.≥.8),.and.�t.was.a.route.clearance .

As.ATC.messages.�ncreased.to.a.moderate.length.(NAT.
=.2).but.were.less.complex.(CL.≤.3),.there.were.no.say.
aga�ns.for.a.spec�fic.av�at�on.top�c ..There.was.one.‘say 
again altituDe’.for.an.ATC.message.that.was.somewhat.
complex.(CL.=.6-7) ..Messages.that.were.h�gh.�n.com-
plex�ty.(CL.≥.8).had.one.request.each.for.the.repet�t�on.
of. an. alt�tude. restr�ct�on,. speed,. rad�o. frequency,. and.
transponder;.two.requests.for.a.route;.and.three.requests.
for.the.alt�meter .

For.long.ATC.messages.(NAT.=.3),.requests.for.repeats.
only.occurred.for.complex.messages.from.ATC.(CL.≥.8) ..
There.was.one.each.for.speed.and.route .

Requests for the Repetition of an Entire Transmis-
sion..There.were.26.p�lot.requests.to.have.ATC.repeat.
an. ent�re. message .. When. the. ATC. transm�ss�on. was.
short.(NAT.=.1).and.�ncreased.�n.complex�ty,.there.was.
a.general.�ncrease.�n.the.number.of.‘say.aga�ns’.(CL.≤.3.
n=.3;.CL.=.4-5,.n.=.2;.CL.=.6-7,.n.=.12;.CL.≥.8,.n.=.
3) ..Th�s.same.pattern.was.present.for.moderate.length.
ATC.Messages.(CL.=.6-7,.n.=.1;.CL.≥.8,.n.=.3).and.for.
long.messages.(CL.≥.8,.n.=.2) .

Confirmation/Verification of a specific AT..There.
were. 44. p�lot. requests. for. confirmat�on. for. a. spec�fic.
av�at�on.top�c ..F�gure.9.shows.that.the.more.frequently.
requested.confirmat�ons.�nvolved.rad�o.frequency.(27 .3%).
and. alt�tude. (22 .7%). ass�gnments,. route. clearances.
(25 .0%),.and.alt�tude.restr�ct�ons.(11 .4%) ..Infrequent.
were. confirmat�ons. that. �nvolved. alt�meter. and. tran-
sponder.sett�ngs.(each.2 .23%).or.head�ng.and.hold�ng.
�nstruct�ons.(each.2 .23%) .

Types of Aviation Topics Requested: Message Length 
and Complexity..A.closer.exam�nat�on.of.p�lot.requests.
for.confirmat�on.also.took.�nto.account.ATC.message.
length.and.complex�ty.value ..It.revealed.that.when.mes-
sages.were.short.and.less.complex.(NAT.=.1,.CL.<.3),.

Figure 8. Requests for Repeat. 
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p�lots.wanted.confirmat�on.of.the�r.route.(n.=.6),.alt�tude.
restr�ct�on.(n.=.2),.alt�tude.(n.=.1),.and.transponder.(n.=.
1) ..When.messages.were.st�ll.short.but.�ncreased.sl�ghtly.�n.
complex�ty.(CL.=.4-5),.p�lots.aga�n.wanted.confirmat�on.
of.the�r.speed.(n.=.2),.route.(n.=.1),.and.alt�tude.(n.=.1).
ass�gnments ..Short.but.somewhat.complex.ATC.messages.
(CL.=.6-7).enta�led.confirmat�on.for.rad�o.frequency.(n.
=.12),.alt�tude.(n.=.5),.route.(n.=.2),.and.head�ng.(n.=.1).
av�at�on.top�cs ..There.were.no.requests.for.short.messages.
that.were.cons�dered.h�gh.�n.complex�ty .

As.ATC.messages.became.moderate.�n.length.(NAT.
=.2).and.were.somewhat.complex.(CL.=.6-7),.there.were.
requests. for.confirmat�on.of.an.alt�tude.(n.=.2).and.a.
route.(n.=.1) ..Once.ATC.messages.were.h�gh.�n.com-
plex�ty,.p�lots.made.three.requests.for.the.repet�t�on.of.
an.alt�tude.restr�ct�on.and.one.request.each.for.alt�tude,.
alt�meter,.hold�ng,.and.route ..There.were.no.requests.for.
the.confirmat�on.of.any.ATs.for.long.messages .

Pilots Request Confirmation That the Transmission 
was for Them..There.were.14.p�lot.requests.that.the.con-
troller.confirm.that.the.preced�ng.message.was.for.them ..
The.message.pa�r.generally.took.the.form.of.ATC.send�ng.
a.message.to.Ownsh�p1234.and.the.p�lot.reply�ng.w�th.
“….that for ownship 1234?”.Of.these.quer�es,.five.were.
�n.response.to.the.controller.call�ng.Ownsh�p1234,.but.
w�th.an.�ncorrect.call.s�gn ..Each.of.these.ATC.messages.
were.short.(NAT.=.1).but.var�ed.�n.complex�ty.(CL.≤.3,.
n.=.1;.CL.=.4-5,.n.=.1;.and.CL.=.6-7;.n.=.3) ..

There.were.seven.other.ATC.short.(NAT.=.1).trans-
m�ss�ons.that.var�ed.�n.complex�ty.(CL.≤.3,.n.=.3;.CL.
=.4-5,.n.=.1;.CL.=.6-7;.n.=.2;.CL.≥.8,.n.=.1) ..F�nally,.
there.were.two.ATC.transm�ss�ons.of.moderate.length.
that.were.h�gh.�n.complex�ty.(CL.≥.8) ..For.all.of.these.
14. requests,. rather. than. execut�ng. an. �nstruct�on. that.
m�ght.have.been.�ntended.for.another.a�rcraft,.the.p�lot.
appropr�ately.quest�oned.the.controller .

DIsCUssION

The.results.presented.�n.th�s.report.prov�de.a.descr�p-
t�on.and.summary.of.the.controller-p�lot.commun�ca-
t�on. process. that. occurred. dur�ng. normal,. day-to-day.
operat�ons.�n.the.en.route.env�ronment ..F�ve.d�fferent.
geograph�cal.areas.�n.the.cont�guous.Un�ted.States.were.
contacted.for.10.hrs.each.of.p�lot-controller.vo�ce.com-
mun�cat�ons. that. resulted. �n. the. analys�s. of.51.hrs.of.
commun�cat�ons ..Both.U .S ..and.fore�gn.reg�stry.a�rcraft.
were.represented,.as.well.as.general.av�at�on.a�rcraft ..On.
average,.across.the.five.sampled.ARTCC.fac�l�t�es,.one.
a�rcraft.requested.and.rece�ved.a�r.traffic.serv�ces.every.
2.m�n.4.s ..The.number.of.ground-to-a�r.transm�ss�ons.
averaged.4 .62.messages.per.a�rcraft.and.approx�mately.10.
messages.were.exchanged.(from.�n�t�al.contact.unt�l.the.
a�rcraft.was.sw�tched.to.the.next.controller.�n.sequence).
that.�nvolved.an.allocat�on.of.about.28.s.of.a�rt�me.per.
a�rcraft ..The. most. frequently. transm�tted. �nstruct�ons.
�nvolved. changes. �n. alt�tudes. and. sw�tch�ng. p�lots. to.
another.rad�o.frequency ..

Unl�ke.the.find�ngs.reported.by.Cardos�.(1993),.where.
78%.of.the.ATC.messages.�nvolved.one.or.two.p�eces.of.
�nformat�on,.we.found.that.less.than.1%.of.the.control-
lers’.messages.d�d ..In.fact,.our.data.revealed.that.51%.of.
the.controllers’.transm�ss�ons.had.a.Complex�ty.Level.=.
6-7.and.generally.ranged.from.very.low.(CL.=.2).to.very.
h�gh.(CL.=.31).�n.complex�ty ..The.messages.very.h�gh.
�n.complex�ty.�nvolved.route.clearances ..The.number.of.
av�at�on.top�cs.(message.length).was.more.�n.keep�ng.w�th.
Cardos�’s.approach.to.determ�n�ng.message.complex�ty ..
In. th�s. report,. short. messages. w�th. only. one. av�at�on.
top�c.occurred.�n.84%.of.the.controllers’.transm�ss�ons,.
and.messages.w�th.two.av�at�on.top�cs.occurred.�n.14%.
of.the.transm�ss�ons .

Figure 9. Requests for Clarification. 
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The.d�spar�ty.between.these.reports.res�des.part�ally.�n.
how.the.concept.of.message.complex�ty.was.measured ..
For.Cardos�.(1993),.the.ATC.transm�ss�on.“contact.M�n-
neapol�s.Center.118 .8”.(p3).was.cons�dered.one.p�ece.
of.�nformat�on.�f.the.p�lot.was.already.on.a.M�nneapol�s.
Center. frequency. and. as. two.p�eces. of. �nformat�on. �f.
the.p�lot.rece�ved.�t.wh�le.commun�cat�ng.w�th.a.d�ffer-
ent.ARTCC ..Pr�nzo.et.al ..(2006).cons�dered.the.same.
transm�ss�on. to. conta�n. one. commun�cat�on. element.
—.rad�o.frequency.—and.�t.had.a.complex�ty.value.of.
6 ..The.rat�onale.was.that.each.d�g�t.compr�s�ng.the.rad�o.
frequency.�mposed.a.memory.load.that.could.result.�n.the.
p�lot.erroneously.read�ng.back.the.wrong.fac�l�ty/func-
t�on,.om�tt�ng,.transpos�ng,.or.subst�tut�ng.any.(or.all).
of.the.d�g�ts.�n.the.rad�o.frequency,.or.both ..

S�nce.the.publ�cat�on.of.Cardos�’s.1993.report.15.years.
ago,.we.report.a.10 .2%.�ncrease.�n.full.readbacks.and.a.
3 .4%.decrease.�n.part�al.readbacks ..It.�s.of.no.surpr�se.
then.that.there.�s.also.a.decl�ne.�n.repl�es.such.as.‘roger,’.
‘see ya,’.and.‘thanks’.�n.l�eu.of.full.and.part�al.readbacks ..
Th�s.�s.encourag�ng.because.‘roger’.and.‘thanks’.fa�l.to.
prov�de.the.controller.w�th.confirmat�on.that.the.�nstruc-
t�on/clearance,. adv�sory,. and. related. �nformat�on. was.
rece�ved.and.understood.by. the.p�lots ..Unfortunately,.
both. reports. show. no. change. �n. the. number. of. ATC.
transm�ss�ons.that.went.unacknowledged.(3%) .

Also.encourag�ng.to.�mprovements.�n.av�at�on.safety.
�s.the.trend.among.p�lots.to.�nclude.e�ther.the�r.full.or.
a.part�al.call.s�gn.as.part.of.the�r.readbacks ..Controllers.
should.never.have.to.�nfer.the.�dent�ty.of.a.p�lot.from.
vo�ce. qual�t�es. alone ..Overall,. p�lots. �ncluded. e�ther. a.
complete.or.part�al.call.s�gn.�n.89%.of.the�r.readbacks ..
Moreover,.p�lots.who.prov�ded.a.full.readback.also.�n-
cluded.the.complete.call.s�gn.�n.approx�mately.64%.of.
the�r.responses ..The.fact.that.call.s�gns.were.excluded.�n.
10%.of.the�r.readbacks.and.0 .2%.of.the.spoken.call.s�gns.
were.un�ntell�g�ble.leaves.room.for.�mprovement ..The.use.
of.an.�ncorrect.call.s�gn.was.�nfrequent.—.occurr�ng.�n.
1 .3%.of.the�r.responses.to.ATC ..In.approx�mately.45%.
of.these.�nstances,.p�lots.e�ther.�ncluded.some.numbers.
or.letters.that.were.not.part.of.the�r.call.s�gn;.wh�le.�n.the.
rema�n�ng.55%,.numbers.or.letters.were.om�tted .

As.noted.prev�ously,.71 .3%.of.the.p�lot.responses.to.
ATC.conta�ned.faulty.readbacks,.of.wh�ch.67 .4%.con-
ta�ned.one.or.more.errors.of.om�ss�on ..The.�ncrease.�n.
faulty.readback.performance.was.attr�buted.to.a.steady.r�se.
�n.errors.of.om�ss�on.brought.on.by.the.added.complex�ty.
of.ATC.messages ..Th�s.�s.not.altogether.surpr�s�ng,.g�ven.
the.h�gh.memory.load.�mposed.on.the.p�lot’s.work�ng.
memory.capac�ty.and.the.fact.that.verbat�m.recall.of.ATC.
messages.�s.not.a.requ�rement ..It.seems.that.p�lots.shed.
the.redundant.words.present.�n.av�at�on.top�cs.that.were.
not.altogether.necessary.for.nav�gat�ng.the.fl�ght.plan ..

Th�s.�s.comparable.to.reta�n�ng.the.g�st.of.a.conversat�on.
rather. than. �ts. exact.word�ng ..Om�tt�ng.non-essent�al.
words.dur�ng.readback.st�ll.preserves.the.�dent�ty.of.the.
av�at�on.top�c.and.has.no.adverse.affect.on.p�lot’s.act�ons.
(Barsh�.&.Healy,.2002) .

The. rema�n�ng. 4%. faulty. readbacks. conta�ned. at.
least.one.readback.error ..An.exam�nat�on.of.these.faulty.
readbacks.revealed.that.less.than.1%.�nvolved.readback.
errors.only ..The.rema�n�ng.3 .1%.faulty.readbacks.�nvolved.
the.comb�nat�on.of.an.error.of.om�ss�on.coupled.w�th.
one.or.more.subst�tut�on.(89%).or.transpos�t�on.(11%).
readback. errors .. Unl�ke. message. complex�ty,. message.
length.affected.both.the.product�on.of.errors.of.om�ss�on.
and.readback.errors ..There.were.more.errors.of.om�ss�on.
as.ATC.message.length.�ncreased.from.short.(one.av�a-
t�on.top�c),.to.moderate.(two.av�at�on.top�cs),.and.long.
(three.or.more.av�at�on.top�cs) ..Redundant.�nformat�on.
m�ght.be.el�m�nated.to.�ncrease.the.economy.of.capac�ty.
l�m�tat�ons.of.verbal.work�ng.memory ..

Readback.errors.�ncreased.once.ATC.messages.�ncluded.
two.or.more.av�at�on.top�cs ..The.most.common.readback.
errors.�nvolved.alt�tude.and.alt�tude.restr�ct�ons,.followed.
by.rad�o.frequency,.route/pos�t�on.clearance,.and.alt�meter.
sett�ngs ..These.find�ngs.agree.w�th.research.�nvest�gat�ng.
the.capac�ty.l�m�tat�ons.of.verbal.work�ng.memory.that.
suggest.that.the.upper.l�m�t.for.propos�t�onal.represen-
tat�ons.(Barsh�.&.Healy,.2002).and.sentence.process�ng.
(Lew�s,.1996).�s.three .

Some.of.the.p�lot.readbacks.that.were.scored.as.readback.
errors.�nvolved.p�lot.use.of.slang ..That.�s,.an.ATC.�nstruc-
t�on. to. ‘ContaCt Center on one one niner point zero,’.
was.occas�onally.read.back.as.‘nineteen zip’.or.‘nineteen 
nothing .’.Clearly,.‘nineteen nothing’.and.‘nineteen zip’.
are.not.part.of.the.ICAO.alphabet.or.av�at�on.accepted.
pronunc�at�on.of.numbers ..Both.readbacks.are.examples.
of.subst�tut�on.errors.(and.om�ss�on.of.the.anchor.word.
‘point’) .. What. �s. worr�some. about. these. readbacks. �s.
that.other.p�lots.may.hear.the.slang.and.not.understand.
what.the.p�lot.�ntends.to.do.(espec�ally.p�lots.who.are.
less.profic�ent.�n.av�at�on.Engl�sh) .

There. were. several. p�lots. who. chose. to. read. back.
fl�ght. levels. �n. thousands.of. feet.—.the.ATC. �nstruc-
t�on. ‘DesCenD anD maintain flight level one nine zero’.
read.back.as,.‘nineteen thousanD,’.or.‘to level one nine .’.
Instruct�ons.to.‘reDuCe speeD to two five zero’.read.back.
as.‘two five’.or.‘Down to two five zero’.are.amb�guous.
and.subject.to.m�s�nterpretat�on ..Aga�n,.these.examples.
�llustrate.subst�tut�on.errors.made.dur�ng.read.back.that.
may.have.adverse.affects.on.safety .

The.low.number.of.p�lot.requests.for.the.repeat.of.an.
ATC.transm�ss�on.was.part�cularly.encourag�ng ..Poss�bly.
to.avo�d.the.r�sk.of.e�ther.read�ng.back.the.contents.of.
an.ATC.transm�ss�on.meant.for.another.a�rcraft.(stolen.
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transm�ss�on).or.read�ng.back.the.contents. �ncorrectly.
(readback. error),.p�lots. asked. the. controller. for. e�ther.
a.full.or.part�al.repeat.of.the.or�g�nal.message ..Of.these.
112.p�lot.requests,.five.�nvolved.a.call.s�gn.m�sspoken.
by.the.controller.to.wh�ch.the.p�lot.wanted.confirma-
t�on.that.the.message.was.for.them ..Of.the.rema�n�ng.
107.requests,.37%.�nvolved.the.repet�t�on.of.the.ent�re.
transm�ss�on ..A.closer.look.at.these.transm�ss�ons.showed.
that.67 .5%.had.e�ther.a.fix/�ntersect�on.or.fac�l�ty.name.
�ncluded.as.part.of.the�r.content3.—.and.many.of.these.
messages. �nvolved.route.clearances.and.the.transfer.of.
commun�cat�ons .

The.�nspect�on.of.the.ATC.messages.that.p�lots.wanted.
confirmed.or.repeated.revealed.that.many.of.these.messages.
also.�nvolved.route.clearances.that.var�ed.�n.complex�ty.
from.less.complex.(CL.<.3.Clear DireCt.[name]).to.h�gh.
�n.complex�ty.[CL.>.8.fly heaDing three four zero / in-
terCept the [name] one six two raDial traCk inbounD join 
the [name] five arrival off that] ..In.both.examples,.p�lots.
asked.for.the.name.of.the.fix/�ntersect�on,.the.name.of.the.
rad�al,.name.of.the.arr�val.route,.etc ..Clearly,.the.names.
of.locat�on.�dent�fiers,.fixes,.�ntersect�ons,.nav�gat�onal.
a�des,.etc ..are.cr�t�cal.to.nav�gat�on;.and.the.p�lots.were.
prudent.�n.request�ng.e�ther.the.repet�t�on.or.confirma-
t�on.of.prev�ously.heard.�dent�fiers .

L�kew�se,.the.same.pattern.of.results.was.found.when.
p�lots. requested. that.a. rad�o. frequency.be. repeated.or.
confirmed .. In. such. �nstances,. rad�o. frequenc�es. were.
somewhat.complex.(CL.=.6-7).and.var�ed.accord�ng.to.
whether.the.name.of.the.fac�l�ty.was.�ncluded,.along.w�th.
the.numbers.�n.the.rad�o.frequency.and.the.number.of.
d�g�ts.follow�ng.the.anchor.‘po�nt’.(ContaCt [name] Center 
on one three four point five five).or.not.(ContaCt Center 
on one three four point five five or ContaCt [name] Center 
on one two four point seven) .

Based.on.the.find�ngs.�n.th�s.report,.�t.�s.recommended.
that:

1).No.more.than.three.av�at�on.top�cs.are.present.�n.
any.ATC.transm�ss�on ..The.rev�ew.of.the.l�terature.
and.the.find�ngs.of.th�s.report.�nd�cate.an.�ncrease.
�n.readback.errors.�s.more.l�kely.w�th.�ncreases.�n.
message.length;.

2).If.a.route.clearance.�s.g�ven,.that.�t.should.be.g�ven.
separately. as. a. stand-alone. transm�ss�on ..Th�s. �s.
espec�ally. �mportant. when. complex. route. clear-
ances. are. transm�tted. by. ATC ..The. find�ngs. �n.
th�s.report.show.that.as.the.complex�ty.of.an.ATC.
message.�ncreases,.so.does.the.frequency.of.errors.
of.om�ss�on.dur�ng.readback;.

3.See.FAA.JO.7400 .2G ..Procedures for Handling Airspace Matters.(Apr�l.
10,.2008).for.deta�ls.�nvolved.�n.nam�ng.convent�ons.and.references.
to.other.FAA.Orders .

3). The. names. of. all. fix,. waypo�nt,. locat�on,. etc .,.
�dent�fiers. be. repeated,. and. �f. necessary,. spelled.
out. follow�ng. the�r. first. rec�tat�on;. for. example,.
‘CleareD DireCt CobaD that’s Charlie osCar bravo 
alfa Delta,’. or. ‘CleareD DireCt CobaD C-o-b-a-D .’.
Th�s.could.a�d.p�lots.fly�ng.for.non-U .S ..reg�stry.
a�rl�nes.who.may.not.be.fam�l�ar.w�th.how.U .S ..
�dent�fiers.are.pronounced ..L�kew�se,.somet�mes.the.
spell�ng.of.a.locat�on.�dent�fier.�s.not.�ntu�t�ve,.or.
�n.agreement.w�th.�ts.pronunc�at�on.(e .g .,.CVE.=.
Cowboy) ..In.such.cases,.the.controller.may.want.
to.spell.out.the.3-letter.�dent�fier.to.a�d.p�lots.�n.
locat�ng.�t.on.the�r.maps;

4). Slang. should. not. be. accepted. as. part. of. a. p�lot.
readback ..There. �s.a.degree.of.uncerta�nty.when.
slang.�s.�ntroduced.�nto.the.rec�tat�on.of.an.ATC.
message .. Amb�gu�ty. creates. doubt. and. compro-
m�ses.safety;

5).Effort.be.undertaken. to. reduce.excess�ve.words/
phrases.—.on,.your,.to,. �s,.etc ..The.phraseology.
created.by.the.FAA.�s.prec�se.and.needs.no.further.
embell�shment .

As.part.of.�ts.modern�zat�on.programs,.the.FAA,.along.
w�th.av�on�cs.developers,.may.want.to.cons�der.bu�ld�ng.
messages.sets.for.complex.messages.and.send.them.v�a.a.
datal�nk ..L�kew�se,.the.more.rout�ne.ATC.messages.could.
be.up-l�nked.to.the.fl�ght.deck.computers.accord�ng.to.
appl�cat�on ..For.example,.route.clearances.that.conta�n.
the.names.of.all.fix,.waypo�nt,.locat�on,.and.other.�den-
t�fiers.could.be.up-l�nked.to.a.nav�gat�on.d�splay.(e .g .,.
mov�ng. map). for. p�lot. cons�derat�on. and. then. e�ther.
accepted,.rejected,.or.negot�ated ..Traffic.adv�sor�es.could.
be.d�splayed.on.an.ADS-B/CDTI.(automat�c.dependent.
surve�llance.broadcast/cockp�t.d�splay.of.traffic.�nforma-
t�on) ..Also,.by.chang�ng.the.representat�on.of.the.message.
away.from.text.to.graph�c,.complex�ty.becomes.s�mpl�fied.
and.eas�er.to.process .
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APPENDIX A 
Guide to the Computation of Complexity: ATC Instruction/Clearance Aviation Topics 

(*Minimum-Maximum Values) 

AVIATION 
TOPIC COMPLEXITY PHRASEOLOGY

ALTITUDE

6

6

6

5

4

*4-8 
*4-8 
*3-7 
*3-6 
*2-5 
*1-3 

4=FLIGHT LEVEL + (altitude) three digits 
3=(altitude) two digits +THOUSAND 
2=(altitude) one digit + THOUSAND 
3=(altitude) two digits + HUNDRED 
2=(altitude) one digit + HUNDRED 
2=(altitude) two digits 
1=(altitude) one digit

DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND (altitude) 
HUNDRED 

three five 
DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND (altitude)

THOUSAND
  one two                            twelve 

DESCEND/CLIMB & MAINTAIN FLIGHT LEVEL (altitude) 
  two three zero 

DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND 
one zero 

DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND 
four

CONTINUE CLIMB/DESCENT TO (altitude)
AMEND YOUR ALTITUDE DESCEND/CLIMB MAINTAIN (altitude) 
AMEND YOUR ALTITUDE MAINTAIN (altitude) 
DESCEND/CLIMB TO (altitude)
MAINTAIN (altitude)
(altitude, omitted “THOUSAND” “HUNDRED” “FLIGHT LEVEL”) 

ALTITUDE
RESTRICTION

*4-7 
*4-7 
*4-7 
*3-7 
*3-7 
*3-6 
*3-6 

2
2
1
1

4=FLIGHT LEVEL + (altitude) three digits
3=(altitude) two digits + THOUSAND 
2=(altitude) one digit + THOUSAND 
3=(altitude) two digits + HUNDRED 
2=(altitude) one digit + HUNDRED 
2=(altitude) two digits 
1=(altitude) one digit

EXPEDITE CLIMB/DESCENT THROUGH/TO (altitude)
CROSS (point) AT/ABOVE/BELOW (altitude)
MAINTAIN (altitude) UNTIL (point) 
(altitude) TIL ESTABLISHED/LOCALIZER/ESTABLISHED ON 
LOCALIZER
INCREASE/DECREASE RATE OF DESCENT THROUGH (altitude) 
EXPEDITE THROUGH/TO (altitude)
(point) AT (altitude)--(altitude) TIL (point)--HURRY DOWN TO (altitude) 
(Speed assignment) “THEN” DESCEND/CLIMB 
INCREASE/DECREASE RATE OF DESCENT 
GOOD RATE DOWN/YOUR BEST RATE 
EXPEDITE CLIMB/DESCENT -- CLIMB/DESCEND NOW 
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AVIATION 
TOPIC COMPLEXITY PHRASEOLOGY

APPROACH/
DEPARTURE

6
6
5
5
4
3
3
3
2
2
2
2
2

CLEARED ILS RWY (name) R/C/L APCH 
CLEARED VISUAL APCH RWY (name) R/C/L 
CLEARED ILS/VISUAL RWY (name) R/C/L 
CLEARED ILS/VISUAL (name) R/C/L APCH 
CLEARED ILS RIGHT/LEFT/CENTER APCH 
ILS RIGHT/LEFT/CENTER APCH  
CLEARED ILS (name)
CLEARED RWY (name)
CLEARED APCH 
CLEARED (type) 
ILS RIGHT 
RWY (name) 
CLEARED VISUAL/ILS 

DISREGARD  NOT INCLUDED IN COMPLEXITY 
GENERAL
ACKNOW.

 NOT INCLUDED IN COMPLEXITY 

HEADING

4
4
3
3
3
2
2
1

TURN LEFT/RIGHT HEADING (degrees) 
TURN (degrees) DEGREES LEFT/RIGHT 
TURN LEFT/RIGHT (degrees)
DEPART (fix) HEADING (degrees)
FLY HEADING (degrees) 
FLY PRESENT HEADING 
HEADING (degrees)
(degrees)

HEADING
MODIFICATION

2
2
1

INCREASE RATE OF TURN 
GOOD LEFT/RIGHT TURN 
TIGHT TURN 

HOLDING

11

8
4
3
1

HOLD (direction) OF (fix/waypoint) ON (specified radial, course, bearing, 
track, airway, azimuth(s), or route) (number of minutes/miles) MINUTE/MILE 
LEG
HOLD (direction) OF (fix/waypoint) STANDARD PATTERN 
HOLD SHORT RUNWAY (number))
EXPECT FURTHER CLEARANCE (time)
HOLD 

RADIO
FREQUENCY

*6-7 

*5-7 
*4-5 
*3-4 

3
3
2
1
1

CONTACT (facility/function) (frequency + point) – could be up to four digits in 
frequency (2 on either side of “point”) 
(facility/function) (frequency + point)/(facility/function) (frequency w/o point)
(frequency + point)
(frequency) 
FREQUENCY CHANGE APPROVED 
CHANGE TO ADVISORY/MY FREQUENCY APPROVED 
CONTACT (facility/function) 
(facility/function) 
(change point, e.g. now, there, at/over marker/when established)
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AVIATION
TOPIC COMPLEXITY PHRASEOLOGY 

ROUTE/
POSITION

*5-7 
5

*3-5 
4
3
3
2
2
2
2
2
2
1

DIRECT (fix) (airway, course, localizer, arrival/departure, etc.) 
INTERCEPT/JOIN RUNWAY (name) LEFT/RIGHT LOCALIZER 
INTERCEPT/JOIN/RESUME (airway, course, localizer, arrival/departure, 
etc.) 
TURN LEFT/RIGHT DIRECT (point/fix) 
MAINTAIN VISUAL FROM THAT TRAFFIC/HIM/THEM/MD80 
KEEP HIM IN SIGHT 
MAINTAIN VISUAL SEPARATION 
DIRECT (fix) 
FOLLOW THAT TRAFFIC/HIM/THEM/MD80 
VICTOR (airway number); J (route number) 
INTERCEPT/JOIN LOCALIZER 
RESUME OWN NAVIGATION/PROCEED ON COURSE 
TO JOIN 

Note: Omission of “rest of route unchanged” not encoded.

SPEED

6

*5-7 
5

5
5

5
4
4
3
3

3
2
2
2
1

3=MACH (number--digit point digit), 2=MACH (number--point digit) 
2=(speed) 
1=(number)

MAINTAIN SPEED (speed) TIL (point) OR MAINTAIN (speed ) KNOTS TIL 
(point) 
REDUCE/INCREASE SPEED TO MACH (number) 
MAINTAIN (speed) KNOTS OR GREATER OR MAINTAIN SPEED (speed)
OR GREATER 
AT (point) SPEED (speed) OR AT (point) (speed) KNOTS 
REDUCE/INCREASE SPEED TO (speed) OR REDUCE/INCREASE TO 
(speed) KNOTS
SPEED (speed) TIL (point) OR (speed) KNOTS TIL (point)
MAINTAIN SPEED (speed) OR MAINTAIN (speed) KNOTS 
DO NOT EXCEED (speed) KNOTS OR DO NOT EXCEED SPEED (speed) 
MAINTAIN (speed) OR  SPEED (speed) OR (speed) KNOTS 
DO NOT EXCEED (speed) OR SLOW TO/GO BACK TO/MAINTAIN
(speed)
INCREASE/DECREASE (number) KNOTS 
MAINTAIN PRESENT/THAT/NORMAL SPEED 
RESUME NORMAL SPEED 
BEST FORWARD SPEED 
GO FAST -- NORMAL SPEED 

TRANSPONDER

4
3
3
2

RESET TRANSPONDER SQUAWK (4 digits) 
SQUAWK (4 digits)/CODE (4 digits)/IDENT
SQUAWK (4 digits)/CODE (4 digits) and IDENT
SQUAWK VFR 
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APPENDIX B.
Guide to the Computation of Complexity: ATC Advisory Aviation Topics 

(*Minimum-Maximum Values) 
Note:  Plain language – all topics, except where otherwise noted, vary from minimum to 
maximum values. 

AVIATION 
TOPIC COMPLEXITY PHRASEOLOGY 

ALTITUDE

7

6

5

*3-7 
*3-7 
*3-6 
*2-3 
*2-4 

2

4=FLIGHT LEVEL + (altitude) three digits
3=(altitude) two digits +THOUSAND 
2=(altitude) one digit + THOUSAND 
3=(altitude) two digits + HUNDRED 
2=(altitude) one digit + HUNDRED 
2=(altitude) two digits 
1=(altitude) one digit
EXPECT DESCEND/CLIMB & MAINTAIN FLIGHT LEVEL (altitude)
two three zero 
EXPECT DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND 
     one zero 
EXPECT DESCEND/CLIMB & MAINTAIN (altitude) THOUSAND 
       four
(altitude) WILL BE YOUR FINAL ALTITUDE 
EXPECT DESCEND/CLIMB TO (altitude)
EXPECT MAINTAIN (altitude)
EXPECT (altitude, omitted “THOUSAND” “HUNDRED”)
EXPECT (altitude) 
HIGHER/LOWER SHORTLY 

ALTITUDE
RESTRICTION

*5-8 
*5-8 
*4-8 

4=FLIGHT LEVEL + (altitude) three digits
3=(altitude) two digits + THOUSAND 
2=(altitude) one digit + THOUSAND 
3=(altitude) two digits + HUNDRED 
2=(altitude) one digit + HUNDRED 
2=(altitude) two digits 
1=(altitude) one digit
EXPECT CROSS (point) AT/ABOVE/BELOW (altitude)
EXPECT MAINTAIN (altitude) UNTIL (point) 
EXPECT (altitude) TIL ESTABLISHED/LOCALIZER/ESTABLISHED ON 
LOCALIZER

APPROACH/
DEPARTURE

6
6
5
5
4
4
3
3
3
2
2
2

EXPECT ILS RWY (name) R/C/L APCH 
EXPECT VISUAL APCH RWY (name) R/C/L 
EXPECT ILS/VISUAL RWY (name) R/C/L 
EXPECT ILS/VISUAL (name) R/C/L APCH 
EXPECT ILS RIGHT/LEFT/CENTER APCH 
EXPECT DEPART RUNWAY (number)
ILS RIGHT/LEFT/CENTER APCH  
EXPECT ILS (name)
EXPECT RWY (name) – PLAN RWY (name) 
EXPECT APCH/LAND 
EXPECT (type) 
EXPECT VISUAL/ILS 

ATIS  NOT INCLUDED IN COMPLEXITY 

EQUIPMENT
 AIRCRAFT TYPE WOULD BE IN THE TRAFFIC ADVISORY 

(Complexity of 2 included in TRAFFIC ADVISORY) 
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AVIATION 
TOPIC COMPLEXITY PHRASEOLOGY 

GENERAL
SIGHTING

 NOT INCLUDED IN COMPLEXITY 

GENERAL
ACKNOW.

 NOT INCLUDED IN COMPLEXITY 

HEADING

4
4
3
3
3
3
3
2

EXPECT TURN LEFT/RIGHT HEADING (degrees) 
EXPECT TURN (degrees) DEGREES LEFT/RIGHT 
EXPECTTURN LEFT/RIGHT (degrees)
EXPECT DEPART (fix) HEADING (degrees)
EXPECT HEADING (degrees) 
EXPECT TURN BASE/DOWNWIND (point)
EXPECT FLY HEADING (degrees) 
EXPECT VECTORS 

HOLDING
4
8

EXPECT HOLDING (fix) 
EXPECT HOLDING (fix) AS PUBLISHED 

NOTAM  NOT INCLUDED IN COMPLEXITY 

RADIO
FREQUENCY

 NOT INCLUDED IN COMPLEXITY 

ROUTE/
POSITION

6
5

*4-6 

4-5 
3
3
3
3

*2-8 
2
2

2=(miles) two digits 
1=(miles) one digit

EXPECT INTERCEPT/JOIN RUNWAY (name) LEFT/RIGHT LOCALIZER 
EXPECT FURTHER CLEARANCE VIA J22 
EXPECT INTERCEPT/JOIN/RESUME (airway, course, localizer, 
arrival/departure, etc.) 
POSITION (miles) MILE(S) IN TRAIL 
EXPECT DIRECT (fix) 
EXPECT FOLLOW THAT TRAFFIC/HIM/THEM/MD80 
EXPECT VICTOR (airway number) J (route number) 
EXPECT TAXIWAY (number/letter)
RADAR CONTACT (position)/RADAR SERVICE TERMINATED (position) 
EXPECT INTERCEPT/JOIN LOCALIZER 
I’LL TURN YOU BACK SHORTLY 

SPEED

*7-8 
6

6
6

*5-6 
4
4

3-5 
3-4 
3

3=MACH (number--digit point digit), 2=MACH (number--point digit) 
2=(speed) 
1=(number)
EXPECT REDUCE/INCREASE SPEED TO MACH (number) 
EXPECT MAINTAIN (speed) KNOTS OR GREATER OR MAINTAIN SPEED 
(speed) OR GREATER 
EXPECT AT (point) SPEED (speed) OR AT (point) (speed) KNOTS 
EXPECT REDUCE/INCREASE SPEED TO (speed) OR REDUCE/INCREASE 
TO (speed) KNOTS 
EXPECT (speed) KNOTS PRIOR TO (time/fix/altitude)
EXPECT MAINTAIN SPEED (speed) OR EXPECT MAINTAIN (speed) KNOTS
EXPECT HIGHER/SLOWER (speed) OR EXPECT SLOW TO/GO BACK 
TO/MAINTAIN (speed) 
EXPECT SPEED REDUCTION/INCREASE (time/fix/altitude) 
EXPECT SPEED REDUCTION/INCREASE SHORTLY (fix) 
EXPECT INCREASE/DECREASE (number) KNOTS 
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AVIATION
TOPIC COMPLEXITY PHRASEOLOGY 

TRAFFIC

*8-14 

*8-14 
*7-9 

3
2

1=TRAFFIC
1=O’CLOCK 
1=one number for O’Clock, e.g. “TWELVE” 
2=two numbers for O’Clock, e.g., “TEN TO TWELVE” 
1=MILES 
1=one digit for Miles 
2=two digits for Miles 
1=ALTITUDE 
2=ALTITUDE UNKNOWN 
4=FLIGHT LEVEL + (altitude) three digits
3=(altitude) two digits +THOUSAND 
2=(altitude) one digit + THOUSAND 
3=(altitude) two digits + HUNDRED 
2=(altitude) one digit + HUNDRED 
2=(altitude) two digits 
1=(altitude) one digit 
1=(direction) 
1=(type)

TRAFFIC (number) O’CLOCK (number) MILES (direction)-BOUND (altitude) 
(type) 
YOU’RE FOLLOWING (type) (number) O’CLOCK (number) MILES (altitude)
TRAFFIC (number) MILES (number) O’CLOCK ALTITUDE UNKNOWN 
YOU’RE FOLLOWING/GOING TO FOLLOW/YOU’LL BE FOLLOWING 
(type) 
TRAFFIC (NO FACTOR) 

WAKE
TURBULENCE

2 CAUTION WAKE TURBULENCE (Complexity included in ADV TFC except 
when no ADV TFC issued 

WEATHER
(ALTIMETER 
ONLY)

4
3

ROSWELL ALTIMETER (4 digits) 
ALTIMETER (4 digits) 

NOTE:  Other weather not included in complexity
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APPENDIX C. 
Guide to the Classification of Pilot Readback Errors: Instruction/Clearance Aviation Topics 

Variable Descriptions & Value Labels Explanation/Examples 

ALTITUDE
1 = Substitution of message numbers/flight 
level vs. thousand 
2 = Substitution of climb with descend or 
descend with climb 
3 = Substitution of message numbers with 
incorrect climb/descend 
4 = Transposition of message numbers with 
incorrect climb/descend 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 
7 = Omission of anchor word(s) 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten climb maintain one two thousand” 
1-“maintain one three thousand” 
    “maintain flight level one two” 
2-“descend maintain one two thousand” 

3-“descend maintain one three thousand” 

4-“descend maintain two one thousand” 

5-“climb maintain two one thousand” 
6-“AAL Ten one two zero knots” 

7-“one two” 
8-“climb maintain” 
9-“climb two thousand” 

ALTITUDE RESTRICTION
1 = Substitution of message numbers/rate of 
descent/climb, substitution of word “expedite” 
2 = Substitution of (point/fix) 
3 = Substitution of message numbers with 
incorrect (point/fix) 
4 = Transposition of message numbers with 
incorrect (point/fix) 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s) 
8 = Omission of message numbers and/or 
(point/fix) 
9 = Omission of anchor word(s) and some 
number elements and/or (point/fix) 

ATC – “AAL Ten cross Alpha at or above one two thousand”
1-“cross Alpha at or above one three thousand” 

2-“cross Bravo at or above one two thousand” 
3-“cross Bravo at or above one three thousand” 

4-“cross Bravo at or above two one thousand” 

5-“cross Alpha at or above two one thousand” 
6-“descend to one two thousand” 

Note:  “Expedite” clearances – readbacks should include the word 
“expedite.” 

ATC – “AALTen expedite climb to one two thousand” 
1-“hurry up to one two thousand” 

Note:  Incorrect rate of climb/descent – “increase rate of climb” for 
“decrease rate of climb”  

7-“cross (point/fix) at one two” 
    “(point/fix) at one two thousand” 
8-“cross at or above one two thousand” 
    “cross (point/fix) at or above” 
9-“cross VOR at one two” 
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Variable Descriptions & Value Labels Explanation/Examples 

APPROACH/DEPARTURE
1 = Substitution of message 
numbers/(fix)/(route) 
2 = Substitution – transposition of message 
numbers 
3 = Substitution of approach name 
6 = Other-one type of information read back 
as another type of information 
7 = Omission of anchor word(s) 
8 = Omission of number elements, (fix), 
(route) 
9 = Omission of anchor word(s) and (fix), 
(route), some number elements 

ATC – “AAL Ten cleared ILS runway two one right approach” 
1-“cleared ILS runway two two right approach” 

2-“cleared ILS runway one two right approach” 

3-“cleared visual two one right approach” 
6-“maintain two one” 

7-“cleared two one right” 
8-“cleared to the right” 

9-“cleared ILS right” 

FREQUENCY
1 = Substitution of message numbers, 
(facility), (point/fix) 
2 = Substitution – transposition of message 
numbers 
3 = Substitution of message numbers with 
incorrect (facility), (point/fix) 
4 = Transposition of message numbers with 
incorrect (facility), (point/fix) 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s) 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten contact (facility) one one eight point three” 
1-“contact (facility) one eight” 

2-“contact (facility) one eight one point three” 

3- “contact (incorrect facility) one two eight point three” 

4-“contact (incorrect facility) one eight one point three” 

5-“contact (facility) one eight one point three” 
6-“squawk one one eight three” 

Anchor words “contact,” location, facility, “point/decimal” 

ATC – “AAL Ten contact (facility) one one eight point three” 
7-“contact (facility) one one eight three” 
8-“contact (facility) one eight point three” 
9-“(facility) one eight three” 

HEADING
1 = Substitution of message numbers 
2 = Substitution of direction of turn 
3 = Substitution of message numbers with 
incorrect direction of turn 
4 = Transposition of message numbers with 
incorrect direction of turn 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 
7 = Omission of anchor word(s) 
8 = Omission of number elements 

9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten turn left heading two one zero” 
1-“zero one zero” 
2-“turn right heading two one zero” 
3-“right turn one three zero” 

4-“turn right one two zero” 

5-“turn left one two zero” 
6-“AAL Ten two one zero knots” 

7-“two one zero” 
8-“turn left heading” 
    “left on the heading” 
9-“two one” 
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Variable Descriptions & Value Labels Explanation/Examples 

HEADING MODIFICATION 

1 = Substitution of rate of turn 

ATC – “AAL Ten increase rate of turn descend maintain four 
thousand” 
1-“decrease rate of turn” 

HOLDING
1 = Substitution of message numbers, 
(fix/waypoint), (direction), etc. 

2 = Substitution – transposition of message 
numbers 
3 = Substitution 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 
6 = Other-one type of information read back 
as another type of information 
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 

ATC – “AAL Ten hold northeast Alpha one two mile legs right 
turns” 
1-“hold southwest Alpha” 

2-“two one” 

3-“southwest Bravo one zero mile legs” 

4-“southwest Bravo two one mile legs” 

5-“two one” 
6-“via Victor twelve” 

7-“hold northeast” 

8-“hold northeast of Alpha” 
9-“hold two mile legs” 

ROUTE
1 = Substitution of message numbers, (fix), 
(route) 
2 = Substitution – transposition of message 
numbers 
3 = Substitution of message numbers with 
incorrect (fix), (route) 
4 = Transposition of message numbers with 
incorrect (fix), (route) 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 
7 = Omission of (fix)/aircraft/ airport 
8 = Omission of part/all of route 
9 = Omission of (fix)/aircraft/ airport and 
part/all of route 

ATC – “AAL Ten via Victor nine J twenty eight Alpha” 
1-“via Victor five J twenty eight Alpha” 

2-“via Victor nine J eighty two Alpha” 

3-“via Victor eight J twenty eight to Bravo” 

4-“via Victor nine J eighty two to Bravo” 

5-“via Victor nine J eighty two Alpha” 
6-“altimeter’s nine twenty eight” 

7-“twelve twenty eight” 
8-“Victor and the J route (fix)” 
9-“Victor and twenty eight” 

ATC – “AAL Ten turn right direct (fix)” 
8-“(fix)” 
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Variable Descriptions & Value Labels Explanation/Examples 

SPEED
1 = Substitution of message numbers, 
(point/fix) 
2 = Substitution – transposition of message 
numbers 
3 = Substitution of message numbers with 
incorrect increase/decrease 
4 = Transposition of message numbers with 
incorrect increase/decrease 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 
7 = Omission of anchor word(s) 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten reduce speed two one zero knots” 
1-“two five zero knots” 

2-“reduce one two zero knots” 

3-“increase speed two five zero knots” 

4-“increase one two zero knots” 

5-“reduce one two zero knots” 
6-“heading two one zero” 

7-“reduce two one zero” 
8-“reduce speed” 
9-“reduce two one” 

TRANSPONDER
1 = Substitution of message numbers 
2 = Substitution – transposition of message 
numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s) 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten squawk two one two four” 
1-“squawk four two one three” 
2-“squawk one two two four” 

6-“altimeter two one two four” 

Anchor word “squawk,” and 4 digits of transponder code 

ATC – “AAL Ten squawk two one two four” 
7-“two one two four” 
8-“squawk” 
9-“one two four” 
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APPENDIX D. 
Readback Error Classification Guide: Advisory Aviation Topics 

Variable Descriptions & Value Labels Explanation/Examples 

ALTITUDE
1 = Substitution of message numbers 
2 = Substitution of climb with descend or 
descend with climb 
3 = Substitution of message numbers with 
incorrect climb/descend 
4 = Transposition of message numbers with 
incorrect climb/descend 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s) 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten expect climb maintain one two thousand”
1-“expect maintain one three thousand” 
2-“expect descend maintain one two thousand” 

3-“expect descend maintain one three thousand” 

4-“expect descend maintain two one thousand” 

5-“expect climb maintain two one thousand” 
6-“AAL Ten expect one two zero knots” 

Anchor words “thousand,” and/or “hundred” or “flight level” 
(dependent upon the altitude) 

ATC – “AAL Ten expect climb maintain one two thousand” 
7-“one two thousand” 
8-“maintain it” 
9-“expecting two” 

ALTITUDE RESTRICTION
1 = Substitution of message numbers 
2 = Substitution of (point/fix)
3 = Substitution of message numbers with 
incorrect (point/fix)
4 = Transposition of message numbers with 
incorrect (point/fix)
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s) 
8 = Omission of message numbers  and/or 
(point/fix) 
9 = Omission of anchor word(s) and some 
message numbers and/or (point/fix)

ATC – “AAL Ten expect cross Alpha at or above one two thousand”
1-“expect cross Alpha at or above one three thousand” 
2-“expect cross Bravo at or above one two thousand” 
3-“expect cross Bravo at or above one three thousand” 

4-“expect cross Bravo at or above two one thousand” 

5-“expect cross Alpha at or above two one thousand” 
6-“expect descend one two thousand” 

Anchor words “cross,” “til,” (point/fix), “at” or “at or above/below,” 
“thousand,” “hundred,” “flight level” 

ATC – “AAL Ten expect cross Alpha at or above one two thousand” 
7-“Alpha at or above one two thousand” 
8-“cross Alpha” 

9-“two thousand” 
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Variable Descriptions & Value Labels Explanation/Examples 

APPROACH/DEPARTURE
1 = Substitution of message numbers 
2 = Substitution – transposition of message 
numbers 

3 = Substitution of approach name 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s) 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten expect ILS runway two one right approach” 
1-“expect ILS runway two two right approach” 
2-“expect ILS runway one two right approach” 

3-“expect visual approach” 
6-“expect maintain two one”

Anchor words approach name/type, the word “ runway” 

ATC – “AAL Ten expect ILS runway two one right approach” 
7-“expect two one right” 
8-“expect ILS” 
9-“expect ILS approach” 

HEADING
1 = Substitution of message numbers 
2 = Substitution of direction of turn 
3 = Substitution of message numbers with 
incorrect direction of turn 
4 = Transposition of message numbers with 
incorrect direction of turn 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s) 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten expect turn left heading two one zero”
1-“zero one zero,” or “six zero” 
2-“turn right two one zero” 
3-“right two two zero” 

4-“expect turn right heading one two zero” 

5-“expect turn left heading one two zero” 
6-“expect two one zero knots” 

Anchor words “heading” or “degrees 

ATC – “AAL Ten expect turn left heading two one zero” 
7-“left two one zero” 
8-“expect left heading two one” 
9-“expect left two one” 

HOLDING 

1 = Substitution of message numbers, 
(facility,) (point/fix) 
2 = Substitution – transposition of message 
numbers 
3 = Substitution of message numbers with 
incorrect (facility), (point/fix) 
4 = Transposition of message numbers with 
incorrect (facility), (point/fix)
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 
7 = Omission of any item(s) 

ATC – “AAL Ten expect hold south of (fix) (radial, airway, etc.)
(direction) turns (minutes/hours) delay”
1-Substitution of any of the elements in holding advisory 

2-Transposition of any number elements in holding advisory 

3-Substitution of message numbers with incorrect holding fix 

4-Transposition of message numbers with incorrect holding fix 

5-Transposition of any of the number elements 
6-“cleared for approach” 

7-Omission of any item(s) in holding advisory 



D3

Variable Descriptions & Value Labels Explanation/Examples 

ROUTE
1 = Substitution of message numbers
2 = Substitution – transposition of message 
numbers 
3 = Substitution of message numbers with 
incorrect (point/fix) 
4 = Transposition of message numbers with 
incorrect (point/fix)
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s), (fix), route 
8 = Omission of number elements 
9 = Omission of anchor word(s), (fix), route, 
and some number elements 

ATC – “AAL Ten expect Victor nine J twenty eight Alpha” 
1-“expect Victor five J twenty eight Alpha” 
2-“expect Victor nine J eighty two Alpha” 

3-“expect Victor five J twenty eight Bravo” 

4-“expect Victor nine J eighty two Bravo” 

5-“expect Victor nine J eighty two Alpha” 
6-“speed two eighty” 

Anchor words/phrases “expect,” “direct,” “intercept/join,” “radial,” 
“maintain visual/visual separation from/with traffic/him/type/ACID,” 
“follow that traffic/him/type/ACID.” 

Use of “direct,” must include a (point/fix)
Use of “intercept/join” must include localizer name. 
Use of “radial” must include identification of the radial. 

SPEED
1 = Substitution of message numbers 
2 = Substitution – transposition of message 
numbers 
3 = Substitution of message numbers with 
incorrect increase/decrease 
4 = Transposition of message numbers with 
incorrect increase/decrease 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word(s) 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten expect reduce speed two one zero knots”
1-“expect two five zero knots” 
2-“expect reduce zero one two knots” 

3-“expect increase speed two five zero knots” 

4-“expect increase zero one two knots” 

5-“expect reduce zero one two knots” 
6-“expect heading two one zero”

Anchor words “speed” or “knots,” “mach” (including point) 

ATC – “AAL Ten expect reduce one eight zero knots” 
7-“expect one eight zero” 
8-“expect reduce” 
9-“expect eight oh” 

WEATHER (ALTIMETER)
1 = Substitution of message numbers 
2 = Substitution – transposition of message 
numbers 
5 = Transposition of message numbers 
6 = Other-one type of information read back 
as another type of information 

7 = Omission of anchor word 
8 = Omission of number elements 
9 = Omission of both anchor word(s) and 
some number elements 

ATC – “AAL Ten (source) altimeter two nine nine two” 

1-“altimeter nine two nine zero” 
2-“altimeter nine two nine two” 

5-“altimeter nine two two nine” 
6-“squawk two nine nine two” 

Key word “altimeter” and four digits 

7-“(source) two nine nine two” 
8-“(source) altimeter nine two” 
9-“(source) nine nine two” 


