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LINGUISTIC COMMUNICATION UNDER
STRESS: LESSONS FROM AVIATION:

Data from aviation communication are usedto illustrate theree propositions regarding language that
arealso of interest for maritime communication. First, language differences increase the likelihood and
the severity of communication failures. Second, despite that fact, language differences are not the

fundemental problem they are often madeout to be. Third, inherent properties of language itsefl- such

45 ambiguity, homophony, prosody, referential uncertainty, implicit inference, and formulaic ritual-
ization —are the real culprits causing miscommunication. Itis shown that common linguistic proceses

— such as code-switching from one languageto another, misconstrual of one phrase type as another,
confusinga technical usage ofa word with its ordinary usage, and letting similarities in meaning mask

differences in from — haveall contributed substantially to the creation of misunderstandings that have

led to serious accidents. X

Both technological and human solutions forameliorating the problem are suggested. Technological so-

lutions involve toolsthat help to clarify the production or transmission of messages. Human solutions
involve education and training in how linguistic communication works and the ways in which it can

$94Wry in order to develop a deeper understanding of the communication process. Discipline and en-

Jorcement are also necessary components of any safety program, buta stronger foundation is na
<onoincing people to cooperate voluntarily with safety measures through developing their un a
nding of the basis ofand the needfor those measures. Confidence is strengthened further by provi
"18reliable technologies that make compliance easier.

1. THE PROBLEMi Pr positions. largue here for three propositions KEEJIZige differences on aviation communication. Iwould aapropositions are as fol-
Z . .M relevance to maritime communications. The three p

:
ikeli and the se-

Proposition 1. Language differences do increase the likelihood

Verity of failures in aviation communication.
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Proposition 2. Language differences themselves are not the fundamental
problem they are commonly made outto be.

Proposition 3. Inherent properties of language itself necessarily cause
miscommunications.

The first propositionis not surprising; I would guess most people take itfor
granted. The second propositionis probably surprising; itseems to contradict the
first one. The third propositions certainly surprising; language is the mostfamiliar
of human behaviors: how could it possibly itself be a problem?

Three Examples. Consider the dialogue in Figure 1, taken from the official
accident report issued by the Spanish Ministry of Transport and Communications
(19784,b).

1705:44.6 LM 4805: The KLM four eight zero five is now ready for take off and we are waiting
for our ATC clearance (1705:50.77).

1705:53.41_ Tower: KLM eight seven zero five you are cleared to the Papa Beacon, climb to and
maintain flight level nine zero, right turn after takeoff, proceed with heading four
zero until intercepting the three two five radial from Las Palmas VOR (1706:08.09).

1706:09.61 KLM 4805: Ah —rogersir, we are cleared to the Papa Beacon,flightlevel nine zero un-
til intercepting the three two five.
Weare now at takeoff. (1706:17.79).

1706:18.19 Tower: OK... Stand by for takeoff, I will call you (1706:21.79).
[ Note: A squeal starts at 1706:19.39 and ends at 1706:22.06.]Meo still taxiing down the runway the Clipper one seven three six

1706:21.92 PAA 1736: Clipper one seven three six (1706:23.39).
1706:25.47 Tower: Ah — Papa Alpha one seven three six report the runway clear (1706:28.89).
1706:29.59.PAA 1736: OK, will report when we're clear (1706:30.69).
1706:61  [sic]69 Tower: Thank you.
1706:50._ COLLISION: KLM on takeoff run collides with PAA on ground.

Figure 1. KLM and PAA, Los Rođeos Airport, Tenerife, Canary Islands, 27 March 1977

Bt1706:17.79, the KLM Pilot(actually copilj t llerthat he has begun his takeoff roll; at 1706.18.19 EenDOOi Uthe pilot that he should not begin his takeoff za poni(1) We are now at takeoff.
(2) Stand byfor takeoff
Two questionsarise in connection with this exchange:Question1: Why doesthe Pilot utter such a non-Question 2: Why does the controller give such an
The pi

j

call diteenaot * can be interpreted as a subtle form of what linguist$
switch from one oneRiauLo) Multilingual people inadvertenty

i saa (and back). The pilots native la“
gressive aspectis expressed by us“

standard phraseology?
inappropriate response?
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e the Dutch equivalent of at with the infinitival form ofthe verb, in thi

iko? Here, the pilot switches into Dutch grammar while keiKA
words, saying are at takeoff for are taking off. This answers the first question 3

The controlleris proficientin English, but has notstudied Dutch (orlinguistics);
he thus has no cdlue (nor does the pilot, by the way) thatthe pilotis performing such a

switch. Sinceat is typically used to begin a locative phrase, he interprets the pilotsut-
terance in that way; he takes the pilots utterance as meaningthatthe aircraft is at the
takeoff point awaiting further instructions. This answers the second question.

Together these answers illustrate Proposition 1.

Now consider the dialoguein Figure 2, taken from the official accidentre-
portissued by the U. S. National Transportation Safety Board (1981). Therearelots
of interesting itemsin this dialogue, which I hintat through italics and underlin-
ing: for example, the similarity of the call signsat 0133:11 and 0133:33 and of the
phrases go around at 0134:13 and go ahead at 0134:18, as wellas the oxymoronic fla-

vorof just go ahead and hold at 0134:18.

0133:11_ Tower: Air California three thirty six, you're cleared to land.

0133:33 Tower: Air California nine thirty one, lets doit taxiinto position and hold, be ready.

0133:37. AC 931: Ninethirty one's ready.
0133:52 Tower: Air Cal nine thirty one traffic clearingat the end, clearfortakeoffsir, Boeing

seven thirty seven a mile and a half final.
0133:57. AC 931: In sight we're rolling.
0134:13._ Tower: OK Air Cal threethirty six, go around three thirty six,goaround.
(0134:16 AC 336 captain: Can we hold, ask him if we can — hold.)

0134:18. Tower: Air Cal ninethirty oneif you canjustgoaheadandholdx
0134:21. AC 336: Can we land Tower?
0134:22 Tower: Behind you Air Cal nine thirty one just abort.

E

0134:25 Tower: Air Cal threethirty six, please goaround sir trafficis going to abort on the

departure.
(0134:27._ AC 336 captain: Gear up.)
0134:36: IMPACT: Aircraft lands with gear retracted.

Figure 2. Air California, John Wayne Orangeo Airport,

Santa Ana, California, 17 February 19a— 2 f

det d Nobuhiko Yamanaka o!

This fact about Dutch was first pointed outto me by Profs. Ken Hale of MIT an

aitama University. i i
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(i) We are now, ah, taking off.
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the pilots utterance. See Cushing (19944) for more 2"

We tapes and about the
(po.Riddle Aeronautical University for information sPersonal communication)

ratherthan (1).

d
been lost or destroye
evidence can be brought



. CUSHING, Linguistic Communication under Stress..,3

E
ea. god. 13 (1999), str. 103-114

i i j .At0133:33, the control-Of particular interest hereis the use of the word hold At :

lerissues ke 931 the instruction (3), meaningto taxi into position and stop there.

(3) taxi into position and hold

At0134:18, the controller issues AC 931 the instruction (4), meaning to stop
his takeoffroll, a meaning confirmed at 0134:22, when he rephrases his instruction
as (5).

(4) just go ahead and hold
(5) just abort
This is the standard use of hold in aviation English: to hold an actionis to stop

what you are doing and do something else instead.
However, AC 336 has something else in mind. At 0134:13, the controller tells

him to go around, meaningto stop his landing process and do something else. The
captain responds at 0134:16 by asking the copilot to request permission to hold,
meaningto continue what heis doing, namely, land. The copilot confirms that he
understands the captain in this way by proceeding to ask the controller for permis-
sion to land at 0134:21. This is the principal meaningof hold in vernacular English:
to hold an actionis to persist in doingit.

In other words, though clearly operating in an aviation setting, the AC 336
captain inadvertently slips from aviation English to vernacular English and is un-
derstood by his copilot as having doneso. Just as the KLMpilotin Figure 1 slips in
grammar from English to Dutch, thatis, from one language to another, the AC 336
captain in Figure2 slips in meaning from technical to vernacular, that is, from one
variety of a language to another. We thus get code-switching within a single lan-
guage by native speakers ofthatlanguage, the same process that occurs in multilin-
gual speakers of clearly different languages. This illustrates Proposition 2 and
begins to hint at Proposition3.

Related mechanisms appear to be operatingin the dialogue in Figure 3,taken from the official accident report issued b i i

STE REKNISONA
p ued by the U.S. National Transportation

2124:04. Tower: Avianca zerofive two, you are making a left turn, correct, sir.2124:06 Captain to copilot: Digaleneo que estamos en emergencia.[ English: Tellhim we're in
2124:08  Copilot to Tower: That's right to oneOnce again, we're running out offuel.
212415 Tower: Okay.I Captain to copilot: Que dijo? [ English: Whatdid he say? ]24:18. Copilot to captain: Mant il pies,

ci

EnteaSoeEo mil pies, ciento ochenta en el rumbo.

Yale
dije| ue yano podemos.[ English: Maintai180 on the heading. Ialready

advisd
na E emiiodeae ara i

eady advised him that we are going to attempt again, be-

eight zero on the heading and, ah, we'll try,

——_——..
4 :Extraneous dialogue at 2125:15-2125:22, 2125:41-2126:34

, and 2126:47-2130:30 is omitted.
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2124:22. SouSS Digale que estamos en emergencia. | English: Tellhim we'rein =a]

2124:26 Captain to copilot: Ya le dijo? [ English: Did you tell him? ]

2124:28  Copilot to captain: Si, senor.[ English: Yes, sir. ]

212429 Copilot to captain: Ya le dije. [ English: Lalready told him. ]

[ 2124:32-2125:07 Aircraft is handedoff from Tower to Approach Control]
2125:08 Captain to copilot: Digale que no tenemos combustible.| English: Tell him we

dor't havefuel. |
2125:10  Copilotto Approach: Climb and maintain three thousand and, ah, we're running

out of fuel,sir.
2125:12 Approach to copilot: Okay, fly heading zero eightzero.
2125:28 Captain to copilot: Yale dijiste que no tenemos combustible? [ English: Did you al-

readytell him we don't have fuel. |
2125:29  Copilot to captain: Si, senor. Ya le dije. Ciento ochenta en el rumbo mantenemos

tresmil piesy nos va a volvera meter.|English: Yes, sir I already told him. 180 on
the heading. We'll maintain 3000 feet and he'll get us back.

2125:29 Captain to copilot: Bueno.[ English: Okay.]
2126:35=Approach to copilot: And Aviancazero five two heavy, ah, Im gunna bring you

about fifteen miles north east and then turn you back onto the approach. Is that

fine with you and your fuel?
2126:43  Copilot to Approach: I guess so. Thank you very much.

2126:46 Captain to copilot: Quedice? [ English: What did he say? ]

2126:46—Copilot to captain: El man se calento. [ English: The guyis angry. ]

2130:32_ Approach to copilot: Avianca 52, climb and maintain three thousand.

2130:36 Copilotto Approach: Ah, negative,sir We justrunningoutof “fuel. We. Okay. Three

thousand now. Okay.
2130:39 Captain to copilot: No,notres. Tres mil. Tresmil. [ English: No,not3.3 thousand, 3

thousand. [ Aircraft soon runs outof fuel and crashes. ]

Figure 3. Avianca, Cove Neck, New York, 25 January 1990

: :
j

;, between
In this case, the copilot switches deliberately, notmAwo languages, because the pilot has chosento speak Spanish and

Si eaking English. The pilot twice utters the word emergenci, ouE*quivalent of the English word emergency, to the copilot(at 2124:0 mE elaborates
utthe Copilot never says the word emergency to a controller. Instead, he

LTIA08
ON the nature of the emergency, which he describes correctly as €a Tisis

15:10, and 2130:36), while assuring the captain that he has a025:29)
“IS of both the emergency (at 2124:26-2124:29) andits natura (at 2125:

(6) running out of fuel ish as emergency

me
The noun emergencia means the samein vernacularra to člabo-

Tat
“NS in vernacular English and,in both vernaculats, rd itself, however;
* the nature of an emer ency than simplyto repeat the ue sein (7) conveya

spo Šenoy hasa special usei aviation English. Phrases su rit toany aircr

Baal degree of urgency thatrequires the controller će e no Spanish an2-

lo Tansmits them; since there is no “aviation 5P h,
8 for that use.

A
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(7) (a) declare an emergency
(b) fuel emergency

In shifting from onelanguageto another, the copilot overlooks the fact that,
although the word emergency has beensaid,it has not been said in the correct lan-
guageto the correct person: aviation protocol requires thatit be said in English to
the controller. a:The controller is listening for such a phrase, but never hears it. His apparent
anger at 2126:35, reported by the copilot at 2126:46, suggests frustration ata crew
that declines to declare an emergency, while claiming to be running out of fuel. He
could take it upon himself to ask if there is an emergency, but he takes the crew's
competence for granted and assumeson that basis that they would have declared
an emergency if there had been one. Perhaps he wondersif they are playing
around inan attempt to gain some advantage.It never occurs to him that, possibly,
they could just be making a mistake.

The most striking feature of the dialogue in Figure 3 is that it all could have
happened justas it did without any Spanish having been involved. The official
transcript has the Spanish and English versionsof the intra-cockpit dialogue listed
side by side in parallel columns andeither can be read without the otherto deter-
mine what is going on. The air/ground dialogueis exclusively in English and the
controllers know nothing of whatis said in the cockpit, including what languageitisin.

Thefact that the language being used to communicate with the groundis atechnical variant ofa language other than the copilot's own, leaving him twicere-moved from the vernacular with which he is most familiar, is likely to have com-pounded the miscommunication in this instance. This illustrates Proposition 1.
However, an inability (or unwillingness) to shift between variants of a single lan-
guage,or the lack of awareness of the need to do s0,is the culprit. This illustratesProposition 2.

Neither the copilot nor the controller is able to maintain his communicativebearings in the attempt to talk the aircraft down safel : :ingi - Both d lis-tening in what they think they know are the correct pa ene

For more det: i i

99, 9)

e detailed discussion of these examples and citations, see Cushing (1 daje, 19 5)y€, s
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Ambiguity: The presence of tw.

tence, or passage.
0 or more meanings in a word, phrase

Example: A j e
uest il Been, oledSGi. B1 had called but not sure wh

ing fora reply.
n proceeded totalk to aircraft ESsuit-

(8) BL, Ground, go ahead.

B1 misinterpreted the phr:
E 1

phrase go ahead j i

SE
d

as referring to his driving, rath

olerent £, and was halfway down his normal mu , oo di hed hapoćneli
te of travel before the

Homophony: Different words or phrases sounding exactly or nearly alikey alike.

Example: Confusion betwee i

MEE olledtoaRE n the intended two and the required but miss-

(9) Descend 2400.

The aircraft di

ME
escended to 400 feet rather than the appropriate altitude of

Prosody:y: The pattern of pauses, stresses, or pitches in an utterance
Example: i i i

fightiaa checking out a pilot in a small airplane, an experienced

Mone masneea considerable power on just before touching

said (11)
said (10), but he was interpreted by the pilot as having

(10) Back — on the power.
(11) Back on — the power.
The two utt

of the terances normally differ in ronunciation only in the plac

pause and in whether or not on is aa A j
U, +

meant Dee Reference: A degree of indetermina

EE
pronoun or pronoun-like expression.

mple: The Tower issued (12) to anaircraft
12 i(12) Taxi to the next and hold short of 21.

The pi

ora taxiway
ilotwas confused as to whether next was intended

a. Implicit Matin
indefiniteness LE Unjustified assumptio

E :

do. xample: A pilotinterprets (13) asa

ement

cy asto just whoor whatis

thathad landed onrunway 15.

torefer toa runway

ns or conclusions derived from

clearance to climb, misconstruing can 45

gher.
(13 :

i

) I can give you 290 but you will have to negotiate for hi

14 Roger, clearedto 290, leaving 230.

3 mai does not challenge the readback (

g him then of relevant traffic. a

lose their cognitiv
.

Ritualizati
Partcipanta ana Statements and situations n

ake, into a pattern of simply going through the motions for

14) but queries the pilot at

24,000
e impact and

their own
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i i ilotbegan a descentE le: After the dialog (15) with the controller, the p gi ,
but mesihen informed that he had not yet been cleared below 4,000 feet.

(15) Can you see the runway?
(16) Yes.

(17) Okay, turn to 360 degrees.
The instruction (17) had been followed so often in the pilot S prior experi-

ence by a clearance to descend that he assumedit wasso in this case as well.

2. SOLUTIONS

Solution Types. There are two kinds of solution to the problem identified
above:

Human Solutions: What can we do for personnel to help them improvetheir communication?
Technological Solutions: What can we give to personnel to help them im-

provetheir communication?
Note the phrase for personnel, rather than to personnel, in the formulationof Human Solutions. Jones (1994) questions the value of technological solutionsWith the comment, “Asfor me, Iwould trya few sackings first.“ However, thatisnotWhatIhavein mind. While discipline and enforcementare necessary componentsofany safety program, a stronger foundationis built by convincing peopleto coop-erate voluntarily with safety measures through developing their understanding ofthe basis of and the need for those measures, Confidence is strengthened furtherby providing reliable technologies that make compliance easier.
Human Solution. Steps that can be taken to help personnel improvetheircommunication include such general measures as shortening shifts and hiringmorestaff. However, there is one essential human solutionto this particular prob-lem, without which others will lose tha eir effect, namely:A e avlation personnel with a deeper understanding of language, in-

— ts basic characteristics
— howit works
— thekinds of ways it can malfunction in communication— the consequent needto useit more mindfullyIn other words, we must develI , op and promote the outlookof treating lan-guage: aia component of the aviation and maritime environments, entirely

m peM obviously tangible components, such a5 aircraft, ships, radar,Noeon equipment. People who use language as a tool must bekisi ve useto the same depthand breadth as pilots are trained to flyeon SePined toreadradar,and both are trained to use communi-.TI Cgse A na athorough awakeningto the kae,ZAone in the aviation and maritime systems. Af potential Problems sketched in Section 1 can=* Seethe reply in Cushing (1994b),
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toward replacing the complacen 2 :Pari:ailinenesstto diji it to aa ONE :daake

Awareness of language andtheskills for using it more effectively can be pro-

moted in numerous ways, including: P

— Books, such as ja own Fatal Mk (Cushing, 19942)

đ sletters and reports, such as i ;No ERO EEL those published by the International

— Training materials, such as those developed by the Centre of Applied Lin-
guistics at the University of Franche Comte in Besancon, France

The pointis to incorporate such materials into every aviation and maritime
training program andto elevate their mastery to the highest level of priority.

Technological Solutions. The general background for potential technologi-
cal solutions in the short-, intermediate-, and long-term time frames is sketched
outin Cushing (1994a). Since this conference is concerned particularly with train-
ing, already discussed above, I mention here only one technological solution
geared to an intermediate-term time frame. For more examples, see Cushing
(1997).

Problems of voice-mediated language can be avoided byusinga restricted

English-like artificial language in connection with a visual communication system.
Givenasuitably restricted language framework, pilotsand controllers can be given
screens in variants of their own languages with automatic translation between
them.Thisis illustrated in Figure 4.

Figure 4. Visual Communicati

(STEETE) Arrtte!IEE(==) (ma)
=) (zastanRT

Stop! ( )=a
=(ime) == =kami|Er

saji
Qui, Monsieur.(keve_— Messages Sent frompaze midi

English-based Screen. nah Screen.

(Controler)
(Pilol

Lu
m
jE

on System with Translation
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i i ivalentformulations ofitualizati be avoided by having alternate equiv mule
an METedčandomiy for presentation. Thisis illustrated in Figure 5,

Sanameni CHANGE FLIGHT LEVEL
FROM FL210 TO FL220

S ALTITUDE CHANGECHANGE ALTITUDE FR
ACKNOWLEDGED FROM= ea=CHANGE ALTITUDE FROM

21,000 feet TO 22,000 feet

(s i)
Controler Sends Message Pilot Receives EquivalentWith Intended Meaning Message Randomly

Selected by the System
Figure 5. Visual Communication System with Randomization

A prototype of such a visual communication system is described in Cushing(19944).

3. THREE CONCLUSIONS
I end with three conclusions, each with an associated aphorism:Conclusion 1. In regard to aviation miscommunications, languageitself (notlanguage differences) is the problem.

“Language: Can't live Withoutit. Can't live with it.“u Conclusion 2. Education and training (ofa Particular kind) are the principalsolution.
X EEnowedge is power. Knowledge of how language works is key to sur-vival.

Conclusion 3. Sophisticated tools can help.
tor“

Pvenwitha Mastery ofbasic mathematics, it doesn't hurt to have a calcula-
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Sažetak
JEZIČNA KOMUNIKACIJA POD STRESOM: PREDAVANJA IZ

ZRAKOPLOVSTVA

U ovom izlaganju koristit ću se podacima dobivenim u aviokomunikacijama kako bih objasnio triprijedloga o jeziku koja bi trebala biti zanimljiva i za pomorske komunikacije. Prvo, jezične razlićavaju
vje i broj

ikaciji
usprkos tome jezične razlike misuosnovni problem, one se često prikazuju takvima. Treće, naslijeđene karakteristike samog jezika — kaoŠto su dvosmislenost, jednoglasje, prozodija, referencijalna nepouzdanost, implicitno zaključivanje !

uobičajeno potiskivanjepropisa zapravo su stvarni krivci koji uzrokuju pogrešnu komunikaciju:Pokazat ću da su uobičajeni jezični Procesi — kao što su Prebacivanje iz koda jednog jezika u koddrugoga, pogrešno tumačenje određenog tipa fraze, zamjena stručnog značenja određene riječi 4značenjem teriječi u svakodnevnoj uporabi, te toto se ostavlja da sličnosti u značenju prekriju razlike

t 6,

M11
Još

Će
čvršće 0 Se ljude uvjeri da

sami
koriste sigurnosnemjere tako da razvijaju *20Je poimanje osnova tih mjera iaka korištenja Sigurnost Snadalje povećava pronalaženjem pouzdanih teh nologija koje olakšavaju ispunijenje mjera sigurnosH:


