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Reply to Attn of: 

National Aeronautics and 
Space Administration 

Amee Research Center 
Moffett Field, CA 94035-1000 

AFO: 262-4 

Mak:ol.m BrenDer, Ph.D. 
NetjooeJ Tnnspnmlioa SU"cty Board 
490 L '~Want Plaza East. S.W. 
WlllhillgtOn D.C. 20594 

Dear Dr. Brenner, 

December 2, 1996 

The following is a summary of a communication analysis I perfonned on the CVR 
transcript associated with DCA 94 MA 006. The summary focuses on aspects of crew 
perfomwnoc whidl are related 10 tile transcribed speech. 

I have been a rcsean:h psycbolocist at NASA Ames Research Center for over ten years, 
conducting and oversa;einc rcscan:h in the area of Crew Factors and Crew Resource 
Manaaa• cnt Altbou&b my area of speci•lintioo is communication and issues pertaining 
10 infmna&ion transf«, I am also concerned with task, environment, social, and 
arpnintiooal effects on team perfonnancc, leadcnhip and the DlllllllgCillelt of resources. 
The blUe pi oftbis type ofiiCIUR:b is to identify bow crew factors influence overall team 
pedi:wnwr..ge so that we can beuer safeguard against human error and enhance system 
safety. Molt of our crew factcrs research bas focused on aeronautical flightdeck 
operatioas, but we have bcpn 10 extend this work 10 other acrospacc domains such as air 
traffic control, ailaaft maintenance, and launch operations. In all domains, we are 
concemed witll pining a deeper understanding of the crew processes which underlie 
human cm:Jl', so that effective tlaining and procedural interventions may be developed. 

If you have any questions about the following report, please feel free to call. I will be 
happy to help in anyway I can on this, and any future investigations. 

Sincerely, 

Barbara G. Kanki, Ph.D. 
NASA Ames Research Center 
MS262-4 
Moffcu 



Communication Analysis 
DCA 94 MA fJ76 

Executive Summary 

This discourse analysis of the CVR (cockpit voice recorder) transcript (DCA 94 MA 
006) focuses on task-related speech, procedural speech, and nontask-related speech. 
Task-related speech occurs during 30.5 minutes of routine flight and 25 seconds of 
emergency. During routine flight, patterns of requests for information and their 
re~es are analyzed as an indicator of how the crew coordinates their task 
acuvities and obtains the iDfoonation they need. While there is not an abundance of 
data (speaking turns), this aspect of crew pcrfmnance can be described as complete, 
cooperative intcnlctioas amona the flightcrew members and air traffic control (who is 
also part of the ccxnmunication loop). 

During emergency phase, speech is analyzed as an indicator of the problem solving 
process. Unfortunately, speech during these 25 seconds is minimal and often 
fragmented. Altbough abbreviated speech may be adequate for successful 
communication in same situations, it makes an analysis very difficult. A lack of 
contex.tual iDfOJ'!l!llrioo inchvliug linguistic completeness and access to nonverbal 
behaviors contribute to the ambiguity inherent in the speech. Consequently, speech 
analysis alone is inadequate far judging crew response to the emergency. 

Procedural speech is inte:rpreted as an indicator of crew adherence to regulations, 
policies and protocol. throughout the . tran. script, proced. ural speech (A TC 
communicalions, checklist and PA IIIIDOUDOCillCI) genemlly appear to fall within 
expectations. Finer distinctions with n:speet to procedural speech would have to be 
provided by the FAA or the company who may have a more detailed understanding of 
the regu1aaons and polk:ies. 

Finally, nontask-related speech is interpreted as an indicator of the cockpit 
atmosphere and interpersonal relationships among the flightcrew members. Instances 
of nontask-related speech, or social communications are normal and responsive. 
There is casual, friendly interaction among both pilots and flight attendant, implying 
that, at least on a professional level, there is no particular social barrier or problem 
that would impede their working together during the emergency. 

Background 

Voice communications may be analyzed in a variety of ways but their interpretation and 
significance always depend upon the context in which they occur. At least three types of context 
may be relevant: 1) the physical context, 2) the social/organizational context, and 3) the context of 
the operational task (see Attachment 1). For example, a communication analysis may focus on 
acoustic features of human vocalizations in order to discover patterns which are indicators of the 
individual's physiological state (Belan, 1995; Mayer, Brenner & Cash, 1996). The significance of 
emergent patterns would depend upon where and when in the event and task sequence they were 
found. 
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This repcxt focuses strictly on the discourse level of voice communication. As such, ooly the 
co rent and pauems of vedlll speech are of dimct concern. Vocalimtioos (e.g., inhale/exhale, 
outcries, Jaupll!l') aad ~~~ of sp-.:h (e.g., pitch, loudness, frequency) are omitted 
from this ualysis. Because . ~ is so often the means by wbich flightcrews 
pafum lbcir cub, pldiiCmS of speech are poliCIUial indicators of how crewmembers coordinate 
their WOit, hew they rdUc to each other and others in the system. In some cases, speech itself is 
the actioa talr.ca, such as coaducting a briefing or performing a checklist. Again, the inteJpretation 
aad sipifioaoce of what is said depends on what we know about the physical, 
sociaJ/crpnizelioaal and task contexts. In addition, we must consider the linguistic context of 
what is spoken because speech is also influenced by formal and informal rules of language, 
rhetoric, rules of interaction, and possibly one's culture and individual speaking style. 

Discourse Analysis 

As shown in Figure 1, this discourse analysis considers three types of speech acts: task-related 
speech, prooedural speech (which is a standanlizcd form of task speech), and nontaslc-related 
speech. The capus of speech analyzed is the entire CVR transcript which is approximately 30.5 
minutes of routine flight and 25 seconds of emergency. Because there is so little time during the 
erDeiJC8CY phase, the speech patterns established during the routine phase are used to describe 
aspects of the crew to that point 

1. Task-Related 
Speech 

2.. Procedural 
Speech 

Iadlcaton of 
CREW PERFORMANCE 

• erew c:oordlnatlon In routlae flight 
• problem solvlqla eJD1!111eacy 

• adherence to regulations, 
poUcles, protocol 

3. NODtask·Related • work atmosphere 
Speech • Interpersonal relationships 

Figure 1: Elements of Discourse Analysis 

Speech is coded with respect to their speech act functions (e.g., statetnent, re-statement, question, 
answer, verification, command, acknowledgment), and patterns are explored in order to describe 
the way in which the crew is working toge~er. coordinating their workload, confronting the 
emerpncy, etc. (see Kanki & Palmer, 1993). Interpretation of patterns depends on whether there 
is enough CODteXlUal infonnation available to support or rule out alternative explanations. In this 
analysis, 1) task-ft'lated speech is analyu:d in order to describe crew coordination during the 
I'Oidine fliPt cni!Airions and problem solving during the emergency conditions; 2) prooedural 
speech is IUIIlyzcd in order to describe adherence to regulations, policies and protocol; 3) nootaslc­
related speech is analyzed in order to describe the general cockpit atmosphere and interpersonal 
relationships among crewmembers. 
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Task-Related Speech in Routine Flight 

At a simple descriptive level, much of the captain's speech is devoted to air traffic control (A TC) 
commWJications. However, in addition to ATC speech, the remainder of his task-related speech 
consi•s of six tuk obllervllious, one statement of intent and one suJPSiionldirective. Responses 
by the first officer to these sta"""CntC are exceptionally high (i.e., no completed speech by the 
captain is left han~ or un-acknowlcdpd). 'I'hcR are fewer first officer speaking turns since he 
is not handling A '11 • Thus, his mtiR: pattern of task-related speech consists of three task 
obsetvations, five questions/verificatioos, one statetnent of intent, and one suggestion/directive. 
Consistent with the first officer, the captain responses are high, especially in cases of question/ 
verifications (see below). 

Crew Coordinotion.: One indicator of crew comlination is the pattern shown by the pilots in their 
requests for infocmation and verification. Since these are potential areas of miscommunication, the 
completion of these task..zd•ted C>""wnica&ioo sequences is important. From this transcript, the 
following paera1 pattern is shown: when a question or request for verification is initiated, the 
other responds iQI!JlOdiariy, eJU:Cpt for outside interruptions. On task-related topics, the first 
officer (F/0) initiates questions to the captain (C) 5 times, and the C initiates questions to the F/0 
once (see Table 1 ). Since all of the questions are requests for clarification or verification regarding 
A TC instructioas or A 'llS, and C is handling 1'ldio communications, it is reasonable that he is the 
responder mare oflcn than the initiator. Both C and F/0 resolve the questions in all cases, and 
A TC is considered an integral pan of the communication loop. 'I'hcR is no apparent reluctance to 
seek or incorporale infQAParion from each other or A TC. Assessing these patterns on the basis of 
pilot IDd A TC JOles in IQUiiae gpea&ioos, level of coordination and cocnn "'nication appears to be 
adequate for ~isbinJ the task. At the point at which the emergency begins, there is no 
question or verifk:arion issue left unresolved. 

nne sponse 

1851:08 F/0: Verification C: Verified CLE4 1850:56 
tenCuna 

1851:57 F/0: Verification C: Verified ATIS 1851:22 
32 &: 28R 

1856:45 F/0: Question C: Acknowledged CLE4 1856:16 
210or250 - to be verified 

1857:26 F/0: Question C: Answered APR 1857:23 
speed? - via A TC response 

1857:40 C: Question F/0: (?) APR 1857:23 
riUI*l)'? - plan for 28R 

*1901:04 C: Question APR: Answered " 
28L? 28R 

*1901:10 C: Re-statement F/0: Acknowledged APR 1901:04 
28R 28R, as planned 

1900:31 F/0: Question C: Answered ATIS 1851:22 
tenrperQ~Ure? 75 

• NOie: These are Dill aew hems; !hey follow up on lhe previous question 

Table 1. Task-related questions and verifications. 
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Task-Related Speech in Emergency 

Aunming the emergency phase beJins when crewmembers notice a problem (approximately 
1902:57.5),the amount at analyzable speech is very small (primarily speech fragments, repetitions 
and explcUvea). However, liace czew porformaDce would logically be focused on responding to 
the emergency and solving the problem. the speech fragments from 1902:57.5 to the end of the 
transcript are ca~~tguizod 8ccotdin& to how they relate to the problem solving process. 

Problem Solving Proceu: For the purposes of this analysis, we assume that a completed problem 
solving process bas at least three SllepS: 

1) recognition that thcR is a problem 
2) identification at the problem 
3) response to publem, immediate and/or strategic. 

While it is reasonably clear that the crew recognizes a problem exists, it is never clear after this 
point, that citbcr pilot reaclw step 2 and identifies the problem. According to Lipsbitz ( 1993), 
most tbeories of lWUrl1ls&ic decision making consider 1) situation assessment and 2) 
understanding the COlllleXt surrounding the decision process as critical elements in decision 
making. In Ibis sequence, verbal evidence of either would contribute to accomplishing step 2. 

However, in the ll'IIISCript of 2S seconds of emergency phase, there is no verbal evidence that 
clearly reveals the C or P/O's explicit assessment of the situation or problem context Rather, C 
mostly speaks in speech fragments and directives, and there is no speech by F/0 other than 
expressi.ves and explcUves. While the F/0 vocalizations and the C' s directives appear to be 
re:apoasea to -u.tng, tbca • JlO stated referents. Therefore, we cannot know whether these 
acuons are responses to an iMniJfled problem. Furtbennore, because there are no explicit 
sta'""NPtS llllldo, we cannot know whether both pilots are responding to the same thing. 

"Ha.g On" SefWJfU: Because the referent of the "Hang On" sequence is left unstated, the 
liqpia&ic ooosext il ambipous; that is, more than oac interpretation is possible. In theory, the 
nrfaau of '1iaq On" Clll be lill:nl; for example, the F/0 should "bang on" to something. 
However, it may also be mD'ti'Orlng speech; for example C may be monitoring: 

1) his own mental activity (e.J., me•ning wait, I'm tbinldng) 
2) an external activity (e.g., watching for the aircraft to respond in a certain way) 
3) the ocher's activity (e.g., watching the consequences of the FlO's actions) 
4) any combination of 1-3. 

If C is in the process of assessing the situation in order to identify the problem, any of these 
monitoring alternatives would be a possible means of obtaining an answer. Clearly a conclusive 
answer bas not been reached at 1903:08 (C: what the hell is this ), but even this statement could 
be a part of a problem identification process if more time was available. 

It is not unusual to leave out the referent of a statement Pronouns, for example are used routinely 
to stand f« JlOUDS. In situations in which the physical context is shared by the interactants, it is 
parlil:ulady compelling to leave out referents because they may be obvious. Since we cannot see 
the pilots, we CIMOt know the nonverbal behavioral context for their speech. Speech may be 
~oied by pstures, pointiag, looking, and/or specific actions (see Segal & Jobe, 1995). 
Extemal coaditioDa may be so compelling in this situation that stating the referents would be 
highly ,...,.,odant We have no way at knowing from the words alone whether the C and F/0 are 
completely in lUIIe with eacll other and therefore don't need to use referents and complete 
sente11cc1 ga: whecber they am responding to different aspects of the situation. Because the pilots 
seem to have been cooperative and responsive to each other within the last 30 minutes, there 
would not seem to be any interpersonal banier to their being in tune with each other at this time. 
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On the other hand, the emergency conditions themselves may be pulling their attention in different 
directions. In either case, the communications and actions may be altogether appropriate. 

A clear inlelpcetation is not possible because so much of the speech is ~ntly ambiguous. 
Even if we knew 1111£ about the physical and task context, we still could not assume the meaning 
of llftRated referents. A videotape of the cockpit miP.t provide partial evidence, but it would not 
guarantee that the mi~~ iaformation would be viSible. In short, interpretability of speech during 
dtia phase ia IICIVInly __ted and clllllOt provide strong evidence for evaluating crew response to 
the emergency. 

Procedural Speech 

Widl respect to adhetence to standard operating procedures in communication, both pilots 
generally follow the expected protocols (ATC communication, checklist, PA announi:ement). 
More precise adhetence to regulations and policies is more appropriately evaluated by the FAA 
and company. There are several repeated clarifications and verifications of A TC instructions and 
A TIS inf<li'IJlation, but as mentioned earlier, these questions are resolved in routine fashion. 

Nontask-Related Speech 

Socially, the communications are not out of the ordinary. The pilots seem to be responsive and 
friendly with each other and with the flight attendant. There is normal joking and casual 
conversation. I am making no assumption that these individuals are actually friends; merely that 
they are behaving in a normal interaction, in a socially acceptable manner. Non-responsive 
behavioc would include joke attempts, and other nontask-related statements which are met with 
either "no respoase" or a reaponse that shuts down the interactive dialog. Instead, nontask 
statcornenas are met with laughter, acknowledgments and statements that keep the conversation 
goiag aDd participants engaged. Nontask conversation is curtailed when task activities accelemte 
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INTERPRETIVE ACOUSTIC ANALYSIS DISCOURSE ANALYSIS 
CONTEXT sounds & vocalizations speech 

.... ,... c.tat includes the Flightdeek Sounds Task-Related Speecb ambieot enviloomeDt, (noise, light), 
• fligbt control sounds • statements & observations exlemal coodilicos, equipment, 

C()!lliillltYcaliOII media • alens & warnings • questions & answers 
• systems, engines, etc. • commands & suggestions 

SociaiiOrg. Context includes the • radio noise, static • acknowledgments 
speakers and bcarc:rs: crew • resource management 
members, PAX, A TC and the roles Outside Fllghtdeck Sounds • repetitions 
they illjlie&enl • cabin, cargo • expressives & expletives 

Tuk Cootext includes o extemal environment 
crewmember IICtions, operational Procedural Speech 
conditiolls, pbase of flight, Human Vocalizations o briefings & checklists 
procedures • inhale/exhales, grunts o ATC communications 

LiDgulslic Context includes 
o yawns, laughs 
o vocal aspects of speech: Nontask-Related Speech 

gramm•tical, pragmatic & rhetorical frequency, intensity, etc. • social topics pauems; interactive & individual 
o joking styles (e.g. formality, mitigatioo) 

Attachment I: Elements of Acoustic and Discourse Analysis 




