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T e a m Cognit io n i n th e Cockpi t :  Linguisti c contro l  o f  share d p r o b l e m 

solvin g 

Judit h Orasan u 
NASA-Ames Researc h Cente r 

M/S 262- 4 
Moffet t  Field ,  C A 94035-100 0 

jorasanu@eos.arc.nasa.go v 

A b s t r a c t 
Communicatio n o f  professiona l  ai r  transpor t  crew s (2 -  an d 
3-member  crews )  i n simulate d infligh t  emergencie s wa s 
analyze d i n orde r  t o determin e (1 )  whethe r  certai n 
communicatio n feature s distinguis h high-performin g fro m 
low-performin g crews ,  an d (2 )  whethe r  cre w siz e affect s 
communicatio n use d fo r  proble m solving .  Analyse s 
focuse d o n metacognitivel y explici t  talk ;  i.e. ,  languag e 
used t o buil d a  share d understandin g o f  th e problem ,  goals , 
plan s an d solutio n strategies .  Normalize d frequencie s o f 
utterance s wer e compare d durin g norma l  (lo w workload )  an d 
abnorma l  (hig h workload )  phase s o f  flight .  High -
performin g captains ,  regardles s o f  cre w size ,  wer e foun d t o 
be mor e metacognitivel y explici t  tha n low-performin g 
captains ,  an d effectiv e captain s i n 3-membe r  crew s wer e 
foun d t o b e mos t  explicit .  Firs t  officers '  tal k 
complemente d thei r  captains '  talk :  Firs t  officer s i n low -
performin g crew s tende d t o b e mor e explici t  tha n firs t 
officer s i n high-performin g crews . 

A string of recent disasters (e.g., the Vincennes incident 

i n whic h a n Irania n passenge r  je t  wa s sho t  down , 

mistake n fo r  a  militar y plane ;  th e Exxo n Valde z oi l 

spil l  i n Alaska ;  an d th e Avianc a je t  cras h i n N e w Yor k 

due t o fue l  exhaustion )  ha s stimulate d publi c concer n 

fo r  tea m proble m solvin g an d performance .  The y hav e 

als o sensitize d th e researc h communit y t o h o w littl e w e 
kno w abou t  tea m proble m solving ,  decisio n making , 

and performance .  A  larg e literatur e exist s o n grou p 
proble m solvin g (Steiner ,  1972 ;  McGrath ,  1984) ,  bu t 

much o f  thi s wor k wa s base d o n colleg e student s 
performin g laborator y task s i n a d ho c group s (se e 

Orasan u &  Salas ,  i n press ,  fo r  a  review ;  Ilge n e t  al. , 

1991) .  Th e relevanc e o f  muc h o f  thi s earl y grou p 

proble m solvin g researc h t o presen t  applie d problem s 

has bee n calle d int o questio n b y recen t  findings  o n th e 
rol e o f  expertis e i n individua l  proble m solvin g 

performanc e (Chi ,  Glaser ,  &  Farr ,  1988) .  Ye t  w e kno w 

littl e abou t  th e rol e o f  knowledg e i n exper t  tea m 

proble m solving . 

Recen t  effort s i n th e are a o f  socially-share d 

cognitio n hav e focuse d o n th e rol e o f  share d knowledg e 

i n coordinatin g action s (se e Resnic k e t  al. ,  1991) .  Fo r 

example ,  Hutchin s an d Klause n (1991 )  hav e analyze d 2 
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minute s o f  tal k i n a  simulate d ai r  transpor t  cockpi t  an d 

hav e show n h o w share d knowledg e gav e meanin g t o 

ambiguou s an d crypti c gestures ,  glances ,  an d utterances . 

Share d knowledg e evidentl y provide d th e basi s fo r 

mutua l  expectation s an d interpretation s tha t  allowe d a  3 -

member  cre w t o functio n a s a  singl e cognitiv e uni t 

T e a ms o f  professional s i n an y area  shar e 

considerabl e backgroun d knowledge-fo r  thei r  tasks , 

systems ,  artifacts ,  procedures ,  an d th e role s o f  variou s 
tea m member s (Canon-Bowers ,  Salas ,  Convers e 1990) . 

Thus ,  whe n a  proble m arises ,  the y shoul d b e wel l 

prime d t o cop e wit h it .  Bu t  th e fac t  tha t  tragi c accident s 

occu r  mean s tha t  somethin g mor e i s neede d beside s 

share d backgroun d knowledge .  Orasan u (1990 ) 
suggeste d tha t  a  tea m mus t  creat e a  share d mode l  fo r  th e 
curren t  proble m situatio n s o tha t  al l  member s hav e th e 

same understandin g o f  wha t  th e proble m is ,  wha t 

environmenta l  cue s mean ,  wha t  solution s migh t  b e 

tried ,  an d wha t  i s expecte d o f  variou s tea m members . 

The element s o f  th e share d mode l  ar e th e sam e element s 
tha t  researc h o n metacognitio n ha s identifie d fo r 

effectiv e individua l  proble m solver s (e.g. .  B rown , 

Armbruster ,  &  Baker ,  1986 ;  Flavell ,  1981) .  Tha t  is , 
th e share d situatio n mode l  shoul d includ e a  clea r  goal , 

shoul d b e base d o n a n accurat e interpretatio n o f  th e 

situation ,  shoul d specif y appropriat e strategie s t o reac h 
tha t  goal ,  an d shoul d b e update d b y continuou s progres s 

monitoring .  Knowledg e an d proble m model s hel d b y 

individua l  cre w member s d o no t  contribut e t o th e 
c o m m on tea m effor t  unles s the y ar e shared .  T e a m 

members nee d t o communicat e t o eac h othe r  h o w the y 

understan d th e situation .  Throug h communicatio n the y 

buil d a  c o m m o n mode l  o f  th e proble m situation . 

We propos e tha t  th e degre e t o whic h a  tea m 

establishe s a  share d menta l  mode l  fo r  a  proble m an d th e 

degre e t o whic h i t  i s  mad e explici t  i n communicatio n 

wil l  determin e th e team' s effectivenes s i n copin g wit h 

th e problem .  Th e fundamenta l  issu e addresse d i n thi s 

stud y wa s whethe r  difference s i n h o w wel l  crew s cope d 
wit h comple x problem s wer e associate d wit h systemati c 

difference s i n languag e use .  Specifically ,  w e sough t  t o 
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determin e whethe r  th e languag e o f  mor e effectiv e crew s 

was mor e metacognitivel y explicit . 

Explicitnes s i s a  slipper y concept ,  becaus e 

followin g Gric e (1957) ,  on e doe s no t  wan t  t o sa y mor e 

tha n i s useful .  O n e ca n b e explici t  a t  th e lexica l  level -

tha t  is ,  b y usin g concret e referent s rathe r  tha n implici t 

one s o r  variou s form s o f  ellipsis .  O n e ca n assur e al l 

participant s shar e c o m m o n term s o f  referenc e (c .  f. , 

G a n od &  Anderson ,  1987) .  O n e ca n als o b e explici t  a t 

a mor e abstrac t  level ,  lettin g other s kno w one' s view s 

of  a  proble m an d approac h t o it s solution .  Th e secon d 

aspec t  i s addresse d i n thi s paper .  Certai n languag e 

function s wer e identifie d a s relevan t  t o metacognitiv e 

aspect s o f  proble m solving .  The y include d goals , 

plans ,  strategies ,  prediction s o r  warnings ,  an d 

explanations .  Thes e wer e identifie d usin g a  speec h ac t 

theor y approac h (Austin ,  1960 ;  Searle ,  1969) . 

Utterance s wer e code d i n term s o f  th e mos t  prevalen t 

functio n the y performe d withi n th e contex t  o f  precedin g 

utterance s an d th e give n stat e o f  th e tas k environment . 

For  example ,  "Ca n yo u ge t  m e som e ride  reports, "  i n 

th e contex t  o f  turbulenc e wa s take n a s a  commen t  o n 

th e deterioratin g stat e o f  th e weather ,  no t  simpl y a s a 

questio n o r  eve n a s a  request .  Obviously ,  utterance s 

coul d b e code d a t  man y levels . 

Th e presen t  stud y examine d th e languag e use d b y 

team s o f  expert s (cockpi t  crews )  a s the y solve d dynami c 

problem s i n a  familia r  wor k environment .  Cre w 

performanc e wa s observe d i n a  hig h fidelit y full-missio n 

simulator .  Thi s environmen t  i s highl y realisti c an d 

offer s a t  th e sam e tim e experimenta l  control .  Eac h cre w 

ca n b e presente d wit h exactl y th e sam e scenario ,  pre -

fligh t  information ,  e n rout e condition s (e.g. ,  turbulence ) 

and syste m malfunctions .  Thi s present s a n opportunit y 

t o examin e h o w eac h cre w handle s realisti c emergencie s 

i n a  saf e environment ,  bu t  on e tha t  i s familia r  t o the m 

and call s upo n thei r  domain-relevan t  knowledge . 

I n orde r  t o establis h th e generalit y o f  ou r  findings, 

tw o differen t  simulatio n studie s wer e compared ,  on e 

involvin g 2-perso n crews ,  th e othe r  3-perso n crews . 

Thi s between-stud y replicatio n enable d u s t o addres s th e 

followin g tw o hypotheses :  (1 )  High-performin g 

groups ,  regardles s o f  cre w size ,  sho w highe r  level s o f 

explici t  metacognitiv e tal k tha n low-performin g crews . 

(2 )  Three-membe r  crew s us e mor e explici t 

metacognitiv e tal k tha n 2-membe r  crews .  Th e secon d 

hypothesi s i s base d o n th e fac t  tha t  2-membe r  crew s 

shar e a  visua l  spac e an d littl e ambiguit y exist s a s t o 

what  i s bein g addressed .  Th e thir d cre w member  i n a 

cockpi t  sit s behin d th e othe r  tw o an d face s a  differen t 

direction .  Thi s differenc e i n visua l  fiel d increase s th e 

nee d fo r  explicitness . 

Metho d 

This study used videotapes from two simulator studies 

ru n a t  th e N A S A - A m e s Man-Vehicl e System s Researc h 

Facilit y  (Foushe e e t  al. ,  1986 ;  Chideste r  e t  al. ,  1990) . 

Thes e studie s wer e selecte d becaus e bot h involve d th e 

same scenari o durin g on e fligh t  leg ,  wit h mino r 

difference s reflectin g th e aircraf t  systems  (B-72 7 an d B -

737) .  Th e scenari o involve d a  1  t o 1  1/ 2 hou r  fligh t 

characterize d b y a  norma l  take-of f  an d cruis e t o th e 

destination .  Weathe r  deteriorate d a t  th e destination , 

whic h require d crew s t o abor t  th e landing .  The y ha d t o 

decid e whethe r  t o tr y agai n t o lan d a t  th e origina l 

destination ,  t o g o t o thei r  designate d alternate ,  o r  t o 

choos e anothe r  alternate .  Durin g clim b out ,  on e o f  th e 

hydrauli c system s failed .  Thi s initiate d a  hig h workloa d 

perio d durin g whic h th e decisio n ha d t o b e mad e abou t 

th e alternate ,  n o w complicate d b y constraint s impose d 

by th e syste m failure .  I n addition ,  crew s ha d t o lowe r 

th e gea r  an d flaps  manually ,  a  tim e consumin g an d lo w 

finequency  task . 

Ther e wer e 1 8 2-membe r  crew s (captai n an d fu-s t 

officer) ,  w h o flew  B-737s ;  2 4 3-membe r  crew s flew  B -

727s ,  a n olde r  plane .  Th e thir d cre w member  wa s th e 

secon d officer ,  whos e mai n dut y i s t o monito r  system s 

and atten d t o navigation .  Communication s o f  th e 

secon d officer s wer e no t  include d i n thi s stud y i n orde r 

t o maintai n comparabilit y  wit h th e 2-membe r  crews . 

The captai n designate s himsel f  o r  th e firs t  office r  a s 

pilot-flying ,  whos e dut y i t  i s t o fly  th e plan e an d watc h 

out  fo r  traffic .  Th e pilot-not-flyin g handles  radi o 

communication ,  checklists ,  an d othe r  procedure s a s 

needed . 

As thi s wa s a n explorator y study ,  th e five  highes t 
performin g an d 5  lowes t  performin g crew s fro m eac h 

simulato r  stud y wer e selecte d fo r  comparison . 

Performanc e wa s judge d o n th e basi s o f  operationa l 

errors ,  mainl y dealin g wit h adherenc e t o standar d 

procedure s an d aircraf t  handlin g (e.g. ,  failure s t o obtai n 

clearances ,  t o complet e checklists ,  o r  altitud e 

deviations) .  Crew s wer e nQ l  selecte d o n th e basi s o f 

thei r  proble m solvin g performance .  Performanc e 

judgment s wer e mad e b y a  chec k pilo t  (whos e usua l  jo b 

i s t o evaluat e pilots '  cockpi t  performance) .  Thi s wa s 

don e on-lin e durin g th e simulato r  run ,  an d the n tw o 

othe r  observer s m a d e identica l  judgment s fro m th e 

videotapes .  Videotape s wer e mad e o f  al l  crew s i n th e 

simulator .  Thei r  tal k wa s transcribe d an d serve d a s th e 

primar y dat a fo r  th e presen t  analyses . 

Cod ing .  A  codin g schem e tha t  characterize d th e 

cognitiv e function s o f  cockpi t  discours e wa s develope d 

(Orasanu ,  1990) .  I n brief ,  tha t  schem e distinguishe d 

among thre e type s o f  communicatio n i n th e cockpit : 

Standar d Operatin g Procedur e tal k (SOP) ,  whic h i s 
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standar d formulai c communicatio n tha t  i s  pa n o f  flyin g 

th e plane ;  Housekeepin g talk ,  whic h i s  sharin g non -

syste m informatio n an d allocatio n o f  tasks ;  an d 

Metacognitive/Proble m Solvin g talk ,  whic h i s use d t o 

tal k abou t  problems .  I t  i s  no t  formulai c o r  prescribe d 

and i s mos t  variabl e acros s crews . 

Becaus e o f  ou r  interes t  i n th e explicimes s betwee n 

2-  an d 3-membe r  crews ,  onl y certai n function s wer e 

examine d i n thi s study .  Thes e includ e th e followin g 

type s o f  Metacognitive /  Proble m Solvin g utterances : 

Goals .  Plans/Stratepies .  Predictions ,  an d Explanations . 

I n addition ,  tw o othe r  categorie s wer e include d tha t  ar e 

inherentl y explicit :  las k Allpcatip n an d C o m m a n d s -

Thes e serve d a s anchor s fo r  th e othe r  measures . 

Utterance s wer e code d b y assistant s w h o wer e 

knowledgeabl e abou t  aircraf t  system s an d procedures , 

but  w h o wer e blin d t o th e condition s o r  performanc e 

level s o f  th e crews .  A  reliabilit y  chec k indicate d .8 6 

agreemen t  o n scoring ,  whic h involve d decidin g o n th e 

uni t  o f  analysis ,  a s wel l  a s th e code . 

Design .  Separat e analyse s wer e ru n o n dat a fo r  eac h 

cre w positio n (captain s an d first  officers )  usin g th e sam e 
2 (B )  X  2  (B )  X  2  ( W )  design .  Hig h an d low-performin g 

crew s wer e compare d withi n eac h cre w siz e (2-membe r 

and 3-member) .  Th e within-cre w variabl e wa s phas e o f 

flight :  Norma l  vs .  Abnormal .  Th e abnorma l  phas e 
bega n whe n th e hydrauli c syste m failed ,  causin g th e 

proble m solvin g an d coordinatio n demand s t o escalate . 
Utteranc e frequencie s fo r  eac h cre w member  wer e 

normalize d a s rate s pe r  minut e b y dividin g th e observe d 
frequencie s b y th e amoun t  o f  tim e th e cre w spen t  i n ti e 

norma l  an d abnorma l  phases ,  a s appropriate .  Thi s 

normalizatio n allowe d comparison s acros s cre w size s 
and phases .  Al l  result s reporte d her e ar e significan t  a t 
th e p<.0 5 leve l  o r  better ,  unles s indicate d otherwise . 

R e s u l t s 

1. Do high and low-performing groups differ 

i n th e metacognitiv e explicitnes s o f  thei r 
talk ? First ,  th e tota l  amoun t  o f  las k relevan t  tal k wa s 

compute d fo r  eac h group .  High -  an d low-performin g 

captain s di d no t  diffe r  i n amoun t  o f  tota l  talk . 

Similarly ,  n o significan t  effec t  o f  performanc e o n firs t 
officers '  tas k relevan t  tal k wa s observed .  Thi s patter n 

form s th e baselin e agains t  whic h t o examin e difference s 

i n type s o f  talk . 

Overall ,  captain s o f  high-performin g crew s state d 

more plan s an d strategie s tha n thos e i n low-performin g 

crew s (se e Figs .  1  an d 2) .  I n contrast ,  first  officer s i n 

low-performin g crew s suggeste d mor e plan s (Mio w = 

.40 )  tha n thos e i n high-performin g crew s (Mhig h =  -31) . 

seemin g t o compensat e fo r  th e lac k o f  plannin g b y thei r 

captains .  High-performin g captain s issue d mor e 

commands tha n thei r  low-performin g counterparts ,  bu t 

onl y i n 3-membe r  crews .  C o m m a n ds m a y b e 

considere d th e ultimat e i n explicitness .  High -  an d 

low-performin g captain s i n 2-membe r  crew s di d no t 

diffe r  i n commands .  A  marginall y significan t  mai n 

effec t  suggest s tha t  high-performin g captain s als o ar e 

mor e explici t  i n allocatin g tasks .  Th e onl y othe r 

significan t  differenc e involvin g cre w performanc e leve l 

was a  3-wa y interactio n wit h cre w siz e an d phas e o f 

flight ,  whic h wil l  b e discusse d i n th e nex t  section . 

high/norma l 

high/abnorma l 

low/norma l 

low/abnorma l 

e 
n 
u 

o 

•* ^ 
cs 
h 
B 
s 
E 

PL P R E X A L C O 

utterance type 

Figur e 1 :  Mea n rat e o f  utterance s b y Captain s o f  2 -

member  crew s 

Legend : GO 
PL 
PR 
E X 
A L 
C O 

Goal  utterance s 

Plannin g utterance s 

Prediction s 

Explanation s 

Tas k allocatin g utterance s 

C o m m a n ds 
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w 
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n 
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4> 
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4> 

s 

0. 6 -

0 .4 -

0. 2 -

GO P L P R E X A L C O 

utterance type 

Figur e 2 :  Mea n rat e o f  utterance s b y Captain s i n 3 -
member  crew s 

2.  Doe s cre w siz e mak e a  differenc e i n th e 

use o f  explicitnes s feature s i n cre w proble m 

solvin g talk ? First ,  i t  shoul d b e note d tha t  th e 

overal l  rat e o f  tal k i n th e abnorma l  phas e wa s greate r 

tha n i n th e norma l  phas e fo r  bot h 2 -  an d 3-membe r 

captains .  However ,  thi s effec t  wa s exclusivel y du e t o 

high-performin g 3-membe r  an d low-performin g 2 -

member  c£̂ tains .  N o significan t  phas e effec t  o n rat e o f 
tal k wa s observe d fo r  high-performin g 2-membe r  an d 
low-performin g 3-membe r  captains .  I n effectiv e 3 -

member  crews ,  captains '  task-relevan t  tal k rat e almos t 

double d i n th e abnorma l  phase .  Fo r  first  officers ,  th e 

revers e patter n wa s found :  high-performin g 3-membe r 

and low-performin g 2-membe r  firs t  officer s di d no t 

chang e thei r  rat e o f  tal k significantl y i n th e abnorma l 

phase .  High-performin g 2-membe r  an d low-performin g 

3-member  first  officers ,  i n contrast ,  talke d mor e i n th e 

abnorma l  tha n i n th e norma l  phase . 

Severa l  mai n effect s an d interaction s indicat e tha t 

captain s o f  3-membe r  crew s wer e mor e explici t  tha n 

captain s o f  2-membe r  crews .  I n 3-membe r  crews , 

captain s mor e explicitl y  assigne d tasks ,  particularl y 

durin g th e abnorma l  phas e whe n workloa d wa s high . 

The significan t  phas e effec t  fo r  tas k assignmen t  wa s du e 

exclusivel y t o th e 3-membe r  crews .  The y als o wer e 

more explici t  i n alertin g othe r  cre w member s abou t 

thing s t o watc h ou t  fo r  o r  t o expect .  Essentially ,  the y 

wer e th e metacognitiv c cre w monitors .  Th e mai n effec t 

of  cre w siz e wa s marginall y significan t  fo r  planning , 

wit h 3-mcmbe r  captain s statin g mor e plan s an d 

strategies ,  especiall y durin g th e abnorma l  phase . 

Regardles s o f  cre w size ,  al l  captain s state d mor e expUci t 

goal s durin g th e abnorma l  phas e tha n i n th e norma l 

phase ,  a s migh t  b e expected .  Th e pictur e i s somewha t 

complicate d fo r  commands ,  ou r  bellwethe r  o f 

explicitness ,  reflectin g differen t  pattern s associate d wit h 

cre w size .  I n 2-membe r  crews ,  high-performin g 

captain s gav e fewe r  command s durin g th e abnorma l 

phas e tha n i n th e norma l  phase .  Th e revers e wa s tru e 

fo r  low-performin g captains :  the y gav e mor e 

commands i n th e abnorma l  phase .  I n 3-membe r  crews , 

high-performin g captain s issue d man y mor e command s 

durin g th e abnorma l  phas e tha n durin g th e norma l 

phase .  Fo r  low-performin g crew s ther e wa s n o 

differenc e acros s phases . 

Firs t  officers '  utterance s i n man y way s 

complemente d thos e o f  thei r  captains .  Lik e th e 

captains ,  the y mad e mor e plan s durin g th e abnorma l 

tha n th e norma l  phas e o f  flight,  whe n coordinatio n 

demands wer e high .  Overall ,  first  officer s i n 2-membe r 

crew s mad e mor e plan s tha n first  officer s i n 3-membe r 

crews .  A  marginall y significan t  interactio n suggest s 

the y d o thi s durin g th e abnorma l  phase .  N o othe r 

effect s wer e significan t  fo r  first  officers ,  althoug h 

severa l  wer e marginall y significan t  an d al l  o f  thos e wer e 

i n th e directio n o f  supportin g mor e explici t 

contribution s b y th e first  officer s durin g th e abnorma l 

phase ,  specifically :  statin g goals ,  givin g explanations , 

and allocatin g tasks . 

Discussion 

This pattern of findings paints a picture that shows 

some overridin g commonalitie s i n languag e us e amon g 

high-performin g crews .  Tw o aspect s o f  captains *  tal k 

cut  acros s cre w size :  Mor e effectiv e captain s explicitl y 

stat e thei r  plan s an d explicitl y  allocat e task s amon g 

cre w members .  B y statin g thei r  plans ,  the y le t  al l  cre w 

members kno w wha t  the y wan t  t o accomplish .  Thi s 

allow s othe r  cre w member s t o offe r  conuibution s an d 

tak e action s tha t  ar e consisten t  wit h th e captain' s 

intentions . 

Othe r  effectiv e behavio r  pattern s reflec t  th e siz e o f 

th e crew .  A n effectiv e captai n communicatio n strateg y 

i n a  2-membe r  cre w i s differen t  fro m wha t  i s effectiv e i n 

a 3-membe r  crew .  Thes e difference s appea r  t o reflec t 

possibl e tas k allocations ,  mainl y wit h respec t  t o wh o i s 

flying  th e plane .  I n 2-membe r  crew s th e captai n ha s t o 
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make d o wit h fewe r  cognitiv e resources .  Effectiv e 

captain s exploi t  low-woikloa d period s t o d o contingenc y 

plannin g an d rehearsa l  fo r  event s tha t  migh t  occu r  O'ik t 

th e aborte d landing) .  Thi s enable s th e cre w t o b e 

prepare d whe n difficultie s i n fac t  strike ;  the y ar c pnme d 

and ar e no t  jus t  beginnin g t o thin k abou t  wha t  the y 

migh t  do .  Preplannin g appear s t o sav e cognitiv e 

energy .  Th e overal l  leve l  o f  high-performin g captains ' 

tal k drop s i n th e abnorma l  phase .  H e i s th e on e flyin g 

th e plan e unde r  difficul t  circumstances .  Afte r  h e state s 

hi s goals ,  plans ,  an d priorities ,  h e turn s ove r  th e 

troubleshootin g an d checklis t  revie w t o th e first  officer , 

allowin g hi m t o manag e hi s o w n workload .  H e doe s 

not  micromanag e wit h frequent  commands .  I n contrast , 

low-performin g captain s i n 2-membe r  crew s d o littl e 

preplannin g an d find  themselve s overwhelme d b y wor k 

durin g th e abnorma l  phase .  The y issu e m a n y 

commands an d ar e reactiv e t o problems ,  bu t  d o littl e 
overal l  planning . 

I n 3-membe r  crew s th e pattern s ar e quit e different , 

becaus e o f  th e presenc e o f  th e thir d person .  Effectiv e 

captain s immediatel y shif t  flying  responsibilitie s t o th e 

firs t  officer ,  freein g themselve s t o manag e th e 

problems .  Thi s result s i n a  hig h leve l  o f  tal k b y 

effectiv e captains ,  includin g man y plans ,  commands , 

explanations ,  an d explici t  allocatio n o f  workload .  I n 

conu-ast ,  captain s i n low-performin g crew s fly  th e plan e 

themselve s an d assig n th e firs t  office r  t o wor k o n 

troubl e shootin g an d othe r  manua l  tasks .  However ,  th e 

captai n i s stil l  i n charg e o f  managin g th e proble m an d 

prioritizin g tasks .  Fro m thes e captain s w e se e fe w 

commands,  littl e planning ,  an d overal l  a  lowe r  leve l  o f 

talk . 

Firs t  officer s appea r  t o b e reactiv e t o th e styl e o f 
thei r  captains .  I f  th e captai n ha s everythin g i n hand ,  th e 

first  office r  jus t  doe s hi s job ,  whic h i n th e abnorma l 

phas e i s t o troubl e shoot ,  monito r  systems ,  an d t o 
asses s progress .  I f  th e first  office r  i s flying  th e plane , 

that' s basicall y al l  h e does ,  an d talk s ver y little .  I f  th e 

captai n ha s no t  take n charg e o f  th e situation ,  th e first 

office r  i s mor e likel y t o sugges t  plan s an d strategies ,  a s 
shown b y th e highe r  leve l  o f  pla n utterance s mad e b y 

first  office r  i n 2-membe r  low-performin g crews . 

Thi s patter n o f  findings  suggest s tha t  difference s i n 

overal l  cre w effectiveness ,  measure d b y commissio n o f 

errors ,  reflect s tw o things :  ho w wel l  th e captai n ha s 

managed th e crew' s workloa d b y distributin g task s 
among himsel f  an d hi s firs t  an d secon d officers ,  an d 

ho w explici t  h e i s i n lettin g th e cre w kno w wha t  h e 

want s t o do .  Interestingly ,  first  officers '  an d captains ' 

level s o f  explici t  metacognitiv e tal k see m t o wor k 

inversely .  I f  th e captain' s i s high ,  th e first  officer' s i s 

lo w an d vic e versa .  I t  i s  no t  th e cas e tha t  som e crew s 

appea r  t o us e categoricall y mor e metacognitiv e talk . 

The captai n seem s t o se t  th e lead .  Th e finding  tha t  first 

officer s i n low-performin g crew s d o no t  succee d i n thei r 

effort s t o compensat e fo r  thei r  captains '  lac k o f 

metacognitiv e tal k need s furthe r  investigation .  W e 

suspec t  tha t  low-performin g captain s d o no t  sufficientl y 

acknowledg e th e validit y o f  first  officers '  suggestions . 

Thi s interpretatio n i s i n lin e wit h previou s researc h b y 

Torranc e (1954) ,  w h o foun d tha t  suggestion s an d 

solution s offere d b y low-statu s cre w member s wer e 

frequently  rejecte d eve n whe n correct .  I n contrast ,  high -

statu s members '  contribution s wer e accepte d eve n whe n 

wrong .  Also ,  Goguen ,  Linde ,  &  Murph y (1986 ) 

showe d tha t  first  officers '  speec h i s mor e mitigate d an d 

perceive d a s les s forcefu l  tha n captains' . 

Our  analysi s demonstrate s tha t  i t  i s  possibl e t o 

identif y classe s o f  utterance s tha t  ar e relate d t o overal l 

qualit y o f  cre w performance .  Crew s tha t  us e mor e 

explici t  metacognitiv e tal k whe n face d wit h in-fligh t 

emergencie s perfor m mor e effectivel y tha n thos e whos e 

tal k i s les s explicit .  Exactl y h o w performanc e 
difference s ar e brough t  abou t  canno t  b e discerne d fro m 

thi s study ,  whic h i s a  pos t  ho c analysis .  Bu t  th e 

relation s sugges t  direction s fo r  futur e effcfft s t o leas e ou t 

causa l  link s betwee n cre w metacognition , 

communicatio n an d performanc e effectiveness . 
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