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Disfluenc y Deafness :  Gracefu l  Failur e i n th e Recognitio n o f  R u n n i n g S p e e c h 

Elle n Gurma n Bar d (ELLEN@LING.ED.AC.UK ) 
Robi n Lickle y (robin@L1NG.ED.ac.UK ) 

Human Communicatio n Researc h Centr e 
Universit y  o f  Edinburgh ,  U K 

Abstrac t 

Models of perceptual systems customarily characterize their 
maximall y efficien t  operatio n i n optima l  circumstances .  An -
othe r  engineerin g consideratio n -  gracefu l  failur e -  i s  usuall y 
ignored .  Thre e experiment s o n spontaneou s speec h sho w tha t 
on-lin e speec h recognitio n fail s  gracefull y b y makin g u s dea f 
t o th e word s i n reparanda .  th e item s whic h mus t  b e expunge d 
t o restor e disfluen t  utterance s t o fluency.  Experimen t  1  use s 
word-leve l  gatin g o f  fluent  an d disfluen t  utterance s t o sho w 
tha t  disfluencie s principall y disrup t  norma l  lat e recognitio n 
(Bard ,  Shillcoc k &  Altmann ,  1988 )  o f  word s i n reparanda .  Ex -
perimen t  2  show s tha t  i n mor e namra i  listenin g conditions ,  at -
tentio n t o continuin g matena l  an d additiona l  effect s o f  repeti -
tio n deafnes s (Mille r  &  Mackay ,  1996 )  mak e recal l  o f  th e sam e 
word s eve n mor e unlikely .  Experimen t  3  show s tha t  th e result s 
ar e no t  attributabl e t o th e clarit y o f  th e los t  words .  Finall y th e 
relationship s amon g lat e recognitio n an d variou s kind s o f  dis -
fluency  deafnes s ar e discussed . 

I n t r o d u c t i o n 

Assumin g tha t  perceptua l  system s evolv e t o cop e efficientl y 
wit h thei r  characteristi c  input ,  w e usuall y devot e ou r  attempt s 
t o understan d suc h system s t o case s wher e the y operat e wit h 
maxima l  efficiency .  A  secon d consideratio n i n designin g ro -
bus t  systems ,  ofte n ignore d i n th e stud y o f  huma n cognition , 
i s  gracefu l  failure :  failures ,  i f  the y mus t  happen ,  shoul d oc -
cu r  i n suc h a  wa y tha t  recover y i s relativel y easy .  Thi s pape r 
deal s wit h th e mechanism s whic h promot e gracefu l  failur e i n 
th e recognitio n o f  word s i n runnin g spontaneou s speech . 

Th e occurrenc e o f  suc h failure s i s al l  to o obviou s t o any -
on e w h o ha s ha d t o transcrib e o r  cod e spontaneou s speech . 
Disfluencie s occu r  a t  a  rat e o f  abou t  on e ever y thre e utter -
ance s i n norma l  speech .  Transcribin g disfluen t  speec h ver -
bati m i s inordinatel y difficult :  th e content s o f  th e disfluenc y 
see m strangel y evanescent .  Withou t  m a n y replay s o f  th e ma -
terial ,  eve n th e locatio n o f  th e disfluenc y i s difficul t  t o ascer -
tain .  Askin g subject s t o monito r  fo r  disfluency ,  Marti n an d 
Strang e (1968 )  foun d tha t  instruction s t o increas e attentio n t o 
th e tas k essentiall y  increase d bia s t o repor t  disfluencie s bu t 
di d no t  improv e accurac y i n locatin g them .  Thoug h som e 
disfluencie s ca n b e spotte d (Duez ,  1995) ,  m a n y presen t  prob -
lems . 

Gracefu l  failur e ough t  t o b e centre d o n word s actuall y i n 
th e reparandum ,  th e speec h tha t  mus t  b e expunge d t o creat e 
a fluent  utterance .  Fo x Tre e (1995 )  ha s show n tha t  word s i n 
reparand a ente r  an d affec t  th e lexica l  acces s system ,  bu t  w e 
hav e n o indicatio n o f  wha t  happen s next . 

Th e behavio r  o f  automati c speec h recognitio n system s in -
dicate s tha t  thes e word s ar e no t  necessaril y  indecipherable . 

Unlik e huma n listeners ,  A S R system s see m t o hav e simila r 
record s o f  word s i n fluent  an d i n disfluen t  speech .  Th e diffi -
cult y arise s whe n th e syste m attempt s t o ran k alternat e can -
didat e sequence s o f  word s i n th e ligh t  o f  it s  languag e model . 
Sinc e disfluencie s almos t  alway s mak e string s ungrammati -
cal ,  th e bes t  gues s -  usuall y th e mos t  nearl y grammatica l  -
string s provid e ver y unsatisfactor y transcriptions .  Th e chie f 
nee d fo r  suc h system s i s a  wa y o f  expungin g disfluencie s o n 
th e fly.  I f  huma n perceptua l  failur e i s mor e gracefu l  here ,  the n 
i t  i s  du e t o som e characteristi c o f  huma n perceptio n whic h i s 
not  mirrore d i n A S R systems . 

Thi s pape r  show s tha t  huma n failur e t o perceiv e disfluen t 
speec h i s gracefu l  an d tha t  i t  ca n b e attribute d t o tw o char -
acteristic s o f  huma n perception :  th e dependenc e o f  on-lin e 
wor d recognitio n o n subsequen t  a s wel l  a s prio r  contex t  an d 
th e recal l  phenomen a usuall y describe d a s repetitio n deaf -
ness . 

Normally ,  listener s depen d o n bot h precedin g an d subse -
quen t  contex t  t o recogniz e word s i n runnin g speec h (Bard , 
Shillcock ,  &  Altmann ,  1988 ;  Connine ,  Blask o &  Hall ,  1991 ; 
Grosjean ,  1985) .  Whil e mos t  word s ca n b e recognize d a s 
soo n a s the y an d thei r  prio r  context s hav e bee n heard ,  som e 
ar e no t  identifie d unti l  a  prosodi c o r  constituen t  boundar y oc -
cur s u p t o severa l  word s late r  i n th e utteranc e (Shillcock ,  Bar d 
& Spensley ,  1988) .  Th e mor e prio r  contex t  a  wor d has ,  how -
ever ,  th e mor e likel y immediat e recognitio n is .  W h e n disflu -
encie s interrup t  speech ,  the y interrup t  bot h context s o n whic h 
listener s depend .  A s Tabl e 1  illustrates ,  th e fifth  wor d i n th e 
fluent  utterance ,  (further) ,  ha s fou r  word s o f  prio r  contex t 
whic h ca n b e construe d together .  I n th e disfluen t  examples , 
word s afte r  I ,  th e interruptio n poin t  (a ,  not) ,  hav e shorte r  con -
tinuousl y construabl e prio r  contexts .  Becaus e the y reduc e th e 
supportin g prio r  context ,  disfluen t  interruption s creat e con -
dition s wher e subsequen t  contex t  shoul d b e importan t  t o th e 
recognitio n process .  Whethe r  recognitio n ca n recove r  fro m 
th e interruption s depend s o n h o w m u c h o f  th e utteranc e fol -
lows .  Fo r  word s befor e interruptio n points ,  particularl y word s 
i n reparanda ,  lik e (bit) ,  th e discontinuit y truncate s subsequen t 
context ,  usuall y befor e th e nex t  expecte d prosodi c o r  con -
stituen t  boundary .  Fo r  thes e words ,  disfluencie s m a y remov e 
or  dela y thos e site s wher e lat e recognitio n woul d normall y 
occur . 

Unlik e effect s o f  context ,  repetitio n deafnes s (Mille r  an d 
Mackay ,  1996 )  ha s no t  ye t  bee n show n t o influenc e on -
lin e recognitio n o f  spontaneou s speech .  Repetitio n deaf -
nes s an d blindnes s (Kanwisher ,  1987 )  ar e inabilitie s t o dis -
tinguis h i n recal l  tw o ver y simila r  stimul i  witnesse d clos e to -
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gethc r  i n time ,  particularl y i n presentatio n mode s (e.g .  rapi d 
lis t  intonation ,  time-compresse d speech )  whic h mak e percep -
tio n an d encodin g ver y difficult .  Disfluen t  speec h ma y pro -
vid e naturally-occurrin g circumstance s fo r  repetitio n deaf -
ness :  word s whos e right  contex t  i s  delaye d an d whic h ar e 
repeate d ma y b e harde r  t o recal l  a s subsequent  inpu t  become s 
th e focu s o f  attention . 

Experiment 1 - word-level gating 

Experimen t  1  use s word-leve l  gatin g t o determin e whethe r 
th e disruptiv e effect s o f  disfluenc y creat e failure s o f  lat e 
recognitio n particularl y fo r  reparanda .  Th e gatin g metho d in -
crement s th e presente d portio n o f  a n utteranc e b y on e wor d o n 
eac h successiv e trial ,  givin g listener s informatio n abou t  th e 
number  an d locatio n o f  word s whic h the y woul d hav e t o dis -
cer n fo r  themselve s i n mor e norma l  circumstances .  Th e ex -
perimen t  therefor e compare s listeners '  recognitio n o f  word s 
i n disfluen t  utterance s an d i n length-matche d fluen t  utterance s 
(Tabl e 1 )  unde r  condition s whic h shoul d maximis e rate s o f 
recognition . 

Tabl e 1 ;  Exampl e Stimuli :  Repetition ,  recas t  an d fluent  con -

trol .  O U =  Origina l  Utterance ,  R M =  Reparandum ,  I  =  Inter -

ruptio n poin t  R R =  Repair ,  C O =  Continuatio n 

Type 
Repetitio n 

Recas t 

Ruent 

OU RM I  R R CO 
it' s  jus t  a  bi t 

it' s  jus t  a  bi t 

it' s  jus t  a  bi t 

a bi t  furthe r  u p 

not  ver y 

furthe r  u p 

fa r  u p 

th e roa d 

I f  disfluencie s interfer e wit h contextua l  suppor t  fo r  run -
nin g speec h recognition ,  severa l  prediction s shoul d b e ful -
filled .  First ,  ther e shoul d b e m o r e failure s t o identif y word s 
fro m disfluen t  item s tha n fro m fluent  item s o f  th e sam e tota l 
length .  Second ,  th e difficultie s shoul d cluste r  abou t  th e inter -
ruptio n point .  T h e greates t  rat e o f  outrigh t  failur e shoul d b e i n 
th e reparandum ,  wher e subsequen t  contex t  i s  truncated .  Fol -
lowin g th e interruptio n point ,  continuou s prio r  contex t  i s  ini -
tiall y  minima l  an d th e disfluen t  interruptio n shoul d no t  sup -
por t  immediat e recognitio n a s wel l  a s i n th e uninterrupte d 
control .  Third ,  eventua l  recognitio n o f  o f  pre-interruptio n 
word s shoul d depen d o n th e typ e o f  disfluency .  I f  th e disflu -
enc y i s a  recast ,  th e contex t  whic h woul d permi t  lat e recog -
nitio n o f  reparandu m word s m a y neve r  arriv e an d th e repai r 
word s wil l  lac k prio r  context .  I f  th e disfluenc y i s a  repetition , 
the n th e pertinen t  late r  contex t  i s  merel y postponed .  Rep -
etition s shoul d therefor e suppor t  m o r e successfu l  lat e wor d 
recognition s tha n recasts . 

Method 

Materials .  Al l  material s wer e spontaneou s utterance s fro m 
th e H C R C M a p Tas k Corpu s (Anderso n e t  al .  1991) .  A 
subsectio n o f  th e corpu s wa s wor d segmente d an d code d fo r 
disfluencie s vi a Entropi c xwave s an d xlabe l  softwar e usin g 
wavefor m an d spectrographi c representations .  Twenty-eigh t 
disfluen t  repetition s an d 2 8 recast s containin g n o repetitio n 
wer e selecte d a s disfluen t  stimuli .  Hal f  o f  eac h grou p ende d 
i n whol e word s an d hal f  i n word-fragments .  Eac h disfluen t 

utteranc e wa s paire d wit h a  fluent  utteranc e o f  th e sam e lengt h 
i n words ,  produce d b y th e sam e speaker .  Thes e 11 2 tes t  ut -
terance s an d 5 6 fluent  fillers  wer e distribute d a m o n g 4  tape s 
by Lat m squar e an d blocke d b y speake r  ( N =  11) . 

Subjects and Procedure. Subjects were 16 members of the 
Edinburg h Universit y community ,  al l  nativ e speaker s o f  En -
glis h wit h n o know n hearin g loss .  Fou r  subject s hear d eac h 
tape .  Eac h subjec t  hear d al l  5 6 filler  utterance s an d 5 6 tes t 
utterances ,  1 4 from  eac h cel l  o f  th e design .  Subject s wer e 
tol d tha t  the y woul d hea r  utterance s beginnin g wit h th e first 
wor d an d the n includin g on e additiona l  wor d unti l  th e utter -
anc e wa s complete .  Thei r  tas k wa s t o identif y eac h ne w wor d 
as soo n a s the y ha d hear d it ,  writin g i t  o n a n answe r  shee t 
whic h allowe d on e bloc k fo r  eac h wor d presente d o n eac h 
trial .  The y wer e encourage d t o gues s an d allowe d t o alte r 
thei r  transcriptio n fo r  an y wor d o n th e lin e correspondin g t o 
th e tria l  wher e the y change d thei r  mind ,  bu t  no t  t o alte r  pre -
viou s lines . 

Results 

T wo fault y recas t  item s an d thei r  fluen t  control s wer e dis -
carded ,  leavin g 1 4 repetition s an d 1 2 recasts .  Ove r  al l  sub -
ject s an d materials ,  th e dat a compris e 438 4 attempts ,  usuall y 
ove r  multipl e trials ,  t o recogniz e spoke n words ,  hal f  i n fluent 
and hal f  i n disfluen t  utterances .  A  wor d receive d a n immedi -
at e recognitio n i f  cortectl y identifie d b y a  subjec t  o n it s first 
presentatio n wit h onl y prio r  context ,  a  lat e recognitio n i f  first 
recognize d onl y afte r  a t  leas t  on e additiona l  word ,  an d ̂ faile d 
recognitio n i f  neve r  correctl y transcribed . 

O Miua d 

Disfluen t Fluen t 

Figur e 1 :  Experimen t  1 :  Distributio n o f  outcome s o f  al l  at -

tempt s (, N =  4384 )  a t  recognizin g word s i n disfluen t  item s 

an d thei r  fluent  controls . 

Figure 1 shows that, as predicted, words in disfluent utter-
ance s ar e th e mor e difficul t  t o recogniz e (X(4384 )  =  48.82 ,  d f 

= 2 ,  p  <  .0001) .  Disfluen t  item s yielde d fewe r  immediat e 
recognition s tha n fluent  ( 76 .1 % v  81 .7% )  an d m o r e failure s 
(11 .5 % V  5 .6%) ,  whil e lat e recognition s occurre d a t  a  simila r 
rat e i n th e tw o (12 .4 % v  1 2 . 7 % ) .  T h e larges t  componen t  o f  x ^ 
w as contribute d b y th e differenc e i n rate s o f  failur e (2x2.2) . 

A s predicte d also ,  difficultie s clustere d aroun d th e inter -
ruptio n point ,  wit h failure s peakin g wher e the y ar e mos t 
graceful .  T o tes t  thi s proposal ,  eap h disfluen t  utteranc e wa s 
divide d int o 4  part s se t  ou t  i n Tabl e 1 :  th e reparandu m ( R M ) 
immediatel y precede d th e interruptio n poin t  an d containe d 
word s retrace d o r  repeated ;  th e origina l  utteranc e ( O U )  pre -
cede d th e R M ;  th e repai r  ( R R )  immediatel y followe d th e in -
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temiptio n an d consiste d o f  eithe r  a  genuin e replacemen t  fo r 
th e R M o r  o f  a  strin g o f  w o r d s equa l  i n lengt h t o th e R M ;  th e 

continuatio n ( C O )  conclude d th e utterance .  Fluen t  utterance s 
wer e divide d a t  th e s a m e point s a s thei r  disfluen t  counterpart s 
fo r  purpose s o f  comparison . 

y/y /̂yi ' 

OU Oislluan t OU Hu«n t RM Oistluan i  R M Ruan I 

0^^^ . 

RR Oiaflutn t CO Oisfluen l CO F!u»n l 

Figur e 2 :  Experimen t  1 :  Distributio n o f  outcome s o f  al l  at -

tempt s a t  recognizin g word s i n disfluen t  item s an d thei r  flu-

ent  control s b y par t  o f  utterance :  a .  Origina l  Utterance ;  b . 

Reparandum ;  c .  Repair ;  d .  Continuation . 

Figures 2a-d display the distributions of recognition out-
comes fo r  disfluen t  an d fluent  item s withi n eac h par t  o f  th e 
utterance .  Al l  fou r  component s sho w significan t  differences . 

Th e mos t  marke d ar e foun d i n th e reparand a (Xnes )  ~  8^00 > 

df  =  2 ,  p  <  .0001) .  A s w e predicted ,  th e disfluen t  R M s , 
lacicin g right  context ,  produc e man y mor e failure s (26.8 % 
V 3.6% )  an d fewe r  lat e recognition s (9.1 % v  17.7% )  tha n 
fluent  controls .  Disfluen t  repair s ar e als o difficul t  t o recog -

niz e (xf864 )  =  ^̂ •̂ ^ '  d f  =  2, p <  .0001) .  Thei r  effectivel y 

truncate d lef t  contex t  result s i n fewe r  immediat e recognition s 
(64.4 % V  83.6% )  an d mor e lat e recognition s (20.8 % v  12.3% ) 
an d failure s (14.8 % v  4.2% )  tha n th e correspondin g part s o f 
fluent  controls .  Th e disproportionat e rat e o f  failure s make s 
th e larges t  contributio n t o x ^  fo r  bot h R M s an d RRs ,  thoug h 
th e rat e i s highe r  fo r  R M s tha n fo r  R R s (26.8 % v  14.8%) . 
Disfluen t  origina l  utterances ,  wit h abbreviate d right  context , 
produc e fewe r  lat e recognition s tha n thei r  fluent  counterpart s 
(11.2 % V  17.5% :  X(ii44 )  =  14.20 .  d f  =  2 , p < .0008) .  Finally , 

continuation s yiel d mor e lat e recognition s tha n ar e neede d 
i n th e final  portion s o f  thei r  fluent  control s (10.3 % v  7.1% : 
Xfi608 )  =  804.cf /  =  2 , p < . 0 2 ) . 

Finally ,  recognitio n outcome s als o depen d o n th e relation -
shi p betwee n wha t  precede s an d wha t  follow s th e interruptio n 
point .  Repetitio n disfluencies ,  wher e th e tw o ar e mor e likel y 
t o b e parsabl e a s a  singl e sequenc e onc e extr a token s o f  re -
peate d word s ar e removed ,  ar e mor e successfull y recognize d 
tha n recas t  disfluencies ,  wher e reconstructin g a n utteranc e 

woul d b e mor e difficult .  A s figure 3  shows ,  recast s produc e 

mor e failure s t o recogniz e word s (13.3 % v  9.9% :  ,x:?2i92 )  ~ 

6.86 ,  d f  =  2 , p < .04) . 

lOOl 

a Misse d 

a Ul a 

Recast Repelitio n 

Figur e 3 :  Experimen t  1 :  Distributio n o f  ou tcome s o f  al l  at -

tempt s a t  recognizin g wo rd s i n recas t  ( N =  1004 )  an d repeti -

tio n ( N =  1188 )  disfluencies . 

E x p e r i m e n t  2  -  t ranscr ip t io n 

Experiment 1 indicated that disfluent utterances are subject 
t o disruptio n eve n i n a  paradig m tha t  provide s optima l  con -
dition s fo r  successfu l  wor d recognition .  B y identifyin g wor d 
boundaries ,  th e word-leve l  gatin g metho d remove s on e o f  th e 
majo r  problem s i n recognizin g runnin g speech .  Th e secon d 
experimen t  give s listener s th e les s artificia l  tas k o f  report -
in g word s large r  chunk s o f  speech .  A  large-scal e verbati m 
transcriptio n tas k wa s designe d wit h tw o purposes .  First , 
i t  checke d fo r  recognitio n failure s i n th e mor e natura l  task . 
Second ,  i t  teste d th e hypothesi s tha t  repetitio n deafnes s wil l 
make recal l  eve n wors e fo r  disfluencie s whic h contai n re -
peate d word s tha n fo r  thos e whic h d o not .  T o compar e effect s 
of  repetitio n pe r  s e wit h othe r  characteristic s o f  disfluency , 
we presente d bot h recas t  disfluencie s an d repetitio n disfluen -
cie s u p t o th e en d o f  th e reparandum ,  u p t o th e en d o f  th e 
first  wor d o f  th e repai r  wher e th e disfluenc y shoul d first  b e 
noticeabl e (Lickley ,  Shillcock ,  &  Bard ,  1991) ,  u p t o th e en d 
of  th e repetitio n o r  t o a n equivalen t  positio n i n recasts ,  o r 
i n thei r  entirety .  Marke d decreas e i n repor t  o f  reparandu m 
word s fro m on e chun k t o th e nex t  shoul d indicat e whic h kin d 
of  additiona l  materia l  i s  implicate d i n recognitio n failure .  I f 
interruptio n i s responsible ,  deficit s shoul d appea r  a s soo n a s 
interruption s ar e encountered ;  i f  disfluen t  repetition s ar e t o 
blame ,  onl y stimul i  includin g the m wil l  suffer .  I f  th e proble m 
i s processin g pressure ,  deficit s shoul d increas e a s mor e right 
contex t  i s included . 

Method 

Materials Eighty simplex disfluencies, each containing a 
singl e contiguou s reparandum ,  include d 3 0 recast s an d 5 0 
wit h repetitions .  Th e remainin g 1 6 disfluencie s wer e com -
plex ,  containin g eithe r  multipl e attempt s t o repea t  o r  replac e 
th e reparandu m o r  a  serie s o f  differen t  disfluencies .  Fo r  6 
of  these ,  th e ultimat e repai r  di d no t  repea t  an y wor d i n th e 
reparandum ,  whil e fo r  th e othe r  10 ,  repetitio n wa s involved . 
For  eac h disfluen t  utterance ,  ther e wa s a  full y fluent  contro l 
utteranc e matchin g i t  fo r  speake r  an d lengt h i n words . 
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Tabl e 2 :  Stimul i  fo r  t w o k ind s o f  disfluency .  R e p a r a n d a i n bold ,  repair s i n italics .  Interruptio n point s ( { IP } )  w e r e no t  indicate d 

t o subject s i n an y w a y 

C H U NK 

a 
b 
c 
d 

DISFLUENCY TYP E 

Repetitio n 
Righ t  there' s a  { IP } 

R igh t  there' s a  { IP }  there' s 

R igh t  there' s a  { I P }  there' s a 

R igh t  there' s a  { IP }  there' s a  lin e abou t  h a l f w a y d o w n 

Recas t 
There' s abou t  {IP } 
There' s abou t  {IP }  Youv e 
There' s a b o u t  { IP }  Yo u 'v e go t 

There' s abou t  {IP }  Yo u 'v e go t  a  yach t  clu b righ t 

As tabl e 2  illustrates ,  fo r  eac h o f  th e 9 6 disfluen t  utter -
ances ,  fou r  substring s wer e prepared .  Al l  bega n a t  th e be -
ginnin g o f  th e utterance .  T h e first  (chun k a) ,  ra n u p t o th e 
interruptio n point ,  th e secon d (b )  ra n u p t o th e first  w o r d o f 
th e repai r  (a t  whic h poin t  listener s ca n usuall y detec t  tha t  a 
disfluenc y ha s take n plac e ,  th e thir d (c) ,  t o th e en d o f  an y 
repetition ,  or ,  fo r  recasts ,  t o th e en d o f  th e nex t  stresse d word , 
and th e fourt h (d) ,  t o th e en d o f  th e utterance .  Contro l  utter -
ance s wer e segmente d a t  th e correspondin g seria l  positions . 
Th e substring s o f  eac h utteranc e wer e distribute d b y Lati n 
squar e a m o n g fou r  listene r  group s t o giv e substrin g compar -
iso n betwee n subject s an d fluency  comparison s withi n sub -
jects . 

Subjects and procedure Subjects were University of Ed-
inburg h students ,  wit h n o k n o w n hearin g loss .  Nin e wer e 
assigne d t o eac h listene r  group .  Listener s wer e instructe d 
t o transcrib e everythin g the y hear d int o rea l  word s i n th e 
standar d orthograph y an d t o b e a s accurat e a s possibl e eve n 
thoug h s o m e o f  th e stimul i  wer e difficul t  o r  odd .  The y wer e 
not  tol d h o w m a n y word s an y stimulu s contained .  Stimul i 
wer e presente d thre e time s i n successio n vi a hig h qualit y 
headphones .  A  transcriptio n wa s require d afte r  eac h presen -
tation . 

Results 

We repor t  analyse s o f  first  pas s attempt s a t  recal l  an d tran -
scription ,  th e mos t  natura l  listenin g condition . 

As gatin g result s woul d predict ,  listener s ha d grea t  diffi -
cult y i n reportin g word s fro m reparand a (Figur e 4 ) 

100 

80 

Misso d 
Correc i 

20 

i 

Disfluen t  Ruen t 
Recas t 

Disfluen t  Fluen t 
Repetitio n 

Figur e 4 :  E x p e r i m e n t  2 :  Rat e o f  correc t  repor t  b y  fluency, 

par t  o f  disfluenc y an d typ e o f  disfluenc y 

Identification of words in reparanda was markedly worse 
tha n i n E x p e r i m e n t  1 .  Contro l  material s s h o w e d slight ,  in -
significan t  i m p r o v e m e n t  wi t h longe r  stimuli .  Recal l  o f  w o r d s 

i n reparand a w a s actuall y w o r s e i n th e longes t  strings ,  w h e r e 
th e comp le t io n o f  th e utteranc e cou l d hav e a l l o w e d lat e recog -
nition ,  tha n i t  w a s i n th e shortes t  strings ,  w h e r e on l y i m -
med ia t e recognitio n w a s possibl e (Figur e 5 ) .  Sco r i n g w h o l e 
reparand a a n d co r respond in g contro l  w o r d s a s righ t  o r  w r o n g , 
th e interactio n b e t w e e n fluency  a n d chunk- lengt h (a-d )  w a s 
highl y significan t  ( F i ( 3 . 1 0 5 ) = 122.10 ,  p  <  .0001 ;  ^ 2 ( 3 , 2 8 2 ) 
= 49 .47 ,  p  <  .0001 ) .  A l l  fluent  o u t c o m e s w e r e significantl y 
bette r  tha n an y disfluen t  (Scheffe s a t  p  <  .01) .  Recal l  fo r 
disfluen t  reparand a w a s significantl y bette r  i n th e stimul i  (a ) 
w h i c h stoppe d a t  th e interruptio n poin t  tha n a t  a n y o f  th e 
longe r  substring s (at p <  .01) .  T h e differenc e w a s no t  merel y 
th e effec t  o f  encounterin g a  discontinuit y a t  th e poin t  o f  in -
terruption :  chunk-d ,  th e who l e utterance ,  gav e significantl y 
wors e recal l  tha n chunk-b ,  whic h containe d th e first  wo r d o f 
th e repair . 

Disfluen t Fluen t 

D Misse d 
•  Correct 

Figur e 5 :  Experimen t  2 :  Rat e o f  correc t  repor t  b y substrin g 

lengt h fo r  word s i n reparand a o f  disfluen t  utterance s an d fo r 

correspondin g word s o f  fluent  controls . 

Four kinds of evidence bear on the second hypothesis, that 
repetitio n deafnes s help s t o expung e disfluencies .  Repetitio n 
itsel f  di d no t  produc e disastrou s reduction s i n th e recal l  o f  th e 
repeate d wor d (a t  chunk- b fo r  single-wor d reparanda ,  chunk -
c fo r  others) .  Instead ,  stres s o n m e m o r y o r  processin g loa d 
seemed t o promot e specia l  deficit s fo r  repetitio n disfluencies . 

First ,  ther e i s a  repetitio n deficit .  Fo r  th e mos t  vulnerabl e 
words ,  thos e jus t  precedin g th e interruptio n point ,  repor t  rat e 
fall s  mo r e sharpl y i n repetitio n disfluencie s tha n i n others .  I n 
an analysi s o f  recal l  loss ,  i.e. ,  h o w m u c h recal l  rate s change d 
fro m chunk- a t o th e late r  chunks, ,  th e down-tur n fo r  repeti -
tion s wa s particularl y marked :  (fluenc y x  chun k x  disfluenc y 
type :  ^2(1,367 )  =  450 ,  p  <  .035) .  Again ,  th e fall-of f  i n re -
cal l  continue d beyon d th e poin t  wher e th e repetitio n occurre d 
(chunk-b/c )  an d s o m a y b e du e t o th e m e m o r y loa d create d 
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b y th e additiona l  w o r d s i n chunk-d .  Fluen t  control s showe d 
n o comparab l e trends . 

Second ,  extensiv e exploratio n o f  th e result s b y multipl e 
regressio n analyse s s h o w e d tha t  recal l  result s fo r  repetitio n 
an d recas t  disfluencie s wer e subjec t  t o s o m e w h a t  differen t  in -
fluences.  Al l  w o r d s f ro m disfluen t  stimul i  wer e code d fo r 
dictionar y characteristic s o f  th e word s (ra w frequency ,  func -
tor/contentiv e w o r d class) ,  fo r  thei r  characteristic s a s uttere d 
token s (strengt h o f  followin g phonologica l  boundary ,  fro m 
sentenc e boundar y a t  3  d o w n t o functor-contentiv e boundar y 
at  0 ;  w o r d duration ;  duratio n o f  followin g pause ;  stress ,  f ro m 
2 fo r  pitc h accen t  t o 0  fo r  n o stress) ,  an d fo r  characteristic s 
o f  thei r  locatio n i n a  disfluen t  utteranc e (lengt h o f  chunk-a ; 
distanc e o f  w o r d f ro m interruptio n point ;  n u m b e r  o f  word s i n 
R M;  n u m b e r  o f  wo rd s i n utterance) .  Al l  word s fro m fluent 
stimul i  wer e code d fo r  th e s a m e variables ,  wit h characteris -
tic s o f  th e matche d disfluen t  partne r  use d fo r  certai n positio n 
variables . 

I n a  set-hierarchica l  multipl e regression ,  equation s includ -
in g characteristic s o f  th e disfluen t  utteranc e alway s accounte d 
fo r  significantl y m o r e o f  th e varianc e i n recal l  rat e tha n equa -
tion s lackin g thes e variables .  Al l  w o r d s s h o w e d effect s o f  th e 
structur e o f  thei r  disfluency :  proximit y t o th e interruptio n an d 
longe r  sequence s o f  wo rd s befor e th e interruptio n poin t  m a d e 
fo r  wors e recall .  W o r d s precedin g m o r e importan t  prosodi c 
an d syntacti c boundane s wer e reporte d better .  Afte r  chunk-a , 
however ,  onl y th e recal l  o f  recas t  w o r d s depende d o n lengt h 
an d frequenc y variables ,  wh ic h wou l d hav e m a d e thes e word s 
m o r e intelligibl e ou t  o f  context .  T h o u g h repetitio n an d recas t 
disfluencie s hav e simila r  m e a n s an d range s fo r  w o r d lengt h 
an d frequency ,  recal l  o f  wo rd s i n repetitio n disfluencie s ap -
pear s t o b e largel y dependen t  o n th e surroundin g structures , 
rathe r  tha n o n th e w o r d s themselves . 

Third ,  w e ca n se e a  direc t  effec t  o f  prio r  contex t  o n result s 
fo r  th e final  w o r d o f  th e reparandum .  W e compar e result s fo r 
simple x disfluencies ,  wher e th e utteranc e i s  full y  fluent  u p 
t o th e interruptio n point ,  wit h comp le x disfluencies ,  wher e 
multipl e interruption s disrup t  th e strin g (Figur e 6 ) .  I n sim -
ple x single-wor d reparanda ,  repetitio n an d othe r  disfluencie s 
behave d alik e (F ^  <  1) .  A s i n th e earlie r  analyses ,  fluent  con -
tro l  w o r d s wer e s o m e w h a t  easie r  t o repor t  w h e n m o r e contex t 
w as presented ,  whil e reparandum-fina l  w o r d s wer e reporte d 
les s accuratel y i n longe r  string s (fluenc y x  chunk :  ^2(2,68 ) 
= 14.06 ,  p  <  .0001) .  Fo r  th e comple x disfluencies ,  ther e i s 
bod i  a  detrimenta l  effec t  o f  longe r  stimul i  (F2(2,68 )  =  10.88 , 
p <  .0003 )  an d a n additiona l  defici t  fo r  repeate d word s (dis -
fluency  typ e x  fluency  x  chunk :  F2(2,68 )  =  3.81 ,  p  <  .035) . 
I n othe r  words ,  repetitio n disfluencie s ar e significantl y m o r e 
forgettabl e tha n other s w h e n the y occu r  i n utterance s whic h 
ar e alread y difficul t  t o proces s becaus e o f  multipl e fals e starts . 

T h e final  evidenc e fo r  repetitio n deafnes s a s a  functio n o f 
processin g pressur e i s th e differenc e betwee n th e result s o f 
Exper iment s 1  an d 2 .  I n gating ,  w o r d boundarie s ar e indi -
cated ,  sinc e eac h w o r d form s th e en d o f  s o m e stimulus ,  an d 
subject s hea r  ver y littl e n e w materia l  o n eac h trial .  W o r d s i n 
repetition s wer e recognize d s o m e w h a t  bette r  a s subsequen t 
contex t  accrued .  I n th e transcriptio n technique ,  wher e w o r d 
boundarie s wer e no t  marked ,  an d recognitio n o f  m a n y word s 
w as require d o n a  singl e trial ,  th e s a m e disfluencie s s h o w e d 
significantl y m o r e tendenc y t o suffe r  f ro m additiona l  contex t 

B/C D 
Dltdutn t  Pluan t 

Slmple t  Rtcstt i 

B/C 0  A  B/ C 0 
Dltduan l  Fluen t 

Simple x Repelltlon l 

A B/ C D A B/ C D A B/ C 0 A B/ C 0 
Complex Receil s Complex Repetition s 

Figur e 6 :  Experimen t  2 :  Rat e o f  correc t  repor t  fo r  final  wo r d 

o f  R M an d fo r  correspondin g wor d o f  fluent  control s b y flu-

ency ,  typ e o f  disfluenc y an d complexity . 

(fluenc y x  task :  F j  (1, 3 88 )  =  10.16 ,  p  <  .01) .  T h o u g h the y 
improve d ultimatel y i n gating ,  repetition s w e r e wors e tha n 
recast s i n Experimen t  2 . 

Experiment 3 - isolated word intelligibility 

The transcription experiment showed that words in reparanda 
wer e perceptuall y vulnerable .  Bu t  wa s thi s simpl y becaus e 
the y wer e les s intelligibl e pe r  s e tha n th e contro l  words ? T o 
answe r  thi s questio n a n intelligibilit y  stud y wa s ru n o n word s 
isolate d fro m th e reparand a use d i n th e previou s experiment , 
word s fro m th e fluent  control s an d a  furthe r  se t  o f  word s fro m 
fluent  utterances . 

Method 

Materials Eighty-four full words from disfluent reparanda 
use d i n th e previou s experimen t  an d th e correspondin g 8 4 
word s fro m thei r  length-matche d control s (contro l  set )  wer e 
carefull y isolate d usin g speec h wavefor m editin g software . 
Sinc e th e contro l  word s wer e no t  matche d fo r  lexica l  identit y 
wit h th e reparandu m words ,  a  furthe r  se t  o f  8 4 lexicall y iden -
tica l  word s (matche d set )  wa s selecte d fro m fluent  context s 
uttere d b y th e sam e speaker s an d prepare d i n th e sam e way . 

Th e resultin g se t  o f  25 2 word s wa s divide d b y Lati n squar e 
int o tw o group s i n suc h a  wa y tha t  n o subjec t  woul d hea r  bot h 
members o f  an y pai r  fro m th e disfluen t  an d matche d set s o f 
stimul i  whil e al l  subject s woul d hea r  th e member  o f  th e con -
tro l  se t  correspondin g t o bot h othe r  sets .  A  furthe r  divisio n 
was the n made ,  bot h t o preven t  to o muc h repetitio n o f  differ -
ent  token s o f  th e sam e lexica l  ite m i n an y on e se t  o f  dat a an d 
t o reduc e th e lengt h o f  th e experiment .  Thi s gav e 4  set s o f  8 4 
stimuli . 
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Subject s an d procedur e Subject s wer e 2 0 student s o f  th e 
Universit y o f  Edinburgh ,  al l  nativ e speaker s o f  Englis h wit h 
no know n hearin g loss .  Fiv e subject s hear d eac h o f  th e fou r 
set s o f  stimuli .  The y wer e aske d t o tr y t o giv e a  full-wor d 
transcriptio n o f  eac h wor d tha t  the y heard .  Onl y on e attemp t 
was allowe d a t  eac h stimulus . 

Results 

Recognitio n outcome s wer e classe d a s "correct "  o r  "wrong " 
and analyse s performed  o n percen t  correc t  response s pe r  sub -
jec t  an d pe r  item . 

Overall ,  th e thre e set s o f  stimul i  di d no t  diffe r  i n in -
telligibilit y  (Fi(2,38 )  =  2.19 ,  p  >  .1 ;  F2(2,166 )  =  0.46 , 
p >  .6) .  Ther e wa s som e evidenc e tha t  word s fro m repeti -
tio n reparand a wer e les s clea r  tha n thei r  control s :  two-wa y 
A N O V As reveale d a  sourc e (disfluent ,  control ,  matched )  b y 
typ e (repetition ,  recast )  interactio n significan t  onl y b y sub -
ject s (Sourc e x  type :  Fi(2,38 )  =  4.61 ,  p  <  .02 ;  ̂ 2(2.164 )  = 
1.19 ,  p  >  .1 )  (Tabl e 3 )  bu t  difference s betwee n th e critica l 
cell s wer e no t  significan t  (Scheffe s a t  p  <  .05) . 

Tabl e 3 :  Experimen t  3 :  Percen t  intelligibilit y  fo r  word s i n 

Disfluent ,  Contro l  an d Matche d set s b y disfluenc y type . 

TYPE 

Recas t 

Repetitio n 

Disfluen t  Contro l  Matche d 
58.2 5 

46.6 9 

49.5 3 

54.9 9 

58.0 1 

53.2 8 

Discussio n a n d Conc lus ion s 

Experimen t  1  showe d tha t  disfluencie s wer e subjec t  t o exactl y 
thos e disruption s whic h ar e predicte d fro m listeners '  relianc e 
on subsequen t  a s wel l  a s prio r  contex t  i n th e recognitio n o f 
word s i n runnin g speech .  Th e disruptio n i s wors t  wher e i t  i s 
most  graceful :  i n th e reparandum .  Disruptio n i s als o quit e se -
ver e fo r  th e repai r  whic h follow s th e interruptio n point .  Thi s 
effec t  ma y b e mor e gracefu l  tha n i t  looks :  i n man y disfluen -
cies ,  th e repai r  i s  no t  a  fres h restart .  Instea d i t  mus t  b e inter -
prete d wit h som e par t  o f  th e origina l  utterance ,  an d i n som e 
case s th e interpretatio n ha s t o b e fairl y  loose .  Mer e excisio n 
of  th e reparandu m i s no t  enoug h t o yiel d a  full y fluent  utter -
ance .  Perhap s les s perfec t  recognition s o f  repair s allo w th e 
listene r  som e roo m fo r  reinterpretatio n i n thes e cases . 

Experimen t  2  showe d tha t  th e additiona l  stres s induce d 
by operatin g i n rea l  tim e mad e gracefu l  failur e mor e severe . 
Repetitio n deafnes s als o contribute d t o th e effect :  repetitio n 
disfluencie s induce d a n additiona l  penalt y i n longe r  stimuli . 
Experimen t  3  showe d tha t  th e word s leas t  ofte n recognize d 
i n contex t  wer e a s intelligibl e i n isolatio n a s othe r  token s o f 
th e sam e word s an d a s thei r  control s i n Experiment s 1  an d 2 . 
Mer e clarit y o f  articulatio n wa s therefor e no t  a  majo r  caus e 
of  perceptua l  failures . 

What  i s strikin g i s th e similarit y betwee n th e factor s con -
tributin g t o gracefu l  failur e i n repetitio n an d recas t  disfluen -
cies .  Althoug h contex t  wa s mor e importan t  i n th e cas e o f  rep -
etitions ,  bot h showe d disruptio n effect s i n gatin g an d a  ten -
denc y t o disappea r  fro m recal l  wit h longe r  presentations .  I t 
appear s tha t  perceptua l  difficult y i s  create d b y th e disruptio n 
of  contex t  an d tha t  th e unresolve d item s becom e harde r  an d 

harde r  t o conver t  int o a  for m whic h ca n b e lodge d i n memor y 
as th e listener' s attentio n i s diverte d t o ne w material .  I t  seem s 
likel y tha t  repetitio n deafnes s ma y b e a  specia l  cas e o f  mor e 
genera l  inabilit y  t o operat e unde r  perceptua l  pressure . 
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