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How Listeners Compensate for Disfluencies in Spontaneous Speech

Susan E. Brennan

State University of New York at Stony Brook
and

Michael F. Schober

New School for Social Research

Listeners often encounter disfluencies (likdesand repairs) in spontaneous speech. How is comprehension
affected? In four experiments, listeners followed fluent and disfluent instructions to select an object on a graphical
display. Disfluent instructions included mid-word interruptiohdoge to the yel purple squarg mid-word
interruptions with fillers ove to the yeluh, purple squarg and between-word interruptionMve to the
yellow purple squarg Relative to the target color word, listeners selected the target object more quickly, and no
less accurately, after hearing mid-word interruptions with fillers than after hearing comparable fluent utterances
as well as utterances that replaced disfluencies with pauses of equal length. Hearing less misleading information
before the interruption site led listeners to make fewer errors, and fillers allowed for more time after the interrup-
tion for listeners to cancel misleading information. The information available in disfluencies can help listeners
compensate for disruptions and delays in spontaneous utteran@eo1 Academic Press
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Spontaneous human speech is notoriousfpung, middle-aged, and older people, married
disfluent. Speakers hesitate, interrupt themselvasd strangers, about familiar and unfamiliar top-
mid-phrase or mid-word, repeat or replaaads, ics (Bortfeld, Leon, Bloom, Schober, & Bren-
abandon phrases to start afresh, and season thein, in press). Disfluency rates may be ever
talk with expressions likeim uh, or, | mean higher in certain content domains (Schachter,
and oh. A conservative estimate (excludingChristenfeld, Ravina, & Bilous, 1991), although
silent hesitations) for the rate of disfluencies ithey appear to be lower in speech directed a
spontaneous speech is 6 words per 100 (Fmachines (Oviatt, 1995).

Tree, 1995). A similar rate of 5.97 per 100 Disfluent speech posescantinuation prob-
words was found in a corpus of speech bgmfor listeners (Levelt, 1989), who must edit

_ o __out disfluencies in order to make sense of speak
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repair, this interval contains material that theézing or locating them precisely (see Bond &
speaker finds problematic (in our example&Small, 1984; Cooper, Tye-Murray, & Nelson,
Harw- ). The edit interval begins at the interrup1987; Ferber, 1991; Fromkin, 1973; Laver,
tion site and ends with the onset of the repal973; Martin & Strange, 1968; Tent & Clark,
(here,| meanserves as an editing expression dt980). Instead, listeners make the appropriate
explicit comment that the speaker has made garsing decisions, solve the continuation prob-
error; Hockett, 1967; Levelt, 1989). The repailem, and interpret speakers’ intentions without
interval may or may not retrace material fronmuch apparent difficulty. In the studies that fol-
the reparandum (in our simple example, the réisw, we examine how disfluencies, ubiquitous
pair Harrison does not include any asthey are in spontaneous speech, affect and i
retracing). Determining these intervals is not Borm comprehension processes.
trivial task, as developers of machine speech
recognition systems have discovered (Core & HOW MIGHT SPEECH DISFLUENCIES
Schubert, 1999; Nakatani & Hirschberg, 1994; INFORM COMPREHENSION?
Shriberg, Bear, & Dowding, 1992). As many speech production studies have
Evidence about how people process spontshown (e.g., Dell, 1986; Fromkin, 1973; Gar-
neous speech (with all its natural disfluencies) istt, 1975; Levelt, 1989; Smith & Clark, 1993),
scant, as most studies of human speech compspentaneous speech is systematically shaped &
hension have focused on fluent, idealized uttethe problems speakers encounter while plan:
ances. The tacit assumptions of these studieisig messages, retrieving lexical items, and ar-
seem to be that (1) disfluencies uniformly presiculating a speech plan. For instance, analyse
ent obstacles to comprehension and (2) disflueni corpora show that interruptions are usually
cies need to be excluded in order to study cortecated very close to the word that is the source
prehension in its “purest” form. We questiorof the trouble, since speakers monitor their
both of these assumptions. Regarding the firspeech closely and tend to interrupt themselve:
assumption, some disfluencies may actualjyst as soon as they detect trouble (Levelt, 1989
present information that listeners can use to hepoteboom, 1980; although see Blackmer &
compensate for what might otherwise hindaviitton, 1991, who argue that when interruptions
processing, as we discuss shortly. As H. H. Clagge followed immediately by repairs, the trouble
(1994, 1996) has argued, people have a numheust have been detected before the interrup
of resources for managing the process as wellti@n). If the problem is detecteadter a trouble-
the content of conversation. That is, not only desome word has already been uttered, the speak
they produce and interpret utterances that ad- somewhat more likely to finish the current
dress the main purposes at hand, but they preerd (but not the current phrase) before stop-
duce informative secondary (or paralinguisticping to repair it (Levelt, 1983, 1989). Levelt
signals about the utterances themselves. found that when an interruption occurs mid-
As for the second assumption, studyingvord, the problem is with the interrupted word
comprehension under normal “noisy” condiitself (Levelt, 1983, 1989); so an interrupted
tions should be just as important as studying it imord may signal what a speaker doesmean.
“pure” conditions. As Fox Tree (1995) has noted, Another systematicity within speech disfluen-
many current approaches to parsing the strugies is in the occasional use of editing expres-
ture and interpreting the meaning of incomingions likel mean sorry, orthat is Sixty-two per-
utterances are built on data about sanitized utent of the repairs in Levelt's (1983) corpus of
terances and cannot handle disfluencies at apontaneous task-oriented utterances include
Successful comprehension of spontaneous, dé&me type of editing expression. The most com-
fluent speech is particularly intriguing given thenon of these wa®r (corresponding to what
fact that much of the time, listeners don't expenany American English speakers pronounce as
rience disfluencies as disruptive, and when they), occurring in 30% of repair€kr seemed to
do detect disfluencies, they have trouble categmark those repairs made very early; the most
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frequent use ofer in Levelt's corpus was in playing them over and over to listeners) to dis-
covert repairs (that iser filled a hesitation in cover how much information is necessary for
which no problematic word was actuallydetecting disfluency. They found that nearly
uttered). Oftener was used immediately after an80% of the disfluencies in their corpus were
interruption, as irLeft- er- right in front of me detectable (rated “disfluent” or “maybe disflu-
(Levelt, 1989, p. 484), and its use declined as thent”) at the first word gate in a repair, some-
interruption occurred further away from thetimes even before lexical access of that word
source of the problem. In other words;, was had occurred. Fox Tree's (1995) studies of lis-
more likely to be used the earlier a problem wateners in Dutch and English demonstrated tha
detected. while some fresh starts slowed word-monitoring
While linguists and psycholinguists have conperformance, repetitions did not. Brennan and
sidered disfluencies largely from a productioWilliams’ (1993) studies, using as stimuli spon-
standpoint, computational linguists have considaneous answers to general knowledge ques
ered them from a recognition standpoint, oftetions, showed that listeners were able to use
with the goal of improving machine recognitionthe information available in pauses of various
of spontaneous speech. This work has focused @ngths and in fillers um and uh) vs silent
characterizing disfluencies in speech corporpauses to correctly judge how confident the
identifying potential cues that disfluencies havepeakers were in their answers to the question:s
occurred, identifying repairs and reparanda, anéind in a study of synthesized speech played tc
comparing the performance of algorithms basdisteners, pauses before repairs and stress c
on various combinations of cues. Hindle (1983)epair words led to judgments of higher com-
for instance, originally suggested that an “ediprehensibility and helped listeners initiate rep-
signal” serves as a cue that fluent speech has besditions of the disfluent utterances more
interrupted. Although no evidence for a singlejuickly (Howell & Young, 1991).
such cue has been found (Bear, Dowding, & While these studies represent first steps to:
Shriberg, 1992; Lickley & Bard, 1998; Nakataniward discovering how listeners use the infor-
& Hirschberg, 1994), several corpus studies haweation in spontaneous disfluent speech, the
foundcombination®f cues that could be used bytasks (gating and judging if disfluencies were
algorithms to identify disfluencies and repairpresent, monitoring for words, rating answers,
with reasonable success (Bear, Dowding, &hoosing which of two disfluent utterances
Shriberg, 1992; Nakatani & Hirschberg, 1994with and without a particular feature was more
Shriberg et al.,, 1992; Shriberg, 1999). Theseomprehensible, and repeating a fluent versior
potential cues include word or syllable lengthenef a just-heard disfluent utterance) differ from
ing, interrupted words, glottalization, laryngealwhat listeners do when they hear spontaneou
ization, silent pauses in the edit interval, fillerspeech. One goal of the present studies was t
and other editing expressions, and increasexamine the processing of disfluencies in a
stress on a repair word versus a reparandum woabmprehension task that is closer to what peo
Our question is howhumanlisteners cope ple do in everyday language use.
with disfluent input. A handful of linguists and If the forms of some disfluencies bear useful
psycholinguists have looked at disfluenciesmformation, there should be situations in which
from the listener’s point of view, proposinga target word in a disfluent utterance is more
that cues such as interruptions, hesitations, aqdickly comprehended (without loss of accu-
prosody in spontaneous speech may help listeracy) than in a comparable utterance in which
ers solve the continuation problem and that pethe disfluency, or one of its features, is absent
haps listeners can infer speakers’ intentions l§yonsider a situation in which there are two ob-
exploiting regularities in the distributions ofjects mutually known to a speaker and a listene
types of speech errors. Lickley and Bard (199&%ay,the purple mugndthe yellow muy If the
used a word gating paradigm (increasing thepeaker begins to name one and then stops ar
length of utterances one word at a time whileames the othehénd me the pur- uh, yellow
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mug, the interruptiongur- uh), which displays  In Experiments 1 and 2 we examine two
what the speaker did not interlifple), might hypotheses (not mutually exclusive) about how
tip the listener off early as to what the speakeertain features of disfluencies may support the
doesintend (ellow). In this situation the lis- repair process in comprehension such that th
tener may be faster to recognize the speakerist effects of disfluencies are not harmful.
intentions to refer to a target object in a disfluettypothesis 1 is that mid-word interruptions
utterance than in a comparable, more fluent utike yell- orangé are better signals than be-
terance (for instancéand me the <pause> yel-tween-word interruptions (likgellow- orangg
low mug. that a word was produced in error and that the
For the studies that follow, we set up just suclspeaker intends to replace it. This follows Lev-
a situation: Listeners tried to pick out a uniqueelt's (1989, p. 481) proposal that “by interrupt-
referent on a display in response to fluent aniehg a word, a speaker signals to the addresse
disfluent versions of the same utterances. Thelat that word is an error. If a word is completed,
heard disfluent utterances spontaneously prtiie speaker intends the listener to interpret it a
duced by one speaker, likdove to the orange- correctly delivered.” Hypothesis 2 is that inter-
purple circle or Move to the pur- uh, yellow ruptions marked by the filleuh (like yell- uh
square and we measured their comprehensioarangg are better error signals than interrup-
by seeing how quickly and accurately theyions withoutuh (like yell- orangg. This fol-
could press a key corresponding to the targéaws Levelt's (1989, p. 481) proposal that an ed-
square. We used spontaneously produced disfiting expression likeer or uh may “warn the
encies because of the possibility that artificiallyaddressee that the current message is to be r
created or performed ones would sound unnatplaced.” These two hypotheses are not in compe
ral (Fox Tree, 1995). Listeners also heard thretition; they simply specify two kinds of features
kinds of relatively fluent comparison utterancegshat may help in monitoring and repair.
The most obvious comparison is with (1) spon- The logic of our studies, then, is that certain
taneous fluent utterances by the same speakemges in disfluent speech may be informative to
as inMove to the yellow squar8ecause such a listeners (as opposed to being simply noise to b
fluent utterance may differ from a disfluenffiltered out). If so, then there should be faster anc
utterance in prosody or other uncontrolled chamo less accurate comprehension of target word
acteristics, we also created (2) disfluencyfollowing disfluencies than target words in utter-
excised controls in which the disfluency (in thisances in which these cues are absent. On th
casepur- uh) was electronically excised from aother hand, if disfluencies lack compensatory
copy of the disfluent utterance and the remairfeatures, then listeners should choose target
ing parts “zipped up” to creatdove to the more slowly and less accurately after disfluent
yellow square Because both the fluent and disutterances than after the controls. If Hypothesis 1
fluency-excised utterances are shorter in dur& correct, mid-word interruptions should facili-
tion than the disfluent utterances, we also créate comprehension more (or harm comprehen
ated (3) controls in which the disfluency wassion less) than between-word interruptions. If
removed from a copy of the utterance and reHypothesis 2 is correct, interruptions marked by
placed with a pause of equal length, abiove to uh should facilitate comprehension more (or
the <pause> yellow squareAny comprehen- harm comprehension less) than those that are nc
sion difference for a disfluency may be due td&Experiment 1 compares response times and errc
the form of the disfluency or it could be due simtates for three types of disfluent utterances tc
ply to timing. The disfluency-replaced-by-paus¢hree types of edited and natural controls in a log:
controls thus provide the most stringent compaieally constrained context, in which listeners
ison because they hold time constant. These ardlect objects from two-object referent arrays.
the disfluency-excised controls have the addExperiment 2 decreases the informativeness o
tional advantage that they vary disfluencyhe disfluency by increasing the number of poten-
within the same token of an utterance. tial referents. Experiment 3 examines whether
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the disfluency advantage found in Experimentsdnd experimenter monitored the speaker’s utter:
and 2 is due to the phonological or temporal chaances in another room and controlled the timing
acteristics of fillers, and Experiment 4 examinasf the highlights using a remote keyboard at-
the effect when an interruption does not alwaytached to the speaker’s computer in order tc
predict a replacement. elicit disfluencies and self-corrections from the
speaker. The speaker was unaware of the pre:
ence of the second experimenter until he wa:s
AND DISFLUENT UTTERANCES FOR debriefed. The second experimenter hit a key
EXPERIMENTS 1-4 during each trial, usually while the speaker was
We began by collecting a database of spontspeaking, which sometimes made the highlight
neous utterances to use as stimuli. A voluntepmmp to another object. The speaker producec
who was a male native speaker of English amtisfluencies or self-corrections in about 34% of
naive to our purposes produced the utterancéise trials. These were produced not only in
He viewed a series of simple computer displayssponse to the changing highlight, but also
of geometric objects (orange, yellow, purpleapparently because of interference; the display:
red, green, and blue squares and circles) shoappeared in rapid succession and were quite sir
three at a time and arranged horizontally on thiar. About three-quarters of the displays in-
screen against a white background. After a digelved objects with two-syllable colorgdllow,
play of three objects appeared, there was an goiarple, or orange to increase the likelihood of
enting tone and one object was highlighted. Ttbe speaker interrupting himself mid-word.
speaker’s task was to say out lotdbve to the  Since our goal in this project was to study the
<highlighted object> Between trials, the screeneffects of disfluencies upon listeners, we usec
was blank. After 10 practice trials, the speakamly one speaker so that listeners would not nee
described 150 displays in each of three sessiots. calibrate to different voices (see Nygaard,
Meanwhile, the experimenter who had inSommers, & Pisoni, 1994) and so that their task
structed the speaker sat at a similar display would be less unnatural than if they had severa
the same room and carried out his instructiorfgirtual) partners.
by moving her cursor to the target object (nei- =~
ther could see the others display). She intertmuli
acted freely with the speaker (e.g., by saying The audiotapes of fluent and disfluent sponta:
“okay” when she had moved). This minimaheous utterances were transcribed and checke
feedback proved necessary in order to elicithe utterances were then digitized using Signa:
spontaneous and natural-sounding utterandgge for the Macintosh. Those that mentioned
from the speaker. (In our pilot attempts to colebjects with two-syllable colors (yellow, purple,
lect instructions with no addressee preserdr orange) were categorized as (1) 27 mid-worc
speakers appeared to fall into a routine and prioterruptions followed immediately by replace-
duced utterances with the mechanical-soundimgent of a color word, such &ove to the yel-
intonation characteristic of reading a list.) purple square (2) 12 mid-word interruptions
We elicited disfluent utterances using a prdellowed by uh and then the replacement of a
cedure modified from van Wijk and Kempercolor word, such asove to the yel- uh, purple
(1987). Our speaker was aware that the highircle; (3) 30 between-word interruptions fol-
light might jump to another object and was intowed immediately by replacement of color
structed to update his instructions in those casesrds, such asMove to the yellow- purple
as quickly as he could. In about two-fifths of thequare (4) 195 fluent utterances; and (&her
trials, the highlight suddenly jumped to anotheutterances, which included all directions that did
object, and the rest of the time it remained amot fall into the first four categories. These con-
the same object. When the highlight remainesisted of restarts that involved repeating parts o
the same, about one-third of the time it flickerephrases, such ddove to the yel- to the purple
slightly (as if it might jump). Meanwhile, a sec-square as well as utterances with more than one

COLLECTION OF SPONTANEOUS FLUENT
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restart or with a restart of the shape word, as fiive to the onsets of the target word could be cal-
Move to the yel- orange cir- squaf€luent and culated. These points were located as precisel
disfluent utterances involving one-syllable coloas possible at the earliest point where informa-
words (red, green, and blue) were not categtien about the onset of the target color word
rized or used. Both authors and a research asgigllow, purple, or orange was available. For
tant categorized the utterances. Disfluent uttezach trio based on the same utterance (Naturall
ances from the three disfluency categories thatsfluent, Disfluency-excised, and Disfluency-
had been difficult to categorize or that were aseplaced-by-pause), the reference points were
sociated with any background noise were elimexactly the same with respect to the target colo
nated from further consideration. This left 14 beword, since the members of a trio were basec
tween-word interruptions, 14 mid-word inter-on the same spontaneously disfluent utterance
ruptions, and 6 mid-word interruptions withReference points for the onsets of each of the 6
fillers, for a total of 3Naturally Disfluenutter- Fluentcontrols were measured independently.
ances. These served both as the critical stimuliln all, the main set of stimulus utterances con-
and as the basis for the digitally edited controlsisted of 34 spontaneously disfluent utterances
Two involved the speaker’s replacingllow 34 edited Disfluency-replaced-by-pause ver-
with orange 12 orange with yellow;, 8 yellow sions, 34 edited Disfluency-excised versions,
with purple 5 purplewith yellow, 5orangewith and 68 spontaneous Fluent utterances, for a tot:
purple and 3purple with orange We chose a of 170 utterances. So one-fifth of the items con-
total of 68 utterances from the 195 fluent uttetained an overt lexical disfluency and four-fifths
ances to serve as fillers and as natural contralid not. Since each utterance (erggve to the
TheseFluent utterances were chosen randomhgrange squargconsisted of 5—6 words (count-
but such that their color words were in roughlyng the word fragments in the disfluencies), this
the same relative proportions as the second (tarmounts to a disfluency rate of less than 4 pe
get) color words in the Naturally Disfluent utter100 words (less than Fox Tree's, 1995, and
ances (there were 12 orange, 24 purple, and Bartfeld et al.’s, in press, estimated rate of ap-
yellow objects mentioned in the Fluent controlsproximately 6 disfluencies per 100 words).
In order to vary fluency within utterances, w& hree-fifths of the utterances in the set were
made digital copies of each of the 34 spontapontaneously produced and two-fifths were
neous disfluencies and used SoundEdit Pro fdigitally edited. In Experiments 1 and 2, only 6
the Macintosh to edit them. For each disfluencytterances € 4% of all utterances) contained
we created ®isfluency-replaced-by-pauser- fillers; in Experiments 3 and 4, only 12 and 13,
sion by replacing the first color word (and anyespectively, contained fillers: {7%).
filler associated with it) with a silent pause of All the disfluent utterances had their interrup-
equal length. The silent pause contained thien sites within or immediately following the
same ambient room sound as the material it wa®rd to be repaired. These sorts of disfluencie:
replacing. Recall that the purpose of these iterase relatively frequent in spontaneous speech
was to enable us to examine whether an intdpor instance, 69% of the interruption sites in
rupted word is more informative about d.evelt's (1983) corpus occurred within (18%)
speaker’s intention than a silent pause. In addir immediately after (51%) problem words. In-
tion, we created Bisfluency-excisedersion by terrupted words appear to be even more com
removing the interrupted color word and anynon in repairs of speech directed at machine:
associated filler, shortening the utterance by §Bear et al., 1992, found 60% of repairs in their
equal amount (exactly equal to the length of theorpus contained word fragments, and Nakatan
pause inserted into the Disfluency-replaced-bg Hirschberg, 1994, found 73%).
pause version and with the same edit points).
Finally, for each utterance, a reference poinJIDt
for the target color word was determined using Pitch accents increase the prominence of word:
SoundEdit Pro so that response latencies rela-speech; they can convey that st is new

rosodic Characteristics of the Stimuli



280 BRENNAN AND SCHOBER

TABLE 1 and judged the degree to which they sounded nat
Stimuli: FO of Color Words (in Hertz) ural or electronically edited. The students, native
speakers of English, volunteered in exchange for

Reparandum Target  research credit in a psychology course.

Stimuli colorword  colorword  Each ytterance was played once in a differen
random order for each listener, using SuperLak
on a Macintosh computer. After each utterance
listeners took as much time as necessary t
make a rating on a 7-point scale where the lefi

Fluent instructions 104.0

Naturally disfluent
instructions

Between-word 102.8 1251 endpoint was labele@) Edited the midpoint
Mid-word 101.3 1176 was labeled4) 2?22 and the right endpoint was
Mid-word wifiller 102.8 1247 labeled(7) Natural Listeners participated alone
Mean (naturally disfluent) 102.8 122.0 and made their ratings using the top row of

number keys (1-7) on the keyboard. Particular
care was taken to instruct listeners about wa:s
rather than given or that it contrasts with otheneant byNatural and Edited with the instruc-
information mentioned in an utterance (Pierrdions: “Some of the utterances will be played
humbert & Hirschberg, 1990). Repair wordsaturally, that is, exactly as the speaker spoke
that supply new semantic content are stresséttm, and others have been electronically ed
(with a higher0) relative to the words they areited, that is, changed using the computer after-
correcting (Bear et al., 1992; Howell & Youngward.” Since we wanted to know whether the
1991; Levelt & Cutler, 1983; O’'Shaughnessyelectronic edit points were detectable, we neede
1992; Shriberg et al., 1992), while repeatelisteners to judge whether utterances sounded &
words are not (Bear et al., 1992; O’'Shaughnessfy,they had been editedlectronically as op-
1992). To characterize our stimuli, we measurqmbsed to whether the speaker himself correcte
FO peaks on each color word (see Table 1). Tqer “edited”) them as he was speaking. Mean
get color words in Naturally Disfluent utter-naturalness ratings were calculated on a scale «
ances had highd&tOs than those in Fluent utter-1 (edited) to 7 (natural).
ances,t(100) = 8.04, p < .001. And in the Ratings are shown in Table 2. There was nc
Naturally Disfluent utterances, tR@ of (target) evidence that listeners were able to detect the
color words in repairs averaged 19.2 Hz highelectronic edits. Disfluency-replaced-by-pause
than theF0 of color words in reparandg34)= utterances were rated as no more edited tha
9.47,p < .001. This difference was consistenNaturally Disfluent (nonedited) utteranctig15)
for all three types of disfluencies. There was o .67, ns t2(33) = 1.21,ns. This suggests that
difference inFO between the first (reparandumPisfluency-replaced-by-pause utterances are ar
color words in Naturally Disfluent utterancegropriate controls for testing the effects of the
and those in Fluent utterances. presence and absence of a disfluency within th
) ) ] S same utterance. Although they were worded
Ratings of Edited and Nonedited Stimuli identically, Fluent and Disfluency-excised utter-
Before presenting the stimuli to listeners asnces weraot rated alike by listeners; Fluent
instructions to follow in a comprehension taskutterances were rated as more natural than Dis
we needed to determine whether listeners couftliency-excised one$1(15) = 5.04,p < .001;
hear the electronic edit points in the edited cort2(100) = 14.90,p < .001. Disfluency-excised
trols. We also wanted to determine whether thetterances may have sounded less natural be
Disfluency-excised and Fluent utterances weigause of interrupted intonation contours (as op-
perceptually distinguishable (since lexically angbosed to any audible edits).
syntactically they were exactly the same). Sixteen Even though none of the Naturally Disfluent
undergraduate Stony Brook students (11 womariterances contained electronic edits, mid-word
and 7 men) listened to the set of 170 utterancésterruptions with fillers were rated as less
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TABLE 2
Stimuli: Ratings of Edited and Nonedited Instructions @dited,7 = Natural)

Disfluency type Naturally disfluent Disfluency-replaced-by-pause Disfluency-excised Fluer
Between-wordif = 14) 3.88 3.80 3.75

Mid-word (n = 14) 3.67 3.62 3.50

Mid-word wifiller (n = 6) 4.86 4.22 4.23

Mean 3.97 3.80 3.75 5.63

edited/more natural than the other two typgsroduced a large total number of errors (placing
considered together, planned comparisei(1l, them distinctly outside the distribution of the
15) = 9.53,p < .007;t2(31) = 4.69,p < .001. other participants) were replaced. Those re-
Fluent utterances were rated as only slightiplaced made errors approximately SDs (or
(.77) more natural than mid-word interruptionsnore) above the mean of the others. One addi-
with fillers, significant by items but not by sub+tional student was replaced for not following
jects,t1(15)=1.28,p = .22;t2(72)= 4.28,p < instructions.
.001. Design and stimuliEach listener heard the
Disfluency-replaced-by-pause utterances apame set of Naturally Disfluent, Disfluency-
pear to be the most appropriate edited controls r&placed-by-pause, Disfluency-excised, and Flu:
Naturally Disfluent utterances for three reasonent utterances (two of the 68 Fluent controls
they vary disfluency within items, there are idenvere omitted due to a programming error). So
tical FOs and delays before the target words approximately 80% of the utterances contained
with Naturally Disfluent utterances, and botmo lexical disfluency. Of the 20% that did, 14
these types of utterances were judged as equalhntained between-word interruptions before
electronically nonedited. However, we includethe repair, 14 contained a mid-word interrup-
the Disfluency-excised and Fluent utterancd®n, and 6 contained a mid-word interruption
as additional controls in case the pauses withémd a filler. There were two versions of the
Disfluency-replaced-by-pause controls had armgxperiment (A and B) for counterbalancing pur-
detrimental effects on comprehension. Neithgroses; if the target object for an utterance ap
Disfluency-excised nor Fluent controls had angeared on the left-hand side in List A, it ap-
lexical disfluency or hesitation; target words ipeared on the right in List B and vice versa. Half
Disfluency-excised utterances had higltés the listeners received each list.
than those in Fluent utterances, while Fluent Procedure Stimuli were presented on a Mac-

utterances were judged as less edited. intosh Quadra computer by the SuperLab pro-
gram and a Sony speaker. Two keys on the key

EXPERIMENT 1 board were used for input. Participants viewed &

series of displays of pairs of geometric objects

Methods (either two squares or two circles) arranged hor-

Participants The participants were 50 under-izontally on the screen; with each display, they
graduate students (37 women and 13 men) frohreard an utterance instructing them about ¢
the State University of New York at Stony Brooktarget object. They were instructed to press the
who volunteered in exchange for research crediey on the same side as the object intended &
in a psychology class. None had participated ithe target by the speaker. When a key was
generating or rating the stimuli, and all identipressed, the object corresponding to that ke\
fied themselves as native speakers of Engliskas highlighted on the screen. Listeners were
(those who were bilingual had learned Englistold that they should press the correct key as
before the age of 8). Data from 5 students whquickly as possible, and if they pressed the
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TABLE 3

Experiment 1 (Two-Object Displays): Response Times in Milliseconds from Onset of Target Color Word
(Error Rates in Parentheses)

Disfluency type Naturally disfluent Disfluency-replaced-by-pause Disfluency-excised Fluent
Between-word 682 (.19) 667 (.02) 702 (.02)

Mid-word 673 (.11) 675 (.03) 707 (.01)

Mid-word wifiller 617 (.05) 695 (.03) 726 (.02)

Mean 666 (.13) 675 (.02) 708 (.02) 719 (.02)

wrong one, they should then press the corrette same utterance. We examined these differ
one as quickly as possible (and that the next triahce scores using a repeated-measures ANOV.
would not begin until they pressed the correethose factors were disfluency type (between-
one). One second after the correct key wasgord interruption, mid-word interruption, and
pressed, the next trial began. Half of the timenid-word interruption with filler) and side of
the target object appeared on the right and hatlie target object.Planned comparisons were
on the left. After 15 practice trials, the 170 exused to examine the impact of the interruption
perimental and control trials began, appearing point (between vs mid-word) as well as the im-
a different random order for each listener. Lispact of the filler (mid-word interruptions with vs
teners were told to respond as quickly and agthout fillers). The same planned comparisions
accurately as possible. were used to examine error rates in an additiona
Responses and response times were collectegeated-measures ANOVA comparing the three
for each trial. Time was measured from thkinds of disfluency types. An additional ANOVA
start of each utterance until the correct key wagas used to compare responses for Naturall
pressed. Response times were then calculat@fluent utterances to those for nonedited Flu-
relative to the correct target color words bgnt controls. Table 3 shows response times an
subtracting the time of onset of the target colarror rates for each type of utterance.
word (established earlier in order to provide a Hypothesis 1 predicted a comprehension ad-
reference point) from the response time for thaantage for target words after mid-word versus
trial. Response times from trials in which rebetween-word interruptions. This hypothesis
sponses were incorrect or times were greateas supported by a difference in error rates:
than approximately SDs from the mean (1400 mid-word interruptions without fillers led to

ms) were discarded. lower error rates than between-word interrup-
_ ) tions,F1(1, 49)=17.67,p<.001;t2(31)= 3.35,
Results and Discussion p =.002. Interrupting the reparandum mid-word

For this experiment and the ones that followgrevented listeners from committing them-
we first computed a difference score for eactelves to the wrong interpretation. However,
item within which disfluency was varied (via arHypothesis 1 was not supported by the re-
edited and intact version of the same token). Véponse-time difference scores: those for targe
did this by subtracting the item’s Naturally
Disfluent response time from its Disfluency- 1arget side did not affect response times for Naturally
replaced-by-pause response time whenever bathfluent, Disfluency-replaced-by-pause, and Disfluency-
responses were correct. These difference scopsgsed utterances. For Fluent utterances, right-side target

represent disfluency advantaaghenever they Were 30 ms slower than left-side targéi$(1, 49)= 20.00,
P y 98 y p<.001,F2(1, 65)=15.69,p <.001. This may be due to a

Were posmve-that is, when the presencg of té%dency for listeners to scan the display from left to right.
disfluency led to faster response than its aBmce side was counterbalanced across the two versions
sence (in the form of a pause of equal length) ine experiment, we do not report it further.
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words after between-word interruptions wereances,F1(1, 49)= 36.27,p < .001; t2(96) =
no different (15 ms slower than Disfluency-re<15.05,p < .001, and mid-word interruptions vs
placed-by-pause controls) than those for targ&luent utterances;1(1, 49)= 24.66,p < .001;
words after mid-word interruptions (2 ms fastet2(96)=8.28,p < .001].

than Disfluency-replaced-by-pause controls), That responding tmrange after a between-
planned comparisoris1(1, 48)=.03,ns t2(31) word interruption likeyellow- orangecould be
=.20,ns faster than responding twangein a Fluent utter-

As for Hypothesis 2, which predicted thatnce seems surprising at first. This advantage
marking interrupted words with fillers would becould be due to the target color word in a Natu-
helpful, there was a clear response time disflually Disfluent utterance receiving contrastive
ency advantage. Difference scores for mid-worstress relative to the first color word (adiove to
interruptions with fillers (78 ms) were higheithe yellow- ORANGE squarésee Cutler, 1983;
than those without (2 ms), supporting the idelaevelt & Cutler, 1983; Shriberg et al., 1992).
that fillers may signal the replacement of an inrconverging support for this possibility comes
terrupted word, planned compariséi(1, 48)= from the finding of marginally speeded response
15.76,p <.001;t2(31)=3.75,p=.001. This re- times for Disfluency-excised over Fluent utter-
sponse-time advantage is particularly interestnces (different by subjects but not by items),
ing because it occurred with relatively little cosF1(1, 49)=4.07,p<.05;F2(1, 98)=.80,ns
in accuracy: Listeners were inaccurate only .05 Overall, responses to Fluent, Disfluency-
of the time after mid-word interruptions markedxcised, and Disfluency-replaced-by-pause utter
with fillers, much less than with mid-word inter-ances were equally (and highly) accurate; none o
ruptions not so marked;1(1, 49)=13.53,p = these utterances contained unintended color wor
.001;t2(31) = 2.05,p < .05, and at a rate only information that could have caused interference o
marginally higher than after Fluent utterancesalse alarms in the task. The response time mear
F1(1, 49)=3.47,p<.07;t2(96)=1.62,ns The in Table 3 show the same pattern of differences
implication is that while disfluent utterances caamong the three types of disfluencies for both
be misleading, those with fillers are less so. Disfluency-excised and Disfluency-replaced-by-

Listeners chose correct targets after Naturalfyause controls. That the times for Disfluency-re-
Disfluent utterances 53 ms faster than after Flplaced-by-pause controls were no longer than fo
entonesk1(1, 49)=20.83,p<.001;F2(1, 98)= Disfluency-excised controls suggests that silen
13.63,p < .001. Responses to all three types gfauses may not be harmful to comprehension (wi
disfluent utterances were significantly fastezonsider pauses further in Experiments 3 and 4).
than responses to Fluent utterances (between-These results show that that some features c
word interruptions vs Fluent utterancé&d,(1, disfluencies enable listeners to partially com-
48) = 12.80,p = .001;12(96) = 1.95,p < .07; pensate for any potential disruption or delay in
mid-word vs FluentF1(1, 48)= 12.67,p = comprehension. When a speaker interrupts ai
.001;t2(96)=2.43,p <.02; mid-word with filler unintended word rather than completing it be-
vs FluentF1(1, 48)=38.12,p <.001;t2(96)= fore repairing it, this disadvantages the listenelr
3.58, p = .001. Although listeners must waitless. And when the speaker marks the interrup
longer to hear the target color word in a disfluion with a filler, the listener is not only more
ent utterance than in a fluent utterance, theiccurate but also faster to recognize the correc
speeded response to the target word in a diarget word than when the speaker does not d
fluent utterance partially compensates for thiso. These results support speculations by Clarl
delay. As for accuracy, listeners responded r{@994, 1996) and Levelt (1989) that a word
less accurately to mid-word interruptions wittfragment lets listeners know that the speaker is
fillers than to Fluent utterances. However, thelyaving difficulty with that word.

did respond less accurately to both of the other Experiment 1 used a logically constrained
types of disfluencies than to Fluent utterancesntext in which there were only two objects to
[between-word interruptions vs Fluent utterehoose from. Interruptions may have signaled to
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listeners that the speaker was having trouble witfies and another was replaced for making a large
a word or, more specifically, that he or she meamtumber of errors{2 SDs above the mean).
to cancel that word. With only two possibilities, Design, stimuli, and procedurd&Experiment
if one is cancelled, then the other is certain. Nex2 used the same software, hardware, and stimul
we examined the disfluency effect in a contexas described earlier (68 Fluent utterances anc
where knowing that a word is troublesome i84 Naturally Disfluent utterances matched to 34
somewhat less informative. Disfluency-replaced-by-pause and 34 Disflu-
ency-excised versions). The procedure, utter-
EXPERIMENT 2 ances, and practice trials were the same as thos
In Experiment 2, we expanded the set of posn Experiment 1, with the following minor differ-
sible referents to reduce the information valuences: Listeners were told that if they pressed the
of the disfluencies: Listeners chose from threarong key, they would hear a sound (rather than
objects rather than two. With three objectsgetting a visual highlight as in Experiment 1) and
when the speaker interrupts himself wigkll- that the next trial would begin automatically,
uh, orange the information in the reparandumshortly after they made their selection. The im-
(yell- uh) may signal an intent to cancgéllow, portant difference from Experiment 1 was that
but if it does, this no longer uniquely deter-each visual display showed three rather than two
mines which of the other two objects theobjects (either an orange, a purple, and a yellow
speaker must mean. So if the disfluency advasguare or an orange, a purple, and a yellow circle
tage in Experiment 1 depended entirely on aarranged horizontally in varying order). To create
inference enabled by the unusual logical corthe three-object displays, we modified the dis-
straints of the context, then the response timgays from Experiment 1 by adding a third (irrel-
advantage should be eliminated with three olevant) object to the same position (left, middle, or
jects. On the other hand, if an advantage stitight) on both the List Aand List B displays for a
occurs (perhaps in attenuated fofnom having particular utterance so that for all Naturally Dis-
to choose among three objects rather than twd)uent items, when the object mentioned in the
this supports the idea that a disfluency can aigparandum appeared to the left of the object
comprehension by signaling what a speaker imentioned in the repair in one list, it appeared to
having trouble with. the right in the other. Irrelevant objects appeared
equally often in the left, middle, and right posi-
Methods tions. Each listener experienced the trials of
Participants Fifty native speakers of Englisheither List A or List B in a different random order.
(31 women and 19 men) volunteered to particlor input, listeners used both index fingers and
pate in exchange for research credit in an intrthe middle finger of their dominant hand, poised
ductory undergraduate psychology course. Nomeer three adjacent keys. Incorrect or extremely
had participated previously. One additional sutslow response times{600 ms/ B SDs from the
ject was replaced because of technical difficulnean) were discarded.

TABLE 4

Experiment 2 (Three-Object Displays): Response Times in Milliseconds from Onset of Target Color Word
(Error Rates in Parentheses)

Disfluency type Naturally disfluent Disfluency-replaced-by-pause Disfluency-excised Fluen
Between-word 781 (.08) 743 (.01) 762 (.02)
Mid-word 761 (.04) 749 (.01) 751 (.01)
Mid-word wifiller 741 (.01) 769 (.00) 789 (.02)

Mean 765 (.05) 750 (.01) 762 (.02) 786 (.01)
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Results and Discussion without (Hypothesis 2), planned contrasi,(1,
Response times along with error rates aré9)=15.32,p<.001,t2(31)=2.39,p<.05. As
shown in Table 4. Listeners were noticeablypefore, this response-time disfluency advantage
slower to choose a referent out of a set of thré@curred little cost in accuracy; errors were less

than out of a set of two; response times for Flueommon with mid-word interruptions with
ent utterances were 67 ms slower than in Expetfillers than without (by subjects but not by
iment 1. Although listeners received the sam#ems),F1(1, 49)= 5.62,p = .02;t2(31) = .97,
instructions to try to be both fast and accurate ins In fact, errors occurred no more often to ut-
both experiments, three-object displays prderances with fillers than to Fluent utterances
sented a harder task than did two-object digd1% of which incurred errorsf1(1, 49)=0.05,
plays, and this seems to have made listenens t2(98) = .14, ns So listeners responded to
trade off speed for accuracy. Experiment 2’s listarget words faster and more accurately after
teners took longer to respond but got more trialgid-word interruptions marked with fillers than
correct, making on average 3.5 errors to Experthose not so marked, and this disfluency advan-
ment 1's 7.3. tage for response times did not occur for be-
As before, we compared within-itemsgonse- tween-word interruptions or mid-word interrup-
time difference scores (Disfluency-replaced-bytions not marked witluh. This pattern of results
pause minus Naturally Disfluent) to test for across the three types of disfluencies is the
relative advantage for mid-word as opposed teame as that for two-object displays.
between-word interruptions (Hypothesis 1). Just The important difference between response:s
as before, there was no difference, planned coté two- and three-object displays is that the
trast,F1(1, 49)=2.27,ns t2(31)=.91,ns butas whole pattern of difference scores shifted down-
before, listeners were more accurate after migvard with three objects (see Fig. 1). The differ-
word than between-word interruption§1(1, ence score for utterances with fillers was only
49) = 12.43,p < .001,t2(31) = 2.33,p < .05. 28 ms (down from 78 ms in Experiment 1), reli-
Once again, difference scores for mid-word inably different from zero by subjects but not by
terruptions with fillers were greater than thoséems, F1(1, 49)= 8.86, p = .005; F2(1, 5)=

90 1
80 - 1 Between-word

704 Mid-word

60 4 H Mid-word with Fillers
50
40 A
30 A
20 A
10 1

-1 0 <
-20 -
-30 A
-40 4
-50 - Experiment 1 Experiment 2
2 Objects 3 Objects

Difference Scores (ms)

FIG. 1. Disfluency advantage (Disfluency-replaced-by-pause minus Naturally Disfluent response times) for
the three kinds of disfluencies in Experiments 1 and 2.
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2.71,p=.161,ns That the filler’s value as a cueby-pause and naturally Fluent utterances). Wha
is attenuated but not eliminated when listeners still unclear is why. What features of the utter-
choose between three objects as opposed to tarce are responsible for the speeded response
suggests that knowing what word the speakerasd lower error rates, and what is the underlying
having trouble with helps listeners cancel thprocess that takes advantage of these features
effect of hearing the unintended word. The disfluency advantage could be due to the
Although listeners balanced speed and accphonological form of the filler alone; certain
racy somewhat differently with three- than witHillers could heighten listeners’ vigilance to an
two-object displays, making fewer errors withupcoming target word (Fox Tree, 1993). If so,
three-object displays, the pattern of errohen a version minus the interrupted word and
remained the same. Mid-word interruptiongontaining only the filler should be processed
with fillers were the only kind of disfluency withjust as quickly as the nonedited Naturally Dis-
an error rate as low as that of Fluent utterancdkient versions and faster than the Disfluency-
Listeners were less accurate after between-waeplaced-by-pause versions. Alternatively, the
interruptions than after Fluent utterande$(1, response time advantage could be due to the
49) = 29.62,p < .001;t2(98) = 7.74,p < .001. phonological form of the fillein combination
They were also less accurate after mid-word invith the interrupted word. If the filler acts as an
terruptions than after Fluent utteranc€4(1, editing expression signaling that an interrupted
49)=10.74,p < .005;t2(98)= 2.84,p < .01. word is being cancelled, then the Naturally Dis-
As before, stress (in the form of elevated) fluent utterances should be processed faster tha
appeared to contribute to response times. Lisersions in which either the interrupted ward
teners responded to target words in Disfluencyhe filler are edited out. Finally, the advantage
excised utterances 24 ms faster than in Fluenbuld be due to the extra time that elapses dur-
ones, planned contras£1(1, 49) = 14.11, ing the filler, together with the information
p <.001;F2(1, 98)=2.82,p <.10. Target side about the cancelled target word in the reparan-
had no effect. dum. If this last hypothesis is true, then a signal
Apart from the finding that increasing the sethat a word is to be replaced may help only
of possible referents attenuated the disfluengyhen there is sufficient time to process such
advantage for mid-word interruptions, the patnformation; whether the interrupted word is
terns of response time and error data paralfellowed by a filler or a silent pause of equiva-
those in Experiment 1. When listeners musént length should make no difference. Experi-
choose from a set of three rather than two obent 3 teased apart these three possibilities.
jects, the advantage of an interruption marked Although listeners in Experiments 1 and 2
with uhis attenuated, but not eradicated. The revere instructed to respond quickly, they some-
sponse time advantage for the disfluency maynes waited until well after the end of the
diminish because the information value of thatterance before responding. Since we were in
cue is lower, because it takes longer to chootarested in the incremental effects of disfluen-
from three alternatives than two, or for both reaies, Experiment 3 encouraged listeners to re
sons. Whether the disfluency is marked with gpond more quickly by placing a moderate
filler still contributes strongly to the error ratesgdeadline on their responses.
responses to utterances containing mid-word in-
terruptions marked witbhwere just as accurate Methods
as responses to Fluent utterances. Participants Forty-eight undergraduate psy-
chology students (25 women and 23 men) par-
EXPERIMENT 3 ticipated in exchange for research credit in a
So far, listeners’ responses to target colgosychology course. None had participated pre-
words after mid-word interruptions marked byviously, and all identified themselves as native
fillers have been faster than when these disflueapeakers of English. Data from 3 students whc
cies were absent (in both Disfluency-replacedroduced a large total number of errors and time
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TABLE 5

Intervals of Interest in the Stimuli for Experiments 3 and 4

Stimuli Reparandum Edit interval Repair (target)
1. Disfluent Move to the ye- uh, orange square
2. Filler-removed Move to the ye- |---| orange square
3. Word-removed Move to the [---| uh, orange square
4. Disfluency-replaced-

by-pause Move to the |--- -—| orange square

Target

5. Disfluency-excised Move to the | orange square
6. Fluent Move to the orange square

Note.Utterances are aligned to symbolize relative time elapsed. Vertical bars show location of electronic edits and
zontal lines show relative extent of silent pauses.

outs (placing them distinctly outside the distribusponse times to these four versions (as oppose
tion of the other participants) were replacedo difference scores, which represent a compari-
Those replaced made errors and timeouts agBn between only two versions) were compared
proximately 2SDs (or more) above the mean. in an ANOVA that included display side, with
Design and stimuliExperiment 3 used theplanned comparisons to test for relative contri-
same stimuli as the previous experiments plimition of fillers and mid-word interruptions. The
12 additional items (see Table 5) that wereesults were clear: With respect to both response
edited from duplicates of the 6 Naturally Disflutimes (Fig. 2) and error rates, Filler-removed
ent mid-word interruptions with fillers for a totalitems were similar to Naturally Disfluent (non-
of 182 stimuli. Six of the new items had the filleedited) items and Word-removed items were
replaced with a pause of equal length (Fillessimilar to Disfluency-replaced-by-pause items.
removed items), and 6 had the interrupted wotdsteners responded about 80 ms more slowly to
replaced with a pause of equal length (Wordstterances in which mid-word interruptions were
removed items). All displays consisted of twaeplaced by silent pauses (leaving only the filler)
objects as in Experiment 1, and these were couhan to the nonedited versiorisl (1, 47)=25.11,
terbalanced for target side using two versions pf<.001;F2(1, 5)=64.92,p <.001. And listeners
the displays as before. responded just as quickly to utterances that kep
Procedure The same software, hardware, anthe interrupted word but replaced the filler with a
input method were used as in the previouslent pause as they did to the nonedited versions
experiments. When listeners did not resporiell(1, 47)=.004,ns F2(1, 5)=.036,ns While
within 1000 ms after the onset of the targeemoving the filler from Naturally Disfluent
word, the trial timed out and a “too slow” mesutterances did not harm response times, the pres
sage appeared before the next trial proceedeudlce of the filler in the Word-removed utterances
automatically. led to faster response times than the Disfluency-
replaced-by-pause versions by subjects but no
by items,F1(1, 47)= 4.16,p < .05; F2(1, 5)=
The critical comparisons for Experiment 32.86,p =.15. So it appears that some remodeling
were those that contrasted features of the disflis in order for Levelt’s (1989) original idea that a
encies within utterances, using four versions diller may be an informative cue, at least in our
each mid-word interruption with filler: Natu- task situation. The facilitating aspect of a filler
rally Disfluent, Filler-removed, Word-removed,after a mid-word interruption appears to bet
and Disfluency-replaced-by-pause. Correct rehe phonological form of the filler, but the extra

Results and Discussion
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FIG. 2. Effects of interrupted words and fillers in Experiments 3 and 4.

time that elapses after the interruption, while thand Naturally Disfluent version§;1(1, 47)=

filler is being produced.

5.96,p < .02; F2(1, 5)= 18.95,p < .01. Dis-

Error rates, which were extremely low for alfluency-replaced-by-pause and Word-removec
four versions of the mid-word interruptions withversions, the two versions with no misleading
fillers, were lowest when misleading informacolor information, had equally low error rates,
tion in the form of interrupted color words wad=1(1, 47)=.02,ns F2(1, 5)= .00, ns And re-
removed, planned comparison of Word-removeatioving the filler from Naturally Disfluent ver-

TABLE 6

Experiments 3 and 4 (Two-Object Displays): Response

Times in Milliseconds from Onset of Target Color Words
(Error Rates in Parentheses)

Stimuli Experiment 3 Experiment 4

Fluent 628 (.01) 612 (.01)
Naturally Disfluent
Replaced color words
Between-word 525 (.14) 532 (.19)
Mid-word 541 (.09) 539 (.09)
Mid-word wifiller 490 (.03) 498 (.02)
Repeated Color Words 548 (.03)
Disfluent edited
Filler-removed 489 (.03) 473 (.03)
Word-removed 571 (.00) 574 (.02)
Both word and filler 595 (.00) 589 (.02)
removed
(Disfluency-

replaced-by-pause)

sions made no difference, planned comparison
F1(1, 47)=.20,ns F2(1, 5)=.43,ns Error rates
and response times are displayed in Table 6.
Difference scores (Disfluency-replaced-by-
pause minus Naturally Disfluent response times)
showed the same pattern as in Experiments
and 2. Difference scores for mid-word interrup-
tions were no higher than for between-word in-
terruptions,F1(1, 47)= 1.74,ns t2(31) = .64,
ns As before, mid-word interruptions led to
fewer errors than did between-word interrup-
tions (by subjects but not by item$)1(1, 47)=
8.21,p = .006;1t2(31) = 1.62,p < .116. Differ-
ence scores for mid-word interruptions with
fillers were higher than for those withouf1(1,
47) =20.82,p < .001;t2(31) = 3.36,p = .002.
As before, there was no penalty to the disflu-
ency advantage in response times: Mid-word in-
terruptions with fillers led to fewer errors than
did those without fillers (by subjects but not by
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items), F1(1, 47)= 10.14,p = .003;t2(31) = ample evidence that the reparandum word ol
1.48,p=.148. word fragment was being cancelled from both
However, under moderate time pressure, lishe semantic and the prosodic contrasts betwee
teners made more use of the information ithe repair and reparandum. Those under model
disfluencies: Difference scores were positivate time pressure (Experiment 3) benefited more
not only for the mid-word interruptions withfrom hearing cues in the disfluencies than those
fillers, but for the other two types of disfluen-under less time pressure (Experiments 1 and 2,
cies as well (unlike in Experiments 1 and 2)n the Disfluency-replaced-by-pause and Word-
So this time, listeners responded more quicklgmoved versions, without a good account for
to Naturally Disfluent between- and mid-wordhe hesitation before the target word, listeners
interruptions (without fillers) such dadove to could tell only that the speaker may have had
the purple- orange squanhan they did to the some (covert) trouble.
Disfluency-replaced-by-pause versions of the So far, we have found that error rates are low-
same utterances such Meve to the <pause> est for utterances with no misleading color word
orange squareFigure 3 shows that while theinformation, next lowest for those containing
relative pattern of difference scores for the thremid-word interruptions marked by a filler, next
types of disfluencies remained the same acrdssvest for those not so marked, and finally,
Experiments 1, 2, and 3, the difference scorésghest for between-word interruptions. How-
shifted upward with the earlier responses iaver, we have not yet distinguished two compet-
Experiment 3. If we assume that recognition dhg explanations for this effect: Are the lower
the (highly predictable) color word in the repaierror rates for mid-word interruptions (com-
took well under 200 ms (see Marslen-Wilson &ared to between-word interruptions) due to
Tyler, 1981) and the key press another 200 nfsaving a discrete cue in the form of the inter-
then this places the listener’'s decision pointipted word, or are they simply due to hearing
after the color word in the repair (mean respongess information that is misleading-a continu-
times ranged from nearly 500 ms in Experimertusly varying cue?
3 to the high 700s in Experiment 2). So by the To address this question, we conducted &
time listeners made their decisions, they had hadst hoc analysis of the stimuli. We measurec
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FIG. 3. Disfluency advantage for Experiments 1, 2, and 3.
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the lengths of two intervals of interest: thevord as a discrete cue. On the other hand, thi
reparandum and the editing interval (or delapagnitude of disfluency advantages in re-
before the repair). The reparandum in a disflisponse times was correlated with the lengths o
ent utterance began with the onset ofdhim- the edit intervalsy(33) = .560, p < .001, but
tended color word and ended with the interruprot with the lengths of the reparandé33) =
tion site. Mean reparandum lengths averaged228,ns So the longer the delay before the re-
328, 276, and 175 ms for between-word, midsair, the more hearing the information in the
word, and mid-word interruptions with fillers,disfluency may have speeded response times
respectively. The editing interval began with th&hese results are not due simply to the mid-
interruption site and ended with the onset of theord interruptions with fillers (which have
intended color word (corresponding to the begirespecially short reparanda and long editing
ning of the repair); this averaged 71, 94, and 398tervals); when those utterances are remove
ms for between-word, mid-word, and mid-wordrom the correlations, the pattern is the same
interruptions with fillers, respectivefyFor each (although slightly attenuated). This evidence
disfluent utterance, we computed correlationsonverges with our conclusion from the com-
between each of these two intervals and the tyarison of Filler-removed vs Naturally Disflu-
dependent measures of interest: mean error ratg items: It is not the phonological form of the
and mean response time difference score (Disfliiler that speeds recognition of the target color
ency-replaced-by-pause minus Naturally Disfluvord in our task, but the processing time that
ent) for each disfluent utterance in Experiment 8lapses during the filler.
To determine whether any reliable associations
were carried solely by the items with fillers
(which, after all, yielded the largest effects), we EXPERIMENT 4
computed each correlation both with and with- The disfluencies in Experiments 1-3 were
out the six filler items. 100% informative that the color word before the
Error rates were correlated with the lengthismterruption would be replaced by another color
of the reparanda (or amount of misleading irword. But interrupted utterances can also be
formation),r(33)=.462,p <.001, but not with continued with repeated material; an interrup-
the lengths of the edit intervals (or delay beforion does not always signal that a word will be
repair), r(33) = -.305, ns. This is consistent cancelled. In a study of a spontaneous conversa
with the interpretation that listeners makéions during which pairs of speakers did a match-
fewer errors when they hear less misleading iimg task (Bortfeld et al., in press), the speakers
formation rather than depend on an interruptadterrupted themselves and then repeated (with-
out correcting) portions of their utterances fairly
frequently (1.47 times every 100 wordsiredugh
) _ " less often than interrupting themselves and re-
The lengths of these |ntervals_fall within the range of lacina reparanda with new material (1.94 times
those reported by Blackmer and Mitton (1991) for their corp grep o ( .
pus of natural examples from talk-show conversation§VEry 100 words). When we elicited the disflu-
Their overt repairs had editing intervals that averaged 3®ncies for the current experiments, we had ex-
ms but that were sometimes as short as 0 ms. In Nakatggcted to collect many tokens of repetitions such
and Hirschberg's (1994) corpus, edit intervals averaged 28\ 1ove to the yell- yellow squatén fact, that is

ms after word fragments and 481 after nonfragments. |n

Lickley’s (1996) sample of 30 disfluent utterances, silen\{vhy we set up about one-fifth of our elicitation

pauses at the interruption site ranged from 34 to 1134 ni&ials so that the highlight of the object flickered

That the edit intervals after nonfragments in our stimufbut then remained on the same object). But the
were so short suggests that the speaker in our limited dgpeaker in our corpus produced only seven in-
main did not need to take much time for replanning repairgtanceS of immediately repeated color words,

For the purpose of algorithmically identifying pauses asso- t nearly enouah to provide comparison tokens
ciated with edit intervals, O’Shaughnessy (1992) propos&l0 y 9 p p

that these pauses should range from 80 to 400 ms; thisd @ OUr Fhree types Of_imerrUptiQnS_ (between-
consistent with our edit intervals. word, mid-word, and mid-word with filler).
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That the stimuli in Experiments 1-3 includederruptions was reduced from 100 to 82%; that
no repetitions raises the possibility that thés, about one time in seven, the speakemdid
speeded response times may have resulted froemcel what was in the reparandum. Given oul
some special strategy on the part of listeners. Lisarpus, this was the most by which we could re-
teners may have learned in our experiments ttdice the informativeness of interruptions with-
interruptions always signaled replacement. If thisut resorting to electronically manufacturing
were the case, then reducing the informativenedsfluent utterances. Note that, unlike the other
of interruptions should make the disfluency addisfluent utterances in which the color words
vantage go away. Experiment 4 ruled this possicere repaired, the utterances with repeatec
bility out by including some interruptions fol-color words did not have the target color word
lowed by repetitions. contrastively stressed:0s were the same for

the first and second color word&) = 1.04,ns
Methods One of the seven utterances with a repeate

Participants Fifty Stony Brook undergradu- color word was presented in the practice trials
ate native speakers of English (29 women arst that listeners would be exposed at the outse
21 men) participated in exchange for researth the possibility that color words could be
participation credit in their psychology courserepeated as well as replaced; the other six wer
None had participated in any of the previoumcluded among the experimental trials, pre-
experiments. Data from 7 students who preented as before to listeners in different randon
duced a large total number of errors and timerders. Apart from the seven new utterances
outs (2SDs or more above the mean of th&xperiment 4 used the same stimuli, procedure
other participants) were replaced. and analyses as Experiment 3.

Design, stimuli, and procedureFor the
experiments so far, the informativeness of inte
ruptions in the task context has remained the Table 6 shows response times and error rates
same. In Experiments 1 and 2, of the 170 expdEven though interrupting an utterance after or
imental trials and 15 practice trials, 37 (or 20%ithin the color word no longer predicted that
included reparanda containing all or part of this word would be cancelled 100% of the time,
color word, and 100% of the time these corregesults were consistent with those in Experi-
sponded to a change of color word in the repament 3: Response times for filler-removed utter-
In Experiment 3, the percentage of replaceahces were most similar to those for Naturally
color words increased slightly, to 22%, due t®isfluent utterances, and response times fo
the addition of six items with interrupted coloiWord-removed utterances were most similar to
words for which the fillers were removed. It ighose for Disfluency-replaced-by-pause utter-
possible that listeners adjusted to this prences (see Fig. 2). As before, replacing the inter
dictability and responded via an unnatural stratupted word with a silent pause slowed responst
egy such as deciding what key to press befotimes, planned comparisoR1(1, 49)= 62.89,
they heard the repair. Of the seven tokens pf< .001; F2(1, 5)= 107.99,p < .001. Once
utterances with repeated color words in owgain, it seems that it is not the phonological
database, one was a between-word interruptidorm of fillers that speeds processing; in fact,
four were mid-word interruptions, one was aesponses were slightly faster (but only margin-
mid-word interruption with a filler, and one wasally) after interrupted words when fillers had
a mid-word interruption that recycled a shorbeen replaced with pauses of equal length
stretch of the previous utterandddve to the planned comparisor1(1, 49)= 3.07,p = .09;
yel- to the yellow squayeThese were too varied F2(1, 5)=6.87,p < .05.
and too rare to use for controlled comparisons in As before, error rates with utterances that in-
Experiment 4; however, we included them irluded misleading interrupted color words (Nat-
order to reduce the informativeness of interruptirally Disfluent mid-word interruptions with
ing a color word. So the informativeness of infillers and Filler-removed utterances) were no

Besults and Discussion
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different, planned comparisoR1(1, 49)= .23, tions contained disfluencies but no misleading
ns F2(1, 5)=.31,ns And utterances without mis- color information). Correct responses to instruc-
leading information (Word-removed and Disflutions with repeated color words were relatively
ency-replaced-by-pause versions) were no difast, averaging 453 ms from the onset of the fina
ferent in either response timé&4,(1, 49)=2.74, color word (see Table 6). However, in 28 cases
ns F2(1, 5),ns or error ratesk1(1, 49)= .53, (9.6%) the correct response carbefore the
ns F2(1, 5)= .60, ns Unlike in Experiment 3, onset of the final (repeated) color word, suggest
however, there was no decrease in the (alreaity that in these cases listeners responded to tf
quite low) error rate when the interrupted colocolor word in the reparandum. In contrast, early
word was replaced with a pause, planned coroerrect responses were virtually nonexistent for
parison,F1(1, 49)=.04,ns F2(1, 5)=.90,ns disfluent instructions in which color words were
Finally, error rates for the nonedited versioneplaced (because the first color word was
(mid-word interruptions with fillers) were no dif- always incorrect). If we adjust the means for rep-
ferent than for Fluent utterancé4,(1, 49)=.20, etitions by counting the 28 early responses a:
ns t(2) =.25,ns incorrect, then correct response times would
For the different types of nonedited disfluenaiverage 548 ms and error rates 13% (similar tc
utterances (between-word, mid-word, and micthe data for between- and mid-word interrup-
word interruptions with fillers), response-timetions with replacements in Table 6). So even
difference scores (Disfluency-replaced-by-paugbough instructions with repeated color words
minus Naturally Disfluent response times) anavere relatively rare in our stimuli compared to
error rates followed the same pattern as in Expethose with replaced color words, they didn't
iments 1-3. Difference scores for between-wordppear to slow listeners down or lead them
interruptions were the same as for mid-woréstray any more than did disfluencies in which
interruptions without fillersF1(1, 49)= .51,ns color words were replaced. This result suggest:
t2(31)=.59,ns Mid-word interruptions incurred that listeners did not adopt a strategy of simply
fewer errors than did between-word interruptreating an interrupted color word as a cue by
tions,F1(1, 49)=35.25,p <.001;t2(31)=2.97, itself that the word would be replaced.
p < .01. Difference scores for mid-word inter-
ruptions with fillers were higher than those with- GENERAL DISCUSSION
out,F1(1, 49)=17.56,p <.001;t2(31)= 3.26, Across all four experiments, listeners re-
p =.003, and incurred fewer errof81(1, 49)= sponded to target words after disfluencies tha
29.98,p<.001;t2(31)=1.68,p=.10. As in Ex- had long edit intervals (e.dVlove to the pur- uh
periment 3, difference scores for all three typegellow squarg faster than when disfluencies
of disfluencies were positive. That is, listenersvere absent (e.gMove to the yellow square
responded to target words in all Naturally Disfluwith or without a silent pause befoyellow).
ent utterances more quickly than to target wordshis was true whether the display included two
in Disfluency-replaced-by-pause utterances. objects or three (with three objects, the disflu-
As for the six trials with repeated color wordency advantage for utterances with fillers was
(or word fragments) that were included to brea&ttenuated but still reliably positive). Together,
the perfect correlation between interruptions arttie results show that there is information in dis-
replacing words, listeners made errors only 3%tencies that partially compensates for any dis-
of the time. If listeners were treating an interruption in processing. This disfluency advantage
rupted color word as a cue that the word wouldas even clearer when listeners were under tim
be replaced, then listeners should have mageessure (Experiments 3 and 4); they were als
more errors with repeated color words. The faetble to use the information in disfluencies with-
that this error rate was so low is consistent witbut fillers (with shorter edit intervals, e.lylpve
the proposal that the less misleading informatido the purple- yellow squayeo respond faster
in the reparandum, the less likely listeners are than when disfluencies were replaced by pause
choose the wrong object (utterances with repetf equal length.
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In Experiments 1-4, regardless of how listerrepair was held constant, whether or not there
ers traded off speed and accuracy, the relatiwas a filler in this interval made no difference in
pattern of error rates was the same (betweemresponse times or error rates. And when the
word interruptions led to more errors than midinterrupted word was removed and the time in-
word interruptions, which led to more errorgerval before the repair was again held constant
than mid-word interruptions with fillers). Ofit again made little difference whether a filler
course, the reason measurable errors occurreghbegceded the repair. It appears, then, that with
all was because our task required speakerslémger editing interval (allowing more time to
make a commitment; in more natural compreprocess the evidence that there is some trouble
hension settings, reaching the wrong interprethisteners are better able to process the repair an
tion seldom leads to an irrevocable commitselect the correct target word more quickly.
ment. For future work we are eager to use anAs we mentioned before, disfluencies can be
online technique, such as eye tracking, that detected quite early-by the first word in a repair
sensitive to the incremental decisions that afkickley & Bard, 1992, 1998). But what is it that
made (as well as unmade or postponed) durisgrves as a cue to a listener that there is a prob
the interpretation of spontaneous speech. lem with an utterance? Two pieces of evidence

From these data, we can construct an incipiestiggest that our listeners did not conclude that ¢
account of how listeners are able to compensat®rd was necessarily being cancelled when ar
for the disfluencies they hear in spontaneoudterance was interrupted: First, even when the
speech. We began with predictions inspired kgferent array was constrained to two objects,
some ideas of Levelt's (1989); however, our dathe time course of listeners’ responses indicates
support an account that is not as simple #satthey waited to hear at least part of the repair
expected. Hypothesis 1, that mid-word interrugafter the interruption and edit interval. Second,
tions should be easier for listeners to recoveesponses to the utterances with repeated colo
from than between-word interruptions, was supvords (e.g.Move to the yel- yellow squarex-
ported by the consistent pattern of error dafgeriment 4) indicate that an interruption by
across all the experiments. However, the inteitself did not signal the cancellation of the color
rupted word does not appear to act as a discreterd in the reparandum. If it had, then listeners
cue; rather, the less misleading information lisshould have made many errors after repetitions
teners hear, the less likely they are to makeaad they did not. The fact that replaced color
commitment to the wrong interpretation. Listenwords received contrastive stress and repeate
ers responded equally quickly to the targetolor words did not suggests that the cue that &
(repair) word whether the preceding reparandumord was being cancelled may consist of a
was interrupted mid- or between-word. three-part combination: the presence of the in-

As for the idea that fillers may help listenerserruption® the semantic content of the material
process disfluent speech (Hypothesis 2), listeafter the interruption (differing from that in the
ers responded consistently fastest to target wonggparandum), and the stress characteristics (witt
preceded by a mid-word interruption with a fillerFO either elevated or not) of the color word in
Strikingly, these speeded responses incurred tie repair.
error penalty; mid-word interruptions with fillers So we suggest an account that goes as fol
consistently led to fewer errors than did disflulows: the parser monitors for an interruption in
encies without fillers, and in fact error ratefluent speech, which signals that the speaker i
were equal to or nearly as low as for Flueritaving some difficulty. When the edit interval is
items. But Experiments 3 and 4 showed quite
clearly that it was not the phonological form of

the filler that was driving the faster responses3While we have not manipulated the presence of phono-
gical cues to interruptions here, others have considerec

. |
and lower (?I’I’OI’ rat_es’ but the extra tl_me th"fﬁem; for instance, Nakatani and Hirschberg (1994) found
e|ap5§d during the filler b_efore the repair. Whefat 30% of interruption sites in their corpus were character-
the time between the interrupted word anided by what they call interruption glottalization (p. 1608).
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long enough, this difficulty is confirmed. Wherp. 730). This idea is consistent with Lickley and
the following repair word is pronounced withBard's (1996) finding that word recognition is
the same stress as the reparandum word, a refpiedered for words in the reparandum before &
tition is signaled; on the other hand, when it hedgesh start, whereas word recognition is not hin-
greater stress, this helps the listener suppress tleeed by repetition.
material the speaker means to cancel. When theWe propose that listeners continuously monitor
interruption comes early enough, such as withspontaneous speech for cues that the speaker
the troublesome word, this helps prevent theaving trouble. After all, speakers monitor their
listener from committing him- or herself to theown internal speech prior to articulation, which
wrong interpretation (as shown by the loweenables them to make covert repairs; they cat
error rates after mid-word interruptions in alklso monitor what they say after they say it (Lev-
four experiments). This could happen for twelt, 1983, 1989) at the same point at which lis-
reasons: either the interrupted word is a reléeners have access to the utterance. Levelt (198
tively poor cue for activating the (unintendedp. 50) proposed for speakers that “if some mis-
color word or the fact that this word is intermatch is detected which surpasses certain crite
rupted may help suppress any potential interfetia, the monitor makes the speaker aware of this
ence that it may cause (leading to fewer incoor in other words: An alarm signal is sent to
rect interpretations after interrupted words thaworking memory. The speaker can then take ac
after completed words). The first possibilittion on the information received.” Similarly, lis-
seems somewhat unlikely; in our task, it shoulgéners may use a continuous monitoring proces
take very little information to activate (highlyto detect problems in the speech they hear. Un
predictable) color words. The second possibilitike speakers, they don’t have access to the in
seems more likely, particularly with the help ofention behind the utterance; however, they dc
contrastive stress on the repair word. have access to the surface form and the
Our experiments raise as many questions agmantic-pragmatic context. They may be able
they answer; here are three. First, precisely whtd use paralinguistic cues such as the ones w
is it that announces an interruption in fluenhave considered as well as detectable inconsis
speech? The current studies say more abacies with the structure of the ongoing parse tc
what the cues are not than about what they amnake repairs incrementally. As our data show,
What we know is that neither mid-word inter-the cues in a disfluency can help the listenel
ruptions nor the phonological forms of fillers acicompensate for its potentially harmful effects
as cues by themselves. The length of the editiguch as any interference, misinterpretation, ol
interval (which is longer when there is a filler)delay caused by having heard the unintendec
plays a significant role, as does the amount @fiformation in a reparandum).
misleading information that precedes the inter- A third question is this: What are the effects
ruption site; contrastive vs parallel stress is af other types of disfluencies on comprehen-
promising candidate as well. Future work shoulgdion? For this set of studies, we have limited
focus on the role of stress in repetitions and resurselves to looking at the informativeness of
placements (perhaps including edited examplasid-word interruptions with and without fillers
with appropriate and inappropriaf®s). because we began with Levelt's suggestions
Second, by what mechanism does the infoand because we were able to collect sufficient
mation available in disfluencies aid the parsingkens of these types (we wanted to avoid creat-
process? As Fox Tree suggested, it may be thia¢) disfluent utterances by editing). We further
“listeners do not automatically enter a repaiimited ourselves to tokens in which the reparan-
mode when they hear an incongruity. If the indum ended during or immediately after the
congruity consists of words identical to someeolor word in order to gain as much control as
thing just heard, the repair process is inactivpossible. However, speakers often back up fur-
The process may only begin when the incorther for their repairs, retracing material before
gruity consists of different words” (Fox Trd&95, the problem word, as iNove to the purp- to the
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orange squareThe current findings would lead  In conclusion, listeners make fewer commit-
us to predict that retracing part of a grammatiments to an unintended word in a reparandun
cal phrase before a problem word would estalwhen the utterance is interrupted earlier, wher
lish at least as much of a disfluency advantagéere is more time to cancel material in the
as the extra time that elapses during afiller. reparandum, and when the repair word’s stres:
Our finding of a disfluency advantage doesontrasts with the reparandum’s. That the infor-
not suggest that it is better for speakers to bmation available in disfluencies is useful is con-
disfluent than fluent. In absolute terms, comprsistent with an incremental interpretation process
hending Naturally Disfluent utterances in theithat continually monitors, recognizes, and com-
entirety would not be faster than comprehengbensates for flaws in the delivery of spontaneou:
ing Fluent utterances-recall that the responspoken utterances.
time advantages were relative only to the onset
of the target color word. Since this word always REFERENCES
occurred later in Naturally Disfluent utteranceBear, J., Dowding, J., & Shriberg, E. (1992). Integrating
than in Fluent utterances, and because Fluent multiple knowledge sources for detection and correc-
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