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Foreword

This volume includes papers that take an experimental approach to issues in
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Laboratory (sec also OSUWPL No. 36, 38, and 43). Some of the papers are work
in progress or have been presented at international conferences, while others have
been submitted for publication to professional journals. [ would like to thank Mary
Beckman, Stefanie Jannedy, Keith Johnson, Sun-Ah Jun and Andreas Kathol for
their help during the compilation of this volume. The production of this volume
was supported by the National Institute on Deafness and other Communication
Disorders under Grant No. 7 R29 DC01645-03 and by the Ohio State University
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OSU Working Papers in Linguistics 44 (1-49)

Discourse functions of pitch range in spontaneous and read speech®

Gayle M. Ayers
ayersi@ling.ohio-state.edu

Abstract: Functions of intonation and pitch range were compared
in maiched spontaneous and read speech discourses. Two casual
conversations were recorded, and the same speakers read scripts
prepared from the original conversations. Sections with one
primary speaker were examined. An intonational analysis showed
that the locations of accents, phrase boundaries, and pauses differed
between the spontancous and read versions. A discourse
segmentation determined that the topic structures were also different,
although less so for the second conversation and its read version.
Measures of pause and segment durations (as a reflection of speech
rate) were made and related to the discourse segmentation units of
sentence and paragraph, as well as to wm structure classificatons of
possible turn, 'rush through', and holding the floor. Since pitch
range plays an important role in conveying the hierarchical
segmentation of discourse, generally being expanded at the
beginning of new topics, corresponding differences in pitch range
relationships were expected. Pitch range relationships were
represented in phonetic pitch trees based on phrasal peaks. These
trees revealed that in addition to signaling topic structure, pitch range
was also expanded for comrections and turn taking cues. In
spontaneous speech, corrections and turn management disrupted
pitch range cues to topic structure. However, the read versions
lacked these disruptions, and the pitch range relationships reflected
the topic structure more clearly. In a listening test, significantly
more read utterances were misperceived as spontaneous in the
conversation which had closely matching topic structures in the two
versions,

1. Introduction

This study has two main starting points. The first is the distinction between
spontaneous speech and read speech, and the second is the role of pitch range in
signaling discourse structure. Spontaneous speech and read speech are generally
taken to be two quite different modes of speech production and easily
distinguishable from one another (Girding, 1967; Shockey, 1974; Brown et al.,
1980; Levin et al., 1982; Remez et al., 1985; Remez et al., 1986; Howell and Kadi-
Hanifi, 1991; Blaauw, 1991; Blaauw, 1992). Most demiled prosodic studies of
speech have been of speech read in the laboratory or newscast readings. If it is true

*hﬂ'kl‘lDWlEdngntS: Earlier versions of this work were presented at the November 1991
ASA and the January 1992 LSA conferences. The work was supponted in part by a National
Science Foundation Graduate Fellowship. Thanks to Jennifer Vendiui for the discourse
segmentation. This paper has benefited from comments made by various people, including Mary
Beckman, Julie Boland, Craige Roberts, Julia Hirschberg, Bob Ladd, and participants in the
phonetics seminar at the Depaniment of Linguistics and Phonetics, Lund University, Sweden.



that spontaneous and read speech are so casily distinguishable, we can ask

h of what we learn from studying read speech holds true in
MMIWS how m“c u b owever, it may be possible for prepared matena]s to be read

(T

spontaneous speech. Such materials would have the advantage of having controlled
content matter typical of read materials, but would be more like natural spontaneous
speech than stereotypical read speech. This study matches spontaneous speech
materials with read materials based on the spontaneous conversations and read with
the aim of sounding spontaneous. I wanted to find out whether the read materials
were perceived as spontaneous or read and then compare the two versions, paying
particular attention to the role pitch range in signaling discourse structure in the two
versions.

There are a few characteristic differences between the traditional
classification of spontaneous and read speech. Read speech generally has more
complex syntax than spontaneous speech because it is based on written prose. It
has fewer hesitations and shorter pauses than spontaneous speech (Garding, 1967;
Brown et al., 1980). Furthermore, the distribution of pauses is different. Pauses
in read speech generally align with grammartical phrases and punciuation such as
periods and commas (Lehiste, 1975; Brown et al., 1980). Pauses in spontaneous
speech may also lie at grammatical boundaries, but they often appear in conjunction
with hesitations in the middle of syntactic constituents as the speaker searches for
what to say (Girding, 1967; Butterworth, 1975). In explicit comparisons of
maiched spontaneous and read speech (where the read text is based on a
spontaneous discourse instead of a written text and so is not completely prototypical
read speech) the read versions exhibit fewer pauses than the original spontaneous
versions, and the pauses are not put in the same locations (Girding, 1967;
Shockey, 1974; Howell and Kadi-Hanifi, 1991). Howell and Kadi-Hanifi also
found that readers put stresses and boundaries between tone units in different
positions when reading the texts that they had produced spontaneously.

Previous studies have found that listeners are very good at correctly
identifying prototypical examples of spontaneous and read speech. Levin et al.
(1982) found that listeners could tell an average of 84% of the time whether an
utterance was from a spontaneous story or a reading of a story. Even when the
speech was low-pass filiered and none of the words were recognizable, they were
identified 72% correctly. Informal classification of the differences between the two
types of stories were listed as hesitations, long pauses, and non-literary words in
the spontaneocusly told stories. Other studies have found that original spontaneous
utterances and matched read productions can be distinguished even if they do not
contain hesitations or lexical differences (Remez et al., 1985; Remez et al., 1986;
Blaauw, 1991; Blaauw, 1992). Blaauw (1991, 1992) found that listeners could
correctly identify a Dutch news reader's spontaneous answer to personal interview
questions and his reading from a transcript of the interview 82% of the time when
given the full sentence, and even as well as 75% of the time given just the first six
syllables of a sentence. She found that the spontaneous versions had lower average
FO and less overall FO variation, which is in direct contrast to what Remez and his
colleagues found for their American English sample. These studies have found that
no single acoustic aspect of the signal conveys the spontaneity reliably. If there are
not simple acoustic correlates of spontaneous and read speech, perhaps a
phonological analysis coupled with a pragmatic analysis will shed more light on the
differences between spontaneous and read speech. It is unlikely however that such
an analysis will help to explain the high accuracy that listeners have when listening
to even small bits of speech or segmentally altered speech.



In sponianeous speech, the principle of mrn taking is influental in the
production of the 1alk, even if one person does most of the talking. According 1o
Schegloff (1982:73), speech should be viewed as an interactional achievement.

The accomplishment or achievement is an interactional one. ... The

production of a spate of talk by one speaker is something which

involves collaboration with the other parties present, and that
collaboration is interactive in character, and interlaced throughout the

discourse, that is, it is an ongoing accomplishment, rather than a

pact signed at the beginning, after which the discourse is produced

entirely as a matter of individual effort.

Put simply, spontaneous speech is not a monologue, even if one speaker does most
of the talking. A person speaks with an andience in mind, and interacts with that
audience. Schegloff discusses several ways that a single speaker can end up doing
most of the talking. One way is that the speaker may actively oy to forestall
interruption using what he calls 'rush through'. A speaker approaching a possible
turn completion speeds up the pace of the talk, withholds a dropping pitch or the
intake of breath, and phrases the talk to bridge what would otherwise be the
juncture at the end of a unit. The speaker instead breaks in the middle of the next
unit. A second way is that the speaker might be forced to continue talking because
no coparticipant starts a next turn at an appropriate change of floor. This frequently
shows up in the form of a slight gap of silence at the possible turn completion.
False starts are also common here since the speaker takes the responsibility to
continue talking even though not originally intending to. A third way is that the
speaker might continue talking because the conversational partner actively passes an
opportunity to produce a full turn of talk, such as by uttering a backchannel
continuer (imm, yeah, eic.). Spontaneous speech is interactive, and the interaction
is both in speaking and listening for all participants. Clark and Schaefer (1989)
describe the interactive character of speech in terms of presentations of utterances
by speakers and acknowledgments of utterances by listeners. They say that ‘a
presentation is more than the uitering of a sentence. It is the reaction in real time of
a spoken structure from which the partner can identify the words, phrases, and
sentences that the contributor intended as final." False siarts, hesitations, and other
disfluencies come because the speaker is preparing what to say 'on-line' and
reacting to the full situation, including the other conversational participants. In
summary, in spontaneous speech there is constant effort put into deciding what to
say, making an opporunity to say it, and making sure that it is understood.

Read speech, however, does not involve such a complex communicative
process. Prototypical read speech, which comes from a reading of a prepared
written text, docs not require the reader to figure out what to say next, because the
text provides that. In read speech, turns are predefined by the blocks of text on the
page and speakers always know when they are to speak. Blocks of text announce
the turn structure, so they are not turns in the original sense. In effect (in contrast
to what Schegloff says of spontaneous speech), in read speech a pact has been
signed and the discourse is produced by individual effort so it is not a true
interactional achievement. Even if the read speech is in the form of a multspeaker
dialogue based on a spontancous conversation, it develops more as a series of
monologues instead of as a true dialoguoe like the original. The parts of the telling
of the 'story' in the read speech seem to follow one another rather than being
sensitive to the spontancous context in which it was originally produced. The
success or failure of recreating the illusion of a spontaneous conversation depends
upon the quality of the acting of the readers and their ability to provide a simulation
of a natural context. Read speech based on a spontaneous conversation can be
seen as having a layer of complexity subtracted away from the original spontaneous
conversation because the content is already prepared and the readers do not have to



create it on-ling, and furthermore the readers know what order they will speak in s0

do not have to negotiate for their turn. !
- uﬁe s:cnnd 1agrgc issue explored in this study is the way that discourse

m]m‘“ i sxlnﬂ'];m Th}ﬁ }‘i'f"'ﬁ is Wrnﬂnm of the distinction between

spontaneous and read sp-m:ch People organize what they say in terms of
relationships of phrases and sentences into larger units, no matter whether they are
speaking spontaneously or reading a text. This organization of phrases and
sentences into larger units is called the discourse structure. Several different things
have been shown to help signal discourse structure. Pauses at the end of sentences
and longer pauses at the end of paragraphs have been found in read s h,
dividing the speech stream up into units of varicus sizes and with different
groupings (Lehiste, 1979; Brown, 1983; Silverman, 1987; Passenout and Litman,
1993). Speaking rate has also been shown to be related to topic units. Words at
the beginning of topics are spoken more slowly and words at the end of topic units
are spoken more quickly (Butterworth, 1975; Lehiste, 1980). However, this
finding is contradicted by a finding that segment beginnings are faster as compared
to segment endings (Grosz and Hirschberg, 1992). Amplitude also relates to topic
units. Words at the beginning of topics are louder than words at the end of topics
(Brown, 1983).

In addition to these temporal and amplitude cues, pitch range also plays an
important role in conveying the hierarchical segmentation of discourse. This is the
cue that I will be focusing on primarily, although I will also look at measures of
pause durations and speech rate. Pitch range is expanded at the beginning of a new
topic (Lehiste, 1975; Butterworth, 1975; Schegloff, 1979; Brazil et al., 1980,
Brown, 1983) and compressed to varying degrees at the ends of phrases to reflect
the degree of finality of an utterance (Hirschberg and Pierrchumbert, 1986;
Silverman, 1987). Cooper and Paccia-Cooper (1980) found that boundary
strengths can be reflected by height of FO targets in the vicinity of the boundaries.
Hirschberg and Pierrehumbert (1986) followed up on these observations of the way
pitch range cues discourse structure in work with speech synthesis. They found
that by systematically varying pitch range of phrases and pause lengths between
segments they could signal various hierarchical relationships of topic and subtopic
structure. Each discourse segment boundary was marked by a variation in pitch
range which correlated with the segment’s position in the overall discourse. Grosz
and Hirschberg (1992) found in AP news stories that topic segment endings could
be identified by relatively long following pauses, and segment beginnings could be
identified by larger pitch range, shorter following pause, and by being louder and
faster as compared to segment endings. Recall that this tempo cue was in contrast
to earlier findings by Lehiste and Butterworth. My data given in Section 4 seemed
to support the finding that segment beginnings are faster than segment endings.
However, pitch range is not only implicated in signaling topic structure
relationships. French and Local (1986) observe that pitch range is used in
managing turn taking. They found the prosodic cues of interruptive turm taking to
be high pitch and high intensity. Expanded pitch range also marks items as salient,
things to pay attention to. Thus, it is also relevant to what Grosz and Sidner (1986)
refer to as attentional structure -- what to successively pay atiention to over time.

The present study compared how pitch range and intonational structure were
used in matched spontaneous speech and read speech discourses. Two different
two-speaker conversations were recorded, transcripis of the conversations were
prepared, and the scripts were later read by the original speakers. The readers were
instructed to read the scripts as if they were involved in a spontaneous
conversation. Thus the read speech examined was not prototypical read speech,
since it was specifically intended to be a simulation of spontaneous speech. I was
interested in finding out how much of the illusion of spontaneity and interactivity



could be created in a read version of a spontaneous conversation. That is, how
spontaneous could a read version of a spontaneous conversation sound. The read
speech was a reorganization of the spontaneous speech (since it came from the
same text), one which was free of the complexity of floor negotiations (since the
turns were predefined) and false stans (since those were removed in the preparation
of the text). I expected to find that the pitch range cues to topic structure in the read
speech versions conformed fairly well to what has been suggested, i.e. that pitch
range is expanded at the beginning of new topics and decreases for related
subtopics, but that pitch range conveyed the hierarchical discourse structure of the
spontaneous speech versions less well. I expected to find that real-time production
phenomena such as floor negotiations, corrections, and false starts disrupt clear
topic organization. These may complicate the role pitch range plays as a cue to
topic structure, because they themselves may have manifestations in the pitch
ranges used.

To test these hypotheses, independent discourse segmentations were made
of both the spontaneous and read versions for each speaker. The segmentations
were not strongly based on a specific theory of discourse, but they were based on
the ideas of major topic breaks, turns, and corrections, which were given
operational definitions. Pause durations were measured, and a measure was made
of speaking rate. These temporal measures were compared with the discourse
segmentations and related to previous findings. To see whether the difference in
interactivity between a natural spontaneous text and a rehearsed read text could be
captured by a symbolic prosodic analysis and an analysis of pitch range, | made a
symbolic intonational analysis of the texts, which identified phrases and accented
words. Some intonational indications of the interactive character of the
spontancous texts which were not present in the read texts are discussed in Section
5.3. From this prosodic analysis I took a measure of pitch range for each phrase,
the peak fundamental frequency occurring on an accented word. Hierarchical pitch
trees were constructed from these values, and the segmentations imposed by the
pitch trees were compared with the discourse segmentation and events labeled. A
perception test with the task of categorizing utterances as spontaneous or read was
also carried out to see how "read” the read speech was. The results of the listening
test are presented in Section 8.

2. Speech Material

The spontaneous speech used in this study was elicited by recording two
separate casual conversations between friends. Each conversation lasted
approximately 43 minutes. Both conversations were recorded in a soundproof
room with a stereo microphone oriented to concentrate the two speakers'
productions on different recording channels. I was a participant in each of the
conversations. The first conversation was with FP, and the second conversation
was with DW. All three speakers are native speakers of American English. Both
FP and DW are male. Even though the conversations took place in a soundproof
room, the conversations were very natural. There were no tasks to perform or
restricted topic domains; the speakers just spoke about whatever they wished to talk
about with cach other. The conversations were as close to natural spontaneous
speech as they could be, given that the participants knew they were being recorded
to provide material for some sort of linguistic investigation. The sections that were
chosen for analysis were late in the session and thus past any initial awkwardness
or unnaturalness that may have arisen from the studio setting.

The read speech used in the investigation was based on parts of the
spontaneous conversations. Approximately seven minutes of each of the original
spontanecus conversations were selected to be produced as read speech. |
transcribed these selections orthographically, and with the help of a colleague,



edited the transcripts to remove disfluencies such as false starts and pause filling
hesitations. These editing decisions were made from the orthographic transcription
alone, without direct reference to the audio recording. FP, DW, and I each

LI A

assigming punctuation allowed the maximum opportunity for topic reorganization
berween the spontaneous and read versions since the groupings of words into
phrases, sentences, and paragraphs were determined from the written word and not
as a direct simulation of the spontaneous version. Allowing for the possibility of
topic reorganization was important because one of the aims of the investigation was
to explore the hypothesis that read versions had clearer manifestations of topic
structure than the spontaneous versions. The readings were made from clean
copies of the scripts which included the punctuation. We studied the scripts and
read through them together before the actual recording, so the readings were well
rehearsed. We tried to make the readings sound like spontaneous conversations, as
if we were acting. None of the readers were trained actors. The read versions were
approximately five minutes long.

Most of the decisions of what 1o remove from the orthographic transcription
of the spontaneous speech were quite straightforward, but some of the choices
made using this method did not reflect the original intentions of the speakers.
Specifically, some false starts were not accurately edited. Consider the examples
given in (1). Example (1a) is the orthogmghjc transcription of part of FF's original
spontaneous conversation, and example (1b) is the read production. (Pause lengths
are also included in these examples, although they were not in the original
orthographic transcription. They are shown in milliseconds between angle
brackets.)

(1) a. mm but I <64> had I mean the stuff he knows <583>
is kind of amazing 'cause <1137> he does a lot of
uh environmental impact stuff <694>

b. but I mean the stuff he knows is kind of amazing
because he does a lot of envirommental impact
stuff <454>

The edited orthographic transcription did not reflect that FP stopped afier the
word ‘cause and started over again with a new sentence he does a lor of
environmental impact siff. A more accurate edited and punctuated transcription
would have been The sngf he knows is kind of amazing. He does a lot of
environmental impact siuff. The punctuation in the read version made the phrase
after because into a subordinate clause, which differs from the structure of the
spontaneous production. There were also a few quiet backchannel listening or
agreement noises such as mm-hmm and hmm which were not noted in the original
orthographic transcription from which the read script was prepared. This omission
of the listener's comments was unintentional and changed the character of the read
text. Schegloff (1982:74) comments on the way omissions like these can affect a
text. He says that when the behavior of the listeners are separated from the telling
of a story, then the parts of the telling seem to follow each other instead of being a
response to the behavior of the listeners. Thus the interactivity of the original
conversation is destroyed. Since these listener responses (including eye contact,
etc., in addition to backchanneling responses) are not present in a subsequent
reading of the conversation, the interactive nature of the original conversation is
necessarily lost to a certain extent.

The analysis concentrated on sections where FP and DW were the primary
speakers in the spontaneous speech and the matching read speech. These sections



were each approximately one minute long. There were two reasons that I chose to
concentrate on primarily single speaker sections. The first reason was that when a
single speaker talks for a period of time, there is a chance for a topic 1o develop and
be structured by pitch range changes. The second reason was that in sections with
one primary speaker, the influence of explicit turn taking is minimized. Short tums
and quick interchanges between speakers mix topic structure and turn taking. With
these considerations, I expected to find the read speech to be a less complex version
of the spontaneous speech, with a clearer topic structure. Then I could try to sont
out the contributions of pitch range changes to topic structure from other, more
interactive, functions of pitch range changes.

The texts of the conversation excerpts examined can be found in the first six
figures. Figures 1 through 4 are of the spontaneous and read versions of two
sections of Speaker FP's conversation, and Figures 3 and 6 are of the spontaneous
and read versions of Speaker DW's conversation. In each of the figures my
utterances are shown in italics and set off in shaded boxes. Silent intervals, a
reflection of pauses, are shown in milliseconds berween angled brackets (< =).
These figures also show the discourse segmentation (see Sections 3 and 4) and
intonational phrasing (see Section 5). The symbols PT, R, H,S,., _.F,and C
are the discourse segmentation codes, and the symbols |, I, ] show the intonational
phrasing.

3. Discourse segmentation

There are at least two levels of discourse segmentation which play a strong
role in the organization of spontaneous speech. Both interactive tum taking and
divisions into major and minor topics are important organizational principles of
spontaneous speech. Spontaneous speech also has disruptions to the organized
development of topics and turns in the form of on-line production phenomenon
such as hesitations, false starts, and corrections. However, neither interactive turn
taking phenomena nor hesitation phenomena such as false starts and corrections are
particularly crucial to the discourse segmentation of read speech since the scripts
provide the explicit tums and exactly what to say.

The principles of turn taking, topic structure, and on-line production
phenomena were used as the basis for a qualitative analysis by an independent
coder. This analysis then served as the reference for exploring possible acoustic
correlates of each sort of phenomena. The independent coder was given an audio
recording and a purely orthographic transcription of each of the texts, with no
pauses or punctuation marks of any kind. She played the tape as much as she
nceded to label the data according to the instructions and labels described below.
This was a purely auditory-perceptual analysis since she had no instrumental
records of the speech. The labels were then related to acoustic measures such as
pause lengths, standardized vowel durations (a reflection of speech rate), and pitch
range relationships. The pause duration and speech rate results are described in
Section 4, and tgt pitch range relationships are described in Section 7. This
analysis was primarily a discourse segmentation and not a strong hierarchical
discourse theory version of topic and subtopic relationships. 1 speculated on the
subtopic structure based on the topic segmentations provided by the coder. The full
text of the paris of the conversations studied are given in Figures 1 through 6 with
the coder's labels. The coding scheme is described in the following paragraphs.
The symbols PT, R, H,S8,., . F, and C are the discourse segmentation codes,
and the symbols |, I, } show the intonational phrasing (see Section 5). Silent
intervals, a reflection of pauses, are also shown in milliseconds between angled
brackets (< =). This study looked at the spontaneous and read versions of two
different sections of Speaker FP's conversation ('College’ shown in Figs. 1 and 2,



and 'Friend' shown in F:gs. 3 and 4) and one section of Speaker DW's

F hlaster shown in Figs. 5 and 6).
oonversannn { em e coder labe ed possible s (PT), rush through (R},

0 O

as the possible end of a turn, where the other participant could have started
speaking. Rush through was described as a move by the speaker to speak faster
ami prevcnt the other speaker from taking a turn. Holding the floor was described
doing something to keep the floor and indicating that he had more to
earching for a word seemed to be a subcase of holding the floor and not
rchably distinguishable from holding the floor otherwise. The results in Section 4
wreat both holding the floor and searching for a word as holding the floor. The
coder remarked that rush through only seemed possible berween sentences, and that
her percept of possible turn may have been based on the presence of a pause. She
said that as a New Yorker (one who tends to trade turns rapidly and tolerate only
short pauses at the change of floor) she may have put in more possible turns than
the speakers themselves would have perceived, since they are other parts of
the country. Indeed she was correct, because I (one of the speakers) did not
perceive as many possible murns as she did. Therefore, I have also marked where I
considered the possible urns to be, which I had also done aoditorily before 1 began
the instrumental analysis. Those locations are the PTs marked with boxes around
them, the ones where we both agreed that there was a sﬂcussible turn change. I did
not perceive any such locations in the read speech, but id.

For 1opic structure, the coder labeled ends of sentences (.) and ends of
paragraphs (__). Sentences and paragraphs were described loosely. Sentences
could be syntactic sentence fragments as well as complete, well-formed syntactic
sentences. A paragraph was described as a group of sentences that belonged
together, and was possibly divided from the preceding or following paragraph by a
change of topic. However, I did not try to impose any strong idea of what a change
of topic might be.

For on-line production phenomena, the coder labeled false starts (F) and
corrections (C). A false start was described as an incomplete sentence which was
abandoned and not completed. A cormrection was described as a correction of a
previous word or phrase -- for example, repeating a word with the correct
pronunciation or using a new word or phrase after a false start. All of the
corrections marked were self-corrections. The coder remarked that false starts and
corrections did not really apply to the read speech data.

Generally the coder's labeling of the phenomena and mine agreed.
However, there are a few points where 1 disagreed with her labels. My labels
which disagree with hers use the same coding scheme, but the labels are circled. In
FP's spontaneous version of 'College’, shown in Fig. 1, I felt that there was a false
start and correction between the phrases Spanish I was uh <661> and necessarily
had uh <317>. In FP's spontaneous version of ‘Friend' shown in Fig. 3, 1
strongly disagree with her labeling of the part the stuff he krnows is kind of amazing
‘cause he does a lot of uh environmental impact stuff. She marked an end of
sentence after amazing and a rush through between amazing and ‘cause. I
disagree that there is a sentence break there. My judgment is that the break is after
‘cause, at the long pavse of 1137 ms, and that that marks the end of a false start and
the beginning of a correction 1o the false start with the ghrase he does a lot of uh.
Otherwise our judgments were basically in agreement. She marked every instance
of a repeated word as a correction, while 1 did not necessarily think of this kind of
stuttering as a correction. We perceived hesitations and major paragraph breaks in
the same places.
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Fig. 1. Discourse segmentation and coding. SpuakerFP Spontanecus: 'College’.

PT (possible turn), R (rush through),
H (hold the floor), 8 (search for word),

Coding key:

(end of paragraph),

orrection).

{end of sentence),
F (false start), and C (c
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Fig. 2. Discourse segmentation and coding. Speaker FP, Read: 'College’.

Figures 1 and 2 show the spontanecus and read versions of the 'College’
part of FP's conversation. Immediately obvious is that the divisions into
paragraphs that the coder assigned are not the same for the two versions. The
spontaneous version was divided into four paragraphs while the read version is
divided into five paragraphs. The end of the first paragraph in the spontaneous
version was also perceived as the end of a paragraph in the read version. Then
there is a major departure in the paragraph divisions in the two versions. In the
spontaneous version the conversation flowed without clearly perceptible breaks
from one detail to the next in the second paragraph, from registering for
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Fig. 3. Discourse segmentation and Fig. 4. Discourse segmentation and
coding. Speaker FP, Spontaneous: coding. Speaker FP, Read: Friend',
'Friend'.

introductory linguistics, to the teacher who taught it, to the teacher's research, to his
reaction to the course. Only when he said that he graduated from college in three
years did the coder say that a new paragraph had begun. In the read version of this
same section, the section was divided into three different paragraphs. Essentially
the points that flowed from one to the next in the spontaneous version were given
stronger emphasis in the read version and were judged to be independent
paragraphs. Both versions had a paragraph beginning at I graduared from college
in three years. Another part of FP's conversation, 'Friend', is shown in Figs. 3
and 4 in both the spontanecus and read versions. Again, as in Figs, 1 and 2, the
transcription codes show that the two versions had different divisions into
paragraphs. In the spontaneous version there were judged to be two paragraphs,
but in the read version there was only judged to be one.
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Fig. 5. Discourse segmentation and
coding. Speaker DW, Spontaneous:

‘Fernblaster'.
Fig. 6. Discourse segmentation and

coding. Speaker DW, Read:
‘Fernblaster’,
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The spontaneous and read versions of Speaker DW's 'Fernblaster' section
shown in Figs. 5 and 6 had similar divisions into paragraphs. The first half was
judged to be three paragraphs in the spontaneous version, but only one paragraph in
the read version. The first two paragraph divisions in the spontaneous version
align with pauses greater than 1.6 seconds. It is as if DW was taking his time
making the transition from the previous part of story that he had been telling into a
new aspect of the story in the spontaneous version, but that it did not take the same
kind of time to make the transition in the read version. The next paragraph division
after the maiching halfway point was in essentially the same position, either before
or after and so you know that rype of thing, and the final paragraph division was in
the same location.

4. Acoustic measures of pause and speech rate

To see whether there were any easily quantifiable correlates of these
"paragraphs”, "possible tums”, and so on, measures were made of pause durations
and vowel durations (the later as a metric of speech rate). Relatively broad
phonetic transcriptions of the data were made using both auditory perception and
spectrographic analysis of the speech. The spectrograms were made on a DSP
Sona-Graph 5500-1, Kay Elemetrics Corporation instrument. Silent pauses and
breaths were identified and their durations were measured in milliseconds, based on
the spectrograms and waveforms of the speech. The pause durations are reported
in the transcriptions as millisecond values shown between angle brackets (< =).
Breaths are not distinguished from silent intervals, but rather are included in the
pause durations given in the transcriptions. Silent intervals due to segments, such
as stop closures, were not counted as pauses. [ segmented the vowels guided by
spectral changes between consonants and vowels. Vowel durations always
included exclusively the voiced portion of a vowel, where there was an obvious
voice bar. After stop consonants, the first periodic glottal pulse with both a voice
bar and energy in the first formant was taken as the beginning of a vowel. Vowels
were segmented from nasal and lateral contexts at the point of spectral change and
damping of the first and higher formants. Voiceless vowel durations were not
always possible 10 segment and separate from the surrounding consonants, so they
were classified as voiceless and not given any duration in milliseconds.

4.1 Pause measures

Previous investigators have found that read versions of spontaneous texts
exhibit fewer pauses than the original versions (Girding, 1967; Howell and Kadi-
Hanifi, 1991). This was also the case for these data, as shown in Table 1. Read
speech has also been found to have shorter pauses than spontaneous speech
(Garding, 1967; Butterworth, 1975), and this finding also holds for these data, also
shown in Table 1. Both speakers had similar parterns of pause length distributions,
with a higher mean and larger standard deviation of pause length in the spontaneous
than in the read. Pause durations were significantly different between spontaneous

Table 1
Pause characteristics of the spontaneous and read productions by Speakers FP and
DW.

FP Dw
Spon  Read Spon  Read
total number of panses T2 46 i6 3
mean duration {ms) 439 32 561 9
standard deviation (ms) 358 192 418 112
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and read speech for both speakers (FP: t=2.13, p<.05; DW: t=2.71, p<.01), but
the distributions of pauses within the same mode of speech was not significantly
different between the speakers (spontaneous: 1,=-1.34,_p::-.1; mutli‘f‘lﬂ ‘Ii:“ ll}.
than in the read speech, for both speakers. On this measure of pause length then
these materials are typical of what has been found in spontaneous and read speech
in the past, even though this read speech is not prototypical read speech.

Previous investigations have found pauses at the ends of sentences and
longer pauses at the ends of paragraphs in read speech (Lehiste, 1979; Brown,
1983; Silverman, 1987; Grosz and Hirschberg, 1992; Passenout and Litman,
1993). Table 2 reports the pause length distributions relative to the discourse
coding categories for the current data. The values in the columns of the table
represent how many of the data points fall within the range of values. The first two
columns are the values of panses longer than the mean, either greater than one
standard deviation above the mean (the first column) or between the mean and one
standard deviation above the mean (the second column). The next two columns
represent the pause durations less than the mean, either between the mean and one
standard deviation below the mean (the third column) or less than one standard
deviation below the mean (the fourth column). The fifth column represents those
occurrences of each coding category with no following pause, and the final column
represents the ones which have wm, uh, or similar filled pauses, which is used
mainly as an explanation for the code holding the floor, which is discussed shortly.
WValues in the "um” column include tokens from the first five columns, since they
either did or did not have following pauses. There were not very many paragraphs
in the data, but it did not seem necessary for there to be a long following pause
{(greater than the mean) in order for the coder to mark an end of paragraph. For
Speaker FP's read version there seemed to be longer pauses at the ends of
paragraphs however. Otherwise there was no compelling evidence for this claim in
these data. More sentences ended with pauses than without following pauses, but
again, sentences could end without a following pause.

Possible turn locations as marked by the coder correlated very closely with
the presence of a following pause but had no clear comespondence with the length
of the following pause. There are more pauses than turn labels, but most of her
possible turn locations had a following pause. More of the possible wrn locations
corresponded with a following pause of longer than the mean, but she also marked
possible turn locations when there was no pause at all. 1 marked many fewer
possible wrn locations than the coder did. Where [ marked possible turns, the
pauses were generally higher than the mean. Note, however, that as a participant in
the conversation I took actual tums in the DW spontaneous conversation at places
that I at later listening didn't think were appropriate as possible turn locations. That
means that I took interruptive turns, and actively took the floor rather than waiting
until it was given to me. Those locations had shorter than the mean pause duration,
or no pause at all. I marked no possible turns at all for the read versions, because it
didn't seem to me as a listener that there were possible mums in the read version.

Rush through was marked primarily on locations where there was an
extremely short pause or no pause at all at the end of a sentence. This would
correspond to what Schegloff (1982) called failing to pause for breath and
continuing on into the next unit. Holding the floor had no clear relationship to
following pause length. Sometimes there were long following pauses and
sometimes no following pause at all. However, pause fillers and hesitation words
like wm and wh were closely linked with the label of holding the floor. There were
more instances of rush through and holding the floor marked in the spontaneous
speech than in the read speech, as we would expect if we view these as indications
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of interaction with the other conversational participant and of the speaker having to
think on-line of what to say.

Table 2
Numbers of each type of discourse coding for each following pause category, by
speaker and mode of speech.

very long  shont  wery no wm
long short  pause
(=1sd) (>m) (=m) (<-1sd)

a) FP spontaneous

Lopie Structure
sentence enid
paragraph end

tum structure
possible wrn {coder)
possible tum (author)
rush through
holding the floor

b) FP read

topic structure
sentence end
paragraph end

lurm Sbructure

possible wrn (coder)
possible tumn (author)
ruzh through
holding the floor
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c) DW spontaneous

topic structure
sentence end
paragraph end

Lurn gtructure
possible wm (coder)
possible wrn (author)
rush through
holding the floor

d) DW read

Iopic structure
sentence end
paragraph end

turn struciure

possible turm {coder)
possible turn (author)
rush through
holding the Noor
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* [ did not mark these as possible wms listening afterwards, but I actually took turns (of the
interruptive sort) at these points,
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Table 3
Vowel phoneme duration means and standard deviations, by speaker and mode of

speech,

a) Speaker FP
vowel mean stardard number
phoneme duration (ms) deviation {ms) of wkens
Spon Read Spon Read Spon Fead
i 582 63.0 24.8 1.1 50 52
I 527 543 325 28.7 140 114
u 106.8 96.5 7 55.5 6 4
u 63.5 54.5 10,0 21 4 2
£ 75.1 78.2 41.5 43.0 31 39
= 75.5 56.1 827 %6 134 137
o 123.2 97.1 702 65.3 S 19
F: 117.3 97.4 69.8 425 41 30
a 84.2 #3.1 376 234 24 21
ei 39.0 £1.2 13 278 17 18
ai 115.7 88.2 383 e 0 0
au 157.5 967 58.7 23.0 4 3
b) Speaker DW
viowel mean sandand number
phoncme duration (ms) deviation (ms) of 1okens
Spon Read Spon Read Spon Read
i T34 65.3 3.9 291 25 27
H 703 51.2 447 213 61 54
u 66.0 698 24.6 259 3 5
u 51.7 47.5 17.5 16.3 3 2
£ 7.5 714 40.5 2913 3 26
a 94.1 66.4 64.4 44.5 82 &7
o 163.7 1359 608 479 15 12
i 114.0 04,7 43.5 359 26 19
a 90.0 106.3 34.1 385 10 B
ci 1114 8717 341 299 17 15
of 111.0 69.0 0.0 15.6 1 2
ai 106.4 101.8 377 56.1 20 18
au 134.8 4.5 a0.4 16.2 4 4

4.2 Speech rale measure

We might expect that the speech rate varies more in spontaneous speech
than in read speech, as a speaker rushes to hold the floor, slows down when
thinking of what to say, and the like. There have also been reports in the literature
about differences in speech rate at the beginning of a paragraph and the end of a
paragraph, although the reports disagree on the direction of the differences. The
way | chose to look at speech rate was the durations of vowels. The faster the
speech rate, the shorter the vowel duration. Looking at just the raw vowel duration
can give a partial answer to the question of whether speech rate varies more in
spontaneous speech, Table 3 shows the means of the measured vowel durations
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and their standard deviations. Voiceless vowels, which were given a duration of 0
ms by the segmentation criteria, were not included in the values shown here. For
both speakers, the majority of the vowels had larger means and larger standard
deviations in the spontaneous speech than the read speech. The higher standard
deviations around the vowel means in the spontaneous speech indicates that there is
more overall variation in rate in the spontanecus speech than the read speech.

However, the raw vowel duration alone can only tell us so much about
relative speech rate. Each vowel has an inherent duration (e.g. low vowels are
longer than high vowels), and with this sort of information remaining we cannot
really know if the vowel at any particular point in the discourse is long or short,
unless it is compared to the average for each vowel of its type. A method for
factoring out this kind of inherent phoneme duration is to convert the duration of
each vowel token to a z-score (i.e. the number of standard deviation units away
from the mean for that vowel phoneme -- for a full description of the method see
Campbell and Isard, 1991; Campbell, 1992). In this way we can see for each
particular token whether it is longer or shorter relative to the others of its class. For
these data, the standardized values of each vowel were calculated separately for
each speaker and each mode of speech. Segments with the mean duration for their
class have z-score values of 0, longer than average segments have positive z-score
values, and shorter than average segments have negative z-score values. The z-
score vowel durations were used as a measure of local rate of speech. So, for
example, if rush through was realized by a local increase in rate, the z-score values
of the vowels in those regions would be smaller than the surrounding contexi.
Similarly, if holding the floor was partly accomplished by extending the length of a
word while the speaker thought of what else to say, we would see larger z-score
values for the vowel(s) of such a word,

Table 4 shows the distribution of the z-score vowel durations for the final
vowel before each of the discourse codings for each speaker and mode of speech.
The long vowels (i.e. greater than the mean, with positive z-scores) are in the first
two columns, and the short vowels (i.e. less than the mean, with negative z-scores)
are in the next two columns. The last column is for voiceless vowels, whose
durations were () by the segmentation criteria used. In these data, sentence initial
vowels tended to be shorter than sentence final vowels, and paragraph initial
vowels tend to be shorter than paragraph final vowels. This does not agree with the
observations that words at the beginning of topic units are spoken more slowly than
words at the end of topic units (Butterworth, 1975; Lehiste, 1980). It agrees better
with the finding that topic segment beginnings were faster as compared 10 segment
endings (Grosz and Hirschberg, 1992).

The final vowel before possible turns primarily had longer than the mean
duration for vowels. So, it seems that a relatively long vowel and a following
pause were good cues for the coder to decide that there was a possible turn location,
Rush through seemed to have a distribution on the shorter end of the scale than
possible turns. Most of the vowels before a rush through were less than one
standard deviation unit above the mean (z-score greater than 1), but there were
some with longer durations. So, a rush through seemed to correspond to a
relatively short vowel and a short following pause. Holding the floor corresponded
to long vowels; most were greater than the mean and only one token was shorter
than one standard deviation unit below the mean. This seems to be a more reliable
correlate of holding the floor than following pause duration, which could be very
long or no pause at all.



Table 4
Numbers of each type of discourse coding for each following standardized vowel

length category, by speaker and mode of speech.

very long shomt  wery wvoiceless
long short  vowel
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paragraph stan

paragraph end
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possible mm (coder)
possible tum (author)
rush through
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c) DW spontaneous
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paragraph stan
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turm Struciure
possible wm {coder)
possible tum (author)
rush through
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d) DW read
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sentence end
paragraph starl
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holding the floor
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A specific example showing the z-scores for each vowel in a matched
spontaneous and read section is given in Fig. 7.  The example is from Speaker FP's
section 'Friend'. A partial intonational transcription of this excerpt is given in (2),
where (2a) is the spontaneous and (2b) is the read version. Accented syllables are
underlined, and phrases and pauses are marked in the text as previously. A
complete discourse coding of the example can be found in Figs. 3 and 4. The
vowel z-scores are plotted against the vowel phonemes occurring in the excerpt.
The z-score values of the vowels of the spontaneous version are shown by open
circles and the z-score values of the read version by filled circles. These values
represent the vowel durations of the words lined up below the graph. The
spontaneous and read versions are aligned with each other word-by-word and
vowel-by-vowel. The x-axis tick mark labels are the spontaneous version vowels.
The symbol ¢ means that the vowel was voiceless or deleted (e.g. in ke and and),
and a dash shows that there was no corresponding word in the other version (e.g.
there was no ar in the spontaneous version). When a vowel was voiceless or
deleted in one version relative to the other, that vowel was given a z-score of -2 1o
graphically show a 'very short' vowel. When a word was missing relatve to the
other version because of editing or reading differences, the missing vowels were
given z-scores of () to graphically show no variation in vowel duration. These two
kinds of z-score assignments were purely for display purposes and played no role
in the calculations.

(2) a. he's a physis- <112> } physicist <e98> ||
and works at NASA <3B9> ||
mm—hamen
or 'e used to work for MASA ||
he now works for uh <963> |
ub <%8> || Eederal Epergy Regulat- <85>}
no <1597> || uh Department of Epergy <197> ||

b. he's a physicist ||
and works at HNASA ||
eor 'e used to work at } for HASH ||
he pow works for the Department of Energy <300 ||

Fig. 7 gives the flavor of the rate variation given by this measure of
relative vowel duration. The most striking differences between the two versions is
where long durations, i.e. relatively slow speaking rates, were used. Very long
duration vowels occurred phrase finally, for holding the floor, and for searching for
a word. In the read version, the very long duration vowels were phrase final
vowels, especially the two tokens of NASA. These are clear instances of phrase
final lengthening. The phrase he's a physicist also shows final lengthening,
although not as strikingly. The spontaneous version does not show the same clear
tendency for final lengthening as the read version does. In the spontaneous
version, the very long vowels were other than phrase final vowels. The final vowel
in the aborted word physic- was very long, presumably because the speaker was
trying to decide if that was what he actually wanted to say. The other two very long
duration vowels in the spontaneous version (well over 2) were on the first two
occurrences of the pause filler uh. The coder and I both marked these as holding
the floor and searching for a word. This is a clear example of breaking in the
middle of the next unit, both a syntactic and semantic unit, as Schegloff (1982)
describes, and it shows lengthening associated with searching for upcoming words.
Motice, however, that the next occurrence of holding the floor and searching, on no
wh, that neither word had a z-score over 1, so very long durations are not necessary
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Fig. 7. Vowel duration z-scores for an excerpt from Speaker FP: 'Friend’, both spontaneous and read versions. The y-
axis shows the z-score value of each vowel, and the x-axis shows the vowel phonemes aligned above the
appropriate text for the spontaneous (8) and read (R) versions. Underlined syllables are accented. Discourse
codes are as in Figs. 110 6.
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for holding the floor and searching to be perceived. In this specific case there was a
long silence, 1597 ms, between no and wh after an incorrect mention, Federal
Energy Regular-, and the expectation is that he will think of the correct place and
continue speaking once he has thought of it. This would be adequate in itself for
the perception of holding the floor and searching for a word.

Short vowel durations correspond in some cases to the perception of rush
through. In the spontaneous version the speaker uttered the phrase or ‘e used 1o
work for NASA with just a single accent on used and spoke the rest of the words
relatively faster than his average rate. There was no pause for breath at the end of
the phrase and the vowels were voiceless or right at or below average duration.
The vowel for ‘e was a voiceless vowel (hence given a -2 z-score for display
purposes), and the beginning of this phrase was perceived as rushed. There was
also a rush through marked at the end of this phrase ending with NASA, and no
possible turn was judged possible there.

a) Spontanecus

4 T T 1 T T T T T T T T T T T ] i I
3L
2Fc H
[ B e
0=
= | s
St 1
= b A TR
physicistlland worksat NASAllor ‘e dediowork for NASA |
<H98> <389=> <=
b) Read
4
3
2z
1
0
-1
'ztllaaa:a:oaiu ?

ds
E
!
;i
g
=
8
o 0
g
st
-
E e
iz e
z

<= <=

Fig. B. Vowel duration z-scores for an excerpt from Speaker FP: 'Friend', for (a)
spontaneous and (b) read versions. The y-axis shows the z-score value of
each vowel, and the x-axis shows the vowel phonemes aligned above the
appropriate text. Discourse codes are as in Figs. 1 to 6. Underlined
vowels and syllables are accented.
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In many of cases discussed above there was a correspondence between
short segmental durations and the perception of rushing, and a correspondence

n long segmental durations and holding Lhclﬂmt or searching for a word.
the vowel had a z-score of less than 1, and in the read version a rush through was
marked at the end of the phrase and works ar NASA where the vowel had a z-score
of more than 2. Understanding things like rush through and the like from rate
information are complicated by noise in the data from accents and phrase
boundaries. A vowel can be long because it is an accented syllable, because it is a
phrase final syllable, or because the speaker is trying to hold the floor. However, a
vowel can be accented and still not be very long. Fig. 8 shows a further expansion
of part of this same example. As in Fig. 7, the vowel z-scores are plotted against
the vowel phonemes. In (a) the vowels durations plotted and labeled are the
spontaneous vowels, and in (b) the vowels plotted and labeled are the read vowels.
The underlined vowels were the vowels which were accented, and we can see that
in both the spontaneous and read versions there are accented vowels which have z-
scores of less than the average of 0. Pause durations are also given.

In the read version the word final vowel of NASA is long in both cases
showing phrase final lengthening. The [a] of the first NASA is shorter than the
second one where the coder marked the end of a sentence and the end of a potential
turn, indicating that it had less final lengthening. This potential wrm had no
following pause, so it must have been parily the extreme final lengthening that
contributed to the perception of a potential turn. MNotice, however, that the first
NASA in the read version is marked as a rush through, even though the vowel
durations are very long, with the long [#] from the accent and the long [a] from the
phrase final lengthening. The perception of rush through at that point is probably
due to the lack of pause between the phrases. In the spontaneous version, the
accented vowel [x2] of MASA is longer than the word final vowel. In the
spontaneous version the phrase final lengthening is not the primary contribution to
length on NASA. On the word physicist by contrast it is the phrase final vowel
which is longest rather than the accented vowel. Listeners and speakers probably
have a complex template to compare to for different positions in a sentence,
different accent locations, etc. and can tell when something is rushed relative to
what it would have been otherwise.

5. Intonational Analysis

5.1 Symbolic transcription framework

One reason for doing an intonational analysis of the materials in this study
was to see if a symbolic intonational analysis could express some of the difference
in interactivity between natural spontancous specch and rehearsed read speech. A
second reason was to determine the phrasing necessary for a pitch range analysis.
The symbolic transcription framework uvsed in this study is based on
Pierrehumbert's system for transcribing English (see Pierrehumbert, 1980 for some
categories of the system, modified in her later work with Liberman (e.g. Liberman
and Pierrehumbert, 1984) and with Beckman (e.g. Beckman and Pierrehumbert,
1986)) and the ToBI standard (Tones and Break Indices) for prosodically labeling
data in American English, Australian English, and certain varieties of British
English (Silverman et al., 1992). The major components of the intonational
transcription system are pitch accents, phrase accents, and boundary tones. The
intonational components are listed in Table 5. Only high tones (H) and low tones
(L) are assumed in the phonology. Pitch accents are tones associated to certain
stressed syllables. The association shows up in the time alignment of FO to
segments. There are single-tone pitch accents and bitonal accents which have two
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Table 5
Tonal components of ToBI intonational transcription system.

Pitch accents: H*,L*, |H*, L+H* (and L+!H*)

(L*+H, H+IH* not artested in these data)
Phrase accents: L-. H-
Boundary tones: L%, H%

Intonation phrase final sequences: L-L%, L-H%, H-L%, H-H%

tones, with a tone leading or trailing the explicitly associated tone, the one marked
with an asterisk. Words can be grouped into phrases at two levels in this system,
intermediate phrases and intonational phrases. Intermediate phrases are marked by
phrase accents (L- and H-), and intonational phrases by boundary tones (L% and
H%). Intonational phrases can have one or more intermediate phrases. With two
kinds of phrase accents and two kinds of boundary tones, there are four possible
intonational phrase final sequences (L-L%, L-H%, H-L%, and H-H%). The
intonatonal phrasing is additionally marked in the orthographic transeription of the
examples to help the reader see the alignment of tones when they are of interest and
to show the phrasing when the specific tones are not of interest. Intermediate
phrases are marked by single vertical bars ([), intonational phrases are marked by
double vertical bars (Il), and intonation contours which are cut off by hesitations or
restarts are marked by curly brackets (}). The symbols for the intermediate and
intonational phrase boundaries conform to the IPA guidelines for marking major
and minor phrases (International Phonetics Association, 1989).

The examples in Fig. 9 illustrate some of the components of the intonational
transcription system. They are examples from Speaker FP 'Friend', the
spontaneous (a) and read versions (b) of the sentence A friend of mine works for
NASA. The intonational transcription can also be found in example (3), with
spontaneous (a) and read (b). The figure shows from top to bottom for each
version the speech waveform, tonal transcription, word boundaries, and
fundamental frequency contour. The time scale is the same for both versions, and
shows that the spontaneous utterance is longer than the read version. The ends of
words are marked by the labeled lines. The transcriptions are tightly linked to the
fundamental frequency contour as well as to the auditory percept. H* signifies a
high target F0 on the accented syllable. The accent L+H* is characterized by a rise
from a low to a high frequency. This rise for L+H# is seen most clearly in Fig. 9
on the word friend in the spontaneous version. Downstepped accents are
transcribed explicitly with the downstep diacritic " (YH* and L+'H* in these data).
We see downstepping in the read version of Fig. 9. The sequence of !H* accents
means that each high tone is realized on a lower pitch than it would have been were
it not downstepped. There is no specific pitch movement obvious for the accented
words in this example, but there is a clear percept of accent on the words mine,
waorks, and NASA.

(3) a. a friend of mine wm || works for MASA ||
L+H* L-L% H~ L+H* L-L%

b. a friend of mine works for MASA ||
H* TH* 'H* L-1L%
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a) Spontaneous version: A friend of mine um works for NASA.

LeE} L% 5 LB} L1
Shina | mlad] sd wocka| o Asa |
fi;ih
: e =] | n— et ol I s

b) Read version: A friend of mine works for NASA.

e

o fiend | of mind wola forf mash

T
)
- -

Fig. 9. Spontaneous and read versions of Speaker FP's sentence
‘A friend of mine works for NASA." Fundamental frequency in Hz.

Four types of differences between utterances can be described given this
system of transcription: presence versus absence of pitch accent, type of pitch
accent, phrasing, and pitch range of phrases. The examples in Fig. 9 (and example
(3)) illustrate all but the first of these differences. The words friend and NASA
show differences in the choice of accent type between the two versions, L+H* in
the spontaneous and H* or !H* in the read. There is a difference in phrasing, two
intonational phrases in the spontaneous version (both ending with L-L%) in
contrast 1o a single intonational phrase in the read version (also ending with L-L%).
The two phrases in the spontaneous version gives two domains for pitch range, in
contrast to the read version where there is just one. In addition, the spontaneous
version was realized in a much wider pitch range in the first domain -- a peak at 337
Hz versus 200 Hz in the read version. Example (4) shows differences in presence
versus absence of pitch accent, as well as phrasing and pitch range of phrases.
They are again utterances from Speaker FP Friend', spontaneous (a) and read (b).
The spontaneous version had only a single accent, on used, while the read version
had accents on several more words. The read version has a second phrase, after the
interrupted phrase correcting at with for., The pitch range of the spontaneous
version, realized by the peak on used, was much higher than the read version -- 196
Hz as opposed to 159 Hz.

(4) a. or 'e used to work for MASA ||
L4H* L-L%

b, or 'e used to work at } for MASA ||
L+H* IH* 1H* H* 1H* L=-L%



5.2  Accents
The first part of Table 6 shows the distribution of accent types in the
different texts, by speaker and mode of speech. The left-hand half shows the total
occurrences of each accent type, and the right-hand half shows the distribution of
each accent type as a percentage of the total number of accents. The proportion of
words which are accented -- that is, words which have any kind of pitch accent on
them -- is similar for the spontaneous and read versions of each speaker, with a
slightly smaller percentage of the words accented in the read versions. H* was by
far the most common accent type overall. There was a higher percentage of
downstepped accents ('H* and L+!H*) in the read speech as compared to the
gnmmus specch. There are other differences in the distributions, but these were
most obvious generalizations. The fact that there was a greater percentage of
downstepping accents in the read version may be a cue to narrative as opposed to
interactive style of communication. Bolinger (1978, p. 490) describes the
downstepping intonation as "the only intonation that can be used in starting a story
[of the type]: Once there was a bear. His name was Smokey." He characterizes

Table 6
Accents.

a) Overall distribution of accents and accent types, by number of tokens and
percentage of the total number of accents.

number of wokens percentage
FP Dw FpP DWW

Spon  Read Spon Read Spon Read Spon  Read
total accented 31 203 139 120 344 518 S5 517
total wards 425 ¥ B5 M8
H* 124 0 88 6l 537 443 638 508
IH* 65 65 19 19 281 3200 138 158
L+H* 32 kL ) 30 3.9 167 210 250
L+IH* 5 12 2 10 22 5.9 1.4 83
L* 5 2z 1 o 22 100 0.7 0.0

b) Word by word comparison of accent distributions between the spontaneous and
read versions (collapsed over downstepped variation), by number of tokens and

percentage.

number of okens percentage

EFP DW FP W

Words accented in both versions 152 100 543 645

a. same accenls 109 68 389 439

b. different accents 43 32 15.4 20.6

Words accented in one version 128 55 457 3155

4. spon unaccented 50 19 179 123

b. read unnecenied 78 36 218 232
Word accent pairs 280 155
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this kind of intonational contour as being used in "self-confident” ... "narlrativc_s.
where a single speaker holds the floor and imposes himself on the audience”.
Beckman (personal communication) thinks of the downstepping contour in terms of

saying something like "This is a story. Each piece flows in a clear rhetorical
succession from the last. The story structure of this discourse should give you the
connections that I'm evoking by this contour ..." This difference in distribution of
accent types in spontaneous and read speech could be interpreted as an essential and
important difference between spontaneous and read styles of speech.

However, a numerical tally of the accent types does not reveal the whole
picture of the differences in accent type distribution. The distribution of accents on
individual words is also important since accent type and accent placement are
pragmatic choices for highlighting or downplaying words. The second part of
Table & shows the comparisons between spontaneous and read word pairs where at
least one of the versions had a pitch accent. For Speaker FP, 54% of the words
that were accented were accented in both the spontaneous and read versions, and
for Speaker D'W, the percentage was 65%. However, that leaves 46% and 36% of
word pairs, for Speakers FP and DW respectively, where the words were only
accented in one of the versions. Of those mismaiched accent pairs, more of them
were cases where the word was unaccented in the read version than unaccented in
the spontaneous version. This goes along with the observation that a slightly
smaller percentage of the words were accented in the read versions.

The choice of accent type and accent placement for particular words differed
more between the two versions than the pure quantity of accents of a certain type
used in a whole text. Since accent type and accent placement are pragmatic choices
for highlighting or downplaying words, the two wversions differ more by
pragmatically determined meanings than a simple count of proportion of accent
types used in a whole text can reveal. The differences in choice of accent placement
between the two versions reveal differences in attentional structure, what to pay
attention to over the unfolding of a discourse (Grosz and Sidner, 1986). Howell
and Kadi-Hanifi (1991) also made detailed comparisons of the location of what they
called "primary stress” (similar to accented words here, since they mention major
pitch obtrusion, loudness and length making the syllables prominent) between the
spontaneous and read versions in their data and found that many of the stresses
were in different positions. However, they attributed these differences to speech
rate differences and made no mention of pragmatic meanings. They said that faster
speech tends to have fewer stresses, and were not clear about what that might mean
for differences between spontaneous and read speech. I am not aware of any other
studies that make detailed comparisons between word-by-word accent locations.

5.3 Phrasing

The first half of Table 7 shows the number of intermediate phrases,
intonational phrases, and the mean number of words and accents for each level of
phrasing in the different texts, by speaker and mode of speech. The spontaneous
texts have more phrases with fewer words and accents than the read texts, The read
texts have fewer phrases with more words and more accents than the spontaneous
texts. The number of intermediate phrases per intonational phrase is nearly identical
for all of the texts. The longer phrases in the read speech may be a reflection of the
fact that the words are all there and just have to be read instead of being thought
through.

The second half of Table 7 shows the distribution of intonational phrase
final tone sequences in the different texts. The left-hand half shows the total
occurrences of each boundary tone sequence type, and the right-hand half shows
the distribution of each boundary tone sequence type as a percentage of the total
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number of intonational phrases. One difference in the distribution of phrase final
tone sequences of spontaneous and read speech is fairly easy to interpret. Table 7
shows that while L-L% and L-H% were used heavily in both spontaneous and read
speech, H-H% tended not to be used in read speech. While FP had 9 tokens of H-
H% in his spontaneous speech, he had only | token in his read version. DW had 1
token of H-H% in his spontaneous speech and none in his read version. The
contour transcribed as H-H% in this system, a phrase final high rising intonation, is
a quite common American contour for inviting listener comments and indicating that
the listener is to interpret what was said in terms of what follows (the situational
context or the following utterance), and is the standard intonation for a yes/no
question. Sacks and Schegloff (1979) calls it a "oy marker’; Clark and Schaefer
(1989) calls it a 'trial constituent’ when presenting a name or description that the
speaker is not sure is factually correct or entirely comprehensible, and
Pierrehumbert and Hirschberg (1990) calls it ‘forward looking' and ‘interpreting in
respect to what follows'. The occurrences of H-H% in the spontaneous versions
seem to be one reflection of the interaction between speaker and hearer when the
speaker is producing an utterance with the hearer in mind. Note that these H-H%
all occurred within the sections with one primary speaker which I was examining.
FP's single H-H% in the read speech was an explicit question, and yes/no
questions typically have that pattern in American English. The intonation of the
question was realized phonologically identically in the two versions. The example
is given in (3). (5a) is the spontaneous version, and (5b) is the read version. The

Tabhle 7
Boundary types.

a) Phrasing statistics.

FP W

Spon  Read Spon  Read
intermediate phrascs 121 T8 o9 54
mean words/phrase 35 5.0 34 39
miean accents/phrase 1.9 2.6 20 2.2
intonational phrases 73 54 48 7
mean wordsphrase 3.8 T3 4.9 5.6
mean accents/phras: 312 38 29 iz
mean intermediate 1.7 14 14 1.5
phrases per

intonational phrase

b} Owerall distribution of intonation boundary tone sequences, by number of
tokens and percentage.

number of tokens percentage
FP Dw FP Dw

Spon  Resd Spon Read Spon Read Spon Read
L-L% 36 26 L) 30 493 481 688 811
L-H% 27 26 11 7 3o 481 229 189
H-L% 1 1 0 14 19 6.3 0.0
H-H% 9 1 /| 0 123 1.9 2.1 0.0
Lostal 73 54 48 ir
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high rising tone sequence H* H-H% is underlined for ease of compari
lence arison. M
utterances are shown in italics with sentence puncruation. ¥ y

{5} a. what I did while I was actually there is I was ||

an interdisciplinary studles MJQL OB ||
Hq- Hﬂ H* H—Hi

you have any idea what that is <100> ||
Yeah, I've heard.

b. but <152> | what I did while I <209> |
actually was there <152> ||
is I was an interdisciplinary studies major ||

L+H* iy 'H* L-H%
you have any idea what that is ||
H* H* H* H-H%

Yeah, I've heard.

Example (5) also shows another occurrence of H-H% in the spontaneous
version, in the phrase before the explicit question. This H-H% is a reflection of the
interaction between speaker and hearer. It is asking a question already, prefiguring
the explicit question to come. However, in the read version, the first par is
presented as a statement and only the explicit question has final rising intonation.
A similar thing happens in example (6), one of DW's spontaneous utterances. The
final high rise on teaching is as if to say, 'do you follow what I'm saying?', 'do
you understand how inventing characters can help with teaching?’. Speaker FP
also used the H-H% in example (7) as an indication that he wondered whether he
remembered correctly that his friend is a physicist. Examples (8) and (9) seem to
be instances of FP using H-H% to invite me to comment on what he has said or
make some sort of response. Both the coder and I marked possible ums afier the
H-H% in examples (8) and (9). All of these examples seem to be implicit questions

(&) I | kind of invent || characters ||
to help me <697> || with my teaching |1
H* 1TH* H=
{7 he's a physis- <112> } physicist <698> ||
H* H L- H* H-H%
and works at MASA <33%> ||
H* H* L-L%
Mm=tymm .,
or 'e ysed to work for MASA ||
L+H* L-L%

(8) which is | I suppose | interesting work <1250 ||
H* L- L* L- H* H* H-H%
mm but I <64> } had | I mean ||
the stuff he knows <583> ||
is kind of amazing 'cause <1137> ||

{9) he knows uh | geography | and climate of |
just about ewvery region | of the United States <391> ||
Ht Hi H_HE
Well that's convenient if ever he wants to move
somewhere nice when he retires or gets sick of
nuclear enerqgy.
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such as 'do you understand what I'm saying?', 'did [ say that right?', etc.

All of these examples were realized as L-L.% or L-H% in the read
productions, except for the explicit question of example (3). These reflections of
the dialogue structure of the original conversation were eliminated in the read
version when H-H% was replaced by L-L% or L-H%, making the read version
more like coordinated monologues rather than a true dialogue. There was no
grounding or checking to see that the listener understood by the use of the H-H%
high rising contour, Thus there was interaction with the listener in the spontaneous
versions which was missing in the read versions. The symbolic intonation
transcription captured this reflection of the difference in interactivity of the
spontaneous and read texts.

6. Pitch Range

6.1 Peak fundamental frequency as an acoustic measure of pitch
range

. Sections 6 and 7 specifically address the role of pitch range in structuring
discourse. This section describes the measure of piich range used, and Section 7
discusses how this measure relates to the previously determined discourse
structures for the spontaneous and read texts. Evidence from downsiep,
prominence relations, and asides show that the intermediate phrase is an appropriate
domain for local pitch range (Liberman and Pierrehumbert, 1984; Beckman and
Pierrehumbert, 1986; Grosz and Hirschberg, 1992; Silverman et al, 1992),
Therefore, based on the intonational analysis of each text, I took the peak FO of
each intermediate phrase as an acoustic measure of local pitch range. The peak was
taken to lie on an accented word and not on a phrase tone (H- phrase accent or H%
boundary tone) if that happened to be the highest point in the pitch contour. Phrase
tones were excluded as a measure of the pitch range because the phonological
upstep of boundary tones after a H- would artifactually inflate the pitch range
estimate by the amount of the upstep. The peaks on friend and NASA in Fig. 9,
sponianeous version, are examples of such peaks. To minimize the effects of
segmental perturbation and to provide a consistent measurement criteria, [ measured
the frequency at the point in time when the vowel of the accented syllable is at its
maximum intensity (Grosz and Hirschberg, 1992; Hirschberg and Grosz, 1992).
This measure treats local pitch as a continuous variable, allowing any value of FO
and not just a discrete number of pitch levels.

Fig. 10 plots the FO peaks of all intermediate phrases for each speaker, in a
frequency histogram. The spontaneous tokens are in dark gray. The mean FO peak
i5 significantly higher for Speaker FP in the read version (spontaneous mean: 131.6
Hz, read mean: 144.3 Hz; t=-2.97, p<.01), but there is no significant difference in
the distribution of peak F( for Speaker DW (spontaneous mean: 120.8 Hz, read
mean: 115.7 Hz; t1=1.01, p>.1). The pure distribution of peak frequency alone then
cannot be a reliable characteristic of the difference between spontaneous and read
speech because there was no consistent difference in the means. For Speaker FP
the read version had a significantly higher mean, although there was an extensive
overlap in distribution, and for Speaker DW the spontaneous version had a higher,
but not significantly different, mean. This is in keeping with earlier results for
average frequency and frequency variation (or range) (Remez et al., 1985; Remez et
al.,, 1986; Blaauw, 1991; Blaauw, 1992). This measure looks at FO in a global
way and neglects the potential organizational principles of pitch range changes over
time. Only by looking at the FO peaks over time can we hope to see how pitch
range may be used to signal discourse organization, and perhaps discover
differences between uses of piich range changes in spontancous and read speech.
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Fig. 10. Histograms of peak F0 of each intermediate phrase for Speakers FP
and DW, spontaneous and read versions.

6.2 Local prominence

One thing increasing pitch range is used for is to increase the salience of a
phrase or word in a phrase (Pierrchumbert, 1980). In these data of two male
speakers, it seemed that accents which have peak FO values of 150 Hz or more
were especially salient. The value 150 Hz was one that I chose based on my
impressions; subjectively those words seemed especially salient because of the high
pitch. I considered these accents to be realized in an 'expanded’ pitch range. No
systematic percepiual testing was done in this study, but Ladd (1993 in press) in
some preliminary experiments finds a difference in perception of high tones
beginning at approximately 150 Hz as well for male speakers. Even though I have
been viewing FO peaks as lying on a continuous scale, it is possible that there are
categorical aspects to the distribution as well, such as Ladd's overhigh tone, or uses
of 'expanded’ pitch range.

Fig. 11 shows an abstract representation of the expanded pitch range in a
shon discourse segment taken from the FP conversation. The boldface underlined
words are the peak accents (i.e. the accents realized with the highest FO in an
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Fig. 11. Expanded range for matched spontaneous and read excerpts of Speaker
FP's conversation 'Friend'. Boldface underlined words were realized

with F) peaks of 150 Hz or greater.

intermediate phrase) with FO of more than 150 Hz. These high pitches draw
attention to the words or phrases, perhaps as a conerete reflection of something
corresponding to Grosz and Sidner's attentional structure (Grosz and Sidner,
1986). The words in expanded pitch range (that 15, the boldface underlined ones)
were not the same ones in the two versions. If we consider pitch range as one
reflection of focus in the local attentional space, the two versions had a different
pragmatic or attentional structure, since the spontaneous version focused on place
and the read version on time. Thus, even though the sentences in the two versions
maiched lexically and syntactically, the points that were made salient over the
unfolding of the discourse differed. That 15 true even if it is not words alone but
phrases which are made prominent. However, pitch range is implicated in more
than just local prominence. It also participates in topic organization and turn
structure. [ examine these influences in the texts with the help of the hierarchical
pitch tree explained in the next section.

6.3 The hierarchical pitch tree

The observations of pitch range and discourse hierarchy and wrn taking
cues discussed in the introduction suggest that a decrease in pitch between phrases
shows some sort of topic subordination and hence groups phrases together,
whereas an increase in pitch signals a new unit of some sort, such as a new topic or
a new turn. To investigate these predictions and test them against my spontaneous
and read speech data, | constructed hierarchical pitch rees. These rees were based
on high pitch heads which dominate lower pirch phrases. These trees were
specifically designed to capture relationships between phrases in which
relationships of increasing pitch between phrases work to divide discourse into
different segments and relationships of decreasing pitch between phrases signal
coherence between the phrases, That is, if pitch range increases at new topic
boundaries and new turns, these boundaries should be captured by a division into
separate trees. On the other hand, if an increase in pitch range is used for other
purposes besides marking boundaries between discourse segments, we would not
expect these trees to capture those relationships clearly, For example, if certain
kinds of relationships berween phrases are made by increasing pitch from one
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phrase to the next instead of by decreasing pitch, the grouping predicted by the trees
based on decreasing relationships would be a mismaich with what should be
grouped together. The pitch trees impose a segmentation upon the discourses,
which I called the pitch tree segmentation.

i T

a gradient way which phrases are grouped together by decreasing pitch
relationships. No a priori categories of pitch ranges (e.g. low, mid, high) were
assumed. However, these could be assigned later if such a categorization seemed
appropriate (see Bruce and Touati, 1992, for work which uses such a
categorization). The phonetic structure can be interpreted later, much as a
fundamental frequency contour is a phonetic representation which can be interpreted
phonologically in terms of accents and phrases. If rising pitch relationships
between phrases are uncovered as well, then clearly a richer structure which
captures increasing as well as decreasing relationships is called for.

Hierarchical pitch trees were constructed from the peak pitch values of each
intermediate phrase in a text (peak measurement criteria as described in Section
6.1). The peak FO of each intermediate phrase was taken as an acoustic measure of
the pitch range for each phrase. This algorithm built hierarchical pitch trees based
on the principle that a high pitch dominated all subsequent lower pitches until the
next local increase. That is, phrases with subsequently decreasing pitch ranges
were grouped together, and phrases where pitch range increased were divided into
separate groups. The first higher pitch value in a sequence started a new group.
Three levels of groupings were constructed. The first level of trees, Level 1, was
based on the measured peak of each phrase. The next two levels, Level 2 and Level
3, were based upon the highest values of each tree in the immediately lower level.
The value of the highest daughter became the value used for building the next level
of the tree. So, the values for Level 2 were the highest values from the level-1
trees, and the values for Level 3 were the highest values from the level-2 trees. The
nested levels of wees captured the large increases in pitch appropriate for changes in
topic and the like.

Let us illustrate the step-by-step construction of a hierarchical pitch tree
using this algorithm with the example given in Fig. 12, an excerpt which was taken
from the read version of FP's conversation. At the left arc the intermediate phrases
of the text; the underlined words are the accented words which have the peak Fls.
The column labeled Peak FD shows the FO measured in Hz for the underlined
words. The trees at each level begin with a frequency value which is higher than

Phrase

a friend of mine works for NASA I
he’s a physicist I

and works at NASA Il

or ‘e used o work at |

for NASAI

he works for the
%ﬂmml of Energy <300l

Fig. 12. Building a hierarchical pitch tree. The underlined words are the accented
words on which the peak FO for each phrase was realized. The peak FO
value for the phrase is given in Hz in the column Peak FO. Trees were
constructed from these values according to the algorithm described in the
text. From Speaker FF, Read: Friend'.
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the following value. The first level-1 tree begins with the first node, which has a
value of 200 Hz. This node dominates the next two nodes, which are realized on
progressively lower frequencies. Note that the rees need not be binary branching,
A new tree on any level begins at a local increase in frequency values. For
example, the second level-1 tree begins with a node of 159 (the peak on used ),
which is greater than the previous node of 128. The 159 is greater than the next
node value of 1({), so the two nodes are together in a tree. Similarly, the third
level-1 tree begins with the node value of 183 (for now ) because 183 is greater
than the previous node of 100. This tree happens to be a tree with only one branch.
Levels 2 and 3 proceed similarly, with the value of the highest daughter becoming
the value for the next level. So, the first level-2 tree dominates the first two level-1
trees, which have values of 200 and 159 respectively. The second level-2 tree is
again the single branch dominating 183. At level 3 there is a single tree which
dominates the inherited values of 200 and 183,

7. Comparing discourse and pitch tree segmentations

The trees presented in Figs. 13-18 are schematic but represent the full
structure of the pitch segmentation trees for selected parts of Speaker FP's
conversation and Speaker DW's conversation presented in Figs. 1-6. Triangles
represent selected full trees at the three different levels, neglecting the internal
structure of the trees. The pitch values that head the trees are circled in the figures.
Heavy lines show the divisions into "paragraphs” that the coder marked. As in
Figs. 1-6 my utterances are shown in shaded boxes. The relationships marked by
arrows labeled "C' and ‘T' show rising pitch relationships for corrections marked by
the coder and what I am calling introductory phrases (see below). We will look at
the spontaneous and read versions of two different sections of Speaker FP's
conversation ('College' shown in Figs. 13 and 14, and 'Friend' shown in Figs. 15
and 16) and one section of Speaker DW's conversation ('Fernblaster' shown in
Figs. 17 and 18).

I will be looking at these data specifically to test my hypotheses that the
pitch range cues to topic structure in the read speech versions conform fairly well wo
what has been suggested, ie. that pitch range is expanded at the beginning of new
topics and decreased for related subtopics, but that pitch range conveys the
hierarchical discourse structure of the sponianeous speech versions less well. 1
expect to find that real-time production phenomena such as floor negotiations,
corrections, and false starts disrupt clear topic organization. These may complicate
the role pitch range plays as a cue to topic structure, because they themselves may
have manifestations in the pitch ranges used. That is, there should be differences
between the two versions in how well the pitch range reflects the discourse
structure because the read speech versions were reorganizations of the spontaneous
speech versions (since they came from the same texts), ones which were free of the
complexity of floor negotiations (since the turns were predefined) and false starts
(since those were removed in the preparation of the texts).

Recall from Section 3 that the discourse segmentations labeled by the coder
differed substantially between the spontaneous and read versions in 'College’ for
Speaker FP. We will see that the pitch tree segmentations also differed
substantially between the two versions, and in fact matched the discourse
segmentations quite well. However, for Speaker DW, neither the discourse
segmentations nor the pitch tree segmentation for the spontaneous and read versions
differed dramatically. The discourse segmentations suggest a substantial
reorganization of the topic structure from the spontaneous speech to read speech
version in FP's conversation, but a considerably lesser reorganization in DW's
conversation, and these differences between the two speakers seem to be reflected
in comparable relationships between the pitch trees of the paired versions of text.
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7.1 Speaker FP

7.1.1 'College'
Figures 13 and 14 show the spontaneous and read versions of the 'College

O

these two versions are different, and this is a reflection of the fact that different
things were emphasized in the two versions. In the spontaneous version many of
the subpoints flowed from one to the other (witnessed by the lack of paragraph
breaks), while in the read version some of the transitions between points were
abrupt enough for the coder to assign them to separate paragraphs. An examination
of the pitch trees associated with the read version shows that each of paragraphs 2,
3, and 4 have their own piich rees. They were all headed by pitch ranges with
walues of approximately 200 Hz. There were also relatively long pauses, from 434
ms to 802 ms, at these boundaries between the phs. Recall from Fig. 1 that
the mean pause duration in the read version was 322 ms, so these are well over the
mean. It seems reasonable to assume then that the combination of a regular pause
and a large increase of pitch are cues to a strong discourse boundary. This is
exactly what Hirschberg and Grosz (1992) found in their AP news reading.

We can also see in the read version the tendency for a fairly hierarchical
structure indicated by decreasing pitch range for supporting details of the
paragraphs. For example, in paragraph 2, lower level trees headed by local
increases seem to correspond nicely to the supporting details. He knew he wasn't
going to be a cartographer and registered for Spanish (200 Hz). Because he was
taking Spanish, the advisor suggested introductory linguistics (152 Hz) which was
a course like our 201 (127 Hz). Then there is another fact, that is, Dr. Thomas
Field taught the course (147 Hz). Paragraph 3 has a similarly nice structure with
decrease pitch ranges for the subpoints, with the exception that the third level-2 ree
peak (156 Hz) has a larger value than the second level-2 tree (133 Hz), but it is still
less than the level-3 head (198 Hz).

The most striking difference berween the topic structure of the two versions
is this part concerning Thomas Field. In the spontaneous version, the speaker
mentionad Thomas Field as the instructor of the course without making a strong
point of emphasizing who he is, whereas the read version specially highlighted
Thomas Field. In the spontaneous version, the pitch tree for the section mentioning
him as the instructor of the course had a peak of 127 Hz, and the first mention of
Thomas Field had a peak value of 125 Hz. He mentioned Thomas Field a second
time along with his title, also in a low pitch range (peak 111 Hz), and then that
Mary knows him because he went to Comell. He elaborated essentially as a
parenthetical that Thomas Field graduated from Cornell and not only went there.
The only accent on the phrase graduated from Cornell was on graduated, and this
was realized with a peak of 108 Hz. The whole phrase was uttered with low
intensity and at a relatively fast pace. All of the vowels which were not devoiced
or deleted had z-score durations between 0 and -1. All of these cues together make
the parenthetical type meaning of graduated from Cornell clear to the listener, and
the coder assigned no paragraph breaks separating the discussion of Thomas Field
from the previous material. However, the read version specially highlighted
Thomas Field, and the discourse segmentation and the pitch tree segmentation both
reflect this. The rise in the pitch range (from 139 Hz to 198 Hz) and the pause
between the first and second mention of Thomas Field in the read version signaled a
clear separation from the previous mention of him as the instructor of the course,
A separate paragraph was devoted to him, and one of the points made about him
was that he graduated from Comell. In this version of the phrase graduated from
Cornell the standardized vowel durations were all over (), and the final vowel of
Cornell had a z-score of 2, with the word accent on Cornell and phrase final
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lengthening contributing to the long length. A paraphrase of the meaning of this
part is something like the following. The man who Mary knows because she went
1o Cornell with him, graduated from Cornell. The listener can tell the difference in
meaning between the two versions quite easily due to the pitch range relationships,

I

These differences in emphasis are not solely due to a difference in
spontaneous versus read speech because differences in emphasis might equally be
true for different instances of spontaneous speech. However, the fact that in the
read version the paragraph boundaries marked by the coder corresponded regularly
with long pause durations and extreme pitch rises suggests that the reader produced
a clearer indication of the discourse structure in the read version as compared to the
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spontaneous version. I would claim that this is an instance of exactly the kind of
reorganization and simplification of discourse structure that I expected to find
between the spontaneous and read versions.

7.1.2 'Friend'

Figures 15 and 16 show the spontaneous and read versions of the Friend
part of FP's conversation. The first paragraph of the spontaneous version ends
with the sentence which was given as example (8) above, where the high rising
intonation was an indication that the speaker ::fected verbal feedback from me.
However, I didn't give it to him, and he continued speaking after an extremely long
pause of 1250 ms. He made a few false starts before he started speaking fluently
again. The trees in this section after the long pause were headed by increasing
pitches: 149, 159, 164. It seemed that FP started out at one pitch range and
increased the pitch with each subsequent atternpt at topic, a kind of topic reset. The
phrases grouped together by the first pitch tree afier the pause (headed by 149 Hz)
turned out 1o be a false start which ended with the phrase the st he knows is kind
of amazing ‘cause. This phrase had a peak of 128 Hz and a following 1137 ms
pause. The next phrase he does a lot of was a new attempt after that false start. It
had a peak of 159 Hz, which was higher than that of the immediately previous
phrase and was also higher than the peak of the whole group which included that
phrase. The tree headed by 164, the highest of all the peaks in this section, seems
to be his main point, that his friend knows a lot of things. MNotice that the tree at
level 3 headed by 164 spans a pause gap of 1196 ms after a complete unit,
suggesting another possible turn transition point. After the pause, FP raised pitch
locally (from 116 to 141 Hz) again as a mark of starting a new topic or a new turn,
but not as high or higher than 164 Hz, the peak of the section to which it was
topically related. French and Local (1986) note that pitch is raised for competitive
turn taking. These data suggest that pitch is also raised (or reser) after a point when
a turn could have taken place even when the other speaker did not compete for a
turn. Such a turn transition point is an appropriate place to either provide more
information as a subtopic or elaboration of the previous topic, and thus make a
smaller rise in pitch, or to suggest a new topic, and thus make a larger rise in pitch.

The topic structure of the last part of the read speech, corresponding to the
second paragraph in the spontaneous version, seemed to be something like this.
The main topic of discussion was the stuff the friend knows. He knows more than
physics; specifically he knows geography and climate. Geogre~hy and climate
were relatively more prominent than physics (realized with a peak of 169 Hz on
geography as opposed to 147 Hz on physics), but they were both examples of what
he knows. Instead of simply having hierarchical subtopics, this section had levels
of parallelism expressed in the pitch ranges. The two versions shared the topic
organization that geography and climate are examples of things that he knows.
However, in the read version they were given in explicit comparison with physics,
whereas in the spontaneous version they seem to have been details added partly
because I did not take the floor.

7.1.3 Introductory phrases

The correspondence between the auditory discourse segmentation and the
pitch tree segmentation are nearly identical in the read version of the section
‘College’. Furthermore, the predicied relationship of decreasing pitch range with
subtopic structure seemed to hold fairly well in the read versions. In the
spontaneous section "Friend' an interesting connection with possible turn transition
points and pitch trees were shown. However, while the pitch trees grouped
phrases together into paragraphs quite well, they did not always group phrases of
sentences together correctly. One specific type of situation where the pitch tree
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algorithm made wrong predictions about which phrases to group together were
sentences which did not stant out with a phrase realized in the highest pitch range
for the sentence. Introductory phrases such as and, and so, um, bit I mean, and
the like, were generally realized in lower pitch ranges than the more content-
containing part of the sentence. These were more common in the spontaneous
speech than the read speech, but they occurred in both versions. The tree building
algorithm as it was defined did not group such introductory phrases together with
the following phrase as it should have, but rather grouped them with a previous
phrase which had a higher pitch range. Examples of this sort are marked with
arrows labeled 'T' (for ‘introductory’) in Figures 13 to 16. This sort of relationship
between phrases seems to be related to the intonation of cue phrases. Cue phrases
introducing a phrase are often realized with a L* accent, and they are therefore
realized at a lower frequency than the phrase that they are in relationship to
(Hirschberg and Litman, 1987). These introductory phrases were realized with H*
accents and not L*, but the increasing pitch relation between an introductory phrase
and a following larger discourse unit was similar.

7.1.4 Corrections

The pitch tree segmentations did not correspond as well to the auditory
discourse segmentation in the spontaneous versions as they did in the read
versions. One thing that is apparent from the spontaneous speech versions is that
they were full of false starts, corrections to mispronunciations of words, and
irregularly disributed pauses of various lengths. In stark contrast to the read
versions, the spontaneous versions were riddled with such reflections of the
unprepared nature of the text. The speaker did not know ahead of time what he was
going to say, and had to create it on-line as he spoke. Sometimes the speaker made
mistakes and had to correct what he said to what he intended. Each of the armows
marked with 'C' (for 'correction') were places where FP aborted a false start and
started anew or repeated a word in a new phrase as a correction. Compare the
spontaneous versions (Figs. 13 and 15), which had many corrections between
phrases with the read versions (Figs. 14 and 16), which did not have such
corrections. Recall that the discourse codings discussed in Section 3 listed
corrections for the read version. These comrections were of a different nature,
however, with the corrections being corrections for the most part being within the
same phrase and simple repetitions of a word which was stumbled over in reading.
In the spontaneous speech, a correction was almost always uttered with a higher
pitch than the word or phrase corrected. That is, there was a local increase in pitch
between the phrases. There were a few examples of corrections between phrases
being uttered on a lower pitch, such as the wenr to Cornell, graduated from Cornell
example, but these were parenthetical additions of information and do not feel like
true corrections.

There were several examples of such increases in pitch range for false
starts. The spontaneous example described in Section 7.1.2. 'Friend' was such an
example. The increase from 122 to 164 Hz in the false start sequence but thar
<663> what I did while I was actually there is | was in the last paragraph of
‘College’ is another example of such an increasing relationship in false starts,. The
false start in the first paragraph of 'College’ ending with the phrases is not nearly as
much fun as <507> which was aborted and then corrected by a new approach
beginning with the phrase to me also had an increasing pitch relationship. The last
phrase of the false start had a peak of 116 Hz and the new start beginning had a
peak of 172 Hz. A false start reformulation fing- <378> being a linguist had an
increase from 127 to 145 Hz. The peak pitch for each phrase in the string of false
starts becauwse | was taking Spanish [ was uh <661> pecessarily had uh <317>
well the increased from 119 to 135 to 145,
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Corrections at the level of the word also exhibit this kind of increasing pitch
range relationship. The second mention, the correction, was realized on a higher
pitch than the first, incorrect, mention. The correction can be due to imnrmct nr
incomplete pronunciation the first time, such as [ntrody- {I.i‘ﬂ::-

LT N AT

154 Hz, and physic- <112> physicist <678> with an increase from 133 to 161 Hz
(from 'Friend"). Factual corrections alscr have this sort of pitch relationship, such
as the example Federal Energy Regulat- <95> po <1597> uh Department of Energy
<197> from Friend. There is an increase from 147 to 161 Hz from Federal
Energy to Department of Energy, with no at 127 in between. This increase of
pitch range seems to be a quite general tendency and a way to mark a new
beginning of a correction. These local increases for corrections however disturb the
trend for hierarchical topic organization to be marked by decreasing pitch range
relationships within a topic group and an inerease at the beginning of a new topic
group. We might view this kind of pitch increase for a correction as one cue that the
listener might take advantage of in recovering the final form of what was intended,
as Clark and Schaefer (1989) say listeners can.

7.2 Speaker DW

Figures 17 and 18 show the spontaneous and read versions of part of the
‘Fernblaster’ part of DW's conversation. Both the discourse segmentations and the
pitch tree segmentations were quite similar for the spontaneous and read speech
versions. One mismatch between the trees and the discourse segmentation was the
division between the second and third paragraphs. The division between the
second and the third paragraph did not align neatly with the pitch ees in either
version. However, for the spontaneous version there was a 436 ms pause at the
end of the second paragraph, and the next few phrases could be taken as
introductory phrases to a new point. For the read version there was a short pause
of 103 ms at that boundary and a local pitch increase from 110 to 143 Hz,

The rest of the pitch rees were quite similar in the two versions. In the first
paragraph the tree was headed by 159 Hz in the spontaneous and 156 Hz in the
read. In the second paragraph there were a few trees, which were headed by quite
high peaks on the phrases ir's a weird sounding name, Fernblaster, and and your
eighth grade English teacher in both versions. Essentially he was role playing and
quoting himself and his siudents, and he used the same sort of changes in piich
range to signal that in both versions. His background comments were uttered with
smaller ranges, with peaks of less than 115 Hz, such as the phrases and you hear
these lintle tireers in the back of the room. The fourth paragraph began with almost
exactly the same peak pitch in both versions (neglecting the introductory phrase in
the spontaneous version), 159 Hz for the spontaneous and 161 Hz for the read
version. So, not only did the pitch tree segmentations essentially match in the two
versions of this par of the conversation, the values of the peaks were also nearly
identical, signaling parallel emphasis in the two versions. In both the spontaneous
and read versions Speaker DW was re-enacting the scene from his class by quoting
himself and his students, partly by use of high pitch ranges in the quoted phrases.
Using pitch range for quoting in this way disrupted hierarchical topic structure but
revealed very similar use of pitch ranges in the two versions.

Just as for Speaker FP, Speaker DW had examples of introductory phrases
that were not grouped with the following phrase by the pitch tree as they should
have been, but instead with the previous phrases in both the spontaneous and the
read versions. Again these are marked in the figures with arrows labeled by 'T' for
introductory. The read version had no examples of comrections, but the
spontaneous version did, and they are marked with arrows labeled by 'C' for
correction in the figure. He repeated the word people in the two subsequent
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phrases so uh <459> and and and people <316> know when she's coming
up with an increase of pitch from 135 to 152 Hz from the first to the second
mention. He corrected a false start beginning with because by starting up again
after a 502 ms pause with the phrase I li- like to use characters with a peak of 189
start and correcting a mispronunciation of fike by a sccond mention.

The pitch mees shown for this section had trees with four levels instead of
three levels in order to group together the phrases with the lower peaks that occur
between the large peaks. If the pitch tree building algorithm had another criteria of
what counted as a 'local increase’ (say, for example, that 5 Hz variations are not
essentially different values and should not be considered a local increase’, i.e. they

should be considered a tie), three levels of trees would be sufficient to group
together what was intended.

7.3 Summary

There were differences between the spontaneous and read speech in how
well the discourse segmentations and the piich tree segmentations matched. They
matched better in the read versions than in the spontaneous versions. In Speaker
FP's 'College’ section, the discourse segmentation and the pitch tree segmentation
were almost exactly identical. This section also showed the tendency for
hierarchical topic organization to be reflected in the piich ranges as well. New
large topics had increasing pitch ranges at the beginning, and related subtopics had
generally smaller pitch ranges.

However, there were also introductory phrases which introduced new
topics and sentences, and these were not always grouped together with the
appropriate phrases. These phrases were realized with lower pitch range than the
following, more content-rich phrases, Because the pitch tree algorithm was
designed to treat increasing pitch relationships as division points between units,
these introductory phrases were often grouped with previous, higher pitch phrases
rather than following, higher pitch phrases as they should have been.

For Speaker DW there were examples of using high pitch ranges for quotes
and low pitch ranges for parentheticals. The corresponding phrases in the two
versions were treated as quoted and parenthetical material, but again these uses of
pitch range did not match with projected hierarchical topic structure. However,
since the use of pitch range was similar in the two versions, the pitch trees
segmented the discourses very similarly.

The spontaneous versions also had corrections (false starts and word
repefitions) that were realized with increasing relationships between phrases. These
corrections interrupted the pitch cues to topic subordination, but comrections were
expected because the spontaneous versions by their very nature were unplanned and
unrehearsed. So, to a certain extent, the topic structure was not as clear to begin
with in the spontaneous speech. A further complication to the topic structure in the
spontaneous conversations was the possibility of turn taking, since these were two
person conversations. It seemed after a point when the other speaker could have
spoken but did not, the original speaker also raised the pitch. I propose that the
spontaneous conversations were organized both in terms of topic structure and turn
taking, with some turns following more easily than others, and the read were
organized more in terms of preplanned sections. Speaker FP's read version of
section "College’ was a clear example of a reorganization of the contents of the
spontaneous version. It was a reading made with knowledge of what was coming
up next and how long each turn was to be and without hesitations, false starts, and
other comrections.

The discourse segmentatnions were quite different for Speaker FP between
the spontaneous and read versions of the same conversations, even though the
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words were nearly identical in the two versions. This means that things were
grouped together differently and given different emphasis in the two versions.
Pitch range relationships did reflect the differences in discourse structure. The
paragraph boundaries in FP's read version corresponded 1o regular pauses and
quite large pitch range expansions, and in FP's spontaneous version again it was at
the points of largest pitch range expansions that paragraph divisions were marked.
However, the discourse segmentations were nearly identical in the two versions for
Speaker DW. We could interpret this as saying that Speaker FP changed the topic
relationships more between the spontaneous and read versions than Speaker D'W
did. Speaker DW seemed to have more or less preserved the organization of the
original spontaneous conversation, judging from the discourse segmentations and
similar use of pitch range.

§. Perception test

The materials used in this studied differed from the spontaneous versus read
speech used in such studies as Remez et al., 1985; Remez et al., 1986; Blaauw,
1991; Blaauw, 1992. Since the read speech was a connected discourse based on
spontaneous speech and was deliberately read with the aim of trying to make it
sound spontaneous, | wondered how well the readers had succeeded in their task.
That is, was the read speech perceived as spontaneous or read? In addition, the two
speakers differed dramatically in the extent to which the pitch range patterns
reflecting topic organization corresponded between the spontanecus and read
versions of the conversations. For Speaker FP the two versions were very
different, while for Speaker DW they were very similar. [ wondered if these
differences between speakers could be partially explained by characteristics of the
read speech versions. Specifically, did DW remember or recreate the structure of
the spontaneous speech in his read version more so than FP did in his (as the use of
pitch range would lead us to believe), and if so, was Speaker DW's read speech
more spontaneous sounding than Speaker FP's? If this were true, then we would
expect to find excerpts from DW's read version perceived as spontaneous more
often than excerpts from FP's read version would be perceived as spontaneous.
Finally, 1 wondered if longer excerpts were more often correctly identified as
spontaneous or read than shorter excerpts. Longer excerpts may contain more cues
to the spontaneous or read nature of the text than shorter excerpts because the larger
amount of material is more likely to contain hesitation phenomena in the
spontaneous, etc., and may reveal to the listener differences in patterns of
transitions between phrases and topics in the two modes of speech. To address
these questions, I designed a perception test to test how well listeners could
correctly identify excerpts of these spoken conversations and the reenacted read
speech as spontaneous or read. Listeners were presented with utterances from each
speaker and different lengths of utterances.

8.1 Method

Subjecrs. Twenty eight undergraduate linguistics students volunteered to
participate in the experiment. All were native speakers of American English and
none reported any hearing impairment.

Stimuli. The spontaneous and read conversations of both speakers were
segmented info utterances one sentence long, three sentences long, and five
sentences long. The three sentence and five sentence long utterances overlapped by
one sentence at the beginning and one at the end with other members of the series.
Thus each of the single sentences occurred at least once and at most twice in the
three sentence utterance set and the five sentence utterance set.

Design and procedure. A stimulus tape consisting of two parts was
prepared, and items were presented in blocks of 10, with a three second interstimuli
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interval. Listeners could take a break berween the rwo parts. Part I included 110
one sentence long utterances in random order (2 speakers x (29 + 26)), and Part 11
included 78 three and five sentence long utterances in random order (2 speakers x

((13+13) 3 sentences + (7+6) 5 sentences). There were 28 listeners and 188 items,

L]

Listeners sat in a soundproof room listening to the stimulus tape over
headphones and for each item circled either 'spoken’ or 'read’ on an answer sheet.
'‘Spoken’ meant they thought the excerpt they heard could have come from a
naturally occurring conversation between two friends, and 'read’ meant that they
thought that the excerpt they heard came from a reenactment of a conversation, read
from a transcript of a naturally occurring conversation. They were told that the
readers were irying to make the reading sound as much like a spontaneous
conversation as possible, so that it might be difficult to tell whether it was
spontaneous or read. They were told they were there to judge how well the readers
had done in reading naturally. The task took approximately 40 minutes.

8.2 Resulis
Chi-squared tests showed that there was a significant effect of speaker on
perception of the utterances as spontaneous or read. More of DW's utierances were

perceived as spontaneous than were FP's (x2(1)= 159.14, p < .01). Listeners
perceived 68% of DW's utterances as spoken and 51% of FP's as spoken. In
actuality, half were spontaneous and half were read for each speaker. Fig. 19
shows these judgments in the columns labeled 'perceived as spontaneous’ and
‘perceived as read’. The columns labeled 'ss' are the spontaneous utterances
which were perceived as spontaneous, and 'ts’ are the read utterances which were
misperceived as spontaneous. The columns labeled ‘' are the read utterances
which were perceived as read, and 'sr’ are the spontaneous utterances which were
misperceived as read. The three different shaded columns in each of the categories
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Fig. 19. Perception results in judging material spontaneous or read for the two
speakers. (left) Speaker FP, (right) Speaker DW. Many more of DW's read
utterances were misperceived as spontaneous utterances than were FP's.

s5: spontaneous perceived as read, rs: read perceived as spontaneous, : read
perceived as read, sr: spontaneous perceived as read. Three different lengths
of material are shown: white fill is 1 sentence long, medium fill is 3 sentences
long, darkest fill is 5 sentences long. 95% confidence intervals are marked.
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show the three different lengths of utterances. The white fill represents 1 sentence
long utterances, the medium fill 3 sentence long utterances, and the darkest fill 5
sentence long utterances. As we can see from the columns labeled 'rs', many more
of DW's read utterances were misperceived as spontaneous than FP's. We also see
that fewer of DW's spontaneous utterances are misperceived as read as compared to
FP, The percentage perceived correctly as spontaneous or read was significantly

different for the speakers, 73% for FP and 64% for DW (x2(1)= 51.9, p <.01).
For Speaker FP, length of the utterance (i.e. 1 sentence, 3 sentences, or 5
sentences) had a significant overall effect on the number of correct judgments made

(i.e. spoken when spoken, read when read), (x2 (2) = 27.2, p < 0.01). Further
analysis revealed that the difference was significant only for the shortest (1) vs.

longer (3, 5) utterances (1 vs. 3: 2 =173, p<0.01; 3 vs. 5: ¥2 =024, p>0.1).
Longer utterances were judged correctly more often. This could be because more
turn taking clues are provided in the longer utterances. However, for Speaker DW,
length of utterance had no significant overall effect on the number of correct

judgments (32 (2)= 3.612, p > 0.05). That means that there was no significant
difference for the shortest vs. longer utterances for this speaker. Utterances were
no more likely to be perceived correctly when they were longer.

8.3 Discussion

The perception test revealed that there were significant differences between
the two speakers as to how the speech materials were perceived. Speaker FP's
utterances were judged correctly on average about 73% of the time, with more of
the longer utterances (three and five sentences) judged correctly than the shortest
{one sentence) utterances. However, only 64% of Speaker D'W's utterances were
judged correctly, and there was no significant effect of length of utterance. More of
DW's read utterances were misperceived as spontaneous than were correctly
perceived as read. This was not true for Speaker FP. This lends support to the
interpretation that DW read more naturally than FP and succeeded in producing a
read text that sounded quite spontaneous. The fact that the shorter utterances were
more often misjudged than the longer utterances for Speaker FP could mean that
longer excerpts from the conversations or readings gave the listeners more clues to
the true mode of speech. However, for Speaker DW the listeners did not categorize
longer excerpts correctly more often, perhaps meaning that DW succeeded in
recnacting spontaneous relationships between phrases in the read speech,

The results of these listening tasks are clearly at odds with the claims that
listeners know immediately whether they are listening to natural spontaneous
speech or read speech. Perhaps it would be more realistic to say that people do not
really know whether an utterance is spontaneous or read, but that they make
judgments early. For example, in a gating experiment with Dutch (Blaauw, 1992),
listeners were able to classify utterances as spontaneous or read about 82% of the
time when given the full sentence, but as well as 63% given the first two syllables
and 75% given the first 6 syllables. Since in my experiment listeners were only
correct on average 73% or 64% depending on the speaker given full sentences and
even several sentences together, we must say that the differences between
spontaneous and read speech are not as clear-cut as they might at first seem. It
seems more likely thar there is a continuwum between clearly spontaneous and clearly
read speech, with differences in style being quite important. Hesitations, false
starts, long pauses and the like are prototypical of spontaneous speech, but
spontanecus speech does not have to be disfluent. Read speech is often
syntactically distinct since it is based on written 1exts. Since the read speech in this
task was based on spontaneous speech, the syntax was more typical of spontaneous
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speech than a read text. The additional instruction to the readers to read the
transcript to make it sound like a spontaneous conversation further blurred the
edges between the two kinds of speech.

Perhaps the comparison between the two speech styles in this study would

anTﬁl from hﬂini considered in terms of the scales unprepared versus l’wrmi or

unrehearsed versus rehearsed. On those scales, Speaker FP's spontaneous
narrative was less prepared than DW's spontaneous narrative, becanse DW has
spoken about his teaching methods and the use of the character Mrs. Fernblaster
before. We have talked about teaching experiences together before, and have had
conversations discussing pedagogical methods. So, with more rehearsal still,
DW's read version is not likely to change its organizational structure as much as
FP's read version of a story which he had not told before. There are also individual
differences between people and their acting ability, and hence how well they can
reenact a conversation and make it seem natural.

9. Discussion

Two different spontaneous conversations were recorded and reenacted as
read speech by the onginal speakers. A listening test involving categorizing
excerpts from these conversations as spontanecus or read showed that accurate
identification was not entirely straightforward. Many of the read utterances were
perceived as spontaneous, and some of the spontaneous utterances were perceived
as read. Many more of Speaker DW's read utterances were perceived as
spontanecus than Speaker FP's. Apparently skilled readers reading material based
on spontaneous conversation can succeed to a certain extent in producing utierances
that sound convincingly spontaneous.

The patterns of results for the two speakers were not identical, which is not
particularly surprising, given that the listening test determined that the two speakers
succeeded to different degrees in producing read speech that sounded like
spontaneous speech. Several acoustic measures were made to see if they
distinguished the two versions. Pause duration measures revealed that both
speakers had similar pause duration distributions, with a higher mean and larger
standard deviation of pause duration in the spontaneous than in the read speech.
These results match previous findings. A measure of fundamental frequency, the
mean FQ peak per phrase, distinguished Speaker FP's spontaneous from read
speech, but it did not distinguish Speaker DW's spontaneous and read speech.
Measures of average FO and FO range have found different relationships depending
on language and the specific materials used; this speaker difference is another such
result.

A symbolic phonological intonational analysis found some consistent
patterns in the differences between spontancous and read speech. The phrases in
the read version were longer on average than the phrases in the spontanecus
version. The transcription also showed that there was no use of the H-H% high
rising contour as grounding or checking to see that the listener understood. It
seems that there was interaction with the listener in the spontaneous version which
was missing in the read version. The read speech lacked the hallmarks of
interactivity in the spontaneous speech except the ones that are inherent to the text
{change of speaker, explicit questions). We could say then that the read version
was more like coordinated monologues rather than a true dialogue. The read
version was like the spontaneous minus true interaction between the speakers,

The discourse organizations were clearly different between the spontaneous
and read versions for Speaker FP, but they were relatively similar for Speaker DW.
The pitch tree algorithm (based on measures of the peak pitches of all intermediate
phrases) provided a method for comparing the organizational structure of matched
spontaneous and read speech discourses. It provided a way of testing the
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predictions about how pitch range is used to signal topic structure. The
segmentation that the pitch tree algorithm imposed upon the discourses
corresponded quite closely to the discourse segmentation that the independent coder
assigned to the discourses. The best match between the pitch tree segmentation and
the discourse segmentation was in the read version of Speaker FP's section
'College’.

Although the spontaneous and read versions were nearly identical in terms
of syntax, different items were marked as salient, and topics were grouped together
differently. The read versions were grouped into sections with relatively clear
hierarchical topic structures. The spontaneous versions showed some evidence of
hierarchical topic structure, but they also had disruptions to these topic
organizations due to false starts, corrections, and the influence of possible turns. 1
hypothesize that the planned production units differ between spontaneous and read
speech. I propose that spontaneous conversations are organized both in terms of
topic structure and turn taking, with some turns following more easily than others,
and read conversatons are organized more in terms of preplanned sections, In the
read versions, the readers know exactly what is coming up and do not have to
negotiate for turns with the conversational partners. This gives them more control
over deciding what relationship to give to the various topics. One meaning of pitch
increase seems to be a reflection of the start of a new unit, whether it is a new topic
Of & new turn.

The pitch tree segmentations, together with the discourse annotations,
showed that pitch increased in these discourses at the beginning of new topics and
at the beginnings of new turns, or potential turns. This matches previous findings.
Each such pitch range increase started a new hierarchical tree of descending pitch.
The pitch tree algorithm relied on these pitch increases to segment the text, and so
could only capture relationships among phrases such as topic subordination and
sentence internal declination. However, there were also relationships among
phrases based on increasing pitch, for example, false starts, corrections, and
introductory phrases. These relationships could only be represented indirectly in
the descending pitch trees built by the algorithm. The pitch rees helped to explore
the multifunctional use of pitch range changes without first having to posit
categories of pitch range and abstract away from the phonetic signal.

The pitch tree algorithm for representing pitch trees could benefit from some
fine tuning. As I have defined it now, any local increase in pitch gives rise to a new
pitch tree at the appropriate level. Very small differences in frequency, such as 1 to
3 Hz should probably not count as differences in level, Such small differences can
be due to measurement errors or inherent fundamental frequencies of different
vowels and probably are not even reliably distinguished by listeners. Further work
would need to be done to determine how big a difference should be represented as a
difference, and if it depends on the absolute location in the frequency range.
However, it has been interesting to see how much could be learned by using this
extremely simple coding of the conventional wisdom that pitch increases for new
topics and that subtopics have pitch ranges less than their main topics. The method
showed that this was true to a certain extent in even quite complicated texts,
spontaneous as well as read, but that this was not the whole story. It revealed a
need to be able to represent connective increasing pitch relationships as well
decreasing piich relationships for such things as the possibility of introducing a new
topic and subsequent corrections.
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When is a Syllable not a Syllable?*
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mbeckman@ ling.ohio-state.edu

Abstract: This paper reviews evidence for unifying two seemingly
disparate types of syllable reduction phenomena: the elision of
reduced vowels in English and German, and the devocalization of
high vowels in Japanese, Korean, and Montreal French. Both types
of “casual speech rule” can be understood as extreme endpoints of a
phonetic continoum of gestural overlap. The vowel is seemingly
deleted or devoiced when the gesiures of neighboring consonants
encroach so completely into the space for the affected vowel that the
relevant vowel gesture(s) leave no salient acoustic trace. However,
in some cases in some of these languages, the reduction has been
phonologically reanalyzed, so that the word loses a syllable. The
paper explores the circumstances under which such reanalysis can
occur,

1. Introduction

Recent work on the gestural organization of speech (e.g., Browman & Goldstein
1990a, 1990b) supports alternative phonetic accounts of such segmental reduction
phenomena as the devoicing of high vowels in Japanese and Korean and the
deletion of schwa and simplification of consonant clusters in English and German.
Whereas earlier phonological descriptions assumed these to be categorical changes
of phonological form, akin to the alternations seen in the inflectional morphology of
the same languages, we now can describe them as byproducts of subtle shifts in the
articulatory specifications of gestural magnitude and timing — shifis which can
cause dramatic changes in the acoustic realization of a particular segmental string
because of nonlinearities in the mapping between the two phonetic representations.
For example, in fast-speech productions of German mit dem Wagen [mnbf dam
v'aigan] ‘by car’, the temporal distance between the oral gestures for the consonants
[d] and [m] in dem and between those for [g] and [n] in Wagen might be reduced to
the point of aerodynamically hiding the release of the alveolar or velar stop, thus
effectively deleting the unstressed vowels, as in [mit® dm v'a:gn] (Kohler 1990).
The devoicing of the first [w] in Japanese fsupootu/ [swpotsw] “sports’ might be

*This paper was originally presented at the Dokkyo International Forum on Speech
Recognition and Phonology, Dokkyo University, Soka City, Saitama Prefecture,
Japan, 18-19 December 1993, and will appear in the annual report of the Dokkyo
University International Center. As the many citations of “personal
communication” suggest, I am indebted to Louise Levac for sharing with me her
intuitions as a native speaker of Montreal French after her talk at the ESCA
Workshop on Prosody in Lund in September 1993, and to Stefanie Jannedy for her
extreme generosity with her as yet unpublished data and her astute observations of
her native language. The analysis of Korean vowel devoicing owes 1o Sun-Ah Jun
much more than is suggested by the simple reference to Jun & Beckman (1993). 1
thank Beth Hume, Mariko Kondo, Kikuo Maekawa, and Amold Zwicky for giving
me copies of several papers to which 1 otherwise would not have had access.
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described as a similar hiding of the vowel’s oral and glottal gestures by those of the
preceding fricative (Jun & Beckman 1993), ;

From the point of view of segmental production and perception, these reduction
phenomena are strikingly similar across languages. The acoustic consequence of
gestural overlap between the first consonant and vowel in /supootu/ is virtually
indistinguishable from the consequence of extreme gestural overlap in English
supports ; both result in something that English speakers readily perceive as an
initial [sp] cluster. However, the prosodic consequences of these segmental
reductions can be strikingly different. In Japanese, the syllable count is necessarily

reserved even under such complete reduction that no acoustic trace of vowel
ormants remain, and /supooty/ will always have three syllables, no mater whether
the first vowel is devoiced or not. In English. by contrast, the comparable
reduction of an unstressed vowel can in effect delete the syllable, so that the
disyllable supports can be confused with the monosyllable sports. These different
consequences highlight the cognitive robustness of such prosodic units as the
syllable, and the very different roles that such units play in speech rhythms across
languages.

This paper will survey the phonological circumstances under which syllable
count can change as a result of extreme vowel reduction. Since a thorough review
of all languages in which such reduction phenomena have been observed would be
impossible, the bulk of the discussion will be limited to only five languages, with a
view to representing a wide range of rhythmic types — mora-timed Japanese,
syllable-timed French and Korean, and stress-timed English and German. The
paper will begin by describing the phonetics of vowel reduction in more detail,
reviewing some of the evidence in the literature supporting the newer phonetic
accounts of the phenomenon which differentiates it grc.m phonological processes
that yield superficially similar alternations.

2. Deletion of /3/ in English and German

In English and German, the prosodically weakest syllables — i.e., unstressed
syllables with an underlying fa/ vowel — often undergo even further reduction, to
the point of effectively losing any salient phonetic trace of the voecalic nucleus,
Table 1 illustrates the segmental conditions conducive to this effect, without
differentiating among the varying speech rates or styles where some of these are
likely to cceur (c.g., [1'2fli] for awfully is readily available even in more careful,
formal speech contexts where [kP=Spm] for caprain would be produced only as a
deliberate rusticism). In both languages, the /a/ is very likely to be “deleted” in this
way when it is flanked either by an obstruent and a sonorant or by an obstruent and
a sibilant fricative. In medial syllables, this segmental context allows an apparent
heterosyllabic consonant cluster to result. In initial or final syllables, the sonorant
or fricative consonant apparently replaces the vowel as the syllabic nucleus. In
German, it is not uncommon also to “delete” the vowel between two sonorants, a
context where English is more likely to retain some acoustic remnant of the
underlying vowel (as can be seen by comparing the speech rates or styles in which
the pronunciations given in the table for Kannen and linen are likely). The last
block of the table illustrates that the phenomenon is not necessarily limited to
underlying /a/, but can apply to other lax vowels in comparably weak prosodic
position.

Superficially, these alternations between forms with and without a vowel
resemble morphological alternations such as the variants of the regular possessive
form in English (e.g., Pat's fpets/, Bob's foabz/, horse’s Mh'asiz/, but Horace's
fharasiz/ — Horace® /h'aras/, Achilles's fak'lizizf ~ Ackilles' fak'iliz/). And that is
how they are treated in many earlier descriptions of them. For example, Zwicky
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(1972) describes the pronunciations listed in Table 1 for English words such as
mystery and happening in terms of “Slur”, a phonological rule that deletes the

reduced vowel (i.e., [3] — @) between any consonant and an unstressed syllable

T

having optional phonological rules of reduction to schwa and schwa deletion to
account both for the weak forms of function words, such as [dam] ~ [¢m] for dem
[de:m] cited above, and for casual-speech productions of content words such as
[Sa:d]] for Adel and [laitg] for leiten . Hall (1992) differentiates these two types by
describing the latter set of pronuciations as the result of the non-application of an
optional *Schwa-Default Rule” in his schwa-epenthesis account of forms such as
[fa:d]] and [lang], but nonetheless makes them both categorical phonological
Processes.

Table 1. Schwa-deletion (and unstressed /i/- or /e/-deletion)
in English and German.

English erman

T fhare/ [bge] raten ‘advise’ fbag'attan/ [bratn]
collapse  [kal'mps/ [kPMl=ps] iten  ‘accompany’ /gal'atan/ [glaig]
Toledo  fhalido/ [tiro]
suspect (v) [sasp'ekt/ [s;ﬁhgm wbril ‘subtle’ fzubtd/  [speil]
support  fsap'axt/ [spPoat]
cotton f'atan/  [kPofn] ten lead’ Mawan/  [laig]

sudden  [s'adan/  [sadn] iden *suffer’ Aardan/ [laidn]
lauben  ‘faith’ fgl'aUban/ [glaUbm]

captain ~ [k'mptan/ [kP=Spm] fettem ‘greasy (dat)’ f'etam/  [fepm]
linen flinan/  [ling)] annen  ‘pitchers’  fk'anan/ [kPang]
pommel  [p'amal/ [pPami] immel  ‘sky’ Mimal/  [mim]]
botile f'atal/  [bar]] del ‘nobility”  fa:dal/ [Sa:d]]
mystery  [m'istasi/ [m'istn) legene  ‘located () /gel'egana/ [gel'egina]
coordingte [ka'oidant/[kP'osdnit] [peladene  C‘invited (f)" /gel'adana/ [gal'adfna]
happening /h'z=panig/ [h'epnig] [Ebenen ‘plateans’  [e:banan/ [fe:b™nan]

awfully  [aofalif  [§'afli] e ‘noble (f)' [fa:daliga/ [Ta:dliga]
horoscope fh'asaskop/[h'aaskop] Horoskop ‘horoscope’ fhakask'op/[hoksk’op)
Maorris [/m'ons/ | [mors] hres ‘true (n)'  fVames/ [vamss)

synopsis  [sin‘apsis/ [snapss] [Symbol ‘symbol’ fzymb'ol/ [zmb'oil]
symbolic  [simb'alik/ [smb'alak] Schimpanse ‘chimpanzee’ [imp'anza/[[mphanza)
Chicago  [[ik'ago/ [[k'ago] chikane ‘annoyance’ [fik'a:na/ [JkMa:na)

vicinity  jwisaii/  [vshiniei

Kohler (1990), by contrast, argues against all such traditionally generative
phonological accounts. If it is described by symbelic rules of the sort posited by
Strauss (1982) and Hall (1992}, the apparent deletion of the unsiressed vowel in
weak forms of monosyllabic function words and in various other weak syllables in

1Slur* is a separate rule from the “Pre-stress Contraction” that Zwicky posits for
forms such as [ys'iniri] for viciniry and [khlacps] for collapse. For the latter set of
forms, he considers that they may be “merely automatic consequences of faster
speech”, although he points out that such an account “presumes a coherent and
detailed theory of linguistic phonetics, which [in 1972] cannot be said to be
available yet” [Zwicky 1972, p. 278].
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German is difficult to relate to the consonant assimilations and substitutions that
tend to codccur with the schwa deletion in connected or casual speech. For
example, the phrase mir dem Wagen ‘by car’ might be realized as any of the
segment strings in Table 2, showing the output at each step in the application of
possible rules in a text-to-speech system. These rules can be grouped into sets for
progressively more casual stylistic modules. However, while it might be useful for
text-to-speech synthesis systems to discretize the stylistic progression in this way,
such rule modules cannot provide an explanatory account of what speakers are
actually doing in producing the apparent progression of forms transcribed in the
table. On the other hand, if each closely related set of transcribed feature changes is
instead understood as the acoustic byproduct of some articulatory restructuring in
the interest of “motor economy”, the seemingly disparate changes that tend to
codceur within a “rule module™ can be explained and predicted in terms of the
phonetic process involved. For example, when stated in terms of phonological
rules, the progression from [gan] to [gg] involves two discrete and formally
unrelated changes: schwa deletion and nasal place assimilation. When understood
as a phonetic reorganization, however, it might be stated as a single articulatory
change: letting the gesture for the dorso-velar constriction extend well into the
vowel so that the magnitude of its releasing phase is drastically reduced could
simultaneously “delete” the [a] and aerodynamically “hide” any more anterior apical
constriction gesture. Kohler describes many other similar examples in support of
the idea that formulating a precise phonetic model of articulatory timing and gestural
magnitude could unify schwa deletion with the stylistically related consonant
assimilations and weakenings.

Table 2. Realizations of mit dem Wagen “by car’ afier the application of each

aEJElicable casualusEeech rule in a German text-to-speech systern. (Kohler, 1990.)
[mit" de:m v'a:gan] input form

[mic? de:m vaman] devoicing of voiced stops after voiceless consonants
[mith dam v'axgan] vowel reduction in weak form of function word

[mith dm v'axygn] schwa deletion before nasals after stressed syllable

[mic dm v'agn] deaspiration of voiceless stops before stops and nasals
[mip hm v'azgn] regressive place assimilation of apical nasals and stops
[mip bm v'agg) progressive place assimilation of apical nasals and stops
[m1bm v'agg] degemination of devoiced or voiceless consonants
[m1bm v'agn] voicing of plosives in unstressed function words
[mimm v'agn) regressive nasal assimilation of voiced stops

[mim v'a:q] degemination of other consonants

Browman and Goldstein (1990a, 1990b) propose such a phonetic model. The
“gestural score” represents an utterance as a set of discrete dynamically-specified
control regimes for accomplishing such basic tasks as forming a constriction
somewhere in the vocal ract. These control regimes (or “gestures™) are temporally
codrdinated within and across parallel channels, with each channel (or “tier™)
allocated to the control of a different articulatory subsystem. Thus, for example,
the initial /bar/ sequence in the English word berer is represented in the score as a
set of labial-closing and rounding gestures on the lip tier, an apico-postalveolar
approximation gesture on the tongue-tip tier, and 50 on. The approximation gesture
on the tongue-tip tier can be timed to overlap somewhat with the labial-closing and
releasing gesture on the lip tier. The audible presence or apparent deletion of the [a]
can be modelled simply by changing the degree of overlap between the constriction
gestures on the two tiers. Indeed, because the gestural-score representation has
been implemented as the front end to an anticulatory synthesis system, Browman
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and Goldstein (1990b) could generate a continuum of degrees of gestural overlap in
a series of stimuli which they presented to listeners for identification. e
identification function shows a cate r_\,r shift, with subjects perceiving berer for the
stimuli with least overlap, but bray m‘ the sumuh with greatest overlap. This result

OO

parade and prayed or polite and plight can be synthesized by varying such things as
the resonant consonant's duration and amplitude in ways that mimic the acoustic
results of varying gestural overlap.

The generalization from such results to the representation of actual fast-speech
productions is suggested already in Browman and Goldstein’s (1990a) seminal
paper on the gestural score. If the apparent deletion of the vowel nucleus and
neutralization with the corresponding consonant cluster is demonstrably nothing
more than the extreme endpoint of an attested continuum of degrees of reduction
and confusability, then the continuously variable values of overlap in the gestural
score is a better representation than a cateporical phonological rule of schwa
deletion for fast-speech pronunciations of words such as parade, support, sudden,
and happening. Further support for this idea comes from data in Manuel et al.
(1992), who document subile acoustic cues suggestive of an underlying “hidden”
glottal-adduction gesture in support even in ns that could be transcribed as
[spaxt] and misperceived as sport (see also Fokes & Bond, 1993).

Jannedy (1993) gives evidence for an analogous gestural overlap account for
apparent schwa deletion in German. She had northern German subjects produce a
paragraph in which were embedded, in segmentally and prosodically similar
contexts, words from minimal pairs such as braren (foe'atan/ “fry”) versus beraten
(foak'atan/ ‘advise’) and Kannen (fk'anan/ “pitchers’) versus kann (/kan/ “be able
to’). She had the subjects read the paragraph ten times, starting first at a
comfortable “neutral” rate and then producing four repetitions in progressively
faster versions, then returning to neutral rate to produce a series of five more
repetitions at progressively slower tempi. She then excised the target words from
context and presented them to native speakers for identification in a forced-choice
judgment. Her results for Kannen versus kann are particularly illuminating.
Plotting the duration of the target /aan/ in Kannen or /n/ in kann against the duration
of the remaining /ka/ in the production of kann (used as a metric of the overall
speech rate), she found that the two regression functions converged art the fastest
rates. Moreover there was a comparable convergence in the identification functions:
at faster and faster rates, more and more of the listeners misjudged Kannen to be
kann. For beraten versus braten, there was less convergence in the regression lines
for the production data, but as much in the perception data, albeit in the other
direction: listeners often misjudged braten to be beraten at the slower rates.
Moreover, in no case was there evidence of a bimodal distribution in the duration or
identification measures — thus, no evidence of a categorical shift from presence to
absence (or from absence to presence) of a reduced vowel phone. Jannedy
concludes that German has neither a schwa-deletion rule, as proposed by Strauss
(1982), nor a schwa-insertion rule, as proposed by Hall (1992), That is, the
apparent alternation between forms with and forms without schwa is an artificial
imposition of two symbolic categories onto a continuum of degrees of
encroachment by the neighboring consonants” gestures onto those of the vowel.

3. “Devocalization™ of high vowels in Japanese, Korean, and
Montreal French

Jun and Beckman (1993) propose a comparable gestural-overlap representation for
another common reduction phenomenon involving the devoicing or deletion of high
vowels. Such devocalization has been studied most extensively for standard
(Tokyo) Japanese, but it also occurs in the Montreal variety of French and in at least
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the standard (Seoul) and Chonnam dialects of Korean. Table 3 gives some
transcribed examples from Tokyo Japanese and Montreal French, and Figure 1
shows some spectrograms of examples from Korean,

Descriptions of devocalization in Montreal French often class it together with the
alternations involving [a] that occur even in the European dialects — e.g., standard
Parisian [apastamd] ~ [apastmd] for appartement ‘apartment’, [pati] ~ [pti] for
petit *small (m)’, or [damddase] ~ [dmddse] for demanderai ‘ask (1 s, fut)’ (see
Delattre 1951, and Verluyten 1988, inter alia for the “schwa-deletion” of European
French, and Cedergren and Simoneau 1985, for the Montreal French processes).
Most traditional descriptions of devocalization in Japanese, by contrast, have not
equated it with the English and German schwa-deletion described in the_.i%rcvriuys
section, perhaps because there is a more intuitive phonological analysis. That is, in
the most typical environment for the phenomenon — a short high vowel between
voiceless consonants — the usual transcriptions make it look like an assimilation of
[+voice] to [-voice] in a [-voice] context. If one assumes the phenomenon to be a
phonological process, such an assimilatory change is a more natural phonological
rule than one that deletes high vowels berween voiceless consonants. Another
advantage of the devoicing analysis is that it correctly predicts that, when the
process occurs between identical preceding and following consonant onsets, there
is no neutralization with the corresponding geminate, a fact which must be
stipulated separately in a deletion account. That is, “deleting” the medial vowel in
/sjokikan/ [Jok(i)kar] ‘(cabinet) secretary’ does not yield a homophone for
fsjokkan/ [[ok:an] ‘tactile organ’ because the first /k/ is still released.

Table 3. Devocalization in Tokyo Japanese and in Montreal French,
Montreal French:

principaux ‘principal [pegspo] (cf. Parisian [pesipo])
(p1)’

mes idées ‘my ideas’ [mezjde] - [mezde]

pratiguement  ‘practically’  [praktsikmd]

la chicane ‘chicanery’  [lafjkan] ~ [lafkan]

des cigarettes  ‘cigareties’  [desjgaret] ~ [desgaret]

[oujours ‘always" [tsuzutr] ~[t3ul]

du Coke ‘Coca Cola’ [dzykok]

Tokyo Japanese (usually in the following environments):

fsjokikan/ *cabinet [fokikax] ~ [fokRkan]
secretary’

feikitori/ ‘hearing’ [kikitori] ~ [k'kitori] ~ [khkjtori]

fsippo’f *tail’ [fip:e] ~ [fpio]

fsikaku/ ‘square’ [fikakm] ~ [[kakw] ~ [[jkakm] ~ [[kak"]

fjusjutuki'ti/  ‘exporting [ju fustsupkicfi] ~ [juo feskigfi] ~ (jm meswmkiefi]
center” etc.

(more rarely in the following environments):

fpewsiry/ ‘pencil’ [penfirw]

sigaku/ *history” Lrigakm]
fsima‘tta/ ‘drat!’ [[imata]
fkasutera/ ‘pound cake' [kasmtera] (here, the first vowel is the rare case)

However, there are two aspects of devocalization in all three of these languages
that suggest that the same general phonetic mechanism is at work as in German and
English “schwa deletion”. First, the phenomenon seems to apply “gradiently”,
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Figure 1. Tokens of Korean /phup’e/ ‘unripe pear’ showing (a) “voiced”, (b)
“partially devoiced” and (c) “completely devoiced™ types for the /u/ in the target first
syllable. The preceding context is an fe/. From Jun & Beckman (1993).
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creating tokens with varying degrees of devocalization even for the same input type.
For example, in their study of Montreal French high vowels, Cedergren and
Simoneau (1985) could distingnish among mere “reduction” (a very short vowel —
less than 30ms — but nonetheless showing some periodic energy at the second
formant), “devoicing” (a somewhat shorter vowel showing only aperiodic noise
excitation}), and “true syncope™. A similar gradation can be seen in the Korean
examples in Figure 1, which illustrates the three-way classification used in Jun and
Beckman (1993). We called a vowel “voiced” only when the periodic energy from
the laryngeal source was large enough for a long enough interval to visibly excite
the second or higher formants on the spectrogram. In addition to “completely
devoiced” tokens, this criterion excluded many tokens where there were one or two
weak glottal pulses visible at the bottom of the spectrograph, tokens which we
called “partially devoiced”. For Japanese, Mackawa (1990) used similar criteria to
differentiate two possible grades of “devoicing”, whereas Beckman and Shoji
(1984) and Kondo (1993), while noting the gradient nature of the phenomenon,
make only a two-way distinction between “voiced” (showing at least one glottal
pulse} and “fully voiceless” (for Kondo) or “deleted” (for Beckman and Shoji). It
is probably this gradation in part that gives rise to the vacillation in the phonological
literature between the more commeon traditional “devoicing” analyses (e.g., Bloch’s
1950 transcriptions for stop-initial syllables, Shibata 1955, McCawley 1968) and
the less usual “deletion” analyses (e.g., Bloch's 1950 transcriptions for many
affricate- and fricative-initial syllables, Ohso 1973).

Beckman and Shoji (1984) highlight another way in which the phenomenon is
“gradient” — the patterns of neutralization that are observed. We presented
minimal pairs of words with “fully devoiced” /sif versus /sju/ syllables to subjects
for identification, and found neither the reasonably good recognition one would

expect for a true voiceless vowel ([[i] # [Ju]) nor the categorical neutralization one

would expect if the vowel were phonologically deleted (/5if — [1] = [J] « /sjuf).
Rather, listener identifications showed a continuum of degrees of confusion
between the two candidate words, and a strong correlation between the percentage
of correct responses for a token and the degree to which the fricative’s spectrum in
the token was colored by the underlying vowel, As Jun and Beckman (1993) point
out, an analysis that takes the process out of the phonology and represents it instead
in terms of variable degrees of overlap in the gestural score would capture both the
spectral and perceptual gradation in the signal,

The second aspect of the phenomenon that supports the gestural-score
representation is that it occurs to varying extent for different segmental sequences
and in different prosodic positions. For example, Cedergren and Simoneau (1985)
and earlier studies of devocalization in Montreal French found that it does not occur
in rhythm-group final syllables, where the vowel is prosodically lengthened and
less likely to be completely covered over by the neighboring consonants’ gestures
(see, e.g., Levac, Cedergren & Perreault 1993 for evidence concerning rhythm-
group final lengthening in Montreal French). In Japanese, similarly, devocalization
is limited to phonemically short vowels, and it most commeonly affects the two high
vowels, which are phonetically very short even when they are not devocalized.
Devocalization does occur sometimes with mid and low vowels (see, e.g., Kondo
1993, Maekawa 1990), but here it is relatively rarer. The NHK (1985)
pronunciation dictionary singles out particularly the syllable types /ka/, /ko/, /ha/,
and /ho/ in word-initial unaccented position, where the consonant is most strongly
aspirated. For either high or nonhigh vowels, devocalization is also most common
between voiceless consonants, where the vowel’s glottal gesture is subject to
overlap from devoicing gestures on both sides. Indeed, for high vowels in this
context, devocalization is quite common even in the most careful read speech, For
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example, Takeda and Kuwabara (1987) found in their analysis of a large database

of citation-form productions by a professional announcer that 90% of the /si/

syllables before voiceless consonants were devocalized (see also Kondo 1993).
Since Korean contrasts three types of voiceless stops and affncates, an even
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overlap account is correct, devocalization should be most hkﬂ]y to occur after an
aspirated stop, where the glottal-opening gesture is largest and extends well past the
oral release, and it shuuld be least likely to occur after a fortis stop, where the
glottal-opening gesture is abruptly terminated by a tense glottal adduction just
before the oral release (Kagaya 1974; Hirose, Lee, & Ushijima 1974). Comparing
different prosodic positions, we can also pmdu:t that devocalization should be more
common at the beginning of an accentual phrase, where aspiration is longer in an
aspirated stop (Jun 1990a) and the voicing from the preceding vowel is less likely
to continue well into the closure for a lenis stop (Jun 1990b, 1993; Silva 1992).
These predictions were bome out in our recent study of productions by three Seoul
and three Chonnam speakers’ productions (see Figure 2).
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aspirate lenis fortis initial medial

in all positions lenis stops only

Figure 2. Distribution of “partially devoiced” and “completely devoiced™ tokens
after different types of preceding consonants (left), and for the vowels after lenis
stops in different prosodic positions (right). From Jun & Beckman (1993).

If devocalization is an artifact of overlap and encroachment by the gestures of an
adjacent consonant, we might also predict a sequence of a voiceless fricative or
icate consonant followed by high vowel to be a particularly likely environment

for the effect. The prediction stems from the observation that articulatory
movements into and out of a fricative constriction are often slower than movements
into and out of a homorganic stop closure (Kuehn & Moll 1976). When an oral
constriction that is narrow enough to give rise to frication is slowly released into the
only somewhat less constricted oral configuration for a short high vowel, the oral
air pressure that has built up behind the constriction cannot be vented as rapidly as it
can when the consonant is a stop or when the release is into a more open vowel.
Well into the vowel, aerodynamic conditions may remain more conducive to
continued turbulence at the oral constriction than to vocal fold vibration, and if the
vowel is short enough, it can be effectively devoiced or deleted. The prediction of
greater frequency of devocalization after fricatives and affricates is borne out in
Takeda and Kuwabara's (1987) and Kondo's (1993) data for Japanese, in Jun and
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Beckman's (1993) data for Korean, and in Cedergren and Simoneau’s (1985) data
for Montreal French.

In sum, there is a wealth of literature documenting the continuously variable
nature of devocalization in Japanese, Korean, and French, and the variable extent to
which it occurs in different segmental environments. Both these aspects of the
phenomenon strongly suggest that devocalization should be represented as the
consequence of more or less subtle changes in the phonetic specification of gestural
magnitude and intergestural timing in an otherwise invariant gestural score, an
analysis that is essentially identical to the account presented in Section 2 for
apparent schwa deletion in English and German. Thus, the two phenomena —
schwa deletion and high-vowel devocalization — can both be described as gradient
phonetic reductions, presenting comparable difficulties for analyses that posit
disparate synchronic phonological rules to categorically delete the segment or to
categorically change the vowel’s voicing features.

4. The potential for prosodic reanalysis

On the other hand, when viewed over longer intervals of time, such phonetic
reductions can lead to categorical changes, sometimes resulting in alternations that
can be described better by synchronic phonological rules. Following Ohala (1974,
1981), we can think of sound change as a grammatical reanalysis that originates in a
listener's misinterpretations of the speaker’s underlying phonological intent — in
this case in a misinterpretation or reanalysis of the intended prosodic structure. For
example, the Modern English regular -5 plural shows an alternation between a
syllabic /iz/ and a nonsyllabic /s/ or /z/, the latter apparently due to a prosodic
reanalysis of consonantal overlap and consequent vowel reduction in the unstressed
final syllable of Old English forms such as stanas “stones’ and munecas ‘monks’
(Beckman, de Jong, Jun & Lee 1992). Similarly, the modem Tokyo Japanese /t/-
final verb paradigms and compound words in Table 4 show an alternation between
single and geminate consonant — that is, between two short open syllables and a
long closed syllable — an alternation that, in the /t/-final verb paradigms at least,
must have resulted from a prosodic reanalysis of a devocalized high vowel in an
earlier stage of the dialect. (For an alternative hypothesis concerning the history of
the alternation in the Sino-Japanese compounds with /k/, see Itd & Mester 1993,)

Table 4. Standard Japanese alternations with /t:/ and /k:/.
verb stems non-past past [Sino-Japanese compounds with /k:/
fkat/ win’  fka.tu/  [kata] (= fkat.taf) Yga.ku/ ‘study’ + /koyf ‘school’” —
fmat/ ‘wait’ /ma.ty/ [matal (=/mattaf) | [gakio:] (= fgak.koy) ‘schoal’
fut/ ‘beat’  fu.tuf [wea] (=futtal)  |yokos ‘country’ + fkaf *house” —
cf fkas/ ‘lend’ /ka.su/  [kafta] (= fkasitaf)| [kokia] (= fkok.ka/) ‘nation’

Given that small phonetic shifts in gestural organization can lead diachronically
to phonological reanalysis and sound change, we should not be surprised to see
evidence that reanalysis of forms that are habitually subject to vowel reduction has
occurred in some cases even in contemporary grammars. And, indeed, there is
such evidence. Zwicky (1972, p.283) notes that for him the fast-speech schwa-
deletion rule “Slur” is “obligatory” in the second syllables of the words camera,
every, celery, general, mystery, chocolate, and family. That is, productions of
these forms with extreme encroachment by the surrounding consonants into the fa/
have been prosodically reanalyzed (or perhaps were originally misinterpreted in
acquisition) as disyllables fkem.1a/, feva/, fselaif, /dzen.galf, and so on.
Ramsaran, in the revised 4th edition of Gimson (1989, p. 1989) likewise says of
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British English forms such as fn'=tfaal/ for natural and ft'empasai/ for temporary:
“Though labelled here as ‘colloquial” these elisions may occur regularly within the
speech of an individual, the fuller form not forming part of his idiolect.” Louise
Levac (personal communication) states that devocalization has similarly led to a

810 Pe4A1Y10 of fomme ok A¢ principait , Which for her and many other

ontreal French speakers is a disyllable /ps£.spo/ (and is u'anscr{buj as ns!v mn
prosodic transcription system used for sociolinguistic databases at 1'Université du
Québec 4 Montréal — see Levac et al. 1993).

In still other cases, we see evidence of incipient reanalysis in speaker uncertainty
or in vacillating judgments about syllable count. Thus, for example, Stefanie
Jannedy (personal communication) states that for her, Kannen feels not quite
disyllabic: “It’s more like a syllable and a half.” Moreover, her native speaker
intuition about such forms varies from word to word. By contrast to Kannen,
leiden is unquestionably two syllables, and beraten is unguestionably three. The
discrepancy between her uncertainty about Kannen and cenainty about beraten
seems in keeping with the perception data noted above for uctions by other
northern German speakers (Jannedy 1993). More than half the tokens of Kannen
were misperceived as kann by the majority of the listeners, whereas none of the
tokens of beraten was misperceived as braren by more than 40% of the listeners. It
seems that Kannen is closer than beraten is to a communal shift to becoming a
homophone for the originally shorter word.

Zwicky (1972), too, describes a continoum from “obligatory™ application of
“Slur™ in forms such as camera and every to complete failure to apply in forms such
as graciously, Arabic, and element. That is, for him, [ke.ma.3a] is at best a stilted
reading pronunciation, but [gie[.sli], [zabik] and [el.mint] are simply wrong.
Louise Levac also says that in citation, which has the contrasting disyllabic station,
the [st] sequence rcsulting from devocalization of the [i] is not reanalyzed as an
onset cluster, and in careful lab speech [s.ta.sj5] has a somewhat longer [s] and
thus is not categorically neutralized with [sta.sjG]. These examples suggest that, in
German and English and Montreal French, reanalysis is available for some words,
but not for all words in which mductinnsii;ussihle.

In Japanese, on the other hand, prosodic reanalysis is unavailable across the
board. Despite the examples of phonological alternation in forms such as /fgaku/ in
isolation versus fgak/ for the same morpheme in /gak:o:f, even the most drastic
devocalization of the medial vowel in /sjokikan/ *(cabinet) secretary’ does not yield
a homophone for /sjok:an/ ‘tactile organ®. That is, although the preceding and
following consonants’ glottal gestures usually overlap and blend together so
thoroughly that no hint of a glotial adduction for the /if is present, the overlap of the
consonant’s oral gestures is never so great as to effectively delete the release of the
first stop, even in cases such as fsjokikan/, where the resulting form would be
phonotactically possible in the modern language.

Thus the reinterpretation of underlying prosodic structure is a natural but not a
necessary endpoint for every continuum of gestural overlap. How, then, can we
explain the variability? What are the conditions conducive to a prosodic reanalysis
of syllables with extremely reduced vowels? Conversely, what factors seem to be
correlated with a resistance to such a prosodic reanalysis? These questions seem
worth pursuing not just for their own sake, but also for what they can tell us about
the relationship between physical, phonetic structures such as stop releases and
vowel formants, and such cognitive, phonological categories as the syllable.

5. Phonotactic constraints on the shape of the syllable

The factor that will be examined at most length in the rest of this paper has already
been suggested. Prosodic reanalysis should be difficult, if not impossible,
whenever the result would be a consonant cluster or a syllable type that is rare or
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unattested in the rest of the lexicon. This seems to be the primary consideration
blocking reanalysis of forms with devocalized vowels in Modern Japanese. The
language has only one type of tautosyllabic cluster: onset clusters with fj/, as in
fkjaku/ “visitor’. It has only three types of closed syllable: those that end in the first
mora of a geminate consonant, as in /kok.ka/ ‘nation”; those that end in the moraic
nasal /v/, as in /kon.kif "endurance’; and those very rare overlong syllables that end
in both, as in fron.donk.ko/ ‘Londoner’. Thus, except for the sequences of two like
consonants that constitute geminates and the sequences of moraic nasal and
following consonant in words such as /kowki/ and /ron.doxsk.ko/, there are no
heterosyllabic phonological consonant clusters in the language. Therefore, if
reanalysis of words with devocalized vowels is limited to forms that result in
legitimate consonant clusters, then it cannot apply in the overwhelming majority of
cases. Reanalysis would not be available for the devocalized vowels in [kjkitori]
‘hearing’, [smpo:tw] ‘sports’, and [[jkakm] ‘square’ because /kk/, /sp/ and /sk/ are
not possible onsets. It would not be available for [kafjta] ‘lent’ and the second
vowel in [kikitori] becanse /st/ and /ki/ are not possible consonant sequences even
across a word-medial syllable boundary. The only cases where reanalysis would
be possible in principle are those where the devocalized vowel happens to come
berween two like obstruents within a word — e.g., fsjokikan/ cited above, or /kasi-
situf [kafjfitsw] ‘rented room'. As was also noted above, however, even these
cases are not reanalyzed in modern Tokyo Japanese, and native speakers take care
to audibly release the first consonant in stop-stop sequences, apparently to preserve
the syllable count. It is noteworthy that it is the syllable count that matters here,
since mora count would be preserved even if the consonant were reanalyzed as the
coda half of a geminate. This offers further support to Kubozono's (1989,
forthcoming) claim that the syllable is a psychologically real unit above the mora in
Japanese.

F;?I Korean as well, very similar phonotactic constraints on consonant sequences
and syllable structure conspire against reanalysis. Like Japanese, Korean has no
tautosyllabic clusters other than consonants followed by glides in the onset, as in
fkwa/ *and’ and /kjalhon/ ‘marriage’. Therefore, the only potential reanalysis is in
a C;V1C2V2C3V3 sequence when V3 is devocalized and Ca could, in theory, be
reinterpreted as a coda consonant to yield a phonotactically possible heterosyllabic
cluster with C3. Although Korean has far more closed syllables and more types of
medial consonant cluster than does Japanese, the restrictions on heterosyllabic
obstruent-obstruent sequences are still quite extensive by comparison to English,
German, or Monireal French. The only obstruent type that is allowed in coda
position is an unreleased lenis stop. When an underlying morpheme-final fricative
or affricate or a fortis or aspirated stop occurs in a position where it cannot be
resyllabified with a following vowel — i.e., when it is phrase-final or when the
following morpheme begins with any consonant other than a glide — it surfaces as
the homorganic lenis stop, as shown in the examples in Table 5. Thus, the only
type of C1V1C2V2CaV3 sequence where reanalysis alone would yield a
phonotactically permissible coda is one where Cz is a lenis /p/, /v, or /k/.
However, this is exactly the context where a lenis stop would be voiced, making it
unlikely that V2 would undergo devocalization. On the other hand, coda stops are
also always unreleased. Therefore, the overlap on the oral tier must be extreme
enough so that the closure for C3 can hide the aerodynamic consequence of
releasing C2, and such extreme overlap could conceivably result in reanalysis even
when C2 is an underlying fortis or aspirated stop. However, as in Japanese,
complete overlap in devocalization seems to be limited to the glottal tier, and
syllable count is maintained in the face of devocalization.
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Table 5. Coda neutralization in Korean.
ftas/ *cover’ + fposan/ *cloth socks’ — ftat.p"o.san/ *(traditional cloth) slippers®
fpat?/ *adulkd bean’ + komul/ ‘flour’ — fpat.k’o.mul/ ‘aduki bean flour’

hsip! ‘house’ + fkhi/ ‘key' — Afip.khi/ ‘house key
/natf/ ‘o be low® + /fta/ non-past tense marker — /nat.t’a/ ‘is low®

Adherence to otherwise unviolated phonotactic constraints is also an important
factor in determining the syllable count for several of the English and German
forms in Table 1. For example, reanalysis and loss of a syllable is precluded in
[tlire] for Toledo and [fmp® anza] for Schimpanse, where it would Iy‘i:]d illegal
onset clusters /tlf and /fmp/. It is also precluded in [ph am]] pommel and [laidn]
leiden, where it would yield illegal coda clusters /ml/ and /dn/. That it is
phonotactic constraints related to syllable position at work here is clear when we
contrast the latter two forms to words such as family and geladene. In these
originally three- or four-syllable forms, the same /mlf and /dn/ sequences would
result from reanalysis, but because the reduced vowels are in medial syllables in
these cases, the consonants can be differentially assigned to the preceding and
following syllables to make legal coda and onset. In these forms, reanalysis seems
more possible, and indeed Zwicky (1972, p. 283) lists family as an example of
“obligatory™ application of his schwa-deleting rule.

However, the standard view of phonotactic constraints cannot explain all cases
where reanalysis seems difficult. Reinterpreting Arabic and element as disyllabic
ferbik/ and fel.mint/ gives consonant sequences that are actually attested in the
words barber and Elmer, yet Zwicky (1972) rules out even the application of the
fast-speech reduction rule in these forms. He cites Arabic and element, along with
graciously, relevant, and many others, as evidence that, unlike the rule of “Pre-
stress Contraction™ that gives rise to [vsiniri] for viciniry, “the deletion in Slur is
not governed by any simple or obvious conditions on the ‘pronounceability’ of the
result” (Zwicky 1972, p. 283). To account for these patterns, Zwicky posits a
continuum of acceptability, with values based on the type of consonant following
the reduced vowel, according the ranking:

[3] = [1] = [n] = [m] = [q] > fricatives > stops
where “>" should be read as “is better than”. That is, the output of the schwa-
deletion rule is more acceptable {or the rule can be applied in a higher proportion of
words) in which the following environment is an [1] than in words where an [1]
follows, and so on. (Most of the forms where the rule is “obligatory™ for Zwicky
in fact are forms with following [1], and Gimson 1989, pp. 238-239, gives more
examples with [1] and [1] than [n] or any other following consonant.}

My own intuitions accord with the notion that there is a continuum of
acceptability governing both the likelihood of reanalysis and the degree of reduction
that is tolerated, although I would emphasize also other things in the ranking.
Zwicky himself lists two other things. Reanalysis seems considerably less likely if
the following syllable has secondary stress (as in the verb degenerate [did3'enaaet]
versus the adjective [dids'enaat]), or if the target vowel is in a closed syllable (as in
development or honestly).

The first of these factors might be related to the ways in which prosodic structure
is realized in the gestural score. For example, when the following consonant
begins a stressed syllable, there is probably less overlap between it and the target
vowel. Evidence for this lesser overlap can be seen in the greater coarticulation of
an unstressed syllable with a preceding stressed syllable than with a following (e.g.



Fowler 1981) and the lack of a durational effect of voicing of the following
consonant when the target vowel is reduced (Davis & Summers 1989),

I think the second factor has to do not so much with the mere fact of a cluster
following the target vowel as it does with the phonological complexity or
awkwardness of the resulting coda or onset, and 1 would also include the sonority
difference between the flanking consonants as a possibly independent factor
influencing the relative awkwardness. Thus, disyllabic Arabic (with a
heterosyllabic sonorant-obstruent sequence /1b/f) seems a more plausible
phonological interpretation than disyllabic element (with its two sonorant
consonants /l.m/), which in tum is far more plaosible than disyllabic honestly (with
its more complex coda cluster /nst.lf) or disyllabic graciously (with its tongue-
twister sequence of postalveolar and alveolar fricatives /[.s1/).

To be sure, more than complexity or awkwardness might be involved in
honestly, since ft/ cannot be in the onset of a following syllable with /If and /nst/ is
not an attested coda word internally. (It is arguably not even an artested coda word-
finally, since coronals in forms such as in minced have been claimed to be affixes
outside of the syllable core — see, e.g., Fujimura 1979.) However, none of the
other cases cited here involves a clearly phonological restriction against the resulting
consonant cluster: /3/, /If, and /j/ are afl attested post-voealic strings in English, and
fof, fmyf, and /s1/ are all attested onsets.

At the same time, it is not clear to me that these factors can be so easily
distinguished from the considerations that preclude reanalysis in Toledo or pormmel,
or in the majority of Japanese and Korean cases cited earlier. The distinetion
berween phonological and phonetic factors hinges crucially on a very rule-like
conception of phonotactics {and of morpheme-structure constrainis in general), a
conception whereby a grammar either has a particular constraint or it does not. Tt
might be fruitful to pursue alternative models of phonology in which traditional
phonotactic constraints are only an extreme example of speakers’ knowledge of the
relative frequencies of sequences and structures in the lexicon (see Pisoni,
MNusbaum, Luce, & Slowiaczek 1985; Pierrehumbert in press). That is, for an
English speaker, the awkwardness of /l.m/ and the unacceptability of /nst.l/ word-
medially might differ from the illegality of ftl/ word-initially not in kind but in
degree: a low probability of occurrence versus zero or near-zero probability, In
such a model the fact that reanalysis of a reduced vowel is impossible for [il'ido]
Toledo and possibly for [‘i'unsr.li]yhanest!y but merely quite unlikely for ['elmint]
element would not be two disparate facts to be represented by two different devices,
but merely two points along the same scale.

Such a conception of phonotactic constraints might also offer a better
understanding of the Japanese case, where a consonant preceding a devocalized
vowel remains an onset even when reanalysis as a coda consonant would yield a
phonotactically legal heterosyllabic consonant cluster. As Kubozono (1993) points
out, the vast majority of syllables in Modern Japanese are open. Although closed
syllables are phonotactically legal, they are comparatively rare. Reanalyzing the
consonant in the second syllable of a form such as [ka.f.fj.tsw] or [fe.k(i).kax] as a
coda for a long syllable rather than as an onset for a short syllable may be
unacceptable for a lesser degree of the same reason that reanalyzing the second
consonant in [kafjta] as a coda is impossible. The analogous account should work
for the Korean facts as well.

The distribution of “true syncope” in Montreal French, on the other hand, may
remain difficult even within this framework. Phonotactic constraints on syllable
structure do seem to affect the likelihood of devocalization. Cedergren and
Simoneau (1985) list the indicated vowels in [obl(i)ze] obligé and [admin(i)stsasj3]
administration as cases where syncope is highly unlikely, and an adjacent
consonant cluster is one of the strongest negative factors in their Varbrul analysis of
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the frequency of occurrence of such completely elided vowels. If frequency of
occurrence 1s related to likelihood of reanalysis, these facts would suggest that
syncope is nvmde.d whm: :t would result in clusters such as [blz] and [nsts] that
c:amu;ﬂ: be readily reanalysis. However, Cedergren and Simoneau alau hst

N

principaux, [televzji] for télévision, and [lynivewste] for ['université, where

reanalysis would yield a perfectly legal consonant cluster, but also forms such as
[pma] for pis ma, [vsave] for vous savez, and [t3u* r] for roujours, where an
impossible syllable onset would result. Presumably, these forms are not as readily
reanalyzed as principaux. Yet their Varbrul analysis showed “true syncope™ to be
slightly more likely to oceur in the initial syllable of a rhythm group than in other
non-final positions. Since this is a position where such impossible clusters are
likely to result (as in the examples just cited of pis ma, vous savez, and rowjours),
perhaps the likelihood of phonological reanalysis and the frequency of occurrence
of such extreme devocalization may not be so closely related as we would expect
from our explanation of the relative infrequency of devocalization in vowels before
consonant clusters. Or perhaps there is some other factor that works to obscure the
relationship between phonotactic acceptability and devocalization rates when

comparing vowels in different positions in the rhythm group.

6. Some other factors

The preceding section examined phonotactic constraints on the shapes of syllables
as a factor in determining whether a form with a substantially reduced vowel is
susceptible to phonological reanalysis as having no vowel underlyingly — i.e., as
having no syllable nucleus in that position. The discussion at several points hinted
at other factors that might also be at work in influencing whether reanalysis will
occur. There is no space to pursue the question further in this paper, but I can at
least briefly mention three other factors that seem worth investigating in more detail.

The first factor is the existence of contrasting forms. This factor was already
suggested in the observation that in Montreal French, citation [3.1a.5jG] seems to be
immune to reanalysis because of the potential homophony with station [sta.sj5].
Similarly in German, Stefanie Jannedy (personal communication) says that
reanalyzing geladene as three syllables is easier for her than reanalyzing Ebenen as
two, because there is no contrasting form *geladne but Ebenen contrasts with the
related verb ebnen ‘1o level, to smooth’. On the other hand, the resulting
homophony does not seem to preclude reanalysis for Kannen. Thus, existence of
contrasting forms may be a relatively weak consideration at best.

The second factor is clearly stronger. It is the influence of other levels of
linguistic structure — of prosodic constituents above the syllable. In German and
English, the crucial relevance of one higher-level constituent is obvious already in
the definition of the reduction effect. “Schwa-deletion™ cannot occur unless there is
a faf — that is, it cannot occur in a syllable that is the head of stress foot. The
different patterns of reanalysis seen in British and American English for words such
as laboratory (three-syllable British [lab's® wi] versus four-syllable American
[V'baata1i]) highlight the importance of this prosodic constituent. However, the
unlikelihood of complete reduction of a stressed vowel is not the only aspect of foot
structure that is relevant in determining when reanalysis can occur. In northern
German dialects, it seems that reanalysis is al$o more difficult for a pre-tonic
syllable than for a post-tonic syllable. Thus, extreme vowel reduction and
consequent assimilation and simplification of the resulting [gn] sequence is quite

likely in casual-speech productions of Wagen (see [v'agn] — [v'angng] — [v'a:g] in
Table 2 above), but comparable reduction and simplification is impossible in
gemiitlich ‘cozy’ — *[gm'yili¢] — *[gnytli¢] — *[g'yilig]. The relevant fact here



seems to be the foor affiliation of the consonants; the two consonants in the
resulting /gn/ sequence in Wagen belong to the same foot, whereas in gemiirlich the
/g/ does not belongs to the foot that starts with the /m/. Here we can also contrast
Sekunde fzek'Unda/ ‘second’ to subeil ‘subtle’. In Stefanie Jannedy's Hamburg
dialect Sekunde cannot lose its schwa to become *[sk'Unda], presumably because
the [k] here is an onset consonant for the head of the stress foot, whereas the [p] in
subuil is the coda for the pre-tonic syllable (as is clear from the devoicing of the
original /by in the French loan source, which is still reflected in the orthography).

While the stress foot is guite obviously related to reduction and reanalysis in
these two stress-timed languages, it is not the only potentially relevant prosodic unit
cross-linguistically. As noted already in Section 3, the effects of position of the
target syllable in the accentual se are particularly relevant for understanding
why reanalysis does not occur for devocalized vowels in Korean. A post-lexical
phonetic voicing of lenis stops that are medial to the accentual phrase removes the
segmental environment for devocalization in just the position where reanalysis
would yield a legal consonant coda. The homologous unit in Montreal French also
strongly conditions the likelihood of vowel reduction. Again as noted already,
devocalization does not occur at all in the last syllable of the rhythm group, and it 15
slightly more likely to occur in the first syllable than in other non-final syllables. It
would be interesting to see whether initial syllables have the same advantage over
medial syllables if penultimate syllables are excluded from the comparison. Levac
et al. {1993) show that in Montreal French, the lengthening seen cross-dialectally in
the last syllable of the rhythm group also stretches out the immediately preceding
syllable, albeit to a somewhat lesser degree. That is, the lengthening at the end of
this prosodic constituent in Montreal French is a true edge effect, comparable to the
final lengthening in intonation phrases in English (e.g. Edwards, Beckman &
Fletcher 1991), and rather unlike the lengthening in the European dialects of
French, where the longer final syllable seems instead to be the culmination of a
rhythmic alternation involving a shorter penultimate syllable and a possibly longer
phrase-initial syllable bearing an accent secondaire (see, e.g., Fletcher 1991).

This difference between Montreal French and Parisian French seems related 1o
the third factor: the sociolinguistic significance of the reduction. If forms with
extremely reduced vowels are associated with one particular dialect and not another,
then all of the sociolinguistic considerations of the relationship berween the two
dialects come into play, and we might expect reanalysis to be generalized, in either
of two ways. On the one hand, if extreme reduction is associated with a more
standard dialect, we might expect the reduction to become phonologized as the
standard spreads. That is, if the phenomenon is salient as a mark of a more
prestigious dialect to speakers of a nonstandard dialect, they might abstract a
categorical rule for deriving forms in the standard dialect from the homologous
native forms. Alternatively, if extreme reduction is associated with a stigmatized
regional or class dialect, then the phenomenon might again become phonologized as
a categorical mark of familiarity and group solidarity. Either pattern leads to the
same result: vowel reduction (or any other connected speech process) should
become phonetically less variable when it acquires sociolinguistic significance in
relationship to another community of speakers (cf. Nolan & Kerswill 1990),

Something like this hypothesis of phonologization seems to be assumed in
Cedergren and Simoneau’s (1985) discussion of their initial Varbrul analysis of
overall levels of devocalization in their Montreal French speakers. The analysis
included such factors as the age, education, and sex of the speaker, and the
speaker’s level of participation in the “linguistic market” — i.e., whether the
speaker's work required that he or she interact often with speakers using a less
regionally marked variety of French (Sankoff & Laberge 1978). The women
averall had generally lower rates for cach of the three grades of reduction than did
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the men. Their productions also showed a closer relationship with degree of
participation in the linguistic market than to age, and a much more complex pattern
of phonological conditioning. Cedergren and Simoneau interpret the comparatively
simpler phenological conditioning for the men (and the stronger relationship to age)

. 1 Epp “
[ ”ﬂl ]

processus est plus avance dans le temps et servirait plutit de différenciateur social.”
(Cedergren & Simonean 1985, p. 76). If a more complex phonological
conditioning means a phonetically more variable phenomenon, then this suggesis
that the phenomenon is more phonologized among younger male speakers for
whom it is spreading as a mark of solidarity in opposition to “standard” French.

It would be interesting to see also whether solidarity and prestige can account for
some of the patterns of variability in vowel reduction in German. As opposed to
the more northern varieties reported in Kohler (1990) and Jannedy (1993), southern
German dialects show much more wide-spread reduction in pre-tonic syllables, In
replicating her earlier experiment, this time using Schwiibisch speakers, Stefanie
Jannedy has got recordings of productions such as [kft'eda] for gestohlen ‘stole’,
[praft] for beschafft ‘procure’, and [ki'kesa] for gefressen ‘eaten’, even at normal
rate.2 Has the pre-tonic reduction been reanalyzed as a phonological mark of
solidarity for these southern speakers? Conversely, do northern speakers
deliberately retain such pre-tonic syllables in order not to sound like southern
speakers? Has devoicing become so ubiquitous in Tokyo Japanese because it is a
mark of the prestigious standard? The fact that the national broadecasting
corporation has twice updated its dictionary prescribing where to devoice (NHE
19835) would suggest some such sociolinguistic significance. Conversely, my
impression is that Kyoto and Osaka speakers very deliberately voice the vowels in
the polite adjectval and verbal endings-desu and -masu when excluding speakers of
the standard language.

The five languages briefly reviewed in this paper seem fruitful ground for
investigating the many questions that become thinkable when we adopt an account
of vowel reduction that represents it originally as the aerodynamic consequence of
overlap in the gestural score, with potential phonological reanalysis for forms in
which extreme overlap is a habitual pattern for some prosodic context or some
group of speakers.
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between Syntactic and Semantic Processes
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Abstract: Two experiments investigate how lexically ambiguous
input is handled by the sentence processing system and shed light
on the relationship between syntactic and semantic processing.
Sentence contexts containing ambiguous verbs (e.g., Which
salad/baseball did Janet toss.. probe-word: Bill) are used to
investigate how subcategorization and thematic role information is
used by the sentence processing system. The results are consistent
with a model in which the syntactic processing system uses
subcategorization information to compute all "legal” structures in
parallel, without consideration of semantic information from the
context. Meanwhile, the semantic processing system uses
contextual information to pursue the single most likely semantic
analysis. The resulting syntactic and semantic representations are
checked against each other, and inconsistent analyses discarded.

Models of sentence understanding ofien decompose the task into syntactic and
semantic processes. The degree to which syntactic and semantic processes are
independent, and the relationship between them, are matiers of great debate.
Tangled up in this debate is the role of combinatory lexical information in the
initial stages of sentence undersianding. This is because a wverb's
"subcategorization frames" and "thematic structure" are part of the lexical
knowledge made available when a verb is recognized. A subcategorization frame
is a syntactic representation of a verb's arguments.! A thematic structure is a
representation of the "thematic roles" assigned by a verb, thematic roles being
generalized characterizations of an argument's mode of participation in the event
described by a sentence,

Views regarding how combinatory lexical information is used by the sentence
processing system vary widely. The "Garden Path" model maintains that there is a

*Expl:n'm:nl 1 was completed at the University of Rochester as part of the author's doctoral
dissertation and was supporied by grant HD-27206 (10 Michael Tanenhaus). Experiment 2 was
conducted at the Ohio State University and was supported by a University Seed Grant. The
author gratefully thanks Michael Tanenhaus, Chris Barker, Kim Damnell, and three anonymous
reviewers for many helpful comments on early versions of this manuscript.

1] am distinguishing arguments from adjuncts, which are always optional, and not
subcategorized.
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syntactic "module" which operates independently of semantic knowledge,
excluding contextual and most lexical information from initial syntactic processing
(e.g., Frazier, 1987, 1989, Mitchell, 1989). The initial parse is influenced only by
major syntactic category, phrase structure rules, and a heuristic specifying that the
simplest structure will always be constructed first. Because relevant information is
initially ignored, the parser will make frequent mistakes, or "wander down the
garden path". The opposing view is that the syntactic and semantic systems are
completely integrated, with the extreme version making no distinction between
syntactic and semantic processes (Bates & MacWhinney, 1982; Waltz & Pollack,
1985). Marslen-Wilson and Tyler (1987) take a more moderate position, in which
theoretically distinct syntactic and semantic systems work interactively. A similar
position has been taken by Tanenhaus and colleagues (e.g., Tanenhaus et al.,
1989). They argue that subcategorization and thematic information are both used
in the early stages of sentence comprehension, leading to the prediction that garden
paths should occur only when lexical knowledge is ambiguous.

The current paper presents a processing model that requires still more
moderation of the Interactive position. In the proposed model, the syntactic
processing system functions independently of semantic information from the
context. However, unlike the Garden Path model, the syntactic processing system
uses subcategorization information to compute all "legal" structures in parallel.
Meanwhile, the semantic processing system uses information from the output of
the syntactic system and a variety of other sources (the lexicon, the discourse
model, ete) to pursue the most likely semantic analysis.2 The proposed model
might be termed a "Concurrent” model, because the syntactic and semantic
representations are computed simultaneously.

The Concurrent model is appealing on theoretical grounds for several reasons.
First, because context is ignored by the syntactic system, syntactic representations
can be built reflexively using phrase structure rules (or the equivalent) and
syntactic category and subcategory information from the lexicon. When multiple
structures are consistent with lexical information, multiple structures are
automatically built.  Little cost should result from building multiple
representations because the structures are output automatically, in parallel. In
contrast, semantic representations are heavily context-dependent, and their
construction is a resource-intensive process. However, precisely because they are
context-dependent, the context guides the construction of the single most likely
semantic representation. [f the initial semantic representation proves inconsistent
with new information (such as the following words), the alternative syntactic
representations may provide a mechanism for recovery.

The Concurrent model is similar to a class of models that can be described as
"Parallel Syntax" models. A growing number of researchers are finding evidence
for parallel postulation of syntactic structures, possibly using subcategorization

2In future versions of this model, it may be possible to specify how various properties of the
context bear on the decision of which semantic analysis to pursue, but currently, only "thematic”
propertics are considered. When the verb is recognized, the set of possible thematic frames are
compared with the current synlactic representation and the semantic properties of the current
arguments. The best-fitting thematic frame is selected as the basis for the semantic analysis.
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information, just like the Concurrent model (e.g., Crain & Steedman, 1985;
Gorrell, 1989 & 1991; McElree, 1993). However, most advocates of the parallel
models seem to assume, as does Frazier (1987), that the syntactic analysis must
precede the semantic analysis, and some of them make specific claims about the

order in which the "parallel" syntactic representations undergo semantic
processing. Like the Garden Path model, these models are essentially modular.
Under the Concurrent model, it is possible for a semantic representation to be
produced before the parser has settled on a single syntactic structure. Such an
outcome is likely when subcategorization information permits computation of
multiple syntactic representations, but contextual information strongly biases a
single interpretation. While such an outcome may be possible with a Parallel
Syntax model, it is clearly not possible with the Garden Path model. The current
experiments do not allow comparisons that would clearly distinguish between the
Concurrent model and some Parallel Syntax models. Therefore, the contrast will
be between the Concurrent model, the Garden Path model, and Interactive models
in which semantic information influences the initial parse.

In order to distinguish between the Concurrent model, the Garden Path model,
and Interactive models, one must have the methodological tools to distinguish
between syntactic and semantic representations in a way that is not confounded
with theoretical assumptions. For example, it has sometimes been implied that
first pass eye-movements are indicative of first-pass (i.e., syntactic) parsing and
regressive/second pass eye-movements are indicative of later (i.e., semantic)
interpretive processes {e.g., Ferreira & Henderson, 1990). While this is perfectly
plausible, it is linked to the theoretical claim that syntactic processing precedes
semantic processing. There are no pre-theoretical grounds for identifying first
pass eye movements with purely syntactic processes. In contrast, recent work
measuring Event-Related Brain Potentials (ERPs) has suggested that distinet
components of the waveform can be linked to syntactic and semantic anomalies
{Hagoort et al., 1993; Neville et al., 1991; Osterhout & Holcomb, 1992). Further
exploration of this paradigm may yield a paradigm in which semantic and
syntactic processes could be distinguished experimentally.

The current studies use the cross-modal Integration Paradigm introduced in
Boland (1991, see also Boland, 1993)* as a partial solution to the methodological
problem of distinguishing between syntactic and semantic representations.
Auditory presentation of a sentence or sentence fragment is followed by a visual
target that may or may not be a good continuation of the sentence. The
assumption is that as we hear or read a sentence, we immediately begin
constructing syntactic and semantic representations of it. Responses to the target
word will be faster when the target is consistent with the relevant representation
than when it is not. For reasons that are discussed at length in Boland (1991), the
ability to integrate the target into the syntactic representation is most relevant
when the task is naming, but both the syntactic and semantic representations play a
role when the task is lexical decision. MNote that naming and lexical decision are

3‘Exp:rimenl 1 of the current paper is Experiment 3 in Boland (1991). This experiment was
also briefly summarized as Experiment 2 in Boland (1993).
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used here to investigate post-access effects -- namely, the ease with which the
target can be integrated into the sentence context.

The Integration Paradigm contrasts naming and lexical decision tasks based
on the evidence that naming is most sensitive to syntactic representations and
lexical decision is sensitive to both syntactic and semantic representations.
However, this distinetion is probably not absolute. For example, recent studies in
my own laboratory using only visual representation have not obtained clear
patterns of results. The conditions under which this task difference can be
obtained must be better understood in order for this paradigm to be fully
convincing. The current experiments handle this potential difficulty by including
control conditions designed to determine which level(s) of representation are being

tapped.

Experiment 1

Experiment 1 was designed to investigate how verb-specific syntactic and
thematic knowledge become available to the sentence processing system and how
this lexical knowledge influences on-line construction of syntactic and semantic
representations of sentences. The focus is on verbs such as toss, that have multiple
argument structures (i.e., toss the ball to the child vs toss the salad). 1f the entire
lexical entry is made available at once, all the syntactic and semantic knowledge
associated with each of a verb's senses and argument structures would presumably
become available. How might the sentence processing system sort out this
information and make use of it?

All models of sentence processing assume that at least some aspects of lexical
knowledge are used in the initial stages of sentence processing. For example, the
Garden Path model assumes that major grammatical category is used (along with
phrase structure rules) to assign each incoming word to the phrase structure tree.
Interactive models maintain that subcategory and thematic role information are
used for initial parsing decisions. In either case, the output of the word
recognition system provides crucial input to the sentence processing system.
However, the output of the word recognition is often ambiguous and it is not clear
how the sentence processing system would handle lexically ambiguous input.

Consider the way lexical access is believed to occur. There is general
agreement (Forster, 1979; Marslen-Wilson, 1987) that lexical items are accessed in
a bottom-up fashion when linguistic input is perceived; contextual information
cannot access lexical items independently, nor does context restrict lexical items
from being accessed by the input. Thus, when physical input is ambiguous,
multiple lexical forms are accessed, although not always simultaneocusly (see for
example, Van Petten & Kutas, 1987). Context is then used to select the
appropriate candidate.! However, the most common current views of sentence
processing maintain that the parser constructs syntactic representations in serial

4However, if one sense of an ambiguous word is accessed earlier than the other senses and it
can be quickly integrated into the context, the alternative senses may not be accessed (Rayner &
Morris, 1991). For example, Tabossi (1988) found that a subordinate meaning will not be
accessed if the appropriate semantic features of the more frequent meaning are primed by the
conlext.
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(e.g., Fn?.zier, 1987). A problem arises because a large number of English words
are ambiguous at some level. Ewven if the parser only makes use of syntactic
category, what can it do with noun/verb ambiguities like ring or adjective/noun
ambiguities like green? And if the parser makes use of subcategory information in

addition fo major syntactic category, Ihe AMDI !! U 'l

verbs allow multiple subcategorization frames. Is the appropriate
subcategorization and thematic frame selected in the same way that the appropriate
meaning of an ambiguous word is selected?

Experiment 1A uses cross-modal naming and was designed to determine
whether multiple subcategorization frames are made available when verbs with
multiple senses are recognized. ("Sense" is loosely defined here as a difference in
the type of event denoted by the verb.) Experiment 1B uses cross-modal lexical
decision to ask the same question about thematic frames. The critical sentences
contain verbs with senses that have different numbers of arguments associated
with them. For example, the sense of toss associated with salads has just two
arguments, a subject and an object. In contrast the "throw" sense can have three
arguments: subject, direct object, and indirect object. Thus, (1a) is unacceptable®,
but (1b) is fine. Remember, according to the lexical access literature, semantic
associates of both senses would be facilitated at the offset of toss in both (1a) and
{1b). Several hundred milliseconds later, only the contextually appropriate probe
would be facilitated. This is because words are accessed in bottom-up fashion --
then context is used to select the most likely sense.

1a) 7*Which salad did Jenny toss Bill?
b) Which baseball did Jenny toss Bill?

Presumably the entire lexical entry for each sense of an ambiguous word is
activated, not merely multiple meanings. It ought to be possible 10 design an
experiment that tests for multiple activation of lexical argument structures that is
exactly analogous to the semantic priming experiments that test for multiple
activation of meanings. If multiple argument structures are made available, then
multiple syntactic and thematic representations might initially be formed at words
like toss. Thus, integrating the target, BILL, into the contextually inappropriate
representation ought to be equivalent to integrating the target into the contextually
appropriate representation, but only if the target is presented during the window of
time when both representations are available. Remember, integration effects in
naming are likely to reflect syntactic integration, whereas integration effects in
lexical decision may reflect both syntactic and semantic integration.

Two control conditions using "unambiguous" verbs are necessary to ascertain
whether the task is tapping syntactic representations, semantic representations, or
both. The first, illustrated in (2a), used simple transitive wverbs that only
subcategorize for two arguments: a subject and a direct object. This condition

SNote that (1a) is somewhat implausible, but acceptable if the "throw” sense is adopted.
Some speakers may also find (1a) acceptable as the short form of Which salad did Jenny toss for
Bill? There was some variation among the materials regarding how strongly the indirect object
biased one meaning over the other and whether or not a benefactive reading was possible.

74



served as the baseline at which neither syntactic nor thematic integration is
possible. The other control condition (2b) distinguishes between semantic
integration and syntactic integration by using non-altemnating datives. These verbs
have three thematic roles and subcategorize for a prepositional indirect object, so
that SAM is thematically congruent, but syntactically incongruent. If naming
latencies for the two control conditions are equivalent and longer than naming
latencies for the "baseball" condition, it will verify that naming is only sensitive to
syntactic integration, and not thematic integration. Lexical decision latencies will
be shorter for the thematically congruent condition if the task is sensitive to
thematic integration.

2a) Which necklace did Nancy touch.. SAM
b) Which necklace did Nancy describe.. SAM

Note that toss is an alternating dative that can take a noun phrase indirect
object, so the ambiguous three argument condition (illustrated by (1b)) should
allow both syntactic and thematic integration under any account. If it is
significantly faster than the unambiguous two argument condition (2a), that will
provide evidence for an integration effect in either task. In addition, it will
provide a standard against which to compare the ambiguous two argument and the
unambiguous three argument conditions. These are the two most interesting
conditions. If argument structure information follows the same pattern of
"activation" as semantic associates, then multiple sets of argument structure
information should initially be available. This would be reflected by response
times in the ambiguous two argument condition equivalent to those in the
ambiguous three argument condition.

Mote that it is possible to continue the "incongruent” conditions in such a way
that the context+target is a legal string. Some examples are given in (3), below.
However, in each of these cases, the target word is the direct object and the wh-
phrase is part of an adjunct phrase. A number of researchers have used a variety
of paradigms to examine how fronted wh-phrases are analyzed in sentences like
those used in this experiment. All the evidence demonstrates that the wh-phrases
are assigned the direct object role when a transitive verb is encountered (Clifton et
al., 1984; Frazier & Clifton, 1989; Garmnsey et al., 1989; Kurtzman, 1989). It is
cerainly possible that subjects would construct just such a structure when they
encounter the target. But doing so would require some reanalysis (of the wh-
phrase) and thus response times should be longer in these conditions compared to
"congruent” conditions in which no reanalysis is necessary.

3a) Which salad did Jenny toss Bill the croutons for?
b) Which necklace did Nancy touch Sam with ?
c) Which necklace did Nancy describe Sam wearing?

The choice of proper names as targets has two consequences. First it insures

that all targets are equally unpredictable so that subjects cannot generate potential
targets from the context. Second, it required that the traditional lexical decision

73



instructions be modified slightly because the targets were names rather than words.
1 have assumed that common first names are represented in the lexicon somewhat
like nouns -- thus, it is possible to access the lexical item along with the semantic
features of human, animate, male, etc.

Experiment 1A

The Concurrent medel differs from the Garden Path model and serial
Interactive models with regards to the number of syntactic representations that are
constructed. The Concurrent model predicts that all subcategorized structures are
pursued in parallel. In contrast, the Garden Path model maintains that only the
syntactically simplest structure is initially constructed -- without regards to
subcategory information. At the other extreme, serial Interactive models maintain
that only the most contextually plausible syntactic representation will be
constructed.

Experiment 1A tesis one hypothesis of the Concurrent model, namely, that
syntactic representations comesponding to each subcategorization structure are
initially constructed when wverbs with multiple subcategorization frames are
encountered. This predicts that naming times in the two ambiguous wverb
conditions will be equivalent, and faster than the unambiguous verb conditions,
which are both syntactically incongruent. In contrast, serial Interactive models
predict that only the contextually appropriate structure will be constructed, so
responses should be faster in the ambiguous three argument condition than the
ambiguous two argument condition. These predictions are summarized in (4a) and
{4b), respectively.

The predictions of the Garden Path model are less clear. Subcategory
information, specifying that a third argument is possible, would not be available at
the point when the target is presented. Thus, there might be no representation into
which the target could be easily integrated, causing the ambiguous conditions to be
equivalent to the unambiguous conditions. Altematively, if subjects took the
target to be part of the sentence, the simplest attachment uses the double object
structure associated with (5b), below. Because subcategory information is not
available, this structure would be used for both ambiguous and unambiguous verbs
-- again predicting no differences across the four conditions as shown in (4c). To
insure that the task is tapping the earliest point in processing, when (according to
the Garden Path model) subcategory information is not available, the visual target
was presented just before the auditory offset of the verb. Note, however, that if
subcategory information became awvailable in time to influence the naming
response, one might find exactly the pattern predicted by the Concurrent model.

4a) Predictions of the Concurrent model: 3A =2A < 3U =2U
b) Predictions of serial Interactive models: 3A < 2A = 3U=2U
c¢) Predictions of the Garden Path model: 3A =2A =3U=2U

The unambiguous verb conditions also test the methodological hypothesis that

naming is insensitive to semantic congruity. The prediction is that naming times
for the two unambiguous conditions will be equivalent, with no advantage for the
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three argument condition, Furthermore, a difference between the ambiguous and
unambiguous argument conditions will provide evidence that subcategorization
information is available eatly. The Concurrent model and the Interactive model
both require that subcategory information be available early, while the Garden
Path model requires that there be some time-point after word recognition when
subcategorization information is not yet available.

Method.

Subjects. Forty undergraduates at the University of Rochester completed the
experiment in partial fulfillment of course requirements or for a nominal fee. All
were native speakers of English.

Materials. The Ambiguous conditions use ten altemnating dative verbs that
were judged to have another sense in which they were two argument transitives.
For each verb, two versions of a sentence fragment were constructed. The two
versions were identical except for the fronted, wh-phrase that was a filler for the
direct object gap. In each pair, one of the wh-phrases strongly biased the two
argument meaning, and the other strongly biased the three argument meaning.
Ten additional sentence fragments were constructed, using the same structure, for
the control conditions. Each of these fragments was also made into two versions,
which were identical except for the verb. The verb was an unambiguous two
argument verb in one version and a non-alternating dative (three argument verb) in
the other. A sample set of experimental sentences is shown in (5). The full set is
listed in the Appendix. Sentence completion norms were collected on all the
experimental contexts to insure that the contexts biased the ambiguous verbs as
expected and to insure that my judgments regarding verb subcategorization were
appropriate.

5a) Ambiguous 2-Argument: Which salad did Jenny toss.. BILL

b) Ambiguous 3-Argument: Which baseball did Jenny toss.. BILL

c) Unambiguous 2-Argument: Which necklace did Nancy touch,, SAM

d) Unambiguous 3-Argument: Which necklace did Nancy describe.. SAM

Ten sentence fragments with ambiguous verbs and ten with unambiguous
verbs appeared on each of two lists and the two and three argument conditions of
each were rotated between lists. In addition, 58 distractor fragments were
constructed, about 30% of which were obviously cut off in mid-sentence. Targets
for all trials were common first names, 2-5 letters in lenpth. Targets for the
critical trials were all single syllable names, 3-4 letters in length. Naming norms
were collected on the targets without contexts, Targets in the ambiguous verb
group averaged 393 milliseconds and targets in the unambiguous verb group
averaged 390 milliseconds (N=8). There was no difference between the two
groups of targets,

The sentence fragments were read into a tape recorder. An attempt was made
to read all the critical frapgments, as well as those distractors which ended mid-
sentence, with neutral (as opposed to sentence-final) intonation. The materials
were then digitized using the MacRecorder system. Five millisecond tones at 1000
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hz were placed on the non-voice channel approximately 150 milliseconds before
the offset of the verb or at the onset of the final consonant. In all cases, the tone
occurred after the subjective recognition point of the word.

Procedure. Subjects wore headphones and were seated in front of a computer

screen, response box, and microphone. Contexts were presented through the
headphones to both ears, and the target names were centered in all capitol letters
on the computer screen. Subjects responded by pronouncing the name into the
microphone, which was connected to a noise-sensitive switch on the response box.
Reaction times were collected from the time when the target came onto the screen
until the noise-sensitive switch was triggered. If no response was registered within
2 seconds, the response was considered a time-out. In this paradigm, time-outs
usually reflect mechanical trigper-failures rather than slow responses. Yes/MNo
comprehension questions were presented visually after 25% of the trials to insure
that subjects attended to the auditory contexts. In no case was it necessary to
integrate the target with the context to answer the comprehension question.
Subjects completed 10 practice trials, half of which had comprehension questions,
before going on to the 78 experimental trials.
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Figure 1. The mean naming latencies for each condition of Experiment 1A are
given in milliseconds.

Results,

For each of the critical trials, the onset latency of the naming response was
recorded. Time-outs accounted for less than 3% of the data. Within each
condition, mean response times were computed by subject and by item. Responses
were considered outliers if they were more than 2.5 standard deviations from a
subjects mean response time. Outliers were replaced with the boundary value.
About 4% of the data were replaced in this way. Mean response times are
displayed in Figure 1. Subject and item means were each subjected to a 2(list) x
2(verb type) x 2{argument number) Analysis of Variance (ANOVA). There was a
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main effect of verb type by subjects and by items [F1(1,38)=9.58, F2(1,16)=8.68,
p < .01], with responses to the unambiguous conditions slower than the ambiguous
conditions. Importantly, there was no effect of argument number, which would
have reflected semantic integration [Fs < 1.0], and no interaction between verb
type and argument number [Fs < .10]. In a planned comparison of the three
argument conditions, the ambiguous condition was faster than the unambiguous
condition [F1(1.38)=4.80, F2(1,16)=7.84, p < .05]. The difference between the
two argument conditions was marginally significant [F1{1,38)=3.90,
F2(1,16)=3.63, p < .10). The two ambiguous conditions did not differ from one
another, nor did the two unambiguous conditions.

Discussion,

Both theoretical and methodological predictions were supported. There was
no difference between the two unambiguous conditions, and the ambiguous three
arpument condition was faster than the unambiguous three argument condition.
This provides evidence that the task is insensitive to semantic congruity, but
sensitive to subcategorization information. The Concurrent model's prediction that
both subcategorization frames would be constructed was also supported. Naming
times for the ambiguous verb conditions were fast compared to the unambiguous
verb conditions. This suggests that the two arpument and three argument
conditions were both syntactically congruent -- and the two argument condition
could not have been syntactically congruent unless the inappropriate
subcategorization frame was available. Thus, the pattern of results is inconsistent
with the predictions of the Interactive model. Furthermore, the results are not
consistent with the Garden Path model unless it is the case that subcategory
information becomes available in time to influence the naming response. What
makes this unlikely, is the early point at which the target was presented. If
subcategorization information is not available in time for the initial parse, it is not
clear how it could be available soon enough to influence the naming response.
Further evidence against the Garden Path model is provided by Experiment 1B and
Experiment 2.

Experiment 1B

The evidence from Experiment 1A, using naming, suggests that the parser
constructed a structural representation comesponding to each subcategorization
frame of the ambiguous verbs. Experiment 1B, which uses lexical decision,
provides an opportunity to replicate that effect (because the lexical decision task is
sensitive to syntactic congruity) as well as to test the hypothesis that only a single
thematic frame is pursued (because the lexical decision task is also sensitive to
semantic congruity). | am assuming that all thematic frames are initially made
available based on the evidence that all meanings of ambiguous words are initially
made available. However, the Concurrent model predicts that only the thematic
frame that is most consistent with the context will be pursued.

The Concurrent model predicts that decision times in the ambiguous verb
conditions should be faster than those for the unambiguous verb conditions, as in
Experiment 1A. This is the syntactic integration effect. In addition, decision
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times should reflect semantic integration: the three argument ambiguous condition
should be faster than the two argument ambiguous condition because the target is
consistent with the context only in the three argument condition. Likewise,
decision times for the three argument unambiguous condition should be faster than

those for the two argument unambiguous condition because only the former
provides a thematic role for the target. These predictions are summarized in (6a).

In contrast, the most straightforward interpretations of the Interactive and
Garden Path models predict the same pattems of effects that the models predicted
with the naming task, though for different reasons. Interactive models maintain
that syntactic and semantic processors work together to construct a single
representation, which both naming and lexical decision would presumably tap.
The Garden Path model, in contrast, predicts that the simplest syntactic
representation is constructed first (ignoring subcategory information), and it is this
initial representation that is presumably being tapped. Thus, there should be no
difference between the four conditions (as shown in (6¢)) because subcategory
information is not yet available. Altematively, if the task taps a later stage of
processing, and subcategory information is available in time to influence the
response, one of the two syntactic congruity effects illustrated in (7) should be
obtained. If the decision task taps a very late stage in processing, and semantic
analysis has also occurred, then the pattern predicted by the serial Interactive
model {6b) should be obtained.

6a) Predictions of the Concurrent model: 3A < 3U = 2A < 2U
b) Predictions of serial Interactive models: 3A <3U = 2A =2U
¢) Predictions of the Garden Path model: 3A =3U =2A =2U

7. Altemative Predictions of the Garden Path model:
a) 3A<3U=2A=2U
b) 3A=2A>3U=2U
Method.

Subjects. Forty undergraduates at the University of Rochester completed the
experiment in partial fulfillment of course requirements, or for a nominal fee. All
were native speakers of English.

Materials. The auditory contexts used in Experiment 1A were used again
here. The target list was modified by generating 24 pronounceable, non-names for
the distractor trials. (Non-names were non-words and were not homophonous with
any common name or word.) Overall, approximately 30% of the trials were non-
name trials. Decision norms were collected on the critical targets without any
contexts. The targets used with ambiguous verbs averaged 521 milliseconds and
the targets used for unambiguous verbs averaged 518 milliseconds (N=8). There
were no differences between the two groups.

Procedure. The procedure used in Experiment 1A was used again here,
except that subjects were told that a string of letters would appear on the screen
and they should decide whether or not it was a real name as quickly as possible.
Decisions and their latencies were recorded on a button box labeled with "yes" and

B0



"no." If the subject did not respond within three seconds, the program registered a
"timeout" and the experiment continued.

Resulis,

For each of the critical trials, the lexical decision latency was recorded, along
with which button was pressed. Subjects made emors on less than 2% of the
critical trials. There were no "time-outs" on the critical trials. Within each
condition, correct ("yes") mean response times were computed by subject and by
item. Mean response times are displayed in Figure 2, below. Outliers were
replaced at 2.5 standard deviations as in Experiment 1A. Approximately 3% of
the data were replaced in this way.

Subject and item means were subjected to a 2(list) x 2{verb type) x
2(argument number) ANOVA. The data pattern is strikingly different from that
obtained using the pronunciation task. The verb type effect, reflecting syntactic
congruity, is still observed, but only in the subject analysis: the ambiguous verb
conditions are significantly faster than the unambiguous verb conditions by
subjects [F1{1,38)=28.37, p < .01], but not by items [F2(1,16)=2.25, p > .10]. The
planned comparisons of the two argument ambiguous and unambiguous conditions
[F1(1,38)=10.82, p < .01; F2(1,16)=2.07, p > .10] and three argument ambiguous
and unambiguous conditions [F1(1,38)=4.85, p < .05; F2(1,16)=1.49, p > .10]
were also significant by subjects but marginal by items.
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Figure 2. The mean decision latencies for each condition of Experiment 1B are
given in milliseconds.

What is striking is the main effect of argument number, with two argument
conditions slower than three argument conditions [F1{1,38)=7.44, F2(1,16)=4.69,
p = .05]. This reflects semantic integration because there was a thematic role for
the target in the three argument condition, but not the two argument condition.
Although the effect of argument number did not interact with verb type [Fs < 1.0],

81



it appears numerically larger for the unambiguous verbs. In a planned comparison
of the unambiguous verbs, this difference was reliable by subjects [F1(1,38)=5.21,
p < .05] and marginally reliable by items [F2(1,16)=4.19, p < .10]. However, the
difference was not reliable for the amhiiuaus verbs [Fs < .101.

Discussion.

The pattern of results confirmed that the decision task is sensitive to both
syntactic and semantic representations, and that thematic and contextual
information are used very early to guide the semantic representation. Evidence
that the task is sensitive to thematic information is provided by the unambiguous
control conditions. The unambiguous three argument condition was faster then the
unambiguous two argument condition because the three argument condition
offered a thematic role for the target. The main effect of wetb type, seen
previously in Experiment 1A, is again evidence of syntactic integration.
Responses to the unambiguous verb conditions were comparatively slow because
they are not syntactically congruent. By contrast, the ambiguous three argument
condition is syntactically congruent on all accounts, and the ambiguous two
argument condition is syntactically congruent if the alternative subcategorization
frame is availahle.

The main effect of argument number indicates that only the contextually
appropriate thematic frame was pursued. Thus, it was easier to integrate the target
in the three argument conditions compared to the two argument conditions.
Although the size of the effect appears larger for the unambiguous verbs than the
ambiguous verbs, the effect of argument number did not interact with verb type.

The results can best be interpreted as follows: multiple subcategorization
frames are pursued without regards to context, but the awvailability of thematic
frames is regulated by (top-down) contextual information.

Summary of Experiment 1

Experiment 1 provides further evidence that cross-modal naming and lexical
decision are differentially sensitive to syntactic and semantic representations.
Furthermore, the experiment provides new data on the relationship between
syntactic and semantic processing, and how verb argument structure is used by the
sentence processing system. The results suggest that verb argument structure is
accessed in parallel, much like multiple meanings of ambiguous words. However,
the syntactic and semantic systems deal with this parallel information differently.
The syntactic system automatically constructs a representation consistent with each
subcategorization frame, but the semantic system uses context to select the most
likely thematic frame to pursue. In such a system, garden paths would occur only
when the thematic system pursued the incorrect interpretation (because the context
was misleading or uninformative). In this case, the alternative syntactic frames
might be used to identify an alternative analysis.

An alternative line of explanation for the data in Experiment 1 must also be
considered. Suppose that the two argument subcategorization and thematic frames
of the ambiguous verbs were ruled out, brute force fashion, by the target word.
The two argument ambiguous condition would be syntactically congruent, but

82



implausible, and the three argument ambiguous condition would be syntactically
congruent and plausible. Because both would be syntactically congruent there
would be no difference in naming times, but the plausibility difference would be
reflected in the lexical decision times. This explanation is difficult to rule out, but
it is unlikely because there is no reason to think that subjects were forcibly trying
to integrate the target word with the contexts. It was assumed that the target
would be integrated automatically only if it was congruent. Fully half of the
experimental contexts were complete sentences without integrating any probe
word so it is unclear why subjects would adopt a strategy of forcibly integrating
the probe word. Further evidence against this explanation is provided by
Experiment 2. Experiment 2 is a naming experiment that uses the same materials,
but probes at time points after the offset of the verb. At late time points, the
ambiguous two argument condition is no longer as fast as the ambiguous three
argument condition. Thus, it is clear that at 150 and 300 milliseconds post offset,
bottom up evidence of the three argument structure does not force that analysis. It
is unlikely then, that such a process occur at earlier probe times.

Experiment 2

Experiment 1 suggests that all subcategorized structures are automatically
constructed in parallel, but a single thematic frame is selected using contextual
information. Experiment 2 was designed to explore the relationship between
syntactic and semantic representations over time by testing the availability of the
alternative syntactic frame at different time points. This was accomplished using
the naming task in a cross-modal, multi-1SI (inter-stimulus-interval) design. The
temporal relationship between the offset of the auditory context and the
appearance of the next target was varied from 150 milliseconds prior to offset to
300 milliseconds post offset.

I have assumed that the naming data and the lexical decision data reflect the
same time point in processing. Thus, the results of Experiment 1 demonstrate that
a single interpretation has been selected before the syntactic ambiguity is resolved.
However, it is also possible that the naming task captures the sentence processor at
an earlier point than does lexical decision -- that, in fact, the semantic processor
cannot develop an interpretation until a single syntactic structure is passed up by
the syntactic processor. This possibility calls into question the task difference,
itself, because it follows that if the naming response was slowed down the task
would be sensitive to semantic integration. The latter possibility is ruled out by
the naming data from the cument experiment. We will see that even 450
milliseconds later (300 milliseconds post-offset), there is no evidence of a
semantic effect with the naming task.

This leaves the question of how the subcategorization ambiguity is resolved.
According to the Concurrent model, once syntactic and semantic representations
are developed, they are compared, and inconsistent representations are discarded.
This leads to the prediction that argument number and [S] should interact when the
verb is ambiguous. Specifically, the ambiguous two argument condition should be
fast at short ISI's and slow at long 151's with the naming task. (It should be slow at
all 1SI's using lexical decision.) On the other hand, if syntactic parallelism is
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maintained until there is bottom-up evidence for one subcategorization over the
other, one would expect the ambiguous two argument condition to remain fast in
the naming task, because integration of the probe word should constitule bottom-
up evidence for the three argument subcategorization.

The data pattern for the ambiguous verbs that is predicted by the Concurrent
model is identical to the pattern predicted if naming is sensitive to semantic
congruity at long 181's. Therefore, the control conditions are again crucial. If
naming is truly sensitive only to syntactic congruity, argument number should not
interact with ISI when the verb is unambiguous. That is, the unambiguous three
argument condition should not be faster than the unambiguous two argument
condition at long 1SI's. However, if the source of the task difference between
naming and lexical decision is in the relative timing of the response -- and naming
was tapping an earlier representation than lexical decision in Experiments 1 and 2
-- then the pattern of naming responses should mimic the lexical decision task at
long I1S1's, and the unambiguous three argument condition should be faster than the
unambiguous two argument condition.

Method.

Subjects. Eighty undergraduate students from the Ohio State University
served as subjects, 20 in each of the 1SI conditions. All were naive to the
experimental hypothesis and were npative speakers of English.  Subjects
participated to fulfill part of their course requirement in introductory psychology.

Materials. The materials from Experiment 1 are used again here, although
they were spoken by a different person, re-randomized and assigned different
targets.

Procedure. The auditory sentence contexts were digitized and edited as in
Experiment 1. As before, sync tones were set at approximately 150 milliseconds
before the offset of the last word in the auditory context. However, the temporal
relationship between the sync tone and the presentation of the target word was
manipulated between subjects so that there were 4 1SI conditions. The target was
presented at the sync tone for the "-150 ISI" group, 150 milliseconds after the syne
tone for the "0 ISI" group, 300 milliseconds after the sync tone for the "150 ISI"
group, and 450 milliseconds after the sync tone for the "300 IS1" group.

The only other procedural change was that the fastest and most accurate
subject in each task was awarded a $10 prize. This incentive produced somewhat
faster response times than were seen in Experiment 1.

Results.

The results are summarized in Figure 3. Outliers were replaced at 2.5
standard deviations and subject and item means were computed as in the previous
experiments. These means were first subjected to a 2(listfitem group) x 2 (verb
type) x 2(argument number) x 4(ISI) analysis of variance. In the subject analysis,
list and ISI were between factors and verb type and argument number were within
factors. In the item analysis, item group and verb type were between factors,
while argument number and 151 were within.
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The predicted effect of verb type (with the ambiguous verb conditions faster
than the unambiguous wverb conditions) was obtained in the subject analysis
[F1{1,72)=13.04, p < .001], but was not reliable in the item analysis [F2(1,16)=
1.93, p > .10]. Importantly, this effect did not interact with ISI [F1 & F2 < 1.0),
demonstrating that the syntactic congruity effect was maintained across time. In
addition, there was no main effect of argument number [F1 & F2 < .10], which
would have reflected a semantic congruity effect. The main effect of IS] was
reliable in the item analysis, but not in the subject analysis [F1(3,72)=1.39, p >
10; F2(3,14)=16.14, p < .01].

Unfortunately, the predicted three-way interaction between wverb type,
argument number, and ISI was not obtained [F1 & F2 < 1.0]. This interaction
was predicted because argument number and ISI should interact for ambiguous
verbs, but not for unambiguous verbs. Although the predicted pattern was
obtained at the last three probe positions, with the ambiguous two argument
condition gradually becoming less available, the ambiguous two argument
condition was inexplicably (and non-reliably) slower than the ambiguous three
argument condition at the first probe position. Thus, instead of the predicted
three-way interaction, only a two-way interaction between verb type and argument
number was obtained [F1(1, 72)=7.08, p < .01; F2(1,16) = 6.32, p < .05].

so-dec-- 2 Ambig | 475 -

- 3 Ambig
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400 } - :
-150 0 150 300
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Figure 3. The mean naming latencies for each condition of Experiment 2 are
given in milliseconds.

Because the model makes predictions about differences between ISI
conditions, separate 2(list) x 2(verb type) x 2(argument number) ANOVAs were
done on each ISI group. At the earliest ISI (-150), the data was quite noisy, and
no main effects or interactions reached significance. By the offset of the verb (0
ISI), the main effect of verb type was reliable by subjects [F1(1,18)=5.44, p =
-10], but not by items [F2(1,16)=1.48, p > .10]. Shortly after verb offset, at 150
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IS1, the effect of verb type was only marginally reliable by subjects [F1(1,18) =
3.99, p < .10; F2(1,16)=1.53, p > .10], and it failed to reach significance
completely by 300 milliseconds post offset [F1{1,18)=2.48, F2(1,16)=2.26, p >
.10]. At the last ISI, there was also an interaction between verb type and argument

number [F1(1,18)=7.18, F2(1,16)=5.83. p < .05]. There was never an effect o
argument number [Fs < 1.0].

Planned comparisons of the ambiguous and unambiguous three argument
conditions demonstrated that the ambiguous three argument condition was reliably
faster by subjects and marginally faster by items at 150 milliseconds post-offset (o
= .05). The difference was reliable in both subject and item analyses at 300
milliseconds post offset. The unambiguous three argument condition never
differed reliably from the unambiguous two argument condition in either the
subject or the item analyses. The only [S] at which the ambiguous three argument
condition was reliably faster than the ambiguous two argument condition was the
300 151 condition.

Discussion,

Experiment 2 used the naming task to examine the state of the syntactic
representation(s) at various points in time. There were two crucial predictions,
one theoretical and one methodological. First, if the syntactic and semantic
representations are compared and inconsistent analyses discarded, onmly the
contextually appropriate syntactic frame should be available at long IS1's, and the
ambiguous two argument condition should be slow. This is the prediction of the
Concurrent model. In contrast, if syntactic parallelism is maintained until there is
bottom-up evidence for one subcategorization frame over the others, the
ambiguous two argument condition should remain fast because integration of the
probe word would constitute bottom-up evidence for the three argument
subcategorization. The pattern predicted by the Concurrent model was obtained
over the last three probe positions. Note that this pattern does not constitute
evidence that naming was sensitive to semantic congruity at later time points.
Although that is one possible interpretation of the data for the ambiguous
conditions, it is ruled out by the data for the unambiguous conditions.

The second crucial prediction was that the unambiguous three argument
condition would never differ from the unambiguous two argument condition.
Recall that in Experiment 1, they did not differ with the naming task, but the three
argument condition was faster with lexical decision. The effect in lexical decision
was attributed to the task's sensitivity to semantic congruity, because the
unambiguous three argument verbs allowed a third thematic role that was
consistent with the semantic features of the target. However, there is an
alternative explanation consistent with the Garden Path model that must be ruled
out. The alternative is that lexical decision task taps processing at a later stage
than does naming. Under this account, both naming and lexical decision are
sensitive to semantic congruity in principle, and semantic effects would be seen in
naming if there were enough time for the semantic information to become
available. To rule out this explanation, the unambiguous three argument condition
must remain slow at all ISI's. As seen in Figure 3, this pattern was obtained; there
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was no difference between the unambiguous three argument condition and the
unambiguous two argument condition, even at the longest 1S1. This demonstrates
that naming was insensitive to thematic congruity in this paradigm.

Somewhat surprisingly, no clear pattern emerged at the first 151, and this
appeared to disrupt the predicted three-way interaction. Although the -150 151 was
used in Experiment 1, the data pattern found in Experiment 1 is seen here at verb
offset. This discrepancy is probably due to the relatively short naming latencies
observed here compared to those in Experiment 1. Thus, responses at verb offset
are presumed to reflect the same stage of processing observed in Experiment 1.
As before, both subcategorization frames for the ambiguous verbs were available.
Unlike Experiment 1, there does appear to be a difference between the
unambiguous control conditions -- the three argument condition is slower, not only
here, but at each 1S1. This difference between the control conditions was not
predicted by any of the models, and was not reliable at any ISI.

The most interesting data is from the longer ISI conditions. By 300
milliseconds post-offset, only the contextually appropriate subcategorization frame
was available, and the predicted interaction between verb type and argument
number was obtained. Crucially, there is never an effect of argument number,
which would have reflected semantic congruity. The apparently gradual decrease
in the awvailability of the alternative subcategorization frame is consistent with a
gradual decay in its activation level once the appropriate syntactic representation
has been successfully matched to the semantic representation.

General Discussion

This set of experiments used cross-modal naming and lexical decision in the
Integration Paradigm to explore how subcategory and thematic information is used
by the sentence processing system. Because this combinatory lexical information
must be used by the sentence processing system at some point, investigations into
how they are used will also provide insight into the relationship between syntactic
and semantic processing. A Concurrent model of sentence processing was
proposed, and some of its predictions were tested against the competing interactive
and modular models. The evidence provided here supported the Concurrent
maodel.

The Concurrent model of sentence processing maintains that, when a verb is
recognized, all of its subcategory and thematic information is accessed. The
syntactic processing system uses the subcategory information to construct all the
subcategorized structures in parallel, without consulting semantic or contextual
sources of guidance. Meanwhile, the semantic processing system uses contextual
information, along with any preliminary output from the syntactic system, to select
the most likely interpretation. Once semantic and (parallel) syntactic
representations are constructed, they are compared to eliminate inconsistent
analyses. This is similar to other processing models in which multiple syntactic
structures are proposed in parallel (e.g.. Crain & Steedman, 1985; Gorrell, 1989 &
1991; Hickek, 1993; MacDonald, 1993; McElres, 1993), except that the
Concurrent model makes the explicit claim that a single interpretation is
sometimes constructed before the syntactic system has identified the appropriate
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structure. This claim was supported by the lexical decision results of Ex;:cﬂment
1B, especially when compared against the naming results of Experiment 2.
Subcategorization information, thematic information, and cuntextugl information
were all used very early, but only subcate orization information influenced the

initial syntactic representations. All three sources of information were used to
guide the semantic interpretation. This pattern of data is consistent with Parallel
Syntax models that allow a single semantic representation to be constructed before
a single syntactic analysis is selected.

The evidence from both experiments suggests that, under appropriate
experimental conditions, naming is sensitive to syntactic representations and
relatively insensitive to semantic representations. In contrast, lexical decision is
sensitive to both syntactic and semantic representations. However, this task
difference is not as reliable as one would hope. For instance, Gorrell (1921) found
that lexical decision was imsensitive to animacy wviolations, and Duffy and
colleagues (e.g., Duffy et al., 1989) have found that naming was sensitive to
plausibility. It is important to note, particularly when comparing these
experiments to similar studies, that the targets were presented to the subjects
without warning, and prior to the offset of the final context word. Many studies
have presented a warning signal before the target or offset the target from the
context by half a second or more, altering the nature of the task. Furthermore, the
paradigm may be limited in utility to cross-modal presentation. Experiments in
my own laboratory that have used visual presentation have produced noisy results
without clear task differences,

Nonetheless, the Integration Paradigm may prove useful because it has the
important capability of mapping changes in representations over time. This
feature was exploited in Experiment 2, to examine changes in the syntactic
representations.  The results suggested that the contextually inappropriate
subcategorization frame gradually became less available. I have suggested that the
alternate syntactic representation could be used to recover from a garden path, but
as yet | have offered no evidence of this. Further research is necessary to
determine if, in fact, alternative subcategorization frames do serve as a mechanism
for recovery from a garden path by manipulating the point at which
disambiguating information becomes available. 1 predict that recovery would be
more efficient if disambiguating material appeared while the corresponding
syntactic representation was still available.
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Appendix

The critical materials used in the two experiments are listed here. The first version

of each item is the two argument-condition and the second is the three argument-
condition.

A. Ambiguous Verbs.

1. Which salad/baseball did Jenny toss

2. Which chapter/letter did Howard write

3. Which prison sentence/fancy dessert did Henry serve
4. Which dark alley/salt shaker did Linda pass

5. What dress/fee did Mrs. Smith charge

6. What town/package did Mr. Simpson leave

7. Which victims/seat did Martin save

8. What kind of tantrum/frishee did Becky throw

9. Which excuse/gift did Robyn buy

10. Which new magazine/bedtime story did Alice read

B. Unambiguous Verbs.

1. Which necklace did Nancy inspect/describe
2. Which poem did Martha finish/dedicate

3. Which friend did Leonard insult/introduce

4, Which quote did Kathy underline/explain

5. Which pie did Mrs. Jones smell/recommend
6. Which package did Cindy open/deliver

7. Which notebook did Patty damage/return

8. Which secret recipe did Nancy follow/entrust
9. Which hotel did Mr. Peterson examine/mention
10. Which task did Larry despise/demonstrate
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Abstract: Utilizing a word-by-word reading paradigm, we
investigated the role of orthographic familiarity in the processing
of Japanese nouns by comparing the reading times of words that
were kanji dominant (the kanji form is preferred by native
speakers), kana dominant (the kana form is preferred), and
orthographically neutral (both forms are equally acceptable),
Target words appeared in kana or kanji, and were embedded in
highly constraining (Experiment 1) or unconstraining (Experiment
2) carrier sentences. The results suggest that orthography does not
affect reading time unless the sentence is highly constraining, in
which case the most familiar orthography is faster.

For the most part, research on visual word recognition and sentence
processing has focused on English and other alphabetic languages. Much less is
known about how Japanese is processed. However, Japanese is an interesting
language to investigate because, unlike English, it is head-final, allows pro-drop,
and has three distinct orthographic systems: the logographic kanji and two kana
syllabaries, hiragana and katakana. Kanji are logographic characters used to
indicate meaning for content words, such as nouns and roots of verbs, adjectives
and some adverbs. Hiragana is used for function words, the inflectional endings
of verbs, adjectives and adverbs, and some nouns. Katakana is used primarily for
representing loan words and onomatopoetic expressions. Thus, a single sentence
may be composed of a mixture of all three orthographic systems,

The current paper investigates recognition of kanji and hiragana by varying
the orthography and orthographic familiarity of target words in sentence contexts,
In doing so, we hoped to discover how these variables affect reading time in
typical Japanese sentences.

Kanji and kana differ in some important ways. The phonological readings
for kanji are dependent on several factors, including the origin of the word in
which a character appears, if the character is part of a compound, and the
sentential context (see Figure 1). For kana, conversely, the readings are

*This research was made possible through a fellowship funded by the Center for Cognitive
Science, the Department of Linguistics, and the Department of East Asian Languages and
Literatures, all of the Ohio State University, The authors also wish to thank Keith Johnson, Mary
Beckman, and Rob Fox for their guidance and advice, and Teruaki Hirano, Hiroko Butler, and
Tomokazu Umeki for their native speaker judgements. All questions and comments concerning
this paper should be addressed to the first author, ¢fo the Department of Linguistics, 1712 Neil
Ave., Columbus, Ohio, 43210, or made via electronic mail (o darmellk @ling.ohio-stateedu.

I Department of Linguistics, the Ohio State University

QD:panm:nL of Linguistics and Department of Psychology, the Ohio State University
3pepartment of East Asian Languages and Literatures, the Ohio State University
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completely invariant, each characier represeniing a single, distinet mora® (Morion
& Sasanuma, 1984). Furthermore, kanji are associated with particular meanings,
while kana possess no inherent semanticity (Aoki, 1990; Elman et al., 1981;
Hatta, 1978).

Character in word of Chinese origin in word of Japanese origin
i sel, shou saga

3] 57 sethanzai  ‘sex crime’

5y shoubun  ‘disposition’
SO0 E‘t”l:‘l:! oL .]i”I!'I il conlexl

i sel sex’

8 saga ‘one’s custom’

Figore 1. The different phonological readings of kanji

The differences between kamgi and kana might have consequences on how
the two types of onhographics access the lexicon. Of particular interest here ane
differences that might impact the speed of word recognition, and thus, reading
time. For example, many have suggested that kangi aceess the lexicon by their
physical form alone, while kana  require the reader to recode phonologically
before access is possible (Allport, 1979 Goryo, 1987; Tnoue et al., 1979 Kimura,
1984; McCusker ot al., 1981 Morton & Sasanoma, 1984, In onder 1o test this
claim cmpirically, one might assume that access viaa direct, visual route is Gasier
than aceess via the indiveet, phonological romte. This assumption predicis that
words written kanji - will be aceessed more quickly than words writien in kana.
However, Besoer & Hildebrand (1987) found that  words normally written in
katerkena were named more quickly when presented in kotakana than kerokana
nenwords and words that normally appeared in kanji presented 0 katakoanm,
They concluded thin commeon kana  can access the lexicon divectly. Similac
conclosions were drawn from cinpirical work by Hirose (1984, 1985) and
Sasanmuma and colleagues (Sasanumia ot al., 1988 utilizing Ganiliar hiraeana
words,

Assuming that Jdirect aceess is faster than mdirect access warrants ciantion on
other grounds. When comparing across different visual stimuli, o is difficult 1o
control carly visual analysis time. Logographic characters can be very conplex,

A mora s defined s oo sound il which is pluwced for a certain lenpibh of tine, and s
sommcimes couivalent tooa svllable. In Dapanese, it nay be composed of a vowel, 3 consonant amd
aviwvel, a single nasal, o Pemnmle consoan.
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and it might take longer to perceive the relevant features of a word written in kanyji
as compared to one presented in karma. In this event, any difference in recognition
time predicted by the different routes of access could be eliminated.

One goal of of the current project is to explore to what degree kanfi and kana

may be Interchanged 1n text without significantly atlecting processing Lmi:.
better understanding of the time-course of word recognition in the two
orthographies will facilitate studies of Japanese sentence processing, particularly
those using lexical ambiguity. To this point, such work has been inhibited due to
the fact that the writing system has a specific means of distinguishing like tokens:
words that would be ambiguous if written only in kana are instead written in
kanji or a combination of kanji and kana (Aoki, 1990; Sasanuma et al., 1977).

But recall the evidence that familiar karakana and hiragana words were
recognized faster than words that were unfamiliar in kana form. Orthographic
familiarity, rather than orthography, might be the best determinate of reading
speed. Interviews we conducted with native speakers show that within the lexical
category of nouns, there are in fact words for which the hiragana form is
dominant (i.e. native Japanese feel that the word most commeonly appears in
hiragana and is the most acceptable in this form), as well as those which are
orthographically neutral. If we posit that the familiarity of the visual form, not
whether it is logographic or syllabic, is the key to speed of lexical access, we can
make some interesting predictions. The processing of kana dominant nouns
should be slowed if they are presented in kanji. Moreover, nouns with no
orthographic bias should display little difference in speed of facilitation between
the kanji and kana forms. Such results would be particularly informative since
other factors which affect processing speed, such as frequency (how often one is
exposed to the word regardless of orthography) and concreteness (how salient an
image one can create in association with the word), are identical for the kanji and
kana forms of any given word, and therefore controlled variables.

The current study investigates the role of orthographic familiarity on the speed
of lexical access by comparing response times for the kanji and hiragana forms
of words with different script dominances embedded in context-biased sentences,
where each target is preceded by lexical associates (Experiment 1), and non-
biased sentences, where cach target is semantically congruent but unpredictable
{Experiment 2). The manipulation of context is likely to have two effects. The
context-biased condition was designed to minimize any ambiguity for kana
targets by insuring that, in the event that the target word has homophones, there is
sufficient degree of contextual priming to eliminate the kana form being
interpreted as having a meaning other than the one given by the corresponding
kanji.. In doing so, however, we make the target words highly predictable
compared to the non-biased condition. Predictability may well interact with
familiarity if a biasing context leads the reader to expect the dominant
orthographic form of a word.

Experiment 1

METHOD

Subjects Twenty native speakers of Japanese currently living in the greater
Columbus area were used as subjects. All participants were between the ages of
18-40, were educated in Japan through high school, had lived in the U.S. for no
more than five years, and had normal or corrected-to-normal vision. Each subject
was paid a nominal fee for participating.
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Apparatus The program for this experiment was written on the Macintosh
KANJI TALK operating system and was presented on a Macintosh SEII
monochrome screen. A customized response box was used to collect subject
responses,

Stimuli The stimuli for this project came from three distinct groups of words:
kanji dominant, where the kanfi form is considered by native speakers to be the
most familiar; kana dominant, where the hiragana form is most familiar; and
orthographically neutral, where both forms are equally familiar. Data on words
and orthographies were solicited via a questionnaire from fifteen native speakers
representative of the intended subject pool. Mone of these individuals acted as
subjects in this study.

All non-nominal items were eliminated from the collection of potential
stimuli. The remaining words were then collapsed into a single list. This list was
then redistributed for ranking of frequency of appearance of kanji and kana forms
in everyday written material (1 = never 2 = very rarely 3 = rarely 4 = sometimes
5 =often 6 = very often 7 = all the time). Pairs in which the kanji form had a
familiarity average of at least 2.5 points higher on the seven point scale than the
hiragana form were considered kanji dominant, with the opposite requirement
for kana dominant words. Orthographically neutral pairs were those in which the
average scores for both scripts were within .5 of each other. All words were then
rated for concreteness to control potential lateral differences in processing?; the
characters with the highest ratings were given preference in their dominance
category. The 10 pairs which best met both the frequency and concreleness
criteria were chosen for each stimuli group. Group means are listed by dominance
condition and orthography in Table 1 below.

Kanji Dominant Kana Dominant Ortho Neutral
Kanji 6.88 2.64 533
Kana 2.61 5.83 541

Table 1. Mean familiarity ratings for kanji and kana forms
of stimuli by dominance

Each stimulus was embedded in a sentence that contained “lexical associates™-
-other words which are strongly associated with the given item. For instance,
consider (1). The target word is rousoku ‘candle’, its lexical associates are
tanjoubi ‘birthday’, keeki ‘cake’, and fatsu ‘to stand’. All of the associates
appear before the target, affording a degree of contextual priming. In the event
that the target word has homophones, this should eliminate the possibility of the
stimuli written in kana being interpreted as having a meaning other than the one
given by the corresponding kanji.

5 Some tachistoscopic studies have suggested lateral preferences for kanji and kana, (Hatta, 1976,
1977, 1978; Hirata and Osaka, 1967; Sasanuma et al., 1977). However, these claims are contrary
to English based experiments concerning the processing of abstract lexical items like adjectives
and verbs (Elman et al., 1981) and concrete words like nouns (Caplan et al., 1974; Day, 1977;
Ellis and Shepard, 1974; Hines, 1976, 1977; Shanon, 1979). Furthermore, Ohnishi and Hatta
(1980) argue that the degree of concreteness of the kanji itself may control which hemisphere is
dominant in processing. To avoid potential complications related to this issue, we elected to use
only nouns that refer to concrete, easily visvalized items.



(1) target: rousoku ‘candle’
lexical associates: tfanjoubi ‘birthday’, keeki ‘cake’, tarsu ‘to stand’

mn;aubf -no kaekl-m uem mi‘emrem rausoht—
kireini maru-o egaiteita

pretty circle- Acc arrange- pass-past

Tl'nlz candles placed on the top of the birthday cake were arranged in a pretty
circle.

A questionnaire like that distributed by Tabossi (1988) was used to solicit
associate words for each stimulus from 20 native Japanese speakers. The two to
three most frequently suggested associates that could be used to produce a
semantically congruous sentence were selected for each target. To minimize
variables related to syntactic processing, every atiempt was made to place the
targets in the same syntactic position in each sentence, namely the direct object
position. In some cases, however, the most acceptable place for the target was in
the subject position; due to the head-final nature of Japanese, it was still possible
to place the appropriate associates before the target in these instances.

Aside from the orthographic manipulation of the stimuli, the experimental
sentences were presented in characters consistent with convention; the same
carrier sentence was used for both the kanji and kana form of each stimulus.

There were two experimental lists. List 1 contained five stimuli from each
dominance category in the kana form and five in the kanji form, while List 2
contained the same words in the opposite forms. To compensate for any lexical
priming which might occur due to different stimuli having similar associates, or
sentences containing words or kanji characters which might influence the reading
speed of critical trials, each list had two orders. This allowed for a post-hoc
analysis of order of sentence presentation, so that any such priming effects could
be considered in the final interpretation of the data. Thirty-five distractor
sentences of various types were added to each list to prevent subjects from
developing a strategy of response to critical trials. (A full set of materials is
available from the first author.)

PROCEDURE

Subjects were seated in front of the computer and shown the YES and NO
keys on the response box; the YES key was always under the dominant hand. The
sentences were presented in a self-paced, modified word-by-word format; subjects
proceeded from word to word by pushing the YES key. Each word appeared in
the center of the screen in 24 point font, surrounded by a one millimeter rectangle
frame.

“Words" consisted of a noun and a particle, a modified noun and particle, an
adjective or adjectival noun (possibly modified by an adverb) and inflectional
ending, or a verb. The critical stimuli were always presented as a noun and a
particle (see Figure 2).
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Japanese =~ Romanization @ Gloss

Noun and particle B E ADS okaasan ga mother-Nom
Modified noun and particle ~ BEDFIX  kami no ke wa hair-Top
Adjectival noun with inflection VWAV 57 iroiro na various
Verb #H < aruku walk

Figure 2. Examples of words used in modified word-by-word task

At the end of each sentence, the subject saw a lexical item which he or she had
to identify as either being or not being in that trial by pressing the YES or NO
key; these probe words differed from the previously described phrases in that they
were not followed by particles, and had the word “judge” above the frame. In
critical trials, the probe words were chosen from among the lexical associates of
the stimulus. This task was used as an accuracy filter, to make sure that subjects
were reading each phrase presented to them.

One third of the trials were followed by comprehension questions to
encourage subject attentiveness. To familiarize the subjects with the self-paced
reading procedure, ten practice trials preceded the experimental trials.

After the experiment, each participant was given two guestionnaires. The first
tested the subject’s ability to read the kanji forms of the 30 stimuli, to insure that
he or she was actually capable of processing each stimulus in that orthography.
The second questionnaire was identical to the one used to gather familiarity data
for each stimulus (see Stimuli, above). Subjects’ frequency ratings for the karnji
and kana forms for each item were averaged and compared with the initial ratings
to make sure there were no significant discrepancies.

Design This project had a design of 3(dominance) x 2{orthography) x 2(list)
x 2(order), with dominance and orthography being within subject factors, and list
and order being between subject factors.

RESULTS

Subjects had to be at least 90% accurate in probe word identification task for
their reading times to be included in the experimental data. Five subjects, not
included in the count of 20 given above, did not meet this criterion. Subjects who
could not read a kanji form that had appeared in their version of the experiment
had their reading times for that form eliminated from the data, since no lexical
access could have taken place. These errors accounted for 22% of the kanji trials
overall, but all fell within the kana dominant condition, which had a resulting
error rate of 66%.

Means were taken of the reading times for the kanji and kana forms of each
stimulus across subjects and items for each experimental condition (see Figure 3
for subject means). A range of acceptable reading times for each form of each
item was defined as 2.5 standard deviations above and below the item mean,



Reading times for an item which fell outside of this range were replaced with the
cut-off value. Three percent of the values were replaced in this way. The
resulting sets of reading times were then analyzed by means of a three factor
Analysis of Variance (ANOVA). A one-way post-hoc analysis (planned

- m’m ﬂ']] !P'; subject and item means for the kanji and

kana forms in each dominance DGII.I:'I[IDD.

We found that subjects were able to read a word faster when it was presented
in its dominant orthography, with the interaction of orthographic dominance and
orthography of presentation significant by subjects [F(2,34) = 4.946, p < .05] and
by items [F2(2,34) = 4.034, p < .05]. As anticipated, there was no difference
between the reading times in the neutral condition for kanji and kana by subjects
[F1(1,17) = .029, p > .05] or by items [F2(1,17) = .269, p > .05)]. There was also,
however, no significant difference between orthographies in the kanji dominant
condition by subjects or items [F1(1,17) = 1.306, p > .10; F2(1,17) = 1.998, p =
.05]. The reading times for kanji and kana were reliably different in kana
dominant condition by subjects [Fy(1,17) = 10.203, p < .05], but not by items
[F2(1,17) = 520, p > .05].

Across orthographies, there was a main effect of orthographic dominance by
subjects [Fy(2,34) = 4.278, p < .05], as well as a marginal effect of orthography of
presentation [Fq(1,17) = 3.164, p < .10]. By items, however, there was only a
marginal effect of dominance [Fy(2,34) = 2.796, p < .10]. Kana dominant words
were read more slowly than kanji dominant words, which were read more slowly
than orthographically neutral words.

The results of the familiarity ratings are summarized in Table 2 below.
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Figure 3. Mean reading time by orthography and orthographic dominance
for Experiment 1, with standard error bars
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Kanji Dominant Kana Dominant Ortho Neutral
Kanji 6.74 2.40 5.03
Kana 1.85 6.10 4.67

Table 2. Experiment 1 mean familiarity ratings for kanji and kana
forms of stimuli by dominance

DISCUSSION

Our results bring two points to the forefront. First, despite the physical
differences between kanji and kana, it is possible for the two orthographies to be
processed at the same rate when familiarity is controlled (as in the
orthographically neutral condition). Second, the orthographic form that is most
familiar is processed more readily than a less familiar form when the context is
highly constraining. This is true even if the less familiar form is logographic and
has more morphological content than the familiar script.

Still, there are two limitations to the conclusions we can draw. First, reading
times for the kanfi forms of words in the kana dominant condition appear
drastically slower than kana times in the kanji dominant condition and have a
huge range of standard error. This is undoubtedly due to the difficulty subjects
had reading the unfamiliar kanji forms; further evidence for this difficulty is the
large number of missing values in the cell caused by subjects’ inability to read the
kanji forms of centain words. In fact, post-hoc tests revealed that the difference
between kanji and kana in the kana dominant condition was significant by
subjects but not significant by items. Second, there is the possibility that the
remarkably similar reading speeds for the kanji and kana forms of
orthographically neutral words might be the result of the strongly biased context
in which the stimuli were embedded. Somehow this biasing might neutralize the
semantic advantage of the kanji form by heavily priming the stimulus and making
it predictable, regardless of orthography of presentation. Conversely, the
familiarity effect might be caused by the contextual bias. It is possible that the
contexts are priming specific orthographies rather than abstract concepts. To
investigate this issue, we performed a second experiment in which the stimuli
were embedded in semantically plausible, but non-biased contexts.

Experiment 2

METHOD

Subjects There were twenty participants, different from those in Experiment
1, but from the same subject pool. Each was paid a nominal fee for their
involvement.

Apparatus The same equipment was used as in Experiment 1,

Stimuli The targets from Experiment 1 were used in sentences that were not
semantically biased toward the targets, but were restrictive toward the intended
meaning (to eliminate potential interference from homophones). Consider
example (2), below, As in (1), the stimulus is rousoku ‘candle’. In this carrier,
however, there are no lexical associates or other clues in the sentence which lead
the reader to expect the stimulus in question.
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(2) target: rousokuw ‘candle’

Yamamoto-san-wa chiisana kawaii nuigurumi-o,
Miss Yamamoto-Top little cute fed animals- Acc
soshite ruwmumeito-no  Maorii-san-wa rousoku-o

and roommate-Gen Miss Morii-Top candles-Acc
atsumereita

collect-past

‘Miss Yamamoto collected cute little stuffed animals, and her roommate, Miss
Morii, collected candles.’

Comparison of data produced in this experiment with that of Experiment 1
should clarify whether the contextual biasing in Experiment 1 produced an
unnatural pattern of responses by helping subjects to predict the target. If the
context has no reliable influence on the reading of the kana, then the response
time patterns should replicate Experiment 1. Targets in this experiment were
placed in the same syniactic position as their counterparts were in Experiment 1,
although the syntactic structures of the respective sentences was not necessarily
consistent. (A full set of materials is available from the first author.)

PROCEDURE

The same procedure was followed as for Experiment 1, including the
completion of post-test questionnaires by each subject. The experimental design
was also the same.

RESULTS

For Experiment 2, subject results forced us instead to set our lower limit for
accuracy in the probe word identification at 85%. Five subjects, not included in
the count of 20 given above, did not meet this new criterion. Again, subjects who
could not read a kanji form that had appeared in their version of the experiment
had their reading times for that form eliminated from the data. These errors
accounted for 18% of the kanji trials overall, but all fell within the kana
dominant condition, which had a resulting error rate of 53%.

Means were taken of the reading times for the kanji and kana forms of each
stimulus across subjects and items for each experimental condition. Results for
subjects are summarized in Figure 4. Reading times for each form of each item
that did not fall within 2.5 standard deviations above and below the item mean
were replaced with the cut-off value. Four percent of the values were replaced in
this way. The final sets of reading times were analyzed in the same manner as in
Experiment 1. The reading times for one kana dominant word, jinmashin ‘nettle
rash’, were removed before analysis due to a grammatical ermor in the embedding
sentence which occurred before the stimulus.

Contrary to our first study, the results from this experiment suggested that the
script in which a word was presented had no effect on how quickly it was read by
subjects, regardless of the word's orthographic dominance. There was a main
effect of order by subject [F1(1,17) = 6.940, p <.05] and by items [Fa(1,17) =
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22.514, p < .05]. Orthographic dominance produced a marginal effect by subjects
[F1({2,34) = 2,943, p <.1] yet a main effect by items [F2(1,17) = 5.828, p <.05].
By items there was also a marginal effect of orthography of presentation [F2(2,34)
= 2.758, p < .1], as well as a marginal interaction of orthographic dominance and
order, [F2(2,34) = 2.789, p < .1]. The (lack of) interaction for dominance and
orthography of presentation by subjects is summarized in Figure 4.

There was no difference between the reading times in the nevtral condition for
kanji and kana by subjects, [F1(1,17) = .712, p > .05], or by items, [F2(1,17) =
1.813, p > .05]. There was also no significant difference between orthographies in
the kanji dominant condition by subjects or items, [Fy(1,17) = 005, p > .05,
F2(1,17) = .004, p = .05], or in the kana dominant condition [F1(1.17) = 2.040, p
> .05; Fa(1,17) = 1.972, p > 05]. Across orthographies, kana dominant words
were read more slowly than orthographically neutral words, which were read
more slowly than kanfi dominant words .

The results of the familiarity ratings are summarized in Table 3 below.

Kanji Dominant Kana Dominant Ortho Neutral

Kanji 6.92 2.38 5.30
Kana 1.69 6.21 4.51

Table 3. Experiment 2 mean familiarity ratings for kanji and kana
forms of stimuli by dominance
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Figure 4. Mean reading time by orthography and orthographic dominance
for Experiment 2, with standard error bars
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DISCUSSION

In this follow-up experiment, we found no significant difference between the
reading rates for kanji and kana words in any of the individual dominance
conditions. This suggests that the familiarity effects observed in Experiment 1

N JAC A

experiments suggests that kana forms were inhibited in the kanji dominant
condition in Experiment 1. This might well occur if contextual priming does not
only stimulate particular items in the lexicon, but also suppresses the less familiar
forms. Suppose that when an unfamiliar form of the lexical item is encountered in
a sentence, the processor requires additional time to deal with the unanticipated
input, almost as if a word which did not suit the context had been presented.
Conversely, when the context is not predictable, all forms of a lexical item are
equally available. From this we may posit that the familiar orthographic form of a
word is recognized more readily because it meets more of the reader's
expectations--expectations which appear to be extremely specific.

This “expectation hypothesis™ is consistent with the findings of Altarriba et al.
(1993), who found very similar patterns for lexical targets embedded in both
highly constrained and unconstrained carrier sentences using eye-tracking and
naming paradigms. In contrast to our work, however, their study utilized Spanish-
English bilinguals as subjects, and manipulated the language of the target word.
An effect of language was found only when the sentence was sirongly biased
toward the target and the target was of high frequency. Since low frequency
words were not affected, it is unlikely thart this effect anises at the level of visual
encoding. They argued that sentence context can influence expectations for
upcoming words at both the semantic/conceptual level and the lexical form level.

If we are capable of accessing lexical entries in both a nonspecific and
orthography specific manner, then how do we shift between the two strategies?
Having very specific requirements on the shape of the code necessary for
semantic access to occur would be quite efficient if the range of code shapes was
limited, as it tends to be in written language. For speech processing, however,
such restrictions might pose problems considering the highly variant nature of the
speech signals which correspond to a single lexical item. Is there some definable
juncture, or is there a continuum of code shape flexibility? We are currently
planning a series of small experiments to investigate the influence of the level of
semantic biasing on the role of familiarity in visual word recognition.

SUMMARY

In sum, the resulis of Experiments 1 and 2 support the notion that kanji and
kana can be processed at the same rate if familiarity is controlled or contexts are
non-biasing. When contexis are highly conswraining and contain multiple lexical
associates, the orthographic form of a word which is most familiar is processed
more readily than a less familiar form, even if the less familiar form has more
morphological content than the familiar script. What is not clear, however, is
precisely why the familiar orthographic form is processed more quickly.
Experiment 2 suggests that, rather than familiar forms simply being easier to
access than unfamiliar forms, unfamiliar forms fail to meet the reader’s
expectations of word shape and, as a result, require additional processing that
manifests as a slowdown in response time.

Currently, there is not a single popular medel of word recogniticn-—including
the logogen model (Morton, 1969), the search model (Forster, 1976), and the dual
access model (Kleiman, 1975)--that can account for our data without a number of
modifications. These models are all based on English, and assume the language
of the speaker to be mono-orthographic. Since language acquisition is an innate
human skill unrelated to the particular langnage itself, it does not seem reasonable
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to posit prominent differences in the ways alphabetic, syllabic, and logographic
writing systems access the lexicon. Accordingly, any model of word recognition
that is truly generalizable should account equally well for input from each of these
visual forms. The absence of such a universal model from the literature suggesis
that there is still a great deal of work to be done in the area of word recognition,
and it is our hope that this study will initiate further investigation into this
fascinating area of research.
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Abstract: German is characterized by the rhythmic alternation of
strong and weak syllables. Weak syllables contain short or reduced
vowels like schwa. In some instances, the unstressed weak syllable
nucleus can be the only difference between words that underlyingly
contain a consonant cluster. Examples in German are Kannen ‘cans,
pitchers” contrasting with kann °can (V)" or beraten ‘to advise'
contrasting with braten ‘to fry'. In some instances, in a faster rate
of speech for example, weakening of the unstressed syllable
nucleus is observed which can eventually result in the neutralization
between such pairs of words. In slower speech, one might find an
opposite effect, that is the appearance of vocalic traces between the
members of an underlying consonant cluster. This transition vowel
can perceptually cause a confusion in these “minimal pairs”, Based
on acoustic measurements, I will argue that gestural reorganization
can best account for both of these rate effects found in German.

1. Introduction

Weakening of the unstressed syllable nucleus in German has been described and
explained in terms of a phonological deletion rule (Kloeke, 1982). In recent years
however, alternative explanations based on gestural reorganization have been
proposed for such observations (Kohler, 1990; Browman & Goldstein, 1989,
1990a). A gestural reorganization account assumes a gradual weakening of the
unstressed syllable mucleus due to overlap of adjacent consonantal gestures.
According to the Gestural Score Model (Browman & Goldstein, 1989, 1990a),
gestures are performed by individual articulatory subsystems. Depending on the
rate of speech, the model makes two different kinds of predictions: in faster or
more casual speech, articulatory gestures can overlap to a greater or lesser extent.

* 1 am thankful to my advisor, Mary Beckman, for discussions, valuable comments and maore.
Keith Johnson and Sun-Ah Jun also provided much helpful advice and have taken much time to
discuss issues that arose while writing this paper. Beth Hume and Julie Boland provided helpful
comments on an earlier draft of this paper. Jennifer Venditti, K. Brettonel Cohen, Chip Gerfen
and Bettina Migge never pot tired talking about reduction processes. 1 also need to thank my
subjects (especially Ben) who repeated the corpus over and over or patiently listened to all the
stimuli. The Department of Linguistics, Ohio State University and the University of Hamburg
{Germany) are thanked for their support in this research. An earlier version of this paper was
presented at the 68th Annual Meeting of the Linguistic Society of America, January, 1994,
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In the case of a neutralization of a contrast, a gesture, in this case the one for the
unstressed vowel, is completely overlapped and therefore hidden, so that no
acoustic output is generated. In theory, a second prediction is that in a slower rate
of speech, the gestures for adjacent consonants in a cluster can become separated

| l Lﬂ‘ t| |
| [ |
during the transition. Depending on the Jegree ot separation, gradually, vowel-
traces in the formant structure or even vowels of more than 20 ms in duration can
appear where underlyingly not present. Phonological accounts on the other hand
describe this phenomenon in terms of a categorical insertion rule (Hall, 1992).

Browman & Goldstein (1990a) provide x-ray microbeam data in support of their
Gestural Score Model. In their example of the phrase perfect memory, the
individual articulatory movements that were traced over time show that the closing
gesture for the [k] in perfect [p"fakt] hides the closing part of the gesture of the
[t], and the closure for the gesture of the bilabial [m] in the word memory
[mema-ai] hides the release of the [t] on the tongue tip tier. There is no acoustic
output from the alveolar gesture since the gesture of the [t] is hidden by the
adjacent consonantal gestures on different, independent articulatory tiers.
Similarly, Munhall and Loefquist (1992) provide data that suggests gestural
overlap of adjacent glottal gestures in English. They had speakers say the phrase
kiss Ted in various speech rates and focused on the glottal aperture at the word
boundary between the [s] of [kis] and the aspirated [t] of [t"ed]. In the slowest
renditions, they found two distinct glottal opening gestures, in an intermediate
tempo, the gestures begin to blend and the one for the [s] becomes a shoulder of
the gesture for the aspirated [t"]. In the fastest tempo, the two gestures have
completely blended, so that only one glottal opening gesture is observable, and the
[t] acoustically has lost the aspiration because no pressure could build up.
Munhall's and Loefquist’s data provide evidence for the blending of gestures on
identical tiers.

With respect to the German weakening phenomena, the Gestural Score Model
predicts gradually decreasing vocalic durations due to various degrees of overlap,
or gradually appearing and increasing wvocalic durations due to the gradual
separation of articulatory gestures. Phonological accounts predict either a
categorical deletion or a categorical insertion. In perception, we expect gradually
poorer identification scores in faster rates for the word that contains the unstressed
vowel since it becomes more and more reduced. The same prediction holds in
cases where vowels gradually appear where not part of the underlying gestural
score. If categorical phonological rules are at work, identification will be perfect if
the vowel is present in the word that underlyingly contains the vowel or if the
vowel is not present in the word that underlyingly does not contain the vowel.
According to the Gestural Score Model, in the case of deletion, identification of
words that only contrast by the appearence of the unstressed vowel should be
impossible since there will be no contrast between forms that underlyingly do not
contain a vowel and the forms that underwent vowel deletion. If there is a
categorical insertion, we would expect identification to be impossible too, since
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there would not be a contrast between forms that underlyingly contained a vowel
and the ones that underwent vowel insertion. To test these predictions, an acoustic
study was performed.

1. Corpus and Methods
A paragraph was constructed that contained three target minimal pairs:

1.Kannen  [k'anan] ‘cans, pitchers’
kann [kan] “can, (V)’

2. geleiten  [gol'antan] ‘to accompany’
gleiten [al'ar.tan] ‘to slide’

3. beraten [bax'atan] ‘to advise’
braten [br'a.tan] ‘to fry'

Both members of each ‘minimal pair’ occurred within a context where the adjacent
segments were identical. Six native speakers of a northern German dialect (as
spoken in the south of Hamburg) read the corpus ten times each in self-selected
speech rates. Speakers were instructed to produce rendition one and six at a
normal rate, 2 through 5 increasingly faster relative to the previous reading and 7
through 10 slower and slower relative to the preceding reading. Duration
measurements of the target words were done twice by the same person on a Kay
Sonograph Spectrogram 5500-1. The measured wvalues differed from the
cross-checked values only minimally. Waveform and amplitude traces were in one
display window and a wide-band spectrogram was displayed in a second window,

From each of the target words, the following measurements were taken: 1. total
duration as defined from the release of the initial burst to the end of the final nasal.
2. the duration of the nasal sequence in Kannen and kann, and the duration from
the onset of the second vowel to the end of the nasal in pairs two and three. 3. the
VOT, from the release of the stop burst to the onset of voicing of the vowel, was
taken for Kannen and kanm. 4. duration from the initial burst to the end of the [a]

in the first pair of words and to the end of the liquid [gl] in the second. For the

beraten and braten, segmentation proved to be difficult and was cross-checked a
third time with a computerized speech analysis system (Milinkovic). Previously,
using the Kay, the end of the uvular fricative was determined by the dip in the
amplitude trace. In C-speech, however, the end of the uvular fricative was
determined by the onset of the decreased F2-bandwidth for the following [a]. The
latter measurements were used in the plots of the production graphs. The
appearance of a vowel in braten was judged by decreased F2 bandwidth right after
the release of the initial voiced stop burst that then increases for the fricative. If
this initial period in which we can observe an increased bandwidth was sustained
for 20 ms or longer, it was judged to be containing a vowel.
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For the perception test, 360 target words were spliced out of context, digitized,
randomized and played back onto tape. There were also 120 filler words mixed
into the randomized list of target words. Two tapes were prepared, each

Wi T

stimuli were recorded, each stimulus was played twice with an inter stimulus
interval of two seconds. 25 native speakers of various German dialects participated
in the forced choice identification perception test,

3. Results

The results of the production for Kammen and kann are shown in Fig.1. The
durations of /ka/ of the monosyllable kann *can, (V)' or of the disyllable Karmen
‘cans, pitchers’, are plotted on the x-axis as a measure of the speech rate. The
target segments, that is for karm the /n/ (hollow circles) and for Kannen the nasal
sequence /nan/ (filled circles) are plotted on the y-axis. The regression function
indicates that as the rate of speech becomes faster and faster, the duration of the

nasal sequence of kamn also gradually shortens, but not as much as the one for
Kannen.
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Fig.1: The duration of the nasal sequence of Kannen and kann is plotted against the remainder
[ka] of Kannen or kann respectively.

The two regression functions for Kannen and kanm cross as the rate of speech
becomes faster. They show that the values for the duration of the [nan] and [n]
incline toward each other, indicating that the duration of the nasal sequences in the
monosyllable and the disyllable are of similar or equal duration in the faster rates
but quite distinct in slower renditions. Yet, there is no categorical shift from
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presence to absence of the vowel in the nasal sequence /nan/ of Kannen since we
do not find two clearly separated clouds of data. There were in total seven vocalic
appearances of at least 20 ms in duration in all the tokens of Kamnen. The
spectrograms in Fig.2 show tokens of Kammen from continuous speech rates,
uttered by the same female speaker. The token on the left was produced in rate 9
(slow rate), the one in the middle in rate 8 and the one on the right in rate 7,
slightly slower than normal. Whereas there are very clear vocalic traces in the
spectrogram on the left, the vowel is already shorter in the middle display and
eventually totally disappears, as in the spectrogram to the right. The underlying
vowel only appears in relatively slow and carefully articulated speech of two
speakers in this study. However, the production data does not show any
discontinuities but rather a very gradual shortening, as seen in the figure.

A paired t-test of the durations of the nasal sequences in Kanmnen vs. kann showed
that the means of the samples were significantly different at the p = 0.01 level (t =
- B.56, p < .001). However, the patterning of the individual datapoints supports the
notion that the disappearance of the vowel, or the shortening of the [n]-sequence
in Kannen is a gradual process rather than a categorical one.

I. i R
|*|1nIr|f
.Illll"ll

i 11

e B

Fig.2: Spectrograms and waveform of tokens of Kanmen, as prodeced by a female speaker in the
rates 9, & and 7 from left to right.

The perception data in Fig3 is based on the judgments of 25 listeners, The
duration of the target sequences [n] and [nan] are plotted on the x-axis whereas
the percent kann responses are plotted on the y-axis.

109



: : d : : ; (ased on 25 listeners)

100 £ |
g 80 | ]
3 60f .
2
g | * Kannen [kan(a)n]
§ a0 | o kann [kan]
&

0F J

faster slower

0 50 100 150 200 250 300 350
Duration of [n{a)n] in Kennen or kann (ms)

Fig.3: Perception results for Kannen (filled circles) and kenn (hollow circles) as function of
percent-correct of kann, showing how often kann was comectly perceived and how often Kannen
was incommectly perceived as kann. The tokens marked by the ellipse contain vowels.

The hollow circles represent tokens of kann, the filled circles stand for tokens of
Kannen. The duration of the target sequence is plotted as a function of the percent
correct responses for kann. Therefore, the patterning of the filled circles shows
that as the rate of speech becomes faster, listeners increasingly incorrectly identify
Karmen as kann. Only in the cases where the underlying vowel actually surfaces,
the majority of listeners are able to identify these instances correctly. The tokens of
Kannen containing the vowels are marked by the ellipsis, When the longer duration
of the nasal indicates a second syllabic peak and takes on the function of the
vowel, the listener’s judgements tend to be rather incoherent. Just as in the
production, we find overlap in the perception in faster rates. The correct
judgments for kann always lie above 60%. The majority of judgments were made
for kann, that is, listeners more often judged to have heard the monosyllable rather
than the disyllable. Towards slower rates of speech, identification becomes slightly
worse and values are scattered.

Fig.4 shows the production data for geleiten (filled squares) and gleiten (hollow
squares). In both cases the target sequence is plotted as a function of the speech
rate, manifested by the remainder of the word, which is [aiton]. The values are
non-overlapping and throughout all speech rates, a difference between the two
target portions of geleifen and gleiten is retained. A paired t-test shows that [gal]

and [gl] are significantly different at the .01 level (t = 1.51, p=10.0).
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Fig.4: The duration of the remainder is plotted against the target segments. Filled squares show
cases of geleiten and hollow squares represent instances of gleiten.

The regression functions indicate that as the rate of speech becomes faster, the
values for the duration of the target sequences do not incline toward each other.
All tokens of geleiten contained a vowel in all rates. If there was a categorical
deletion, we would expect two distinct clouds of data for geleiten in production,
This however is not the case; there is only one cloud of data for the underlyingly
three syllable word. Also, the values for gleiten versus geleiten are fairly distinet,
predicting good identification in the perception test. We can observe, however that
as the rate of speech becomes faster, the duration of the target sequences [gal] and
[gl] becomes shorter in both cases, indicating that the faster rate of speech
influences the duration of the target sequences,

Fig.5 shows the perception data for geleifen and gleiten. The duration of the target
segments [gal] (filled squares) and [gl] (hollow squares) is plotted as a function of
the percent gleiten responses. Although identification is generally very good and
we find two very distinct clouds of data which shows that the perception in these
cases is rather categorical, there are a few cases of geleiten as well as gleitenr that
had a tendency to be misjudged more often. Apart from these few tokens, the
majority of the words were correctly identified well above chance level, Tt is not
clear what led listeners to make the few incorrect judgements.
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Fig.5: Perception data for geleiten/gleiten. The duration of the target sequence is plotied against
the percent gleiten Tesponses,

Fig.6 shows the production data for beraten and braten, for the six speakers. The
graphs are presented individually to show the general tendencies for each speaker.
These individual graphs show that speakers have different strategies and that one
speaker’s fastest rate can be another speaker’s normal rate. The duration of the
target segment [bax] or [br] is plotted on the y-axis and the remainder of the
token, that is [atn] of either beraten or braten, is plotted on the x-axis. A paired
t-test showed that these two target segments were significantly different at the .01
level {t = 131, p < .001). The filled triangles are tokens of the trisyllabic word
beraten and the and hollow triangles symbolize tokens of braten. The filled circles
stand for cases of braten where clear vowels of at least 20 ms of duration were
found between the release of the voiced bilabial stop [b] and before the increase of
the bandwidth of F2 during the uvular/velar fricative (due to decoupling of the
front and the back cavity in the vocal tract). The values for the slopes and the
intercepts of beraten and braten respectively are as follows for graphs one through
5ix:

Ly= 368+03xR:=053y= 147+02x R’ =056,
2.y= 824+0.1xR*=03, y=522+01x, R:=0.13;
3.y= 203+03x,R*=07L,y= TL.1+01xR* =04,

4.y= 1282+01x,R* =07, y= 278+02x R’ =037,
S5.y=-101+04x R =072, y= 267 +02x, R*=046;
6.y= 220+04x,R'=038, y=388+0.1x R =069
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Fig.6: Production graphs for all six speakers for beraren (filled triangles) and braten (hollow
triangles), The filled circles indicate the token where vowel-like segments a red in the
transition between [b] and [] in the brater cases. On the x-axis the duration of the respective
remainder is displayed, and on the y-axis the duration of the target segment. The circles are
included in the regression calculation.

There is not one consistent pattern for all six speakers in production. For speakers
3, 5, and 6, the regression functions incline towards each other in faster rates of
speech, showing that as the rate of speech becomes slower, the values for the
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target segments [bar] and [be] diverge, with the values for [bar] gradually
increasing with a much steeper slope than the analogous values for [gl]. While for
speakers 5 and 6 the duration of [br] gradually increases as the rate of speech

slows down, subject 3 shows only httle vanation i the duration of the target
sequence throughout all speech rates. Speaker 4 shows that as the rate of speech
slows down, especially the duration of [bg] gradually becomes prolonged, which
is indicated by the steeper slope for [bi] than for [bak]. For this speaker and also
for speaker 2 there is much variation in duration of [bak] in all rates of speech
which is indicated by the scattering of data points around the regression line and
the low R® values. Speaker 1 displays an almost constant increase in duration for
both target segments as the rate of speech slows down.

Speaker 1 is the only subject who did not have any vocalic occurrences or even
vocalic traces appear in the transition from [b] to [¥], in either rate of speech.
Speakers 2, 3, 4, 5 and 6 on the other hand show some variability in the transition
from [b] to [¥] in the underlying consonant cluster. Speakers 2 and 4 show the

highest number of occurrences of transition vowels. There seems to be a strong
tendency for these vowels to occur towards the slower rates of speech. Speakers 3
and 5 also show vocalic occurrences in the slower rates, however, there are also
vowels found in faster rates. Speaker 6 displays the reversed pattern. This subject
had vowels appearing only in the faster rates. Many more cases where somewhat
dubious with regard to the set criteria since they showed a higher intensity but no
increase in bandwidth of the F2 for the fricative. These cases are grouped with the
ones that do not show the appearance of a vowel but only fricative striations
(hollow triangles). In no case do we observe any abrupt discontinuities in duration
as a function of the speech rate or as a function of the appearing vowel although
there is an overall tendency for the transition vowel to occur in slower modes of
speech.

The results of the perception data for beraten and braren are shown in the next
graph. The percent-correct responses for braten are plotted as a function of the
duration of the target segments [box] or [be] respectively. The filled triangles
represent instances of berafen whereas the hollow triangles represent instances of
braten. The hollow circles represent those token of brafen that contained a
transition vowel. Although identification is generally good for both beraten and
braten, more slower tokens of brafen that contained a vowel were repeatedly
misjudged as instances of beraten. This possibly indicates that listeners did not
take speech rate differences into consideration.

However, there are also slower tokens of braten that did not contain a vowel and
that were repeatedly misjudged. It remains unclear what cues listeners used to
judge these tokens of braten as beraten. The identification rate for braten scatters
between perfect (100%) and chance-level (50%:). Two outlying tokens of braten,
both containing a vowel, were often misjudged as beraten. However, there are
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cases where we find a transition vowel but that were identified very well as

braten.
" " 1 ' 3 i 1 (based on 25 listeners)
100 - WW@ B )
§ 80+ o 1
§- W o c,
i 60 + oo 1
E 4
_g 0 o v heraten [b(a)x atn]
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Fig.7T: The duration of the target sequence is plotted against the percent braten responses. The
hollow circles indicate which tokens of frafen contained vowels,

Throughout all speech rates, identification of beraten was very good. Beraten was
correctly perceived in at least 70% of the cases. There is a slight tendency for
identification to get better the more the speech slows down, that is, the longer the
target sequence becomes.

Fig.8 shows spectrograms of tokens of gleiten as well as brafen to illustrate
potential differences berween tokens that were correctly perceived and those that
listeners had trouble identifying correctly. All spectrograms in the upper panel
were produced by the same male speaker. The spectrogram in the upper left panel
shows an instance of gleiten (rate 5) that was correctly perceived by 24 out of 25
listeners. The one in the middle (rate 7) and on the right (rate 9) show two tokens
of gleiten that were repeatedly misperceived as geleiten (in over 50% of the
cases). Here, a sharp and sudden rise in intensity is reflected in the amplitude
tracing. In the comectly perceived token, the amplitude rises into the intensity
plateau of the following diphthong. In the mostly misperceived cases, the
amplitude raises with a steeper slope and has already reached its maximum value
during the transition into the vowel. Whether the difference in amplitude causes a
difference in how the token is perceived is not clear at this point. Based on Price’s
(1980) experiments, however, amplitude was not a decisive factor. In the second
row, we see three spectrograms of tokens of braten that were produced in
different speech rates by the same female speaker. The spectrogram on the left
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shows a token produced in a faster rate than normal that was always correctly
perceived. As expected, we do not find any vocalic segment between the word

I

U

spectrograms in the middle and to the right show two tokens that were frequently

misjudged by listeners.
il [ T O

a1

il

Aﬁni,‘l.l: il
B
U

b a 't n

Fig. 8: Upper panel: Spectrograms of three tokens of gleiten (produced by the same male
speaker). Left: rate 5, middle: rate 7; right: ratc 9. Lower panel: Three tokens of braten
{produced by the same female speaker). Lefl: rate 3; middle: rate 9; right: rate 8. In cach panel,
the tokens in the middle and to the right were misperceived most often.

bag
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The token in the middle was produced in a fairly slow rate (9) and the one on the
right in rate (8). However, since the speakers were asked to read the corpus in
self-selected speech rates, there is no absolute measure for the rate of speech.
Therefore, rendition 8 can be slower than rendition 9 although it should be faster.
In the second and third spectrogram, we do find vocalic traces between the initial
cluster consonants. This finding is reflected in the waveform and the amplitude
tracing as well. This transition vowel appears even stronger in the third display
which was uttered slightly slower than the second one.

For a comparison, spectrograms for geleiten and for beraten (both in rate 1),
produced by the same speakers as in the previous figure, are given in Fig.9. In the
spectrogram on the left, we see clear vowel formants for the unstressed vowel,
including a velar pinch, typical for a consonantal constriction in the velar region of
the vocal tract. There is a sharp rise in the intensity level from the release burst of
the [g] to a plateau at the unstressed vowel which is maintained throughout the [1]
and the following diphthong.

S el

H " L -. n'l'i,lur.

: h‘ f'l:lﬂl.'li"rulll ' It ; -1 g "
= 7 . 3 PR _i.'|.||-.!r'm_i 1 : 1
e A e
' | ! Iﬂ I
ik Ll - Jowb 1 bax a i )

Fig.9: Spectrogram, waveform and amplitude tracings of geleiten (lcft) and beraten (right),
produced in a normal rate by the same male and the same female speaker that produced the
tokens in Fig 8.

On the right we find a clear vowel that is followed by frication with an energy
concentration in the lower frequency area, typical for back fricatives. The
waveform as well as the amplitude trace also clearly show the presence of the
vowel before the voiced fricative. Compared to the spectrograms in Fig 8, the
duration of the vowel is longer here. However, apparently, even the shorter
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duration of the vowel is sufficient to cause a perceptual confusion for the listeners.
The seemingly longer duration of the [1] in gleiter in the misperceived tokens
might have been interpreted as a syllabic peak. It remains unclear what parameters

oo e e L L L ol UL J

gleiten vs. geleiten and beraten vs. braten show differences, the similarities are

strong enough to cause perceptual confusion. To explore the specific perceptual
cues listeners use is beyond the scope of this study.

4. Discussion

Even though Kohler {1992), in a critical commentary to the Gestural Score Model,
argues that the mechanism of gestural overlap alone cannot explain connected
speech processes as found in cases analogous to Kanmen, the production data
presented here for Kamnen strongly favor a gestural overlap account of the
observed reduction process over a categorical deletion process since no
discontinuity is observed in production, Kohler (1992; 1990) gives examples like
kommen ‘to come’ (/komen/ > [komm]) and Wagen *vehicle’ (/vagen/ = [‘h’ﬂg?]}
for which he claims “a categorical change from progressive overlap [...] to
reorganization” of gestures (1992:207). In his reorganization explanation he
assumes that the apical closing gesture of the final [n] is deleted and that the
opening of the velum is taking over the release of the stop. Browman & Goldstein
on the other hand assume neither the addition nor a loss of gestures (see Johnson,
Flemming and Wright, 1993:525). In the case of Kanmen, as for the instances
Kohler cites, it is still yet to be shown that phonetically there are no residual
movements of the tongue apex left. According to the assumptions of the Gestural
Score Model, gestures are abstract entities and the apical closing gesture remains
present, however, somewhat reduced in magnitude (see Kingston, 1992). The
burden of proof is on Kohler that the proposed theoretical gestural overlap
account inaccurately explaines schwa reduction in this and analogous cases.

Fig.10 shows a hypothetical gestural overlap account, based on Browman &
Goldstein’s Gestural Score Model: as the rate of speech increases, the gestures for
the alveolar nasals, produced on the tongue tip tier, as well as the gesture for the
opening of the velum on the velic tier, move closer together, hiding the gesture for
the unstressed vowel on the tongue body tier. In faster rates or casual speech, the
gestures of the alveolar nasals and the velic gestures have completely overlapped
the gesture for the unstressed vowel. The vocalic gesture is hidden behind the
consonantal gestures and not deleted, as has been claimed in phonological
accounts.

118



0o e e

Tongue closed
dej' tier a I apen

P ot LR e
st g oy

Tongue closed
body tier =R apen

R
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the nasals and the unstressed vowel on the tongue body tier. In b) a situation where the gestures
for the nasals overlap and hide the vocalic gesture, but where some durational difference in the

nasal sequence vs a single nasal is still preserved.

Various examples cited in the literature for English and other languages (see
Beckman, this volume) show cases where articulatory gestures are overlapped and
become hidden (Browman & Goldstein, 1989, 1990a; Munhall & Loefquist, 1992;
Jun & Beckman, 1993) so that their acoustic output is much reduced which then
can potentially result in the total loss of the perceptability. Also, Browman &
Goldstein (1990b:314/315) showed that the identification function in synthesized
stimuli on a continuum of gestural overlap between the gestures for the [b] and the
rhotic (American) [2] from bray to beret (generated from calculations of ‘the task
dynamic and vocal tract models") shifted at 0 ms overlap (perfect alignment) for
four out of six listeners. Price (1980) provides similar results by modeling gestural
overlap with varying the duration of [1] in synthesized stimuli of plight and polire.

No cases cited in the literature give examples or show evidence for the gradual
appearance of a vocalic segment due to gestural separation even though such cases
are not ruled out by Browman & Goldstein (1990b:318; 1992b:53) eg as a
possible source for sound change. The evidence from (especially slower renditions
of) braten favor an account of a gradual separation of articulatory gestures that
results in the gradual appearance of vowel-like traces in the formant structure or
even a vowel The acoustic output during the transitions from one articulatory
gesture to the next one is then misperceived, In contrast to the [1] in plight (Price,
1980) or the [] in dray (Browman & Goldstein, 1990b) where sonorant liquids
were lengthened to the point that the duration gave listeners an increased percept
of sonority and hence a syllabic peak (both these sounds have the property of being
able to become syllabic), the German voiced uvular fricative does not seem to have
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the property of becoming syllabic with an increased duration (see Kohler, 1991 on
German [¥] vocalization).

An exp|anaﬁun fﬂr t|1e appearance of the transition vowel in brafen (in comparison
to gleiten) comes from the aerodynamic properties of the voiced uvular fricative
[¥]. Voiced fricatives have in general been found rather rarely in the world’s
languages (Ohala, 1983) since a fine tuning of the airstream mechanism is required
to produce this class of sounds. Air flow must be high enough to cause frication at
a given constriction within the vocal tract and at the same time, the constriction at
the glottis needed for vocal fold vibration impedes airflow. These two articulatory
goals are difficult to achieve simultaneously and therefore voiced fricatives display
greater instability in production since only a slight change in one of the articulatory
parameters can cause great varability and discontinuities in the acoustic output
{Stevens, 1972).

The variability in production for hrafen can thus be explained as follows: right
after the release of the bilabial occlusion for [b], there will be stronger airflow.
After the air pressure has leveled out (within approximately 3 to 5 glottal pulses),
the voicing sets on and the uvular constriction for the fricative can be formed
again. In these cases where the articulatory gestures are misaligned, vowel-like
formant structures are produced. Vowel durations between 30 and about 60 ms
were found where actually no vowel is underlyingly present. In Fig 11, the
appearance of this transition vowel is explained by means of Browman &
Goldstein's Gestural Score Model: as the closure of the [b] on the lip tier is

released, the gesture for the uvular fricative on the tongue body tier has already set
on and (almost) come to a closure on the tongue body tier, There is no transition
vowel produced here,

I I

T T
w P -
1 b I By i open
tongue . 3 : : closed
body : : H: : | " open

I B

Fig.11: Hypothetical Gestural Score for the sequence [bi] in braten, On the left, the gestures are
phased so that no vocalic output will be penerated since the [&] has already come to a closure. On
the right, the gesture for [i] only sets on after the gesture of the [b] has been released.

On the other hand, in the right panel, as the lips open after the bilabial closure for
the [b], the tongue body has barely begun to rise, and the separation of gestures in
time creates a transition vowel Therefore, gestural separation appears to be
responsible for generating an unintended vocalic segment, Even when a transition
vowel appears, there will be no gesture for the vowel since it is not part of the
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gestural score for [by].

This misalignment of gestures and the instability of the articulation of the voiced
uvular fricative is not an aerodynamic artifact since for example speaker 1 did not
show any cases where formant structures in the acoustic output were visible, Nor
does it only occur in slower rates of speech since speaker 6 showed a reversed
pattern. The gestural separation and the resulting transition vowels are a result of
the phasing of the release of the bilabial occlusion and the onset of constriction and
timing of the laryngeal gesture for [K]. Speakers might have some intuitive
knowledge based on their experience with language about how much vanation is
allowed in production to still match the output goal (see Hawkins, 1992:57). Even
though clear vowels appeared in the acoustic signal, the listener can apparently to
some degree compensate for this and still perceive these tokens as instances of
braten. The listener might have taken the durational difference of the vowel into
account for which he or she has some kind of expectation. However, this can only
be hypothesized at this point. In no case of beraten the schwa was reduced to such
an extent that the acoustic output was completely hidden. This might be explained
along the same lines as the appearance of vocalic traces and vowels in braten.

During the repositioning of the articulators from one articulatory gesture to the
next, the tongue moves through a “neutral position” (Browman & Goldstein,
1992a:55; also see Barry, 1992 for a discussion) and the transition vowel will be
generated. Phonological accounts treat the appearance of a vowel as a categorical
insertion (Hall, 1992). However, temporal or syntagmatic coordination (Browman
& Goldstein, 1992b) and therefore, gestural separation and the misalignment of
articulatory gestures can be modeled by the Gestural Score Model. It is crucial
though that the transition vowel found in some cases of brafen does not have a
target (Browman & Goldstein, 1992a) since it is not part of the underlying form.

Based on the findings of gestural overlap in faster rates of speech as exemplified in
the case of Kannmen, the appearance of the vocalic traces in slower renditions of
braten can be now explained without positing a categorical vowel insertion rule
but by the reverse mechanism of gestural overlap, that is gestural separation. The
Gestural Score Model therefore provides a unified account of gestural
reorganization for the observations that are traditionally explained by processes of
deletion (Kloeke, 1982) or insertion (Hall, 1992; Strauss, 1982).

According to Lindblom's (1990) ‘Hyper- and Hypoarticulation' Theory, speech
production varies along a continuum of hypo- and hyperarticulated speech (see
also Johnson, Flemming and Wright, 1993). The speaker takes the communicative
demands of the situation into account and strives for sufficient discriminability.
This process is controlled by output oriented feedback mechanisms. Depending on
the amout of effort a speaker puts into the production of speech, the articulatory
target can be undershot. In this study, for braren, vowels were found not
exclusively but predominantly in slower renditions of speech which will be equated
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with more careful, clear or hyperarticulated speech. In this study though, it was
found that carefully produced speech (hyperarticulation) can result in the
appearance of vowels which in turn can mislead the listener. This of course cannot

AN AL

against the theory that phonetic targets are hyperarticulated. The misaligned
transitions rather than an overshoot of the phonetic target, that is the syntagmatic
relationship (Kohler, 1986) between one gesture’s offset and an adjacent gesture’s
onset, cause the appearance of unintended vocalic traces or vowels which
potentially cause perceptual confusion. Interestingly, the appearence of the vowel
occurred in the case of [bi], the sequence with an aerodynamically unstable sound.
MNote also that the appearance of the vowel was not perfectly correlated with the
rate of speech or the care of production. Previous studies did not specifically look
at cases that display aerodynamic instabilities of the consonantal gestures involved
forming the consonant cluster. To verify that this is a necessary prerequisite for
non-underlying vowels to appear, more evidence is needed. It is conceivable also
that the obstruent status of the [k] influences the appearance of the transition
vowel. This, however, needs more exploration.

5. Conclusion

Evidence for the applicability of the Gestural Score Model for German was
provided. The production as well as the perception data presented for Kannen
argue for a gradual reduction of the unstressed syllable nucleus rather than a
categorical deletion process. Furthermore, for braten, in some instances
unpredicted (i.e. non-underlying) vowels and vowel-like traces were produced.
Here the opposite mechanism appears to be at play, that is a gradual separation of
adjacent articulatory gestures due to a misalignment in temporal coordination.
Therefore, it is concluded that the Gestural Score Model can account for both, the
gradual reduction as well as the gradual appearance of vowels in German, whereas
the phonological accounts needs to posit a categorical insertion as well as a
categorical deletion rule.
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Asymmetry of prosodic effects on the glottal gesture in Korean®
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Abstract : Many languages have different allophones for voiced or
voiceless stops depending on position within the word or the phrase
(Keating et al. 1983). However, such effects are not always
symmetrical. In this paper, | examined the voicing of the word final
lenis stop when it comes at the end of the Accentual Phrase. By
contrast to the word initial lenis stop, which is almost always
voiceless at the beginning of the Accentual Phrase (Jun 1990a,b,
1993), the word final lenis stop was voiced at the resyllabified
Accentual Phrase initial position. The data showed that the voicin
of lenis stop depends on its duration relative to the following vowe
and this duration was determined by its position relative to the
rosodic contexts. Therefore, 1 proposed that the Lenis Stop
oicing rule in Korean is not a phonological rule, but is a byproduct
of some other effect of prosodic position on the gestural amplitude
and overlapping, thus producing a continuum of voicing. To
distinguish the different duration pattern of the lenis stop, thus the
different voicing pattern of the lenis stop, I suggested different
prosodic representations utilizing the coda/onset information.

1. Introduction

It is well established that prosody conditions segmental and suprasegmental
features. For example, in English, the *gestural magnitude’ of /h/ is weakened in
word medial position or in deaccented words so that overall amplitude is smaller
and energy is more concentrated in the first harmonic (Pierrehumbert and Talkin
1992). Also, segments are found to be lengthened at the edge of a phrase (e.g.
Oller 1973; Beckman and Edwards 1990). As shown in Keating et al.’s (1983)

of phonetic studies, many languages have different allophones for voiced or
voiceless stops depending on position within the word or the phrase. However,
such effects are not always symmetrical. For example, in German, voiced stops
often become voiceless word initially as well as word finally, but this causes
neutralization only word finally, where the contrasting voiceless stop is not
aspirated.
Korean also has such prosodically conditioned strengthenings and
weakenings of laryngeal features, and asymmetries between word final and non-
final position. In the initial position of a word in isolation, there is a three way
contrast among aspirated, tense, and lenis voiceless obstruents. In word medial
position, the stops are weakened so that the aspirated stops are less aspirated (Jun
1990a, 1993) and the lenis stops are voiced intervocalically, In final position, the

* The revised version of this paper will appear in Papers in Laboratory Phonology IV. B. Connell
and A. Arvaniti, eds., Cambridge University Press, England. 1 would like to thank Mary
Beckman, Michel Jackson, and Janet Pierrehumben for their comments and suggestions. The
work reported in this paper was supported by the NSF under Grant No. IRI-8858109 to Mary E.
Beckman.
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distinetion is neutralized completely to an unreleased lenis stop. Kagaya (1974)
shows the laryngeal configuration of the three types of obstruents; the aspirated

sw[v hasa latie. ilottal urnﬁni iesture which around the oral release, while

the tense or fortis stop has a much smaller opening and is closed even before the
oral release. This is true both in initial and medial position. However, the glottal
pattern of the lenis stop is more variable: in initial position a lenis stop has a large
glottal opening, like that of the aspirated stop, but timed differently so that voicing
starts soon after oral release. In word medial intervocalic position, it shows no
glottal opening and the closure duration is very short enhancing the percept of
voicing.

The laryngeal adjustment of coda obstruents, utterance finally and before
other obstruents was examined in Sawashima et al. (1980). They show that the
laryngeal gesture of a word final obstruent at the end of a sentence has a small
glottal opening, which begins at or slightly after the oral closure and remains open
for about 80-100 ms, (The laryngeal feature of the syllable final obstruent followed
by other obstruent appears to be assimilated to that of the following obstruent. No
fiberscopic data is available for the laryngeal gesture of the word final obstruents
follo by a vowel initiated word.) That is, a coda obstruent is neutralized to an
unreleased voiceless lenis stop.

Then, what is the domain of coda neutralization? The examples in (1) show
that the domain is a stem plus a case marker, the Prosodic Word (Kang 1992).
{(Here, a dot refers to a syllable boundary.)

(1) a. fefip/ => [tfip°] “a house’
hpip?/  =>[tfip°] ‘straw’
Mapefi/  => [tap®.tf’i] ‘an answer sheet’

b.tfip-in/ == [tfibin]! “a house-TOP’
ffiphi/  => [efi.phi] ‘straw-NOM’

c. ftfip/+filim/ *name’ => [tfip®i.cim] or [tfi.bi.rim] ‘the name of a house’
ffipt+fadiinny/ == [tfip®.a.diin.ni] or [tfiba.diin.ni]
: is the straw?’

{1a) shows coda neutralization before pause and before another obstruent
within a Prosodic Word. (1b) shows that the different types of underlying coda
obstruents are realized as an onset when they come before a vowel within the
Prosodic Word. (lc) shows that the underlying coda is not realized as an onset
across the Prosodic Word boundary. Instead, the coda is neutralized within the
Prosodic Word and is realized either as an unreleased coda or as a voiced onset.
Korean phonologists have assumed that the neutralized coda is resyllabified as an
onset of the following Prosodic Word at the postlexical level. Cho (1987) claims
the domain of resyllabification is the Intonational Phrase and Kang (1992) claims it
as the Phonological Phrase, larger than the Prosodic Word. However, no phonetic
data concerning the domain of resyllabification has been published as far as I know.
To determine whether the voiced lenis stop had been resyllabified across the word
or across even larger boundaries, the domain of another phonological rule, /1/-
flapping was examined as a pilot study.

In Korean, [1] only surfaces in the coda of a syllable, and never as an onset
unless the lateral is a geminate. When followed by a vowel, /If is resyllabified to an

U fpf becomes [b] intervocalically by the Lenis Stop Veicing rule. The underlying coda fpf is
resyllabified as an onsct of the following syllable.
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onset of the vowel and appears as a flap [r]. The results show that the
resyllabification can occur across any word boundaries within an Intonational
Phrase (i.e. across the boundary of an Accentual Phrase, the definition of which
will be introduced later this section.). Thus, I will assume that any coda lenis stop
can be resyllabified to be the onset of the following Accentual Phrase and therefore
the following word. I will call this a ‘resyllabified’ Accenmal Phrase inital lenis
stop, to distinguish it from the underlying onset lenis stop in Accentual Phrase
initial position.

In addition to this asymmetry between syllable onset and coda, however,
Korean seems to show an asymmetry at a higher level of prosodic unit. That is,
there seems to be a difference berween word initial and word final lenis stop in
terms of voicing. The word initial voiceless lenis stop in Korean becomes voiced in
the middle of the Accentual Phrase but remains voiceless at the Accentual Phrase
initial position (Jun 1990a, b). However, in casual speech, informal observation
shows that the word final lenis stop becomes voiced most of the time across
Accentual Phrase boundaries as well as within the Accentnal Phrase. Since lenis
stop voicing has been claimed to be a domain span rule in Selkirk’s (1986) sense,
applying anywhere ‘within® the Accentual Phrase , the lenis stop at the end of the
Accentual Phrase should be voiceless.?

In this paper, [ will focus on the voicing of the coda lenis stop at the end of
the Accentual Phrase (= at the beginning of the Accentual Phrase after
resyllabification), as in {kimpap) {alassni) *“Was the sushi frozen?' (/kimpap/
‘sushi®, fal-ass-ni/ ‘to freeze-past-Q°). Second, based on the durational
relationship between the lenis stop and the adjacent segments in different prosodic
positions, I will discuss whether or not Lenis Stop Voicing is a categorical rule.
Finally, I will interpret the results in terms of gestural overlapping and reduction
based on Browman and Goldstein's (1990) model.

Before introducing the experimental methods, I will briefly introduce the
definition of the Accentual Phrase and its relation to the Lenis Stop Voicing rule.
The Accentual Phrase is a grouping of Prosodic Words defined on the basis of the
tonal pattern of an utterance. In the Seoul dialect, the tonal pattern of the Accentual
Phrase is L{H)LH, with the first high optionally appearing when the phrase is
longer than four or five syllables. Thus, the salient characteristic of the Accentual
Phrase in Seoul Korean is a final rise in pitch. (But, when a phrase is produced
with contrastive focus, an initial rise pattern can be found in Seoul, even in a short
Accental Phrase.) In the Chonnam dialect, the characteristic pattern is an initial
rise-fall or simple fall, i.e. either LHI. or HHL.. The choice of pattern is predictable
from the laryngeal features of the first segment of the Accentual Phrase: when the
segment has either [+spread glottis] (i.e. aspirated consonants and fs/) or
[+constricted glottis] (i.e. tensed consonants), the Accentual Phrase has the HHL
pattern and otherwise the LHL pattern.

The Accentual Phrase is the comparable level to the Phonological Phrase
assumed in Prosodic Phonology (Selkirk 1984, 1986; Nespor and Vogel 1986;
Hayes 1989). However, [ call it the Accentual Phrase to highlight that its basis is
different from what defines the Phonological Phrase. In a