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Abstract
In this study, a method was developed to elicit three different speaking styles, reduced, citation, and
hyperarticulated, using controlled sentence materials in a laboratory setting. In the first set of
experiments, the reduced style was elicited by having twelve talkers read a sentence while carrying
out a distractor task that involved recalling from short-term memory an individually-calibrated
number of digits. The citation style corresponded to read speech in the laboratory. The
hyperarticulated style was elicited by prompting talkers (twice) to reread the sentences more
carefully. The results of perceptual tests with naïve listeners and an acoustic analysis showed that
six of the twelve talkers produced a reduced style of speech for the test sentences in the distractor
task relative to the same sentences in the citation style condition. In addition, all talkers consistently
produced sentences in the citation and hyperarticulated styles. In the second set of experiments, the
reduced style was elicited by increasing the number of digits in the distractor task by one (a heavier
cognitive load). The procedures for eliciting citation and hyperarticulated sentences remained
unchanged. Ten talkers were recorded in the second experiment. The results showed that six out of
ten talkers differentiated all three styles as predicted (70% of all sentences recorded). In addition, all
talkers consistently produced sentences in the citation and hyperarticulated styles. Overall, the results
demonstrate that it is possible to elicit controlled sentence stimulus materials varying in speaking
style in a laboratory setting, although the method requires further refinement to elicit these styles
more consistently from individual participants.
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1. Introduction
Traditionally in studies of speech production and perception that use natural speech, utterances
are recorded under highly controlled conditions in a laboratory setting. Control over the audio
recording conditions and the nature of the materials recorded (particular syllables, words,
sentences) serves to limit sources of error in the data collection process, or to avoid particular
confounds that might render the results uninterpretable. Control over the quality and structure
of the materials also insures that any results can be replicated in other laboratories, a key aspect
of any experiment. However, it has long been recognized that the style of speaking elicited
from talkers reading linguistic material aloud in a laboratory setting differs systematically from
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other speaking styles that occur naturally, such as more reduced styles of speech that can be
observed in unmonitored conversations (Summers, Pisoni, Bernacki, Pedlow, & Stokes,
1988; Picheny, Durlach, & Braida, 1989; Byrd, 1994) and hyperarticulated or clear speech,
whether directed to normal and hearing-impaired listeners (Picheny, Durlach, & Braida,
1985; Picheny, Durlach, & Braida, 1986; Picheny, Durlach, & Braida, 1989; Payton, Uchanski,
& Braida, 1994; Uchanski, Choi, Braida, & Durlach, 1996), infants (Fernald, Taeschner, Dunn,
Papousek, de Boysson-Bardies, & Fukui, 1989; Kuhl, Andruski, Chistovich, Chistovich,
Kozhevnikova, Ryskina, Stolyarova, Sundberg, & Lacerda, 1997), non-native speakers
(Bradlow & Bent, 2002; Uther, Knoll, & Burnham, 2007), or automatic speech recognizers
(Oviatt, MacEachern, & Levow, 1998; Oviatt, Levow, Moreton, & MacEachern, 1998).
Differences between reduced and laboratory citation speaking styles can include the duration
of the utterance and its constituent words, pausing, and the degree of centralization in the quality
of vowels, to name a few.

While citation speech is fairly uniform in its characteristics from word to word and repetition,
conversational speech is typified by a wide range of hyperarticulation and reduction at the word
and syllable levels (Krull, 1989; Duez, 1992, Wassink, Wright, & Franklin, 2007). The
probability of any one word being reduced (hypoarticulated) or hyperarticulated is widely
thought to be related to its informational load (i.e., Lindblom, 1996; Jurafsky, et al, 2001;
Aylett and Turk, 2004); the less important the word is to a particular utterance's meaning and
the more predicable it is from context, the more hypoarticulated it typically is. Likewise, if a
word is particularly important to the meaning of an utterance and if it is not predictable from
the preceding set of words, it is likely to be hyperarticulated. Thus, the use of conversational
speech in controlled experiments poses another problem to the experimenter: It is difficult to
control the degree of reduction or hyperarticulation on any particular word. Like reduced
speech, hyperarticulated speech displays features that distinguish it from citation speech,
including vowel space expansion, a decrease in speaking rate, increase in the number and
duration of pauses, and increase in energy in the mid-frequency range of the spectrum, and a
decrease in disfluencies, among others. Such hyperarticulated speech effects have been
observed primarily in American English, but a few studies observe similar patterns in other
languages (e.g., Croatian – Smiljanic & Bradlow, 2005; German – Köster, 2001; Jamaican –
Wassink, Wright, & Franklin, 2007). It is a style adaptively employed by speakers to enhance
recognition and comprehension by the listener given the listening environment at hand
(Lindblom, 1990; Moon & Lindblom, 1994; Lindblom, 1996; Jurafsky, et al, 2001; Aylett &
Turk, 2004). It also occurs frequently in human-computer interaction when automatic speech
recognizers produce errors; speakers will shift to a hyperarticulated speaking style which, while
helpful in human speech communication, can actually limit the success of human-computer
interaction given the automatic speech recognizers are not commonly trained on this style
(Hirschberg, Litman, & Swerts, 2004).

The differences between natural speaking styles and speech elicited in laboratory reading tasks
pose a problem for theories of speech perception and spoken word recognition by human
listeners, most of which have been formulated from studies using controlled speech materials:
To what extent do these findings generalize to the speaking styles that people produce and
perceive in natural settings? The perception of variability that exists among speech styles has
not been studied in detail, no doubt due to the problem of eliciting naturalistic speech in the
decidedly unnatural manner and the setting of reading aloud in a laboratory, although these
issues have begun to be addressed in computer/machine word recognition (Ostendorf, Byrne,
Bacchiani, Finke, Gunawardana, Ross, Roweis, Shriberg, Talkin, Waibel, Wheatley, &
Zeppenfeld, 1996; Schriberg, 2001; Liu, Shriberg, Stolcke, Hillard, Ostendorf, & Harper,
2006; Bates, Ostendorf, & Wright, 2007). Other types of “nonlinguistic” variability have been
shown to have an effect on speech perception and spoken word recognition, including talker,
rate, and stimulus variability (Mullennix & Pisoni, 1990; Nygaard, Sommers, & Pisoni,
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1995; Bradlow, Nygaard, & Pisoni, 1999). These studies suggest that listeners encode in long-
term memory significant episodic details and properties of speech signals that they encounter,
and that these details influence the subsequent perception and recognition of speech. If listeners
are sensitive to highly detailed, episodic properties of speech, then variation in those properties
due to speaking style differences may also play an important role in speech processing, one
that has thus far been neglected in speech perception and spoken word recognition research.

One factor limiting the study of the perception of speaking styles has been a methodological
one: How does a researcher elicit different speaking styles, including more reduced and
naturalistic speech, while at the same time controlling for the particular syllables, words, or
sentences to be studied? Recording natural conversation, or guided conversation on a particular
topic, has been used in the study of sociolinguistic variability in speech production, namely,
in the elicitation of stigmatized, or less prestigious, sounds, words, or syntactic structures of a
dialect (Labov, 1972; Milroy, 1987). In other methods, subjects have been asked to participate
in and narrate a task (Hirschberg & Nakatani, 1996). Such procedures have been useful in
eliciting particular intonational forms and in studying specific aspects of discourse structure
(Swerts & Collier, 1992; Speer, Sokol, & Schafer, 1999). However, none of these methods can
guarantee the elicitation of specific sentences. What is needed is a technique to elicit a variety
of speaking styles found outside the laboratory, particularly more hypoarticulated styles, while
controlling for linguistic content. Speech samples elicited by such a method would represent
an important point on the continuum between experimental control and ecological validity.

To address this research need, a method has been developed for eliciting sentences in different
speech styles in the laboratory while controlling for the particular sentence materials used. The
range of speech styles includes a reduced, or hypoarticulated style, that should more closely
resemble the speech style employed in natural settings in conversation than laboratory read
speech. The first version of this method was described by Brink, Wright, and Pisoni (1998).
Brink et al. (1998) attempted to elicit three speaking styles, namely, reduced, or hypoarticulated
speech; citation, or read speech, a style that is normally used in reading controlled materials
in a laboratory setting; and hyperarticulated speech. Each style was elicited in a separate
condition of the experiment.

Brink et al. (1998) elicited reduced speech by having subjects read a sentence while engaging
in a concurrent digit span task that involved remembering a digit sequence of five to seven
digits in length that was presented immediately prior to the sentence. After reading the sentence,
subjects were asked to recall the digit sequence in the same order in which it was presented.
The digit span task was a distractor task, chosen to place the subject under a cognitive load
while reading a sentence. It was chosen as the distractor task because, in piloting, it was
successful in producing the desired speech style while minimizing talker disfluencies. The
logic behind the use of any distractor task to elicit a reduced speaking style was based on two
sets of observations in the literature. First, multiple studies have documented limited resources
in working memory and, with an increase in cognitive load, fewer processing resources are
allocated to the motor tasks involved in producing speech (Baddeley, Thomson, & Buchanan,
1975; Oberauer & Kliegl, 2006). It was expected that the decrease in processing resources
would result in decreased gestural displacement of the speech articulators as is normally seen
in hypoarticulated speech. Second, it is a common observation in the sociolinguistic literature
that the self consciousness of the speaker results in a formality of speech style (Labov, 1984).
The digit span task was conceived of as load that could be optimized to produce reduction
without a dramatic increase in speech errors and therefore minimize the high degree of self-
monitoring, and the resulting formal style that typically occurs in word reading tasks.

Citation speech was elicited by simply having listeners read single sentences presented on a
computer screen. Hyperarticulated speech was collected in an experimental condition quite

Harnsberger et al. Page 3

Speech Commun. Author manuscript; available in PMC 2009 June 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



similar to the Citation speech condition. Subjects were asked to read single sentences presented
on a computer screen. Over the course of the condition, they were prompted in a subset of trials
to repeat the sentence “more clearly.” After responding to that prompt, subjects were given the
same prompt a second time and the second reading was chosen to represent hyperarticulated
speech. This procedure had been used successfully in an earlier study by Johnson, Flemming,
and Wright (1993).

Brink et al. (1998) tested this method with six talkers, all native speakers of English, and
evaluated its success in a detailed acoustic analysis, examining properties of the sentence, as
well as key words in the sentence, in terms of duration, fundamental frequency (f0) range,
absolute RMS energy, energy range, degree of vowel centralization, and degree of vowel
dispersion. The results of the acoustic analysis showed that the method was successful in
eliciting a hyperarticulated speech style that was highly distinct from the citation style, a result
that was found for all six talkers. The duration, vowel centralization, and vowel dispersion
measures showed the most consistent differences across talkers in speech production. However,
the method failed to elicit significant differences between the reduced and citation sentences
for five of the six talkers. Only one talker, MD, produced reduced speech that was
distinguishable from citation speech in the acoustic analysis.3 Interestingly, MD also had the
highest error rate for correctly recalling digit sequences during the Reduced condition,
indicating that the fixed load of five to seven digits was sufficiently challenging for MD. For
the other five talkers, digit sequences of a length of five to seven may not have been sufficiently
demanding for them, particularly given that the average immediate memory span for digits is
7.7 (Cavanagh, 1972). Individual differences in digit span potentially complicate the use of a
fixed range of digit sequence lengths since, for a given individual, the degree of cognitive load
that a subject is placed under may either be too great or little, depending on the subject's own
digit span. If the load is too great, then the possibility exists that a subject will simply ignore
the distractor task, making the Reduced condition in essence the same as the Citation condition.
If the distractor task is too easy, a subject may be able to allocate sufficient attentional resources
to the task of reading the sentence, a result that also effectively eliminates any differences
between reduced and citation speech. One solution to the problem of using fixed sequence
lengths would be to measure an individual's digit span and use that value to “calibrate” the
Reduced condition, making the task difficult enough to draw attentional resources away from
reading, but not so difficult so as to be ignored or induce disfluencies.

The goal of the current study was to test an individually-calibrated cognitive load method of
eliciting reduced speech. In the experiments reported here, the cognitive load task was
calibrated to the individual talker's immediate memory span in a forward digit span task
administered prior to the Reduced condition. A talker's digit span, as measured in this task,
was the value used to determine the range in the length of digit sequences in the Reduced
condition of this study. The Citation and Hyperarticulation conditions of Brink et al. (1998)
remained unchanged in this study. With the addition of individual calibration, it was predicted
that all of the talkers recorded would produce a reduced speech style that was perceptually
distinct from the citation and hyperarticulated speech styles. Twelve talkers were recorded in
this revised procedure for the Reduced condition, and in the original Citation and
Hyperarticulation conditions. The elicited sentences were then evaluated by a phonetically-
trained judge (Experiment 1), by 25 untrained listeners (Experiment 2), and in an acoustic
analysis (Experiment 3) to determine if the individual calibration method was successful. Three
other experiments (Experiments 4 – 6) were also conducted, involving a further modification

3Speaker MD's reduced sentences were also perceptually distinguishable from his/her citation sentences in a paired comparison task with
three native speakers of English. These native speakers successfully picked the citation sentences as “more carefully pronounced” in
reduced-citation sentence pairs, on 89% of test trials. For a detailed description of the Paired Comparison task, see Experiment 2 for a
study using the same methodology.
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to cognitive load method of eliciting reduced speech, namely, the use of a more challenging
memory span task that was still individually calibrated. Experiments 4, 5, and 6 parallel the
design of the first three experiments in the use of phonetically trained judges, naïve listeners,
and acoustic analysis to evaluate this particular method of eliciting a variety of speaking styles
in the laboratory.

2. Experiment 1
2.1 Methods

2.1.1 Participants—Twelve native speakers of American English, seven females and five
males ranging in age between 18 and 30, participated in this study. Participants received $15
total compensation for participating in two one-hour sessions. None of the subjects reported
any history of speech or hearing disorders at the time of testing.

2.1.2 Stimulus Materials—The participants read 34 sentences from the 200 sentences
comprising the SPIN set (Kalikow, Stevens, & Elliot, 1977). The SPIN sentences are short
sentences, five to eight words in length, ending in a high frequency monosyllabic noun. The
34 SPIN sentences selected for this study are listed in Appendix A. The recording took place
in a sound-attenuated chamber (IAC Audiometric Testing Room, Model 402) using a head-
mounted Shure (SM98) microphone positioned one inch away from the subject's chin. The
recordings were digitized at 22.05 kHz (16 bit sampling) using a Tucker-Davis Technologies
System II and stored on an IBM-PC 486 computer.

2.1.3 Procedures—The participants carried out four tasks over two test sessions. In the first
session, participants were administered a simple forward digit span task (see Digit Span Task)
and were recorded reading sentences in the Reduced condition. In the second session, which
took place within seven days of the first session, participants were recorded reading sentences
in the Citation and Hyperarticulation conditions.

2.1.3.1 Digit span task: In the digit span task, participants were presented with a sequence of
single digits (0 - 9) on a computer screen inside of the sound-attenuated chamber, and asked
to recall the sequence correctly in the order in which it was presented. The participants'
responses were digitized and played via headphones to the experimenter, who sat outside of
the booth and scored the responses. The responses themselves were not stored as sound files.
The length of the digit sequence that was presented started at four, and then increased or
decreased via an adaptive staircase algorithm (Levitt, 1971). The algorithm increased the
sequence length by one digit for every two sequences at a given length that were successfully
recalled by the participant. Whenever the participant responded to a sequence incorrectly, the
sequence length was reduced by one digit on the following trial. Over the course of the 25 trials
of the task, the sequence length for individual participants increased until the sequence length
began eliciting errors. Thus, by the end of the task, participants were “oscillating” between the
sequence length that they could consistently recall, and a longer sequence that induced errors.
The longest sequence length that was consistently recalled was taken to be the participant's
digit span. This value was then used to calibrate the cognitive load in the Reduced condition.

2.1.3.2 Reduced condition: The Reduced condition was similar to the same condition
described by Brink et al. (1998), and consisted of 136 trials, four trials for each of the 34 SPIN
sentences, with a 1 second (s) intertrial interval (ITI). Each trial consisted of four parts: Initially,
participants were presented with a digit sequence, which remained on the screen for 2 s; then,
after a 2.5 s interval, a sentence was displayed on the computer screen for the participant to
read; next, the participant's response was recorded over a 6 s window; finally, participants were
prompted to recall the digit sequence in the correct order. The length of the digit sequence was
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based on the participant's digit span as measured in the digit span task. The length of the digit
sequence in a given trial was either the same as the span score, or plus/minus one digit. For
example, if a participant had a span of seven in the digit span task, he/she would be presented
with digit sequences ranging in length from six to eight. The same sentence, embedded in the
digit span task, was presented four times, with the fourth reading taken as the reduced sentence
for subsequent analysis. Before the recording began for the Reduced condition, participants
were told that they would be participating in a short-term memory experiment. Participants
were instructed to focus on the digit span task in the Reduced condition, in the hope that they
would be less careful in monitoring their production of the test sentences. The trial order varied
randomly for each participant.

2.1.3.3 Citation and hyperarticulation conditions: The Citation and Hyperarticulation
conditions were identical to those described earlier by Brink et al. (1998). In the Citation
condition, participants were prompted to read aloud a sentence that appeared on the computer
screen. Each sentence was presented once, for a total of 34 trials, with a 1 s ITI. The order in
which the sentences were presented was randomized for each participant.

Following the Citation condition, the Hyperarticulation condition was presented and consisted
of two types of trials. The first trial type, the “citation cycle,” was identical to a Citation
condition trial. In the second trial type, the “hyperarticulation cycle,” participants were also
prompted to read aloud a sentence appearing on the computer screen. After reading this
sentence, participants were then prompted by a sentence printed on the computer screen that
read: “Please read the sentence more clearly.” After responding, they were prompted again to
read the sentence more clearly. Only the final reading was taken to be the example of the
“hyperarticulated” reading of the sentence for subsequent analysis. Over the course of the
Hyperarticulation condition, the 34 sentences each appeared in three citation cycles and one
hyperarticulation cycle. The program controlling the experiment was designed to insure that
the Hyperarticulation condition began with a citation cycle, and that hyperarticulation cycles
were separated by at least two citation cycles.

2.2 Results and Discussion
In an earlier test of this method of eliciting different speaking styles (Brink et al., 1998), the
recorded sentences were initially evaluated using a detailed acoustic analysis of those cues that
have been commonly cited in prior work as important ones in differentiating speech styles.
The cues measured by Brink et al. included the duration, RMS energy, and energy range of
each sentence and of three “key” words in each sentence (usually the subject, verb, and object
of each sentence); the sentence f0 range; the degree of vowel centralization of vowels in key
words, and the degree of vowel dispersion of vowels in key words. The results revealed no
significant differences between the reduced and citation sentences of five of the six talkers
recorded. Given this initial failure and the fact that this experiment represented an “exploratory”
phase in the development of a method of eliciting speech styles in the laboratory, a less time-
consuming method of evaluating the results was chosen, namely, an impressionistic evaluation
of the sentences by a single phonetically-trained judge. The classification of these materials
by the judge was conducted without any information with regards to the target (that is,
presumed) speaking style. The results of this evaluation appear in Table 1. Each percentage in
the three sentence pair columns represents the percentage of sentence pairs judged to be
qualitatively different in terms of speaking style4.

4The number of sentence pairs that each percentage represented varied slightly due to the fact that individual subjects occasionally
produced disfluencies in their readings of a particular sentence. Sentence pairs were excluded from evaluation in cases in which one of
the sentences involved a disfluency or disfluencies.
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An examination of the impressionistic results shows that the sentence pairs that included
hyperarticulated sentences were clearly differentiable, just as they were in the acoustic analysis
of Brink et al. (1998). The critical sentence pairs for this study were the reduced-citation pairs,
given the failure of the earlier method of Brink et al. to elicit measurable differences between
these two styles. In the individual calibration method of this study, only half of the participants
(1, 2, 3, 9, 11, and 12) produced qualitative differences in 50% or more of their reduced and
citation sentence pairs. The percentage of pairs judged to be different varied widely by
individual talker, from as low as 6% to as high as 91%. Thus, the method of individually
calibrating the cognitive load of the Reduced condition was effective for most of the talkers
tested. This result is clearly an improvement over the method of Brink et al. that successfully
elicited reduced sentences from only one participant out of six.

The apparent success in Experiment 1 of the individually-calibrated load method for eliciting
a reduced speaking style required further evaluation since only impressionistic judgments were
used from a single phonetically-trained listener. In Experiment 2, perceptual judgments of the
elicited stimuli were collected from a group of naïve listeners in a paired comparison task to
affirm the results of Experiment 1.

3. Experiment 2
3.1 Methods

3.1.1 Participants—Twenty-five native speakers of American English, seventeen females
and eight males ranging in age between 18 and 21, participated in this study. For participating
in a single one-hour session, the participants received either $7.50 or one credit towards their
research requirement if they were enrolled in an undergraduate psychology class. None of the
subjects reported any history of speech or hearing disorders at the time of testing.

3.1.2 Stimulus Materials—The stimulus materials consisted of 26 to 345 hypoarticulated,
citation, and hyperarticulated sentences from the four talkers, namely subjects 2, 3, 9, and 12
from Experiment 1, whose reduced-citation sentence pairs were most frequently judged to be
qualitatively different in Experiment 1.

3.1.3 Procedures—A trial in the Paired Comparison Task consisted of two different readings
of each sentence from each talker. The two readings were presented in pairs, with a 1 s
interstimulus interval (ISI). Participants were asked to choose which sentence was read more
carefully by using a mouse to press on one of two buttons on a computer screen, denoting the
first or the last sentence of the pair. The sentence pairs differed only in terms of the speaking
style in which they were produced, resulting in three types of pairs: reduced-citation, reduced-
hyperarticulated, and citation-hyperarticulated. The sentence pairs always involved the same
sentence produced by the same talker. An example of a Paired Comparison trial would be a
reduced “The farmer harvested the crop,” produced by Talker 2, paired with a hyperarticulated
“The farmer harvested the crop,” also produced by Talker 2. The 25 participants were divided
into four groups of three to eight participants each. Each group listened to the sentence pairs
of a single talker. The sentence pairs were presented in both orders (i.e., citation-
hyperarticulated and hyperarticulated-citation). Thus, each participant responded to 156 to 204
trials, depending on which talker they were randomly assigned to.

5The full set of 34 sentences were not used for each talker because, in a limited number of cases, some talkers produced sentences with
disfluencies.
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3.2 Results and Discussion
The results of the Paired Comparison Task are shown in Table 2, which lists the percentage of
sentences judged correctly for the three types of sentence pairs for each talker. In this table,
“Sentences” refers to the number of different SPIN sentences from each talker, while
“Listeners” refers to the number of participants that judged the sentence pairs of a given talker.
As expected, listeners correctly chose the hyperarticulated sentence as the one that was read
“more carefully” in a high percentage of sentence pairs, 85% - 100% of trials, indicating that
the method was successful in eliciting citation and hyperarticulated sentences. In the critical
test pairs, the reduced-citation pairs, percent correct scores were the same or slightly lower
than those of the phonetically-trained judge in Experiment 1, ranging between 71% and 88%.
Overall, the percent correct scores in the Paired Comparison Task showed a significant
correlation with the corresponding percentages in Table 1 (r = 0.77, p < 0.05), confirming the
judgments of the phonetically-trained listener.

To provide further evidence that the new method was successful in eliciting the three intended
speaking styles, the stimulus materials recorded in Experiment 1 were also acoustically
analyzed. The particular acoustic measures taken were a subset of those used by Brink et al.,
ones that were the most successful in differentiating the three speaking styles elicited from the
single talker who produced a consistent reduced-citation style contrast. The measures included
the duration of the sentences, the duration of sentence keywords, and the relative size of the
talker's vowel space. The latter measure was based on measurements of the first and second
formants of vowels in keywords in the sentences.

4. Experiment 3 – Acoustic analysis
4.1 Methods

4.1.1 Participants and Stimulus Materials—The stimulus materials consisted of 26 to
34 reduced, citation, and hyperarticulated sentences from the twelve talkers recorded in
Experiment 1.

4.1.2 Procedures—The recorded sentences were analyzed acoustically for the duration of
the sentences as well as three to four keywords. All of the keywords were content words and
commonly appeared in one of three positions within the sentences: (1) near the beginning
(usually the participant noun), (2) near the middle (usually the main verb) and (3) in the final
position (usually the main object of the verb or of a preposition). Duration was measured
directly from the waveforms with accompanying wide band spectrograms for reference using
Cool Edit 2000 software.

The keywords in each sentence, in all three styles, were also analyzed acoustically for vowel
dispersion, defined as the average Euclidian distance in Barks of keyword vowels from the
center of an individual's vowel space (Bradlow, Torretta, and Pisoni, 1996). Vowel formant
measures were made from an overlaid LPC-FFT display. The LPC employed 12-16 coefficients
(based on the participant) and a 25 ms frame size. The FFT used a 1024-point window. A wide-
band spectrogram was used for reference. The formant measures were made at the point of
maximal displacement of F1 and F2 (as described in Wright, 2003). The results of the acoustic
analyses were used to examine the differences between the reduced, citation, and
hyperarticulated styles of individual participants.

4.2 Results
4.2.1 Duration measures—Figures 1 and 2 display the mean keyword and sentence
durations for each participant, respectively. The mean durations varied between 250 – 750 ms,
with the longest durations used in the hyperarticulated speaking style. A comparison of the
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results across participants permitted a common observation: keyword duration changed the
most for the hyperarticulated style, while the shift from reduced to citation involved much more
modest lengthening (or even none at all). This observation can easily be extended to the
sentence duration data as well.

The mean duration measures for each participant were submitted to separate 3 (Style: Reduced,
Citation, Hyperarticulated) × 2 (Unit of Analysis: Keyword, Sentence) repeated measures
ANOVAs. For every participant, there were significant main effects of Style and Unit of
Analysis, as well as a significant Style by Unit of Analysis interaction. Appendix B lists the
results of the statistical analysis by participant. Post hoc analyses (Tukey t-tests) showed that
seven participants produced positive, significant differences between the reduced and citation
styles in whole sentences (specifically, participants #1, 2, 5, 8, 10, 11, 12). In contrast, only
one participant (#2) produced positive, significant differences between the two styles in
keyword duration. Both the sentences and keywords read in the hyperarticulated style differed
significantly from those read in the reduced and citation styles for every participant, as
predicted. The differences in duration between the sentences read in the hyperarticulated style
and those in the reduced and citation styles were much greater in magnitude than the differences
in duration between the reduced and citation styles. Overall, seven out of twelve participants
differentiated the three styles by manipulating some aspect of the temporal properties of the
sentence.

4.2.2 Vowel dispersion—The vowel dispersion measures for each participant and style are
given in Figure 3. The vowels produced in different styles generally varied in dispersion in the
manner predicted, that is, in their distance from the center of the vowel space. Thus, vowels
produced in a reduced speech style resulted in modestly smaller vowel spaces than those
produced in a citation style. Furthermore, vowels produced in a hyperarticulated style resulted
in more expanded vowel spaces. An example of a vowel space differing in degree of dispersion
appears in Figure 4, which shows Participant 2's vowel spaces computed from the keyword
vowels in each style. Figure 4 demonstrates that, as participants articulate in speaking styles
that increase in articulatory precision (i.e., from reduced to hyperarticulated, in order of
increasing precision), the corresponding vowel spaces expand.

To compare differences in vowel space size for individual talker's stimuli, style difference
scores for individual vowels were calculated. Style difference scores are the difference in
Euclidean distance from the center of the vowel space to the center of an individual vowel for
the same talker in two different styles. The center of the vowel space corresponded to the mean
F1 and F2 values across all of a talker's vowels in a given speaking style. The center of an
individual vowel corresponded to the mean F1 and F2 values across all tokens of that vowel.
For each talker, 27 style difference scores were calculated (9 vowels, 3 pairs of styles). An
example of an individual style difference score would be the reduced-citation score for the /i/
vowel from talker 1. The equation for calculating this example difference score appears in (1),

(1)

where, xic and yic are the mean F1 and F2, respectively, for the talker's /i/ vowel in the citation
style; xcc and ycc are the mean F1 and F2, respectively, across all vowel tokens from talker 1
in the citation style; xir and yir are the mean F1 and F2, respectively, for the talker's /i/ vowel
in the reduced style; and xcr and ycr are the mean F1 and F2, respectively, across all vowel
tokens from talker 1 in the reduced style.
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To determine if the influence of speaking style involved significant changes in vowel dispersion
for individual talkers, the least squares means of these style difference scores were compared
to zero in post hoc tests of a mixed model ANOVA with Participant and Style as factors. In
this analysis, Participant (F(11,96) = 2.4, p < 0.01), Style (F(2,16) = 23.9, p < 0.05), and their
interaction (F(22,176) = 2.0, p < 0.01) were all significant. For all but one of the participants,
the difference scores involving the hyperarticulated style were significantly different. In
contrast, the comparison between the reduced and citation styles was only significant for two
of the twelve participants (i.e., participants 1 and 2). Overall, vowel space dispersion was
primarily a factor only in the hyperarticulated speaking style. It appeared to play less of a role
in the perception of all three speaking styles for even those speakers who produced
distinguishable reduced-citation pairs based on the results of the first two experiments (e.g.,
participants 9 and 12).

4.3 Discussion
The goal of Experiment 3 was to use acoustic analysis techniques to evaluate the success of
the calibrated cognitive load method in eliciting three distinct speech styles. The acoustic
analysis, particularly the duration measures, showed that the revised procedure was successful
in eliciting reduced speech from a majority of the talkers, although large individual differences
were observed. With just a fixed cognitive load, only one of six participants produced reliable
differences between the reduced and citation styles based on an extensive acoustic analysis of
their utterances (Brink et al., 1998). Thus, the results of Experiments 1, 2, and 3 suggest that
individually calibrating the cognitive load for the individual participant results in a more
consistent elicitation procedure for a reduced style of speech.

While a success rate of seven out of twelve participants represents a marked improvement over
the earlier results reported by Brink et al. (1998), the time and effort required by this procedure
to elicit the style differences for just 34 different sentences necessitated changes in the
experimental procedure to reduce the range of individual differences. One possible
improvement would be to increase the cognitive load that the distractor task (i.e., the digit span
task) imposes. In Experiment 1, the distractor task was calibrated to the individual's digit span.
Individual trials had digit sequences equal to the individual span, one digit longer, or one digit
shorter. Thus, in many trials, listeners had to recall a relatively short digit sequence, or one
matched to the individual's span. Only in a subset of trials was the digit sequence longer than
the individual's measured span. A heavier cognitive load was considered to be potentially a
more effective distractor task to elicit reduced speech. Specifically, the cognitive load could
be increased by one digit more than the participant's individual digit span, to insure that the
task is sufficiently demanding for the listener as they produce the sentences. Experiments 4,
5, and 6 tested the use of a heavier cognitive load in the Reduced condition. As in the first three
experiments, the efficacy of the elicitation method was evaluated by a phonetically-trained
judge (Experiment 4), by a group of naïve listeners (Experiment 5), and, finally, using acoustic
analysis techniques (Experiment 6).

5. Experiment 4
5.1 Methods

5.1.1 Participants—Ten native speakers of American English, seven females and three
males ranging in age from 18 to 20, participated in this study. Participants received $15 total
compensation for participating in two one-hour sessions. None of the subjects reported any
history of speech or hearing disorders at the time of testing.

5.1.2 Stimulus Materials—The stimulus materials were the same as those used in
Experiment 1 (section 2).
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5.1.3 Procedures—The participants carried out four tasks over two test sessions. In the first
session, participants were administered a simple forward digit span task (see Digit Span Task)
and were recorded reading sentences in the Reduced condition. In the second session, which
took place within seven days of the first session, participants were recorded reading sentences
in the Citation and Hyperarticulation conditions.

5.1.3.1 Digit span task: The digit span task was the same as the one used in Experiment 1
(section 2).

5.1.3.2 Reduced condition: The Reduced condition was identical to the Reduced condition
of Experiment 1 (section 2), with one exception. In Experiment 1, the length of the digit
sequence that served as the distractor task in Reduced condition was the same as the span score
in the digit span task (plus or minus one digit). In Experiment 4, the digit sequence length in
the Reduced condition was one digit plus the span score of the digit span task. Individual trials
were calibrated with this heavier load, plus or minus one digit. For example, if a subject had a
span of 7 in the digit span task, the digit sequences in the Reduced condition were calibrated
to a span score of 8. Thus, the digit sequences of individual trials could be 7, 8, or 9 digits in
length.

5.1.3.3 Citation and hyperarticulation conditions: The Citation and Hyperarticulation
conditions were identical to those described in Experiment 1 (section 2).

5.2 Results and Discussion
As in Experiment 1, the elicited sentences were evaluated impressionistically by a single
phonetically-trained judge. The results of this evaluation appear in Table 3. Each percentage
in the three sentence pair columns represents the percentage of sentence pairs judged to be
qualitatively different in terms of speaking style6. An examination of the impressionistic results
shows that the sentence pairs that included hyperarticulated sentences were as differentiable
as they were in Experiment 1. For the reduced-citation pairs, eight of the ten participants (#13,
15, 16, 17, 18, 20, 21, and 22) produced qualitative differences in 50% or more of their
hypoarticulated and citation sentence pairs. The percentage of pairs judged to be different still
varied by individual talker, from as low as 21% to as high as 100%. Across all of the
participants, 69% of the reduced-citation pairs differed in the predicted manner, as compared
with 52% of the reduced-citation pairs elicited in Experiment 1. Thus, the heavy cognitive load
of the Reduced condition was effective for most of the talkers tested.

6. Experiment 5
6.1 Methods

6.1.1 Participants—Twenty-seven native speakers of American English, twenty females
and seven males ranging in age between 18 and 26, participated in this study. For participating
in a single one-hour session, the participants received either $7.50 or one credit towards their
research requirement if they were enrolled in an undergraduate psychology class. None of the
subjects reported any history of speech or hearing disorders at the time of testing.

6.1.2 Stimulus Materials—The stimulus materials consisted of 26 to 34 hypoarticulated,
citation, and hyperarticulated sentences from the four talkers, namely subjects 16, 17, 20, and

6The number of sentence pairs that each percentage represented varied slightly due to the fact that individual subjects occasionally
produced disfluencies in their readings of a particular sentence. Sentence pairs were excluded from evaluation in cases in which one of
the sentences involved a disfluency or disfluencies.
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21 from Experiment 4, whose reduced-citation sentence pairs were frequently judged to be
qualitatively different in Experiment 4.

6.1.3 Procedures—A trial in the Paired Comparison Task consisted of two different readings
of each sentence from each talker. The two readings were presented in pairs, with a 1 s ISI.
Participants were asked to choose which sentence was read more carefully by using a mouse
to press on one of two buttons on a computer screen, denoting the first or the last sentence of
the pair. The sentence pairs differed only in terms of the speaking style in which they were
produced, resulting in three types of pairs: reduced-citation, reduced-hyperarticulated, and
citation-hyperarticulated. The sentence pairs always involved the same sentence produced by
the same talker. The 27 participants were divided into four groups of four to eight participants
each. Each group listened to the sentence pairs of a single talker. The sentence pairs were
presented in both orders (i.e., citation-hyperarticulated and hyperarticulated-citation). Thus,
each participant responded to 156 to 204 trials, depending on which talker they were randomly
assigned to.

6.2 Results
The results of the Paired Comparison Task are shown in Table 4, which lists the percentage of
sentences judged correctly for the three types of sentence pairs for each talker. In this table,
“Sentences” refers to the number of different SPIN sentences from each talker, while
“Listeners” refers to the number of participants that judged the sentence pairs of a given talker.
As expected, listeners correctly chose the hyperarticulated sentence as the one that was read
“more carefully” in a high percentage of sentence pairs, 72% - 100% of trials, indicating that
the method was again successful in eliciting citation and hyperarticulated sentences. In the
reduced-citation pairs, percent correct scores were similar to those of the phonetically-trained
judge in Experiment 4, ranging between 73% and 96%. Overall, the percent correct scores in
the Paired Comparison Task showed a significant correlation with the corresponding
percentages of the phonetically-trained listener shown in Table 4 (r = 0.66, p < 0.05).

7. Experiment 6 – Acoustic analysis
7.1 Methods

7.1.1 Participants and Stimulus Materials—The stimulus materials consisted of
reduced, citation, and hyperarticulated sentences from the ten talkers recorded in Experiment
4.

7.1.2 Procedures—The procedures used in Experiment 6 were the same as those in
Experiment 3. The stimulus materials were measured in terms of sentence duration, keyword
duration, and vowel space size.

7.2 Results and Discussion
7.2.1 Duration measures—Figures 5 and 6 display the mean keyword and sentence
durations for each participant, respectively. The mean keyword durations were comparable to
those observed in Experiment 3, although citation style keywords were longer (by about 10%)
in this experiment. The sentence durations were also similar to those observed in the first twelve
participants, although larger differences were observed with these speakers between their
reduced and citation sentences. However, the most robust effects of speaking style still appear
in the shift to the hyperarticulated style.

The mean duration measures for each participant were submitted to separate 3 (Style: Reduced,
Citation, Hyperarticulated) × 2 (Unit of Analysis: Keyword, Sentence) repeated measures
ANOVAs. For every participant, there were significant main effects of Style and Unit of
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Analysis, as well as a significant Style by Unit of Analysis interaction. Appendix C lists the
results of the statistical analysis by participant. Post hoc analyses (Tukey t-tests) showed that
six participants (13, 16, 17, 18, 20, 21) produced positive, significant differences between the
reduced and citation styles in whole sentences, while only two participants (17, 21) produced
positive differences between the two styles in keyword duration. Both the sentences and
keywords read in the hyperarticulated style differed significantly from those read in the reduced
and citation styles for every participant, as predicted.

7.2.2 Vowel dispersion—Figure 7 shows the differences in vowel dispersion for each
individual participant between the three styles, with greater dispersion corresponding to a larger
vowel space. Reduced, citation, and hyperarticulated (Hyper) styles were predicted to differ
in increasing order in degree of vowel dispersion. Figure 7 demonstrates that, as participants
articulate in speaking styles that increase in articulatory precision (i.e., from reduced to
hyperarticulated, in order of increasing precision), the corresponding vowel spaces expand
accordingly/respectively.

The vowel dispersion data for this modified elicitation method was analyzed in the same
manner as in section 4.2.2.2. That is, style difference scores were computed and their least
squares means were compared to zero in post hoc tests of a mixed model ANOVA, with
Participant and Style as factors. In this analysis, Participant (F(9,80) = 5.6, p < 0.01), Style (F
(2,16) = 13.4, p < 0.01), and their interaction (F(18,144) = 3.9, p < 0.01) were all significant.
In examining individual participant scores, only two speakers showed significant differences
across all three styles (participant 17 and 21). Three speakers showed no significant differences
whatsoever (18, 19, 22). More commonly, the vowel space of the hyperarticulated style was
larger than either just the reduced style (participant 20) or both reduced and citation
(participants 13, 14, 15, and 16). In summary, fewer participants showed significant differences
in vowel dispersion than in sentence duration.

8. General Discussion and Conclusions
The results of six experiments showed that the individual calibration method of eliciting
reduced speech, in conjunction with the Citation and Hyperarticulated conditions, was
successful in producing three distinct speech styles in up to 80% of subjects, in a large majority
of those subjects' sentences. This elicitation method appeared to primarily affect overall
speaking rate: Differences in style were typically observed in sentence durations rather than
keyword durations or vowel dispersion. This pattern indicates that subjects responded to this
laboratory procedure by shortening their function words and interword pauses when shifting
between all three styles. Vowel dispersion differences were observed in the hyperarticulated
style for a majority of subjects, but for the crucial reduced-citation distinction, only a total of
four subjects out of 22 across both sets of experiments modified their vowel spaces. The use
of a heavier cognitive load in Experiments 4 – 6 did increase the proportion of speakers who
produced a reduced style that was distinctive from their citation style. However, the overall
durational and vowel dispersion differences were still quite modest.

While the individually-calibrated cognitive load method is clearly effective in many instances,
the large minority of subjects still failed to produce reduced sentences that were perceptually
distinct from their citation sentences. This may in part be due to the restrictive criteria used for
selecting reduced and citation sentences. The individual participants' success rates were based
on comparisons of one example of each sentence in each speech style, out of a total of two to
four elicited. For instance, the fourth sentence in a block of four in the Reduced condition was
taken to be the “reduced” example of that sentence. Each sentence also has three citation
readings, one from the Citation condition and two from the Hyperarticulated condition. This
strategy of sentence selection may have unduly biased the outcome by restricting the capacity
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of the method to elicit different speech styles. The other readings of each sentence in each style
condition may have been equally good, or better, representatives of each style. For instance,
instead of comparing only the fourth reading of a sentence in the Reduced condition to the first
reading of a sentence in the Citation condition, the third reduced sentence could be compared
to the second citation sentence, to see if discernible differences exist between the two. A
preliminary examination of all of the readings of each style of each sentence by the
phonetically-trained judge from Experiment 1 indicates that in the case of one talker,
Participant 6, the percentage of his/her perceptually distinct reduced-citation pairs increased
to the range of talkers 1, 2, 3, 9, 11, and 12 when other readings were considered (see Table
1). Thus, relaxing the criteria of which sentence readings are chosen to represent reduced- and
citation-style sentences may give a more accurate analysis of the relative success of the method.

Even using relaxed criteria, however, does not ensure that all subjects will produce a reduced-
citation distinction. One way to account for these residual speakers may involve differences
among individuals in terms of their performance on the Digit Span Task versus their ability to
correctly recall digits in the Reduced condition. That is, the distractor task could
disproportionably affect some listeners more than others in span recall. If true, such individual
differences would be reflected in the percentage of digit sequences correctly recalled in the
Reduced condition. Table 5 lists these percentages for the twelve participants in Experiments
1 - 3, who are grouped in terms of their digit span. As Table 5 shows, participants who had
performed the same on the simple digit span task were not equivalent in their ability to recall
digit sequences in the Reduced condition. Participants with a span of six ranged from 38% -
78% correct, averaging 67% correct. Participants with spans of 7 also varied widely, and
participants with spans of 7 and 8 generally did worse in recalling digit sequences with a
distractor sentence than participants with spans of 5 or 6.

The implications of these differences are related to issues of cognitive load and its capacity to
induce reduction in sentences. The calibration of the cognitive load is crucial to the method's
success. If the cognitive load is too great, participants will ignore the load task and simply read
the sentence in citation style. If the load is not sufficiently demanding of attentional resources,
then no pressure will exist to induce reduction. In this experiment, some participants may have
been highly successful in recalling digit sequences in the simple digit span task. However,
when asked to recall digit sequences in the context of an intervening reading task, their
“operational” span may have been much lower than that indicated in the simple digit span task,
making the calibrated load too difficult to induce reduction. If this is indeed a possible source
of error in the experimental method, one solution may be to redesign the Digit Span Task to
match the Reduced condition.

In an attempt to improve the method, it may also be worthwhile to modify other aspects of the
Reduced condition. For example, a different cognitive load could be employed, such as a
sequence of familiar words, unfamiliar words, nonsense words, or perhaps anomalous
sentences. Such sequences may constitute a more effective load due to their morphological,
lexical, or syntactic similarity to the target sentences and greater uncertainty. However, such
similarity could also have the undesirable effect of generating more disfluencies in the target
sentences. In addition, an adaptive algorithm could be used throughout the elicitation of
reduced sentences. Currently, a fixed range of loads is used in the elicitation procedure, one
that has been calibrated to the individual participant in an immediate serial recall digit span
task (the calibration task). However, due to changes in attention or fatigue, a participant's
operational digit span could change over the course of the elicitation procedure and, thus, could
be higher or lower than that measured in the calibration task. One way to address this possibility
would be to adjust the cognitive load adaptively over the course of the elicitation procedure,
increasing the load when participants continue to perform well (i.e., recall the digit sequence
correctly), and decreasing the load when participants fail to correctly recall a sequence in order.
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Of course, it is possible that all of these proposed changes in the Reduced condition will still
fail to produce the desired reduced-citation style difference for all talkers. This method may
not represent the optimal solution to the problem of eliciting reduced speech in a controlled
experiment. Ultimately, the success of the method outlined here, or any variant of it, must be
judged not only in simple perceptual experiments, such as the Paired Comparison task, which
only indicates that different speech styles were elicited on a “carefulness” continuum. The
acoustic properties of the elicited sentences must also be measured, and their differences
correlated with those differences measured in studies of speech styles in natural speech. Only
if the reduced sentences elicited by the method described here display the properties of
naturally-occurring reduced speech can the method be judged a success.

Stimulus Sentences
Appendix A

The farmer harvested his crop. The hockey player scored a goal.

His boss made him work like a slave. How long can you hold your breath?

He caught the fish in his net. At breakfast he drank some juice.

Close the window to stop the draft. The king wore a golden crown.

The beer drinkers raised their mugs. He got drunk in the local bar.

I made the phone call from a booth. The doctor prescribed the drug.

The cut on his knee formed a scab. The landlord raised the rent.

The railroad train ran off the track. Playing checkers can be fun.

They drank a whole bottle of gin. Throw out all this useless junk.

The airplane dropped a bomb. Her entry should win first prize.

I gave her a kiss and a hug. The stale bread was covered with mold.

The soup was served in a bowl. I ate a piece of chocolate fudge.

The cookies were kept in a jar. The story had a clever plot.

How did your car get that dent? He's employed by a large firm.

The baby slept in his crib. The mouse was caught in the trap.

The cop wore a bullet-proof vest. I've got a cold and a sore throat.

No one was injured in the crash. The judge is sitting on the bench.

ANOVAs for individual subjects (Experiment 3)
Appendix B

Subject Style Unit of Analysis Interaction

1 F(2,189) = 229.5, p < 0.0001 F(1,189) = 1857.3, p < 0.0001 F(2,189) = 123.8, p < 0.0001

2 F (2,180) = 324.1, p < 0.0001 F(1,180) = 3217.4, p < 0.0001 F(2,180) = 194.5, p < 0.0001

3 F (2,189) = 169.1, p < 0.0001 F(1,189) = 3527.6, p < 0.0001 F(2,189) = 86.9, p < 0.0001

4 F (2,192) = 339, p < 0.0001 F(1,192) = 3553.4, p < 0.0001 F(2,192) = 192, p < 0.0001

5 F (2,192) = 346.2, p < 0.0001 F(1,192) = 2114.6, p < 0.0001 F(2,192) = 202.2, p < 0.0001

6 F (2,195) = 168.5, p < 0.0001 F(1,195) = 2235.2, p < 0.0001 F(2,195) = 96.2, p < 0.0001

7 F (2,189) = 339.8, p < 0.0001 F(1,189) = 2963.9, p < 0.0001 F(2,189) = 213.3, p < 0.0001
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Subject Style Unit of Analysis Interaction

8 F (2,180) = 146.7, p < 0.0001 F(1,180) = 2459.3, p < 0.0001 F(2,180) = 78.2, p < 0.0001

9 F (2,165) = 205.3, p < 0.0001 F(1,165) = 1908.4, p < 0.0001 F(2,165) = 109.6, p < 0.0001

10 F (2,186) = 127.9, p < 0.0001 F(1,186) = 2490.2, p < 0.0001 F(2,186) = 65.3, p < 0.0001

11 F (2,156) = 65.5, p < 0.0001 F(1,156) = 4213.4, p < 0.0001 F(2,156) = 38.6, p < 0.0001

12 F (2,138) = 187.7, p < 0.0001 F(1,138) = 1318.2, p < 0.0001 F(2,138) = 110.3, p < 0.0001

ANOVAs for individual subjects (Experiment 6)
Appendix C

Subject Style Unit of Analysis Interaction

13 F(2,192) = 214.8, p < 0.0001 F(1,192) = 2337.8, p < 0.0001 F(2,192) = 133.4, p < 0.0001

14 F(2,198) = 285.8, p < 0.0001 F(1,198) = 3496.8, p < 0.0001 F(2,198) = 162, p < 0.0001

15 F(2,180) = 109.1, p < 0.0001 F(1,180) = 2967.8, p < 0.0001 F(2,180) = 57.2, p < 0.0001

16 F(2,198) = 96, p < 0.0001 F(1,198) = 2648.7, p < 0.0001 F(2,198) = 50.4, p < 0.0001

17 F(2,198) = 367.6, p < 0.0001 F(1,198) = 4271.3, p < 0.0001 F(2,198) = 243.2, p < 0.0001

18 F(2,186) = 87.5, p < 0.0001 F(1,186) = 1771.5, p < 0.0001 F(2,186) = 47, p < 0.0001

19 F(2,198) = 186.9, p < 0.0001 F(1,198) = 2346.3, p < 0.0001 F(2,198) = 100.2, p < 0.0001

20 F(2,198) = 253.1, p < 0.0001 F(1,198) = 2776.1, p < 0.0001 F(2,198) = 140.5, p < 0.0001

21 F(2,180) = 326.2, p < 0.0001 F(1,180) = 2557.9, p < 0.0001 F(2,180) = 179.6, p < 0.0001

22 F(2,198) = 139.1, p < 0.0001 F(1,198) = 3158, p < 0.0001 F(2,198) = 80.5, p < 0.0001
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Fig. 1.
Mean keyword durations of each style for each participant.
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Fig. 2.
Mean sentence durations of each style for each participant.
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Fig. 3.
Vowel dispersion measures of each style for each participant.

Harnsberger et al. Page 21

Speech Commun. Author manuscript; available in PMC 2009 June 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
The vowel spaces of participant 2 for keyword vowels in Reduced, Citation, and
Hyperarticulated (Hyper) styles.
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Fig. 5.
Mean keyword durations of each style for each participant.
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Fig. 6.
Mean sentence durations of each style for each participant.
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Fig. 7.
Vowel dispersion measures of each style for each participant.
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Table 1
The percentage of sentence pairs judged to be qualitatively different in speech style.

Subject Reduced-Citation Reduced-Hyperarticulated Citation-Hyperarticulated

1 67% 100% 100%

2 88% 100% 100%

3 91% 100% 100%

4 6% 100% 100%

5 24% 100% 100%

6 41% 100% 100%

7 18% 100% 100%

8 41% 100% 100%

9 76% 100% 100%

10 41% 100% 100%

11 50% 100% 100%

12 82% 100% 100%
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Table 2
The percentage of sentence pairs judged correctly by the untrained listeners.

Talker Reduced-Citation Reduced-Hyperarticulated Citation-Hyperarticulated

2 88% 100% 99%

3 78% 93% 85%

9 71% 86% 96%

12 73% 96% 98%
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Table 3
The percentage of sentence pairs judged to be qualitatively different in speech style in Experiment 4.

Subject Reduced-Citation Reduced-Hyperarticulated Citation-Hyperarticulated

13 85% 100% 94%

14 21% 100% 100%

15 74% 100% 100%

16 76% 100% 100%

17 100% 100% 82%

18 68% 100% 100%

19 32% 100% 100%

20 79% 100% 100%

21 100% 100% 100%

22 59% 100% 100%
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Table 4
The percentage of sentence pairs judged correctly by the untrained listeners in Experiment 5.

Talker Reduced-Citation Reduced-Hyperarticulated Citation-Hyperarticulated

16 85% 88% 72%

17 73% 98% 95%

20 87% 95% 83%

21 96% 100% 86%
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Table 5
The percentage of trials in which digit sequences were correctly recalled in the reading portion of the Reduced condition.

Participant % Correct Span

10 62 5

12 38 6

11 60 6

1 68 6

2 75 6

5 78 6

6 21 7

7 41 7

3 42 7

8 53 7

9 26 8

4 32 8
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