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Deconstructing Transcription 2

Abstract
This article honors Adele Miccio's life work by reflecting on the utility of phonetic transcription.
The first section reviews recent cross-linguistic research on speech-sound development which
has shown that sounds transcribed identically in different languages (such as the /s/ of English
and the /s/ of Japanese) often differ acoustically, and that these differences can explain some of
the cross-linguistic differences in acquisition that have been observed. The second section
reviews literature on cases where children whose speech appears to neutralize a contrast in the
adult language are found on closer examination to produce a contrast (covert contrast). We
present evidence from a new series of perception studies that covert contrast may be far more
prevalent in children's speech than existing studies would suggest. The third section presents the
results of a new study designed to examine whether naive listeners' perception of children's /s/

and /0/ productions can be changed experimentally when they are led to believe that the children

who produced the sounds were older or younger. Here, it is shown that, under the right

circumstances, adults report more tokens of /0/ to be accurate productions of /s/ when they

believe a talker to be an older child than when they believe the talker to be younger. This finding
suggests that auditory information alone cannot be the sole basis for judging the accuracy of a
sound. The final section presents recommendations for supplementing phonetic transcription
with other measures, to gain a fuller picture of children's production abilities.

Keywor ds. phonetic transcription, speech perception, cross-linguistic studies, covert contrast,

phonological acquisition
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Deconstructing Transcription 3

One Memory of Adele Miccio: An Inspired Rant about Voiceless Lateral Fricatives

Adele Miccio shared at least two characteristics in common with the first two authors of
this article. The first is that all of our research integrates knowledge and methods from speech-
language pathology with those from linguistics. The second is that all three of us have taught
undergraduate students phonetic transcription. It was in a discussion about those two facts that
the first author had a very passionate exchange with Adele at an ASHA meeting about the proper
transcription of misarticulations of /s/ with high lateral airflow (i.e., so-called laterally lisped /s/).
The specific question that we were debating was whether such productions should be transcribed
with an [s] symbol and a diacritic indicating lateral airflow, or whether we should simply use the

existing phonetic symbol for a voiceless lateral fricative, [1]. This argument was particularly

memorable because of the contrast between its surface absurdity (how could two people discuss
so passionately and for so long something as seemingly trivial as the proper way of transcribing a
sound?) and the deeper topics that it touched on (what is the relationship between phonetic
variation and the symbols that we use to note it?).

This article memorializes Adele Miccio by discussing phonetic transcription. It is a
philosophical think-piece, a review of some of our recent research on this topic, and a report of a
new set of experiments designed to examine how people perceive children's speech. At first
glance, this might seem akin to memorializing Senator Edward Kennedy with an essay on
parliamentary procedure. But just as many important pieces of legislation live (and die) because
of the intricacies of parliamentary procedure, so does much of our knowledge of spoken
language rest on the process of phonetic transcription. We can think of no better way to
remember Adele Miccio than to encourage people to think about the very foundation of our

understanding of spoken language.
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Human speech: The extraterrestrial view

As researchers and clinicians, we phonetically transcribe speech nearly every day. The
practice of phonetic transcription is so entrenched in our lives and in the study of human
language that it is difficult to deconstruct it in order to evaluate the component assumptions on
which it is based. To help the reader do this, imagine the following scenario. A group of
peaceful extraterrestrial beings arrive on Earth. These creatures communicate solely in the
thermal modality, using a set of organs that have evolved to generate and sense rapid temperature
fluctuation patterns. The aliens have come to Earth as part of a large project, funded by their
enlightened alien government, to describe variation in life throughout the traveled universe.
Understandably, the aliens would be interested in describing the animals living on Earth. In
describing the higher primates, they would undoubtedly note that one primate species, homo
sapiens sapiens, differs from the other species in (among other things) its use of a complex
symbolic communication system.

Describing this system would be a daunting task. We might imagine that after they have
grasped the difference in modality, the aliens would use the same tactic taken by many humans
when studying an unfamiliar language, and begin by describing the sound system of the
Earthling language. We can expect that the scientific progress that allowed these aliens to travel
to Earth would also have resulted in them being expert comparative anatomists, physiologists,
and acousticians. Hence, the aliens would be able to describe speech-sound production and its
acoustic consequences. First of all the aliens would note that humans use a small set of
anatomical structures and articulatory maneuvers to produce sounds: air is forced out of or drawn
in to the oral cavity, the nasal cavity, or both. Different sound qualities result from contorting

these cavities (through movements of the tongue, the velum, and the lips) so that they have
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Deconstructing Transcription 5

different shapes and different degrees of stricture, and by manipulating air pressure changes
during production. Given their expertise in acoustics, the aliens would soon also learn that there
is a predictable relationship between articulation and the acoustic consequences. Moreover, they
would observe that different articulatory maneuvers sometimes result in the same acoustic output,
such that the first sound in the English word red can be produced with a maneuver curling the tip
of the tongue back, or bunching the tongue root. This many-to-one mapping means that the
inverse relationship does not hold. That is, given an acoustic event (such as the low third
resonant frequency that defines the first sound in the word red) one cannot always recover the
articulatory maneuvers that produced that sound.

We can also expect that the aliens would soon notice that groups of homo sapiens who
are otherwise similar cannot understand one another, suggesting the existence of mutually
unintelligible languages. Imagine that the aliens started out describing six languages: English,
Japanese, Mandarin, Korean, Greek, and Cantonese. The aliens would likely note that despite
the great diversity in the sound structure of these six languages, the physical structures used to
produce sounds are the same. They might also note that similar design features appear to
characterize the languages' sound systems. For example, the sounds produced with relatively
open vocal tracts—which we call vowels—have acoustic characteristics that are maximally
different from one another, presumably to facilitate humans' ability to discriminate among them.

As the aliens continued in their linguistic fieldwork, they also would have the opportunity
to examine the task of speech acquisition. Here the aliens would no doubt note that children do
not achieve fully adult-like speech until relatively late in development, especially compared to

other complex motor tasks such as locomotion or reaching for an object.
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Deconstructing Transcription 6

What is not clear, however, is whether these fictional alien anthropologists would come
up with anything remotely like phonetic transcription (such as the International Phonetic
Alphabet [IPA]) to characterize human speech. That is, it is unlikely that the aliens would use
the symbol [s] (or some other arbitrary symbol) to denote both the first sound in the Japanese

word 73 7] and the English borrowing sushi, nor would they use the symbol [{] to denote the

sound at the beginning of the second syllable in that word. They would likely not use the symbol
[s] to denote the misarticulations that human speech-language pathologists have come to call
depalatalization errors (such as productions of shoe that sound like sue).

The remainder of this article is to describe why this is so. The first section describes
cross-linguistic differences in the denotational values of the transcription system itself — the fact
that the same symbol does not really denote the same sound across languages.

Phonemes are not Platonic Ideals, or, an /s by the Same Name is not really the Same

We tend to think of the IPA symbols as a universal denotational system — as if the same
symbol reliably denotes the same sound across languages. After all, IPA does stand for the
international phonetic alphabet, does it not? But, of course, the same symbol does not always
stand for the same sound across different languages. The voicing contrast for stops is probably
the best-known example of this. Researchers have known for more than 40 years that there are
three basic voicing categories for word-initial stop consonants that can be defined primarily in
terms of voice onset time (VOT, Lisker & Abramson, 1964). These three categories are
prevoiced stops (voicing begins prior to the stop release), short-lag stops (voicing begins at or
almost immediately after the stop release), and voiceless aspirated stops (voicing begins
considerably after the stop release, with a period of aspiration between the stop release and the

onset of voicing). Languages with a two-way voicing contrast generally use two of these three
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Deconstructing Transcription 7

categories — either prevoiced vs. short-lag (e.g., European French [Allen, 1985], Spanish
[Macken & Barton, 1980b]) or short-lag vs. voiceless unaspirated (e.g., English [Macken &
Barton, 1980a], Cantonese [Clumeck et al., 1981]). In languages which contrast prevoiced vs.

short-lag stops, the symbols /b, d, g/ are used to represent the prevoiced stops and the symbols /p,

t, k/ are used to represent the short-lag stops. In languages which contrast short-lag vs. voiceless

aspirated stops, the symbols /b, d, g/ can be used to represent the short-lag stops and the symbols

/p, t, k/ represent the aspirated stops, to avoid the awkwardness of the aspiration diacritic. Thus,

the short-lag stops can be represented by the symbols /b, d, g/ in one set of languages and by the

symbols /p, t, k/ in another set of languages. This can lead to confusion for English-speakers
learning a second language, such as the 10-year-old American boy living in France who decided
that the French word for tag was douche (shower) instead of touche (touch).

We have also known for some time that these cross-language differences in the phonetics
of the voicing contrast explain seemingly contradictory acquisition patterns across languages.
Short-lag stops are acquired earliest across languages, regardless of whether they are the /b, d, g/
of English or the /p, t, k/ of Spanish (e.g., Macken & Barton, 1980a, 1980b). Voiceless
unaspirated stops are acquired next, and prevoiced stops are acquired last (e.g., Allen, 1985;
Davis, 1995; Gandour et al, 1986; Macken & Barton, 1980a, 1980b). As Kewley-Port and
Preston (1974) point out, these acquisition patterns can be explained in terms of the relative
difficulty of satisfying aerodynamic requirements for the different stop types. The buildup of
oral air pressure during stop closure inhibits voicing even when the vocal folds are adducted, so
producing prevoiced stops requires the child to perform other maneuvers, such as expanding the

pharynx. The production of voiceless aspirated stops is not as complex, but it does require the
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Deconstructing Transcription 8

child to keep the glottis open exactly long enough after the release of the oral closure to create an
audible interval of aspiration during the first part of the following vowel.

If cross-linguistic phonetic differences were as simple as we have described thus far, then
it would be relatively easy to capture them within IPA using the standard IPA conventions for
differentiating "narrow" phonetic transcription from "broad" phonemic transcription. That is, [b,

d, g] could be used to denote voiced stops, [p, t, k] could denote voiceless unaspirated stops, and

[p", t, k"] could denote voiceless aspirated stops, even if the phonemic transcription uses only

the unadorned /b, d, g/ versus /p, t, k/. In fact, many phoneticians use "narrow" transcription in

this way already. However, the phonetic differences are actually more complicated than this.
For example, Canadian French is different from European French in having shifted the voiced-
voiceless distinction slightly, but not completely, in the direction of the English one (Caramazza
and Yeni-Komshian, 1974). Riney et al. (2007) show that VOT values for Japanese voiceless
stops are similar to those in Canadian French, and Kong (2009) provides data showing that VOT
is necessary but not sufficient to describe the two-way voicing contrast in Japanese. While VOT
alone correctly categorizes 94% of the stop consonants produced by 2- to 5-year-old English-
speaking children, it correctly categorizes only 80% of the stop consonants produced by
Japanese-speaking children in the same age range. Adding H1-H2 of the following vowel at
vowel onset (the amplitude difference between the first and second harmonic, an acoustic
measure of breathiness of the onset of the vowel) is needed to improve classification for the
productions of the Japanese-speaking children.

Several other results of a recent series of cross-linguistic studies of the acquisition of
lingual obstruents reinforce the suggestion that differences in the production of what are

ostensibly the "same" sounds across different languages (Cantonese, English, Greek, Japanese,
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Deconstructing Transcription 9

Korean, and Mandarin) are both much more pervasive and much more complex than has been
described previously (Arbisi-Kelm et al., 2009; Edwards & Beckman, 2008a, 2008b; Li et al.,
2009; Kong et al., 2007). We will illustrate with two examples from the wortdoAoyog database,
(http://www .ling.ohio-state.edu/~edwards). This database consists of single word productions of
familiar words and nonwords from at least 20 adults and 100 children aged 2 through 5 years for
each of the six languages. The productions were elicited by a combination of a picture and an
auditory prompt. All words and nonwords contain word-initial lingual obstruents followed by
one of the five vowels (/i, e, a, 0, u/) and were transcribed by an adult native speaker who was
also a trained phonetician.

One example of the complexity of these cross-linguistic differences is exactly the contrast
that we have already discussed, the voicing contrast. Kong et al. (2007) observed that children
acquiring Greek correctly produced prevoiced stops at a much younger age than had been
described in the literature for children learning other languages with a contrast between
prevoiced and short lag stops. On investigating this phenomenon further, Kong found that the
word-initial prevoiced stops in Greek are optionally prenasalized in adult productions. This
prenasalization essentially solves the problem of maintaining voicing during closure because the
speaker can vent air through the nasal cavity. Thus, prevoiced stops are acquired earlier in Greek
than in French because Greek-acquiring children have the option of prenasalization and French-
acquiring children do not. Similarly, voiceless unaspirated stop allophones of phonemically
voiced stops are acquired later in Japanese than in English because Japanese-speaking children
have to learn to control two parameters (VOT and degree of breathiness as measured by H1-H2),
while English-speaking children only have to learn to control VOT (Kong, Edwards, &

Beckman., 2009).
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Deconstructing Transcription 10

Another example of a cross-linguistic difference in sound production concerns the most
commonly occurring fricative in the world's languages, /s/. Typical descriptions of English /s/
are that it has a relatively long interval of aperiodic noise, with a concentration of energy in the
higher frequencies. Cross-linguistic differences in the acoustic characteristics of /s/ were the
subject of a recent study by Li, Edwards, and Beckman (2009). Li et al. examined Japanese-
and English-speaking adult and children's productions of /s/ and the corresponding post-alveolar
fricative. In descriptions of Japanese in the English-language literature, it is typical to equate the
two post-alveolar sounds as well as the alveolar/dental sounds, reflecting the cross-language
assimilation patterns that we have already noted in loan words such as sushi. However, Li and

colleagues chose to transcribe the Japanese sound as /¢/ and only the English sound as /{/. This

reflects the assimilation patterns between each of these languages and the first author’s native

language (Mandarin Chinese), which has a three-way contrast among /s/, /¢/, and /s/,an apical

sibilant that is similar, but not identical, to the English post-alveolar. As you might expect from
these transcriptions, adults' productions of the two post-alveolar fricatives differed considerably

across the two languages, with Japanese /¢/ having a higher second-formant frequency at vowel
onset than the English /f/, as well as a concentration of energy in the higher frequencies overall
than /f/. This is not terribly surprising, once we know that the two sounds are different enough

for speakers of a language that has a three-way contrast to warrant being transcribed with
different IPA symbols. Somewhat more surprising was the finding that /s/ differed across the
two languages. The /s/ of English was much louder and had a more-compact spectrum than
Japanese /s/. Li et al. showed that the two fricatives in the adult English speakers could be

discriminated with high accuracy using just one parameter, centroid frequency. In Japanese, two
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parameters were needed: centroid, and the frequency of the second formant at the onset of the
following vowel.

Again, these cross-linguistic differences appear to explain a cross-language asymmetry.
English- and Japanese-acquiring two- and three-year-old children produce /s/ with very different
accuracy rates. As described by Li, Edwards, and Beckman (2009), Japanese-acquiring 2-year-
old children produced /s/ with an accuracy rate just over 30%, while English-acquiring children
produced it with over 70% accuracy rates. More surprisingly, however, the two posterior
fricatives, whose articulatory characteristics differ so much more sharply across these languages,
were produced with very similar accuracy rates. To examine why this is so, Li, Munson,
Edwards, Beckman, Yoneyama, and Hall (in preparation) conducted a cross-linguistic perception
study in which English listeners (tested in Minneapolis, US) and Japanese listeners (tested in
Tokyo, Japan) were presented with children's productions and asked to determine (in one block)

whether they were instances of correct /s/, and in the other whether they were instances of
correct /f/ (for English listeners) or /¢/ (for Japanese listeners). Responses were pooled over the
listeners and were categorized as either instances of /s/, /{/~/¢/, or neither (a category for sounds

that reliably received 'no' answers in both blocks of questions). The fricatives labeled as /s/ by
the English-speaking adult listeners covered a larger part of the two dimensional centroid-by-
onset-F2 space than did the fricatives labeled as /s/ by the Japanese adults. Similarly, the

fricatives labeled as /{/ by English adults occupied a smaller area in the two-dimensional space
than did those labeled as /¢/ by the Japanese adults, though this difference was smaller than the

difference in /s/. This finding suggests that the cross-linguistic difference in acquisition is the
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result in part of the greater willingness to label an ambiguous sound as /s/ on the part of the

English listeners versus as /¢/ on the part of the Japanese listeners.

Critically, Li et al. show that cross-language differences in order of acquisition of
phonemes need not be explained solely by the children's productions and the articulatory-motor
demands of particular sounds (e.g., Kewley-Port & Preston, 1974). Rather, differences can also
be related to the different ways that listeners in the ambient language perceive children's
productions. Such a finding is potentially very powerful, as it suggests that something as
seemingly objective as the perception of sounds that are ostensibly shared by languages might
not be as objective as it seems. (Our extraterrestrial aliens, unencumbered by the filter of a
sound system that uses the vocal-auditory channel, might be less surprised by this conclusion
than we were at first.)

Covert Contrast is Everywhere

In principle, perhaps, the problem that the same symbol represents different sounds in
different languages could be solved by restricting the use of IPA to comparisons of children’s
acquisition patterns in a single language — or more accurately, in a single dialect within a single
language, as there are also cross-dialect differences in fine phonetic detail. Recall, for instance,
the difference between the Canadian French voicing contrast and the European French voicing
contrast described earlier. We can imagine that these might lead to cross-dialectal differences in
acquisition.

However, another problem with using IPA transcription as an observational tool may be
even less amenable to such simple fixes. This is the well-known observation that speech sound
development is not necessarily categorical; children’s productions do not always progress

directly and categorically from incorrect to correct. Before children produce a contrast between
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two sounds, they may produce a "covert contrast,”" a subphonemic difference that is typically not
large enough to warrant being transcribed by a different phonetic symbol, but can be measured
acoustically. Covert contrast was first robustly documented in the literature by Macken and
Barton (1980a), for the voicing contrast in stops. In a longitudinal study of three children, they
observed that these children went through a phase where most of their productions of voiceless
stops were perceived as voiced, even though the children were producing longer VOTs on
average for the target voiceless stops relative to the target voiced stops. The impression of
systematic substitution of voiced for voiceless stops was because all of the productions had
VOTs that were in the adult voiced range for English. Since this seminal paper, many
researchers have found acoustic evidence of covert contrast in the speech of both children with
typically developing production skills and children with phonological disorders (e.g., Forrest et
al., 1994; Hewlett, 1988; Li et al., 2009; Macken & Barton, 1980). Covert contrast has been
observed for a variety of contrasts, including place of articulation for stops (Forrest et al., 1994),
place of articulation for fricatives (Baum & McNutt, 1990; Li et al., 2009), and voicing for stops
(Macken & Barton, 1980a; Maxwell & Weismer, 1982; Gierut & Dinnsen, 1986). Covert
contrast is also clinically important; Tyler and colleagues (Tyler et al., 1993) found that children
who exhibited a covert contrast made more rapid progress in therapy than children who exhibited
no contrast at all. Even when it is not documented acoustically, studies of intra-child variability
in production strongly suggest the presence of covert contrast, as shown in Hewlett and Waters'
(2004) review of phonological development studies.

This research on covert contrast has had relatively little influence on clinical practice, at
least in part because these studies have found that, of the children who are transcribed as

substituting one sound for another, only a few children exhibit covert contrast in the parameters
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measured. For example, one of the largest studies of covert contrast to date is Li et al. (2009)
who examined five different acoustic parameters (the first four spectral moments and F2 onset)
in a study of the acquisition of sibilant fricatives in 40 English-speaking and 40 Japanese-
speaking children. Li and colleagues found evidence of covert contrast for only 4 of 15 English-
speaking and 2 of 18 Japanese-speaking children who produced consistently transcribed

substitutions ([s] for /f/ for the English-speaking children and [¢] for /s/ for the Japanese-

speaking children). Similar results have been observed in smaller-scale studies, such as Forrest
et al. (1994) who found that only 1 out of 4 children had a covert contrast in their [t] for /k/
substitutions.

We suspect that the reason that only a few cases of covert contrast are evidenced in
acoustic studies is because of the nature of acoustic analysis. While the acoustic signal itself is
rich and redundant, acoustic analyses typically focus on only a few specific parameters in order
to study phonetic contrasts. Part of this is for the sake of expediency, but part is based perhaps
on the mistaken belief that phonemes have a single invariant acoustic correlate. For example, as
discussed above, VOT is the primary cue to the voicing contrast for stop consonants, at least in
most languages, and studies that have looked for a covert voicing contrast have focused on VOT.
However, there are a number of other cues to stop voicing besides VOT even in utterance-initial
position where closure duration and preceding vowel duration cannot be a cue — for example,
fundamental frequency at the onset of the following vowel (Haggard, Amber, & Callow, 1970),
the amplitude of aspiration relative to that of the following voiced part of the vowel (Repp,
1979), and differences in the ratio of the first harmonic to the second harmonic also serve to cue
the contrast between voiced and voiceless stop consonants in English (Kong, 2009). However,

since voice onset time in and of itself is adequate to distinguish between voiced and voiceless
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stops in initial position in adult productions in English, researchers have not looked for evidence
of covert contrast for voicing in other parameters in this position. It may be that we see
relatively little instance of covert contrast in acoustic analyses of production because of the
reductionist nature of acoustic analysis; that is, we look at only a few cues and we examine these
cues separately.

The results of a series of perception experiments that we have conducted over the past
several years support this interpretation of the spotty evidence for covert contrast to date (e.g.,
Kaiser, Munson, Li, Holliday, Edwards, Beckman, & Schellinger, 2009; Munson, Kaiser, &
Urberg-Carlson, 2008; Schellinger, Edwards, Munson, & Beckman, 2008; Urberg-Carlson,
Kaiser, & Munson, 2008; Urberg-Carlson, Munson, & Kaiser, 2009). More generally, these
results suggest that covert contrast in acquisition is the rule rather than the exception. These
experiments were originally designed to examine the relationship between perception of
particular contrasts by naive listeners and the acoustic parameters that differentiate these
contrasts. The stimuli for these experiments came from the TodoAoyog data base that was
described above. The word-initial consonants in this data base were transcribed by an adult
native speaker using four categories: correct (e.g., [t] for /t/), clear substitution ([k] for /t/),
intermediate between two sounds ([t]:[k] means "in between /t/ and /k/ but more like /t/", while
[k]:[t] means "in between /t/ and /k/ but more like /k/"), and distortion (such as a lateral lisp — a
production that is not possible to transcribe with conventional IPA). The perception experiments
included all of the transcription categories except distortions. For example, the perception

experiment on the contrast between /s/ and /0/ included correct /s/ productions, correct /0/
productions, [0] for /s/ substitutions, [s] for /6/ substitutions, and productions intermediate

between /s/ and /0/ (both [s]:[0] and [0]:[s]). Other contrasts that have been studied include the
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contrast between alveolar and velar stop consonants, the contrast between /s/ and /{/, and the

contrast between voiced and voiceless stop consonants. The method used in all of the perception
experiments was visual analog scaling or VAS (Urberg-Carlson et al., 2008, 2009). In VAS
rating tasks, individuals are asked to scale a psychophysical parameter by indicating their percept
on an idealized visual display. One frequent use of VAS is in the self-report of pain, where it has
been shown that listeners reliably indicate their level of perceived pain by pointing to a location
on a visual scale of pain, often anchored by text describing different levels of pain (e.g., Bijur,
Silver, & Gallagher, 2008, inter alia).

In the VAS tasks reported by Schellinger et al. and Urberg-Carlson et al., listeners were
presented with a horizontal line with an orthographic label of each of the two sounds as

[Pt
S

endpoints (for example, as the label for /s/ would be at one endpoint and “th” as the label for

/0/ would be at the other, with clear instructions that "th" should be interpreted as the voiceless

variant) and are asked to click on the line location that represents where each production falls on

the continuum between /s/ and /0/. For the two experiments discussed in this section, the
listeners were 20 adult native speakers of English. For the /s/-/0/ contrast, all of the stimuli were

word-initial consonant-vowel (CV) sequences excised from words produced by English

speakers. For the /d/-/g/ contrast, the stimuli included both word-initial /d/-/g/ produced by
English speakers. Listeners in /s/-/0/ experiment were native speakers of English. Listeners in

the other experiment were either native speakers of English or native speakers of Greek.

Figure 1 below shows the results for the /s/-/0/ and the /d/-/g/ contrasts (taken,

respectively, from Schellinger et al., 2008 and Munson, Arbisi-Kelm, Edwards, Beckman, &

Syrika, in preparation). The same pattern is observed in both figures. In Fig. 1, all of the
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transcription categories are significantly different from each other. In Fig. 2, all of the

transcription categories except for [d] for /g/ substitutions vs. correct /d/ productions are

significantly different from each other for the English-speaking listeners. The same pattern was
observed for the other two contrasts that we have examined, the contrast between /t/ and /d/ and

the contrast between /s/ and /{/ (Kong, 2009; Urberg-Carlson et al., 2008, 2009, respectively).

Figure 2 also illustrates that these ratings show strong effects of listener language. The Greek
speakers, for example, rated the English velar tokens as more-front than the English-speaking
listeners did.

While we were not surprised that naive listeners could distinguish between correct and
intermediate productions, we were somewhat surprised that they consistently distinguished
between correct productions and clear substitutions. That is, naive listeners consistently

perceived differences between [d] for /g/ substitutions, and correct /d/ productions, between [0]
for /s/ substitutions and correct /0/ productions, between [s] for /{/ substitutions and correct /s/

productions, and between [d] for /t/ substitutions and correct /d/ productions. In all of these
cases, the substitution was judged as less target-like than the correct production. We hasten to
note that ours are not the only studies that have found evidence that listeners perceive consonants
gradiently. As part of their critique of phonetic transcription as a tool in sociolinguistic research,
Kerswill and Wright (1990) show that listeners report different proportions of "d" percepts in

stimuli taken from d#g sequences with varying degrees of overlap between the alveolar and
dorsal gestures in the /d/ and /g/.

These results suggest that covert contrast is ubiquitous. It is the rule, rather than the

exception. We suspect that it is easier to find evidence of covert contrast in a perception task
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than in an acoustic analysis because listeners are presented with the richness of the entire
acoustic signal, while acoustic analysis focuses on only one parameter or, at best, a few
parameters. We want to make clear that we are not suggesting that categorical perception does
not exist. Rather, we argue, as have others, that categorical perception is a consequence of the
task used to measure perception: whether a listener perceives a sound as categorical or not
depends on the extent to which the task requires strict categorization. When the task promotes
the perception of categories (either because of the difficulty of the task itself, or because of the
use of categorical labels), people behave as if they can only hear categories and not the phonetic
detail that these categories subsume. When different methods are used, individuals show
exquisite sensitivity to the phonetic variation within categories. When the trained native

speaker/transcriber was asked to place the [d] for /g/ productions or the [0] for /s/ productions

into a category, she labeled them as clear substitutions — not as intermediate productions or
distortions. But when naive listeners were asked to rate these same productions on a continuum,

they heard them as less target-like than productions that has been transcribed as correct.

Perceptual Bias

Imagine again our alien anthropologists. As they continued their study of the sound
structure of languages, they would surely note that there is considerable variation within a
language in the articulatory and acoustic characteristics of speech sounds, and that some of these
differences can be predicted by attributes of speakers. For example, the aliens would observe (as
did Scobbie (2004), considerable variation in the voice-onset times in word pairs like bear-pear
in speakers in the Shetland Islands of Scotland, with some more locally-identified speakers
producing a contrast between prevoiced and voiceless unaspirated stops; and other speakers

producing a contrast between voiceless unaspirated and voiceless aspirated stops. Indeed, this
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variation is so extreme that the voice-onset times for some speakers' tokens of /b/ resembled
other speakers' VOTs for /p/. The aliens studying Glaswegian English would note (as did Stuart-
Smith, 2007) that younger, working-class girls produce /s/ with acoustic characteristics that are
substantially different from younger middle-class girls, or older women across social classes,
such that the difference in /s/ production between young working-class girls and young working-
class boys is much smaller than the sex differences in young middle-class people, or both
working-class and middle-class older people. They might also note (as did Langstrof, 2006) that
there is considerable variation in New Zealand in the pronunciation of the vowels in the words
trap and dress, such that older speakers' productions of the vowel in dressresemble younger
speakers' production of the vowel in trap. They would also likely note that many listeners in
these dialects are able to understand speech despite these sometimes stark variations among
groups of talkers. That is, many listeners appear to have a rich enough knowledge of how
sounds vary across social groups that they are able to parse out this variability when perceiving
speech.

An emerging body of literature has demonstrated experimentally how readily listeners
calibrate their perception when led to expect a talker to produce a particular variant of a sound.
Drager (in press), for example, showed that listeners in New Zealand calibrate their expectations
about vowel productions based on presumptions regarding a speakers' age. The speakers'
apparent ages were manipulated by pairing speech tokens with pictures of either an older adult or
a younger adult. The direction of the effect was exactly as predicted by Langstrof's production
data: vowels that were acoustically intermediate between those in dressand trap were more
likely to be identified as trap when the listeners believed they were produced by a younger

speaker, and as dress when produced by an older one. Many other examples of this kind of
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talker-percept calibration can be found in the literature, including effects of presumed speaker
gender on the perception of fricatives (Munson, 2009a, 2009b; Strand & Johnson, 1996), the
influence of presumed speaker gender on the perception of vowels (Johnson, Strand, &
D'Imperio, 1999), and the influence of presumed dialect (Niedzielski, 1999; Drager & Hay,
2006), presumed age (Drager, in press) and presumed social class (Hay, Warren, & Drager,
2006) on the perception of vowels.

These findings have clear implications for the topic of this article, the perception of
children's speech. Whether we are talking about phonetic transcription or about other types of
rating, like VAS, we would like to know what listeners' responses reflect. Ideally, they reflect
the articulatory and acoustic characteristics of the sound being transcribed or rated. We cannot
rule out, however, that adults' perception of children's speech is similarly affected by social
biases, just as their perception of other adults' speech is. Indeed, this conjecture is made all the
more plausible by the existence of many social stereotypes about how children speak. For
example, the stereotype in English-speaking cultures that young children substitute [t] and [d] for

/k/ and /g/ is encapsulated in Dorothy Parker’s report that "Tonstant Weader fwowed up" (in her

1928 review of A. A. Milne’s The house at Pooh corner), as well as in Samuel Butler’s
description (in his 1903 autobiographical novel The way of all flesh) of being punished for

making this substitution. Similarly, the stereotype that young children substitute [s] for /{/ is at

least as old as Elizabeth Gaskell’s last novel Wives and daughters (published after her death in

1865), which includes a passage where a toddler is transcribed as saying | s ant for | shan't.
Given these cultural stereotypes, we might wonder whether children's intermediate

productions, such as those described in the previous section, are particularly susceptible to bias

about the age of speakers. That is, when listeners are presented with something that isn't a clear
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endpoint, are they likely to rate it differently depending on whether they think the speaker is a
younger child or an older one? This hypothesis is motivated, in part, by the finding in Munson
and Brinkman (2004) that listeners were more likely to accept children’s productions

intermediate between /s/ and /{/ as correct when presented with multiple repetitions of a stimulus

than when presented with a single repetition, suggesting that calibration to a child’s perceived
age is more robust when the listener hears more speech produced by the child.

In this section we report on an experiment (with three conditions) designed to examine
this possibility. The experiment is a follow-up to the experiment presented by Schellinger,
Edwards, Munson, and Beckman (2008). In that experiment, Schellinger et al. examined adults'

perception of 200 tokens of children's productions of target /s/ and /0/, taken from the

nondoroyog database. The stimuli were sets of approximately equal numbers of productions in
six categories, as described earlier. Recall that Schellinger et al. conducted a VAS experiment
and confirmed that naive listeners rated all six of these fricative types differently from one
another.

Schellinger et al. also conducted a second experiment in which they played listeners
these sounds preceded by carrier phrases. One of these carrier phrases was a recording of a
young child saying "I really like." The other was a recording of the same child saying "I
weawwy yike," i.e., saying the same phrase but with stereotypical developmental speech-sound
errors targeting /r/ and /I/. Multiple recordings of each carrier phrase type were used. Half of the
"really like" carrier phrases were acoustically modified so that the formant frequencies and
fundamental frequency were lower than in the natural recording, consistent with the productions
of an older child. Half of the "weawwy yike" recordings were scaled in the opposite direction,

consistent with the productions of a younger child. Pre-testing with an independent group of
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listeners showed that the talker of the "weawwy yike" carrier phrases was consistently perceived
to be younger than the talker of the "really like" carrier phrases, regardless of whether the carrier
phrases had been scaled acoustically. Hence, both modified and unmodified carrier phrases were
mixed within a block to increase the number of acoustically distinct carrier phrases and thus to
decrease the likelihood that listeners would realize that many of them were identical. "Really
like" and "weawwy yike" carrier phrases were presented in a single block of 400 tokens (i.e.,
each of the 200 tokens was presented in two different trials, once preceded by a "really like" and
once by a "weawwy yike" carrier phrase) in fully random order.

In the perception task, Schellinger played a carrier phrase followed by a token, and asked
listeners to judge whether it was an acceptable token of the sound "s". The proportion of "yes"
responses was calculated separately for each of the six fricative types preceded by "really like"
and "weawwy yike" carrier phrases. As with the VAS task, the proportion of "yes" responses
differed for each of the six fricative types. However, only a small biasing effect of carrier-phrase
type was found. The current experiment follows up on this finding.

As noted earlier, the current experiment has three conditions. The first condition
examined whether stronger biasing could be obtained by blocking the perception task by carrier-
phrase type. We reasoned that blocking by carrier phrase would encourage the listeners to more
consistently calibrate their criteria for an acceptable token of /s/.

The second condition examined whether the perception of /s/ can be affected by the
instructions that listeners are given in the perception task. In both Schellinger et al. and in
condition 1 listeners were told that the purpose of the project was to examine the perception of
developmental misarticulations of /s/. This explicit mention of "misarticulation" might have led

the listeners to respond qualitatively differently from how they would have responded if
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"misarticulation" had not been mentioned. Condition 2 tested this by examining the performance
of listeners in a task that was blocked by carrier phrase type (as with Condition 1), but which did
not mention developmental misarticulations in the instructions.

Condition 3 examined whether greater biasing could be obtained when carrier phrases
were acoustically modified to resemble the target fricative-vowel stimuli acoustically. Here we
reasoned that acoustically matching the carrier phrase and the target would increase the
likelihood that the listeners would be willing to imagine them as being produced by the same
talker. The greater acoustic similarity was achieved by matching the peak f0 of the carrier
phrase with the average f0 of the vowel in the stimulus. Table 1 summarizes the different
experimental conditions.

Methods

Subjects. Fifteen listeners participated in each of the three conditions. The listeners were
recruited from the University of Minnesota community through fliers on campus. They included
a mix of undergraduate students, university staff, and visitors to the university. The average age
for participants in Condition 1, 2, and 3 was 22.5 (SD —5.1), 23.9 (SD — 8.1), and 25.1 (SD —
9.6) respectively. The listeners had limited experience with hearing children’s speech, as
measured by self ratings. They were asked, on a scale from 1-10, how much time they spent
around children under the age of 5 years, with 1 being no time at all and 10 being most of their
time. The average ratings for participants in Condition 1, 2, and 3 were 2.2 (SD =1.9), 2.9 (SD
=2.5),and 3.7 (SD = 2.5) respectively. None of these differences was significant in a Kruskal-
Willis nonparametric test.

Stimuli. The stimuli were 200 fricatives taken from the matdoAoyog database. They

were produced by 2- through 5-year-old children acquiring English monolingually, and were
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elicited through real-word and nonword repetition tasks in which children saw a picture of a
familiar object (in the real word task) or a novel object (for the nonword task) and heard an
accompanying production of the word or nonword. They then repeated the audio prompt.
Children's productions were transcribed by two experienced native-speaker transcribers who
were unaware of what the target consonant was.

The stimuli were analyzed acoustically. The results of this analysis are presented in
Table 2. Briefly, a spectrum was calculated over the middle 40 ms of each fricative, to derive
three spectral measures: the fricative’s overall loudness, its peak frequency, and a measure of the
distribution of energy around the peak (the 'compactness index'). Measures were based on
psychophysically transformed spectra (i.e., examining loudness in sones rather than intensity in
decibels, and frequency in equivalent rectangular bandwidths instead of hertz). Additionally,
measures of duration and of the second-formant frequency at vowel onset (in ERB) are reported
in Table 2. A defense of the psychophysical measures, as well as an illustration of their benefit
over traditional linear measures, can be found in Arbisi-Kelm, Beckman, Kong, and Edwards
(2008).

The carrier phrases were the same as in Schellinger et al. (2008), described earlier. For
condition 3, the fundamental frequency of the carrier phrase was scaled using the PSOLA
algorithm in Praat (Boersma & Weenink, 2009), such that the fO of the carrier phrase at its offset
was equal to the average f0 of the vowel portion of the target CV. This scaling was chosen in a
pre-test in which a group of listeners who did not participate in any other experiment was played
a set of 10 stimuli preceded by carrier phrases that were scaled to different fOs relative to the

target CV and were asked to choose the pairs of stimuli that sounded most like they were

Manuscript Under Consideration, 9/18/09. Please do not cite or distribute without permission.



Deconstructing Transcription 25

produced by the same child. The pairs whose carrier phrase offset f0s were identical to the
average f0 of the CV were most often chosen as the best match.
Procedures.

All three tasks were administered with the E-Prime experiment design and management
software. Participants in Conditions 1 and 3 were given instructions that mentioned "speech-
sound delays or disorders." Specifically, they were told that they “may hear ‘s’ productions
incorrectly produced as ‘th,” due to a common error called a frontal lisp.” Participants in
Condition 2 were given instructions that made no mention of a lisp or speech-delays or disorders.
Participants in all three conditions were instructed to expect to hear the phrase, "I really like"
followed by a consonant-vowel sequence starting with "s." When asked "Is the "s" sound
correct?" they were to respond "yes" or "no" using a button box whose buttons were labeled
clearly.

Analysis

For each condition, the proportion of "yes" responses for each of the six fricative types
was calculated separately for each of the two carrier phrases. These proportions were submitted
to a three factor (6 fricative type x 2 carrier phrase x 3 condition) within-subjects Analysis of
Variance. Effect sizes were calculated for each significant factor. Bonferroni-corrected post-hoc
paired comparisons were used to compare differences among fricative types.

Results

Figures 2 through 5 show the proportion of "yes" responses in the two carrier phrases for
Condition 1 (Figure 3), Condition 2 (Figure 4), and Condition 3 (Figure 5). The effect of
fricative type was both statistically significant and very large, F[5,210] =247.7, p <0.001,

nzpamal = 0.86. Post-hoc Bonferroni-corrected paired comparisons showed significant differences
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between all pairs of fricatives, in the direction that would be predicted based on the VAS ratings
reported by Schellinger et al. (2008). The effect of carrier phrase type was also significant,
though its effect was considerably smaller than the effect of fricative, F[1,42] = 4.6, p = 0.038,
nzparﬁa] =0.10. Sounds proceeded by "really like" carrier phrase were more likely to be judged as
correct /s/ than those proceeded by the "weawwy yike" carrier phrase. The effect of condition
was also significant, F[1,42] =4.2, p=0.021, nzpamal =(.17. Post-hoc tests showed that more
"yes" responses were given in condition 2 than in condition 1. Neither of the other two
comparisons showed statistically significant differences.

Finally, there was a two-way interaction between condition and fricative type, F[4.4,92.6]
=4.3,p=0.002, nzparﬁa] =0.17. This interaction occurred because the overall higher rates of

"yes" responses in condition 2 affected the more /0/-like sounds more than it affected the /s/-like
sounds, whose ratings were close to ceiling. Hence, there was a larger effect of condition on /0/-

like sounds than on /s/-like sounds. This finding was quite unexpected, and likely relates to the
unique status of frontal errors for /s/. There exist in North America and elsewhere popular-
culture associations between frontal /s/ and different social categories. As shown by Munson
and Zimmerman (2006), listeners label male talkers as less prototypically heterosexual sounding
when their speech contains frontal /s/. Moreover, there is considerable variation within and
across languages in the tendency to produce frontal variants of /s/. As shown by Dart (1991),
women are more likely to produce more-frontal variants of this sound than men, and French
speakers of both sexes produce a more-frontal /s/ than English speakers. Listeners simply expect
that /s/ variation is part of normal phonetic variation in adults' speech. Hence, when listeners

were not told that the study related to developmental misarticulations, they were more willing to
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interpret the /0/-like tokens as variants of /s/ than when they were told explicitly that they were

participating in a study on misarticulation.
This explanation might help explain some of the other response patterns that we observed.
Consider first Figure 5. This figure shows that carrier phrase type had a larger influence on

ratings of the /0/-like stimuli than on ratings of the /s/-like ones. They were less likely to be

treated as errors of /s/ when preceded by the "really like" carrier phrases than when preceded by
the "weawwy yike" ones. One interpretation of this difference is that when listeners thought they

were listening to an older child, they treated /0/-like pronunciations as normal variation in /s/, of

the type you might expect to observe in adults. When they thought they were listening to a

younger child, they treated these as /0/. Interestingly, this pattern was not seen in condition 1,

which differed from condition 3 only in that it didn't match the f0 of the carrier phrase to the f0
of the targets. Figure 3 shows that adults in condition 1 were biased more on the /s/-like stimuli.
If the f0-matching of condition 3 had the intended effect of allowing the listeners to interpret the
carrier phrase and the target as having been produced by the same child, then we imagine that the
results in that condition are a more-faithful representation of the kind of biasing that would exist
in real-world listening tasks.

This effect seen in condition 3 is rather surprising, and is the direct opposite of what we
would predict based on other studies that we have done recently. Munson (2009a, 2009b, see

also Munson & Coyne, in preparation) examined the perception of an /s/-/8/ continuum

combined with vocalic bases (to create a series of sigh-thigh continua). Some of the vocalic
bases were acoustically altered to have higher formant frequencies and a higher fundamental
frequency, i.e., to resemble the productions of children. Listeners in those experiments were

more likely to label intermediate /0/-like tokens as /s/ when appended to a 'child-like' vowel than
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when it was appended to an 'adult-like' vowel—exactly the opposite of the pattern shown in

Figure 5. That is, the listeners in those studies seemed more willing to interpret a /6/-like token

as an acceptable production of /s/ when they thought it was a child. Munson (2009b, see also
Munson & Coyne, in preparation) showed that this tendency was exaggerated when the listeners
were told that they were listening to talkers who varied in age relative to a group that was told
they were listening to adult talkers who varied in their height.

Discussion

The results of this experiment showed that people's perception of the accuracy of /s/
could be affected by experimental manipulations designed to induce different talker percepts.
Moreover, the direction of this effect is much more complex than the simple effect of biasing
intermediate productions that we hypothesized. At least some of the patterns noted here are
likely due to the different types of information (including information about developmental
variation in children's productions and sociolinguistic variation in adults’ productions) that adults
associated with frontal variants of /s/, as discussed in the previous section.

Finally, one might wonder whether experience mediates (and, ideally, attenuates) the
effects of bias on ratings. The participants in the experiment in this section were diverse with
respect to their experience hearing children's speech. Indeed, this diversity is by design, as these
conditions were conducted as part of a larger computational-modeling project in which we intend
to use these ratings as measures of the kind of feedback that children would receive during
acquisition. Those of us who have either taken phonetics classes or who have both taken and
subsequently taught phonetics classes know that the process of learning phonetic transcription is

a long one. It typically involves many weeks of drill and practice in which students must
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simultaneously ignore the merely quasi-phonemic spelling system of English, and explicitly
attend to fine acoustic detail that they previously processed only tacitly.

One would hope that the result of this extensive training would be reduced bias. Two
pieces of evidence suggest that this is not the result. First, Schellinger et al.'s (2008) experiment
compared the performance of less-experienced listeners (university undergraduates) to more-
experienced ones (students in a graduate program in speech-language pathology). The two
group's performance was statistically equivalent. Second, as summarized by Kent (1996),
experience doesn't always mean reduced bias. Indeed, it often leads to increased bias, due
presumably to the existence of a richer and more-entrenched set of expectations about how
people ought to speak.

How | Learned to Stop Worrying and still love Phonetic Transcription

Imagine now the alien anthropologists years after they started their study of life on Earth.
The linguistic anthropologists would have likely developed protocols for studying speech that
involve detailed instrumental studies of articulation and acoustics, including perhaps extensive
databases of productions collected with a consistent protocol. Given the unlimited resources that
these aliens seem to be endowed with, we imagine that a separate research group would have
spent an equivalent amount of time studying one other facet of human behavior, our work-lives.
These alien sociologists would likely have noted that humans who work with spoken language
on a daily basis—speech-language pathologists, first- and second-language teachers, reading
specialists, and audiologists, among others—typically work in settings where resources are much
more limited. These poor Earthlings simply don't have the time or money or equipment to
conduct the kind of detailed instrumental analyses of speech that the alien investigators do. The

alien anthropologists and alien sociologists would have arrived at essentially the point where we
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humans are now: there is a disconnect between what we know about the sound structure of
language, and how we can use that knowledge in our practice.

We imagine that readers of this article might be a bit dismayed by how sharp the divide is.
Who can blame them? We have thus far painted a somewhat pessimistic picture of phonetic
transcription. What's a clinician or a field researcher to do? Are we suggesting that we all need
to give up phonetic transcription and rely solely on acoustic analysis and perception
experiments? How are we going to describe the consonant inventories of typically developing
children and children with speech sound disorders without phonetic transcription? How can we
even do something as simple as providing a child with feedback on whether his or her production
is correct or incorrect in a therapy session without phonetic transcription? Have no fear. We are
not suggesting that we must give up phonetic transcription. Rather, the point of this article is to
remind researchers and clinicians again of some of the problems inherent to phonetic
transcription. In addition, we’d also like to propose a simple modification to the usual
transcription procedure and the adoption of some additional methods of evaluating children’s
speech.

In the mondoAoyos database, as described above, the transcribers were given an
additional option beyond the usual options of correct production, substitutions, and distortions.
They were also trained to transcribe intermediate categories — productions that were intermediate
between two sounds — using ordered combinations of the IPA symbols. The existence of
intermediate productions has been noted even outside of the literature on covert contrast in the
acoustic representations of sounds. For example, Pye et al (1988) noted that these are the
productions that are the locus of most inter-transcriber disagreements and Stoel-Gammon (2001)

suggested that transcribers label them as "fuzzy". It turns out that both our trained phoneticians
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and our naive listeners were remarkably good at identifying intermediate productions, as can be
shown in Figs. 1 and 2 above. The naive listeners differentiated between clear substitutions and

intermediate productions for both the /d/-/g/ and the /s/-/0/ experiments. In fact, listeners rated
the intermediate [d]:[g] stimuli as less /d/-like than the clearcut [d] for /g/ substitutions and as
more /d/-like than the intermediate [g]:[d] substitutions. Similar results were found for the
intermediate productions in the /s/-/0/ experiment. These results suggest that "intermediate"” is a

reliable transcription category.

Moreover, we encourage clinicians and field researchers to use the kinds of continuous
rating scales that we have used in our research, such as those described in Urberg-Carlson et al.
(2008, 2009). As Urberg-Carlson and colleagues described, these rating scales, particular Visual
Analog Scales, are well correlated with acoustic parameters. These rating scale judgments can
easily be implemented in both field research on phonological acquisition (such as Inkelas and
Rose's 2007 study of velar fronting) and in the clinic. More generally, we encourage spoken-
language practitioners to see phonetic transcription as what it clearly is: an invaluable tool to
help interpret the continuous physical speech signal. We further encourage clinicians who use
the IPA to consider more closely the context in which the IPA was developed and in which it has
changed. As discussed in depth by Ladd (in press), the IPA was designed in the late 19" century,
long before the variation in phonetic detail presented in this paper had been studied, or even
could have been studied. The IPA was simply not developed with the type of insights discussed
in this article in mind. It behooves practicing clinicians and researchers to change their practices
as the state of knowledge has changed.

Our work is by no means the only transcription system that endeavors to break the mold

of how transcription is conventionally done. For example, the Multilayered Transcription system,
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described in Miiller (2006), highlights the need to consider segmental production concurrent with
other behaviors relevant to speech. Though the specific ways in which our system and Miiller's
system propose to overcome the limitations of conventional transcription are different, both are
illustrations of the fact that clinicians and field researchers need not be bound by the practices
that we were trained with.

Conclusion: Honoring our Colleague's Memory

We end this commentary by once again invoking its inspiration, Adele Miccio, and the
conversation that led us to pick this topic. The point that Adele emphasized in this conversation
was that transcription systems should not be composed of arbitrary symbols that serve different
needs. If laterally misarticulated /s/ sounds produced by English-acquiring children are identical
to productions of the voiceless lateral fricative of Welsh, then the same symbol should be used to
transcribe them. Phonetic symbols, she argued, shouldn't be used to reify a distinction that
doesn't exist. They should be a tool—one of many—that we use to analyze speech. As such,
they should serve the goal of helping us understand speech, including understanding typological
diversity in speech, documenting developmental universals, or investigating some other topic,
the same extensive goals of our fictional alien anthropologists.

Elsewhere in this issue are articles remembering Adele Miccio by writing on the specific
topics that she worked on, particularly her seminal work on the relationship between
stimulability and phonological development and disorders. We have chosen to honor her
through a topic less directly related to her work, because it is a topic that we know she cared
about deeply. Moreover, we know that she would continue to approach this topic with an open
mind. We can imagine, for example, that some day we might find that the laterally

misarticulated /s/ of English is qualitatively different from the voiceless lateral fricative of Welsh,

Manuscript Under Consideration, 9/18/09. Please do not cite or distribute without permission.



Deconstructing Transcription 33

and that the representations of those sound should be faithful to that difference. We imagine that
Adele Miccio would heartily embrace such a system, as doing so would be consistent with her

life's goal of furthering our understanding of spoken language.
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Table 1. Summary of experimental conditions

Experimental Carrier phrases blocked Instructions mentioned  Carrier phrases matched

conditions by condition “developmental CV sequences in f0
misarticulations”

Schellinger etal. no yes no

Condition 1 yes no no

Condition 2 yes yes no

Condition 3 yes yes yes
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Table 2. Acoustic characteristics of the stimuli.

Measure [s] for/s/  [s] for /6/ s:0 0:s [0] for /s/  [O] for /6/

Avg. SD Avg. SD Avg. SD Avg. SD Avg. SD Avg. SD

N 50 24 26 30 24 46

Peak ERB* 346 1.1 342 16 344 15 329 14 269 16 255 1.1
Compactness

Index” 032 001 030 001 023 001 023 001 020 0.0l 020 001

Total Loudness

(sones)” 081 004 08 005 08 005 083 005 069 005 055 0.04
. b
Duration (ms) 200 9 210 13 214 12 223 11 187 13 174 9
Vowel F2 at
219 02 221 03 220 03 217 03 216 03 220 02
onset (ERB)
Vowel 10 at
midpoint (ERB) 75 01 73 02 75 02 76 02 73 02 74 02

*F[5,194] > 7.8, p< 0.001, °F[5,194] = 3.3, p= 0.007.
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List of Figures.

Figure 1. VAS ratings plotted against transcription category for the contrast between /s/ and /6/.

Dashed line represents the mid-point of the VAS scale.

Figure 2. VAS ratings plotted against transcription category for the contrast between /d/ and /g/.

Greek-speaking and English-speaking listeners are plotted separately. Dashed line represents the
mid-point of the VAS scale.

Figure 3. Proportion of "yes" responses to the question "Is this an /s/" in condition 1, plotted
separately for the "really like" carrier phrase (black bars) and the "weawwy yike" carrier phrase
(gray bars).

Figure 4. Proportion of "yes" responses to the question "Is this an /s/" in condition 2, plotted
separately for the "really like" carrier phrase (black bars) and the "weawwy yike" carrier phrase
(gray bars).

Figure 5. Proportion of "yes" responses to the question "Is this an /s/" in condition 3, plotted
separately for the "really like" carrier phrase (black bars) and the "weawwy yike" carrier phrase

(gray bars).
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