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Accommodation can lead to innovated variation 
Jevon Heath 
University of California, Berkeley 
 
1. Introduction 
 
 The initiation of sound change requires the emergence of innovated variants. One 
possible source of innovated variants is non-faithful1 transference of linguistic features 
during accommodation to a received speech signal. If the subphonemic cues associated 
with a phonological contrast are realized differently in an accommodating speaker's speech 
than in both the speaker's previous speech and in the signal to which they are 
accommodating, the resulting difference in phonetic realization may constitute a new 
variation. 
 In this paper I argue that this sort of difference logically must happen in 
accommodation, at least for some speakers along some phonetic dimensions. I then report 
the results of a study demonstrating that such phonetic divergence in accommodation does 
happen in a laboratory environment, indicating that accommodation is a potential source 
of new phonetic variants. I conclude by situating these findings within extant work on 
sound change. To the extent that populations of individuals evince varying degrees of non-
faithful transference of these cues, this study provides evidence for a potential approach to 
the actuation problem (Weinreich et al. 1968). 
 
2. Background 
 
2.1 Defining accommodation 
 
 Accommodation is the phenomenon in which a person talks differently in response 
to external phonetic exposure. An often-reported example is the propensity of people 
calling their parents to "revert" to their speech. While "talking differently" is most 
commonly understood as talking more similarly to the received phonetic material 
(convergence), talking less similarly (divergence) has also been attested (cf. Giles 1971, 
Bourhis & Giles 1977, Babel 2010). However, divergence has only been evinced as 
moderated or intentional alteration of one's speech (cf. Bourhis & Giles 1977, Babel 
2010), whereas convergence occurs both consciously and unconsciously (Bourhis & Giles 
1977; Goldinger 1998). As such, convergence has commonly been considered default 
accommodative linguistic behavior.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1By non-faithful transference I mean a lack of phonetic fidelity between the signal perceived and the 
signal produced. I do not mean to invoke the idea of phonological faithfulness. 
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 The external phonetic exposure acting as the catalyst for accommodation can be 
from a live individual (cf. Pardo 2006, Pardo et al. 2010), or a recorded speaker with 
manipulated or natural speech (cf. Bourhis & Giles 1977, Goldinger 1998), which may or 
may not be directed at the listener (Delvaux & Soquet 2007); accommodation occurs in 
each of these contexts. Put broadly, accommodation can include effects such as syntactic 
priming (Bock 1986) and word choice. However, it is intrinsically difficult to demonstrate 
that syntactic and semantic changes in behavior are directly attributable to an interlocutor's 
speech patterns rather than to other contextual factors2. Additionally, given that speakers 
exhibit variation all the time, a systematic pattern of change needs to be observed in order 
for differences to be chalked up to accommodation rather than to random variation. For 
these reasons studies of accommodation are often restricted to differences at the phonetic 
level. Previous studies have identified phonetic convergence in subphonemic features 
including lip movement (Gentilucci & Bernardis 2007), segment durations (Delvaux & 
Soquet 2007), voice onset time (Fowler et al. 2003, Shockley et al. 2004), and vowel 
formant frequency (Babel 2010); and discourse-level features including subvocal 
frequency/amplitude contour and fundamental frequency (F0) (Gregory 1990), pause and 
utterance duration (Jaffe & Feldstein 1970), speech rate (Giles et al. 1991), and vocal 
intensity (Natale 1975) 3. Conversely, relatively few studies investigating convergence have 
reported phonetic features that do not exhibit it to some degree. Mitterer & Ernestus 
(2008) showed that on a by-trial basis, Dutch speakers imitated the presence of pre-voicing 
in producing initial voiced stops in nonce words, but did not imitate the amount of pre-
voicing. This was attributed to the lack of phonological information encoded in the feature 
under investigation, as the duration of pre-voicing is not phonologically relevant in Dutch. 
Nielsen (2011) showed that VOT shortening is not accommodated in English voiceless 
stops in laboratory conditions, attributing this to an avoidance of the phonological 
ambiguity with voiced stops, generally realized in English as short-lag voiceless stops, that 
would result. 
 Phonetic convergence toward an interlocutor's speech begins within minutes of the 
initiation of discourse (Goldinger 1998; Nye & Fowler 2003; Pardo et al. 2010). In a 
perceptual similarity task, Goldinger & Azuma (2004) demonstrated that speech produced 
a week after hearing recorded stimuli in a laboratory environment sounded more similar to 
those stimuli than speech produced a day before hearing them, indicating that 
accommodation effects can persist up to at least a week after the initial interaction. The 
immediacy and persistence of its effects suggest that accommodation may be a natural 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2Throughout this paper, I use interlocutor as a term of convenience to cover all forms of received 
phonetic exposure. This includes recorded and/or manipulated speech, as well as heard speech not 
directed at the listener. 
3All of these studies dealt with varieties of English except for Delvaux & Soquet (2007), which 
examined Belgian French.  
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source of variation leading to permanent changes in individuals' speech patterns. Delvaux 
& Soquet (2007) hypothesize that imitation in speech explains both the stability of 
phonetic realizations within a speech community, and the potential for change to a 
community's speech norms via the transmission of new realizations. However, it may be 
possible to impute not only the transmission of sound change, but also the actuation of 
sound change, to the effects of accommodation. In other words, can accommodation alone 
– in the abstract, without appeal to supplemental considerations – directly result in the 
introduction of innovative forms? The wide-ranging nature and robustness of 
accommodation effects suggests that this idea is worth considering.  
 
2.2 Directions of accommodation 
 
 As mentioned above, convergence and divergence are the two types of adjustment that 
have been discussed in literature on accommodation, along with null accommodation (a lack 
of adjustment). However, previous studies have generally looked at only one linguistic 
feature at a time, whereas multiple features may be manipulated at once in the course of 
speech production. When taking multiple dimensions into account at once, there are a 
total of four logically possible directions for accommodation, two of which have heretofore 
not been investigated. These directions are schematized in Figure 1. 
	  

Figure 1: Types of Accommodation 

 
a. Convergence. b. Divergence. c. Orthogonal accommodation. d. Antagonistic accommodation. e. 
Hyperconvergence. f. Null accommodation. A = Accommodator, M = Model. 
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 The third logically possible direction of accommodation is talking orthogonally like 
the other person, i.e. changing one's own speech in response to an interlocutor's speech, 
but in a manner not reflected in that interlocutor's speech. An example would be speaking 
in a whisper in response to a statement about a sleeping baby. Orthogonal accommodation 
to information on a phonetic level has not been attested, but nor has it been investigated. 
Should it exist, phonetic orthogonal accommodation would most likely be related to the 
indexicality of linguistic features. As its occurrence would be essentially impossible to 
isolate, I will henceforth ignore orthogonal accommodation. 
 The fourth logical possibility involves talking more like the other person in some 
ways and less like the other person in other ways. I am calling this possibility antagonistic 
accommodation, in the sense that the cues that are variously convergent and divergent are 
acting against each other. Antagonistic accommodation is a likely domain within which 
sound change actuation may happen, via the recoupling of gestures in new ways due to the 
pressures placed on an individual's speech system by either physiological or 
psychological/phonological factors. Figure 2 shows a schematization of this potentiality. 
 

Figure 2: Antagonistic accommodation leading to innovated variation 

 
 
The x and y-axes represent two cues to a phonetic feature that are in a physiologically or 
psychologically-induced antagonistic relationship: within an individual's speech, x increases 
as y decreases, and vice versa. The shaded area is the extant area of variation within the 
speech community for the feature in question. The dotted line represents the 
(physiologically or phonologically) restricted range of variation the speaker has available for 
the two cues in question; the solid line represents the speaker's available range within 
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extant variation. The point not on the dashed line represents received speech from a 
model/interlocutor; the dotted lines represent the shortest distances between the received 
speech and the speaker's available range of variation, depending on whether one, the other, 
or both cues are adjusted.  
 When the speaker adjusts only the cue represented by the x-axis in convergence to 
the model, the resulting token is outside of the community's extant variation; when the 
speaker adjusts only the y-axis cue, the result is within the established range of variation.4 
However, in the event that a speaker adjusts both cues in order to approximate the model's 
variant as closely as possible along both axes, the resulting production is also outside of the 
community's extant variation. In converging to a greater degree along the x-axis cue, the 
speaker is diverging from the model along the y-axis cue. 
 
2.3 Non-faithful accommodation 
 
 Unless accommodation can result in non-faithful transference of linguistic features 
from the received signal, it cannot explain the appearance of innovative forms within a 
population. However, if it can – if accommodation can result in the appearance of entirely 
new linguistic material – then accommodation is a possible source of permanent changes 
to the speech patterns of whole communities. 
 Previous studies have shown that speakers do evince non-faithful accommodation. 
Nielsen (2011) looked at whether accommodation can lead to a phonological 
generalization of received subphonemic features. Participants were exposed to model 
speech with extended VOTs exclusively in words beginning with /p/, and then recorded 
saying words beginning with both /p/ and /k/. Nielsen found that VOT was indeed 
generalized to /k/ in this fashion, although new words with initial /p/ evinced a higher 
degree of VOT adjustment than words with initial /k/. Additionally, words with a lower 
lexical frequency showed a higher degree of VOT adjustment than more frequent words. 
Nielsen's study established that non-faithful transference is possible in accommodation. 
However, the particular type of transference investigated by Nielsen does not result in a 
new pattern of phonetic material, as /k/ with extended VOT is found in English in 
general, and there was no VOT increase evinced in segments without such attested 
extensions, for instance /m/. 
 As of yet it has not been demonstrated whether accommodation can result in 
changes that were not present at all in the speech signal being accommodated toward. If it 
cannot – if all accommodation results in faithful changes to the received signal – the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4The comparatively narrow range of existing variation along the y-axis is aline with a feature that is 
relatively salient to speakers, whereas the wider range of variation along the x-axis suggests that the 
target in production is not so specific.  
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process can only result in the mingling of already extant linguistic features in the speech 
profiles of disparate individuals within a speech community or population. Similarly, 
changes that differ only in degree will not affect the constitution of a category unless those 
changes result in the extension of the category's boundaries. If a category has two non-
overlapping areas in phonetic space associated with it, it is possible for a change in degree 
to lie between those areas. But for a contiguous and convex category, adjustment toward an 
already-extant variant will necessarily lie within the category as previously defined. 
Adjustment away from an already-extant variant, on the other hand, may well extend 
category boundaries. 
 Antagonistic accommodation is not the only type of accommodative behavior that 
is a potential source of innovative material. While convergence toward the interlocutor will 
not result in the introduction of new variations into the language, hyperconvergence – 
accommodation toward and past the speech of the interlocutor – may result in new 
variation. To the extent that they are attributable to automatic (i.e., physiologically 
determined) imitation (Gentilucci & Bernardis 2007), both antagonistic accommodation 
and hyperconvergence provide speaker-level sources of community-level innovation, 
referred to by Chang (2012) as "phonetic drift" (repurposed from Sapir 1921). A change 
stemming from divergence could also conceivably result in new variation, to wit the 
extension of a category away from the examples provided by an interlocutor. As 
mentioned, however, it has not been demonstrated that such changes persist beyond the 
interaction in which they were instantiated. Given this and the restrictions of context and 
situation on divergence, it is perhaps unlikely that changes due to divergence would be 
picked up as new utile variants. 
 Of course, it is not necessarily the case that different individuals will necessarily 
evince the same type of accommodative behavior in the same situation. Differences in 
accommodation may stem from personal factors including but not limited to: prior 
experience with the linguistic features being encountered; intensity of desire to establish 
social acceptance or identity, in the context of the given interlocution as well as more 
generally; physiological or neurological idiosyncrasies directly impinging on speech 
perception and/or production; fatigue; inattention; and emotional state. Some of these 
factors are potentially useful in predicting accommodative behavior. Researchers have 
investigated the effects of factors such as social identification (Bourhis & Giles 1977), 
liking (Babel 2012), power (Pardo et al. 2010), and empathy (Abrego-Collier et al. 2011) on 
whether or not, and to what extent, speakers display accommodation effects. 	  
 
3 The current study 
 
 The current study addresses the question of whether antagonistic accommodation 
happens by looking at coincident cues: features that tend to coincide with a given linguistic 
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feature, signaling or reinforcing the identity of that feature. This type of reinforcement of 
information-laden units is exceedingly common on all levels of linguistic structure. In this 
paper, I will look at phonetic reinforcement, namely coincident cues to lengthened voice 
onset time (VOT) in voiceless stops in English. The study discussed here examines the 
degree of automaticity in accommodation to three cues associated with VOT – duration of 
closure of the stop in question, as well as both the initial F0 and total duration of the 
vowel following the stop – when only the VOT is experimentally manipulated.  
 
3.1 Coincident cues of VOT 
 
 The current experiment looks at coincident cues of VOT for several reasons. VOT 
is generally held to be the most information-laden feature marking the phonological 
distinction between voiced and voiceless stops in English, as phonologically voiced stops 
are typically realized as voiceless, especially in onsets of stressed syllables. Previous studies 
have shown that the length of VOT of English voiceless stops can be manipulated in 
phonetic accommodation (Fowler et al. 2003; Shockley et al. 2004). VOT is relatively easy 
to measure with consistency, due to the clearly definable features signifying its onset (stop 
release) and endpoint (glottal pulse). Finally, there are many coincident cues of VOT in 
English with varying degrees of automaticity, three of which are under investigation in this 
study.  
 Stop closure duration: VOT is inversely correlated with stop closure duration (Lehiste 
1970, Boucher 2002). For a given speaker, overall timing relations are such that the overall 
stop duration will remain approximately constant: as such, an increase in VOT is 
concurrent with a decrease in closure duration, and vice versa.  
 Initial F0 of following vowel: Higher onset vowel F0 is a perceptual cue for voiceless 
stops in English (House & Fairbanks 1953). However, there is no direct correlation 
between VOT and F0 onset in production (Hombert 1976), and there are crosslinguistic 
differences in the direction of correlation between F0 and VOT across stop categories 
within languages (Kingston & Diehl 1994). Speakers of French are known to manipulate 
vowel F0 in accommodation (Delvaux & Soquet 2007). Among a population of English 
speakers, an increase in VOT may be expected to be accompanied by an increase in onset 
vowel F0; however, as this relationship may not be an automatic one, this expectation is a 
weak one. 
 Duration of following vowel: A longer VOT is correlated with a longer following vowel 
duration, due to general pressures for a fixed ratio of segment durations across speech rates 
(Boucher 2002). Vowel duration is known to be accommodated in other contexts than 
VOT lengthening (Giles et al. 1991).  
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3.2 Coincident cues and antagonistic accommodation 
 
 I will use stop closure duration to illustrate how coincident cues might illustrate 
antagonistic accommodation. As previously discussed, stop closure duration is inversely 
correlated with VOT duration (Lehiste 1970, Boucher 2002). Given a model speech signal 
with lengthened VOT and average stop closure duration, different predictions are possible 
regarding the behavior of accommodating speakers as regards stop closure duration. 
(Assume for now that speakers have the same average closure duration as the model.) We 
might predict that speakers will shorten their stop closure duration in order to signal the 
VOT increase being targeted in accommodation to the VOT-adjusted speech signal. 
Alternatively, we may predict that speakers will increase their VOT but leave stop closure 
constant. It is not important at this point which of the two features is more likely to be 
adjusted; the predictions made in either case are formally equivalent in a discussion of the 
types of accommodation that are possible. 
 But what if speakers have a shorter average stop closure duration than the model 
signal, as well as a shorter VOT? In this case, convergence in both features would run 
counter to the tendency for their inverse correlation. In this instance we have a different 
set of predictions, shown in Table 1. 
 

Table 1: Possible speaker adjustments for coincident cues across conditions 
(model with longer VOT and closure than speaker) 

	  
 VOT  Closure Explanation     Result   
1. same  longer  Accommodation to closure, not to VOT Convergence 
2. longer  same  Accommodation to VOT, not to closure Convergence 
3. longer  longer  Convergence in both VOT and closure Convergence 
4. longer  shorter Convergence in VOT, coincident  Antagonistic 
    adjustment to closure 
5. shorter  longer  Convergence in closure, coincident  Antagonistic 
    adjustment to VOT 
 
In strategies 1-3, all changes to VOT and stop closure are in the direction of phonetic 
convergence. However, the resulting adjustments are contrary to the general tendency 
observed for individual speakers as regards the relationship between the two features. In 
strategies 4-5, the speaker is exhibiting divergence of one of the two features in question, 
and convergence of the other. If one of the latter two predictions holds, the result is 
antagonistic accommodation, which can be attributed to restrictions in the speaker's timing 
relations.  
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 In the event that speakers have a longer average stop closure duration than the 
model signal, as well as a shorter VOT, strategies 3-5 are functionally equivalent as far as 
predicted behavior. If speakers lengthen their VOT in convergence, coincident adjustment 
to closure duration will be in the same direction as direct accommodation would predict; if 
they shorten their closures, coincident adjustment to VOT would converge in length.  
 
3.3 Predictions 
 
 As the intent of the reported study was to investigate the existence of antagonistic 
accommodation, a model speaker was used with long closure duration as well as 
lengthened VOT, in order to make strategies 4-5 available to speakers. Given that previous 
studies have consistently found convergence in VOT, and the trade-off between VOT and 
stop closure is well established, it was predicted for this study that speakers would generally 
pursue strategy 4: they would diverge from the model in closure duration and converge in 
VOT. 
 Predictions for speakers' adjustment of vowel duration and onset F0 are contingent 
on their individual values for these cues. Given that the relationship between F0 and VOT 
is not clearly an automatic one, speakers are less likely to diverge in F0 as a physiologically 
inevitable byproduct of convergence in VOT. My prediction then is that they will either 
not adjust onset F0, or converge in vowel F0, but do so independently of their convergence 
in VOT. For vowel duration, coincident cue adjustment is predicted. However, some 
speakers will likely have longer, and others shorter, baseline vowels than the model, 
meaning that divergence in vowel duration is expected for some but not all speakers. 
 
3.4 Individual differences in coincident cues 
 
 As it is possible that individuals will use different strategies in accommodating to 
their interlocutor during the experiment, it is possible that each of these patterns will be 
evinced by different speakers. For example, some speakers may adjust onset vowel F0 while 
others do not. Among those who do, some may converge slightly toward the model talker, 
while other speakers exhibit hyperconvergence. Should such differences in accommodation 
be found, they may be attributable to social characteristics of the speakers. Yu (2013) 
delineates a set of predictions in this vein, proposing a link between personality traits and 
the degree of compensation for coarticulation evinced in listening tasks. In order to 
investigate the possibility that a particular speaker's profile of social characteristics might in 
some way predict the ways in which coincident cues are adjusted in accommodation, the 
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current experiment included a Big Five personality questionnaire (Saucier 1994, following 
Yu 2013), and a personal empowerment questionnaire (Rogers et al. 1997).5  
 
4. Methodology 
 
 The experiment consisted of three blocks: (1) baseline recording, (2) repetition of 
target exposure, and (3) post-exposure recording. Each session typically lasted twenty 
minutes. Participants were tested individually in a sound booth equipped with a PC, a 
microphone (AKG C3000), and headphones (AKG K240 Studio). The experimental 
stimuli were presented using a Python script. Prior to the baseline recording, participants 
filled out a questionnaire containing biographical data (age, sex, places of residence and 
languages spoken), a Big Five personality questionnaire, and a personal empowerment 
questionnaire. 
 In the baseline recording block, the words in the production list were visually 
presented on a monitor one at a time. Words persisted on the screen for 3 to 3.1 seconds 
with the interval in a uniformly random varying distribution, and were then replaced by 
the subsequent word with no break in between. Participants were given the following 
instruction: "You will see words. Please say them clearly and quickly." In the target exposure 
block, the participants were asked to repeat the words that they heard produced by the 
model talker over headphones. The instruction read: "Now you will hear words. Please 
repeat them clearly and quickly." No visual stimuli were presented in the exposure block. 
Finally, in the post-exposure recording block (which was identical to the baseline recording 
block), the participants were instructed to produce the words in the production list for a 
second time, providing a post-exposure recording. Across the three blocks, the words were 
presented in random order for each subject. Participants' tokens were digitally recorded 
into a computer at a sampling rate of 22,050 Hz. 
 The production list consisted of 120 words: 104 test words and 16 filler words (see 
Appendix A). For each word, the target segment was a voiceless stop in the onset of the 
word's stressed syllable. Among the test words, 49 had initial target voiceless stops (e.g., 
TENSION), 37 had initial schwa (e.g., ATTENTION), and 18 had initial unstressed 
syllables with onsets (e.g., DETENTION). Five of the words with initial targets and five of 
the words with initial schwa had glides following the stop (/k/ in all cases). The same word 
list was used in both the baseline and post-exposure conditions. 
 In order to forestall fatigue in participants, the listening list was shorter than the 
production list, consisting of only 80 words: 65 test words and 15 filler words. Each word 
was repeated, resulting in a total of 160 list items. Among the test words, 38 had initial 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5It is also possible that differences in accommodation may be due to individual differences at the 
level of auditory perception; this study has nothing useful to contribute to such a line of inquiry. 
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stops, 26 had initial schwa, and 1 had an initial unstressed syllable with an onset 
(MACAW). One of the words with an initial stop and one of the words with an initial 
schwa had glides following the stop (CHOIR and ACQUIT). One of the words in the 
listening list was not on the production list (PASTRY).  
 A female American English speaker native to the San Francisco Bay Area (in which 
the experiment was conducted) served as the model talker, and was recorded saying each of 
the words in the listening list three times. The tokens were digitized at 44,100 Hz. The 
VOTs for the voiceless stops in the onsets of the stressed syllables for all three tokens of 
each word were artificially doubled using Praat, such that all parts of the consonant burst 
and aspiration were extended equally. Only the target segment was manipulated for each 
token, even if there were other onset voiceless stops in the word. The subjectively most 
natural token of each word post manipulation was used as a stimulus for the experiment. 
Overall mean VOT of stressed voiceless consonants in modeled speech was 154.08 ms, 
with standard deviation 28.52 ms. Mean closure duration for word-medial stops was 61.48 
ms. Despite the model's unusually long VOT, in exit interviews participants described the 
model speaker as sounding natural, albeit hesitant. 
 Participants were compensated with $5 and course credit. Of the thirty 
participants, fourteen were female, monolingual English speakers who gave permission to 
have their recordings used for analysis and discussion. (Only three male participants met all 
screening criteria; their data was excluded due to this small population size and expected 
differences between sexes regarding onset vowel F0, one of the cues under investigation.) 
Subsequently, VOTs and closure durations from the baseline and post-exposure blocks for 
these fourteen participants were measured from both waveforms and spectrograms using 
Praat (Boersma & Weenink 2014). Tokens that were pronounced with unexpected stress 
were excluded from subsequent analysis (n = 6 out of 2,912 target tokens). Due to the 
difficulties inherent in gauging the onset of stop closure in postpausal position, stop 
closure durations were only measured for word-medial stops. VOT was measured as the 
time between the onset of the release burst and the onset of periodic energy due to glottal 
pulse. Because periodicity was sometimes unclear, the trough before the first unequivocal 
period was taken as the onset.6 Closure duration was measured as the time between the 
initial drop in intensity after periodicity had ceased in the preceding vowel and the onset of 
the release burst. Figure 3 shows an example of the measurement of overall stop duration 
(for the word ATTESTED). 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6This determination has clear ramifications for the calculation of onset vowel F0. 
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Figure 3: Example of stop duration measurement for the word ATTESTED 

 
5. Results 
 
5.1 Global results 
 
 Table 2 shows a summary of the mean measurements across speakers in the pre-
exposure and post-exposure conditions. Across speakers, average VOT increased from the 
pre-exposure condition to the post-exposure condition. Both vowel F0 and vowel duration 
also increased across speakers, converging toward the model talker's average for those 
features. Mean stop closure duration across speakers diverged from the model talker, 
decreasing despite the model talker's longer mean closure duration. However, the mean 
CSR (closure-stop ratio) across speakers converged toward the model talker's CSR. 
Additionally, the mean overall stop duration across speakers did not change significantly  
(p = 0.158). These data are illustrated in Figure 4.  
 

Figure 4: Global changes across conditions 

 Vowel F0 is in Hz, Closure-Stop Ratio is as a percentage, all other cues are in seconds. 
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Table 2: Global changes across conditions 

 Condition Model  ANOVA Error p-values 
 Pre Post average M F p-value Speaker Word 

VOT (ms) 74.62 79.21 154.08 4.589 68.76 < 0.0001 0.107 0.54 
Vowel F0 (Hz) 219.61 225.02 248.18 5.503 72.05 < 0.0001 0.517 0.997 

Vowel duration (ms) 137.01 146.83 165.57 9.877 68.06 < 0.0001 0.454 0.838 

VOT (ms)† 69.75 74.51 139.15 4.758 39.06 < 0.0001 0.0698 0.611 
Closure duration (ms)† 56.74 53.35 61.48 3.32 18.48 < 0.0001 0.583 0.936 
Closure-stop ratio (%)† 44.60 41.67 30.34 2.82 33.23 < 0.0001 0.123 0.58 

Overall stop duration (ms)† 126.58 128.10 200.63 1.43 1.994 0.158 0.269 0.735 

 All ANOVAs included Condition as a predictor, and Speaker and Word as error terms. 
 p -values refer to significance of change from pre-exposure to post-exposure condition.
 †Does not include word-initial stops. 

Taken together, the divergence in absolute closure duration and lack of change in overall 
stop duration strongly suggest that VOT and closure duration are in an antagonistic 
relationship as coincident cues. Global convergence in CSR further indicates that 
divergence in closure duration is a side effect of convergence along other dimensions. 
 
5.2 Results by speaker 
 

Table 3: Individual changes across conditions 

 VOT (ms) Vowel F0 (Hz) Vowel duration (ms) Closure (ms) CSR (%) Stop duration (ms) 

Speaker Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

Model 154.08 ms 248.18 Hz 165.57 ms 61.48 ms 30.34% 200.63 ms 
S15 76.39 91.50 *** 233.01 236.49 170.38 184.07  56.55 47.78 * 43.88 35.29 *** 129.02 133.23 
S17 67.02 69.89  189.69 189.28 107.32 113.12 * 52.21 50.62 46.44 44.40 112.83 114.73 
S20 63.11 62.55 230.14 236.84 *** 152.04 155.72  49.72 55.20 43.87 45.87 112.15 118.11 

S21 83.56 85.82  221.65 253.53 *** 144.73 151.31 55.05 43.52 ** 39.63 32.82 **  134.46 132.41 

S23 73.81 77.02  219.40 229.44 *** 158.02 160.85 69.65 63.89 50.20 48.72 135.96 130.50 
S24 71.24 73.13  221.66 225.00 139.47 138.05 54.37 45.86 * 43.74 40.20 122.19 114.00  
S25 79.05 84.44 *** 201.70 202.40 103.37 111.14 ** 61.81 69.18 *** 44.42 45.71  138.94 151.65 *** 

S28 70.57 69.43  216.05 228.94 *** 108.16 137.32 *** 51.13 62.29 *** 43.19 48.60 ** 119.80 130.17 *  

S30 80.95 82.56  229.71 235.12 *** 156.11 156.50 44.49 36.48 ** 35.55 32.63 123.16 113.20 ** 
S32 74.33 79.70 * 227.27 231.80 **  118.92 131.63 *** 60.23 53.63  47.78 43.61  125.35 122.78 

S35 92.35 100.41 *** 233.64 237.86  145.91 161.54 *** 66.67 49.73 *** 44.43 34.94 *** 149.94 143.29  
S39 77.13 89.23 *** 205.47 210.11  134.44 155.10 *** 69.83 58.30 *** 50.00 40.75 *** 139.60 141.99 

S40 80.47 83.63  233.94 235.00 158.95 178.46 *** 43.51 48.85 36.39 38.03 119.76 128.26 * 

S42 54.42 60.23 ** 211.09 198.29 *** 120.19 120.64 58.76 61.37 54.20 51.94 109.65 118.34  

Features exhibiting divergence are bold and shaded. Features exhibiting hyperconvergence are in 
dashed boxes. Asterisks indicate significance levels of t-tests across conditions after Bonferroni 
correction for tests within speakers. *p  < 0.05, **p  < 0.01, ***p  < 0.005. 
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 Table 3 shows a summary of the mean measurements for each condition broken 
out by speaker. For each feature under investigation, up to half of the participants diverged 
from the model talker. All participants had shorter mean VOT and lower mean vowel 
onset F0 in the pre-exposure condition than the model talker. One participant had a 
longer mean vowel duration than the model talker (S15) prior to exposure; four 
participants had longer mean closure durations than the model talker prior to exposure 
(S23, S25, S35, S39). 
 All but three speakers (S17, S24, S42) converged significantly in at least one 
feature. Two speakers (S25 and S42) diverged significantly in a feature – closure duration 
and onset vowel F0, respectively. Three speakers converged significantly in closure duration 
to the point of hyperconvergence; of these three, one had a shorter mean baseline closure 
duration than the model talker (S28), and two had longer mean durations (S35, S39). One 
example each of antagonistic accommodation and hyperconvergence in stop closure 
duration are illustrated in Figure 5. Only one speaker (S25) showed significant adjustment 
of overall stop duration across conditions. 
 

Figure 5: Antagonistic accommodation (S25) and hyperconvergence (S35) in closure duration 

 
S25 diverged in closure duration from the model (p  < 0.0001) and S35 hyperconverged to the 
model (p  < 0.0001). Lines show best-fit linear models for stop closure duration in baseline 
(Condition 1) and post-exposure (Condition 2) word-medial stops. 
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 Table 3 shows individual changes in VOT for consonants in all positions in the 
word, as data from stop-initial consonants were incorporated into analysis on vowel 
duration and vowel F0. Given that the consonantal cues (closure duration, CSR, and 
overall stop duration) were only measured for word-medial consonants, Table 4 shows 
VOT changes just for consonants in these contexts. 
 

Table 4: Individual changes across conditions (word-medial stops) 

 VOT (ms) Closure (ms) CSR (%) Stop duration (ms) 

Speaker Pre Post Pre Post Pre Post Pre Post 

Model 139.15 ms 61.48 ms 30.34% 200.63 ms 
S15 72.47 85.45 *** 56.55 47.78 * 43.88 35.29 *** 129.02 133.23 
S17 60.62 64.10 52.21 50.62 46.44 44.40 112.83 114.73 
S20 62.43 62.91 49.72 55.20 43.87 45.87 112.15 118.11 
S21 79.41 88.89 * 55.05 43.52 ** 39.63 32.82 ** 134.46 132.41 
S23 66.31 66.60 69.65 63.89 50.20 48.72 135.96 130.50 
S24 67.83 68.15 54.37 45.86 * 43.74 40.20 122.19 114.00  
S25 77.13 82.47 * 61.81 69.18 *** 44.42 45.71  138.94 151.65 *** 

S28 68.67 67.88 51.13 62.29 *** 43.19 48.60 ** 119.80 130.17 * 

S30 78.67 76.73 44.49 36.48 ** 35.55 32.63 123.16 113.20 ** 
S32 65.12 69.15 60.23 53.63  47.78 43.61  125.35 122.78 

S35 83.27 93.55 *** 66.67 49.73 *** 44.43 34.94 *** 149.94 143.29  

S39 69.78 83.69 *** 69.83 58.30 *** 50.00 40.75 *** 139.60 141.99 

S40 76.25 79.42 43.51 48.85 36.39 38.03 119.76 128.26 * 
S42 50.89 56.97  58.76 61.37 54.20 51.94 109.65 118.34  

Features exhibiting divergence are bold and shaded. Features exhibiting hyperconvergence are in 
dashed boxes. Asterisks indicate significance levels of t-tests across conditions after Bonferroni 
correction. *p  < 0.05, **p  < 0.01, ***p  < 0.005. 

 
 After recording the stimuli, the model talker indicated that she had guessed the 
experiment had to do with the presence or absence of initial schwa in the various words. 
Intons-Peterson (1983) indicates that the effect of presented stimuli can be affected by the 
expectations of the experimenter, or in this case interlocutor. The model talker's reported 
focus on the context before the target consonants may be a contributing factor to the 
significance of Stop Position or Multisyllabicity as a predictor for each of the cues 
investigated.  
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5.3 Results by cue 
 
5.3.1 VOT 
 
 As expected, most participants had a longer mean VOT in the post-exposure 
condition, with six participants showing a statistically significant increase (p < 0.05). In 
absolute terms, two participants diverged from the model VOT across all words (S20 and 
S28), while a third diverged specifically in the word-medial context (S30). This differing 
behavior depending on the environment of the stop, while not approaching the level of 
significance, indicates that a blanket assertion of convergence in VOT may be an 
oversimplification.  
 A mixed effects regression model predicting VOT was fit with Block (either pre-
exposure or post-exposure), Vowel Identity, Stop Identity, Stop Position within the word, and 
following Vowel Onset F0 as predictor variables. Speaker and Word were entered as 
random effects. By-speaker random slopes of Block made significant contributions to 
model likelihood (see Table 5). The resulting model had an adjusted R2 of 0.5523. Within-
block Trial Position and following Vowel Duration did not prove to be significant 
predictors, nor did interactions between Stop Identity and Stop Position or between Block 
and Trial Position. Vowel F0 being a significant predictor is likely due to a bias in the 
placement of the boundary between consonant and vowel; dropping Vowel F0 as a 
predictor gave the model an adjusted R2 of 0.5509. 
 

Table 5: Random slopes by speaker for VOT across conditions 

	  
 Slope (ms)  Slope (ms) 

S15 ***12.511 S28 0.256 
S17 2.778 S30 3.172 
S20 0.429 S32 5.241 
S21 5.105 S35 *8.492 
S23 4.399 S39 ***10.048 
S24 2.283 S40 3.670 
S25 5.501 S42 3.620 

 
5.3.2 Vowel onset F0  
 
 Overall, twelve of the fourteen participants converged toward the model's average 
onset F0, which was higher than that of all participants in the baseline condition. Two 
participants (S17 and S42) diverged in absolute average F0, including the single participant 
with the lowest baseline F0 (S17). One participant hyperconverged in F0 (S21). Best-fit 
lines for F0 as a function of VOT are shown in Figure 6 for each participant by condition. 
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Figure 6: Vowel F0 by speaker 

Condition 1 = pre-exposure, Condition 2 = post-exposure.  
Model average onset vowel F0 of 248.18 Hz is shown for comparison. 
 
 A mixed effects regression model predicting vowel onset F0 was fit with Block, 
Vowel Identity, Stop Position within the word, and VOT duration as predictor variables. 
VOT being a significant predictor indicates that adjustment of F0 was automatic, contrary 
to prediction. Speaker and Word were entered as random effects. By-speaker random 
slopes of Block and Trial Position made significant contributions to model likelihood (R2 = 
0.5572). Stop Identity and Vowel Duration were not significant predictors, nor was Trial 
Position on its own. The interaction between Stop Position and Stop Identity also did not 
prove significant. Multisyllabicity (whether the word is monosyllabic or multisyllabic) was a 
worse predictor than Stop Position as a whole, and so was not included. 
 
5.3.3 Vowel duration 
 
 Overall, twelve of the fourteen participants converged toward the model's average 
onset vowel duration. Two participants (S15 and S24) diverged in absolute average vowel 
duration. One participant hyperconverged in vowel duration (S40). Best-fit lines for vowel 
duration as a function of VOT are shown for each participant by condition in Figure 7. 
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Figure 7: Vowel duration by speaker 

Condition 1 = pre-exposure, Condition 2 = post-exposure.  
Model average vowel duration of 165.57 ms is shown for comparison. 

 
 A mixed effects regression model predicting vowel duration was fit with Block, 
Vowel Identity, Following Segment Type (voiced stop, voiceless stop, voiced fricative, 
liquid, nasal, vowel, or no following segment), Multisyllabicity, and within-block Trial 
Position as predictor variables. Speaker and Word were entered as random effects. By-
speaker random slopes of Block and Trial Position made significant contributions to model 
likelihood, although Trial Position lost significance after Bonferroni correction (R2 = 
0.8197 with by-speaker Block). Stop position within the word and the identity of the 
following consonant did not prove to be significant predictors. Despite its strong 
correlation with vowel duration, VOT also was not a significant predictor for vowel 
duration, either by itself or in interaction with task condition. Since all but one speaker 
had pre-exposure vowels that were shorter than the model talker's vowels on average, this 
may indicate that speakers were accommodating to vowel duration independently from 
accommodation to VOT. While Multisyllabicity was a significant predictor of vowel 
duration, an interaction between Multisyllabicity and Block was not significant, indicating 
that changes to vowel duration were independent of the model talker's perceived speech 
rate. 
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5.3.4 Stop closure duration 
 
 Best-fit lines for closure duration as a function of VOT are shown for each 
participant by condition in Figure 8. Speakers with both longer (S25) and shorter (S15, 
S21, S24, S30) average closure durations than the model diverged in closure duration. This 
result indicates that divergence is not due to an intrinsic bias toward longer or shorter 
closure durations in themselves; moreover, it strongly suggests that this divergence is a side 
effect of convergence in other features.  
 

Figure 8: Stop closure duration by speaker 

Condition 1 = pre-exposure, Condition 2 = post-exposure.  
Model average stop closure duration of 61.48 ms is shown for comparison. 

 
 A mixed effects regression model predicting stop closure duration was fit with 
Block, Trial Position, Stop Position within the word, Stop Identity, and VOT duration as 
predictor variables. Speaker and Word were entered as random effects. By-speaker random 
slopes of Block and Trial Position made significant contributions to model likelihood (R2 = 
0.4771). Across speakers, the model found global divergence in closure duration from the 
model talker of 2.64 milliseconds on average (β = –2.641 ms, standard error = 0.7768, t = –
3.399). 
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6. Discussion 
 
 In accommodating to a model talker with artificially lengthened VOT, speakers 
were expected in the aggregate to converge toward model VOT, and in so doing diverge 
from the model talker in stop closure duration. Predictions for the other targeted 
coincident cues of VOT were contingent on individual speakers' values for those cues. 
Coincident cue adjustment was entertained but not expected for onset vowel F0, as the 
relationship between that cue and VOT was hypothesized to be a weak one. Following 
vowel duration was expected to undergo coincident cue adjustment, although not all 
speakers would have vowels that were shorter or longer than the model. 
 
6.1 General findings 
 
 Of the three coincident cues to VOT under investigation – stop closure duration, 
onset vowel F0, and vowel duration – only the first two are significantly predicted by VOT 
across conditions. All three, however, change significantly after exposure to an external 
speech signal. This indicates that speakers accommodated independently to both VOT and 
vowel duration. Best models for vowel F0 and closure duration include Trial Position 
effects by speaker. This behavior is predicted by exemplar theories of phonetic organization 
(Johnson 1997, Pierrehumbert 2001). Best-fit models for vowel duration and closure 
duration also include Trial Position effects as fixed effects; while it is possible that these 
effects are those predicted by exemplar theories, the fact that these models were not 
improved with by-speaker effects suggests that they may be instead attributable to fatigue or 
neutralization over the course of the experiment.  
 Vowel F0 was significantly predicted by VOT across conditions. This coincident 
adjustment runs contrary to the hypothesis that vowel F0 would be controlled and adjusted 
independently of VOT. Also contrary to expectation, vowel duration was not significantly 
predicted by VOT across speakers, although half of speakers exhibited significant 
convergence to model vowel duration.  
 Closure duration is an interesting case. Exactly half of speakers exhibited absolute 
convergence in average closure duration, although only three did so with any statistical 
significance. Convergence occurred for speakers with mean pre-exposure closure durations 
that were both shorter than the model talker (S20, S28, S40, and S42) and longer than the 
model talker (S23, S35, S39). Likewise, divergence occurred for speakers with both shorter 
(S15, S17, S21, S24, S30, S31) and longer (S25) pre-exposure closure durations than the 
model talker. The fact that speakers diverged from the model closure duration both by 
lengthening and shortening their own closures indicates that this divergence is an instance 
of antagonistic accommodation. 
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6.2 Individual differences 
 
 Table 6 is a correlation matrix of the changes to measured acoustic features 
measured across conditions and the results of the personality and power questionnaires 
(Rogers et al. 1997; Saucier 1994) administered before the experiment. No correlation 
reached p < 0.10 after Bonferroni correction. Given the relatively small number of speakers 
analyzed, this lack of significance is not surprising. 
 

Table 6: Correlations of characteristics and changes across conditions 

 ∆VOT ∆F0 ∆VowelDur ∆ClosureDur ∆CSR ∆StopDur 
Power 0.321 -0.348 -0.577 0.155 0.138 -0.111 
Extraversion 0.190 -0.034 -0.365 0.398 0.206 0.055 
Agreeableness 0.239 -0.040 -0.109 0.456 0.252 -0.003 
Conscientiousness 0.198 -0.563 -0.088 -0.055 0.136 -0.137 
Neuroticism 0.228 -0.414 -0.573 -0.034 0.093 0.247 
Openness 0.082 -0.399 -0.068 0.256 -0.038 0.137 

 
However, it can be asserted that different participants behaved differently. Of the six 
speakers with a significant change to VOT and/or closure duration across conditions, two 
converged in both VOT and closure duration (S35, S39), two converged in VOT without 
adjusting closure duration (S15, S21), and two adjusted closure duration without adjusting 
VOT (S25, S28). While S25 had an absolute average closure duration that was longer than 
that of the model talker, a two-tailed t-test did not show a significant difference in closure 
duration (t = –1.0054, df = 73.357, p = 0.318). Empirically, both S25 and S28 lengthened 
their closure duration; it cannot be stated with assurance whether they both converged in 
this regard.  
 
6.3 Automaticity of coincident cues 
 
 Varying accounts of phonetic organization make differing predictions regarding 
how automatic the adjustment of coincident cues is. Kingston & Diehl's (1994) phonetic 
reorganization account holds that speakers are able to control cues of phonemic categories 
independently, as demonstrated by their ability to vary the phonetic realization of speech 
sounds between contexts. Phonetic implementations are "capacity-limited, attention-
demanding, relatively easily learned and modified, and often accessible to conscious 
inspection" (Kingston & Diehl 1994). The phonetic reorganization account states that 
while some coincident cues are automatic due to physiological constraints on speakers' 
articulation, most coincident cues are controllable, including many of those that are 
phonologized in a language. This account predicts that controllable cues will not be 
automatically adjusted in concert with VOT; they will instead be independently adjusted in 
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relation to the received speech signal's explicit value for those cues. In the context of this 
study, the phonetic reorganization account predicts that vowel F0 and vowel duration will 
not be automatically adjusted, whereas closure duration will. Although vowel duration was 
indeed adjusted independently of VOT, vowel F0 was not. In the event that there is a 
physiological link between F0 and VOT, these findings are entirely consistent with a 
phonetic reorganization account. 
 A contrary set of predictions is made by an exemplar theory account of phonetic 
organization (Johnson 1997; Pierrehumbert 2001). Exemplar theory holds that different 
subsets of experience are called on in deciding which variant of a given linguistic structure 
to use. Under this account, all coincident cues to VOT in English should be adjusted in 
accommodation to a signal with lengthened VOT, since all coincident cues are by 
definition associated in the main with VOT lengthening. This adjustment should take 
place even if the model for accommodation falls outside of the set of all prior experiences 
for the speaker, assuming that the speech signal is still analyzed as belonging to the same 
set of experiences. The most robust cues of VOT should evince the greatest degree of 
accommodation, due to speakers' increased familiarity with those cues (everybody uses 
them). These predictions appear to be borne out to some extent in the results of this study, 
as closure duration and vowel F0 were both automatically adjusted along with VOT. The 
lack of coincident adjustment of vowel duration may be attributed to the relatively large 
variation evinced by the model (sd = 76.5 ms). 
 
6.4 Consonantal vs. vocalic accommodation 
 
 As has been alluded to, onset vowel F0 and vowel duration might properly be 
considered cues to the vowel following the manipulated consonant, rather than direct cues 
to the consonant itself. Only half of the speakers evinced significant levels of 
accommodation to both consonantal and vocalic cues. Most previous accommodation 
studies have restricted their area of inquiry one or the other category: consonantal cues are 
generally easier to quantize, whereas vocalic cues are perhaps easier to perceive. The results 
of this experiment indicate that the conflation of these two classes of targets for 
accommodation may lead to erroneous conclusions about how much accommodation takes 
place.  
 
6.5 How to measure accommodation 
 
 In any study investigating the effects of sociological factors such as interlocutor 
attractiveness or likeability, it would not be enough to measure phonetic convergence 
simply in terms of VOT. As these findings indicate, participants S20 and S28 would not be 
seen as converging in such a study. However, it is not at all clear that they diverged, or even 
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that they failed to show convergence: both speakers converged in vowel duration, and S28 
also converged in vowel F0 and in closure duration. Given that speakers generally seem not 
to be able to independently manipulate VOT and closure duration at the same time, it is 
misleading to expect convergence along every feature – and in a study examining only one 
feature, that feature may well be the "wrong one" for some participants. Of course, this 
understanding leads to the question: is total divergence even possible? If enough features 
are measured, participants will inevitably exhibit convergence in at least one. For a speaker 
in this study to exhibit total divergence, they would have to either shorten their mean VOT 
and lengthen an already-long closure duration, or have an uncommonly long VOT pre-
exposure. Nielsen (2011) found that speakers would not shorten VOT in voiceless stops in 
accommodation to a model signal with shortened VOT. She suggested that this might be 
due to the possibility of introducing phonological ambiguity, given that voiced and 
voiceless stops in English are differentiated primarily by the comparatively longer VOT in 
voiceless stops. This finding indicates that there are circumstances in which total 
divergence will not happen. But this does not mean that quantitative measurement of 
accommodation is straightforward. 
 On the other hand, qualitative measurement of accommodation is no more 
straightforward. AXB similarity tasks used to qualitatively confirm accommodation (cf. 
Goldinger 1998, Nye & Fowler 2003) will not disambiguate between the adjustment of 
different cues to accommodation. It is likely that some cues are more salient in some 
fashion to speakers than others. However, the comparative salience of a feature may not be 
universal across a population. Given the robustness of VOT's accommodation effects and 
its crucial role in English phonology, it is sensible to expect VOT to be one of these salient 
cues. In that light is surprising that as many speakers displayed significant adjustment to 
closure duration as did to VOT. It may be possible to look at whether speakers who do not 
accommodate to VOT evince this lack of salience in their production of stops – for 
example, they may invariably voice phonologically voiced stops whereas other American 
English speakers do not. 
 
6.6 Ramifications for sound change 
 
 If – as is often assumed – convergence is the default state of affairs in interlocution, 
antagonistic accommodation may be an inevitable byproduct thereof. As such, it is 
conceivable to delineate a course for sound change in which no misperception is necessary 
on the part of the listener. Antagonistic accommodation is analogous to Ohala's 
formulation of hypercorrection (1989, 1993), in that it is an "inappropriate application of 
[…] corrective rules" (Ohala 1989): speakers making attendant adjustments to their 
production of a received target. The key difference is that the 'correcting' is not due to a 
mismatch between a speaker's intended production and a listener's perception of that 
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intention, rather between a speaker's intended production and their ability to effect that 
production.  
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Appendix A: Table of stimulus word frequency. 
 
Word Freq LgFreq Word Freq LgFreq Word Freq LgFreq 

a cappella 0.43 1.3617 cord 7.02 2.5551 pend*   

accompany 4.75 2.3856 cost 54.92 3.4475 petunia 2.08 2.0294 

accord 1.63 1.9243 count 89.96 3.6617 picante 0.04 0.4771 

accost 0.06 0.6021 cues 0.69 1.5563 picard 1.53 1.8976 

account 44.71 3.3581 cult 4.45 2.3579 pinion 0.16 0.9542 

accuse 5.69 2.4639 curd 0.43 1.3617 point 236.53 4.0815 

accustom 0.12 0.8451 currents 1.69 1.9395 posable 0.02 0.301 

acquaint 0.39 1.3222 custom 6.20 2.5011 potato 11.29 2.7612 

acquire 2.65 2.1335 cute 87.75 3.6509 potential 18.82 2.9827 

acquit 0.47 1.3979 department 63.84 3.5128 quaint 2.18 2.0492 

acute 2.94 2.179 detention 6.53 2.5237 quit 90.10 3.6624 

akin 0.27 1.1761 earache 0.29 1.2041 recognize 34.31 3.2433 

all 5161.86 5.4204 else 449.16 4.36 repent 2.41 2.0934 

apace 0.06 0.6021 interest 50.94 3.4148 retaining 0.65 1.5315 

apart 47.02 3.38 katana 0.08 0.699 risk 49.04 3.3983 

apiece 3.96 2.3075 kin 4.27 2.3404 satirical 0.18 1 

appal 0.04 0.4771 kosher 2.69 2.1399 standard 18.43 2.9736 

apparent 4.22 2.3345 look 1947.27 4.997 tack 2.12 2.0374 

appeal 13.00 2.8222 macaw 0.24 1.1139 tall 32.33 3.2175 

appearing 2.33 2.0792 marriage 77.06 3.5945 target 37.96 3.2871 

appease 0.49 1.415 memory 48.57 3.3941 taskmaster 0.16 0.9542 

append*   natural 42.35 3.3347 tasty 6.31 2.5092 

appoint 2.04 2.0212 nose 69.75 3.5512 tempt 2.53 2.1139 

Atari*   occult 1.57 1.9085 tend 12.27 2.7973 

atone 0.84 1.6435 occurred 14.45 2.8681 tension 8.55 2.6405 

attack 75.55 3.5859 occurrence 1.18 1.7853 tested 10.53 2.7308 

attempt 19.12 2.9894 opinion 42.00 3.331 tiger 18.53 2.9759 

attend 14.02 2.8549 opposable 0.35 1.2788 tire 12.37 2.8007 

attention 98.67 3.7018 pace 9.57 2.6893 tizzy 0.18 1 

attested 0.12 0.8451 pall 0.45 1.3802 tofu 2.69 2.1399 

attire 1.49 1.8865 panther 2.57 2.1206 tomato 5.90 2.48 

attorney 40.39 3.3141 paper 103.35 3.722 tone 16.86 2.935 

attune 0.02 0.301 parent 13.14 2.8267 torque 0.73 1.5798 

battalion 5.84 2.4757 part 261.51 4.1251 tourney 0.14 0.9031 

botanical 1.04 1.7324 pastry† 1.92 1.9956 tundra 0.27 1.1761 

Capone 1.63 1.9243 pawn 4.33 2.3464 tune 15.61 2.9015 

catastrophe 2.47 2.1038 peace 69.61 3.5504 upon 62.73 3.5051 

catatonic 0.78 1.6128 peas 4.65 2.3766 welfare 7.88 2.6053 

choir 5.31 2.4346 peel 5.35 2.4378 wish 235.12 4.0789 

company 147.20 3.8755 peering 0.33 1.2553 yes 1996.76 5.0079 

Copernicus 0.67 1.5441       

*Does not occur in the SUBTLEX-US corpus. 
†Did not occur in the production list. 
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