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1. Introduction*

Please remain on the line. Your call is very
m
perdnus. As odd as this transliteration

struck its addressee as perfectly natural and 

intelligible in context. The actual pronunciation of words in continuous speech varies widely and tends 

to differ quite markedly from the citation forms of words. A large part of that variation is systematic, a 

fact that has made pronunciation variation, and phonetic reduction especially, the focus of much 

attention in Psycholinguistics, Phonetics, and Phonology. 

Phonetic reduction is commonly taken to mean shortening of words and segments, deletion of 

segments and entire syllables, and articulatory undershoot resulting in lenition of consonants and 

centralization of vowels. Efforts to understand which forms are likely to undergo reduction, and under 

what circumstances, have yielded a number observations that are fairly uncontroversial: There is wide-

spread agreement that high-frequency words are often phonetically reduced. Similarly, words that are 

n. The 

remain on the line. Your call 

are well established and widely cited (Bell et al., 2003, Bell et al., 2009, Fowler et al., 1997, Hunnicutt, 

1985, 1963). There is broad consensus that phonetic reduction is extremely common, that it represents 

a unitary phenomenon with many manifestations (durational shortening, lenition, deletion, 

centralization), and that this phenomenon calls for a unified explanation.

The consensus ends when attention turns to the reasons why reduction takes place: Do words 

undergo reduction because they are predictable from the point of view of the listener, or from the point 

of view of the speaker? Do speakers strengthen and lengthen certain words for the benefit of their 

listeners, and allow themselves to reduce words that they deem likely to be intelligible even when 

reduced? Or do speakers lengthen or shorten words depending on how much time they themselves 

need for planning and encoding their utterances?

The goal of the present paper is to summarize some recent work that asks what pronunciation 

variation in conversational speech reflects, by considering what happens when intelligibility and ease

of production lead to different expectations about whether words are likely to undergo reduction or its 

opposite, phonetic strengthening. The lexical property at the focus of this work is phonological 

neighborhood density, a measure of how many other words in the lexicon are similar to a given target 

challenging targets for recognition, other things being equal, but easy targets for production. If 

pronunciat intelligibility, words in dense 

neighborhoods should come to be strengthened and lengthened, to offset the detrimental effects of 

neighborhood density on recognition probability. If pronunciation variation reflects the speed and ease 

of production planning and encoding, then words in dense neighborhoods should come to be shortened 

and reduced. To preview the overall conclusions of that work: In conversational speech, regression 

models of word duration and vowel centralization suggest that words in dense neighborhoods are 

phonetically reduced, other things being equal. 

                                                          

* Some of this work is a synopsis of work described in detail in Gahl, Yao & Johnson (in press). Earlier

versions of the analyses and detailed descriptions of the methods can be found in Yao (2011).

© 2012 Susanne Gahl. Proceedings of the 29th West Coast Conference on Formal Linguistics, ed. Jaehoon Choi
et al., 1-10. Somerville, MA: Cascadilla Proceedings Project.



2. Explanations of phonetic reduction

Approaches to pronunciation variation have followed two basic strategies, each of them based on 

a different central observation. -based

predictable forms tend to be highly intelligible, even when reduced. This central observation motivates 

a general hypothesis about the relationship between intelligibility and articulation explanation 

consistent with the Hypo- theory articulated in Lindblom (1990).

Reduction of predictable forms is consistent with that theory because, as stated in Flemming (2010),

greater difficulty with word recognition. Consequently, any factor that makes a word more difficult to 

speakers would be less inclined to produce words clearly that are easy targets for recognition due to 

their frequency or to their contextual predictability.  Several proposals along these lines, and evidence 

consistent with this general line of explanation have been reported in the literature (e.g. Kilanski, 2009, 

Munson and Solomon, 2004, Munson, 2007, Scarborough, 2010).

The second basic strategy in explaining pronunciation variation has been to relate variation to 

speaker-internal mechanisms underlying language production, such as ease and speed of retrieval. The 

basic observation underlying such - approaches is that words that tend to get 

reduced are words that are easily retrieved. Ease and speed of retrieval of items from memory have

been modeled in spreading-activation models (Anderson, 1983, Dell, 1986). In such models, likelihood 

nodes in 

connectionist networks. High lexical frequency, for example, may be modeled as high resting 

activation of relevant nodes that enable high frequency items to be retrieved quickly and with great 

accuracy. Several proposals relating pronunciation variation to ease and speed of retrieval, and 

evidence consistent with this line of explanation, are reported in the literature (e.g. Gahl, 2008, 

Pluymaekers et al., 2005).

Both of these approaches may also be stated at a computational, as opposed to algorithmic, level

of analysis, by relating patterns of variation to more global properties of utterances. Flemming (2010), 

for example, outlines an analysis relating a listener-oriented model of pronunciation to a Bayesian 

approach to word recognition. The central idea behind the proposal is that the degree of phonetic 

reduction is a function of the prior probability of a given speech signal being recognized correctly, i.e. 

categorized as an instance of the intended word (cf Jurafsky, 1996). Similarly, a number of proposals 

have sought to ground models of reduction in information-theoretic terms. The idea here is that 

reduction can be modeled as a function of information load: Predictable items, by definition, are low in 

information load and accordingly allotted little time and acoustic signal in utterances (Aylett and Turk, 

2004, Jaeger, 2010, Levy and Jaeger, 2007).

Each of these approaches face certain empirical and conceptual challenges, and there is continued  

debate about their respective merits. The main empirical challenge for intelligibility-based accounts 

lies in the fact that the experimental record 

provides strong evidence that there are severe limits on speakers ability to cater to their listene

needs (Bard and Aylett, 2005, Ferreira and Dell, 2000, Keysar, 2007). For example, one study (Bard & 

Aylett, 2005) found phonetic reduction in words that speakers had used before (in a map task), even 

when their addressees had changed. If phonetic reduction of repeated items in discourse were entirely 

due to speakers reducing items that are predictable from the point of view of their listeners, repeated 

words that are new to a given listener should not reduce, despite being repetitions as far as the speaker 

is concerned.

The main challenge to production-based approaches to phonetic variation concerns the 

relationship between ease of lexical retrieval and articulatory realization. The work reported in Gahl 

(2008), for example, is built on the assumption that variation in speaking rate in conversational speech 

reflects ease and speed of lexical access and retrieval: words that are easy to retrieve are reduced, 

because they are retrieved quickly. This explanation is attractive in that high-frequency words, for 

example, are retrieved quickly and tend to reduce. Empirically, this connection between fast retrieval 

and phonetic reduction is unassailable. However, conceptually the explanation is weak, since it seems 
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to presuppose that speakers are always aiming to talk as fast as possible: After all, fast lexical leaves 

extra time that could be used to realize particularly ambitious articulatory goals

realize articulatory targets accurately when they could do so without decreasing their overall speaking 

rate?

In fact, the assumption that high lexical activation, and therefore fast lexical retrieval, should be 

associated with phonetic reduction, is neither necessarily correct nor universally shared. A positive 

association between ease of retrieval/high lexical activation and the realization of extreme articulatory 

targets just outlined has in fact been assumed in explanations of certain types of phonetic variation. As 

one study 

(Baese-Berk and Goldrick, 2009) High lexical 

activation, then, has been used to explain both phonetic reduction and phonetic strengthening. 

Although each of these challenges is serious, they are probably not the main reason why there 

seems to be no end in sight to the debate between listener-based and production-based approaches to 

variation. The main reasons for the continued debate, in my view, are that (1) both are correct

explanations of some relevant phenomena; and (2) these competing approaches make identical 

predictions in many empirical domains: High-frequency words, for example, tend to be easy targets for 

recognition, as well as for production. To move beyond the dichotomy, then, one needs to examine not 

so much which explanation is correct, but how these two sources of variation combine. Since many 

phenomena are attributable to speakers or listeners equally well at a common sense level, one also 

needs to examine critically those empirical domains in which the two types of explanations do make 

divergent predictions.  

The goal of the work described here is to probe the respective roles of intelligibility and ease of 

production in phonetic reduction in conversational speech as a function of phonological neighborhood

density, i.e. a lexical property that affects intelligibility and ease of production in ways yielding 

different predictions.

3. Previous literature

The main reason why listener-based and production-based explanations of variation make such 

(Dell and Gordon, 2003). As pointed out in Dell & Gordon (2003), there 

is an interesting exception to that pattern: Phonological neighborhood density. Phonological 

neighborhood density is an index of the number of words that are phonologically similar to a target 

word. By one common criterion, words are considered phonological neighbors if they differ by 

insertion, deletion, or substitution of one phoneme. For example, the word cat has three lexical 

neighbors in the toy lexicon depicted in Figure 1 (kit, cap, and map), whereas the word mop only has a 

single neighbor in that lexicon (map). 

Figure 1. A toy lexicon

cat

kit

mat

cap

map

cape

mop

it

cat

kit

mat

cap

map

cape

mop

it
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A key observation in models of word recognition is that 

phonological neighborhoods is poor, compared to recognition of words in sparse neighborhoods. 

Phonological neighbors appear to act as competitors (Luce and B., 1987, Luce et al., 1990, Luce and 

Pisoni, 1998). A more recent observation is that phonological neighbors act as supporters in 

production: There is a tendency for production of words in dense neighborhoods to be faster and more 

accurate, other things being equal (Gordon, 2002, Vitevitch, 1997, Vitevitch and Sommers, 2003).

These facts about phonological neighborhood density may seem puzzling at first, but are rooted in

the nature of the tasks of listening and talking. Listeners encounter signals and must work out what 

meaningful units those signals represent. The main thing that can go wrong for listeners is that they 

mistakenly categorize a signal as representing a different meaningful unit and this is most likely to 

happen when there are words that sound similar to an intended target. Unsurprisingly, then, 

phonological competitors are the main sources of word-level errors in recognition. Speakers, on the 

other hand, begin their task with some idea of what meanings they wish to convey and subsequently
select suitable forms. The main source of word-level errors (as opposed to segmental errors) in

production are semantic competitors (Dell et al., 1997). A speaker might inte

(Of course, a speaker might 

end up making a segmental er In the two-step interactive spreading-

activation models of lexical retrieval described in Dell & Gordon (2003), once a semantic target is 

selected, it receives additional activation through its phonological neighbors: As a result, not only do 

phonological neighbors not threaten production targets the way they do recognition targets, they in fact 

act as supporters. 

Given these divergent effects of phonological neighborhood density on recognition and 

production, it is clear that listener-based and production-based explanations of pronunciation variation 

make different predictions about the effect of this variable on phonetic reduction. A listener-based 

account of pronunciation variation would lead one to expect high phonological neighborhood density 

to be associated with phonetic strengthening: Speakers should, on this view, strengthen words in dense 

neighborhoods, to improve their intelligibility. A production-based account, on the other hand, would 

lead one to expect high neighborhood density to be associated with phonetic reduction: Just like high 

word frequency, high phonological neighborhood density makes words easy to retrieve, other things 

being equal, and efficient retrieval is associated with phonetic reduction. 

What are the effects of phonological neighborhood density on pronunciation? One acoustic 

parameter that has been examined in this connection is vowel dispersion (or its opposite, vowel 

centralization): Vowel dispersion represents the distance between a vowel token and the center of

vowel space. Figure 2 shows a schematic representation of the place of three cardinal vowels in vowel 

space. The center of that space is marked with a schwa:

Figure 2.  A toy vowel space

[i]

[ ]

[u]

[ ]

[i]

[ ]

[u]

[ ]

4



Of course, in reality, vowel tokens are far more widely scattered through this space. Figure 3 

shows a more realistic vowel space, plotting tokens of CVC words produced by one talker in the 

course of a single interview by the first two vowel formants. The interview is part of the Buckeye 

corpus of conversational speech (Pitt et al., 2005, Pitt et al., 2007).

Figure 3. An actual vowel space

As can be seen in Figure 3, tokens representing a given phoneme are widely dispersed throughout 

vowel space, and the areas associated with different phonemes overlap. 

vowel space, estimated as the average F1/F2 of tokens of schwa, is marked with a plus sign. 

Vowel dispersion affects intelligibility (Bradlow et al., 1996) and is among the variables talkers 

manipulate when asked to maximize intelligibility (Moon and Lindblom, 1994, Picheny and Durlach, 

1985), making it a prime candidate for an aspect of pronunciation variation that might reveal the role 

of intelligibility in pronunciation variation. 

Several studies have examined vowel dispersion as a function of neighborhood density. The first 

study to do so was an investigation of this variable (Wright, 1997, Wright, 2004) in a database of 

recordings of ten talkers (Torretta, 1995). Wright (1997, 2004) found that vowels were significantly 

more centralized in high-frequency, low-density words than in low-frequency, high-density words. 

Since word frequency and neighborhood density were jointly manipulated in the database, the results 

do not indicate which of these variables was responsible for the observed effect. Several subsequent 

studies report similar patterns, however, of high neighborhood density being associated with phonetic 

strengthening, rather than its opposite. A subsequent study (Munson and Solomon, 2004) probed the 

effects of word frequency and neighborhood density by factorially manipulating these two variables,

also in a single-word naming task: It was found that low frequency and high density were each 
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associated with increased vowel dispersion relative to high frequency and low density. Similar patterns 

of increased dispersion, and other acoustic properties associated with increased intelligibility, for 

words in dense neighborhoods are also reported in a number of other studies (e.g. Baese-Berk and 

Goldrick, 2009, Kilanski, 2009, Peramunage et al., 2010, Scarborough, 2005, Scarborough, 2010, 

Watson and Munson, 2007).

Two things are striking about these studies. The first is that they do not replicate the usual 

association of high word frequency and durational shortening (not all of the studies mentioned looked 

for this association, of course). The second is that, without exception, they are based on experimental 

tasks requiring speakers to produce word lists or words in short carrier phrases (such as Say __ to me 

___ .).  These two facts may be related: When 

producing word lists, talkers tend to read words at a regular pace. This tendency has been found to 

override effects of lexical properties, such as word frequency, on timing. Several of these studies do 

reproduce other, non-temporal effects of word frequency, finding high word frequency to be associated 

with decreased vowel dispersion and other manifestations of articulatory undershoot. 

The temporal characteristics of word lists and elicited phrases, the effects of stimulus ordering

may be interacting with effects of neighborhood density. To investigate the effects of this variable in a 

setting that might shed light on the kinds of phonetic reduction under discussion in the literature 

mentioned above, we therefore investigated the effects of this variable in conversational speech. 

4. Methods

We examined the effect of phonological neighborhood density on two aspects of phonetic 

realization: word duration and vowel dispersion, using mixed-effects regression models with Word and 

Talker as random effects and a range of known determinants of vowel dispersion and word duration. 

An early version of that study can be found in Yao (Yao, 2011). The theoretical implications of the 

study, and a description of the control variables and modeling procedure, can be found in Gahl (Gahl et 

al., 2011, in press).

All data came from the Buckeye Corpus of conversational speech (Pitt, et al., 2007; Pitt, Johnson, 

Hume, Kiesling, & Raymond, 2005), which consists of ca. one hour of spontaneous speech from each 

of 40 talkers (20 male, 20 female) from Columbus, Ohio. 

We analyzed vowel dispersion and word duration in CVC monomorphemic content words in the 

corpus. The corpus contained 534 word types that met our inclusion criteria for the analyses of word 

durations, represented by 12,414 tokens from 40 talkers. The exclusion of central vowels and 

diphthongs meant that the set of words in the analysis of vowel dispersion was a subset of the words in 

the analysis of word durations, consisting of 414 word types, represented by 9,075 tokens from 39 

talkers. The two sets of words were analyzed in two separate models.

5. Results

The relationship of the control variables to word duration and vowel dispersion was what one 

would expect, given previous studies: For example, increasing frequency, bigram probability given 

neighboring words, and speaking rates were associated with shorter word durations. The proportion of 

variability accounted for was low compared to some previous models of word and segment duration in 

connected speech (Bell, et al., 2009; Gahl, 2008; Quené, 2008). This difference is likely to be due in 

part to the fact that the studies just cited included utterance-final and pre-pausal tokens. Phrase-final 

position and disfluencies produce large effects on word duration, making it possible to account for a 

substantial portion of variability in duration based on these two predictors alone. Figure 4 shows the 

partial effects of all fixed effects in the final models of word durations and vowel dispersion. Crucially 

for the point of the study, increased neighborhood density was associated with shorter word durations

and reduced vowel dispersion.
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Figure 4. Partial effects in a model of word duration and vowel dispersion
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6. Discussion

The central finding in the study just described is that high phonological neighborhood density was 

associated with phonetic reduction (shorter word durations and decreased vowel dispersion) in a 

corpus of conversational speech. This finding is unexpected under accounts of pronunciation variation 

intelligibility of words for the benefit of their 

listeners. The finding is also unexpected given previous results showing high phonological

neighborhood density to be associated with acoustic properties that increase intelligibility, such as 

increased vowel dispersion. 

I have hinted at one possible reason for the apparent discrepancy between the pattern observed in 

the corpus and the earlier, experimental findings: When people are asked to read lists of words, they 

tend to read at a regular pace. When words are produced at a regular pace, fast lexical retrieval leaves 

more time for speakers to realize extreme articulatory targets. As has been argued elsewhere 

(Pierrehumbert, 2001), words in dense phonological neighborhoods may have more extreme 

articulatory targets than words in sparse neighborhoods. High-frequency words, on the other hand, may

have less extreme (more ‘reduced’) articulatory targets. This difference in articulatory targets could yield the

observed pattern: When temporal and attentional constraints allow it, e.g. when speakers are producing words

at an even pace and are facing few other attentional demands, pronunciations reflect articulatory targets.

The temporal demands of conversational speech are quite different from list reading. In particular, 

concerned only with the current trial. Perhaps the working assumption that fluent conversational 

speech reflect

certainly lags behind the speed with which speakers can think of things to say, and speakers may for all 

intents and purposes be trying to realize words as quickly as they become available for articulation. 

7. Conclusion

Listener-based and production-based explanations are mutually compatible: It is almost certainly 

the case that multiple sources of variation are responsible for the range of linguistic variation. There 

are clear instances of variation attributable to one source of variation or the other: Disfluencies in the 

face of word-finding difficulties, or slurred speech of intoxicated talkers might be extreme examples of 

variation due to production-based factors; whereas foreigner-directed speech, baby talk, or elder speak 

talking to a particular audience. A large and continually growing literature in Sociophonetics attests to 

talker adaptation to particular social and linguistic settings and particular addressees. An equally vast 

literature on the limits of Audience Design, and on characteristics of speech produced under conditions 

that impede language production attests to the fact that variation in speech reflects many processes not 

important to us

different speaking styles or the mechanisms that cause us to slow down in the face of word-finding 

tend to be phonetically 

predictability from the point of view of 

the listener, or the speaker? The goal of the work summarized here was to probe the respective roles of 

intelligibility and ease of production in phonetic reduction in conversational speech, in a class of cases 

in which intelligibility and ease of production make divergent predictions. More broadly, the goal is to 

address the relationship between single-word production and conversational speech. Single-word 

psycholinguistic experiments have yielded a tremendous amount of insight into the lexical properties 

that affect language production. Research on language production in conversational speech can profit 

from that insight, but only given an increased understanding of the differences between the timing of

processes underlying single-word production and connected speech.  
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