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1
 USING SOUND CHANGE TO EXPLORE THE MENTAL LEXICON
 Paul Warren a & Jen Hay b
 a Victoria University of Wellington
 b University of Canterbury
 Variation and change
 Ask two speakers to produce the same sentence and you will undoubtedly find
 a number of differences in the ways in which they say that sentence. Ask a single
 speaker to say the same sentence on more than one occasion and the same will be
 true. Such variation arises for a number of reasons. Allophonic variation in the
 pronunciation of individual sounds frequently seems random, but may be constrained
 by linguistic factors such as the position of a sound in a word or phrase (e.g.
 unaspirated variants of /p/ occur after initial /s/ as in spot, but aspirated versions occur
 in initial position as in pot). Connected speech processes, which are abundant in
 fluent speech, often involve the influence of one sound on its neighbours, resulting in
 a wide range of different pronunciations for the same word. But such processes can
 also be quite variable in operation, since they may depend on aspects of speech style,
 which is in turn linked to the level of formality of the speech situation, as well as to
 interlocutor effects and other audience factors (Bell, 1984). Speakers are also
 influenced by environmental and paralinguistic factors (background noise, the
 expression of different emotions, etc.).
 Inter-speaker differences are perhaps a more obvious source of variation.
 Some differences have physiological origins in differences in vocal tract size and
 shape. Others, such as the dialect and accent of a speaker, can depend on a number of
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 factors which include the region of origin of the speaker, their socioeconomic
 background and level of education, their age and sex, and their group membership.
 As an indication of the extent of variation found within a reasonably
 homogenous speech community, consider the data in Table 1, from the Buckeye
 corpus of conversational American English (Johnson, 2003). Each of the listed
 variants was found at least once in the corpus. The extent of naturally-occurring
 variation is underlined in Johnson s statistical analysis comparing recorded tokens of
 words in an extensive corpus of conversational speech with their canonical forms. For
 instance, 60% of words deviated from their citation form on at least one speech sound,
 and 28% on two or more. Such massive reduction is frequently encountered in
 normal conversational speech.
 Table 1 about here
 While much variation exists even within an essentially stable system, variation
 can also be associated with change. The relationship between language variation and
 language change is complex. Variation within a linguistic category (e.g. different
 realisations of essentially the same sound, such as differing degrees of aspiration of
 a /t/ in English) may not have major consequences in terms of language change, but
 variation that crosses category boundaries may impact on the linguistic system,
 resulting for instance in the merger of two formerly significantly different sounds.
 Mergers can take different forms the collapse of a distinction may result in a single
 sound taking on a range of realisations previously covered by the two different
 sounds. Alternatively, a merger may entail the loss of the realisations previously
 associated with one of the sounds. Or the merger may be on a new set of realisations,
 perhaps intermediate between the earlier forms.
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 The mechanisms of change are also varied. Some changes may affect a
 complete linguistic category at the same rate, so that all words containing a certain
 speech sound seem to undergo simultaneous change. Other changes proceed by
 diffusion through the lexicon, with some words affected ahead of others. In this case
 the words initially affected may be the most frequently used words containing the
 sound in question, or if the sound change is triggered by a particular phonetic context,
 they may be the words that contain just such a context.
 The particular form of variation that is of primary interest in our research
 programme concerns the merger-in-progress in New Zealand English (NZE) of the
 front-centering diphthongs / / and / /, which we will call NEAR and SQUARE, using
 Wells (1982) lexical sets. As this is a change that is currently incomplete in NZE, it
 raises some interesting questions for aspects of spoken word recognition, as we will
 see below.
 First, some brief comments on the progress of the NEAR-SQUARE merger.
 Gordon and Maclagan (2001) provide data from a 5-yearly survey amongst 14-15
 year old students in Christchurch. The dataset consists of recordings of words
 containing NEAR and SQUARE vowels, read in sentence contexts and word lists1. The
 results show quite clearly that the diphthongs, both still widely present in the initial
 1983 survey, are almost completely merged on NEAR by 1998. Also, while there is
 considerable variation in the earliest samples, with some speakers showing no clear
 pattern of merger towards either NEAR or SQUARE, the more recent samples show
 more complete changes towards NEAR. In an apparent-time comparison of two age
 1 While read (rather than spontaneous) materials are not ideal, Gimson (1963:143), referring to the original study by Fry (1947), lists the NEAR and SQUARE vowels as only the 17th and 18th most frequent out of 20 English vowels. It therefore becomes necessary to use read materials in order to elicit sufficient tokens for analysis.
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 groups recorded in 1994 (Maclagan & Gordon, 1996) this more complete merger
 towards NEAR is confirmed for younger speakers (20-30 years old) but is not as
 evident for older speakers (45-60 years old). The NEAR-SQUARE merger is described
 as part of the chain-shift raising of the short front vowels of NZE (pat to pet, pet to
 pit, etc.), with the starting point of SQUARE raised towards that of NEAR (Maclagan &
 Gordon, 1996: 144-5).2 Gordon and Maclagan (2001:232) conclude that the change is
 most likely a merger of approximation rather than a merger of expansion (Labov,
 1994:321), i.e. the two sounds are collapsing on a single form, in this case the higher
 or closer NEAR pronunciation, rather than continuing to use the whole range of
 pronunciations previously available to both NEAR and SQUARE. As a consequence, the
 more open SQUARE diphthong is heard mainly from the older speakers in the
 Christchurch survey.
 A further claim about this sound change is that it has progressed through NZE
 by a process of lexical diffusion, i.e. it has affected some words before others, and has
 then spread through the inventory of relevant words (Maclagan & Gordon, 1996: 131-
 133). One potential pathway for this diffusion is revealed in a reanalysis of Holmes
 and Bell s (1992) auditory study of the NEAR-SQUARE merger. Warren (2004) looked
 at the preceding phonetic context of the materials investigated by Holmes and Bell
 (i.e. the consonant before the NEAR or SQUARE vowels) as a potential conditioning
 factor on the merger (see Figure 1). This reanalysis found that SQUARE-raising, which
 increased over apparent time (so that mid-age speakers in that sample had higher
 forms than old speakers, and young speakers had even higher forms), was present for
 all phonetic contexts for the youngest speakers, but for the mid-age speakers was
 2 The difference between NEAR and SQUARE in NZE, for those speakers that distinguish the vowels, largely involves the height of the starting point of the diphthongs. NEAR has a higher starting point, since the tongue is higher in the mouth. High and low vowels are also known as close and open respectively, reference here being made to the degree of opening between the tongue and the palate.
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 found only after coronal consonants. This pattern suggests that the change may
 initially have been conditioned by the nature of the preceding consonant the higher
 vowel position would be a natural consequence of coarticulation with a preceding
 coronal consonant, since the tongue is already in a high front position for such
 consonants. Subsequently the raising of SQUARE spread to other contexts. This pattern
 of diffusion is compatible with Ohala s (1992) comments that some sound changes
 are due to failure on the part of listeners to compensate for coarticulation. That is,
 speakers of NZE started to forget that there was a conditioning factor responsible
 for the higher SQUARE vowel after coronals, and regarded these post-coronal forms as
 having NEAR vowels. At a subsequent stage, the NEAR vowel spread to other words
 formerly pronounced with SQUARE vowels.
 Figure 1 about here
 As a change such as the NEAR-SQUARE merger proceeds, so different aspects
 of variation come to the fore. Initially the main type of variation might well be within-
 category variation, which increases as SQUARE forms take on higher (closer)
 articulations. Since the merger is asymmetric (moving towards NEAR) and a merger of
 approximation (consolidating on a single form rather than both vowels spreading their
 range of variation to include the total range of the two), variation at this stage may be
 greater for SQUARE than for NEAR. Subsequently, the boundary between the two
 categories becomes obscured as NEAR vowels increasingly get used for the SQUARE
 forms, and variation crosses the category boundary. While the change progresses
 through the speech community, there will be some speakers for whom the merger is
 complete, and who will primarily use NEAR forms for both NEAR and SQUARE words.
 Other (in this case older) speakers will still maintain a distinction between NEAR and
 SQUARE words. Clearly the nature of any variation will therefore be speaker
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 dependent, while across the community as a whole there will be more variation in the
 realisation of SQUARE forms than of NEAR forms. An interesting question is whether
 listeners are able to utilise their knowledge of speaker differences in order to help
 interpret the variation that they hear (Johnson, Strand, & D'Imperio, 1999; Strand,
 1999).
 Word recognition and variation
 Variation in the speech signal is not always problematic for word recognition,
 and may in some instances facilitate the processes involved. For instance, the
 positional variants which depend on the phonetic context in which the sound occurs
 may be highly informative for the process of segmenting the continuous speech
 stream into words or other recognition units. However, there are many other occasions
 where variation is less predictable and therefore less useful for recognition. Yet
 despite the obvious extent of variation, listeners rarely complain of being unable to
 understand what is being said. Presumably, therefore, our comprehension system,
 including the processes involved in spoken word recognition, is well adapted to such
 variation, producing stability in perception despite the variability in pronunciation.
 Historically, models of perception and recognition have sought islands of
 reliability in the speech signal, robust clues to the identity of speech sounds and/or the
 words that contain them. However, it has been claimed that most current models of
 spoken word recognition will ultimately fail in their attempts to deal with the issue of
 variation because they are constrained by at least one of two basic assumptions about
 the process of mapping from speech input to mental lexicon (Johnson, 2003). The first
 of these, the segmental assumption, supposes that stored lexical forms consist of
 speech segments (much like the alphabetic symbols in written words), and that an
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 important goal of perception is to analyse the speech input into a similar segmental
 representation. This is problematic if the input is highly variable, with segments
 missing or different from those expected in a stored citation form. The second
 assumption is that there is a single lexical entry for each word, and so a further goal of
 input analysis is to remove or compensate for variation in order to arrive at a form that
 is well matched to this entry. These assumptions are similar to what Grosjean (1985)
 earlier referred to as the over-reliance of most models of spoken word recognition on
 the Written Dictionary word as the assumed form of mental representations.
 Not all current models of word recognition fall foul of both the segmental and
 the single-entry assumptions. Some depart explicitly from the assumption of a
 segment-based representation by allowing incomplete specifications of the segments
 that make up a word, thus permitting incomplete or ambiguous input information to
 continue to map on to the intended underlying form; or they may permit more detailed
 lexical representations, with sub-segmental information therefore included also in the
 input analysis. For instance Lahiri (Lahiri, 1999; Lahiri & Marslen-Wilson, 1991;
 Lahiri & Reetz, 2003) suggests that while there is only a single underlying
 representation for each word in the mental lexicon, these representations consist of
 featural rather than segmental information, and, importantly, they make up a
 featurally underspecified lexicon (FUL). The nature of the underspecification is
 language-specific, and for English would include underspecification of coronal place
 of articulation. The lexical representations thus abstract away from the specific
 realisation of coronal place. This reflects the finding that coronal consonants
 frequently assimilate to neighbouring segments, as in swee[p] boy for sweet boy,
 while non-coronals are less likely to assimilate (so we tend not to find ba[p] breaking
 for back breaking or clu[d] dances for club dances). With a lexical representation for
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 sweet that is underspecified for [coronal], the negative specification of this feature
 that arises from hearing the final stretch of speech in swee[p] does not clash with the
 lexical representation of sweet (in terms of the FUL model this is a no mismatch
 situation), and thus sweet is still activated.
 While underspecification is a clever method of soaking up variance by
 reducing the number of features that must be matched in lexical access (Johnson,
 2003: 24), it only accounts for a limited amount of pronunciation variation. Moreover,
 it is not clear that it even does this entirely successfully, since the FUL model
 incorrectly predicts that the form swee[k] boy should be just as good an example of
 sweet boy as swee[p] boy, since the form with [k] and the form with [p] should
 equally lead to access of sweet from the mental lexicon. Research findings by Gaskell
 and Marslen-Wilson (1996) indicate that sweet is accessed more successfully in the
 swee[p] boy context than in the swee[k] boy context. Consequently these authors
 argue for a model of recognition which includes phonological inferencing, in this case
 using information from the subsequent phonetic context to infer the underlying
 identity of the final consonant. While this provides sensitivity to the cause of
 assimilation, it has been pointed out that there may frequently be difficulty in
 determining what kinds of variation in production have led to the surface form
 encountered, making it problematic for the appropriate unravelling of these effects
 (Pitt & Johnson, 2003). Both FUL and phonological inferencing retain a single-entry
 approach and attempt to deal with variation resulting from assimilation by assuming
 that the acoustic featural structure of the input representation need not coincide
 completely with that of the lexical representation. They differ from one another in that
 FUL is essentially a representation-based approach (the lexical representations being
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 underspecified for features such as [coronal]), while the phonological inferencing
 model is a processing-based approach (Pitt & Johnson, 2003).
 Other word recognition models that do not assume segmental analysis of the
 input include Klatt s Lexical Access from Spectra (LAFS, Klatt, 1979) and later
 versions of the Cohort model and allied approaches (Hawkins & Warren, 1994;
 Marslen-Wilson & Warren, 1994), which attempt to account for some of the
 subsegmental variation found in natural speech. While these models propose units
 smaller than the segment, they continue to posit single lexical representations for each
 word, and assume that recognition will proceed via some kind of measure of
 goodness-of-fit between input and representation. In practice, though, it turns out that
 the matching process can be just as sensitive to irrelevant detail as it is to the
 important phonetic distinctions between words (Klatt, 1989). In addition, single-entry
 models generally find it difficult to deal with the many segment and syllable deletions
 found in natural spontaneous speech, since such deletions reduce the extent of left-to-
 right match between the input and lexical representations.
 Let us turn now to coping with variation by abandoning the single-entry
 assumption. Perhaps the most obvious modification in this direction is the addition of
 entries to the lexicon in order to permit greater recognition of regional variants in
 pronunciation. Thus the lexicon might be expanded to include both [ ] and [ ]
 for bath, or [ ] and [ ] for plug, and so on. Different entires may also reflect
 free variation (e.g. the pronunciation of economics with different initial vowels).
 Some connected speech processes could also be accounted for with variants listed in
 the lexicon, such as [wen] for went. Here, though, experience in the domain of
 automatic speech recognition suggests that the net gain may be rather small, because
 confusability within the lexicon can increase, with new variants being confused with
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 other existing words, such as went/when for [wen], or [swip] analysed as either sweep
 or a possible assimilated form of sweet (for a review from the ASR perspective see
 Strik & Cucchiarini, 1999). Since assimilated forms often contain residual phonetic
 information that might help identify the underlying form (Pitt & Johnson, 2003), it
 might prove fruitful to add more detailed representations of words to the lexicon,
 capturing subsegmental distinctions such as those found in the formant transitions at
 the ends of vowels before assimilated (sweet[p] boy) and non-assimilated (sweep
 paths) segments (for evidence that listeners are sensitive to such detail in the course of
 word recognition see Marslen-Wilson & Warren, 1994).
 Johnson (1997) has developed a model of word recognition which abandons
 both the assumption of segmental analysis/representation and the assumption of
 single-entries for lexical items. In Johnson s X-MOD model, a spectral representation
 of the input is calculated, much as in Klatt s (1979) LAFS model. But rather than
 being matched against a single stored representation, the input is compared with an
 exemplar map based on previous encounters with relevant tokens. Weightings for
 exemplars are adjusted on the basis of experience and learning, and new exemplars
 can be added to the map as they are encountered. Such flexibility allows the model to
 be sensitive to variation encountered in the input.
 Hawkins (e.g. 2003) takes this idea of an exemplar-based recognition system
 even further, and emphasises in her Polysp model the polysystemic nature of speech
 understanding. Individuals prior experiences of language will influence how they
 use sensory information in order to arrive at speech comprehension. We would argue
 that in the set of prior experiences we should include implicit knowledge of how
 variation is socially distributed.

Page 11
						

11
 The NEAR-SQUARE merger and issues for spoken word recognition
 Regional accents are wonderfully enriching contributions to the English language but an accent becomes degenerate when the spoken word cannot differentiate between totally different meanings. Too often we hear of people crossing on the Cook Strait fairy and flying Ear New Zealand.
 L. Bravery, letter to the editor, Listener June 9th 2001.
 Such comments are not unusual, and reflect a natural concern that speakers
 have when confronted with changes in the pronunciation of their language. If a
 change results in the loss of an earlier distinction, a common worry is that this will
 affect communicative ability in the language. Yet it is not clear that comprehension
 need be impaired by merger, since language comprehension is already equipped to
 cope with ambiguity. That is, there are many words in the English language (and not
 just in New Zealand English) that are already ambiguous, such bank, or write/right.
 Existing research (e.g. Swinney, 1979) has demonstrated that when we encounter an
 ambiguous word, all meanings are initially accessed regardless of whether the word is
 actually ambiguous in the given context. A suitably constraining context will then
 quickly force the selection of the appropriate meaning, usually before we are even
 aware of ambiguity.
 Now, given the progress of the NEAR-SQUARE merger outlined earlier,
 although all NZE speakers are currently still likely to hear both vowels, many younger
 speakers may produce only NEAR in both NEAR and SQUARE words. What is of
 interest is how this state of affairs may affect the ability to accurately recognise words
 containing these vowels. If the merger were complete across all speakers, then words
 like cheer and chair would be ambiguous, just like bank or write/right, and would
 presumably therefore be recognised in similar manner. However, since the NEAR-
 SQUARE merger is not complete in NZE, we might expect the processing of words like
 cheer and chair to differ somewhat from that of true homophones. This clearly
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 relates to issues to do with variation and word recognition (as discussed above),
 because listeners have to be able to interpret the input that they are hearing in the
 context of what they know about the scope and nature of variation in pronunciation.
 This is true just as much of variation resulting from change-in-progress as it is of
 variation determined by phonetic, phonological or social contexts.
 The goals of our research programme are to explore the consequences for
 spoken word recognition of variation resulting from change-in-progress. Ultimately
 this includes issues to do with how NZE speakers utilise information about speaker
 group membership in order to assess whether the spoken forms they hear reflect
 merged or unmerged systems (and our research programme includes studies that
 explicitly manipulate clues to speaker identity).
 Experimental data
 In this section we summarise some of our recent research results relating to the
 issue of how speech perception and word recognition are affected by the variation
 brought about by the change-in-progress described above. We hope that as our
 programme develops we will be able to shed more light on the question of how
 listeners cope with variation, and the role played in such a process by their
 experience of relevant variation in their environment. This experience includes
 variation in the listeners own productions of the NEAR and SQUARE diphthongs, as
 well as in those spoken by other speakers. Importantly, we hypothesise, listeners will
 show sensitivity to the patterning of variation in the speech communities to which
 they are exposed.
 The specific data reported here come from an initial series of speech
 production and perception tasks in Christchurch and Wellington. In each centre, we
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 collected data using a number of paradigms. Here we refer to acoustic analyses of
 word-list reading data (Christchurch and Wellington), to the outcomes of binary
 forced-choice identification tasks between NEAR and SQUARE words (Christchurch and
 Wellington), and to the results of a timed lexical decision task exploring the issue of
 differential access to NEAR and SQUARE words on exposure to NEAR or SQUARE tokens
 (Wellington only). The data in each centre have been obtained from the same
 participant groups. Thus in Christchurch we have data on the differentiation in both
 production and perception of NEAR and SQUARE from one group of Christchurch
 participants, and in Wellington we have comparable data along with lexical access
 response time data, all from a single group of Wellington participants.
 The first group of questions we pose with regard to the two data sets are
 whether there are any observable differences between and/or within the two
 communities in the degree to which NEAR and SQUARE words are distinguished (i) in
 production and (ii) in the identification task, and (iii) whether performance differences
 in these two tasks are inter-related. Finally, we ask of the Wellington group (iv)
 whether performance data in the lexical access task reflect the observed asymmetry in
 the progression of the NEAR-SQUARE merger.
 Production
 Our interest in this section is the extent to which young NZE speakers
 distinguish NEAR and SQUARE tokens in a situation reading minimal pairs which
 favours distinctions being made. We are also interested in possible differences
 between Wellington and Christchurch speakers in this regard. 16 young participants
 (18-30 years old) from each centre were asked to read pairs of NEAR and SQUARE
 words. In each case they first read a list of words in which the NEAR form always
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 preceded the SQUARE form (so beer-bare, cheer-chair, etc.), and then read the same
 word pairs with random ordering within pairs (so that the NEAR word did not always
 precede the SQUARE word). The first list would appear to be the optimal situation for
 obtaining clear distinctions.
 Participants in the two centres had slightly different lists, and so the data
 reported below is based on the nine word pairs that were common to both lists (words
 beginning in /b, d, f, h, p, r, , sp/ and the pair ear-air). Note also that the analysis here
 uses data only from the female speakers in each group (12 in Christchurch, 13 in
 Wellington). This is because the average acoustic values for the two regional groups
 would be differentially affected by the presence of differing proportions of male
 speakers in the total samples.
 Our measure of the separation of the NEAR and SQUARE diphthongs is based on
 an acoustic analysis of the first two formants (F1 and F2) of the vowels at a point near
 the start of the diphthong.3 For each speaker we obtained a statistical measure of the
 separation of NEAR and SQUARE articulations across the set of word pairs, using Bark
 values derived from the Hertz frequency measurements. (The Bark scale is a closer
 approximation than the Hertz scale to the perception of vowel formant information.)
 Compared with a simple distance metric such as the Euclidean distance between
 average / and formant locations, the multivariate statistical measure we used,
 Hotelling-Lawley s trace, has the advantage that it takes into account the distribution
 of the formant locations over the different NEAR and SQUARE vowels for each speaker.
 3 F1 and F2 give a good index of the location of the highest point of the tongue, and as such are a useful measure of the articulation of vowels. Clearly, though, the use of a single measurement point for each vowel is a gross simplification of the dynamic nature of diphthongs. Nevertheless, the height of the starting portion of the vowel is a key feature for distinguishing between the / and diphthongs, as reflected in the transcription symbols for the vowels. The specific measurement point used here corresponds to the location of the peak F2 value in the first portion of the vowel.
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 If our subjects find it difficult to produce differences between the two
 diphthongs, then we might expect the first reading of the word lists, with the fixed
 NEAR-SQUARE ordering of each word pair, to provide the clearest distinction. This is
 indeed what our data show, as seen in Figure 2. They also show a tendency for greater
 separation of the vowels for Christchurch speakers than for the Wellington group.
 These two findings are confirmed in Analysis of Variance (ANOVA) of the
 Hotelling-Lawley trace data, with Repetition and City as factors. The effect of
 Repetition was significant (F[1,23] = 6.31, p<0.02), while that of City approached
 significance (F[1,23]=3.88, p=0.06). In addition the interaction between these two
 factors approached significance (F[1,23]=3.69, p<0.07). Wellington speakers show
 relatively small levels of distinction in either set of readings, while the Christchurch
 speakers are not only better able overall to distinguish the two diphthongs, but they
 also show a greater effect of the strict ordering of the first set. The relative success of
 the Christchurch speakers in distinguishing these vowels must however be kept in
 perspective the first author, a native speaker of a variety (Southern British English)
 that maintains a distinction between NEAR and SQUARE vowels, achieved a Hotelling-
 Lawley trace score of 18.4 for the same minimal pair list.
 Figure 2 about here
 An indication of the greater separation for Christchurch than for Wellington
 speakers is given by the ellipse plots of the first two formants (in Bark) in Figure 3.
 This figure uses the conventional orientation of F1 on the vertical and F2 on the
 horizontal, each reversed, so that the position of a point on the chart is symbolic of the
 highest point of the tongue in a mouth facing towards the left (corresponding to the
 orientation of the standard vowel chart used in phonetics). The ellipses in the figure
 are based on 216 (Christchurch) or 234 (Wellington) F1 and F2 values for each
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 diphthong. Each ellipse is centered on the mean for the relevant dataset and includes
 95% of the data. The orientation of the ellipse reflects the distribution of the data in
 F1-F2 space.
 Figure 3 about here
 The figure shows considerable overlap in the distributions of these acoustic
 values for NEAR and SQUARE diphthongs for both speaker sets, but with Christchurch
 speakers maintaining a greater distinction between the diphthongs, primarily by
 keeping more open articulations (higher F1 values) for SQUARE. For both speaker sets,
 note that the distribution for SQUARE is greater than that for NEAR, showing the
 variability in the pronunciation of the SQUARE diphthong.
 It is not immediately clear why the Christchurch speakers produce a greater
 distinction between NEAR and SQUARE diphthongs the speakers in the two groups
 have similar age ranges, and in preparing the data for analysis we removed differences
 in the total recording sets that may relate to different distributions of speaker sex and
 preceding consonant type. Remaining factors include the possibility that the merger is
 more advanced for the Wellington speakers, but there may also be a link to the same
 subject groups performances in a perceptual identification task, to which we now
 turn.
 Perceptual identification
 To get a measure of the ability of native speakers to distinguish between the
 NEAR and SQUARE diphthongs, we asked the same subjects to take part in binary
 forced-choice identification tasks. Individual recordings of the NEAR and SQUARE
 minimal pair words, recorded by female native speakers from the relevant region (i.e.
 a Wellington-based speaker and a Christchurch-based speaker, each of whom
 distinguishes the diphthongs in her speech), were played to subjects over closed-ear
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 headphones, and the subjects were asked to identify the stimulus as one of two words
 (the correct word and its minimal-pair partner). Each token was presented twice
 during the course of the experiment. For the two presentations, the left-right display
 order of the words between which the subject had to choose was reversed. Order of
 presentation of items was pseudo-randomised, with care taken to ensure that
 presentations of the items from any one minimal pair were well separated in the test
 lists.
 To allow close comparison between the Christchurch and Wellington data, and
 with the production data presented above, the results discussed here relate only to the
 female participants in each set, for the nine word pairs representing the same phonetic
 contexts in the two sets. The results for this subset of data are shown in Table 2. The
 results for the complete datasets do not differ greatly from those presented here.
 Table 2 about here
 Note first that overall scores were very high, showing that despite the ongoing
 merger of these vowels in NZE, including in their own speech, the participants were
 able to distinguish the two in this perceptual task. The differences in identification
 rates for the two diphthongs and in the two cities are significant, as shown in ANOVA
 for the proportions of correct responses (Diphthong: F[1,23]=5.51, p<0.05; City:
 F[1,23]=5.32, p<0.05); there was no interaction between these factors.
 The most obvious explanation for the better correct response rate in the
 Christchurch data is that there are differences between the two recordings used. The
 speaker for the Christchurch data was older than the speaker used in Wellington, and
 in fact made clearer distinctions between the two diphthongs, as shown in Figure 4. It
 is interesting that the Wellington speaker s SQUARE vowels are in approximately the
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 same area of the figure as the Christchurch speaker s NEAR vowels, and that the
 Wellington speaker has much closer NEAR vowels, though these still within the range
 of the groups of speakers in Figure 3. Note that despite the smaller distinction in the
 vowels for the Wellington speaker, subjects still achieved a high level of correct
 identifications for this speaker.
 Some data that suggest that the Christchurch/Wellington difference is not
 simply due to differences in the recordings comes from a further study with forty 14
 and 15 year olds from two Christchurch schools, schools which have contributed to
 the long-term study of the merger being carried out by Gordon and Maclagan. These
 forty participants completed the exact same identification task, with the same speaker,
 as the participants who provided the Christchurch data reported above. The correct
 scores for these school students were more similar to the Wellington scores than to
 those of the other Christchurch participants, at 90.75% for NEAR tokens and 86.6% for
 SQUARE tokens. Since these scores are for the same speaker as the other Christchurch
 data, the difference in this case cannot be attributed to speaker differences. Two
 further points are relevant here. One is that the NEAR/SQUARE difference in
 identification, though small, is highly robust, showing up in three listener groups for
 two different speakers. The other is that these younger Christchurch participants
 perform worse than the older ones in the identification task, but not by much. It seems
 that the ability to hear the difference between NEAR and SQUARE is going away, but it
 is disappearing at a much slower rate than the merger in production is occurring (as
 evidenced in the data presented by Gordon & Maclagan, 2001).
 Figure 4 about here
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 Possible interpretations for the finding of higher correct scores for NEAR words
 than for SQUARE words, involve speaker effects, lexical effects and non-lexical bias. A
 possible speaker effect is that the speakers who provided the recordings used in the
 identification task are producing close variants of the SQUARE vowel. Yet as
 comparison of Figures 3 and 4 shows, this is not a likely explanation for the
 Christchurch speaker, though it may be a factor for the Wellington speaker.
 A lexical interpretation is that the overall result arises because some of the
 SQUARE stimuli have close articulations, leading to NEAR responses for these items.
 We might therefore predict a significant correlation between the closeness of the
 SQUARE token and the rate of NEAR-for-SQUARE errors for individual items. No such
 significant correlation was found, in Wellington or Christchurch.
 An interpretation in terms of non-lexical bias might reflect the overall
 experience of the participants. Because the merger in NZE is towards a close starting
 point for both diphthongs, this form is more frequent in the participants environment.
 As a consequence, a "fast phonological pre-processor" (Pierrehumbert, 2001) may be
 biased towards the closer diphthong, so that SQUARE tokens may occasionally be
 heard as NEAR.
 Identification and production
 The two sets of data presented above, obtained from the same informants,
 allow us to investigate the relationship between the production and perception of the
 NEAR-SQUARE contrast. Of particular interest is the possibility that listeners may
 interpret acoustic phonetic information in a manner that shows an influence of their
 own production system. The (relatively small but statistically significant) difference
 reported above between Wellington and Christchurch participants in the extent to
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 which they seem able to identify NEAR and SQUARE tokens is tantalising, since it
 appears to mirror the differences in the production data of these two groups. However,
 if there is some kind of causal relationship involved here, it is not clear whether it is
 an influence of the participants production system on their perception, or an
 influence of perception on production. This latter possibility arises because the
 production task was the final task carried out by participants in the experimental
 sessions, and may therefore have been influenced by prior exposure to the materials
 used in the identification task, which as we have seen were more distinct for the
 Christchurch stimuli.
 A more detailed indication of a relationship between production and
 perception comes from an analysis that considers differences between individual
 participants. This analysis looks at correlations between the Hotelling-Lawley trace
 scores (indicating the extent of NEAR-SQUARE separation in production) and correct
 identification scores (for perception). For the two participant groups as a whole there
 is a significant correlation of overall Hotelling-Lawley scores (i.e. including both first
 and second recordings of each item) and overall correct identification scores (taking
 NEAR and SQUARE together), with r=0.427, p<0.05. Interestingly, when the overall
 correlation of Hotelling-Lawley and identification scores is examined separately for
 Wellington and Christchurch participants, only the latter show a significant
 relationship between production and perception (r=0.587, p<0.05). The absence of
 this effect for the Wellington group reflects the relatively small degree to which they
 distinguish NEAR and SQUARE in their productions they would appear to be more
 solidly merged than the Christchurch group, though still able to identify NEAR and
 SQUARE words in the perceptual task at a high level of accuracy. This pattern of data
 across the two groups seems to suggest that listeners sensitivity to differences
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 between phonemic sets remains even after their production data fails to show
 consistent differentiation.
 Lexical access
 Our final set of data relate to lexical access in a community undergoing sound
 change. Specifically, we consider speakers - our young Wellington participants - who
 are themselves no longer consistently able to produce a difference between the
 diphthongs, yet are able to identify the differences with a high level of reliability in
 the speech of others. The data come from an auditory lexical decision task with
 within-list priming (for more details see Rae & Warren, 2002a; Rae & Warren,
 2002b).
 Test probes in the experiment were words associated in meaning to 12 pairs of
 NEAR and SQUARE words, which served as primes for these test probes. For instance
 shout or sit were probes following cheer and chair as primes. Probes were obtained
 from published association norms.4 In addition, the same probes followed an
 unrelated control prime. All prime and probe words, filler items and nonwords were
 recorded by the same speaker as used in the identification task for these participants.
 Our measure of the lexical activation of the primes is their facilitation of semantically
 related probes. This facilitation time (FT) is defined as the difference between the
 lexical decision response time (RT) to a probe word presented immediately after a test
 prime (e.g. shout after either cheer or chair) and the RT to the same test probe after a
 control prime (e.g. shout after bee).
 If a variety reliably distinguishes NEAR and SQUARE, we would predict that
 each member of a NEAR-SQUARE pair would produce strongest facilitation for the
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 appropriate semantically-related word, as in panel (a) of Figure 5. Alternatively,
 given the pattern of the NEAR-SQUARE merger pointed out above, we might predict
 that younger speakers treat words like the cheer-chair pair as homophones merged on
 NEAR and access both words equally (panel (b), which assumes merger on NEAR).
 However, the presence of non-merged forms amongst older speakers means that this
 might not always result in successful recognition recall that the identification task
 showed that our young subjects are able to categorise the SQUARE tokens
 appropriately. Because of this asymmetry in the merger, we predict that when
 listeners hear a NEAR form they retrieve both NEAR and SQUARE words, but that when
 they hear a SQUARE form they access only the SQUARE word, as illustrated in panel
 (c).
 Figure 5 about here
 The statistical analysis of average FTs for each subject in each test condition
 (see Figure 6) confirmed that appropriate probes (e.g. shout after cheer or sit after
 chair) received greater priming than inappropriate probes (sit after cheer or shout
 after chair; F(1,15)=5.85, p <0.03). In addition, there was a significant interaction of
 prime and probe type (F(1,15)=4.90, p<0.05). In planned comparisons, SQUARE
 primes facilitated appropriate probes more than inappropriate probes ([ -{sit}>
 [ ]-{shout}; F(1,30)=6.10, p <0.02), while there was no difference in the
 facilitation of different probes by NEAR primes ([ ]-{shout} [ ]-{sit};
 F(1,30)=0.23).
 4 Three sets of association norms were consulted: the Edinburgh Associative Thesaurus, the Florida
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 Figure 6 about here
 These results show strong support for the predicted asymmetry in recognising
 words containing the NEAR and SQUARE vowels, consistent with the main trends
 shown in the production studies reviewed above, and supporting the hypothetical
 position displayed in panel (c) of Figure 5. In other words, on hearing items with a
 NEAR vowel, our young Wellington subjects access both NEAR and SQUARE words,
 just as the different meanings of bank are both automatically accessed on hearing the
 homophone. Hearing the SQUARE form leads to access of the SQUARE word (and not
 the NEAR word), reflecting the fact that the phonetic [ ] form is still heard in the
 subjects environment.
 A further observation from our results supports this view that NEAR forms are
 homophonous but SQUARE forms are not. This relates to the difference in facilitation
 levels after NEAR and SQUARE. Recent work by Rodd and her colleagues (Rodd,
 Gaskell, & Marslen-Wilson, 2002) has shown that homophones are responded to
 more slowly than unambiguous words in a lexical decision task, reflecting
 competition between two different words with the same form. Analysis of lexical
 decision responses to the NEAR and SQUARE words in our experiment confirms that the
 former are responded to more slowly (894 vs 868 msec, t=2.94, df:15, p<0.02). A
 knock-on effect of this disadvantage for ambiguous words would be that their
 associates are less strongly primed than words associated with unambiguous words.
 The data shown in Figure 6 appear to support this position, with lower levels of
 Free Association Norms (see reference list for URLs) and the Birkbeck Association Norms (Moss & Older, 1996).
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 facilitation for either word following NEAR primes than for the SQUARE word
 following the SQUARE prime. Note though that compared to the control condition
 there is still facilitation of probe words related to both meanings, so that any
 disadvantage is relative to priming by unambiguous words, rather than a claim that
 uncertainty about the lexical identity of NEAR words results in inhibition of lexical
 representations.
 Discussion
 What type of model of variation and word recognition best accounts for this
 set of results from young NZE participants? Recall that the production data show a
 high degree of overlap of NEAR and SQUARE pronunciations, particularly for our
 Wellington participants. Recall also that the results of the identification task show that
 despite this overlap in production, speakers can hear the difference between NEAR and
 SQUARE. Although this overall result appears to indicate something of a disjuncture
 between production and perception, we noted that identification scores are
 nevertheless better for the participants who distinguish the forms more in their own
 production, and that when there is sufficient variation in extent of production to allow
 a correlation (i.e. amongst the Christchurch speakers) then there is a positive
 relationship between production and perception.
 Recall further that our speaker group (the Wellingtonians) that was least able
 to distinguish the vowels in production appears to have almost completely merged the
 diphthongs onto NEAR. Furthermore, on hearing NEAR forms in the lexical decision
 task this group gains access to both NEAR and SQUARE items in the lexicon.
 Nevertheless this group is able to correctly identify SQUARE on hearing the SQUARE
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 form, and to access SQUARE forms (and only SQUARE forms) on hearing SQUARE in the
 lexical decision task.
 The nature of variation for these young Wellington speakers is such that they
 exhibit little variation in production (i.e. they appear to have undergone a merger of
 approximation on NEAR); clearly they hear more variation from others in their
 environment (e.g. from older speakers, but even the similar aged Christchurch
 speakers here show more variation than the Wellingtonians), and they hear tokens
 from speakers who maintain a clear distinction between NEAR and SQUARE (cf. the
 older speakers in the studies by Gordon and Maclagan and by Holmes and Bell
 referred to earlier in this chapter). This experience of different patterns of distribution
 of diphthong forms surely contributes to the pattern of production, identification and
 lexical access data outlined in this chapter.
 But how do they do this, and how might models of the mental lexicon and of
 word recognition account for this set of results? Under FUL we might imagine that
 the NEAR vowel is underspecified for some relevant vowel height feature and that
 hearing a NEAR token in the lexical decision task would therefore not lead to conflict
 with SQUARE on this parameter. But it is not entirely clear how this account would
 explain the good performance in the identification task. It is also not clear how FUL
 can cope with lexical diffusion of the NEAR-SQUARE merger. If the nature of the
 preceding consonant is influential in the initial diffusion of the change, then it is clear
 that a phonological inferencing account may be able to cope with diffusion (the
 inference being that a preceding coronal is a causal factor in a closer articulation of
 the first element of the SQUARE diphthong), but once the change has spread
 throughout the system (i.e. beyond the coronal context) it is not clear what role
 processes of phonological inferencing would have to play. If we abandon the single-
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 entry assumption and posit additional lexical entries, then we might argue that the
 lexical representation with a NEAR vowel has NEAR in its form-based representation
 while SQUARE words have recognition elements with both SQUARE and NEAR vowels.
 This would plausibly cope with our production result (NEAR realised with the NEAR
 vowel; SQUARE more variable) and with the result of the priming task (NEAR tokens
 are ambiguous and map onto NEAR or SQUARE, while SQUARE tokens map only onto
 underlying SQUARE forms), but it would presumably predict that in the identification
 task there would be a lot of errors resulting from exposure to NEAR forms.
 It seems to us that each of these accounts fails importantly to account fully for
 the participants experiences with NEAR and SQUARE forms. Since the merger is
 ongoing within the community at large, it is inevitable that our participants will have
 encountered both merged and non-merged systems, and that this experience,
 particularly of the asymmetry of the merger, will influence their interpretation of the
 inputs that they hear. Crucially, though, part of this experience involves developing
 knowledge (explicit or implicit) of the kinds of speakers who do or do not have a
 merged system. As a consequence of their experiences, our participants have
 developed something of a hybrid system, where their own merged production system
 exists alongside a perceptual system that is sensitive to characteristics of the speaker.
 We have already noted that an experience-based account such as this may be
 involved in the slightly higher level of errors for SQUARE tokens in the identification
 task we suggested that greater exposure to NEAR forms may result in a greater
 likelihood that a rapid phonological pre-processor will select NEAR as a response to an
 item in the NEAR/SQUARE region. On the whole, though, our participants are accurate
 in their identification of the NEAR and SQUARE tokens, even for the less distinct
 productions of the Wellington speaker. It would appear that overall, the participants
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 are able to posit a non-merged system for the speaker on top of their own merged
 system. The difference between the identification and lexical decision tasks is that in
 the former participants are able to make a cautious evaluation of the input against the
 posited non-merged system. In the latter, the more automatic processes of lexical
 access mean that the input is interpreted asymmetrically
 NEAR tokens activate both
 NEAR and SQUARE representations, reflecting the merged system of the speaker, while
 SQUARE tokens give selective access to SQUARE representations.
 Our further research will explore the possibility that older subjects, who
 feature both vowels more consistently in their productions, do not show the same
 asymmetry of priming in the lexical decision experiment. In addition, we wish to test
 whether more explicit age information about the speaker will affect the interpretation
 of NEAR and SQUARE forms by subjects. In other words, will subjects who are given
 different age information about the speaker adjust their interpretation of the same
 phonetic forms in a way that reflects the age-related differences in the extent of the
 merger?
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 30
 Variant # of deviating segments
 (compared with citation form,
 including deleted segments)
 # of deleted
 segments (compared with
 citation form)
 0 0
 1 0
 2 0
 2 1
 3 1
 4 2
 4 3
 4 3
 Table 1 Variants of until reported by Johnson (2003) from the Buckeye corpus of American English
 conversational speech.
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 Christchurch
 Wellington
 NEAR 97.5 88.0
 SQUARE 90.4 84.2
 Table 2 Correct identification scores for NEAR and SQUARE diphthongs
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 Figure 1. Median starting points for SQUARE diphthongs, by age group and place of articulation of preceding consonant. From Warren s (2004) analysis of auditory data from Holmes & Bell (1992).
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 Figure 2. Mean Hotelling-Lawley trace scores, showing level of discrimination in production between NEAR and
 SQUARE vowels.
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 Wellington NEARWellington SQUAREChristchurch NEARChristchurch SQUARE
 Figure 3. Ellipse plots in F1-F2 space of NEAR and SQUARE vowels produced by Wellington and Christchurch
 speakers reading the minimal pair lists.
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 Figure 4. Ellipse plots in F1-F2 space of NEAR and SQUARE vowels used in the Wellington and Christchurch
 identification task. NEAR vowels are in the upper ellipse in each case.
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 (b)
 [ ] {cheer} {shout}
 {chair} {sit}
 (a)
 [ ] {cheer} {shout}
 [ ] {chair} {sit}
 (c)
 [ ] {cheer} {shout}
 [ ] {chair} {sit}
 Figure 5
 hypothetical mappings from phonetic input onto lexical form for different states of merger of NEAR and SQUARE (see text for details).
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 Figure 6. Average facilitation times (in milliseconds, relative to the control condition) for appropriate and
 inappropriate probes following NEAR and SQUARE primes (eg., from left to right in the figure, cheer-shout;
 cheer-sit; chair-sit; chair-shout).
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