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SUMMARY

Variation within Phonetics and Phonology

John Camillus Wogan

This thesis investigates variation from phonetic and phonological perspectives in a bid 

to better understand the relationship between phonetics and phonology. Issues 

pertaining to variation within phonetics and phonology are highlighted through an 

empirical focus: Three experiments are presented in Chapter 2 that have implications 

for the issues at the phonetics-phonology interface. The first two experiments focus 

on the “slit-t” allophone o f /t/ in Hiberno-English. Together these experiments suggest 

that it is necessary to include both articulatory and  acoustic descriptions within 

phonological specification at the level o f the interface. The third experiment focuses 

on assimilation o f  three lingual stops o f Hiberno-English where they abut across a 

word boundary. This experiment demonstrates the abundance o f phonetic variation 

that must be provided by specifications at the level o f the phonetics-phonology 

interface.

This thesis presents an interpretation o f the phonetics-phonology interface whereby 

phonetic and phonological views o f  language data are but perspectives. This model of 

the interface is called “Phonetology” being neither, and both, phonetics and 

phono/ogy. The fiindamental claim within this model is that structured behaviour 

exists throughout phonetic realisation beyond the strictly contrastive. In formulating 

the present model, a key aim is to provide a mechanism for capturing both contrastive 

and structured non-contrastive behaviour within a single framework. This approach is 

intended to facilitate a unification o f the two fields o f phonetics and phonology, 

whose typical separation has tended to yield a fragmentary view o f the speech 

communication processes. Particular importance is placed on speaker-specific 

strategies in the realisation o f contrasts, since these strategies exhibit structured 

behaviour.

Part o f the Phonetology model consists o f a novel system o f phonological 

specification that eschews a strict phonetics-phonology distinction. Consequently, 

Phonetology provides a methodology for interfacing theoretical output from 

phonological models with quantitative experimental data. The empirical data



presented in Chapter 2 is then re-considered using phonetological principles. 

‘Phonetological’ interpretations o f the voice-voiceless contrast as well as secondary 

articulations are addressed.



A C K N O W LED G EM EN TS

A thesis is never truly the work o f one!

I would like to thank my supervisor, Dr. Ailbhe Ni Chasaide, for her guidance and 

assistance in the preparation o f  this thesis.

My gratitude is extended to my workmates and colleagues in the Phonetics Lab and 

CLCS, past and present. I would also like to express my gratitude to the CSLL and 

MPhil students that I have taught over the past several years since it is through 

teaching that we leam  and through learning that we can teach. I thank my informants 

and the time they gave for the recordings, not knowing that their efforts would have 

profound effects on Phonetology.

A deluxe word o f praise is accorded to E., W. & M. and the other lads whose subtle 

and unending support was an inspiration (constantly!).

Indulgent Aside to Self: 

There is Phonetics in Phonology and Phonology in Phonetics!

IV



FOREWORD

.sometimes the Universe requires a change in perspective.”
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CHAPTER 1

INTRODUCTION 

1.1 Variation from Phonetic and Phonological Perspectives

It is a truism to state that variation is ubiquitous in speech. Variation occurs naturally in 

speech, is manifest across all linguistic levels and exhibits both within-speaker and 

cross-speaker differences. The genesis o f this study is provided by questions 

surrounding how variation is to be dealt with within a phonological framework. Some 

variation, often termed phonetic variation, is asserted to be almost irrelevant since it is 

typically speaker-specific and (largely) unpredictable in context. Some o f this kind o f 

variation possesses little or no relevance to phonology: for instance, variation due to 

extra-linguistic factors such as disturbance o f the vocal tract (e.g. cough, hiccough etc.) 

resulting in an articulation either failing to meet its usual target or being an out-layer 

beyond its typical range o f realisations.

Another type o f phonetic variation can be found both inter-speaker and intra-speaker. 

This kind o f  variation will be termed ‘structured variation’ in this thesis. At the level of 

the phonetics-phonology interface, it is argued hereafter that phonological specification 

needs to incorporate this kind o f variation. Structured (often non-contrastive) material 

includes not only allophonic variants, but also detail in realisation that may provide a 

source for language change. An example o f the structured phonetic variation that needs 

specification comes from the development o f contrastive secondary articulations in Irish. 

Russell (1995: 35) recounts:

It involved the developm ent o f  a series o f  palatal consonants beside the pre-existing non

palatal series. [ . . . ]  It began as an assim ilatory process: a fo llow ing  front vow el, /i/ or /e /, is 

anticipated in the articulation o f  a consonant by raising the tip o f  the tongue closer to the hard 

palate than it w ould be in the articulation o f  a non-palatal consonant. To begin with, the 

alternation o f  non-palatal and palatal consonants was at the phonetic level, and sim ply  

allophonic; the realisation was determined by the fo llow ing vow el. But when the vow els  

were either lost or obscured the distinction becam e phonem ic.

The once non-contrastive variation became the source o f a phonemic distinction. If we 

include structured non-contrastive specifications at the interface between phonetics and 

phonology, we can provide for a range o f variation that is not typically catered for.

1



Rather than specifying explicit allophonic detail, inclusion o f structured phonetic detail 

would effectively leave scope for the exploitation o f the phonetic detail to become the 

seeds o f (potential) language change.' As we see in Chapter 4, the description of 

structured variation attends also to the various strategies adopted by speakers to realise 

contrasts which can differ from speaker to speaker and dialect to dialect.

Yet, phonetic variation is not the only kind o f variation present in speech. There is ample 

evidence that numerous factors, including phonological context, properties o f words and 

word combinations, play a role in the appearance o f variation. The role o f variation, 

whilst not disregarded, has not been a major concern within phonology. Milroy & 

Milroy (1998: 48) point out that;

Variation within a language or dialect and variation across languages have not been central 

concerns in the dom inant linguistic theories o f  this century -  Saussurean Theory, American  

and Prague School Structuralism and Chomskyan Theory. One consequence o f  this [ . . . ]  is 

that linguistic theorising has been largely based on standardised forms o f  languages, rather 

than the more variable form s o f  naturalistic speech.

The clear implication from M ilroy & Milroy is that variation needs to be better 

incorporated into phonological theories. While the model o f the phonetics-phonology 

interface in Chapter 4 is not presented as a phonological theory, this thesis is intended to 

bolster M ilroy & M ilroy’s contention. This thesis asserts that dialect-related variation 

may, at least partially, be accounted for by different choices in speaker-specific 

realisation strategies. For instance, one dialect may choose a one and only one particular 

strategy while another may choose a range o f strategies to implement the same contrast.

The model o f the phonetics-phonology interface offered hereafter is developed by 

combining the insight from structured non-contrastive phonetic detail with speaker- 

specific strategies. It is hoped that the endeavour can be a contribution towards the 

development o f a restricted set o f parameters from which the actual variation can be 

derived or predicted.

' Whether and how such ‘seeds’ provoke language change is beyond the scope o f this 

thesis.
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1.2 The Phonetics-Phonology Interface

The relationship between phonetics and phonology has attracted considerable attention. 

Phonology often works in discrete units whereas phonetics operates most often with 

continuous units. Relating the two levels is not trivial and the problem has lead to 

various solutions.

Many attempts have been made to develop methodologies and algorithms to relate the 

two levels as they stand, mapping the (largely) invariant to the variant. For example, 

Pierrehumbert & Beckman (1988) advance a procedure to derive an intonation contour 

from a series o f  High, Low and High-to-Low pitch targets. The steps they propose 

include: allocation o f pitch value, linear interpolation between these values, the addition 

o f declination, the smoothing o f the resultant contour values and the addition o f jitter 

(cycle to cycle variation^ in fundamental frequency) and adjustment for voiceless 

segments. Speech synthesis has often benefited from this kind o f work. Phonological 

representation o f  various kinds have been used to drive speech synthesisers including 

segmental and non-segmental approaches, e.g. Carson-Bemdsen (1999), Coleman 

(1992), Taylor & Black (1999) and Ogden et al (2000).

Other researchers attempt to reduce the mismatches that present themselves at the level 

o f the interface. Articulatory Phonology (Browman & Goldstein 1986, 1989, 1992) 

abandons traditional phonetic and phonological representations, asserting the gesture as 

its (phonological) prime unit. When co-ordinated on the “gestural score”, the overlap 

and intermingling o f the gestures is visible and can be directly interpreted in the 

phonetic domain.

Some researchers abandon the attempt at developing an interface altogether. For 

example, Ladefoged (1980: 485) asserts that, since there is no one-to-one mapping 

between phonological and phonetic features, “there is no necessity for most 

phonological features to be part o f mental representations.”

2 This kind o f variation does not fall within the rubric o f “structured phonetic” variation. 

While also present in speech, it is explicitly included to improve the perceived 

naturalness o f synthetic speech. Nonetheless, the phonetics-phonology interface also 

needs to incorporate this level o f phonetic detail.

3



The model o f the phonetics-phonology interface proposed in this thesis can be viewed as 

a combination o f  all these approaches. The intent is to develop a set o f principles to map 

phonology to phonetics using a new conception o f phonological features. These features 

partially achieve a better match between phonetics and phonology. Furthermore, the use 

o f these features in some ways eschews the distinction between phonetics and 

phonology. The abandonment o f phonetics-phonology discrimination is often a necessity 

at the level o f the interface since phonetic and phonological perspectives on language 

data can be simultaneously present.

1.3 Overview

The difficulties that variation entails for phonetics/phonology are not solely those 

described above. In a bid to highlight the more o f the practical problems that variation 

poses for phonetics and phonology, Chapter 2 presents three experiments. Both the 

specific findings o f  these experiments as well as the implications for the phonetics- 

phonology interface will remain a focus throughout the thesis. In Chapter 3, we will 

investigate various phonological treatments o f variation and how these approaches 

would characterise the empirical data from Chapter 2. Phonetology, a model o f the 

phonetics-phonology interface is offered in Chapter 4. In particular, a novel conception 

o f phonological features^ is proposed; features that are definable either in articulatory or 

acoustic terms. These features are supplemented with principles that acknowledge how 

the features themselves can be implemented (i.e. either in the acoustic or articulatory 

domain) and the strategies that users may invoke to realise them. In Chapter 5, we 

explore how these ‘phonetological’ principles can be used to interpret the data from 

Chapter 2. In addition, Chapter 5 considers how a phonetological perspective can be 

applied to the specification o f secondary articulations, which constitute difficulties for 

both phonetic and phonological specification. Also, a phonetological treatment o f the 

voiced-voiceless contrast is presented. Finally, Chapter 6 addresses the future work 

needed to fiirther elaborate the proposed model o f the phonetics-phonology interface 

into a phonological theory.

 ̂ Or, rather, ‘phonetological’ features.
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CHAPTER 2

ON VARIATION IN DATA 

2.1 Introduction

This chapter presents some empirical data which highlight forms o f variation that can 

arise. The findings presented here will be borne in mind as we consider phonological 

approaches to variation in the next chapter, and particularly for the model o f interface' 

presented in Chapter 4. The first two experiments examine the slit-t fricative o f Hiberno- 

English. The first experiment investigates inter-speaker variation in the articulatory 

production o f  the slit-t. The second experiment considers dialectal variation in the 

acoustic realisation o f the slit-t. The third experiment explores coarticulatory effects in 

lingual stops within two dialects o f  Hiberno-English. It should be noted that there is no a 

priori assumption that the choice o f dialects for these experiments should elicit 

noteworthy differences. Informants were chosen from dialects that were geographically 

spread. As such, the differences elicited represent the kind o f inter-speaker variation that 

must be brought into account. Furthermore, no assumption is made that individual 

speaker patterns are shared by other within-dialect speakers. The phonetic description of 

‘dialect’ presented hereafter is intended only as a point o f departure. Beyond phonetic 

description, commentary shall include reference to the kinds o f  variation found in the 

data as well as illustration o f structured phonetic variation alluded to above. Before 

tackling the experimental data, we will consider the relevance o f  the experiments to the 

phonetics-phonology interface.

2.2 Fricatives at the Phonetics-Phonology Interface

Fricatives present a difficulty for phonological specification as not only do their 

articulations entail a high degree o f precision, but also their acoustic correlates need 

equally precise definition. Even if  we were to disregard variation in the description of 

fricatives, Shadle (1990: 187) notes the problematic nature o f  fricatives:

' Hereafter, “interface” shall be used to denote the “phonetics-phonology interface.”
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Finer classifications have been suggested, dividing fricatives in sibilants and non-sibilants, or 

stridents and non-stridents. The lack o f  agreement regarding w hich  feature is more useful, or 

indeed w hich fricatives ought to be in which group, reflects our poor understanding o f  the 

acoustic m echanism  o f  fricatives.

At the level of the interface, a specification in terms of articulatory features is most 

likely. Yet, interpretation of such features in terms of acoustic correlates remains a non

trivial endeavour. De Jesus (2001: 1) confirms succinctly that:

The production o f  fricatives is not yet fully understood because the m echanism  is particularly 

com plex.

Traditional definitions of the fricative similar to the one found in Olive, Greenwood & 

Coleman (1993: 92) that “fricatives are produced when the vocal tract constricts enough 

to cause turbulence but not to completely stop airflow” hide many of the detailed aspects 

of the articulation visible at the interface. For instance, the complexity of articulatory 

and aerodynamic settings that are required to sustain frication is noted in Stevens’ 

(1998: 379) remark that “some adjustment of the glottal opening is made to maximise 

the amplitude of the turbulence noise that is generated near the supraglottal 

constriction.” Such strategies can give rise to variation witnessed in speech.

It has been pointed out in many works such as Shadle (1991), Johnson (1997), Pickett 

(1999), Hayward (2000) or Borden, Harris & Raphael (2003) that fricatives may be 

produced in two ways: either the turbulence is channel turbulence (caused by the 

proximity of articulators, as in the definition above) or obstacle turbulence where the 

airflow is being channelled to strike an object such as the alveolar ridge or the teeth. 

These differences partially -  though not entirely -  give rise to [±sibilant] and [±strident] 

contrasts. Part of obstacle fricative articulation can be a groove to channel airflow. 

Ladefoged & Maddieson (1996: 146) describe “the articulatory constriction forming the 

jet of air [as consisting] of a groove, 5-10 mm long, running in the posterior-anterior 

direction.” Grooving may well be a property that needs to be specified at the interface.

Scholars have applied a wide variety of techniques to attempt a description of fricatives 

and, moreover, have discovered many possible measures, both acoustic and articulatory. 

Pandeli’s (1993) EPG data permitted her to measure Fricative Channel Width and 

Constriction Length. Fricative Channel Width is a popular measure for all varieties of 

palatography as Ladefoged (1957), Fletcher (1989) and Engstrand (1989) suggest, but is
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not restricted to palatography as Petursson (1971) shows. The results from Pandeli 

(1993: 101) on this matter assert:

It is clear from my findings that channel width plays an important part in distinguishing  

contrasting fricatives produced by the English, Irish English, Irish, Korean and Sw edish  

speakers in this study. For all o f  these speakers statistical tests revealed a significant 

difference in channel width betw een at least one pair o f  fricatives w hich were compared.

The actual average widths showed variation between speakers, though her results were 

consistent with previous findings such as [s] being narrower than [J]. Pandeli (1993) also 

found only a limited degree o f within-speaker variation, which could be due to the 

precision required for the articulation. A similar pattern arises for fricative constriction 

length where Pandeli (1993: 45-6) says “there is a certain amount o f variation [...] 

though variation is less marked [for fricatives] than for many o f the other consonants in 

the study.” It would seem that some phonetic variation is not entirely random, but is 

partially predictable.

Turning to the acoustic side o f fricatives, many studies have attempted to define spectral 

attributes. Strevens (1960) informs us that fricatives may be defined by the upper and 

lower limits o f energy present. Manrique & Massoe (1981) locate and measure the 

strongest spectral peaks for [s, f, J', x]. Meanwhile, the findings o f the study by Jongman, 

Wayland & W ong (2000) show the strongest frequency peak decreases as the place of 

articulation becomes more retracted. Despite a lack o f a full understanding o f the 

fricative production mechanism, we have managed to catalogue a series o f ranges where 

energy is present for fricatives.

Fricatives still pose problems for phonetic and phonological approaches, despite 

amelioration in our understanding o f their production. While Pandeli (1993) suggests 

that fricatives exhibit least variation, the two following experiments demonstrate more 

than trivial amounts o f variation.

2.3 Experiment 1: Production of the Slit-t Fricative

2.3.1 Introduction to Electropalatography

Since electropalatography is the instrumental technique chosen for the majority o f the 

dataset in this thesis, a brief introduction to the technique is offered here. The technique
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of electropalatography (EPG) stems from palatography which, itself, has a long 

provenance dating back to the 19'’’ century (see Coles, 1872; Rousselot, 1891, 1897- 

1901). EPG allows measurement o f linguopalatal contact through means o f an artificial 

palate. The EPG pseudo-palate is embedded with electrodes which, when contact is 

registered, send signals back to a processing unit. EPG is used for both research 

(Hardcastle, 1972; Gibbon & Nicolaidis, 1999) and for speech therapy (Morgan Barry, 

1989).

There are many EPG systems available. The implementation used for this thesis is the 

Reading EPG palate (Hardcastle et al, 1989) which measures tongue-palate contact at a 

recording rate o f 200 Hz. The palate consists o f a thin acrylic palate embedded with 62 

electrodes and spans the dental region to the posterior edge o f  the hard palate. Figure 2.1 

shows a top-down and side view o f a Reading palate. The electrodes are arranged in 

eight rows, with six electrodes in the first (uppermost row in top-down view) and eight 

electrodes in the other seven rows. The first four rows are more tightly spaced together 

and the last four more widely apart as more distinctions can be made toward the anterior 

part o f the palate.

Figure 2.1: A top-down (left) and side view (right) o f a Reading EPG palate.

The positioning on the rows o f electrodes differ from palate to palate since placements 

are based on the morphology o f the subject’s mouth. As such, it is necessary to consider 

the anatomical placement o f the rows when interpreting EPG data. Figure 2.2 shows a 

Reading palate being worn by an informant.

0 cm 1 2 3 4
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Figure 2.2: An EPG palate in position.

In general, the first row is at the junction o f the teeth and the alveolar ridge while the last 

(eighth) row is near the junction o f the hard and soft palates. However, for the speaker in 

Figure 2.2, it appears that Row 1 is fully in the alveolar area and Row 8 is on the hard 

palate, just prior to the junction o f the hard palate and the velum. Thus, Row 8 could 

strictly speaking be regarded as palatal. Nonetheless, contact on the velum can be 

inferred by contact on Row 8. We will, therefore, classify Row 8 as post-palatal. 

Concerning Row 1, for this speaker, these electrodes are clearly on the alveolar ridge. 

Were Row 1 at the junction o f the teeth and alveolar ridge, the row could be considered 

to represent dental contact.

Figure 2.2 also illustrates a potentially problematic issue for data interpretation. For 

instance, a velar stop could be formed on the velum and behind Row 8. Only some time 

later may contact spread forward to activate electrodes on Row 8. Consequently, velar 

closure as determined by EPG, may represent a timepoint later that true closure. A 

similar argument pertains to dental stops, which are examined in the dataset below. 

Additionally, release o f a velar (or dental) stop as ascertained by EPG alone, may 

represent a timepoint (and an articulatory configuration) earlier than true release.

To combat this problem, and to provide a better insight into the articulatory 

configurations involved, oral airflow was simultaneous recorded with EPG data. A 

pneumotachographic (Anthony, 1982; 26-32) method was used to record airflow. The 

informants wore an adapted surgical mask to partition oral and nasal airflow. Rate of 

airflow is determined by Gaeltec pressure transducers on flowheads attached to the 

mask. Closure is determined where airflow drops to zero. A sudden rise from zero 

airflow indicates the Release o f  a plosive.



There are many methods for presenting EPG data (c f  Fitzpatrick 2000). Since individual 

utterances will be considered rather than averages o f  contact patterns, a simple 

representation o f  EPG contact was chosen. As shown in Figure 2.3, where no contact is 

registered a dot (■) is used and where there is contact a bullet ( • )  is used.

•  •
•  • •  •  •

•  •

Figure 2.3: Representations o f [t], [s] and [k].

2.3.2 Introduction to the Slit-t

The slit-t is a voiceless fricative allophone o f Hiberno-English /t/. Hickey (1999: 271) 

describes the slit-t phenomenon as “the clearest phonetic feature o f  Southern Irish 

English.” Similar thoughts are to be found in Gramley & Patzold (1992: 325) who note 

that the slit-t “is regarded as particularly conspicuous o f Irish English.” Comparatively 

few descriptions -  in particular instrumental descriptions -  are available for this sound. 

Pandeli, Eska, Ball and Rahilly (1997)’s discussion o f the slit-t fricative notes a plethora 

o f phonetic symbols have been used for transcription o f the slit-t including [f], [s], [5] 

[f]> [s], [s'], [ t ] ,  [^], [t], [t], [t], [t®], [0] and [§]. The myriad symbols that have been 

proposed to describe this phenomenon reflect the difficulty in specifying this fricative. 

We shall transcribe the slit-t as [t]^.

This allophone o f /t/ occurs word-finally and intervocalically. The ‘slit’ nature o f this 

fricative stems from the assumption that it is formed without the grooving typically 

associated with other alveolar fricatives. This interpretation is implicit in the description 

given by Hickey (1984: 234) as the;

2 No assumption regarding the actual articulation involved should be inferred by the 

choice o f this symbol. The [t] symbol was chosen to reflect the phonemic affiliation o f 

this alveolar fricative.
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Bringing [of] the apex o f  the tongue close to the alveolar ridge as i f  for the articulation o f  /t/ 

but stopping just before contact.

There is a dearth o f instrumental accounts o f the slit-t. Pandeli’s (1993) 

electropalatographic investigation o f consonant articulations includes some Hiberno- 

English data. Some articulatory characteristics o f the slit-t are illustrated in Pandeli, 

Eska, Ball & Rahilly (1997). Figure 2.4 presents typical contact patterns for [t], [s] and

m-

•  • •  •
■ •  

•  •

Figure 2.4: A Slit-t, a [s] and a [f] from Pandeli, Eska, Ball & Rahilly (1997).

The description o f the slit-t that Pandeli, Eska, Ball & Rahilly (1997: 68) provide for [t] 

is “an apical alveolar fricative formed with a broad central channel.” The Anterior 

Contact Pattern (an analysis parameter from Pandeli, 1993^) shows a flat pattern for the 

slit-t and a two-sided pattern for [s] which she asserts corresponds to an apical 

articulation for the slit-t and a laminal articulation for [s]. The Fricative Channel Width 

was as wide for the slit-t as for [J] at 10.2 mm whereas [s] was only 6.0 mm.

Pandeli, Eska, Ball & Rahilly (1997) admit that their descriptions are based on a single 

speaker, one from Dublin. Nagle (1995) is an assimilation study o f Hiberno-English and 

notes the presence o f a slit-t allophone o f /t/. Figure 2.5 presents data from Nagle (1995) 

for a Galway speaker.

3 Pandeli (1993: 7) used EPG to “allow an account to be given o f all the ways in which 

consonants differ systematically from one another, whether or not these differences form 

the basis o f phonological oppositions.” Among the parameters that Pandeli (1993) 

proposes is Anterior Contact Pattern which describes the shape o f  the contact pattern in 

front o f the major constriction.
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Figure 2.5: A typical Slit-t (left) and a [t] (right) from Nagle (1995).

The slit-t in Figure 2.5 shows a two-sided anterior contact pattern and is, consequently, a 

laminal articulation. The corresponding stop, having a flat pattern, is likely to be 

(according to Pandeli’s classifications) an apical articulation. The differing descriptions 

of the slit-t found in Nagle (1995) and Pandeli, Eska, Ball & Rahilly (1997) suggest that 

there may be greater deal of variation in the production of the slit-t than has been 

recognised.

2.3.3 Methods and Materials

Electropalatographic data was recorded from a speaker of Dublin English (a different 

speaker from the Pandeli study). Ten repetitions of [s], [XI and [t] were recorded in word 

final position preceded by [a] using real words, bass, bash, bat which were read in the

carrier phrase “ was the word.” Pandeli’s (1993) ‘target frame’ analysis procedure

was adopted. For every fricative token, the EPG frame exhibiting the most constriction, 

generally around the midpoint of the fricative, were examined.

Note that rows 1, 2 and 3, for this speaker, are on the alveolar ridge with row 3 being 

almost postalveolar.

To provide an indication of variability observed, tables illustrating the distribution of 

variation are presented. The variability found will be used to gauge the articulatory 

target of the segment under investigation. The tables present contact by EPG row across 

the ten repetitions. Unless otherwise stated, these tables present contact at the timepoint 

of Closure. For example, Table 2.1 presents a distribution of variation for the slit-t, [s] 

and [f]. For the slit-t, contact (at Closure) occurred on Row 1 in 10% of the data (one 

repetition), on Row 2 in 70% of the data, and on Row 3 for 20% of the data. Where 

contact is made over more than a single row, the centremost row was chosen as the 

target. Where contact is spread across two rows, the row with most contact was chosen.
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2.3.4 Results

Figure 2.6 presents the target frame o f typical realisations o f  [s], [J] and [t] by the 

informant.

•  • •  •  •

Figure 2.6; Typical Realisations o f Slit-t, [s] and [J] for our Dublin speaker.

The slit-t and [s] appear most similar. The constriction for the slit-t is greater than [s], 

which is in accord with Pandeli’s (1993) findings. However, both alveolar fricatives 

appear to be laminal. Moreover, Figure 2.3 does not reflect the genuine variation: the [s] 

can be produced anywhere between row 1 and 3; the slit-t is produced generally on row 

2, though occasionally on row 1 and 3; while the [[] is generally restricted to the third 

row. Table 2.1 shows a distribution o f place o f articulation for [t], [s] and [J], with 

inferred targets shown in bold.

EPG Place o f Articulation [t] [s] m
Row 1 Alveolar 10% 40% 0%
Row 2 Mid alveolar 70% 40% 10%
Row' 3 Alveolar-to-postalveolar 20% 20% 80%
Row 4 Postalveolar-to-prepalatal 0% 0% 10%

Table 2.1: Distribution o f productions o f Slit-t, [s] and [J] by EPG Row.

The Dublin informant, a trained phonetician, reports two production strategies in order 

to articulate the slit-t; one entails a laminal articulation, similar to his production o f [s], 

with the tip slightly lowered; the second strategy involves an apical articulation. 

Notwithstanding intuition, the situation is more complicated than his description -  the 

informant produces both laminal and apical articulations o f both the slit-t and [s], which 

is shown in Figure 2.7.
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(a)

(b)

•  •

•  •  •

Figure 2.7; Slit-t and [s] (respectively) using (a) the tongue tip and (b) the tongue blade.

One finding that is obvious from Figure 2.7, as well as across the entire dataset, is that 

the place o f articulation for the slit-t is much more constrained: it must be mid-alveolar, 

whereas [s] can be anywhere within the alveolar area. H ickey’s (1984: 234) description 

o f  the slit-t as a “/t/ but stopping just before contact” may provide a partial explanation 

o f  the reduced variation o f [t]. If  the target o f the slit-t does indeed have the target o f the 

plosive allophone o f 1 x 1  as a referent, the variability o f [t] closure should resemble the 

constrained variation o f [t]. Table 2.2 shows the variation in place o f  articulation for the 

slit-t, word-initial [t] and plosive allophones o f post-vocalic word-final /t/.

EPG Place o f Articulation [t] [t] Stopped [1]“*
Word-Initial Word-Final

Row 1 Alveolar 10% 50% 57%
Row 2 Mid alveolar 70% 40% 29%
Row 3 Alveolar-to-postalveolar 20% 10% 14%

Table 2.2; Distribution o f Slit-t, word-final and word-initial [t] by EPG Row.

As the occurrence o f stopped word-final [t] is typically o f  the order o f 15% for this 

speaker, this distribution is based on the seven repetitions found in a larger set o f data 

than described above. They are taken from identical vocalic and prosodic environments.
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Table 2.2 demonstrates the non-arbitrary, structured nature o f variation. The variability 

in realisation o f [t], whether it be word-initial or word-final, suggests a front alveolar 

target for [t]. The reduced variability o f the slit-t suggests that a more posterior, though 

still alveolar, target is intended for this sound. The difference in variability across these 

articulations suggests that the slit-t and [t] are not instances o f the same articulatory 

action.

This data provides additional evidence o f structured phonetic detail. On initial 

inspection, [t] in this dataset can vary between being apical or laminal. Figure 2.8 

illustrates variation in our Dublin informant’s productions o f [t].

Figure 2.8: Examples o f apical and laminal realisations o f [t].

Yet, this variation is not unpredictable. While word-final [t], when produced as a stop, is 

apical, word-initial [t] is most often laminal (i.e. 80% o f word-initial tokens). 

Consequently, this surface variation o f [t] is not entirely arbitrary in its patterning. This 

structured phonetic variation o f [t] exhibits sensitivity to the presence o f a word 

boundary. Consequently, what appears to be at first glance phonetic variation is a 

mixture o f the realisation o f multiple phonological attributes: a /t/ realisation 

simultaneous with realisation o f word boundaries.

2.3.5 Discussion

The findings here confirm both the alveolar and fricative natures o f the slit-t. As such, 

this alveolar fricative is in contrast with [s] which, itself, demonstrates considerably 

more variability than [t]. The [s] appears to have an articulatory target in the mid-to- 

front portions o f the alveolar area while [t] exhibits a more constrained mid-to-back 

alveolar target. The data is not fully in accord with Pandeli’s (1993) findings, since, at 

least for this speaker, the slit-t is not necessarily or exclusively an apical articulation. 

Rather, it optionally apical or laminal. The slit-t gesture is not simply a [t] articulation
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that fails to achieve closure. Clearly, the variability in realisation o f the slit-t suggests 

that it is formed with a gesture different from [t] and more akin to [s], though more 

retracted. The apparent precision o f place o f articulation for [t], despite the apical and 

laminal articulatory strategies, suggests that the slit-t gesture is targeting a particular 

acoustic target. The next experiment examines this aspect o f slit-t production.

2.4 Experiment 2: Slit-t Acoustics 

2.4.1 Introduction

There are very few studies focussing on the acoustics o f the slit-t. While Pandeli, Eska, 

Ball & Rahilly (1997) include a spectrogram of [met], it is used more to define the 

durational characteristics o f the fricative. The durations o f [s], [f] and [t] are largely 

similar with [s] averaging at 290 ms, [f] at 259 ms and [t] at 239 ms. Their spectrogram 

o f [met] shows fricative energy from 3,508 Hz to at least 10,156 Hz. Jones & Llamas 

(2003) compare a preaspirated, fricated /t/ o f Middlesborough English with the slit-t. 

Their findings on the slit-t suggest that the (averaged) frequency o f the spectral peak for 

[t] is 3720 Hz compared to 7465 Hz for [s] and 3552 Hz [)']. Following Jongman, 

Wayland & W ong’s (2000) argumentation, this suggests that the slit-t is articulated 

further back than [s] but forward o f [f]. This interpretation is consistent with the results 

in Experiment 1 above.

2.4.2 Methods and Materials

The data is based on recordings o f three informants (two male, one female) from 

different dialects o f Hiberno-English (Cork, Dublin^ and Mayo). The recordings were 

made using a Pearl CC 30 microphone and a Sony DAT recorder. The data was digitised 

using the Kay Multispeech 3700 system with a sampling rate o f  44,100 Hz.

Ten repetitions o f [s], [J] and [t] were recorded in word final position preceded by [a], 

[i], and [u] using real words, e.g. bat, beat, boot. The data was produced in the carrier 

phrase “ was the w ord” and was presented to the informants in random order.

5 This is the same informant as in Experiment 1.
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For the acoustic analysis, long-term averaged power spectra o f  the centre seventy-five 

milliseconds were calculated, using a Hamming window. The data in Figures 2.9, 2.10 

and 2.11 is presented as the spectra o f the individual repetitions (in grey), the spectrum 

of room noise (in dashed lines) and the mean average o f the repetitions (in bold).

2.4.3 Results

Figures 2.9, 2.10 and 2.11 on the following pages present spectra for [s], [J] and the slit-t 

(preceded by an [a] vowel) for the three informants respectively. For the comparison of 

the fricatives. Figure 2.12 presents the averaged spectra for the three fricatives for each 

o f the three dialects.
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Figure 2.9: A Comparison o f the Spectra o f [J], [s] and [t] for the Cork dialect.
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Figure 2.10: A Comparison o f the Spectra o f [f], [s] and [t] for the Dublin dialect.
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Figure 2.11: A Comparison o f the Spectra o f [f], [s] and [t] for the Mayo dialect.
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Figure 2.12; A  Comparison o f  the three fricatives [f ],  [s] and [t] fo r all three dialects.

21



Considering the alveolar and postalveolar fricatives, we witness expected patterns: [[] 

having a lower range o f  energy and [s] a higher range. Despite the individual variation, 

very similar tendencies emerge. Figure 2.9 illustrates that the Cork speaker’s [J] has a 

range approximately from 1,600 Hz to 10,000 Hz while his [s] ranges from 3,200 Hz to 

about 12,000 Hz. Figure 2.10 shows the [f] o f the Dublin informant has strongest energy 

from about 1,200 Hz to 9,000 Hz while his [s] ranges around 3,200 Hz to 11,000 Hz. 

Figure 2.11 shows, for the female Mayo speaker, that her [f] has a range from around 

1,600 Hz to 11,000 Hz while the frequencies o f her [s] range from near 6,000 Hz to 

14,000 Hz.

Regarding the slit-t, there appears to be slightly more consistency across the three 

speakers. The Cork speaker’s [t] ranges from 3,000 Hz to 8,000 Hz. For the Mayo 

speaker, her slit-t ranges from about 3,000 Hz to 10,000 Hz. For the Dublin informant, 

the slit-t shows a range from 2,000 Hz to 10,000 Hz. These results are broadly similar to 

the spectrograms presented in Pandeli, Eska, Ball & Rahilly (1997) and Jones & Llamas 

(2003).

O f importance to the interface are the results for the Dublin speaker. This Dublin 

speaker is the same informant as the EPG data examined above. Despite the laminal and 

apical versions o f  his slit-t, as Figure 2.10 shows, the acoustics are highly similar; a case 

o f articulatory-acoustic mismatch (see 4.2.2).

Across these three dialects, there is considerable similarity in the acoustic domain. 

However, there may be other differences in the temporal domain. Table 2.3 presents the 

durations o f the three fricatives across the dialects studied.

m [s] [t]
Cork 235.8 240.2 157.8

Dublin 238.7 239.8 191.2

Mayo 236.8 217.8 198.2

Table 2.3: Duration (in ms) o f [[], [s] and [t] across the three dialects under investigation.

There are similarities and differences among the speakers’ productions o f the fricatives 

in the temporal domain. There are minor differences in duration between [s] and [[] for 

all speakers. For the Mayo and Dublin speakers, a similar pattern is witnessed with the 

slit-t being o f slightly less duration than either [s] or [J]. The Cork speaker, however,
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exhibits significantly shorter duration slit-t when compared against his other fricatives. 

Alongside an auditory impression, this suggests that his slit-t production is more ballistic 

in nature and could be described as a “tapped fricative.”

2.4.4 Discussion

Referring to Figure 2.12, the differences distinguishing these [J], [s] and [t] -  solely in 

acoustic terms -  can be summarised in where the strongest spectral peaks are to be 

located: for [f], it is low; for [s], it is high and for the slit-t, the peak is intermediate. This 

confirms the findings o f Jones & Llamas (2003).

A caveat should be noted here that the differences or similarities between dialects noted 

in this experiment need not reflect the dialects as a whole. The differences and 

similarities are speaker differences which may or may not be shared with other speakers 

o f the same dialect. A wider study with more speakers would be required to investigate 

if  the findings here have cross-dialectal applicability. Nonetheless, one striking finding 

which is most pertinent to the Mayo speaker, and to an extent the Dublin speaker as 

well, is the high degree o f apparent acoustic similarity for [t] and [J] which is surprising 

as they auditorily seem quite different.

Comparing the findings o f this experiment and the previous one, the slit-t demonstrates 

less variation in acoustic terms than in articulatory terms. This lends credence to 

assertion above that it is the acoustic specification o f the slit-t which is its target. Even 

the tapping gesture o f the Cork speaker produces similar acoustic results to the fricative 

gestures o f the Dublin and Mayo speakers. Moreover, it is clear that different strategies 

may be used to achieve the same targets

At the level o f the interface, specification o f segments in either articulatory or acoustic 

terms is theoretically o f equal validity and appropriateness. Yet, for the slit-t it appears 

an acoustic description should be attended to at a priority, almost at the expense of an 

articulatory interpretation. Nonetheless, the very different articulatory strategy chosen by 

the Cork speaker would suggest, that at least for that speaker, his slit-t needs 

specification in both acoustic and articulatory terms. A tapped gesture is likely to exhibit 

different patterns in variation in production terms that those observed for the Dublin 

speaker in the previous experiment. Additionally, the tapped gesture’s different temporal 

properties would need explicit coding.
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2.5 Coarticulation at the Phonetics-Phonology Interface

Coarticulation is considered to be within the domain o f phonetics as phonetic variation. 

Consequently, it ought to be manifest at the interface. Numerous studies have 

investigated coarticulatory phenomena. For example, trans-consonantal, vowel-to-vowel 

coarticulation has been studied by, among others, Ohman (1966), Fametani (1990) Choi 

& Keating (1991) and Beddor, Hamsberger & Lindemann (2002). These studies show 

that this type o f phonetic variation is influenced by many factors including the vowels 

themselves, the nature o f the intervening consonant and differences in phonological 

systems. Yet, as Ohala (1993a) suggests, vowel-to-vowel coarticulatory patterns are not 

that dissimilar to vowel harmony assimilation found in languages such as Turkish and 

Finnish. Coarticulation and assimilation are similar phenomena and often it is difficult to 

disambiguate them (Nolan, 1992). It has been argued (e.g. Kiparsky, 1985) that 

assimilation proceeds deep in the grammar (e.g. at a lexical level) while coarticulation 

exists at the periphery (e.g. at postlexical level). As such, assimilation is categorical and 

discrete while coarticulation is continuous and gradient. Coarticulation is deemed not to 

neutralise contrasts, while assimilations can. Given the similarity o f these phenomena, it 

is possible that they constitute more o f a unitary process than is traditionally accepted. 

Certainly, assimilation is viewed from a phonological perspective while coarticulation 

from a phonetic one.

At the interface, the distinction between assimilation and coarticulation becomes 

somewhat nebulous. This is amply demonstrated in Ellis & Hardcastle (2002) who 

utilise both EPG and EMA (Electromagnetic Articulography) data to examine 

assimilations o f alveolar-velar sequences. In some ways, their findings reflect many of 

the varying approaches that have been developed to account for assimilation and 

coarticulation in speech. They found that some informants produced full assimilations, 

with no alveolar gesture; other informants produced partial assimilations, with evidence 

of weakened alveolar gestures (a coarticulatory effect); while other informants produced 

no assimilations whatsoever. Most interesting were two informants who produced 

repetitions either with full assimilation or with no assimilation. The authors remark on 

the staggering variety o f  assimilatory patterns that speakers exhibit. The range o f results 

leaves the authors in the position to admit that some instances o f assimilation may be the 

result o f a planned phonological activity while other assimilations are the result o f low- 

level motor planning.
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O f importance to the interface is Ellis & Hardcastle’s (2002; 394) conclusion that:

The lack o f  reporting individual-speaker assim ilatory variation in som e previous EPG studies 

is a serious flaw. The analysis o f  intra-speaker variation undertaken in the present study has 

show n that assim ilation m ay not spring from a single m echanism  com m on to all speakers o f  a 

language -  instead speakers may select from a choice o f  more than one strategy.

Experiment 1 highlighted the role o f individual speaker production strategies for the 

articulation o f slit-t, which nonetheless produce much less acoustic variation as seen in 

Experiment 2. The next experiment investigates not only the variation in assimilation 

but also speaker/dialect differences.

2.6 Experiment 3: Assimilation 

2.6.1 Introduction

In this study, assimilation will be considered in relation to assimilation o f plosives in 

Hiberno-English. In a similar fashion to Nagle (1995), the three voiceless lingual stops 

o f Hiberno-English (/t/, /t/ and /k/) will be examined where they form clusters across a 

word boundary, /C1#C2/. Where Nagle (1995) studied a Galway informant, we will 

extend the investigation to include assimilatory data from two more informants: one 

from Dublin and another from Kerry. While the goal o f Nagle (1995) was to ascertain 

the assimilatory propensity o f  /t/, /t/ and /k/, the goal o f this study is different: to 

consider the variability in assimilation and, in the light o f Experiment 1 and Ellis & 

Hardcastle (2002), to investigate differences in speakers’ production strategies.

Nagle’s (1995) findings suggest that /t/ exhibits fewest cases o f assimilation. Nagle 

(1995: 55) states that, for /t/, “there are no cases o f fiill assimilation and a high number 

of instances where there is clearly no assimilation.” This is in contrast to her findings for 

/t/. Nonetheless, the findings show the /t/ is either very prone or very resistant to 

assimilation. The /t/ in /t#k/ clusters remains largely unassimilated while in /t#t/ clusters 

the /t/ is judged to readily assimilate. However, Nagle (1995) decides that !\J is resistant 

to assimilation on the basis o f  the slit-t allophone. In her data, /k/ shows a considerable 

tendency to assimilate. While Nagle (1995) analyses anticipatory assimilatory 

tendencies o f the initial plosive in the clusters, we shall consider the behaviour and 

realisations o f both plosives in the clusters.
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2.6.2 Methods and Materials

Electropalatographic and Oral Airflow data were recorded for /t/, /t/ and Dd in initial and 

final position as well as across word boundaries both in assimilatory and non- 

assimilatory contexts. The plosives were produced in an /a/ vowel environment. Ten 

repetitions o f sentences were recorded. Sample sentences for /t/ include: Tapping was 

the word. He saw Pat, He saw Pat tapping his foo t. He saw Pat thanking the boss and 

He saw Pat camping abroad.

The procedure adopted is as follows. Using the non-assimilatory contexts, we will 

consider -  for each speaker -  the variation and articulatory strategies adopted and then 

compare if  similar variation and strategies are present in the assimilatory data. Note that 

no averaged data are presented in order to prevent any potentially structured variation 

being hidden. Consequently, repetitions illustrate the typical variation witnessed. Tables 

showing the distribution o f variation present are also included.

To aid comparison o f repetitions, EPG frames are extracted from key points during the 

articulation. For non-assimilatory cases, these points are Closure, the EPG frame 

showing Maximum contact, and Release. Closure is defined as the first frame showing 

closure across one or more rows, while Release is the last frame showing closure across 

one or more rows. For /t/ and /k/. Closure and Release were determined from oral 

airflow and acoustic waveform data. For /t/, these timepoints could be effected on the 

teeth, anterior to Row 1 while for /k/ Closure and Release could be formed on the velum, 

behind Row 8. Thus, for /t/ and /k/, closure was taken to be the point at which the 

airflow rate had dropped sharply (to zero or near to zero) while Release was the point at 

which airflow suddenly rose from zero. For assimilatory cases, these points chosen vary 

according to the nature o f the two plosives under examination. In general, where a 

double articulation occurs (i.e. when both C l and C2 are simultaneously articulated), the 

analysis points used correspond to Closure o f  C l, (simultaneous) Closure o f C2, 

Maximum contact. Release o f C l and Release o f C2.

2.6.3 Results

We begin with non-assimilatory /t/. III and /k/ for the Dublin informant. Figures 2.13, 

2.14 and 2.15 show contact patterns for /t/, /t/ and /k/ (respectively) in initial, final and 

across word boundaries for our Dublin informant.
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Initial /t/

•  •

Final /t/ 
• • • • • •

•  •

•  •

•  •

Figure 2.13: Closure, Maximum and Release for contexts o f /t/ (Dublin Informant).

All three non-assimilatory environments show a consistent picture for /t/: Closure is 

generally made on Row 1 (alveolar for this palate). Closure formed on the teeth can also 

be surmised for a few repetitions, witnessed from airflow traces. After Closure, contact 

spreads backward further onto the alveolar ridge, then contact spreads forward with 

Release being formed on the teeth. This pattern is indicative o f a tongue tip gesture, 

articulated on the teeth or near the junction o f the teeth and the alveolar ridge. Table 2.4 

presents the distribution o f articulation for 1 X 1 .

EPG Place o f Articulation Initial /t/ Final I V /t#t/

Teeth 30% 40% 20%
Row 1 Front alveolar 60% 60% 80%
Row 2 Mid alveolar 10% 0% 0%

Table 2.4: Distribution o f Initial /t/, Final /t/ and /t#t/ (Dublin speaker).
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The pattern visible in Table 2.4 is certainly consistent with an articulation being targeted 

on or near the junction o f the teeth and the alveolar ridge. Yet, the variation found here 

could also suggest an alveolar rather than a dental target. Nonetheless, a dental 

interpretation o f this segment is preferred for two reasons. Firstly, at closure (upon 

which Table 2.4 is based) it is likely that the tongue tip is being raised to make contact 

simultaneously with the teeth and Row 1 on the EPG palate. Secondly, it can be inferred 

from airflow traces that, for the majority o f instances, contact is released from the teeth. 

At release, contact occurs in front o f Row 1 across 60% to 70%> o f the unassimilated /t/ 

dataset.

Initial /t/

•  •  •

•  •

•  •

•  •

Final /t/^

/t#t/
•  ' ' ' •  • •  •  •  •

•  •

Figure 2.14: Closure, Maximum and Release for contexts o f  /t/ (Dublin Informant).

 ̂Final /t/, when produced as a plosive.
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The pattern for /t/ exhibits, as expected, strong alveolar activity (Rows 1 through 3). In 

initial position /t/ is mid-alveolar, elsewhere mid- to front-alveolar which shows Closure 

and Release made across Rows 1 and 2. Furthermore, /t/ appears to be laminal in nature 

contrasting with apical nature o f /t/. Stopped allophones o f  Final /t/ are often released 

simultaneously across Rows 1 and 2, which suggests a single lowering gesture o f the 

tip/blade. The distribution o f variation shown in Table 2.5 clearly demonstrates mid- 

alveolar activity across all the positional and allophonic variants o f /t/. As shown in 

Experiment 1, we again observe a slightly more posterior target for the slit-t than for the 

plosive realisations. Nonetheless, the plosive realisations are consistent with a target in 

the front-to-mid alveolar area.

EPG Place o f Articulation Initial t \J Final /t/ /t#t/
[t] [t]

Row 1 Front alveolar 40% 33% 0% 30%
Row 2 Mid alveolar 60% 67% 86% 60%
Row 3 Alveolar-to-postalveolar 0% 0% 14% 10%

Table 2.5: Distribution o f  Initial /t/, Final /t/ and /t#t/ (Dublin speaker).

As for the velar plosive, shown in Figure 2.12 overleaf, our Dublin informant shows 

much consistency. Closure and Release are effectuated on Row 8 (confirmed by airflow 

data) but possibly also behind Row 8 on the velum'^. The tongue body fronting witnessed 

in Figure 2.12 can be ascribed to the /a/ vowel environment.

The technique o f  Electropalatography is not well suited to the study o f velar 

articulations as only the most anterior portions o f velar articulation can be observed. For 

this reason, the lack o f variation found in this study for velars should not be interpreted 

that velar stops lack variation in realisation.
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Initial /k/

 •

•  •  •  ■ ' •  •  •

Final /k/

•  • •  • •  • •  •

MkJ

•  •

m •  •  ■ ■ •  •  m

•  •
•  •  ' ' ■ ' •  •

•  •  •  ' ■ m •  •

•  •

•  •  •  ■ ' •  •  •

Figure 2.15: Closure, Maximum and Release for contexts o f f k J  (Dublin Informant).

Before considering assimilatory environments, we will consider the non-assimilating 

environments o f the Kerry speaker. Figures 2.16, 2.17 and 2.18 show contact patterns 

for /t/, /t/ and /k/ (respectively) in initial, final and across word boundary for our Kerry 

informant. In interpreting Figure 2.16 and the other Kerry figures, the reader should bear 

in mind that Row 1 is at the junction o f the teeth and the alveolar ridge, Row 2 is toward 

the back o f the alveolar ridge and Row 3 is postalveolar.
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Initial /t/

•  •  ' •  • • ■ • •

•  • • •  •  ■ ■ ■ ■ •  • •  • •

•  ' ' • .......................•  • •  ■ •

•  • ■ • .......................•  • •  • •

•  • • • .......................•  • •  • • ■ • •

•  ■ • • .......................•  • •  ■ • ■ ■ •

•  •  ' - •  •  • •  •  - ■ ■ •  •  • •  •  ■ ' •  •

Final I t /
• • • • • • •  • •  •  •

•  ' ■ ' •  •  • •  •  ■ - •  •

•  • • •  •  ' ■ ' ■ •  • •  • ■ • • •

•  • • . . .  * • .......................•  • •  • •

•  • • ■ • ■ • •  • ■

•  • • • • • • • .......................•  • •  ■ • • • •

•  • • •  •  ■ ' ■ ■ •  • •  •  ■ • • •

/ W
•  - ■ • •

•  •  •  ■ •  •  •  • •  •  ' ■ • •

•  • • . . .  *  

. . .  0
• .......................•  •

• ............................ •

•  ■ • 
•  ■ ■

•  •  '

• • • •  
• • • •

• ..................•
• .............. •  •

•  • ■
•  ■ ■

•  •  ' • .............. •  • • • •

Figure 2.16: Closure, Maximum and Release for contexts of /t/ (Kerry Informant).

The productions here are similar to the Dublin informant, with Closure made on the 

teeth or at Row 1, with considerable contact on the alveolar ridge at Maximum: an apical 

gesture would seem to be indicated. The variation shown in Table 2.6 demonstrates 

much consistency, though it is likely that initial /t/ has a slightly retracted target.

EPG Place of Articulation Initial /t/ Final /t/ /t#t/

Teeth* 20% 60% 60%
Row 1 Dental* 80% 40% 40%
Row 2 Alveolar 0% 0% 0%

Table 2.6: Distribution of Initial /t/, Final /t/ and /t#t/ (Kerry speaker).

* Row 1 on this palate is at the junction of the teeth and alveolar ridge and is considered 

“dental.” Contact on the Teeth is ascribed from airflow.
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Initial /t/

•  • •  •

Final /t/

/t#t/'

•  •  •

•  •  •

•  •

Figure 2.17: Closure, Maximum and Release for contexts o f /t/ (Kerry Informant).

For /t/, the Kerry informant shows strong alveolar as well as postalveolar contact during 

the formation o f the plosive. Closure is formed across Rows 1 and 2, at the front o f the 

alveolar ridge while Release is made on Row 2 or across Rows 2 and 3, at the back of 

the alveolar ridge and towards the postalveolar area. The articulation is laminal in 

nature. The variation in articulation shown in Table 2.7 highlights the alveolar target of 

/t/, though initial /t/ and word-final [t] is marginally more anterior than the slit-t or /t#t/.

EPG Place o f Articulation Initial /t/

Row 1 Dental 40%
Row 2 Alveolar 60%
Row 3 Postalveolar 0%

Final /t/
[t] [t]

43% 0%
43% 66%
14% 33%

/t#t/

20%
70%
10%

Table 2.7: Distribution o f Initial /t/, Final /t/ and /t#t/ (Kerry speaker).
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On the sHt-t, its target for the Kerry speaker is definitely more posterior to word-final [t]. 

This confirms the findings on the slit-t for the Dublin speaker in Experiment 1. 

However, in this study the Kerry informant favoured the production o f word-final [t] 

over word-final slit-t. W hether this result has more than speaker-specific relevance 

would require a study with more informants.

Initial /k/

Final /k/

•  •

■ •  

■ •

•  •

/k#k/

•  •

   •   •
 •  •  • •  •  • •
•  • •
•  • •  • • • • • • • •  • • • • • • • •

Figure 2.18: Closure, Maximum and Release for contexts o f /k/ (Kerry Informant).

For Kerry /k/, closure occurs either on velum or on Row 8 and is clearly produced with 

the back o f the tongue. Figure 2.18 also shows a large degree o f  tongue fronting which, 

in part, is due to the front vowel environment. Unlike the Dublin data, some variation 

was detected for the velar stop. Table 2.8 overleaf presents the distribution o f 

articulatory variation o f  Kerry /k/. Inferred velar contact is based on the airflow traces.
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EPG Place o f Articulation Initial /k/ Final /k/ /k#k/

Row 8 Postpalatal 80% 20% 10%
Velum 20% 80% 90%

Table 2.8: Distribution o f  Initial /k/, Final /k/ and /k#k/ (Kerry speaker).

Most striking in the distribution is the asymmetry between initial /k/, on one hand, and 

final /k/ and /k#k/, on the other. Initial /k/ is marginally more fronted than in the other 

positions examined. Indeed, initial /t/ and initial /t/ also differed (to different degrees) 

from the other environments. W hether this is a speaker-specific or dialect-specific 

attribute remains to be confinned. As to the significance o f  this behaviour, there is no 

articulatory/phonetic reason why realisations o f word-initial consonants should 

appreciably differ.

Up to this point we have considered non-assimilatory environments. Consequently, any 

variation might be explained as a coarticulatory effect. Yet, some dialect differences 

have arisen, though we will defer commentary on these differences until 2.6.4.

Our examination o f assimilatory contexts begins by considering /k#t/ clusters. 

Figures 2.19 and 2.20 illustrate three instances o f /k#t/ clusters for the Dublin and Kerry 

informants, respectively, as well as their typical /k#k/ and /t#t/ to aid comparison of 

coarticulatory effects. The five frames illustrated represent respectively Closure o f initial 

plosive. Closure o f double articulation, Maximum contact (within the double 

articulation). Release o f the double articulation/initial plosive and Release o f the second 

plosive.

34



Dublin - /k#t/ Clusters

/k#k/

•  •
•  •  - ■ ' - •  •

•  •  •  ■ ' •  •  •

•  •
•  •  ' ' ' ' •  •

•  •

/t#t/

/k#t/ Repetition 1

•  •  •
•  •
•  -

............... • • ■ •

• ............... •  • •  •  •  ' ' •  •  •
•  •  ' - ■ ' •  •
•  •  ' ' ' ' •  • •  * ■ ■ •  •
•  •  •  ' ' •  •  • •  •  •  ' ■ •  •  • •  •  •  ' ■ ■ m •

/k#t/ Repetition 2
............... • - •  •  •  •  ' •  •  • •  •  • • • • • • • •  •  • •  •  •

•  •  ' ■ ■ ' •  •
•  •  ■ ■ ■ - •  •

•  -

•  •

/k#t/ Repetition 3

Figure 2.19: Three

•  •  • •  •  •  •

epetitions o f /k#t/ compared to /k#k/ and /t#t/ (Dublin Informant).
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Kerry - /k#t/ Clusters 

/k#k/

•  •  
•  •

'  •  

•  •  

•  •
•  •

•  •  •
/t#t/

•  •

/k#t/ Repetition 1

•  •  •
•  •

•  ■ 

•  ■ 

•  •

/k#t/ Repetition 2

•  •  • •  •  •

•  •  •  • •  •  • •  •  •  •

•  •

/k#t/ Repetition 3

•  •

•  •
•  •  
•  •  
•  •

•  •  •  •  •  
•  •  •  •  •  
•  '

•  •  •

•  •

•  •

Figure 2.20: Three repetitions o f /k#t/ compared to /k#k/ and /t#t/ (Kerry Informant).
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During the repetitions o f /k#t/ in Figure 2.19 for the Dublin informant, we see that these 

productions exhibit characteristics of both /k/ and /t/, including a double articulation. 

The contact of ‘assimilated’ /k/ remains unchanged compared to its ‘unassimilated’ 

version. For /t/, the evidence is much clearer that context had influenced its realisation: 

assimilated /t/ is more retracted than non-assimilated /t/. Yet, that which is true of 

unassimilated /t/ is also true of assimilated /t/: Release occurs in a (slightly) more 

anterior position to Closure. Table 2.9 shows the distribution o f /k/ and /t/ articulations 

in the /k#t/ cluster, together with unassimilated forms for comparison.

EPG Place o f Initial/t/ Final/t/ /t#t/ /k#t/
Articulation

[t] [t] [k] [t]

Row 1 Front alveolar 40% 33% 0% 30% 20%
Row 2 Mid alveolar 60% 67% 86% 60%> 50%
Row 3 Alveolar-to- 0%> 0% 14% 10%> 30%

postalveolar

Initial /k/ Final /k/ /k#k/
Row 8 Postpalatal 100% 90% 100% 70%

Velum 10% 30%

Table 2.9: Distribution of /k#t/ and unassimilated /k/ and N  (Dublin speaker).

The variation witnessed for [k] in /k#t/ is not identical to unassimilated forms, which is 

not surprising. Again, a caveat should be noted that the limitation of the instrumental 

technique impedes full observation of tongue dorsum activity in the velar region. 

Nevertheless, it appears that [k] in this environment is slightly more retracted, [t] in /k#t/ 

exhibits more variation than initial or final /t/, but is similar to /t#t/, though slightly 

retracted.

Regarding the articulatory patterns, a similar situation is to be found with our Kerry 

informant’s contact patterns shown in Figure 2.20. The /k#t/ clusters exhibiting both 

velar and alveolar gestures in every repetition. Closure for the /k/ remains on the velum 

while for the /t/ closure most often occurs on Rows 2 and 3. Table 2.10, overleaf, shows 

results similar to the Dublin /k#t/ clusters. Assimilated [k] exhibits variation similar to 

unassimilated Final /k/ and /k#k/, while the variability o f assimilated [t] resembles that 

of /t#t/.
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EPG Place of Initial /t/ Final /t/ /t#t/ /k#t/
Articulation

[t] [t] [k] [t]

Row 1 Dental 40% 43% 0% 20% 10%
Row 2 Alveolar 60% 43% 66% 70% 60%
Row 3 Postalveolar 0% 14% 33% 10% 30%

Initial /k/ Final /k/ /k#k/
Row 8 Postpalatal 80% 20% 10% 20%

Velum 20% 80% 90% 80%

Table 2.10: Distribution of /k#t/ and unassimilated /k/ and N  (Kerry speaker).

Overall, the two dialects treat /k#t/ clusters in a similar manner. This pattern changes 

somewhat in Figures 2.21 and 2.22 which illustrate /t#k/ clusters for both dialects 

respectively. Logically speaking, there should be little difference between /k#t/ and /t#k/ 

clusters. Only the order has changed, so for /t#k/ we ought to see the same pattern as for 

/k#t/ but in reverse. In Figure 2.21, our Dublin informant performs as predicted, 

producing [tk] clusters, except one repetition which produced [k] as the realisation of the 

cluster. The realisations of assimilated /t/ are produced near where unassimilated /t/ 

manifests itself, though back of tongue raising is also evident. After Release of the [t] 

component, the /k/ is more fronted than it would be in a non-assimilated context.
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•  •

Dublin - /t#ky Clusters 

/t#t/
•  • •  •  •

•  •

/k#k/

•  •
•  •  •

•  •
•  •

•  •  •

• • • • • • • •

/t#k/ Repetition 1 
• • • • • •  • • • • • •
• • • • • • •  • • • • • • • •  •

•  •  ■ 

•  •  •

■ •  

•  •

•  •  • •  •  •  •  •

•  • •  •  • •  •  •  •

•  •

•  •  •  •  •

•  •

/t#k/ Repetition 2
•  •  •

•  •  •  •
• • • • • •  •
• • • • • • •  • • •  •  •  •

•  •
/t#k/ Repetition 3 

■ ■ ■ •  •  • •  •  •

Figure 2.21: Three repetitions o f /t#k/ compared to /t#t/ and /k#k/ (Dublin Informant).
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Kerry - /t#k/ Clusters 

/t#t/

•  •

/k#lc/

•  •

/t#k/ Repetition 1

•  ■ 

•  •
•  •  
•  •

•  •

•  •
•  •  ' ' ' '  •

/t#k/ Repetition 2

•  •  •
•  •  ■ ■ ■ •  •  •

•  •
/t#k/ Repetition 3

•  •

•  •  • •  •  • •  •
•  •

■ •  

•  •  

•  •

Figure 2.22: Three repetitions o f /t#k/ compared to /t#t/ and /k#k/ (Kerry Informant).
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The distribution of [t] and [k] in the cluster, presented in Table 2.11,

EPG Place of Initial /t/ Final /t/ /t#t/
Articulation

/t#k/

[t] [t] [t] [k]

Row 1 Front alveolar 40% 33% 0% 30%
Row 2 Mid alveolar 60% 67% 86% 60%
Row 3 Alveolar-to- 0% 0% 14% 10%

44%
56%
0%

postalveolar

Row 8 Postpalatal 100% 
Velum

Initial /k/ Final /k/ /k#k/
90% 100%
10%

100%

Table 2.11: Distribution of /t#k/ and unassimilated N  and /k/ (Dublin speaker).

Our Kerry informant presents a different picture in Figure 2.22. Only once, shown in 

Repetition 3, is a phonetic [tkj cluster produced. Another pattern is where two separate 

alveolar and velar plosive gestures are produced (not illustrated) which, nonetheless, 

exhibit coarticulatory influence. The most common pattern, occurring in 50% of /t#k/ 

data, is the production of the slit-t fricative. The first frame of Repetition 1 is the most 

constricted point during slit-t fricative, the remaining frames are the velar gesture which, 

as can be seen, exhibit a strong alveolar component. Repetition 2 is interesting as this 

/t#k/ production is auditorily (and instrumentally) a velar gesture, though the presence of 

either a lenited [t] or a lenited slit-t gesture can be seen.

The distribution in Table 2.12, overleaf, illustrates that assimilated [t] and [t] have 

similar targets to each other, which contradicts the findings of unassimilated [t] and [t]. 

Moreover, assimilated [t] has a more retracted distribution than any o f the unassimilated 

/t/ forms. This is surprising, as of the four alveolar plosives elicited only one of them 

was actually part of a [tk] cluster. It appears that the cluster can be realised with 

separate, though “influenced”, alveolar and velar gestures. The most obvious 

interpretation is that this pattern is ‘simply’ a coarticulatory effect. However, this pattern 

is present in the Dublin assimilatory data for the next cluster, /t#k/.
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EPG Place o f Initial /t/ Final /t/ /t#t/ IWkI
A rticulation

[t] [t] [t] [t] [k]

Row 1 Dental 40% 43%  0% 20% 0% 0%
Row 2 A lveolar 60% 43%  66% 70% 75% 80%
Row 3 Postalveolar 0% 14% 33% 10% 25% 20%

Initial Ikl Final Ikl /k#k/
Row 8 Postpalatal 80% 20% 10% 70%

Velum 20% 80% 90% 30%

Table 2.12: D istribution o f  /t#k/ and unassim ilated III and Ikl (K erry speaker).

Figures 2.23 and 2.24 present /t#k / clusters for the D ublin and the K erry dialects 

respectively. This sequence behaves differently for these speakers. For the Dublin 

speaker, the /t#k / clusters o f  Figure 2.23 show a degree o f  resem blance to the /t#k/ 

clusters o f  Figure 2.21, which is not surprising given that /t/ and /t/ entail a sim ilarity o f 

articulatory gesture in their production. A double articulation o f  [tk] is present in all 

repetitions expect one (not illustrated) w here a pause w as inserted in betw een the two 

plosives. Sim ilar to the /t#k/ case, these plosives exhibit separate, though “influenced”, 

dental and velar gestures and not unassim ilated forms. A gain, this could be a 

coarticulatory effect, but the presence o f  this phenom enon for both speakers hints that 

this m ight be a possible speaker strategy for producing clusters.

The distribution in Table 2.13 dem onstrates that variation in assim ilated /t/ and /k/ 

segm ents is m ost sim ilar to their unassim ilated versions. The variation for [t] is most 

sim ilar to /t#t/, which is the unassim ilated form  that m ost closely m atches the tem poral 

and prosodic characteristics o f  the /t#k / sequence. As before, the apparently high degree 

o f  alveolar contact m ost likely represents the posterior edge o f  the articulation and that 

contact on the teeth can also be inferred. The assim ilated velar stop also shows little 

variation com pared w ith its unassim ilated form s. How ever, as the velar stop is preceded 

by another stop, it is possible, and even likely, that assim ilated Ikl  had contact on the 

velum  behind Row 8 o f  the EPG palate. A  possibility  rem ains that the velar articulation 

is slightly retracted during the production o f  this cluster.
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EPG Place o f Initial /t/ Final /t/ /t#t/ /t#k/
Articulation

[t] [k]

Teeth 30% 40% 20% 10%
Row 1 Front alveolar 60% 60% 80% 80%
Row 2 Mid alveolar 10% 0% 0% 10%

Initial /k/ Final /k/ /k#k/
Row 8 Postpalatal 100% 90% 100% 100%

Velum 10%

Table 2.13: Distribution o f /t#k/ and unassimilated /t/ and /k/ (Dublin speaker).

In Figure 2.24, for the Kerry informant, no assimilated [tk] clusters could be elicited. 

This figure presents four frames, Closure and Release for the first plosive as well as 

Closure and Release for the second plosive. For all repetitions, the dental stop is released 

before the velar stop is formed. However, while there was a brief pause between these 

stops, they nonetheless exhibit the separate, though influenced, tendencies seen above, 

particularly so for the velars (e.g. Repetitions 1 and 2) where the tongue tip and blade 

remain quite elevated. The evidence remains ambiguous as to whether this ‘separate, 

though influenced’ trend is a coarticulatory effect operating under universal phonetic 

principles, or a more structured phenomenon. The variability o f /t/ shown in Table 2.14 

suggests a target similar to Final /t/ and /t#t/, though marginally more anterior. 

Moreover, one instance o f /t/ was realised as [0], articulated at Row 1, and presumably 

with some contact on the teeth, which lends some more evidence to a more anterior 

target. The velar stop manifests similar variation in assimilated and unassimilated 

contexts. O f note is that /k/ remains largely velar despite the context.

EPG Place o f Initial /t/ Final /t/ /t#t/ /t#k/
Articulation

[t] [k]

Teeth 20% 60% 60% 67%
Row 1 Dental 80% 40% 40% 33%
Row 2 Alveolar 0% 0% 0%

Initial /k/ Final /k/ /k#k/
Row 8 Postpalatal 80% 20% 10% 10%

Velum 20% 80% 90% 90%

Table 2.14: Distribution o f /t#k/ and unassimilated /t/ and /k/ (Kerry speaker).
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Dublin - /t#k / Clusters 

/t#t/
•  • •  •

/k#k/

•  •  ' ■ ■ ■ •  • ■ ■ •  m

•  •  •  - ■ •  •  • •  •  •  ■ ' •  •  • •  •  •  ' ■ •  •  •

/t#k / Repetition 1

•  m •  ■ ■ ' •  • • • • • • • •  •  •  • •  •  •  • •  •  •  ■ ■ •  •
•  • ................ • •  •  •  ■ ■ •  •  • •  •  •  ' ■ •  • •  • • • ■ • • •
•  • ................ • •  m ■ ■ - •  • •  • • •
•  • ................• •  •  • ■ ' •  • ■ ■ m •

•  • ................• ■ • •  • ■ •  • ■ ■ •  m

•  • ................ •

/t#k / Repetition 2
•  •  ' ■ •  • • • • ' •

• ....................• •  •  ' ■ m •

• ....................•
• ....................• ■ ■ •  m ' •  •
• ....................• •  •  •
• ....................• •  ■ ■ ■ •  • ■ •  •  • •  •  •  - •  •  •

/t#k/ Repetition 3

•  ■ ■ • - •  •  • • • • • • • •  •  •  • •  •  •  • •  •  ' •  •  • •  • • •
• ....................• •  •  •  ■ ■ •  •  • •  •  ■ - •  • •  • • • • • • •
• ....................• •  ■ ■ ■ •  • •  • • • • • • •
• ....................• •  • ■ ' •  • •  • ■ ■
• ....................• •  •  •  ■ •  •  ' ' •  •
•  • ................•

Figure 2.23: Three repetitions o f  /t#k/ com pared to /t# t/ and /k#k / (Dublin Informant).
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Kerry - /t#k/ Clusters 

/t#t/

/k#k/

•  •

•  •

•  • •  •  •  
•  •

• ■  • • •  •  

• • • • • •

/t#k/ Repetition 1

/t#k/ Repetition 2

•  •

/t#ky Repetition 3

•  •  •
•  •  ' ' ' ' •  •

•  •
■ •  

•  •

•  •  
•  •

Figure 2.24: Three repetitions o f /t#k/ compared to /t#t/ and /k#k/ (Kerry Informant).
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The dialect differences continue with /k#t/ clusters. This time, for the Dublin speaker in 

Figure 2.25, /k#t/ repetitions do not elicit clusters, but separate though “influenced” 

velar and dental gestures which parallels productions above for both speakers. Table 

2.15 illustrates that the closure o f /k/, in /k#t/ clusters, is more often on the velum and 

more retracted than unassimilated /k/. The dental stop exhibits considerable variation 

during its articulation within /k#t/. At closure^, Table 2.15 shows exhibits a high degree 

o f variability over the dental and alveolar area. Assimilated /t/ shows a more retracted 

target range, which is a coarticulatory effect resulting from the preceding velar gesture. 

At release'*^, [t] is definitively dental in nature with no variation found. Albeit that the 

inferred dental contact in non-assimilating cases may be underrepresented, the target of 

assimilated /t/ (at release) is considerably more anterior.

EPG Place o f /k#t/
Articulation

Initial /k/ Final /k/ /k#k/ [k]
Row 8 Postpalatal 100% 90% 100% 40%

Velum 0% 10% 0% 60%

Initial 1 X 1 Final /t/ /t#t/ [t]C
(Closure) (Closure) (Closure)

Teeth 30% 40% 20% 20%
Row 1 Front alveolar 60% 60% 80% 50%
Row 2 M id  alveolar 10% 0% 0% 30%

Initial /t/ Final /t/ /t#t/ [ t ]R
(Release) (Release) (Release)

Teeth 60% 70% 40% 100%
Row 1 Front alveolar 40% 30% 60% 0%
Row 2 M id  alveolar 0% 0% 0% 0%

Table 2.15: Distribution o f /k#t/ and unassimilated /t/ and /k/ (Dublin speaker).

9 Noted as [t] C in Table 2.15. 

'0 Noted as [t] R in Table 2.15
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Dublin - /k#t/ Clusters 

/k#k/

•  •  
•  •

' •  •  

•  •  • •  • •  •  •

/t#t/
•  ■ •

•  • •  •

•  •
•  • •  •  •

•  ■ 

•  •

/k#t/ Repetition 1

/k#t/ Repetition 2

/k#t/ Repetition 3
•  •  
•  •

Figure 2.25; Three repetitions o f /k#t/ compared to /k#k/ and /t#t/ (Dublin Informant).
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For the K erry speaker in Figure 2.26, we w itness the expected pattern for /k# t/ o f  

form ation o f  the velar plosive, sim ultaneous closure in the dental area, release o f  the 

velar closure, then finally  release o f  the dental plosive on or slightly in front o f  Row  1.

It is clear from  Table 2.16 that assim ilated /k/ is a true velar, despite the front vowel 

environm ent, and that it is sim ilar to Final /k/ and /k#k/. R egarding the dental stop, again 

a dialect difference em erges. U nlike the Dublin speaker, the distribution o f  [t] at closure 

and at release is alm ost identical. The coarticulatory influence (i.e. the retraction) that 

was evident at the beginning o f  the [t] gesture for the D ublin speaker is absent for the 

K erry inform ant.

EPG Place o f  
A rticulation

/k#t/

Initial /k/ Final /k/ /k#k/ [k]
Row 8 Postpalatal 80% 20% 10% 0%

Velum 20% 80% 90% 100%

Initial /t/ Final IV /t#t/ [ t]C
(Closure) (Closure) (Closure)

Teeth 20% 60% 60% 70%
Row 1 Dental 80% 40% 40% 30%
Row 2 A lveolar 0% 0% 0% 0%

Initial /t/ Final IV /t#t/ [ t ] R
(Release) (Release) (Release)

Teeth 40% 60% 60% 60%
Row 1 Dental 60% 40% 40% 40%
Row 2 A lveolar 0% 0% 0% 0%

Table 2.16: D istribution o f  /k# t/ and unassim ilated /t/ and /k/ (K erry speaker).
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Kerry - /k#t/ Clusters

/k#k/

•  •

•  •

/t#t/

■ •  

•  •  

•  •

•  •

•  ‘ 

•  •  

•  •

•  ' 

•  ■ 

•  •

/k#t/ Repetition 
• « • • • •

•  •

•  •  •  •  •

/k#t/ Repetition 2 
• • • • • •

•  • •  •  
•  •

/k#t/ Repetition 3

•  •  •  
•  •  •  
- •  •  
' •  •

•  •  •

•  •  •

•  •

•  •  •
•  •

•  •

Figure 2.26: Three repetitions o f /k#t/ compared to /k#k/ and /t#t/ (Kerry Informant).
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Our final set o f assimilatory clusters involves /t/ and /t/. Figures 2.27 and 2.28 present 

three frames from /t#t/ for Dublin and Kerry dialects respectively. This sequence of 

plosives results in a single plosive gesture, often with both dental and alveolar qualities. 

Hence, we present the Closure, Maximum and Release frames only. For the Dublin 

speaker, in Figure 2.27, the assimilated dental stop has more activity in Row 2 than in a 

non-assimilated environment. Similarly, the release o f the alveolar is marginally more 

fronted in /t#t/ than in /t#t/, for at least Repetitions 1 and 2.

The distribution o f variation for /t#t/ is presented in Table 2.17. The results in this and 

subsequent tables are slightly different from those presented above. Clusters involving 

dental and alveolar plosives are realised as a single plosive in this dataset. The nature of 

the plosive varies, varying in quality been dental and alveolar. In order to gamer more 

insight into this combination, the both unassimilated and assimilated articulations were 

analysed at three points: Closure, Maximum contact and Release. Consequently, the 

variation witnessed evolves over the course o f  the plosive articulation.
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EPG Place of 
Articulation

/t#t/

[t] [t]+[t] [t]
Initial /t/ Final /t/ /t#t/ C
(Closure) (Closure) (Closure)

Teeth 30% 40% 20% 10%
Row 1 Front alveolar 60% 60% 80% 80%
Row 2 Mid-alveolar 10% 0% 0% 10%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

[t]+[t]
Initial 1X1 Final /t/ /t#t/ M

(Maximum) (Maximum) (Maximum)

Teeth 10% 30% 20% 40%
Row 1 Front alveolar 50% 60% 70% 40%
Row 2 Mid-alveolar 40% 10% 10% 20%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

[t]+[t]
Initial /t/ Final /t/ /t#t/ M

[t]
(Maximum) (Maximum) (Maximum)

Teeth 0% 0% 0% 40%
Row 1 Front alveolar 30% 40% 10% 40%
Row 2 Mid-alveolar 70% 50% 70% 20%
Row 3 Alveolar-to- 0% 10% 20% 0%

postalveolar

[t]
Initial /t/ Final /t/ /t#t/ R

[t]
(R e lea se ) (R e lea se ) (R e lea se )

Teeth 0% 0% 0% 0%
Row 1 Front alveolar 30% 40% 40% 50%
Row 2 Mid-alveolar 70% 60% 60% 50%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

Table 2.17: Distribution of /t#t/ and unassimilated /t/ and I I I  (Dublin speaker).

At Closure, the target of [t] reflects the apparent alveolarity of its unassimilated forms. 

As noted before, it is possible that contact occurs on the teeth simultaneous with contact 

on Row 1. Thus, the results may under-represent contact on the teeth. By M of /t#t/, the 

distribution has changed. Contact is generally on or across Rows 1 and 2. This 

distribution appears to be a combination of unassimilated [t] and [t], though more similar 

to [t]. By R, a more posterior target appears which is much closer to unassimilated [t].
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Yet, assimilated [t] R appears marginally more fronted that either (unassimilated) initial 

I I I ,  final I I I  or /t#t/ which can be interpreted as a carryover coarticulatory effect from [t].

The Kerry speaker’s productions of /t#t/ in Figure 2.28 appear to exhibit considerable 

resistance to assimilation as Closure strongly resembles unassimilated /t/ and Release is 

very similar to unassimilated I I I .  Table 2.18 confirms the dental target of [t] C, but that 

target is slightly anterior to unassimilated forms. At M, it is inferable, though not 

observed, that contact remains on the teeth. Directly observed is contact at the junction 

o f the alveolar ridge and the teeth (Row 1) and on the alveolar ridge itself As such, the 

distribution at M more closely resembles unassimilated [t]. At R, [t] exhibits a strong 

alveolar nature, but is a little more retracted than unassimilated forms.

EPG Place of /t#t /
Articulation

Initial /t/ Final /t/ [t] [t]+[t] [t]
(C losu re) (C losu re) (C losu re) c M R

Teeth 20% 60% 60% 90%
Row 1 Dental 80% 40% 40% 10%
Row 2 Alveolar 0% 0% 0% 0%
Row 3 Postalveolar 0% 0% 0% 0%

Initial /t/ Final /t/ /t#t/ [t]+[t]
(Maximum) (Maximum) (Maximum) M

Teeth 10% 30% 20% 0%
Row 1 Dental 50% 60% 70% 50%
Row 2 Alveolar 40% 10% 10% 40%
Row 3 Postalveolar 0% 0% 0% 10%

Initial /t/ Final /t/ /t#t/
[t]

(Maximum) (Maximum) (Maximum) M
Teeth 0% 0% 0% 0%

Row 1 Dental 20% 43% 20% 50%
Row 2 Alveolar 60% 43% 70% 40%
Row 3 Postalveolar 20% 14% 10% 10%

Initial /t/ Final I x l /t#t/
[t] [t]

(R e lea se ) (R e lea se ) (R e lea se ) R
Teeth 0% 0% 0% 0%

Row 1 Dental 20% 14% 0% 0%
Row 2 Alveolar 80% 86% 80% 70%
Row 3 Postalveolar 0% 0% 20% 30%

Table 2.18: Distribution of /t#t/ and unassimilated /t/ and /t/ (Kerry speaker).
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Dublin: /t#t/ Clusters

/t#t/

m /

•  • •  •

•  •

Repetition 1 /t#t/ 
• • • • • •

Repetition 2 /t#t/
•  •  •  •

•  •

Repetition 3 /t#t/

•  •  •
•  •

•  •

•  •  
•  •  
•  •  
•  •  
•  •
•  •
•  •

•  •

•  •  •
•  •  •  
•  •  ■ 
•  •  ■ 
•  •  '

•  •  •  •
Figure 2.27: Three repetitions o f  /t# t/ com pared to /t# t/ and /t# t/ (D ublin Informant).
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Kerry: /t#t/ Clusters 

/t#t/

•  •

/t#t/

e •

•  •  
' •

Repetition 1 /t#t/
•  •  •  •  •  ■

Repetition 2 /t#t/
•  •  •  •  •  '

Repetition 3 /t#t/

•  •
•  •  
■ •

•  •  •  •  •

•  •  •  •  •
Figure 2.28: Three repetitions o f  /t# t/ com pared to /t# t/ and /t# t/ (K erry Informant).
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Turning to the /t#t/ clusters in Figures 2.29 and 2.30, the behaviour is not identical in 

both dialects, but some similarities exist. Repetitions 1 and 2 in Figure 2.29 for the 

Dublin informant and Repetition 1 in Figure 2.30 for the Kerry speaker demonstrate a 

blended alveolar/dental gesture with Closure in the alveolar area and Release on the 

teeth. Repetition 3 for the Dublin speaker could represent a single dental gesture, or 

another alveolar/dental blend. The evidence is much clearer in Repetition 2 for the Kerry 

speaker that /t/ o f the /t#t/ is elided altogether. Repetition 3 o f Figure 2.30 marks the 

return o f the slit-t allophone o f /t/. The other two frames o f this repetition depict Closure 

and Release o f  the dental plosive.

The distribution o f variation for /t#t/ is presented in Table 2.19. For the Dublin speaker, 

we see that, at C, assimilated /t/ has a target similar to its unassimilated versions. By M, 

little has changed with a mid-alveolar target being maintained. At M, /t#t/ possesses a 

range that is very similar to unassimilated I I I  forms, However, between M and R a 

dramatic shift to a dental articulation occurs. Moreover, at R, the assimilated [t] has a 

more anterior target than unassimilated versions. Like N agle’s (1995) Galway 

informant, this inform ant’s /t/ seems to resist assimilation.
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EPG Place of /t#t/
Articulation

Initial /t/ Final /t/ /t#t/ [t] [t]+[t] [t]
[t] c M R

(C losu re) (C losu re) (C losu re)

Teeth 0% 0% 0% 0%
Row 1 Front alveolar 40% 33% 20% 30%
Row 2 Mid-alveolar 60% 67% 70% 70%
Row 3 Alveolar-to- 0% 0% 10% 0%

postalveolar

Initial /t/ Final /t/ /t#t/ [t]+[t]
[t] M

(Maximum) (Maximum) (Maximum)

Teeth 0% 0% 0% 0%
Row 1 Front alveolar 30% 40% 10% 20%
Row 2 Mid-alveolar 70% 50% 70% 80%
Row 3 Alveolar-to- 0% 10% 20% 0%

postalveolar

Initial /t/ Final /t/ /t#t/ [t]+[t]
(Maximum) (Maximum) (Maximum) M

Teeth 10% 30% 20% 0%
Row 1 Front alveolar 50% 60% 70% 20%
Row 2 Mid-alveolar 40% 10% 10% 80%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

Initial 1 X 1 Final /t/ /t#t/ [t]
(R e lea se ) (R e lea se ) (R e lea se ) R

Teeth 60% 70% 40% 80%
Row 1 Front alveolar 40% 30% 60% 20%
Row 2 Mid alveolar 0% 0% 0% 0%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

Table 2.19: Distribution o f /t#t/ and unassimilated /t/ and /t/ (Dublin speaker).

Table 2.20 presents the distribution o f variation for /t#t/ for the Kerry informant. The 

possibilities for /t#t/ are either to elide /t/, forming a single dental stop, or not to elide /t/, 

forming either an alveolar-to-dental stop or slit-t plus dental stop". At C, when an 

alveolar gesture is produced, the target o f assimilated /t/ is more anterior to

The slit-t possibility occurred only once and is excluded from [t] C results.
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unassimilated forms o f I I I .  This could be interpreted as a coarticulatory effect, yet the 

same is true o f the dental stop realisation. By M, we see variability that strongly 

suggests a Row 1 target. The range found at M o f /t#t/ is more similar to an 

unassimilated dental target rather than an alveolar one. At R, the target for [t] appears 

more anterior than unassimilated forms, which is not predictable if  this is a 

coarticulatory effect.

EPG Place o f 
Articulation

/t#t/

/t/
Initial /t/ Final /t/ /t#t/ C

[t] [t] [t]
(Closure) (Closure) (Closure)

Teeth 0% 0% 0% 20% 75%
Row 1 Dental 40% 43% 20% 60% 25%
Row 2 Alveolar 60% 43% 70% 20%
Row 3 Postalveolar 0% 14% 10%

Initial 1X1 Final /t/ /t#t/ [t]
(Closure) (Closure) (Closure)

Teeth 20% 60% 60% 75%
Row 1 Dental 80% 40% 40% 25%
Row 2 Alveolar 0% 0% 0% 0%
Row 3 Postalveolar 0% 0% 0% 0%

Initial /t/ Final /t/ /t#t/ [t]+[t]
[t]

(Maximum) (Maximum) (Maximum) M
Teeth 0% 0% 0% 11%

Row 1 Dental 20% 43% 20% 78%
Row 2 Alveolar 60% 43% 70% 11%
Row 3 Postalveolar 20% 14% 10% 0%

Initial /t/ Final I V /t#t/ [t]+[t]
(Maximum) (Maximum) (Maximum) M

Teeth 10% 30% 20% 11%
Row 1 Dental 50% 60% 70% 78%
Row 2 Alveolar 40% 10% 10% 11%
Row 3 Postalveolar 0% 0% 0% 0%

Initial /t/ Final IXJ /t#t/ [t]
(Release) (Release) (Release) R

Teeth 40% 60% 60% 80%
Row 1 Dental 60% 40% 40% 20%
Row 2 Alveolar 0% 0% 0% 0%
Row 3 Postalveolar 0% 0% 0% 0%

Table 2.20: Distribution o f /t#t/ and unassimilated 1x1 and /t/ (Kerry speaker).
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Dublin: /t#t/ Clusters

/t#t/

/t#t/

Repetition 1 /t#t/

•  •

Repetition 2 /t#t/
•  •  •  •

Repetition 3 /t#t/ 
• • • • • •

•  •  •
•  •

•  • •  •

Figure 2.29: Three repetitions o f  /t# t/ com pared to /t# t/ and /t# t/ (D ublin Informant).
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Kerry: /t# t/ Clusters

•  •  • •  •

/t#t/

c •

Repetition 1 /t#t/
•  •  •

•  •

•  •
•  •  
■ •

Repetition 2 /t#t/ 
• • • • • •
•  •  ' •  •  •  
 •

Repetition 3 /t#t/

•  •  •  
•  •  
•  •  
■ •  
' •  
- •  
•  •

•  •  
•  •

•  ■ ' •  •  •

 •
 •

Figure 2.30: Three repetitions o f  /t# t/ com pared to /t# t/ and /t# t/ (K erry Informant).
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2.6.4 Discussion

A summary of the findings of Experiment 3 is presented in Tables 2.21 and 2.22 for 

unassimilated and assimilated plosives respectively. While the phonetic relations of /t, t, 

VJ vary, a similar pattern is seen across both dialects: /t/ is more anterior to /t/. The slit-t 

allophone of /t/ is more retracted than [t]. The Dublin informant shows little difference 

across the three non-assimilated environments, whereas the Kerry informant shows a 

slight tendency for initial tokens to be non-identical to the other non-assimilated tokens. 

For the Kerry speaker, /t/ is marginally retracted while /k/ is fronted. This pattern 

suggests a (slightly) different strategy being employed to convey an initial versus non

initial contrast.

Concerning the phonetics-phonology interface, it is clear speaker-specific realisafions 

need to be taken into consideration. For instance, whether [t] is a true dental or dental 

alveolar would have a bearing on how much variation might be predicted.

/t/

/t/

/k/

/t/

/t/

/ky

Initial

Alveolar/Dental

Mid-Front
Alveolar

Post-palatal

Dental

Alveolar-Dental

Post-palatal

Final

Dublin

Dental

[t] Mid-Front 
Alveolar

[t] Mid Alveolar 

Post-palatal

Kerry

Dental

[t] Alveolar- 
Dental 

[t] Alveolar

Velar

/C#C/

Alveolar/Dental

Mid-Front
Alveolar

Post-palatal

Dental

Alveolar-Dental

Velar

Table 2.21: Summary of findings for unassimilated plosives for both dialects.

60



Cluster C l C2 Remarks

/k#t/ Dublin

Kerry

/t#k/ Dublin

Kerry

/t#k/ Dublin

Kerry

/k#t/

/t#t/

Dublin

Kerry

Dublin

Kerry

/t#t/ Dublin

Kerry

Post-palatal

Velar

Mid-Front
Alveolar

[t] Alveolar- 
Postalveolar
[t] Alveolar- 
Postalveolar

Alveolar-
Dental
Dental

Velar-
Post-palatal

Velar

Front alveolar 
(-Dental?)

Dental

Mid-back
Alveolar
Alveolar-

Postalveolar

Post-palatal

Post-palatal-
Velar

[kt] occurs 

[kt] occurs

[tk] occurs 

[tk] resisted

Post-palatal

Velar

Dental (at R) 

Dental

Front-Mid-
Alveolar
Alveolar-

Postalveolar

[tk] occurs 

[tk] not found

[kt] not found 

[kt] occurs

single phonetic 
plosive

single phonetic 
plosive

Mid Alveolar

[t] Alveolar- 
Dental

[t] Dental

Dental

Dental

single phonetic 
plosive 

single phonetic 
plosive 

or
slit-t + [t]

Table 2.22; Summary o f  findings for assimilated plosives for both dialects.

In the results o f the assimilatory data, we can see patterns that are coarticulatory in 

origin, but also other patterns that suggest a structured behaviour in variation. The /k#t/ 

illustrates coarticulatory effect. The articulation o f [k] is largely identical‘s to 

unassimilated forms, while [t] is retracted. Yet, the /k#t/ and /t#k/ clusters for the Kerry 

speaker and /k#t/ and /t#k/ clusters for the Dublin speaker behave differently. (In this

'2 Though for the Dublin speaker, the velar exhibits a marginally retracted target 

contrary to expected fronting in this cluster.
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respect, N agle’s (1995) informant patterns with our Kerry informant). This may be 

partially due to mechanical characteristics o f the tongue; Ni Chasaide & Fitzpatrick 

(1995) note that the tongue body tends to roll forward in an elliptical movement and that 

movement in the opposite direction may present a more difficult articulatory gesture. 

Consequently, /k#t/ and /k#t/ should more readily produce phonetic clusters than /t#k/ 

and /t#k/. However, this is not the entire pattern we witness. For /t#k/ clusters, the 

Dublin informant produces [tk] clusters while the Kerry informant resists the possibility. 

Nonetheless, the separate [t] gesture shows a slightly retracted closure and the separate 

velar gesture is fronted for the Kerry speaker. For /k#t/ clusters, the Kerry informant 

produces [kt], the Dublin informant does not. Moreover, while the Dublin informant 

produces separate velar and dental gestures, those gestures are in more extreme positions 

than in the non-assimilated cases: the velar gesture more retracted, the dental gesture 

being articulated in front o f Row 1, on the teeth.

Clearly, there are speaker-specific strategies in the production o f the same phonemic 

contrast. A possible explanation for these patterns may be found in the phonemic system 

o f Hiberno-English. Given that /t/ contrasts /t/, Hiberno-English possesses extra 

phonemic clusters that other dialects o f English do not i.e. [tk] and [kt]. Other varieties 

o f English have [kt] clusters, so have the Dublin and Kerry informants. Yet, these 

infonnants must contrast [kt] and [kt]. The Kerry infonnant chooses one strategy: the 

production o f [kt] clusters. The Dublin informant another: inhibit [kt] clusters. For [tk] 

clusters, the Dublin informant corresponds to other varieties o f English while the Kerry 

speaker adopts strategies to avoid this cluster, including production o f the slit-t.

2.7 Reflections on Variation

rhe experiments above demonstrate that that the mapping from phonology to phonetics 

s by no means trivial. At the level o f the interface, a ‘sim ple’ phonetic transcription, 

lowever detailed, is insufficient to be able to fully predict the phonetic patterns that we 

ire able to witness. No truer words have been said than by Petyt (1980: 107):

Both the phonetic and phonem ic points o f  v iew  should be considered in the description o f  a 

dialect situation.

['he conversion o f a phonetic transcription to acoustic or articulatory terms must be 

empered with dialect-specific and speaker-specific implementation strategies.
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Moreover, there is a structured nature to variation. To predict variation, there need to be 

eicoding mechanisms for speaker-specific strategies since it is variation in the strategies 

tlat give rise to attested variation. The variation presented above is intended as an 

ilustration o f the kinds o f variabiHty which the model o f the interface presented in 

Qiapter 4 must be able to predict. While the specific examples o f variation need not be 

p-edicted, a range o f articulatory/acoustic possibilities, including the kinds illustrated, 

slould be predictable. As such, particular kinds o f variation are highlighted here.

Ir Experiment 1, it was shown that the Dublin informant had both [t] and the slit-t apical 

aid laminal articulatory strategies, illustrated in Figure 2.31. Transcriptions such as [t] 

o] [t] (however they are specified phonologically) are inadequate at the phonetics- 

pionology interface since they remain too vague, too abstract when dealing with actual 

aiticulatory and acoustic patterns observed. Yet, ironically, specification at the interface 

cmnot be too precise. It is not a matter o f  specifying more and more detailed allophonic 

viriants. While the Dublin informant largely produces laminal [t] word-initially and 

apical [t] word-finally, the laminal/apical variation o f the slit-t does not conform to the 

sane kind o f  predictability. Some kind o f variability in articulation must be implicitly 

incorporated into specification at the interface.

[t] [s]

O
'S,<

a
C

•  •  
•  •  
•  •

Fijure 2.31: Apical and Laminal realisations o f slit-t (left) and [s] (right) [Dublin 

speaker].
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Another aspect o f articulation that is not implicit by a phonological specification but 

highlighted by the instrumental findings is the different range available to different 

segments. Table 2.23 illustrates the variability found.

EPG Place o f Articulation [t] [s] Lf]
Row 1 Alveolar 10% 40% 0%
Row 2 M id alveolar 70% 40% 10%
Row 3 Alveolar-to-postalveolar 20% 20% 80%
Row 4 Postalveolar-to-prepalatal 0% 0% 10%

Table 2.23: Ranges in Productions o f Slit-t, [s] and [f] by EPG Row (Dublin informant).

Table 2.23 shows that the slit-t and [s], both ostensibly alveolar fricatives, possess 

different articulatory ranges. Inferred targets are shown in bold. The wider articulatory 

range o f the slit-t might be ascribed to the apical and laminal articulatory strategies. 

However, the [s] also exhibits the same strategies. Thus, the articulatory range itself is a 

means for differentiation o f these fricatives at the interface. Difference in variability 

must be included within a specification alongside the more traditional properties.

Experiment 2 demonstrates that there is somewhat o f a tension between variation in the 

articulatory domain and variation in the acoustic domain. Figure 2.32 illustrates some o f 

the results for the acoustic analysis o f the slit-t for the Dublin informant.

D u b l i n  [t]

70

60

40

CQ
•o

-10

-20
0 5000 10000 15000

Hz

Figure 2.32: Acoustic properties o f the Slit-t (Dublin informant).
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It should be noted that it is the same Dublin speaker in Experiments 1 and 2. As such, 

the articulatory and acoustic characteristics o f the slit-t can be directly compared. 

Despite the apical and laminal strategies attested in Figure 2.30, Figure 2.31 shows 

considerable acoustic consistency. While there is individual variation between 

repetitions, all repetitions show strongest intensity from 2,000 Hz. to 10,000 Hz and a 

particular prominence about 3,500 Hz. Given the acoustic consistency o f  the slit-t, 

specification o f the slit-t is primarily based on an acoustic definition. Articulatory 

variability is o f lesser importance than attaining a particular acoustic target. 

Consequently, both articulatory and acoustic specifications are required at the interface. 

However, it is not simply a matter o f expressing that a particular segment prioritises 

either an articulatory or acoustic target. The Cork inform ants’ tapped slit-t gesture also 

needs explicit specification, since the tap gesture would induce its own kind o f 

variability in realisation.

From the results o f Experiment 3, it is clear that the origin o f articulatory patterns is 

partially based on the nature o f the segments involved and partially on the contrasts that 

exist in the phonemic system. The data can be viewed from both phonetic and 

phonological perspectives and both factors have their effects on the manifestation o f 

variation. For example. Table 2.24 presents, again, a comparison o f articulatory ranges 

of /t/ and /k/ in /k#t/ clusters for the Dublin speaker.
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EPG Place of 
Articulation

/k#t/

Initial /k/ Final /k/ /k#k/ [k]
Row 8 Postpalatal 100% 90% 100% 70%

Velum 10% 30%

Initial /t/ Final /t/ /t#t/
[t] [t]C

(Closure) (Closure) (Closure)

Row 1 Front alveolar 40% 33% 30% 20%
Row 2 Mid alveolar 60% 67% 60% 50%
Row 3 Alveolar-to- 0% 0% 10% 30%

postalveolar

Initial ! \J Final Ixl /t#t/
[t] [t]R

(Release) (Release) (Release)

Row 1 Front alveolar 30% 40% 40% 20%
Row 2 Mid alveolar 70% 60% 60% 80%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveoiar

Table 2.24: Distribution of /k#t/ and unassimilated l \ d  and I I I  (Dublin speaker).

The articulatory ranges of both /t/ and /k/ illustrate what might be termed phonetic 

patterns. Both show the influence of the other. Given that the sequence /k#t/ is realised 

as [kt], fronting of /k/ might be expected. This is largely the pattern in Table 2.24, 

though assimilated [k] appears to have a slightly retracted range. We will return to this 

finding in a moment. For [t] in a [kt] cluster, we could expect a retraction of the range of 

[t]. Again, Table 2.24 confirms this prediction. At Closure, [t] exhibits a range which 

includes alveolar-to-postalveolar contact. By release of [t], the range is more similar to 

unassimilated forms, though marginally retracted. However, this phonetic pattern is not 

exclusively in operation in Table 2.25 which presents, again, a comparison of 

articulatory ranges of /t/ and /k/ in /k#t/ clusters for the Dublin speaker.
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EPG Place o f /k#t/
Articulation

Initial /k/ Final /k/ /k#k/ [k]
Row 8 Postpalatal 100% 90% 100% 40%

Velum 10% 60%

Initial 1X1 Final I V /t#t/ [t]C
(Closure) (Closure) (Closure)

Teeth 30% 40% 20% 20%
Row 1 Front alveolar 60% 60% 80% 50%
Row 2 M id  alveolar 10% 0% 0% 30%

Initial /t/ Final /t/ /t#t/ [ t]R
(Release) (Release) (Release)

Teeth 60% 70% 40% 100%
Row 1 Front alveolar 40% 30% 60% 0%
Row 2 M id  alveolar 0% 0% 0% 0%

Table 2.25: Distribution o f /k#t/ and unassimilated /t/ and /k/ (Dublin speaker).

The articulatory ranges o f both /t/ and /k/ illustrate phonetic patterns, but also non- 

phonetic patterns which must be catered for at the level o f  the interface. The range for 

the assimilated [k] is more retracted than non-assimilated cases. In /k#t/, the [k] is more 

likely to have closure executed on the velum, rather than the hard palate. As with /k#t/, 

fronting o f /k/ might be expected instead ...if this articulation was operating solely 

according to phonetic, mechanical, principles. However, we should also note that the 

/k#t/ sequence did not elicit the phonetic cluster [kt] for this speaker. There is a pause of 

between 20 and 50 milliseconds between velar and dental plosives. Yet, /k#t/ behaves 

quite like the phonetic cluster [kt]. Phonetic principles are evident in the behaviour o f /t/ 

at Closure. At Closure, assimilated [t] exhibits a pattern similar to unassimilated with the 

majority o f productions on or in front o f Row 1. However, assimilated [t], at Closure, 

also exhibits more contact alveolar contact as far back as Row 3. This is a consequence 

o f having been preceded by a (retracted) velar. Yet, after the influence o f [k] ceases, 

contact for [t] moves forward such that by Release [t] has a more anterior target range 

than unassimilated equivalents. The exclusively dental contact for assimilated [t] cannot 

be predicted by limitations placed on articulators by proximal segments. Consequently, 

more than phonetic/mechanical principles are operating at the interface.

The instrumental studies presented above are intended as illustrative o f the kinds o f 

variation that must be incorporated as the phonetics-phonology interface. The 

consequences o f the findings are threefold.
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Firstly, there is an abundance o f phonetic detail that is not explicit, even in a phonetic 

transcription. The input to the interface is assumed to be o f the form o f a relatively 

narrow phonetic transcription. Thus, converting the transcription to either articulator 

movements or acoustic properties cannot be relatively trivial one-to-one mapping. The 

mapping process, therefore, must encode variation while producing/predicting a 

realisation o f segments. Nonetheless, such variation cannot be random and must be 

constrained in a manner consistent with observed phonetic patterns.

Secondly, at the level o f the phonetics-phonology interface, segments must have both 

articulatory and acoustic specifications. There is, however, variability in whether the 

articulatory or acoustic setting should be considered more important during phonology 

to phonetics encoding. For example, the reduced articulatory variability o f the slit-t may 

be explained if  it is the acoustic setting, the acoustic target, which is the most critical to 

fulfil. The articulatory cannot be disregarded; the articulatory strategy chosen to realise 

the acoustic target may itself exhibit variability, as the Cork speaker’s tapped realisation 

o f slit-t attests.

Thirdly, there is a structured nature to much o f the otherwise non-contrastive variation. 

By definition, the interface between phonology and phonetics occurs after the 

phonological component. As such, the interface should have no access to phonological 

information. The mapping task should be a matter o f converting transcriptions to 

articulatory or acoustic correlates. Fundamentally, the interface should be restrained 

from making contrastive changes. The interface, then, can only introduce non- 

contrastive changes to an input specification. Non-arbitrary, yet non-contrastive, 

phonetic patterns are found e.g. the preference o f laminal [t] word-initially and apical [t] 

word-fmally for the Dublin speaker. The difference in patterning o f /k#t/ and /k#t/ (in 

particular for the Dublin speaker, but applies to other environments for the Kerry 

speaker) suggests that realisation is tempered with reference to contrasts. The variation 

in realising /k#t/ without phonetic clusters and /k#t/ with phonetic clusters appears to be 

licensed only by the /t/~/t/ contrast. Thus, the interface must incorporate aspects of 

phonological knowledge as well as phonetic knowledge in order to perform the mapping 

from phonology to phonetics.
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CHAPTER 3

APPROACHES TO VARIATION 

3.1 Introduction

This chapter will investigate how variation has been tackled under various theories and 

methodologies. While variation has largely been ignored within linguistic treatments, it 

has not been disregarded altogether. As we consider different approaches, we will 

evaluate them in relation to the findings o f the experiments in Chapter 2. How and 

whether the tenets o f each theory allow the expression o f the kinds o f variation found in 

Chapter 2 shall be addressed.

3.2 Traditional Dialectology

Traditional Dialectology, also known as linguistic geography or dialect geography, has a 

long provenance, though the main impetus only begins in the middle o f  the 19‘̂  century.' 

The methodology o f this kind o f dialectology was to delineate dialect areas based on 

linguistic criteria, be they phonetic, phonemic, morphological, syntactic or lexical. 

Following a survey o f  informants, isoglosses, delimiting regions which share a particular 

linguistic criterion, could be drawn to construct dialect atlases, such as W agner (1958), 

Wagner (1964), W agner (1966) and W agner & 6  Baoill (1969) for dialects o f Irish. 

Moreover, varying methodologies have been devised to elicit dialectal data from 

informants which, as McDavid (1968) attests, can make for differences in interpretation 

o f the findings.

Criticisms o f traditional dialectology issue mainly from two thrusts; one linguistic, one 

sociological. Traditional dialectology remained largely the same in terms o f theoretical

’ As an historical treatment is not offered, the reader is referred to Petyt (180: Chapters 2 

& 3), Chambers & Trudgill (1998; 15-21) or Romaine (2001). For an account o f efforts 

in dialectology for a single language, see Herrgen’s (2001) discussion o f German 

dialectology.
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approach as it had since its 19*̂  century resurgence. As Walters (1988: 123) points out 

“this tradition o f description (and sometimes description alone) has left dialect 

geography largely out o f touch with developments in the study o f language, first 

structuralism and, o f course, more recently, work in the generative framework.” Such 

criticism suggests that data collection cannot operate without a theoretical setting to 

inform what should be targeted for collection^ and how the data is to be interpreted.

The second tranche o f  criticism focussed on the lack o f consideration o f social factors in 

the construction o f dialect maps. In so doing, a source o f variation was ignored. For 

example, Fischer (1958) highlights the so-called ‘free variation’ between [ig] and [m] of 

the present participle in English for a group o f twenty-four children between the ages of 

three and ten. As Fischer (1958: 48) notes, ‘“ Free variation’ is o f course a label, not an 

explanation [...] but is rather a way o f excluding [certain] questions from the scope of 

immediate inquiry.” Fischer (1958) points out various non-linguistic factors which 

influence choice o f allophone. For instance, girls strongly opt for [ig]; children of 

‘higher socio-economic status’ marginally prefer [iq]; a ‘m odel’ boy produced [ig] 

almost exclusively compared to a more ‘typical’ boy who produced [m] only marginally 

more than [iq]; and more formal tasks elicit [ig]. Seeing a role for social factors in 

variation study, Fischer (1958: 51) concludes:

The choice betw een the ~ing  and the - in  variants appear to be related to sex, class, 

personality (aggressive/cooperative), and mood (tense/relaxed) o f  the speaker, to the 

formality o f  the conversation and to the specific verb spoken.

We will apply methods o f traditional dialectology (as far as possible and to their logical 

conclusion) to the dataset o f Chapter 2. The data consisted o f articulatory data o f the 

slit-t for a Dublin speaker, acoustic data for the slit-t for Cork, Dublin, and Mayo 

speakers. Articulatory data on assimilation for Dublin and Kerry speakers was also 

presented. For the present purposes, we will also add the comparable assimilation data 

from Nagle (1995) for a Galway speaker. Thus, we have five dialect speakers spread 

across Ireland. We will investigate a number o f phonetic variables to establish 

correspondences and hence isoglosses for a dialect area.

2 It is a peripheral aim o f the thesis to demonstrate that the opposite is also true, that data 

can also drive theoretical development.
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As we are about to construct groupings o f these dialects, we shall first calculate the 

logical number o f total possible groupings. Mathematically, we are dealing with 

binomial coefficients i.e. the number o f ways o f picking x  unordered outcomes from

3y  possibilities. Logically, the binomial coefficient, xCy, may be defined as follows:

v A  /
\ -

x C y ^
( x - y ) ! y !

Consequently, the number o f possible choices o f 2 dialect groupings among the five is:

=  10 .PI f 5.4.3.2.1 ^
.2. [(3.2.1).2.lj

Thus, the total possible number o f dialect groupings whether we group two, three or four 

or all dialects together is:

= 26.

Some correspondences and non-correspondences o f various phonetic variables are 

presented in Table 3.1.

f5" ^5^
+ + +

2 3 4 5 ,V / V / V / \  J

Cork, Dublin, 
Kerry and Mayo

Cork and Dublin

Galway,

Dublin and Mayo

Dublin, Galway and Kerry

Dublin and Kerry

Kerry

Dublin

Kerry

Dublin

Kerry

Articulatory or acoustic evidence o f  slit-t.

Acoustic prominence o f slit-t approximately 
mid-way between [s] and [J]

Non-tapped realisations o f slit-t

Laminal versions o f slit-t

[kt] occurs (post-lexically)

[kt] does not occur (post-lexically)

[tk] occurs (post-lexically)

[tk] does not occur (post-lexically)

[kt] does not occur (post-lexically)

[kt] occurs (post-lexically)

Figure 3.1: Some correspondences and differences among dialects.

 ̂ xCy may be read as “choosey items from x.”
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It should be noted the correspondences in Table 3.1, apart from the first (the cross- 

dialectal omnipresence o f the slit-t), are based on more finely grained phonetic detail 

than traditional dialectology would utilise. While five o f the potential 26 groupings are 

illustrated in Table 3.1, it is clear that this level o f variation and phonetic detail could 

easily yield the remaining groupings. As it stands, Dublin shares some attribute with all 

other dialects, though not on a consistent basis. Dublin and Kerry allow [kt] clusters but 

not with reference to the other clusters. Certainly, no geographic tendencies emerge. 

However, it should be admitted that these speakers are not from contiguous areas, which 

would more usually be the basis for establishing isoglosses. Nonetheless, it is all but 

impossible to express the partial similarities that these dialects exhibit under this kind of 

methodology. Certainly, traditional dialectology provides no rationale to explain the 

similarity and dissimilarity o f variation seen in the experiments o f Chapter 2.

3.3 Structuralism and Structural Dialectology

It would be futile to underestimate the Saussurean legacy for, as Robins (1997: 260) 

succinctly puts it, Saussure “stamped [his] imprint on the entire century in descriptive 

linguistic theory and methodology.” Despite the breakthrough credited to Saussure, 

Anderson (1985: 55) continues:

Saussure h im self probably served more as the incarnation o f  a program w hich was in som e 

sense ‘in the air’, reinforcing and legitim ising these v iew s in others rather than constituting 

their substantive source.

The approach that Saussure advocated -  later to be termed ‘Structuralism’ -  would win 

the day, but there existed diversity. Akamatsu (2001: 1768) confirms the variety within 

the Saussurean legacy:

Structural linguistics is not m onolithic and falls into different types in that structural linguists 

adopt different theoretical concepts and m ethodologies o f  analysis o f  languages w hilst all 

agree about language being a structure (system ).

The seminal article o f Weinrich (1954: 388) begins with the statement that “in 

linguistics today the abyss between structural and dialectological studies appears greater 

than ever it was.” Weinrich (1954) urges reconciliation between linguistic theory (in 

particular Structuralism) and methods with dialectology. Weinrich (1954) credits 

Nikolai Sergeevic Trubetzkoy as an inspiration and it was Trubetzkoy who was among 

the first Structural linguists to apply the theory to dialect phenomena.
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Trubetzkoy (1939 [1969: 298-304]) addresses the relationship between phonology and 

linguistic geography. Trubetzkoy (1939) asserts that variation across dialects falls into 

three classifications: the phonological system, phonetic realisation and etymological 

distribution.

Dialect differences in the phonological system are sub-divided into differences in 

inventory and in function. A difference in inventory is illustrated between Hiberno- 

English and Received Pronunciation (RP). Whereas RP has /a /  and /u/, most Hiberno- 

English dialects possess a single phoneme / a /. A difference in function relates the 

distribution of phonemes e.g. Hiberno-English permits post-vocalic /r/, most British 

English accents do not.

Dialect differences in phonetic realisation are also divided into two types by 

Trubetzkoy. Absolute phonetic differences are where the realisation differences occur in 

all environments. Limited or combinatory phonetic differences are realisations that occur 

only in particular environments. Examples of absolute phonetic difference include the 

dental stop phonemes /t/ and /d/ of many Hiberno-English accents where other varieties 

of English have the dental fricatives /0/ and /6/ respectively. A limited phonetic 

difference is the slit-t realisation of /t/ in Hiberno-English."'

Dialect differences in etymological distribution reflect the influence of the lexicon in 

language variation as well as in language change. Compensatory differences occur 

where particular phonemes become restricted in distribution in one dialect and not in

One should note Trubetzkoy’s (1939 [1969: 300-301]) comment that:

If a phonem e is realised differently phonetically in two dialects, it must be realised in that 

w ay in all words in w hich the given phonem e occurs in the sam e position. I f  this were not so, 

the different w ays to phonetic realisation w ould take on a distinctive function in the linguistic 

consciousness.

The slit-t clearly falls into the situation described by Trubetzkoy. Yet, we have also seen 

that there is variation between a plosive and slit-t version. While the slit-t has not 

acquired a “distinction function in the linguistic consciousness” in terms of a new 

phonemic contrast, this argumentation might explain why the slit-t is seen as an unusual 

and distinctive feature of Hiberno-English, as noted in 2.3.1 above.
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another. Consequently, certain lexical sets exhibit non-correspondence in phonemic 

content. For example, while all dialects o f Hiberno-English exhibit a contrast between 

/e;/ and /i:/ some words surface with /e:/ in some dialects and /i:/ in others. Dialects 

which did not undergo a /e:/ —> /i:/ change possess lexical items such as tea /te:/, meat 

/me:t/ and easy /e:zi/ while others, which did not undergo this change, have /ti:/, /mi:t/ 

and /i:zi/ respectively. Free etymological differences display similar cross-dialectal 

differences, but the differences are not predictable in any way. This type o f  difference 

can be illustrated by Hiberno-English versus American English pronunciations of 

leisure, vitamin and lever.

Weinrich (1954) considers traditional dialectology in the light o f Trubetzkoy’s (1939) 

comments and the practices o f Structural Linguistics. W einrich (1954) argues that a 

traditional dialect map may, in fact, disguise variation. Surface level variation may be 

more complicated when one considers the data from the perspective o f how the 

individual differences are to be interpreted within the structure o f the dialects concerned. 

W einrich’s (1954: 392) comparison o f the two techniques o f dialectology is most 

succinct:

The d ialectologist is used to comparing directly the “substance” o f  different varieties. The 

demand o f  the structural linguist [is] that he consider the train o f  associations, oppositions, 

and functions that define linguistic forms.

Weinrich (1954) provides a hypothetical example to demonstrate the difference between 

considering the substance and the structure o f the substance. A dialect map is provided 

that ostensibly illustrates regions which produce a particular lexical item either with [a] 

or [a]. Weinrich (1954) continues to divide these dialect areas into regions based on the 

structural interpretation o f these sounds. Figure 3.2 demonstrates the situation described 

by Weinrich (1954).

Elicited Sound

Region A [a]
Region B [a]
Region C [a]
Region D [a]
Region E [a]

Figure 3.2: Structural issues involved

Affiliation Systemic Length Contrast

/a/ None
/a/ /a/ versus /a:/
/a/ None
/o/ None
/6/ /6/ versus /o:/

in dialectology, based on W einrich (1954).
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Figure 3.2 demonstrates that the structural interpretation o f dialect can present much 

more complexity than the traditional approach. On the basis o f the elicited sounds, 

Regions A and B can be grouped together against Regions C, D and E. Yet, on the basis 

o f phonemic affiliation alone, all dialects are different. Nonetheless, Regions A, B and C 

map these sounds to either /a/ or a short /a/, while Regions D and E assign the elicited 

sound to either /o/ or short /o/. In addition, structural similarities between Region B and 

E can be established on the basis o f possessing a systemic length contrast between 

vowels.

In order to make sense o f such situations, Weinrich (1954: 389-90) offers “procedures 

for constructing systems o f a higher level out o f the discrete and homogeneous systems 

that are derived from description and that represent each a unique formal organisation o f 

the substance o f expression and content.” Weinrich (1954; 390) proposes the 

“diasystem” which “can be constructed from two systems which have partial 

similarities.” As an example. Figure 3.3 illustrates a diasystem comparing some (though 

not all) o f  the similarities and differences o f the vowel systems o f Hiberno-English (HE) 

and British English (Received Pronunciation, RP).

i m e  i i c a  i i e Q  i i e G  h e  a  /  /  s: e ~ -----  =;   ~ 3 ~ -----  =S   ~ U / /
R p e i  r p S S  r p D  b e 3 U  r p A  ~  U  '  '

Figure 3.3: A diasystem for Hiberno-English and British English (RP) vowels.

The diasystem in Figure 3.3 illustrates the various phonemic vowel qualities across 

Hiberno-English and RP. Where there is a phonetic difference in the realisation o f a 

phoneme, the appropriate vowel qualities are presented one over the other with an 

indication o f the specific dialect, e.g. the I d  and /o/ phonemes o f  Hiberno-English and 

their diphthongal equivalents in RP. Regarding the /a / phoneme o f  Hiberno-English, 

Figure 3.3 states that this phoneme corresponds to either /a /  or /u/ in RP but in a non- 

predictable manner.

This diasystem could then be compared to another dialect o f English to create another 

diasystem to express the relationship between the three dialects. W einrich (1954) creates 

such a diasystem for three dialects o f Yiddish, illustrated in Figure 3.4.
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Figure 3.4: A diasystem for three dialects o f Yiddish, from W einrich (1954).

As is clear, the diasystem presents a complicated system in a clear and explicit manner. 

Dialect 1 (Polish Yiddish) possesses a length contrast for the high front and low vowels. 

Dialect 2 (Ukrainian Yiddish) possesses a different quality I I I  phoneme and no length 

contrast for the low vowel phoneme. Dialect 3 (Lithuanian Yiddish) possesses no length 

contrasts across its vowel system. Consequently, Weinrich (1954: 395) asserts that 

“diasystems can be constructed ad hoc out o f any number o f varieties for a given 

analytic purpose.”

In a similar fashion to W einrich’s (1954) Yiddish examples, Cochrane (1959) provides 

an analysis o f  three dialects o f Australian English. In a commentary on the methodology 

o f structural dialectology, Pulgram (1964: 69) notes that “the introduction o f phonetic 

values is the first and inevitable step toward the comparison o f phonemic systems.” This 

explicit use o f phonetic values -  and detail -  is nowhere more evident than in Cochrane 

(1959). Cochrane (1959) utilises considerable detail in phonetic transcription in order to 

assess phonemic contrasts. Cochrane (1959: 79) argues that this is necessary because:

It is im portant that before  d ia iec to lo g ica l p roced ures o f  the [d iasystem ] typ e  [ . . . ]  are 

undertaken, p h o n em e in ven tor ies be sa tisfa c to r ily  esta b lish ed . In ca ses  o f  dubious  

ph o n em ic isa tio n  the c h o ice  o f  on e  or other o f  the a v a ila b le  a n a ly ses can  h ave a considerab le  

e ffec t on  the even tu a l d iasystem .

While it is possible to apply principles o f Structural Linguistics in the description of 

dialect variation for different languages (e.g. Stankiewicz, 1957, for Polish; Catford, 

1958, for Scottish English; Arany, 1966, for Hungarian), Moulton (1960) argues that the 

diasystem may not be the correct theoretic device to pursue. Two dialects o f Northern 

Switzerland are considered and two diasystems are devised in Moulton (1960) which are 

presented in Figure 3.5.

a. l u .a p // i =^ i =^ e= ' e= ' s =^a  = o ~ o ~ u = : u = ^ 6 = ^ 5  //

Figure 3.5: Two diasystems relating Luzern and Appenzell, from Moulton (1960).

AP / 32 ~ + 01 ,2  ~  uo,i ~  iio.i ~  01,2 ~  02/

LU / 02 ~ + 0 1  ~  uo ~  iio  ~  61 ~  02/ //



Moulton (1960) proposes the diasystem in Figure 3.5a as the vocalic systems are 

identical in both dialects. However, Moulton (1960) argues that this description is too 

simplistic since it ignores lexical correspondences between the dialects. Weinrich (1954) 

is neutral regarding inclusion o f lexical information in the formulating diasystems. On 

the other hand, Cochrane (1959; 77) suggests that, since lexical correspondences are 

essentially different from structural matches posited by a diasystem, inclusion of lexical 

correspondences “are most unlikely to force any revision o f the analysis.” M oulton’s 

(1960) diasystem in Figure 3.5b includes reference to lexical sets (indicated by subscript 

numbers). These findings force Moulton (1960) to conclude:

If w e disregard lexical correspondences, it turns out that Luzern and A pppenzell share not a 

diasystem  but the sam e identical phonem ic system . A  Luzerner and an A ppenzeller w ill 

hardly agree. [ . . . ]  Y et i f  w e treat them as related, and hence take lexical correspondences into 

consideration, w e get a diasystem  with just one fully shared diaphoneme: //at//. Since w e are 

dealing here with tw o dialects hardly 50 m iles apart, this makes the concept o f  diasystem  

seem  o f  questionable value in dialectology.

Another potential angle o f criticism o f Structural Dialectology was held as a laudable 

attribute o f the theory. For instance, Stankiewicz (1957: 46) illustrates the widely held 

assumption that “the use o f extra-linguistic criteria, which are by no means better 

definable than the linguistic criteria, introduces new variables in the study o f dialects 

which are likely to obscure and to conflict with the results obtained by linguistic 

methods” (italics mine). Moreover, Stankiewicz (1957: 47) continues to assert that “a 

structural dialectology can successfully supersede traditional dialect studies by relying 

on internal, linguistic standards.” This is clearly in stark contrast to other approaches 

such as William Labov’s (e.g. Labov, 1963) work which was to follow. Yet, many of 

Stankiewicz’s works (c f Stankiewicz, 1986) make mention o f standard or literary 

versions o f the languages under discussion. Indeed, Stankiewicz (1957: 53) recognises 

the limitations o f strictly adhering to a structural approach:

It is, therefore, also insufficient to compare system s sim ply in terms o f  their inventories; such  

com parisons do not amount to more than listing.

Similar sentiments are expressed by Weinrich (1954: 400):

A structural d ia lectology is possible. Its results prom ise to be most fruitful i f  it is combined  

with “external” d ialectology.
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Applying the techniques of Structural Dialectology to the dataset of Chapter 2 presents 

some difficulties. Firstly, with regard to Experiment 1, the within-speaker (and 

structured) variation cannot be described in this framework as the methodology is 

specifically intended to capture cross-dialectal differences and similarities. Secondly, 

since the Hiberno-English dialects all possess the slit-t, their inventories are identical. 

Consequently, and with regard to Experiment 2, the differences found are not 

expressible under a traditional diasystem. Structurally, from a phonemic perspective, 

there are no differences between the slit-t allophones of the Cork, Dublin and Mayo 

informants. Turning to the findings of Experiment 3, the diasystem would need to be 

extended to express the variation found. Cochrane (1959) illustrates the use of the 

diasystem to express distribution (phonotactic) differences among dialects. This might 

be extended to code for phonetic differences in realisation as presented in Figure 3.6.

Figure 3.6: A diasystem illustrating differences in phonetic realisation.

The notation adopted in Figure 3.6 with both phonemic and phonetic brackets indicates 

the phonetic realisation of a phonemic contrast. Thus, the diaphoneme cluster //‘7[kt]/’7/ 

represents that the cluster /kt/ is realised as [kt]. An underscore is being used to indicate 

that phonetic cluster formation does not occur. The diasystem in Figure 3.6 successfully 

expresses the generalisations of Table 2.22. Yet, at the same time, the detail of variation 

is not captured by this diasystem. For instance, on one hand, the [tk] is strongly resisted 

in the Kerry data but is attested while on the other hand a [tk] cluster is never found. 

Moreover, expressing the dialect variation in this manner (i.e. presence/absence of 

clusters) hides the varieties of strategies employed to resist or avoid cluster formation.

3.4 Generative Dialectology

In contrast to the then prevailing structural approach within linguistics, Chomsky (1957) 

argued that linguistic theory should be generative in nature. Rather than describing -  and 

generalising from -  a particular corpus of collected data, Chomsky advocated that the 

theory should consist of principles able to generate all grammatical utterances but no 

ungrammatical utterances. The generative approach changed the focus from the attested 

data to the rules that resulted in the data. King (1969: 37) criticises Weinrich’s diasystem

D ublin, K erry

Dublin / [ tk ]~ [ tk ]~ [ k j] /
Kerry /[t_k] ~ [t_k] ~ [kt]/
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approach because the diasystem “says both too much and too little.” From a generative 

perspective, King (1969: 39) continues to assert that

The moral to be drawn [ .. .]  is that to gain any insight into dialect differences we must 

concern ourselves with the gramm ars o f  languages, not their vowel or consonant systems, 

lists o f  morphemes, and so on. That is, the study o f  dialect differences is the study o f  how the 

grammars o f  the dialects differ, [emphasis in original]

A generative grammar consists o f a set o f rules^ which apply to underlying forms. Rules 

may differ from language to language, or the ordering o f the rules m ay differ. Yet, in 

applying the principles o f Generative Grammar to dialectology, we face one major 

obstacle from one o f  its central tenets. Chomsky (1965: 3) asserts that “linguistic theory 

is concerned primarily with an ideal speaker-listener, in a completely homogeneous 

speech community.” It would seem that variation is explicitly excluded within a 

generative framework. Nonetheless, under a generative description, any two grammars 

(be they different languages or different dialects) may differ in terms o f possessing 

either different underlying forms or different rules or a different ordering o f rules or a 

combination o f these. Based on Halle (1962), Saporta (1965: 218) reduces the 

possibilities to two:

The grammars o f  two speakers with different dialects will differ, then, in one o f  two ways: 

either the grammars will have different rules, or the grammars will have the same rules in a 

different order.

Moreover, Saporta (1965: 219) continues to refine his argument by suggesting that

The grammatical description o f  a given dialect may be converted into an adequate description 

o f a related dialect by the addition, deletion, or reordering o f  a relatively small number o f  

rules.

5 Many kinds o f rules can be distinguished including; syntactic rules (which operate 

within the syntactic component on items extracted from the lexicon), readjustment rules 

(which modify the output o f the syntactic component so that it can enter the 

phonological component e.g. grouping into phonological phrases) and phonological 

rules (which can alter values o f the phonological feature matrices).
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Nowhere is this approach more abundantly clear than in Newton (1972) which is a 

description o f dialects o f M odem Greek. Newton (1972: 5) points out that dialects “can 

for the most part be described in ternis o f a common set o f underlying forms; variation is 

introduced by the phonological processes with operate upon these forms.” Phonological 

processes such as assimilation, dissimilation, epenthesis and palatalisation are described, 

though not in terms o f exact rules. Nonetheless, both the ordering o f the processes and 

the presence (or absence) o f  processes are shown to contribute to dialect differences. 

Figure 3.7 illustrates the kinds o f differences that may occur between dialects under a 

generative interpretation o f dialect.

Underlying form kerasea nisi nisia kerasea nisi nisia

Ayassos Dialect Cypriot Dialect

Height dissimilation kerasia Height dissimilation kerasia
Palatalisation k'erasia n'isi n'isia Glide formation kerasya nisya
Glide formation k'erasya n'isya Palatalisation k'erasya nisya
Postpalatal yod deletion k'erasa n'isa Postpalatal yod deletion k'erasa
High vowel loss n'si n'sa
Raising k'irasa
Softening cirasa Softening cerasa

Surface form cirasa n'si n'sa cerasa nisi nisa

Figure 3.7: A comparison o f two Greek dialects, based on Newton (1972).

It is obvious from Figure 3.7 that some o f the differences that Ayassos Greek exhibits 

can be explained by positing the existence o f particular processes which Cypriot Greek 

does not possess. Newton (1972) points out that Ayassos shares a palatalisation process 

with many other dialects which is triggered either by /i/ or Id.  Consequently, the 

ordering between “palatalisation” and “glide formation” does not matter. However, in 

Cypriot Greek it is only the yod which triggers palatalisation, and therefore Cypriot 

needs “glide formation” to precede “palatalisation.” Moreover, Newton (1972) uses the 

Cypriot rule ordering as justification for asserting that “glide formation” precedes 

“palatalisation” in all Greek dialects.

While Newton (1972) does not provide the exact rules to define the various processes in 

Greek dialects, it is nonetheless clear that these processes are to be coded with rules. 

Brown (1972), on the other hand, goes into specific detail regarding the phonological 

rules that are needed to characterise dialects o f Lumasaaba. Again, as with Newton 

(1972), it is the ordering o f the phonological rules which distinguishes dialects. Figure 

3.8, overleaf, illustrates three dialects o f Lumasaaba.
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Luhugu Luwalasi Lufumbo

[p] Weakening [p] Weakening [p] Weakening
Nasal Prefix Conversion Nasal Prefix Conversion Ganda Law

Ganda Law Ganda Law Hardening
Hardening Hardening Noun [j] Fronting

Noun [j] Fronting

Figure 3.8; Phonological rules in three varieties o f Northern dialects o f Lumasaaba, from 

Brown (1972).

In comparing across all the dialect data, Brown (1972) remarks that the “Ganda Law” 

rule must precede the “Hardening” rule which must precede the “Noun [}] Fronting” 

rule. Similarly, Southern Lumasaaba dialects must have the following ordering o f rules: 

“South W eakening” followed by “Hardening” followed by “South Devoicing.” 

However, other rules may interleave these orderings to give rise to the witnessed 

variation.

In a study o f Romanian, Vasiliu (1965) agrees that it is the phonological rules which 

define dialect differences. In particular, Vasiliu (1965: 83) asserts that

The situation [ . . . ]  suggests that the Daco-Rum anian dialects can be largely described in 

terms o f  THE SAME RULES differently ordered.” [Emphasis in original]

Moreover, Vasiliu (1965: 96) continues:

Our system  o f  classification  com bines the traditional historical classification with the 

synchronic, distributional one in a system  o f  ordered rules.

Newton (1972) was able to benefit from older and attested historical Greek forms as to a 

source o f inspiration for an underlying form from which to derive dialect variation. Yet, 

Brown (1972: xi) notes that “Lumasaaba has no orthography” and consequently Brown 

(1972) has no access to historical forms which might be used to derive current dialect 

forms. Nonetheless, Brown (1972: 168-69) notices that “the southern dialect forms are 

thus explicitly derived from a northern form.” While Brown (1972) is sensitive to 

sociological implications that any choice by her could convey a prestige value to a 

particular dialect, her choice o f Northern forms as an underlying form is based on 

methodological grounds. Brown (1972: 169) relates that:

I had hoped that it w ould be possible to construct a form for C om m on Lumasaaba which  

w ould be neutral as betw een southern and northern realisations. 1 found how ever that the



neutral forms I m anaged to construct did not resem ble any known phonological system , and 

that parity o f  derivational difficulty, as betw een the two realisations, was only achieved by 

constructing long and d ifficu lt derivations for both south and north. Furthermore these 

derivations yielded  no insights. [ . . . ]  It turned out that fewer rules were needed i f  a northern 

form was taken as the base form, and that these rules were much more general.

Thomas (1967) takes the view that it should be the underlying forms which are common 

to all dialects while the rules themselves can differ. Unlike the approach adopted by 

Brown (1972), Thomas (1967) proceeded, as Kallen (1997; 79) puts it, “to provide the 

most formally econom ical method o f deriving all dialects from a common underlying 

form.” In a treatm ent o f  North and South dialects o f Welsh, Thomas (1967; 190) decides 

that the analysis;

Leaves us w ith  a set o f  basal forms w hich are d ia lec to lo g ica lly  mixed: their total set is not 

uniquely associated  w ith any total set o f  occurring dialect-form s. Here, then, is clear 

indication that the set o f  base forms cannot alw ays be identified with the product o f  the set o f  

rules w hich generates a particular dialect.

Yet, by assuming that every dialect form is derivable from a single common underlying 

form, we encounter the problem of abstractness. Thomas (1967; 196) considers this an 

important and integral part o f generative dialectology;

The generative d ev ice is clearly most powerful in comparative statement w hen it has an 

arsenal o f  abstract underlying forms, from w hich all dialect forms are derived though a set o f  

ordered rules.

Saporta (1965) illustrates this issue in an account o f Castilian, Latin American and South 

Chile dialects o f Spanish dialects. Saporta (1965) proposes that all dialects o f Spanish 

have an underlying contrast between /0/ and /s/ and introduces a rule {9, s} —> [s] to 

account for Latin American and South Chile Spanish which do not make a surface 

contrast between [6] and [s]. This is a very powerful device and could permit the 

underlying form to become highly abstract. Moreover, there are no devices to constrain 

the abstractness o f  the underlying form. Kiparsky (1968) offers methodological 

principles to lim it the power o f generative derivations. For instance, Kiparsky’s (1982a; 

130) Alternating Condition which has “among its consequences that morphemes which 

are always phonetically distinct must have different underlying representations.” By 

implication, the same surface segment cannot have different underlying representations.
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In applying the methods o f generative dialectology to the dataset o f Chapter 2, we 

encounter non-trivial difficulties. A phonological rule can be written to map /t/ to [t] in 

specific environments, though not to the specific detail found. Moreover, the occasional 

occurrence o f word-final [t] cannot be catered for alongside a more general slit-t rule.

In Experiment 1, [t] was shown to have both apical and laminal realisations in the same 

environments. While generative rules could be written to express either possibility using 

the phonological feature [±distributed], they cannot accommodate a situation where both 

possibilities occur. The laminal nature o f  initial [t] and apical nature o f  word-final [t] are 

more conducive to rule construction. However, as noted above, 80% o f initial [t] are 

laminal while 20% are apical.

In Experiment 2, the acoustics o f the slit-t were found to be similar across dialects. The 

difficulty here is how to specify [t] in terms o f phonological features, especially as it has 

to contrast [s], [0] and [J]. Since these fricatives share many feature specifications, I will 

consider only features that can distinguish them. Traditionally, [s], [0] and [J] would be 

defined as [+anterior, +strident], [+anterior, -strident] and [-anterior, +strident] 

respectively. The slit-t is [+anterior, +strident], like [s]. Yet the acoustics o f the slit-t 

were intermediate in frequency between [s] and [f]. If the feature [±anterior] is at least 

partially encoding the difference between [s] and [J], a feature intermediate between 

[+anterior] and [-anterior] may be needed to characterise the slit-t. Notwithstanding that 

[ianterior] is defined in articulatory rather than acoustic terms, gradient forms of 

features are not included as part o f most generative approaches. The acoustic-based 

phonological feature [±grave], expressing the presence/absence o f  mid-frequency noise, 

may allow differentiation o f [s] and slit-t. Thus, [s] is [+anterior, -i-strident, -grave] and 

[t] is [-f-anterior, -f-strident, +grave]. However, this specification o f [t] does not account 

for its reduced variability in articulatory terms when compared to [s] from Experiment 1. 

Neither can this specification distinguish between the acoustics o f [t] o f the Mayo 

speaker which was closer to her [f] than the [t] realisations were for the Cork or Dublin 

speakers in Experiment 2.

The findings o f Experiment 3, summarised in Tables 2.21 and 2.22 above, present 

similar obstacles in the coding o f rules. The different environments (Initial, Final and 

C#C) for unassimilated tokens in Table 2.21 show minor differences which prove 

difficult to capture in terms o f phonological features. This is precisely since these are
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distinctive phonological features and this level o f variation is not intended to be 

captured. Turning to the results o f assimilated tokens (shown in Table 2.22), where /t/ 

and /t/ meet across a word boundary a single phonetic plosive is yielded with both dental 

and alveolar qualities. This pattern provides certain trouble for feature specification. The 

initial and final portion o f the phonetic plosive are likely to be captured using the 

specifications o f unassimilated forms. Yet, the blended pattern found in the middle of 

the phonetic plosive, showing dental and alveolar qualities, cannot be specified. The 

feature [±distributed] is used to distinguish dentals, [-distributed], from the 

[+distributed] alveolars. A specification being both [-distributed] and [+distributed] is 

incongruent with generative feature theory.

However, an inability o f the phonological features to cope with detailed variation is not 

the only problem for the treatment o f variation within this framework. Regarding to the 

presence/absence o f certain clusters shown in Experiment 3, rules could  be written to 

retain a boundary (however that is realised) between particular clusters and not for 

others; for instance, for the Dublin speaker /k#t/—>[k#t], but /t# k /^ [tk ] . This is not a 

particularly elegant solution since it preserves an abstract entity within the phonetic 

realisation. A /t#t/—>[t#t] rule for the Kerry speaker at least allows for a potential 

enviroment for the slit-t. Yet, this rule would have to apply before a slit-t insertion rule. 

Thus, the [t] in ‘[t#t]’ is not a phonetic entity.^ We appear to have a mapping o f /t#t/ to 

[t#t] which is actually a mapping o f /t#t/ to itself If we are to ignore the apparent 

circularity o f this kind o f rule, /t#t/—+[t#t] would prevent a single phonetic plosive 

realisation, which is the dominant pattern found.

Nonetheless, assuming that a formulation o f rules can be constructed, there is a certain 

lack o f insight provided by such rules in the analysis o f variation. These rules provide a 

mapping to derive the pattern found in the data. Yet, there is no rationale for these rules 

(or ordering o f  rules) other than to explain the data, which is contrary to Chomsky’s 

(1957) intent for the generative endeavour.

 ̂ Neither is [t] a phonetic entity, since (at the very least) an aspiration rule needs to be 

applied to derive the phonetic segment.
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3. 5 Other Approaches

In the preceding sections, we have seen characterisations which largely ignore social 

factors as a source o f explanation o f variation. Despite work such as Fischer (1958), 

Structural Dialectology and Generative Dialectology concentrated exclusively on the 

linguistic system to account for variation. In section 3.5.1, a sociolinguistic treatment of 

variation is presented. The model o f the phonetics-phonology interface proposed in the 

next chapter does not include social factors. While this section examines approaches 

which explore variation from a social perspective, the intent is to review how these 

approaches incorporate variation within strictly the linguistic system (as the proposed 

model is intended to capture). Section 3.5.2 explores how another extra-linguistic factor, 

that o f language usage, can be included as part o f  an explanation o f variation. In section 

3.5.3, we examine how variation can be accounted for within two research paradigms in 

phonological theory that were not specifically developed to account for variation.

3.5.1 SocioIinguisticA^ariationist Approach

The variationist approach incorporates both linguistic and social factors in the 

explanation o f variability in speech. Moreover, as Guy (2003; 370) attests, a variationist 

approach “sees linguistic variation and linguistic change as two faces o f the same coin, 

two different aspects o f the same phenomenon.” Variation is interpreted as testament to 

a sound change in progress, a change that may not be fially accomplished for 

generations. While the change is occurring, variation is the flux as one dominant pattern 

shifts to another pattern. It was the pioneering works o f Labov (1963, 1966) which first 

advocated this kind o f approach and that diachronic sound change can be witnessed 

synchronically. Variationists, such as Labov, advocate that continuous variation exists 

within speech; moreover, the variation is viewed as being a structural element that may 

be correlated with some other linguistic or non-linguistic factor. For example, 

Labov (1966) includes the famous ‘fourth floor’ Department Store experiment which 

investigated the presence/absence o f  pre-consonantal and final /r/ across non-linguistic 

variables such as social class, gender, age.

Weinrich, Labov & Herzog (1968) outline a theory o f language change from a 

variationist perspective. In particular, Weinrich, Labov & Herzog (1968: 100) argue 

that;
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The generative model for the description o f  language as a hom ogeneous object is itself 

needlessly unrealistic and represents a backward step from structural theories capable o f 

accom m odating the facts o f  orderly heterogeneity.

Yet, Labov (1969: 761) admits that

1 do not regard these methods [ .. .]  as radical revisions o f  generative gram m ar and phonology.

On the contrary, I believe that our findings give independent confirm ation o f  the value o f 

generative techniques.

Rather than the idealisation o f  the speaker in a hom ogeneous setting advocated in 

Chomsky (1965), speech is assumed to exhibit “inherently variability” (Labov, 1969). 

Weinrich, Labov & Herzog (1968: 187-88) also assume that:

Linguistic structure includes the orderly differentiation o f  speakers and styles through rules 

which govern variation in the speech community; native com m and o f  the language includes 

control o f  such heterogeneous structures.

Nonetheless, Labov (1969: 728) points out that:

The study o f  variation is necessarily quantitative, and quantitative analysis necessarily 

involves counting. At first glance, counting would seem to be a sim ple operation, but even 

the sim plest type o f  counting raises a num ber o f  subtle and difficult problems.

In a bid to provide a m ethodology capable o f  resolving these issues, Labov (1969: 715) 

“combines the methods o f  generative grammar and phonology with the techniques for 

the quantitative analysis o f  systemic variation.” Labov (1969) and Bailey (1971) adopt 

the variable  rule to accommodate the non-compulsory nature o f  some patterns. Applying 

this rationale to the slit-t, / t /^ ([t ])  /_# indicates that /t/ is optionally mapped to the slit-t 

in word-final position. As Labov (1969: 737) admits:

It is not the object o f  sociolinguistic analysis to reduce the precision o f  linguistic rules, or to 

add to the vagueness with which linguistic structure is perceived [but to show] that the study 

o f  variation adds to our knowledge o f  linguistic structure.

Consequently, elements which influence the application o f  a rule (such as phonetic, 

syntactic or social environment) can be associated with a factor to constrain their effect 

on a rule. These limiting factors are probabilities (ranging from 0 to 1) reflecting how  

much influence each element bears on the variability o f  a rule. As Sankoff (1973: 45) 

asserts:

Linguistic behaviour, like other behaviour, is subject to statistical variation which can best be 

accounted for by an underlying model which is probabilistic rather than determ inistic in 

nature.
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As an example o f  a variable rule, the following rule, which describes a deletion process, 

is taken from Labov (1969: 748):

- - p v ' a W h

[+ co n s]-+ (0 ) / / p r o ## -  nas ## Pm
* strid + cont - ^ N P

In this rule, elements marked with an asterisk are termed “invariance conditions” i.e. 

where there is no variation. Variation is marked by the Greek letter symbols, each 

representing a probability factor. The probabilities are determined by the corpus o f data 

under investigation. Figure 3.9 shows what Labov (1969: 749) terms the “ordering o f  the 

variable constraints” which, in effect, is a listing o f the probabilities influence the rule 

above.

-V
.95 .95

+ Vb
+pro

.86

+V
.78

-p ro_
.56

.58 .58

-  Vb
+_pro

.51

+V
.43

-_pro
.31

Figure 3.9: Probabilities influencing Labov’s (1969) variable rule for copula deletion.

Combining the probabilities in Figure 3.9 with the variable rule above allows a degree of 

predictive ability to account for the variation found in Labov’s (1969) corpus. While 

Figure 3.9 includes only linguistic information, it is implicit that social factors can be 

incorporated in a sim ilar manner. Moreover, Labov (1969) argues social factors must be
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built into an account o f variation and, as Labov (1994) proposes, into a theory of 

language change.

In applying this perspective on the dataset o f Chapter 2, we face the immediate issue that 

these data are not part o f a sociolinguistic study, nor are they offered as such. As a 

consequence, the informants were not chosen to reflect similar social backgrounds or to 

cover a social spread across Ireland."^ However, that is not to say that this thesis is 

incommensurate to a variationist approach. No intent whatsoever should be perceived 

that an effort is being made here to minimise or even ignore the role social factors play 

in variation. Rather, that these factors can best be incorporated once linguistic theory 

itself includes a prominent role for variation.

The “inherent variability” asserted by variationists could, itself, be criticised. For 

instance, Wolfram (1973: 2) states:

[W hile] variation in a constant extra-linguistic and linguistic context is d ifficult to dism iss 

[ . . . ]  it is im possib le to prove that inherent variability does exist. [ . . . ]  Our failure to discover  

further conditioning detail to account for [variability] is only a function o f  our finite powers 

o f  observation.

Wolfram (1973) also notes that this assumption cannot distinguish between variation 

due to “dialect mixture” in the case o f language contact from what could be termed 

‘true’ inherent variation. O f course, as Labov (1975: 7) admits, “the general program of 

all linguistics begins with a search for invariance.” The question for Labov -  and, 

indeed, the current work -  is where does variation fit within theory. Chomskyan theory 

excludes it totally, while Labovian theory embraces it totally.*

Guy (1977: 9) asserts that “phonological variation cannot be accounted for by the sort of 

‘general functional conditions’ [as] suggested by Kiparsky, but rather probably must be 

considered ‘a rule o f gram m ar’.” Thus, Labov’s variable rule system is intended to be 

part o f the marrying o f variation to generative theory. Yet, the approach adopted by

 ̂The informants are, however, from a similar age group.

 ̂W hile variation is omnipresent in speech, that need not imply that variation needs to be 

omnipresent within a phonological representation.
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Labov is not entirely generative. The variable rule is akin to its counterpart in generative 

dialectology, capable o f being ordered to derive observed variation, as Sankoff & 

Rousseau (1989) show. However, the exact probability values which Labov and others 

calculate is based on the variation found in the data. The account o f variation is corpus- 

based not being generated from principles. This factor is somewhat conceded by 

Cedergren & Sankoff (1974: 335) who note:

The numerical quantities associated with the features in the environm ent o f  a rule are 

indications o f  the relative w eight w hich they contribute to the applicability o f  the rule, rather 

than the ex istence o f  discrete probabilities in the head o f  the speaker.

The variable rule presents an inherent contradiction to generative principles. Variation is 

not represented as stemming from theoretical mechanisms, but is corpus-specific. 

Variation is presented effectively as an obstacle (however that obstacle is bundled) 

which militates against the operation o f rules. To reduce the phenomenon o f variation to 

a set o f statistical probabilities^ (even if  incorporating social factors) is to render 

variation external to a linguistic account. By treating variation in this manner, we arrive 

at an internal inconsistency: Labov (1969: 759) espouses that “I am not sure that this 

[competence/performance] is a useftil distinction in the long run”, yet his variable rule 

methodology separates the rules [competence] from the variability [performance] and, 

moreover, explicitly states where and by how much the perfonnance can vary.

Another assumption o f  this approach is in conflict with the model o f the phonetics- 

phonology interface to be presented in the next chapter. Variable rules are constructed 

on the basis o f group patterns, rather than on the individual. Weinrich, Labov & Herzog 

(1968: 188) argue that:

The grammars in w hich linguistic change occur are grammars o f  the speech community. 

B ecause the variable structures contained in language are determined by socia l functions, 

idiolects do not provide the basis for self-contained or internally consistent grammars.

 ̂ One could make a similar argument against the dataset in Chapter 2, where I reduced 

the variation to a numerical analysis. I, however, do not profess the exact distribution of 

variation attested in that particular dataset should be incorporated into a linguistic 

account o f variation.
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Labov (1969: 759) is most adamant in the futility o f the contribution that an individual’s 

patterns can make toward linguistic theory:

In any case, the construction o f  com plete grammars for ‘id io lects’, even o n e’s own, is a 

fruitless and unrewarding task; w e now  know enough about language in its social context to 

realise that the grammar o f  the speech com m unity is more regular and system atic than the 

behaviour o f  any one individual.

Moreover, Labov (1989: 52) also asserts:

I began this paper with a question about the possible objects o f  linguistic description. A s far 

as I can see, the individual speaker is not such an object. [ . . . ]  Individual behaviour can be 

understood only as a reflection o f  the grammar o f  the speech com m unity.

It has been argued by others (e.g. Bickerton, 1971, 1973) that this approach merely 

moves an explanation o f variability to a different level in the hope o f finding less 

variation somewhere else. This is again representative o f  an incongruous treatment of 

variation: dismiss variation at one level and argue that a more systematic kind of 

variation is to be found elsewhere. It would appear that “inherent variability” only 

matters where it can be explained.

When individual variability is considered, more contradiction and inconsistency present 

themselves.

The objection to the inclusion o f individual variation is based not on the potential use (or 

uselessness) o f such variation to linguistic theory, but from the means o f data elicitation. 

It is argued that attempting to elicit minimal pair contrasts using word lists gives rise to 

‘unpredictable’ variation and, consequently, this individual variation is not systematic. 

Yet, the use o f word lists introduces many variables that affect the results (and lending 

credence to W olfram ’s comment quoted above). For instance, a more fornial style of 

register could be adopted; the informant may produce -  or claim to produce -  prestige 

forms or contrasts; or even the unnaturalness of the task itself*’ could lead to the

Regarding the dataset o f Chapter 2, the use o f EPG to elicit data can also be 

considered unnatural and may not necessarily yield the same kind o f variability found in 

natural speech. This is an inherent difficulty o f intrusive instrumental techniques.
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informant becoming self conscious o f forms produced. Consequently, spontaneous 

speech -  or as near as possible to spontaneous speech, given an experiment environment 

-  is considered the most appropriate source from which to base an analysis.

In an analysis o f ‘tense’ and ‘lax’ [ae] vowels in Philadelphia English, Labov (1989: 51) 

comments that:

This is one o f  m any results that show  that introspection -- and the elicitation o f  others’ 

introspections — is less system atic than the pattern o f  unreflecting speech.

The introspection o f an uninformed informant is one thing to distrust, but does “the 

elicitation o f others’ introspections” necessarily exclude those carrying out an analysis 

on the spontaneous speech data? Labov may well recognise the inherent contradiction of 

such a statement. Labov (1989: 7-11) goes into some detail to prove that the 

impressionistic labels o f ‘tense’ [ae] and ‘lax’ [^e] can be mapped consistently to a

difference detectable through instrumental means.

As with his other works, Labov (1994: 54-55) investigates sound change by utilising 

“the tools o f acoustic analysis [...] to study spontaneous speech.” Since much o f his 

work concerns vowel chain shifts (e.g. Labov, 1991), charts plotting FI against F2 are 

used to illustrate vowels, be they for individual speakers (e.g. Labov, 1994: 99) or 

normalised results across a number o f speakers (Labov, 1994: 59). The procedure 

adopted to measure FI and F2 leads to a further inconsistency. Labov (1994: 165) 

describes his procedure as follows:

The timbre o f  a vow el w ill be shown by a single point, representing the central tendency o f  

the vow el. In most cases, these are points o f  inflection o f  the vow el trajectories. The most 

com m on such point o f  inflection is the FI maxim um  reached when the consonantal influence 

o f  the onset or coda is minimal. In the case o f  tense ingliding front vow els like [e s ]  in man, 

the central tendency is an F2 maxim um  that fo llow s the FI m axim um . For the corresponding 

back vow els like [o:a] in lo s t or [oiy] in P aul, the measure point in tim e is an F2 minimum.

These methodological assumptions are problematic and they have far reaching 

implications for the interpretation o f the results and o f variation. In particular, 

conclusions drawn from data using these assumptions may not be properly substantiated. 

By taking FI at a maximum, we are considering only when the vowel gesture is at its 

lowest point in articulatory terms. For fron t vowels, we take F2 at a maximum which is 

the most fronted  point during the vowel gesture. For back vowels, F2 is taken at a
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minimum value which equates to the most backed portion o f  a vocalic gesture. The first 

methodology oddity is that the FI and F2 measurements appear not to be time aligned. 

By taking an “F2 maximum that follows the FI maximum”, there appears to be a degree 

o f  ad hoc selectivity in choosing points across a vocalic gesture. This is especially 

problematic as Labov (ibid.) concedes that “in most cases, these are points o f  inflection 

o f  the vowel trajectories.” Choosing a minimum or maximum F2 after an FI minimum, 

which represent different timepoints across an articulation, suggests that a hidden 

agenda in the interpretation o f the data may be operative. Yet, these assumptions present 

a second methodological contradiction. One vowel chain shift that Labov studies is the 

raising o f [as] in dialects o f American English. However, by measuring only a maximum 

F 1, the lowest possible articulatory interpretation is used for data which is at odds with 

the investigation o f a raising  process. Thus, evidence o f a possible chain shift is, at best, 

masked or, at worst, ignored. This leads us to a third which inconsistency concerns the 

nature o f variation itse lf For front vowels, we measure the gesture at the lowest and 

most fronted points o f articulation and, for back vowels, at the lowest and most backed 

points o f articulation. The methodological assumptions, thus, minimise the variation that 

can be observed, reduce the scope o f variability that can be considered and limit the kind 

o f variability that may be diagnosed in data and incorporated into linguistic theory. This 

is in stark contrast to variationist assumptions. From a theoretical point o f view, 

Weinrich, Labov & Herzog (1968: 100) argued that “the generative model [ ...]  is itself 

needlessly unrealistic.” In practice, or at least in some implementations o f the 

variationist approach, the view o f variation is needlessly unrealistic and reductionist.

The tension between a theoretical and a practical interpretation o f  variation may well 

stem from variationists’ belief that variation and sound change are intimately 

interconnected. As Eckert (1991b: 213) points out:

The study o f  linguistic variation is focussing increasingly on sm all groups and networks in an 

attempt to pinpoint the social processes involved in the determ ination and spread o f  sound 

change.

Consequently, individual variation cannot be accounted for within this framework; an 

individual cannot be a group. The systematic -  structured -  nature o f individual 

variation in Chapter 2 is invisible to this framework. Despite seeking to find a place for 

variability within linguistic theory, this framework covertly ushers variation into a 

comer o f linguistic theory thereby divorcing variation from a theoretical account.
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3.5.2 Usage-Based Accounts of Variation

Generative phonology largely tried to exclude variation from a theoretical account. 

Chomsky (1965: 9) relegated variation to belonging “to the theory o f  language use.” In 

many ways, variation can be viewed as resulting -  at least partially -  from the use o f the 

linguistic system. While none o f the approaches described below are specifically 

intended to account for variation, all o f them incorporate language use into language 

description and the description o f language patterns.

The Columbia School o f Form-Content Analysis, founded by W illiam Diver, presents a 

phonological theory which combines a psycholinguistic perspective that Diver (1979, 

1995) describes as “Phonology as Human Behaviour.” In terms reminiscent o f Lindblom 

(see below), Tobin’s (1997: xvii) defines the endeavour as follows;

This theory takes into account the com m unication and human orientations inherent in the 

definition o f  language as a system  o f  signs used by human beings to com m unicate. The goal 

o f  the theory is to explain how  the paradigmatic system s o f  phonem es and the non-random  

syntagm atic patterns o f  their distribution directly reflect the axiom  that language represents a 

constant search for m axim um  com m unication with miniinal effort.

The Columbia School sees the role of phonology as not simply the discovery o f the 

characteristics o f phonemes, but also the search for the logic behind the “skewing” (i.e. 

the variability) o f their distributions. Diver (1979) lists four orientations as sources o f 

explanation for skewing i.e. communicative (speaker intent), physiological (vocal tract), 

acoustic (the medium o f communication) and human (perception/producfion).

Skewing/variability may also be explained by certain behaviours which are “favoured” 

or “disfavoured.” Some o f these tenets include: “Likes are Favoured, Differents are 

Disfavoured” (on production grounds); “Disfavouring o f the Same M usculature” (the 

School’s equivalent o f the Obligatory Contour Principle, but based partially on 

articulatory and partially on perceptual grounds); and, “Visible Phonemes are preferred 

in Initial Position” (which explains a skewing that favours bilabial phonemes in syllable 

initial position -  as this provides an additional perceptual cue).

Akin to the practice within Optimality Theory, these “favourings” and “disfavourings” 

can be redefined or adapted to suit a particular analysis, but their existence is argued on 

the basis o f the D iver’s originals. For example, Davis (1984) offers (among others):
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Additional articulators are disfavoured (A), Explosive phonemes are favoured in initial 

position (E) and Visible articulations are favoured (V). In a comparison o f Latin and 

Italian, Davis (1984: 64) remarks that “factors A, V and E are operating also in more 

restricted environments.” Thus, while the topic is only obliquely tackled under the 

Columbia School approach, variation (and language change) is seen as stemming from 

differences in the favouring/disfavouring behaviours.

While these factors can be used to explain similarities and differences across languages 

such as Tobin’s (1997) treatment o f Hebrew and Yiddish, it is not immediately clear to 

me how this approach can be applied to or yield insight into the dataset o f Chapter 2. 

The behaviours are considered in relation to phonemes (and numerical analyses of 

phoneme frequencies). Consequently, allophones rarely come into the equation, 

although the favourings/disfavourings can be seen to shape allophonic form. Yet, none 

o f these -  or combination o f these -  behaviours can exactly predict the manifestation of 

the slit-t. Though, it could be argued that the slit-t is subject to these forces.

Bybee (2001) presents a usage-based model o f phonology which adds cognitive 

concerns to phonological theory. Variation is viewed as an effect from the relationship 

between usage o f tokens and their representations. The Bybee (2001) model is itself 

based on her proposal in Bybee (1985) which focussed on a model o f morphology. Both 

models propose an exemplar-based lexical representation instead o f the phoneme, 

morpheme, or syllable as the mental representation o f language. Being exemplar-based 

this kind o f representation is susceptible to modification from exposure to other lexical 

forms. Bybee (2001: 57) argues that such an approach provides a significant advantage 

o f other varieties o f phonology which have ‘static’ representations:

A usage-based theory postulates that change is inherent in the nature o f  language. Grammars 

are not static entities, but constantly in the process o f  change resulting from the w ay that 

language is used. Thus, a m odel o f  language must include the m echanism s by with change 

occurs as an integral part o f  its architecture.

In a fashion not unlike that o f the Columbia School, the sources o f change are 

articulatory factors, discourse factors, and most importantly frequency -  high frequency 

words (or morphemes) are more likely to undergo, for instance, reduction or contraction. 

As a result. Bybee (2001) asserts that high frequency items have ‘stronger’

94



representations and are more easily accessed -  lesser frequency items are liable to ‘fade’ 

and are therefore more prone to regularisation on the basis o f high frequency forms.

The dataset in Chapter 2 has not been designed to test frequency o f usage effects and 

variation. If we assume that change and variation are synonymous, high frequency 

words should show more variability and less frequent words less variability. 

Ippolito (2004) is an EPG study o f phonological processes affecting /t/ and /d/ in 

Hiberno-English, including the slit-t phenomenon. While Ippolito (2004) was not a 

study o f variation per se, some o f the results are pertinent. Ippolito (2004: 89-94) shows 

different contact patterns for different lexical items all ending with /t/. The results are 

similar, though not identical. Figure 3.10 presents a re-interpretation o f Ippolito’s (2004: 

89-94, 102-106) data in a manner similar to Chapter 2.

Lexical Item Place o f Articulation
Row 1 Row 2 Row 3

Dental/Alveolar Mid Alveolar Back Alveolar

/tat/ 0% 60% 40%
/tjat/ 0% 62.5% 37.5%
/sat/ 0% 60% 40%
/Jat/ 0% 60% 40%
/dat/ 33% 50% 17%

Figure 3.10: W ord-fmal /t/s and lexical variation, based on data from Ippolito (2004).

Across the lexical items, the place o f articulation involved in the [t] is most often mid- 

alveolar.'' There is much consistency in the variability. Bybee’s (2001) thesis is partially 

confirmed since, at the very least, the slit-t o f the most frequently occurring lexical item, 

/dat/, shows more variability than the other slit-t realisations o f the other lexical items. 

Yet, the variation o f the lesser-used items are almost uniform, particularly so for /Jat/ 

which is undoubtedly the most infrequently used lexical item. Thus, there appears to be 

little evidence from this (admittedly limited) dataset that the variation o f the high 

frequency forms influences the lower frequency ones. However, we do witness structure 

within the varieties o f variation: it could be argued that a process o f regularisation 

applies to the less frequent forms.

"  The informant in Ippolito (2004) is not the same as in Chapter 2, though he is also 

from Dublin.
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Another framework which keeps usage in mind is that of Bjom Lindblom’s Hyper- and 

Hypospeech (H & H) theory. Lindblom (1983) makes the assertion that speech is 

planned with economy borne in mind to minimise effort. Variation is, consequently, a 

symptom of the economy of effort. Using his “window cleaning” analogy, Lindblom 

(1983) demonstrates that minimisation of effort is not exclusive to speech articulation, 

but is a general activity. Moreover, such a principle is not without its consequences 

which, in Lindblom (1986: 13), is explicitly considered:

Thus spoken language tends to evo lve sound system s and grammars that can be explained, at

least in part, w ith reference to the fact that it is spoken.

Like Bybee (2001), speech, and the representation thereof, are seen as being subject to 

the demands of the communicative task. The significance o f Lindblom’s suggestion is 

summarised succinctly by Kent, Adams & Turner (1996: 35) that “speech production is 

not undertaken as an invariant regulatory process but rather with a regulatory process 

that is adjusted to the demands of the situation.” The Lindblom (1983) approach, which 

we might term a Motor Economy Model, therefore combines a biological component to 

phonetic (and phonological) analyses. Similar to the Columbia School, variability of 

linguistic patterns is partially explainable in terms of non-linguistic principles. Indeed, 

Lindblom (1983: 243) envisages the goal of his model is to derive “linguistic elements 

and processes deductively rather than postulating them axiomatically.” Lindblom (1990) 

presents Hyper- and Hypospeech theory which builds on his earlier work. Still central to 

his theory is that the competing demands of motor economy and articulatory 

specifications give rise to the variation in speech production. However, now the effects 

of motor economy are expressed as part of the continuum of what he terms hyperspeech 

to hypospeech. Both ‘types’ of speech are at the discretion of the speaker whereby 

hyperspeech is the tendency of the speaker to over-articulate while hypospeech is the 

tendency to under-articulate. The choice may be partially governed by social situation, 

but Lindblom (1990) now includes the competing demands of speech perception and 

production. Figure 3.11, overleaf, presents the factors that Lindblom (1990) considers 

responsible for variation in speech.
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Dynamically Interacting Determinants 
of

Intraspeaker Phonetic Variation

Production
Constraints

Reception
Constraints

Physiological Cognitive Social Communicative

Figure 3.11: Factors involved in Hyper- and Hypospeech, from Lindblom (1990).

These are certainly very varied demands, yet it cannot be denied that they do play a part 

in explaining phonetic variation and, by dint of that, also the structure of phonology. 

Lindblom (1990) confidently asserts that speech is subject to both output-orientated 

(economical) and system-orientated (phonological) motor control. Speech variation is 

consequently constrained by these factors.

Nonetheless, it remains difficult to couple the Hyperspeech/Hypospeech distinction with 

dialect variation. It could be assumed that speakers of a certain dialect group are 

restricted to a certain range within the hyperspeech to hypospeech continuum.

For example, let us consider the development of Danish from Old Norse. Icelandic, 

Faroese, Norwegian, Swedish and Danish are descended from Old Norse (Robinson, 

1992). Among these languages, Danish can be characterised as having undergone a 

series of lenitions whereby (Old Norse) plosives became fricatives e.g. Old Norse lata 

i e t ’ [laita] ^  Danish lade [laids]. Robinson (1992) notes that this lenition process was 

already present in Old Norse where forms like dagan ‘dawn’ had an intervocalic velar 

fricative. This process can be seen as reduction in articulatory effort and, therefore, an 

attribute of hypospeech. Consequently, the group of speakers whose speech was to 

become Danish spoke Old Norse at the hypospeech end of the range available to 

speakers of Old Norse. This setting, therefore, allowed the conditions to arise that 

contributed to the development of Danish. The hypospeech quality of this group of Old 

Norse speakers may still persist to modem Danish. Koefoed (1992: 4) notes that:

In English, [Q] is produced with the tip o f  the tongue against the back o f  the teeth; in Danish  

the tip remains behind the low er teeth, and the blade or front part o f  the tongue approaches 

the gum s o f  the teeth or the front palate. Further, it is produced much less energetically than 

in English.
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This description of Danish [6] certainly highlights the different articulatory action 

involved in the production of the in [6] English. This kind of difference may have 

existed while the proto-Danish speakers were part of the hypospeech speakers of Old 

Norse which also had a /6/ phoneme. Even if this difference between English and 

Danish is of a more recent origin, Koefoed’s mention of [6] being “less energetically” 

produced again suggests hypospeech is operative in Danish. Thus, while the 

Hyperspeech/Hypospeech continuum was developed to explain universal tendencies in 

variability, the approach can be adapted to explain dialect differences and certain kinds 

of sound change.

However, if a dialect group is ‘locked’ into a particular degree o f hyper- or hypospeech 

to explain particular differences in production, the speaker’s freedom of movement 

between hyperspeech/hypospeech, as implied in Lindblom (1990), is seriously 

constrained. Even assuming a default range of hyper-/hypospeech per dialect, once a 

speaker under certain circumstances goes beyond typical settings into a range 

characterised by another dialect, this speaker automatically can be viewed as belonging 

to another dialect. Dialect membership, therefore, becomes an especially problematic 

assessment and would need to be evaluated with reference to the hyper- to hypospeech 

continuum. A circularity of definition, therefore, arises: dialects are defined by means of 

their use of hyperspeech/hypospeech but the hyperspeech/hypospeech dimension must 

be restricted in order to make the definition.

It is not immediately clear whether the slit-t can be attributed to either hyperspeech or 

hypospeech. The plosive realisation of /t/ can be seen as hyperspeech and the slit-t 

realisation as hypospeech. Hyperspeech, the tendency to over-articulate, suggests less 

variation should be present, with speech remaining as close as possible to underlying 

contrasts. Thus, the considerable amount of variation of the slit-t witnessed in Chapter 2 

is consistent with slit-t being characterised as an attribute of hypospeech. While I would 

argue the data is representative o f wider patterns, the experimental procedure elicits 

what can be termed laboratory speech, especially as EPG is a relatively invasive 

technique. Nonetheless, laboratory speech is interpretable as being towards the 

hyperspeech range. The relationship between hyperspeech and hypospeech and variation 

appears, paradoxically, in contradiction to observed variation.
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3.5.3 Phonological Theories

The following sections present two paradigms in phonological theory. Their genesis is to 

answer questions regarding phonotactic patterns found, the alternations observed and the 

contrasts attested across languages. Thus, the incorporation -  or explanation -  o f 

variability was not a concern in the development o f these theories. However, that does 

not imply that these theories cannot incorporate -  or explain -  variation.

3.5.3.1 Lexical Phonology

Lexical Phonology (Booij, 1981; Kiparsky, 1982b; M ohanan 1982) explores the 

relationship between phonology, morphology and the lexicon. Its fundamental 

assumption is that word formation is carried out in the lexicon. All morphological 

processes operate within the lexicon. This approach incorporated and elaborated the 

proposal o f level-order morphology from Siegel (1974). Kiparsky (1982b: 131) explains:

The basic insight o f  level-ordered m orphology is that the derivational and inflectional 

processes o f  a language can be organised in a series o f  levels. Each level is associated with a 

set o f  phonological rules for w hich it defines the domains o f  application. The ordering o f  

levels m oreover defines the possible ordering o f  m orphological processes in word-formation.

Some phonological processes are carried out in the lexicon and others outside. Processes 

are characterised by rules and, consequently, lexical and post-lexical rules can be 

distinguished. There is much debate (cf, Kaisse & Shaw, 1985) between lexical 

phonologists concerning how and where morphological and phonological rules interact. 

Figure 3.12 shows Booij & Rubach’s (1984) view o f Lexical Phonology.

Lexicon

Syntax

Post-lexical Phonology

Underived Lexical Items, Roots

Cyclic
Phonological

Rules

Morphological
Rules

Postcyclic 
Phonological Rules

Figure 3.12: The Grammar in Lexical Phonology, from Booij & Rubach (1984).
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With phonological rules alone, the same strategies illustrated for Generative 

Dialectology above can be employed to deal with variation. However, with a richer 

representation. Lexical Phonology provides more scope for variation. Dialect differences 

could be argued as resulting from ordering within the lexical rules or the post-lexical 

rules, or from a rule being lexical in one dialect and post-lexical in another or from a 

rule changing the level to which it applies, or from a rule extending the domain o f its 

application. These are only some o f the possibilities. In a discussion o f sound change, 

Kiparsky (1988) argues that:

The existence o f  two types o f  sound change, lexical diffusion and ‘Neogrammarian’ sound 

change, is a consequence o f  the existence o f  two types o f  phonological rules, lexical rules 

and post-lexical rules.

Despite the potential for explanation o f cross dialect variation, the topic remains largely 

unexplored from the perspective o f Lexical Phonology. One exception is Kaisse (1993) 

which considers Cypriot Greek and in particular a dissimilation processes (which affects 

all Greek dialects) and an obstruentisation process (in Cypriot Greek). Kaisse (1993) 

effectively proposes a change in rule ordering occurring from Pan-Greek through to 

(modem) Cypriot. The dissimilation rule is argued to be lexical in Pan-Greek and Proto- 

Cypriot, but post-lexical in (modem) Cypriot. The obstruentisation process is classified 

as being lexical because, Kaisse (1993; 352) notes, “the failure o f any source on the 

dialect to cite application o f obstmentisation between words.”

Another reason, which has an implication for the Chapter 2 data, that Kaisse (ibid.) gives 

for obstmentisation is because “it applies before redundant feature values for voicing are 

assigned.” Segments in the lexicon are assumed to underspecified with only contrastive 

features being specified. As Harris (1989: 38) asserts, “mles applying in the lexicon may 

not add to the inventory o f  segments that are present in underlying stmcture.” Then a 

slit-t mle cannot be a lexical mle since it contravenes K iparsky’s (1985) “Stmcture 

Preservation” condition. In a footnote, Kiparsky (1985: 135) suggests that “we may wish 

to weaken this in various ways e.g. by allowing marking conditions to ‘turn o f f  at some 

level o f the lexicon.” This concession allows the possibility o f  a lexical slit-t mle. 

However, accounting for variability between [t] and [t] remains problematic.
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Post-lexical rules have access to fully specified forms and can change structure. 

Nonetheless, the assimilation data persists as a problem. The main problem for Lexical 

Phonology is summarised by Kaisse & Shaw (1985: 10-11)

Rather than treating boundaries as sequential elem ents in the phonological string, as was the 

case both in the structuralists’ notion o f  juncture and the SPE conception o f  +, =  and # 

boundaries, L exical Phonology elim inates them altogether, relying exclusively  on 

m orphological bracketing and the appropriate ordering o f  levels

Moreover, there is a Bracket Erasure convention which deletes brackets at the end o f a 

level such that a rule cannot utilise the internal structure o f an item. For example, a rule 

could change [enginejNoun to [[engine]NounCer]Noun which is changed to [engineer]Noun at 

the end o f the level. Rules in the next level can refer only to [engineer]Noun and to none 

of the components from which is was built. Sproat (1993: 188) points out

One consequence o f  this v iew  is that Mohanan (1982) extends the dom ain o f  Bracket Erasure 

into the post-lexical com ponent, where it erases information about syntactic constituency  

with the result that the later phonetic im plementation rules have no access to such structure.

Some o f the clusters in the Chapter 2 assimilation data can only occur post-lexically (e.g. 

[tt]), strongly suggesting that this process is a post-lexical one. We noticed in the Kerry 

/t#k/ data that ‘separate though influenced’ [t] and [k] gestures were frequent, alongside 

the infrequent [tk] cluster. Without reference to boundaries, there would seem to be little 

logical reason to treat a /tk/ any differently to a /kt/ cluster.

However, it may be possible to configure the Bracket Erasure convention into 

constraints on domains that phonological rules can access (Inkelas, 1989). Nonetheless, 

again the difficulties for writing (post-lexical) rules arise as were encountered for 

Generative Dialectology’s rules in the previous section. The post-lexical rules remain 

categorical and cannot code for the variation found in the realisation o f the same 

sequence o f segments. While the effect o f post-lexical rules be can gradient in nature 

(Kiparsky, 1985), it remains non-trivial to code for the variability o f the assimilation and 

o f the slit-t.

'2 Indeed, the /k#t/ clusters yield [kt], the same as a lexical /kt/ cluster. Yet, without 

boundaries the derived and underived clusters cannot be distinguished.
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3.S.3.2 Optimality Theory

Most generative approaches to phonological theory assume an underlying form upon 

which a series o f rules are applied until the output form is derived: it is derivational. 

However, this is not the only way for a phonological theory to proceed. Dispensing with 

rules in favour o f constraints, Optimality Theory has become not only a very influential 

theory in linguistics but also the dominant phonological paradigm.

Chomsky proposed that as language is innate to humans and we readily and effortlessly 

acquire language, we are bom equipped with a mechanism to facilitate the process. This 

mechanism is called Universal Grammar and one o f the aims o f phonological theory is 

to determine what exactly are the universals o f language. This is certainly not a simple 

task as universals are not as universal as they might first appear. For instance, while 

every language possesses consonants and vowels, no particular consonant or no 

particular vowel are present universally (Maddieson, 1984).'^

Optimality Theory (Prince & Smolensky, 1993; 2002) adopts universals, which are 

termed constraints, but permits them to be broken, or violated. Optimality Theory relates 

an underlying form to the surface (output, phonetic) form by evaluating a number o f 

candidates (based on the underlying form) with respect to the active constraints in the 

language. Every language has its own unique hierarchy o f constraints, its own peculiar 

ranking, which renders some constraints more important than others. The surface form 

need not necessarily obey all the constraints, nor should it be viewed in a derivational 

way as if all the constraints acted upon the underlying form. The candidate output form 

is considered optimal if  it obeys a higher ranked constraint while other candidates 

violate it, or where a candidate violates a constraint less times than other candidates.

Under the theory, the set o f universal constraints is called CON, a part o f Universal 

Grammar, contains constraints which operate (generally) on output forms either

■3 Lindblom (1986) points out that there are some phonetic universals, e.g. the 

fundamental frequency o f high vowels is higher than that o f low vowels, which is a 

physiological consequence o f raising the tongue.
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permitting or prohibiting. For instance, *Complex could be used to prohibit consonant 

clusters. There are two types o f constraint, which M cCarthy (2002: 66) describes as

Markedness constraints [to] evaluate the well-formedness o f output candidates [and 

Faithfulness constraints [to] prohibit disparity between output candidates and the inputs that 

underlie them. The interaction o f markedness and faithfulness constraints through language- 

particular ranking is essential to description and explanation in Optimality Theory.

McCarthy (2002) cautions that the markedness constraints do not quite express 

markedness in traditional terms. Markedness under this theory is solely concerned with 

the output form, not referring to the input form or other lexical forms: a candidate is 

‘marked’ because it violates the constraint and not because it is less neutral or more 

different to some other entity.

Faithfulness constraints ensure that the output form is in some way similar to the input 

form. Under Correspondence Theory (McCarthy & Prince, 1995), there should be 

dependency, DEP, constraints ensuring that every input segment has a corresponding 

output as well as identity, id e n t , constraints to ensure features do not change 

specifications. Together markedness and faithfulness constraints can interact to account 

for phenomena like allophonic variation and neutralisation, depending on which family 

of constraints, markedness or faithfulness, outrank the other.

The two formal mechanisms that allow Optimality Theory to fianction are the Generator 

(GEN), which when given an input form, will generate an infinite number o f output 

candidates and Evaluation ( e v a l ), which determines the best candidate. The evaluation 

is done in parallel across the candidates for each constraint: if  candidates tie for a 

particular constraint, the evaluation continues to a lower ranked constraint until the 

optimal candidate is found. A graphical representation o f the process in presented in 

Figure 3.13 overleaf, which in Optimality Theory terminology is a tableau.
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/tag/ Ident-IO(voice) *Voiced Coda

a. [tag] *

b. [tak] *!

c. [deqz] *! **

Figure 3.13: A tableau with iDENT-IO(voice) »  (outranking) *Voiced Coda.

The tableau in Figure 3.13 shows the underlying form in the top left cell. In this case, 

GEN has produced three candidates (labelled a, b and c in Figure 3.13) which are 

phonetically similar to the underlying form. The constraints (and their evaluations) are 

the second and third column. Constraint ranking goes from left to right: in Figure 3.13 

the faithfulness constraint, Ident-IO(voice), which insists that segments’ voice 

specification remain unchanged, is ranked higher than the markedness constraint

* Voiced Coda, which prohibits voiced segments in syllable coda position. Candidate (a) 

does not violate Ident-IO(voice) whereas the other candidates do, shown by the 

asterisks: for Candidate (b) the final /g/ became the voiceless [k] while for Candidate (c) 

the initial /t/ became [d]; additionally, for Candidate (c) a segment was inserted -  this 

would violate a D e p  constraint were it illustrated. At this point. Candidate (a) has won 

and is the optimal output which is indicated by the pointing hand as well as the 

exclamation marks after so-called ‘fatal’ violations where a violation ensured the 

elimination o f other candidates from contention. As we already have a winner, the 

markedness constraint, *Voiced Coda, need not be evaluated, but for completeness. 

Candidate (a) violates *Voiced Coda once. Candidate (b) does not violate the constraint, 

while Candidate (c) incurs mulitple violations under this constraint: two violations, once 

for the voiced  velar nasal and another for the voiced alveolar fricative, both o f which 

were in the coda. Thus, where the faithfulness constraint is more important, or (in 

Optimality Theory terms) outranks, the markedness constraint (i.e. Ident-IO(voice) »

* Voiced Coda), no final devoicing occurs, thus the tableau 3.13 correctly predicts no 

final devoicing for English. However, the situation for German is different and is 

presented in Figure 3.14.
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/tag/ *Voiced Coda Ident-IO(voice)

a. [tag] *!

b. ^ [tak] *

c. [degz] ** I *

Figure 3.14: Final Devoicing in German within Optimality Theory.

The tableau in Figure 3.14 is similar to the previous table expect that the markedness 

constraint now outranks the faithfulness one i.e. *Voiced Coda »  Ident-IO(voice). The 

logic behind the violations remains as before, but now Candidate (b), illustrating word- 

final devoicing, emerges as the optimal candidate. By re-ranking the constraints, we can 

describe the phonological/phonetic facts o f any language in the world.

Our innate language capacity is explained by our being bom  with these constraints 

already pre-programmed. All that is required to learn a language is to acquire the correct 

ranking o f constraints. The successes o f Optimality Theory are stressed by Kager 

(1999a: 47-48):

One aspect o f  Optim ality Theory [stands] out: the interaction o f  faithfulness and markedness.

W e have seen that all phonological phenomena [ . . . ]  are variation on this theme: the notion o f  

contrast, and, related to this, allophonic variation, neutralisation, and lexical representations, 

and finally, the notion o f  segm ental inventory. In every case, a phonological pattern resulted 

from (m ore or less com plex) interactions o f  constraints that preserve lexical input properties 

(faithfulness), and others that reduce output markedness. [ . . . ]  This perspective [can be 

generalised] to a range o f  other linguistic phenomena.

While initially developed to tackle phonological phenomena, soon, as Archangeli & 

Langendoen (1997), Kager (1999a) and Roca & Johnson (1999) show, Optimality 

Theory was applied to morphology (c f  Russell, 1997; M cCarthy & Prince, 2001; 

McCarthy, 2002), and syntax (c f  Pesetky, 1997; Newmeyer, 2000; A nttila&  Fong 2003).

Variation in Optimality Theory terms, then, is a difference in constraint ranking. The 

underlying form is (generally) assumed to be common to all dialects and it is the 

constraint hierarchy which generates the differences. Thus, dialect A has constraint 

X outranking constraint Y while dialect B has constraint Y outranking constraint X. 

However, these rankings is result in a binary outcome: either one output form or another
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output fonn  is predicted. Therefore, a sim ple constraint hierarchy cannot m odel degrees 

o f  variation, as w e have seen in Chapter 2.

For sim ilar reasons, G uy (1997) rejects an O ptim ality T heory  treatm ent o f  variation. In 

particular, G uy (1997: 346) believes:

The data, along with the usual scientific consideration o f  econom y and adequacy, require us 

to prefer the Variable Rule (V R ) m odel over OT, at least as it is now  formulated. The 

quantification o f  V R  is more desirable in that effects are cum ulative, stable, and transparent, 

instead o f  appearing and disappearing in peekaboo fashion, and the V R  m odel is more 

adequate to the data.

O ne possibility to code variation is that o f  tied violations, illustrated in Figure 3.15.

/A / X Y Z

a. ^ [A]

b. [B]

c. [C] *! *

Figure 3.15: Tied V iolations/M ultiple W inners in O ptim ality  Theory.

The tableau in Figure 3.15 shows /A / being evaluated against three constraints where X 

outranks Y w hich outranks Z. Candidate C incurs violations, w hile the first two do not. 

Consequently, this tableau has two optim al candidates: m ultiple w inners with tied 

violations. Consequently, /A / is m apped either to [A] or [B]. H ow ever, as A nttila (2002) 

points out, this is not the apparent variation that it seem s. W hile tableaux illustrate a 

finite num ber o f  constraints, an alm ost lim itless num ber o f  constraints are posited with 

UG. Consequently, it is very likely that there exists a constraint ranked low er than Z 

which w ould distinguish the two apparent optim al w inners. Thus, tied violations are 

highly unlikely to occur and could not serve as a m eans to code variation.

A pplying M uller’s (1999) com m ents on syntax to phonology, another approach, m ay be 

to posit that the variable form s are present underlyingly and m arked as being different in 

m eaning e.g. due to social situation etc. The speaker chooses the appropriate underlying 

form which is then evaluated as usual. This choice appears at best to be linguistic free 

will and brings us no closer to an understanding o f  variation.
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Anttila (1997), Boersma & Hayes (2001) incorporate multiple grammars within an 

Optimality Theory treatment of variation. A multiple grammar model suggests that 

variation is due to competition of different grammars within a speaker.''^ That a speaker 

can possess more than a single grammar is uncontroversial given multi-lingual speakers. 

However, it remains open to debate whether the same phenomenon occurs on a dialect 

by dialect basis. Since comprehension of multiple dialects is possible, it can be argued 

the multiple (perception) grammars are present. A multiple grammar within Optimality 

Theory consists of multiple sets of ranked constraints. Figure 3.16 illustrates a multiple 

grammar.

Grammar a

/A/ X Y Z

a. [A] *

b. [B] *!

c. [C] *!

Grammar (3

/A/ X Z Y

a. [A] *!

b. [B] !|<

c. [C] *!

Figure 3.16: Multiple grammars in Optimality Theory.

The upper tableau in Figure 3.16 is Grammar a with X » Y » Z ,  which evaluates [A] as 

being the optimal candidate. Grammar p with X » Z » Y  which yields [B] as the optimal 

candidate. Figure 3.16, therefore, shows that /A/ is mapped either to [A] or [B]. The 

frequency of variation between these forms is determined by the rate at which either 

grammar is chosen by the speaker. Two difficulties arise. Firstly, how is the speaker to

This might also be termed a polylectal approach, opposing a monolectal approach 

where a single grammar must describe all variation. This distinction is not limited to 

Optimality Theory. Generative dialectological treatments support both monolectal (e.g. 

Saporta, 1965) or polylectal (e.g. Thomas, 1967) approaches. Bailey (1973, 1982) offers 

an alternative explicitly polylectal linguistic theory.
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choose between competing grammars. Social situation is often cited as a factor 

influencing a choice o f grammar. However, in this context, a circular argument presents 

itself again: to witness a particular degree o f variation in a certain social circumstance 

the speaker must choose the correct grammars (in the correct proportions) to produce 

that particular degree o f variation. This issue is compounded by the second difficulity 

with this approach: how many grammars can a speaker generate? McCarthy (2002: 241) 

acknowledges and considers this question. He notes that since, mathematically, n 

number o f constraints can be arranging in n! number o f ways, a set o f twenty-seven 

constraints (which is considerably less than would be required) gives in the range of 

10,888,869,450,420,000,000,000,000,000 possible combinations, possible grammars. 

Consequently, it seems implausible that variation can be predicted using totally ordered 

multiple grammars.

However, proposals have been made that constraint hierarchies need not be totally 

ordered and, moreover, constraints can form ‘sets’ with non crucial rankings internal to 

these sets. For example, Boersma (2001) offers Stratified Grammars; Anttila & Cho 

(1998) discuss Partially-Ordered Grammar; and Reynolds (1994) proposes Floating 

Constraints. Figure 3.17 illustrates grammar a partially ordered grammar.
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Tableau a

/A/ X Y Z P Q
cr- [A] *

[B] *! *

[C] * *!

Tableau P

/A/ X Z Y P Q
[A] *!

[B] * *

[C] *! *

Tableau y

/A/ X Y Z Q P

cgF= [A] *

[B] *! *

[C] * *!

Tableau 5

/A/ X z Y Q p
[A] *!

®= [B] * *

[C] *! *

Figure 3.17: A Partially Ordered Grammar, Grammar a: X » { Y ,Z } » { P ,Q } .

The four tableaux in Figure 3.17 are generated from the partially ordered grammar 

X » { Y ,Z } » { P ,Q } . Constraints within brackets are ranked equally. Rather than 

generating a tableau for every possible ranking o f these five constraints (which would be 

120), it is only for the equally ranked constraints that tableau permutations are 

generated. Thus, the permutations o f this partial ranking are: X » Y » Z » P » Q ,  

X » Z » Y » P » Q ,  X » Y » Z » Q » P ,  and X » Z » Y » Q » P .  The results are [A] is 

the winner in tableaux a  and y while [B] is optimal for tableaux p and 5. Thus, the 

predicted variation is that /A/ is realised as both as [A] and [B] in equal proportions.

Let us depict a development o f this grammar which separated in time, say, by a 

generation. We will add a further constraint, R, into our hierarchy. R penalises [A] 

twice, [B] once, but does not penalise [C]. R is viewed as having existed in Grammar a
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in Figure 3.17, but ranked below the P and Q constraints. The revised grammar will have 

still have R ranked (relatively) low in the following partial order: X » { Y ,Z } » { P ,Q ,R } . 

Figure 3.18 presents the twelve possible permutations o f tableaux.
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Tableau a

/A/ X Y Z P Q R

^  [A] *

[B] *! * *

[C] * *!

Tableau r|

/A/ X z Y P Q R

[A] *! * *

(®= [B] * * *

[C] *! *!

Tableau P

/A / X z Y P R Q
[A] *!

[B] * ♦ ♦

[C] *! ♦

Tableau 0

IPJ X Y Z P R Q
[A] * * 1 ♦

[B] *! * ♦

^  [C] * *

Tableau y

/A/ X Y Z Q P R

^  [A] * * *

[B] *! ♦ *

[C] * *!

Tableau 5

/A/ X z Y Q R P

[A] *! *  *

[B] ♦ * *

[C] *! *

Tableau e

/A/ X Y Z R Q p
[A] ♦

[B] *! * *

^  [C] * *

Tableau i

IPJ X z Y Q P R

[A] *!

^  [B] * * *

[C] *! *

Tableau k

/A / X Y Z Q R P

[A] 1 *

[B] *! * ♦

[C] 1 * *!

Tableau X

/A/ X z Y R Q P

[A] *! **

^  [B] * * *

[C] *! ♦

Tableau ^

/A/ X z Y R P Q
[A] *! *

[B] ♦ *

[C] *! *

Tableau |j.

/A/ X Y z R P Q
[A] *

[B] *! * *

^  [C] ♦ *

Figure 3.18: A Partially  O rdered Gram m ar, G ram m ar P: X » { Y ,Z } » { P ,Q ,  R}.
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The results of the evaluation of the tableaux in Grammar P are that [B] emerges as 

optimal six times, [A] and [C] both three times. Thus, there is variability in the 

realisation of /A/ with [B] surfacing as the dominant realisation, with [A] and [C] each 

being predicted for 25% of occasions.

Furthermore, using the same logic of Figure 3.18, if the grammar had a partial order like 

X » {Y ,Z ,R }»{P ,Q }  the results would be that /A/ is mapped to [C] twice as often as 

[B] but with [A] never surfacing as an optimal candidate. This grammar, Grammar y, is 

illustrated overleaf in Figure 3.19. This new ranking, X » {Y ,Z ,R } » { P ,Q } , again 

reflects the evolution of a language with, in this case, the constraint R becoming more 

highly ranked.
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Tableau a
/A/ X Y z R P Q

[A] *

[B] *! * *

[C] * *

Tableau r]

/A/
[A]

X Y Z R Q p
*

[B] *! * *

[C] ♦ *

Tableau p

IP J X Y R z p Q
[A] *

[B] *! * *

^  [C] * ♦

Tableau y

/A/ X z Y R P Q
[A] *!

[B] * ♦ *

[C] *! *

Tableau 5

/A/ X R Y Z P Q
[A] ♦

[B] *! * *

[C] * *

Tableau e

/A/ X z R Y P Q
[A] *!

®= [B] * ♦ *

[C] *! *

Tableau 0

/A/
[A]

X Y R Z Q p
*  1 * *

[B] *! ♦ ♦

^  [C] * ♦

Tableau i

/A/ X z Y R Q p

[A] *! * *

[B] ♦ * *

[C] *! *

Tableau k

/A/ X R Y Z Q p
[A] ♦

[B] *! * *

^  [C] 1 ♦ ♦

Tableau X,

/A/ X z R Y Q p
[A] *! * *

[B] * ♦ *

[C] *! ♦

Tableau ^

/A/ X R z Y P Q
[A] *

[B] *! * *

^  [C] * ♦

Tableau

/A/ X R z Y Q p

[A] *1* *

[B] *! * *

^  [C] *! *

Figure 3.19: A Partially Ordered Grammar, Grammar y; X » { Y ,Z ,R } » { P ,Q  }.
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The three previous grammars and their effects, in terms o f predicted variation, are 

summarised in Figure 3.20 below.

Grammars Optimal Surface Form

[A] [B] [C]

a X » { Y ,Z } » { P ,Q } 50% 50% 0%

P X » { Y ,Z } » { P ,Q ,R } 25% 50% 25%

y X » { Y ,Z ,R } » { P ,Q } 0% 33% 67%

Figure 3.20: Three Partially Ordered Grammars and their Predicted Variability.

The changes in the three grammars give rise to different patterns o f variability. It can be 

argued that these grammars produce quantitative results comparable to studies such as 

Labov (1969).

Figure 3.20 permits an interpretation o f language change. From the perspective o f the 

grammar, the process appears to be that constraint R is moving higher in the hierarchy. 

In Grammar a, R is assumed to be ranked lower than {P,Q} and does not participate in 

creation o f variability. In Grammar P, R has been promoted and is now ranked equally 

with P and Q to affect variability. In Grammar y, R has been promoted again and is 

ranked equally with Y and Z and higher than both P and Q.'^

The example above is loosely based on a lenition process in Irish where k—+x—>h—>0. 

The constraint R may appear contrived in the abstract example, but is based on a 

treatment o f lenition by Kirchner (1998, 2001). Kirchner (1998) asserts the existence o f 

a constraint, which he terms La z y , to militate against undue articulatory effort. The 

La z y  constraint inflicts a violation on those consonants with an articulation higher than 

that o f a vowel. Stops incur two violations while fricatives only one. Since the glottal

'5 This is not an implausible possibility. In discussing the leam ability o f Optimality 

Theory (the acquisition o f L I), Tesar & Smolensky (1993, 1996) argue that 

phonological patterns are acquired by integration o f observed patterns into the ‘universal 

set’ o f constraints with a process called Constraint Demotion Algorithm. The promotion 

of a constraint can be seen as a failing to acquire the identical ranking o f other speakers.
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fricative possesses a supraglottal configuration similar to a vowel, it does not incur a 

violation. Figure 3.21 presents a potential treatment o f lenition in Irish.

Grammars Optimal Surface Form

[k] [X] [h]
a X » {Y ,Z }» { P ,Q } 50% 50% 0%

P X » { Y ,Z } » { P ,Q ,lazy} 25% 50% 25%

Y X » {Y ,Z , lazy }»{P ,Q } 0% 33% 67%

Figure 3.21: Lenition in Irish occurring over time.

The change occurring in the grammar is the promotion of the l a z y  constraint i.e. more 

lenition is found in succeeding grammars. While this methodology may achieve a 

prediction of attested variation, it is no more than a manipulation of theoretical devices. 

There is, in fact, a lack of intuitive insight into the lenition process. The implicit view of 

the sound change in Figure 3.21 is that LAZY played no part in the variability between 

[k] and [x] in Grammar a, but did contribute to variation in Grammars p and y. This does 

not reflect the intuitive account that the same process applies repeatedly to [k] changing 

it to [x] and then to [x] changing it to [h].

While the methodological devices encoding the grammar suggest the sound change is 

due to constraint re-ranking, the variability generated by the grammars in Figure 3.20 

suggests that a different process is occurring. It appears to be a sound change from [A] 

to [B] to [C], occurring over several generations. In Grammar a, /A/ maps equally to 

both [A] and [B]. One might argue that such equal variability between [A] and [B] may 

be interpreted as either having /A/ or /B/ underlyingly. However, Grammar a may be 

development of a previous grammar X » Y » Z » { P ,Q }  where Y strictly outranked Z. 

Such a grammar would predict only [A] as a surface form. The evolution of the grammar 

suggests that /A/ remains the perceived underlying form for Grammar a. While this logic 

may operate in Grammar P, with [B] forms now far more widespread that [A] forms, 

there would be considerable ambiguity between /A/ and /B/ as underlying forms. Further 

variability is apparent with [C] forms now occurring as often as [A]. By Grammar y, no 

[A] forms are predicted, [C] occurs twice as often as [B] forms. [B] might be considered 

the more conservative form, thus /B/ could be assumed as an underlying form. However, 

assuming /C/ as the underlying form seems most likely for Grammar y.
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An additional source o f variation can be inferred. As speakers shift, over time, from 

Grammar a to Grammar y, some will have Grammar a, some Grammar p and others 

Grammar y. Overall patterns would inevitably be complicated: some producing mostly 

[A] where others mostly [B] or others using /A/ where others use /B/ or /C/.

Thus, there appears to be a change from predominantly [A] forms to predominantly [B] 

forms to predominantly [C] forms, or rather /A/ to /B/ or /C/. However, if  the “R 

constraint promotion” process continues, a grammar o f the form 

X » R » { Y ,Z } » { P ,Q }  could develop. This grammar “post y” is presented in Figure 

3.22.

Tableau a  Tableau y

lAJ X R Y Z P Q
[A] *

[B] *! * *

^  [C] ♦ *

/A/
[A]

X R Y Z Q p
*

[B] *! * ♦

[C] * ♦

Tableau P

/A/ X R z Y P Q
[A] * 1 * *

[B] *! * *

^  [C] * ♦

Tableau 0

/A/ X R Z Y Q P

[A] *

[B] * * *

^  [C] * *

Figure 3.22: A Partially Ordered Grammar, Grammar “post y” : X » R » { Y ,Z } » { P ,Q } .

The Grammar “post- y” predicts that [C] emerges as the only optimal form. With no [A] 

or [B] forms surfacing, /C/ would be perceived as the underlying form. The overall 

change in the variability predicted across the five grammars is from /A/ to /C/.

Optimality Theory, it seems, presents an elegant solution to account for sound changes 

and for the wealth o f variability found. However, in every case it is /A / that is assumed 

as underlying. For Grammar a, /A/ is uncontroversial if we assume a “pre- a ” grammar 

that allowed only [A] to surface. For Grammar p, /A/ or /B/ could be assumed; though,

116



given the numerical superiority o f [B], the /B/ might be preferred.'^ For Grammar y, /B/ 

or /C/ -  and not /A/ -  are the logical candidates. For the “post- y” grammar, only /C/ 

could be logically assumed. Yet, /A/ is assumed as underlying throughout these 

grammars. Thus, Optimality Theoretic treatments o f variation must assume highly 

abstract underlying contrasts, which is totally contrary to the intent o f Prince & 

Smolensky (1993, 2002).

However, there is no guarantee that the results would be the same if  /B/ or /C/ is taken as 

the inputs to GEN or EVAL for these grammars. For instance, let us assume the following; 

Firstly, that the variation shown in Figure 3.20 is the variability to be modelled; and, 

secondly, that applying GEN to /B/ produces only two candidates, [B] and [C].

Figures 3.23, 3.24 and 3.25 illustrate the evaluation o f /B/ under the three Grammar y, 

X » { Y ,Z ,R } » { P ,Q } .

Extralinguistic concerns could also arise: the [A] form might be considered more 

‘conservative’ while the [C] could be seen as ‘innovative.’
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Tableau a

/B/ X Y Z P Q
[B] *! !|=

^  [C] *!

Tableau P

/B/ X z Y P Q
^  [B] * *

[C] *! *

Tableau y

/B/ X Y Z 0 P

[B] *! *

^  [C] * *!

Tableau 5

/B/ X z Y Q p

[B] * *

[C] *! *

Figure 3.23; Grammar a: X » {Y ,Z }» { P ,Q }  using /B/.
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Tableau a

/B / X Y Z P Q R

[B] *! * *

[C] * *

Tableau r|

IB/ X z Y P Q R

cr- [B] * * *

[C] *! *

Tableau P

/B/ X z Y P R Q
[B] * * *

[C] *! *

Tableau 0

/B/ X Y Z P R Q
[B] *! * *

[C] * *

Tableau y

/B/ X Y Z Q p R

[B] *! * *

^  [C] * *

Tableau 5

/B /

[B]

X z Y Q R P
* * *

[C] *! *

Tableau e

/B/ X Y Z R Q p
[B] *! * *

[C] * *

Tableau i

/B / X z Y Q P R

[B] * * *

[C] *! *

Tableau k

/B/ X Y Z Q R P

[BJ *! * *

^  [C] * !t=

Tableau k

/B / X z Y R Q p
[B] * *

[C] 1 *! *

Tableau C

/B/ X z Y R P Q
[B] * * *

[C] *! *

Tableau ^

/B/ X Y Z R P Q
[B] *! * *

^  [C] * *

Figure 3.24; G ram m ar P: X » { Y ,Z } » { P ,Q ,  R} and /B/.
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Tableau a

/B/ X Y Z R P Q
[B] *! * *

^  [C] * *

Tableau r|

IB/ X Y Z R Q P

[B] *! * *

[C] * *

Tableau P

/B/ X Y R Z P Q
[B] *! *

^  [C] *

Tableau 0

/B/ X Y R Z Q p
[B] *! * *

^  [C] * *

Tableau y

/B/ X z Y R P Q
[B] * * *

[C] *! *

Tableau 5

/B/ X R Y Z P Q
[B] *! * !|<

^  [C] * *

Tableau e

/B/ X z R Y P Q
[B] * * *

[C] *! *

Tableau v

/B/ X z Y R Q p
[B] * * *

[C] *! *

Tableau k

/B / X R Y z Q p

[B] *! *

[C] * *

Tableau X

/B / X z R Y Q p
[B] !|< * *

[C] *! *

Tableau ^

/B/ X R Z Y P Q
[B] *! * !(!

^  [C] * *

Tableau tx

/B/ X R Z Y Q p
[B] *! !|< *

^  [C] =K *

Figure 3.25: G ram m ar y: X » { Y ,Z ,R } » { P ,Q  } and /B /.

Figure 3.26 com pares the prediction o f  variability for /A / and /B / in these grammars.
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Optimal Surface Form
Assuming Assuming

/A/ /B/
Grammars

a X » { Y ,Z } » { P ,Q }

[A] [B] [C]

50% 50% 0%

[A] [B] [C]

0% 50% 50%

p X » {Y ,Z }» {P ,Q ,R }  25% 50% 25% 0% 50% 50%

y X » {Y ,Z ,R }»{P ,Q }  0% 33% 67% 0% 33% 67%

Figure 3.26: Variability of /A/ and /B/ across three partially ordered grammars.

Grammar a and Grammar (3 both predict that /B/ will be mapped to [B] and [C] equally 

as optimal. Despite these two grammars having different constraint rankings, they both 

predict the same degree of variability. Grammar y produces the same results with either 

/A/ or /B/ as input. Since the sound change we want to describe is from majority [A] 

forms to majority [C] forms, assuming /C/ in Grammar a is counterintuitive and not 

obvious from the (Figure 3.20) data. However, even if this assumption were proposed, it 

may lead to similar difficulties as /B/ unless GEN(/C/) produces [A], [B] and [C] as 

candidates.

Figure 3.26 highlights a potential discrepancy for the treatment of variation within 

Optimality Theory. Given the patterns of these three grammars, the only choice is to 

assume that /A/ is underlying. Thus, Optimality Theory is -  or can become -  highly 

abstract which was problematic for other theories (Kiparsky, 1968). While such an 

argument could hold for Grammars a and p, it would tenuous to accept /A/ for Grammar 

y since it is contrary to the fiindamental tenets of the theory which suggest surface and 

underlying forms should be as similar as possible. Moreover, if we must accept that /A/ 

remains underlying throughout these grammars, /A/ has remained constant and thus 

there is no change in underlying contrasts. Nonetheless, there is phonological change (in 

the form of different constraint rankings) and phonetic change (both in terms of the 

realisation of the contrast as well as the distribution of variation). At the very least, these 

results suggest that this incorporation of variability into Optimality Theory can lead to 

unpredictable and contradictory results.

Considering the dataset in Chapter 2, the monostratal nature o f Optimality Theory 

implies that /t/ has to be mapped directly to the slit-t with a certain constraint hierarchy. 

It is difficult to envisage a mapping in terms of phonological features. As the devoicing

121



example above shows, Optimality Theory works within the conventions o f standard 

phonological features and, consequently, no gradients can be encoded to allow the slight 

place o f articulation differences noted in Chapter 2. Constraints can be devised to 

account for the tension between economy o f articulation and maintenance o f contrasts 

(Kirchner, 1998; Flemming, 1995). Such constraints might be utilised to characterise the 

assimilation data. However, an Optimality Theory analysis would require constraints 

like *tk i.e. a prohibition against [tk] clusters which is ranked more highly in the Kerry 

dialect than in the Dublin dialect. As McMahon (2000) notes, such highly language- 

specific constraints are incongruent with the basic tenets o f Optimality Theory.

3.6 Conclusion

We are faced with many problems when trying to incorporate variation into 

phonological theory. Phonological theories tackle the staggering variation found across 

all levels o f speech by looking for the invariant. By searching for properties that show 

little variation, it is hoped that more diversity in variation could be predicted from the 

invariant properties.

However, Chapter 2 highlighted the extent o f variability that exists. Moreover, much of 

the variation''^ found has a structured property which, given its non-arbitrary nature, 

needs to be incorporated into linguistic accounts. The difficulty arises as to how and 

where such variation needs to be included. The treatments o f  variation that were 

investigated in this chapter all exhibit either practical or theoretical difficulties when 

combining their tenets with the instrumental data o f Chapter 2.

The methods o f Traditional Dialectology used linguistic criteria to define dialect 

regions. It is least surprising that this approach has difficulty incorporating variation of 

the fine phonetic detail found in Chapter 2. The kind o f detail obtained from, for 

instance, EPG was simply not available to dialectologist undertaking this kind of

The question may arise as to what residue o f variation is not attributable to any rule 

governed processes or is not in some way structured. It certainly cannot be asserted that 

all variability has significance. Variability induced by extra-linguistic factors such as 

coughing must be disregarded. Significance o f a pattern o f variation cannot be 

determined in absolutes, but can only be ascertained from within a corpus o f data.

122



approach. C onsequently , statem ents regarding sim ilarities found across the Chapter 2 

dataset are either trivial (e.g. cross-dialectal presence o f  slit-t) or obscure (e.g. Dublin, 

G alw ay and K erry  having lam inal versions o f  slit-t). The findings derived from m ethods 

o f  traditional dialectology need careful interpretation, particularly  with such fine 

phonetic detail inferable from  instrum ental techniques.

W einrich (1954) argued that the m ethods o f  traditional dialectology potentially 

disguised levels o f  variation. D ialectologists considered only the differences directly 

v isible in a collected corpus o f  data. W einrich (1954) m aintained that the surface level 

variation needed to be considered in relation to the structure o f  linguistic system s used. 

For instance, a surface distinction betw een two form s m ay reflect different underlying 

contrasts or different w ays o f  realising the sam e contrasts, am ong other possibilities.

An analytic approach, w hether structural or not, needs to be adopted in the interpretation 

o f  raw dialect data. As w ith Traditional D ialectology, Structural D ialectology was not 

developed in an era w here instrum ental techniques w ere used routinely  to ascertain the 

fine detail o f  articulatory  activity. Thus, while com bining findings from  the assim ilation 

experim ent is possible, there is no increase in insight com m ensurate w ith the increase in 

phonetic detail. S tructural D ialectology’s m ethod to relate structures across dialects is 

called the D iasystem . Figure 3.27 shows two diasystem s arising from  the Chapter 2 

dataset.

a. ^ / /  /t/ = / t / ~ /k /  / /
Dublin, Kerry '  '  " ' I

b / /  /[k t]/ = W ~ [ t k ] ~ [ k _ t ] /  , ,
Dublin, Kerry /  /  Kerry /[t_k] ~  [t_k] ~ [k t]/ ' '

Figure 3.27: D iasystem s for D ublin and K erry data.

Figure 3.27a illustrates a typical (though partial) diasystem . Figure 3.27a states that both 

Dublin and K erry  speakers have a distinction betw een a dental, an alveolar and a velar 

stop. Figure 3.27b adapts the diasystem  to the patterns found by  EPG. The diaphonem ic 

cluster //“/[k t]/”// represents that the cluster /k t/ is realised as [kt]. An underscore is 

being used to indicate that phonetic cluster form ation does not occur. The diasystem  in 

Figure 3.27b expresses generalisations such as w hile both D ublin and K erry have a /tk/ 

cluster, D ublin realises it as [tk], K erry does not. This diasystem  is both cumbersom e 

and over-sim plistic. The detail o f  variation is not captured by  this diasystem . For 

instance, on one hand, the K erry speaker resists [tk] but is attested w hile on the other
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hand a [tk] cluster is never found. This is not surprising since the diasystem is intended 

to capture cross-dialectal systemic contrasts. The structured, non-contrastive found in 

Chapter 2 are, by definition, excluded from expression within a diasystem. In particular, 

the varieties o f speaker strategies cannot be included within this approach.

Generative linguistics succeeded Structural linguistics as the dominant paradigm within 

linguistics. As part o f an attempt to reduce variability, Chomsky (1965: 3) assumed “an 

ideal speaker-listener.” Nonetheless, the methodology o f generative phonology allows 

for variation to be encoded at different levels. Differences may be explained in terms of 

different underlying forms, different rules or different orderings o f rules. A rule mapping 

[t] to slit-t can be written. However, the kind o f detail found in Chapter 2 remains more 

difficult to express. Laminal and apical forms o f slit-t occur, though optionally. For the 

Dublin speaker, laminal and apical forms o f [t] show a more structured realisation: 

laminal forms are strongly preferred word-initially and apical forms strongly preferred 

word-finally.

The main difficulty in writing generative phonological rules is the use o f distinctive 

features. The binary nature o f these features allow general classes o f sounds to be 

characterised but cannot cater for the gradient nature o f the patterns observed. The 

articulatory configuration o f the slit-t cannot be characterised with distinctive features. 

While [s] can be defined as [+anterior, +strident] and [J] as [-anterior, +strident], the 

slit-t would require a gradient feature between [+anterior] and [-anterior]. Yet, even if a 

feature specification for the slit-t can be devised, there is no indication that [s] is more 

variable than slit-t, as is shown in Figure 3.28.

EPG Place o f Articulation [t] [s] Lf]
Row 1 Alveolar 10% 40% 0%
Row 2 Mid alveolar 70% 40% 10%
Row 3 Alveolar-to-postalveolar 20% 20% 80%
Row 4 Postalveolar-to-prepalatal 0% 0% 10%

Figure 3.28: Variability o f productions o f Slit-t, [s] and [J] by EPG Row.

A specification o f the slit-t including acoustic information is 

[+anterior, +strident, +grave]. However, this specification cannot distinguish between 

the acoustics o f the slit-t o f the Mayo speaker which was closer to her [[] than the slit-t 

realisations were for the Cork or Dublin speakers. Consequently, the sheer amount of
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variety even within the slit-t cannot be specified within a single specification using 

traditional distinctive features.

While traditional generative approaches tended to eschew variability, variationist 

approaches, such as Labov (1963), embrace variation. This approach explicitly includes 

social factors into explanation o f patterns o f variability. Since patterns o f variability 

show similarities to historical changes, a close connection between sound change and 

patterns o f variability is posited by variationists. Milroy (1992: 4) points out that 

variationists’

Aim  is to exam ine the extent to w hich the origins o f  Unguistic change can be shown to be 

social; to put in a slightly stronger form [ . . . ]  to exam ine the thesis that linguistic change is a 

product o f  speaker-activity in social contexts, w hich cannot be w holly  explained from within 

the properties o f  language system s them selves.

Within the Labov’s (1969) Variable Rule paradigm, both social and linguistic criteria 

can be combined to determine the variability o f  a particular form. The variable rule 

allows optionality which was impossible under conventional generative approaches. 

Variability is determined by probability factors that are corpus-based. Being corpus- 

based, this explanation o f variation is incompatible with generative principles. 

Moreover, this methodology reduces an account o f variation to a count o f variability. 

Thus, a variable rule could be devised for the slit-t including the laminal/apical 

preferences mentioned above. However, the individual speaker variability cannot be 

incorporated. The Labovian approach aims to construct grammars o f the speech 

community not o f the individual. While variationists argue that more regularity exists at 

the level o f the speech community. Chapter 2 showed that regularity and structure 

pervades phonetic realisation which is tempered by individual speaker strategies.

Variationist accounts include social factors, but their Variable Rule methodology fails to 

provide an explanation for variation. It may be argued, then, that a combination a 

variationist approach and other phonological theories could offer an avenue of 

exploration. The architecture o f Lexical Phonology provides a source o f  differentiation 

o f dialect patterns. The distinction o f lexical and post-lexical rules allows some 

processes to be characterised as lexical in one dialect and post-lexical in another. 

Lindblom’s (1983) Hyperspeech/Hypospeech approach allows characterisation o f some 

kinds o f sound change. Thus, different theories with different architectures allow the
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possibility o f searching for an explanation of variation in different arenas. However, 

dealing with variation using such an approach would risk considerable internal 

inconsistency in dealing with otherwise straightforward phenomena.

Assuming Assuming
/A/ /B/

[A] [B] [C] [A] [B] [C]
50% 50% 0% 0% 50% 50%

25% 50% 25% 0% 50% 50%

0% 33% 67% 0% 33% 67%

Within Optimality Theory, incorporation of variability is possible without comprising 

theoretical assumptions. Yet, in so doing a tension between the grammar and patterns of 

variability, between phonology and phonetics, is created although Optimality Theory is 

intended to militate between these tensions. Nonetheless, as Figure 3.29 shows, patterns 

of variability can be explained by constraint ranking but different constraint rankings 

need not effect patterns o f variability.

Optimal Surface Form
Assumi

/A/
Grammars

a X » { Y ,Z } » { P ,Q }

P X » {Y ,Z }» { P ,Q ,R }  

y X » {Y ,Z ,R } » { P ,Q }

Figure 3.29; Variability o f /A/ and /B/ across three partially ordered grammars.

For instance. Grammars a and p have different rankings but, when the input is /B/, the 

predicted variability is identical. Moreover, the different rankings cannot be predicted 

from the patterns o f variability. Thus, Optimality Theory’s treatment of variation 

represents only a manipulation of theoretical devices. Constraint ranking does not 

provide insight or an explanation of variation. The performance of constraint rankings 

and variation forces one to conclude that while variation can be used to diagnose a 

change in grammar, a change in grammar need not be witnessed by variation.

Moreover, Figure 3.29 also shows how highly abstract Optimality Theory can become 

while depicting variation. Grammar a predicts /A/ is equally realised as [A] and [B], 

Grammar p predicts /A/ is realised mostly as [B], but with [A] and [C] forms also 

occurring. Grammar y predicts /A/ is realised as [C] twice as much as [B]. These 

rankings, consequently, represent a sound change from majority [A] forms to majority 

[C] forms. However, at each timepoint, /A/ is assumed the underlying form to predict 

these patterns of variability. By Grammar y, /A/ predicting [B] and [C] forms is, at best, 

implausible. Thus, the treatment of variation not only requires highly abstract underlying
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fonns, but also those underlying forms are likely to represent contrasts from a proto

language. The methodology o f Optimality Theory implicitly necessitates the use of 

counterintuitive underlying forms. Therefore, Optimality Theory must be rejected for a 

treatment o f variation.

Finally, given that this thesis is investigating the phonetics-phonology interface, a 

pertinent criticism can be made against many phonological theories: their output is only 

a phonetic transcription. While phonetic transcriptions are often more detailed than 

phonological transcriptions, they remain just that -  transcriptions. At the phonetics- 

phonology interface, transcriptions themselves are abstractions based on what is 

believed to be articulated'*. As such, phonological theories'^ remain incompatible with 

quantitative instrumental data such as those in Chapter 2. Consequently, theories cannot 

profit from inclusion o f wealth o f variation witnessed above. Moreover, since we have 

seen that variation is often stnictured, it is necessary that such structured, non- 

contrastive behaviour be incorporated at least at the level o f the phonology-phonetics 

interface.

It is an inherent problem with transcriptions systems (e.g. the IPA) that a phonetic 

transcription may not capture all the phonetic features present in an articulation. A 

potential avenue for exploration might be to couple phonological accounts with other 

more detailed transcription systems such as Otto Jespersen’s (1889) Analphabetic 

Notation or Kenneth Pike’s (1943) Functional Analphabetic Symbolism. For example,
r

Jespersen’s notation renders [t] as a,,pO y,,50£0p which specifies the activity o f the 

various components o f the vocal tract (in Greek letters), the position o f articulations (e.g. 

0 equals closure, or voicelessness) and articulatory targets in superscript lowercase 

Roman letters. Thus, pO^states closure by the tongue tip in the alveolar area; 50 specifies 

a raised velum; and specifies a neutral position for an articulator (a  = lips, y = back 

of tongue). In a similar fashion, [t'''^] would be rendered as a3^p0^y3^50s0p. While such 

systems are very expressive and could provide for the phonetic detail witnessed in 

Chapter 2, they would be incapable o f accommodating the structured variability also 

witnessed above: it is the intent for the proposed system below to incorporate 

simultaneously both phonetic detail and its structured nature.

And, by implication, how such theories model the phonetics-phonology interface.
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CHAPTER 4

A MODEL OF THE PHONETICS-PHONOLOGY INTERFACE 

4.1 Introduction

This chapter presents a model o f the phonetics-phonology interface. The intent is to 

develop a set o f principles to map phonology to phonetics using a new conception of 

phonological features. These features partially achieve a better match between phonetics 

and phonology. Furthermore, the use o f these features in some ways eschews the 

distinction between phonetics and phonology. The abandonment o f phonetics-phonology 

differentiation is a necessity at the level o f the interface since phonetic and phonological 

perspectives on language data can be simultaneously present. Consequently, this model 

is called Phonetology, showing aspects o f both phonetics and phono/ogy.

Phonological theories are now incorporating more than the strictly phonological. 

Lindblom (2001: vii) informs us that “numerous recent developments show that 

phonologists are making serious efforts to explicitly link their descriptions o f sounds 

patterns more tightly to the production and perception o f speech than previously was the 

case.” Nonetheless, Local (2002: 5) points out that:

D espite significant advances in m odelling speech perception and understanding, and an 

increasing acknow ledgem ent o f  the relevance o f  phonetic detail, there continues to be an 

overem phasis on issues o f  lexical distinctiveness and lexical access with the consequence that 

all sorts o f  system atically  controlled fine phonetic detail do not find their w ay into 

contemporary m odels.

Who do we believe? Both are correct. Many phonologists have argued that adding 

phonetics -  or too much phonetics -  to phonology results in an over-powerful entity that 

could predict contrasts that are never found. Phonological work like Flemming (1995) 

clearly demonstrate this is not necessarily the case. Although Phonetology models the 

phonology-phonetic interface and is not a phonological theory, it might face similar 

criticisms. This cost -  if  it really is a “cost” -  can be balanced by improved descriptive 

attributes. Moreover, the sheer variety o f variation can only be incorporated with 

reference to phonetic detail and phonetic processes. Phonetology is an exploration o f an 

account o f the interface that is not in terms o f abstract representations, such as phonetic
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transcriptions, but in terms that are compatible with speech data obtained from any 

instrumental technique. As such, Phonetology provides a methodology to link 

phonological approaches directly to speech data.

4.2 Assumptions

As a model o f the phonetics-phonology interface, Phonetology necessarily provides a 

bridge between the outputs o f phonology and phonetics. The input to Phonetology is, 

therefore, a relatively detailed phonetic transcription. The output is a description 

compatible with quantitative instrumental data. The description o f the realisation is 

tempered with the phonological properties o f the language, dialect or the speaker’s 

system. The process to derive this description can be termed a ‘phonetological’ analysis. 

A number o f  assumptions are required in performing a phonetological analysis. The 

following sections discuss these assumptions and the rationale behind them.

4.2.1 On The Relationship Between Phonetics and Phonology

The distinction between phonetics and phonology has a long provenance, being most 

strongly expressed by the Prague School. Yet, this interpretation should be reconsidered: 

Akamatsu (2001: 1772) informs us that “the said delimitation is made by the criterion of 

function and has nothing to do with separation of, or division between, objects o f study.” 

I am not the first -  nor, I hope, the last -  to assert the need for a re-integration of 

phonetics and phonology. Cohn (1993: 43) notes:

Current v iew s o f  the relationship betw een phonology and phonetics make the distinction  

betw een phonological rules and phonetic ones less automatic than once assum ed and a 

reconsideration o f  the status o f  these rules is warranted.

Placing detailed phonetic considerations at the heart o f a treatment o f the phonetics- 

phonology interface allows us to discover a phonological structure present in the depths 

o f detail, as well as the diversity o f “structured non-contrastive” detail. A phonetological 

perspective incorporates both a phonological and a phonetic view o f speech. Phonetic 

and phonological views are abstractions -  made by us scientists while we examine 

speech. Language users have no knowledge o f the distinction unless you explicitly draw 

it to their attention. Since, as I will argue, individual speaker’s patterns contribute to the 

wealth o f  variation, it is necessary to keep the language user in mind when developing a 

phonetological description.
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The speaker clearly has use o f phonetics; however, phonology cannot be eschewed, 

especially when we consider word games such as Verlan o f French (c f  Walter, 1988), 

Kontti Kieli o f Finnish (c f  Campbell, 1981) or Jerigonza  o f K ’ekchi, a Mayan language 

(c f  Campbell, 1974a). Hombert (1986: 184) puts the matter most succinctly: “word 

games, [either] naturally occurring or invented, can be used to gain insight into the 

psychological representation o f a language’s phonology.” Thus, a phonetological 

approach must incorporate both phonological and phonetic views.

The Density Hypothesis is often viewed as a plausible interpretation o f the relationship 

between phonetics and phonology. Moreover, the Density Hypothesis can, to an exent, 

be said to predict variability. Despite often being spoken of, the Hypothesis is rarely 

written down leaving the principle somewhat ethereal and alluring. This may well be 

due to the fact the Density Hypothesis is not exactly testable or provable. Evidence can 

be adduced to support the Hypothesis from different languages or different dialects, but 

the evidence is circumstantial yet intuitively compelling. The Density Hypothesis can be 

defined as “phonetic variation is inversely proportional to the density o f phonological 

contrasts.” In other words, the more phonological contrasts that a language possesses, 

the less coarticulatory variation is to be found in the phonetic space and, conversely, the 

fewer phonological contrasts there are, the phonetics is ‘freer’ to vary. Figure 4.1 

illustrates the Density Hypothesis using phonemic vowel contrasts and their potential 

phonetic realisations: I am abstracting somewhat, the realisation o f vowel contrasts 

occasionally ‘overstep’ their ‘boundaries’ into phonemic neighbours’ space, as 

illustrated, for example, by Cho, Jun, Jung & Ladefoged (2000).

/u/ /u/

/o/

/a/

Figure 4.1: Potential Vowel Space realisations with (a) three phonemic vowel contrasts 

and (b) five vowel phonemic vowel contrasts.

As we can see in Figure 4.1, as more phonemic vowel distinctions are introduced, as the 

phonemic space becomes more densely filled, the more constrained the possible

130



phonetic realisations becom e and the less freedom  there is w ithin phonetic space to 

coarticulate/vary. Yet, there is no possible w ithin-language p roo f o f  the Density 

Hypothesis. Instead, M anuel (1989, 1990) com pares three (related) languages and their 

vow el-to-vow el coarticulatory tendencies. M anuel (1989, 1990) lend support to the 

D ensity H ypothesis, finding less coarticulatory variation in languages w ith greater 

num bers o f  contrasts. Thus, the H ypothesis seem s plausible and constitutes a valuable 

explanatory tool relating variability  and phonology. U tilising this and other sim ilar 

logic, m y view  o f  Phoneto logy’s place and its conception w ithin phonetics and 

phonology can be depicted as show n in Figure 4.2.

Phonology
i

D ensity Perception

r

Phonetics
i

Production Strategies

1r
, A coustics ,

Phonetology

Figure 4.2: Phonetics, Phonology and Phonetology.

Phonetics and phonology are bound together, m utually  governing and m utual aiding one 

another. In Figure 4.2, I have indicated a “governing” relationship w ith an arrow 

pointing from  that w hich is governing to that w hich is governed. Phonology governs 

phonetics, by m eans o f  the D ensity  H ypothesis. Phonetics, in turn, through the Speech 

Production M echanism , controls Acoustics. A coustics can alter Phonetics by the 

adoption o f  particular articulatory strategies to produce a particular set o f  acoustic cues. 

Finally, phonetics governs phonology w hen it com es to Speech Perception. 

Consequently, we have an infinite circle with phonology dictating term s to phonetics 

and phonetics dictating term s back to phonology.

Phonetology, therefore, can be view ed as im plem enting phonology but also the 

im plem entation affects the contrasts to be im plem ented. As a consequence, the 

distinction betw een phonological properties and phonetic properties becom es less 

evident and the difference betw een phonetics and phonology m ore difficult to discern. 

Thus, no strict phonetics-phonology division is assumed.
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4.2.2 On Mapping Phonology to Phonetics

Notwithstanding the above, a distinction between underlying and surface forms needs to 

be asserted. Within a phonetological analysis, the relationship between input and output 

is not a simple mapping: there may be a number of stages, which reminds one of 

phonological rules, but the mapping is subject to various processes, which reminds one 

of phonological constraints. Take, as an analogy, a potter at his wheel about to fashion a 

vase. The process can be viewed as a series of steps (or rules) such as: place an amount 

of clay on the wheel; lubricate clay; start wheel spinning; form vase shape; remove vase 

shaped clay; place clay in a kiln; remove from kiln and decorate. Equally, the process 

could be viewed in terms of constraints such as to keep sufficient pressure on clay, not 

to place too much pressure on the clay and so on. Either way, rules or constraints are 

abstractions away from the process; neither are right or wrong and both may be required 

to characterise the process.

A phonetological analysis needs to consider the details which shape the various forms. 

Returning to the potter analogy, such details would include the consistency of the clay, 

the pressures placed on the clay, even the heat o f the kiln. If any of these details is 

changed the output vase may, too, be modified.. .or the potter may use a different 

strategy to cope with various conditions. In a phonetological analysis, the explanatory 

role of the forces which mould the phonetic and phonological layers is highlighted.

In phonological treatments of variation, different methodologies are adopted to generate 

the attested variant forms. Rules or constraints, or underlying forms, are adjusted to map 

an underlying form to a single surface form. That is, traditionally, the mapping from 

phonology to phonetics is a one-to-one relationship. A logical alternative to pursue is a 

one-to-many relationship, in a bid to, at least partially, cater for variability.

The possibility is supported by some personal, anecdotal evidence. I was once accosted 

by a persistent salesman who extolled the virtues of a special offer available only until 

the end of [d3agju9Ji]. During his spiel, he repeated, without a specific request, the 

word January a number of times which confirmed my intuitions that the sound sequence 

[d3ai]ju3ji] was, indeed, his pronunciation, and not a momentary aberration (nor, I might 

add, is this pronunciation typical of his dialect). At no point was I confused as to his 

intended meaning -  the meaning he sought to confer was perceived: communication
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occurred despite his flouting o f  the accepted pronunciation o f  /d 3 anju3 ji/. Conceivably, 

a phonological explanation o f  this innovation m ight be the developm ent o f  an /n/ [q]

rule or that the salesm an has acquired a unique ranking o f  faithfulness constraints which  

pennits /n l to surface as [g]. Both these ‘exp lanations’ are, o f  course, ridiculous 

especia lly  considering that /d 3 anjusai/ appeared to be his on ly  lexical item which  

exhibited the /n / —>■ [g] effect.

Thus, [d3agju3ji] is, am ong others, a plausible phonetological surface form for 

/d3anju9ji/. H ow ever, I do not mean to im ply that underlying forms alw ays have 

m ultiple output forms, though they do have the potential. There is a single output form 

per input form, but, like R ealph onetik  from Shibles (1993a,b; 1994a,b; 1996), there is 

not necessarily  a unique output form per input form. The output w ill be a result o f  

whatever rules, constraints or laws apply. In O ptim ality Theory, G e n e r a t o r  applies 

such processes to generate the candidate output form s that E v a l  m ust process. In 

mathematical terms, whereas GEN(input) y ields output], output2 , outputs...outputn-i, 

outputn, PHONETOLOGY(input) yields outputx w hich m ay be any one o f  o u tp u t], o u tp u ti, 

outputs...outputn-1, outputn. In som e w ays, p honetology and O ptim ality Theory are not 

that dissim ilar, though I m ake no claim  that P h oneto logy’s output w ould  necessarily  

correspond to O ptim ality T heory’s optimal candidate.

A problem that also arises in mapping phonetics to p honology is m ism atch between  

acoustic and articulatory correlates o f  contrasts. Studies have show n that the acoustic- 

articulatory relationship can be fraught. H oole, Z iegler & Hartmann (1989: 65-6) 

com m ent that:

W ith the /J/ sou n d s it is in teresting  to note that the a co u stics  reflec t the articulatory data in 

m uch the w a y  o n e  m ight ex p ect [ . . .h o w e v e r , it is] n ecessa ry  to a sk  w h y  there is com p lete  

acoustic  overlap  b e tw een  the /s /  sou n d s o f  the tw o  sp eak ers, d esp ite  c lear d ifferen ces in 

articulation.

N onetheless, the authors d iscover that one o f  their informants had strikingly different /s/ 

allophones in different vow el contexts which w ere not taken into account w hen averaged  

EPG data was considered. O verall, they find, once such factors are addressed, there is a 

very good articulatory to acoustic mapping. D ocherty & Fraser (1993), on the other 

hand, find a rather tenuous connection betw een articulation and acoustics. In fact, 

Docherty & Fraser (1993: 16) assert that “there is not a reliable relationship between
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traditional manner o f  articulation categories as measured by EPG on the one hand and 

acoustic methods on the other.” They conclude that EPG uncovers only a small part o f  

complete articulatory process. Hoole, Nguyen-Trong & Hardcastle (1993) also 

experience difficulty with acoustic-articulatory mismatch. Their study investigated 

coarticulatory effects among [s] and [f] in French and German. Mismatches between 

articulation and acoustics are considered as “not uncommon.” Moreover, the authors 

find speaker-specific differences in production strategy. In particular, Hoole, Nguyen- 

Trong & Hardcastle (1993: 243) comment on one o f  the German informants that:

This was the subject show ing a very retracted /J/ configuration, and who accordingly has the 

largest articulatory distance betw een the two fricatives. This is not reflected in an obvious 

w ay in the acoustic parameters. With the exception o f  the high-em phasis dispersion  

parameter, the distinction is not more pronounced than in the other speakers.

Let us, then, explore the formal properties o f  the mapping o f  phonology to phonetics. 

Using set theory^o, the mapping adopted in ‘standard’ approaches will be compared with 

the approach adopted for the Phonetology model. Figure 4.3 presents some statements 

and an illustration o f  a mapping from a set o f  contrasts to a set o f  phonetic realisations.

C P

V L : Language (L)
3 C =  { X e  E : Contrasts (L, x )  } a

P =  {jV e  E : Phonetic-Realisation (L ,3̂ ) }.

3 M c C  x P
Vz, z 6 C 3q,  q e  P : (z, q) e  M

Figure 4.3: A mapping M from C to P.

The statements in Figure 4.3 assert that every language possess a set o f  contrasts and a 

set o f  phonetic realisations and that a mapping exists relating members o f  the contrast

20 The analogy between mapping in set theory and the phonology-phonetic mapping 

represents a considerable simplification, though is sufficient for comparison between 

traditional and phonetological approaches to the process.
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set to members o f the phonetic reaHsation sets. Thus, the mapping in Figure 4.3 maps 

contrasts in set C to phonetic reahsations in set P. The task at hand for the phonology- 

phonetic interface is, then, the description of M, be that in terms o f  rules, variable rules 

or constraints. The relationship between the domain and codomain o f M (i.e. C and P 

respectively) is clearly a bijection (i.e. both an injection and a surjection^'). Traditional 

approaches assume that M is bijective and consequently utilise their methodological 

devices to map a single underlying element to a single surface element. Yet, other 

relationships are possible between these sets. These relationships are pertinent both to 

traditional approaches and Phonetology. The alternative relationships are presented as 

M-1, M-2 and M-3 in Figure 4.4 and are defined identically to M, but possess different 

mappings o f elements. It should be noted that such mappings constitute part o f the 

grammar.

M-1 M-2 M-3
C - > P  C - ^ P  C - ^ P

c*.

-•aa*-

c*.

Figure 4.4: M appings M-1, M-2 and M-3.

The grammar including the M l mapping describes underlying contrasts from C being 

realised as unique elements from P, though there are members o f P that are not mapped 

from C. As such, the M-1 mapping depicts a relationship from C -^P  that is injective and 

not surjective. At first glance, this situation may seem unlikely but it may represent a 

means for coding variation. The interpretation o f a mapping can be, in Labovian fashion, 

within a grammar o f the speech community. The existence o f an element in P without a 

corresponding element in C remains an incongruity. Yet, if  the grammar is interpreted as 

a collection o f  individual mappings (in this case similar to M-1), a possibility arises that

2' An injection, or an injective mapping, describes a relationship where every member of 

the domain is mapped to unique members o f the codomain. A surjection, or a surjective 

mapping, describes a relationship where every member o f the codomain has a mapping 

from the domain.
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some speakers have (for instance) Id  mapping to “y” while others have Id  mapping 

to “5” . Thus, M -1 suggests that variation in grammar can at least partially characterised 

by being not surjective.

Nonetheless, M-1 is simplistic when comparing to cross-linguistic realisation of 

contrasts. The grammar including M-2 describes some elements in P being mapped from 

the same elements in C and that all elements in P have a mapping from C. As such, the 

M-2 mapping depicts a relationship from C—>P that is not injective but is surjective. The 

grammar with mapping M-2, consequently, predicts a neutralisation between the 

realisations o f /a/ and /b/ underlying contrasts. While the non-surjective realisation 

between C and P precludes variation, M-2 suggests that grammars themselves can be 

characterised by being not injective.

The mapping M-3, therefore, expresses a relationship between C and P which is neither 

injective nor surjective. That is, elements o f C are not necessarily mapped to unique 

members o f P and the some elements o f P do not have a mapping from C. The grammar 

in M-3 maps both /b/ and I d  to “y”. However, there may also be variability between /b/ 

mapping to “P” or to “ y ” - Thus, M-3 suggests that variability within grammars can be 

characterised by possessing a mapping that is neither injective nor surjective.

However, traditional approaches to mapping phonology to phonetics assume a 

‘m apping’ more like that o f M-4 in Figure 4.5.

C ^  P

Figure 4.5: M-4: The phonology-phonetics mapping from traditional approaches.

In M-4, we see that /a/ is mapped only to “a ”; there is a neutralisation between Id  and 

/d/ with both being mapped to “6”; and, /b/ shows variability between being mapped to 

either “p” or “y” . Thus, these are typical scenarios found across languages, and it is these 

kinds o f ‘mappings’ which traditional approaches (e.g. Generative Phonology or 

Optimality Theory) attempt to describe. The first difficulty regarding M-4 is that this 

‘m apping’ expresses a surjective relationship between C and P, which excludes formal 

expression o f variability within a system. Variation appears to be coded in /b/
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corresponding with either “P” or “y” (marked in blue); however, this characterisation of 

variation leads us to a more grave problem. The second and most serious difficulty is 

that M-4 is not a mapping in the formal, mathematical, sense: elements in the domain 

cannot be mapped to more than one element in the codomain. Thus, if we are to retain 

formal testability for the proposed model in this thesis, we are, therefore, forced to reject 

M-4 as a plausible means of exploration of the mapping of the phonology-phonetic 

interface.

Other than formal reasons, a further reason to reject M-4 is that this is effectively 

mapping phonemes to finite phonetic transcriptions. By doing so, fine detail in 

variability is not only abstracted away but potentially ignored. As the dataset in Chapter 

2 shows, a single phonetic symbol does not capture the possible kinds of variability 

witnessed. M-4 is, therefore, incompatible with the central tenets of this thesis.

An alternative interpretation of mapping phonology (or, rather, the output of phonology) 

to phonetics (in terms o f actual speech data). Phonetology, then, may map contrasts 

either to acoustic or articulatory definitions. Figure 4.6 presents M-5, a mapping from 

the Contrast domain to either the Articulatory or the Acoustic codomains.

M-5 M-5
C —> Articulation C —>■ Acoustics
a» a *■

Figure 4.6: M-5: Mapping phonology to phonetics within the Phonetology model.

Both the mappings C—»'Articulation and C—»^Acoustics are assumed to be neither 

injective nor surjective. Thus, both neutralisation of contrasts and variability are 

formally expressible within these mappings.

The relationship between the Articulation and Acoustic codomains may be assumed to 

be isomorphic; however, the articulatory-acoustic mismatches mentioned above suggest 

that this need not be the case. Thus, an interpretation of M-5 is as follows: /a/ is realised 

with an “a ” gesture and with an acoustic correlate “k”; /b/ and Id  generally neutralise 

and are realised with a “y” gesture and acoustically as “|a”; /b/ may also surface with a
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“P” gesture and “\|/” as an acoustic correlate; and /d/ is realised with a “5” gesture with 

either “a ” or “co” acoustic correlates.

Consequently, these assumptions allow articulatory-acoustic mismatches to arise from 

description o f  the system. However, the M-5 mapping between contrasts and articulatory 

and acoustics is simplistic as it suggests a single articulatory/acoustic correlate per 

contrast. Contrasts have multiple correlates. For instance, vowels can be described 

minimally in terms o f  1̂ ‘ and formant values. We appear to have reached a 

contradictory position. M-4 was rejected as it was not a mathematical mapping since an 

element in the domain mapped to two elements in the codomain. W ithin M-5, contrasts 

potentially need to be mapped to more than one element in the codomains as well.

Two courses o f action present themselves. Firstly, and most trivially, abandon set theory 

and mathematical mappings as a means for formalising the phonology-phonetics 

mapping. This would leave the possibility o f having to accept the phonology-phonetic 

mapping as not being a formal mapping but an informal collection o f relationships. 

Secondly, broaden the definition o f a mapping in the context o f phonology-phonetics. 

Given that the relationship between domain and codomain needs to be definable in terms 

o f being neither a surjection nor an injection, the mapping should take elements in the 

domain to sets o f  elements within the codomain. This revised interpretation o f M-5 is 

shown in Figure 4.7.

M-5 M-5
C Articulation
a»

Acoustics

Figure 4.7: Revised M-5, mapping contrasts to sets o f articulatory/acoustic correlates.

The revised M-5 mapping suggests a simplification whereby the phonology-phonetic 

mapping is bijective akin to the mapping in Figure 4.3. This is only one possible 

interpretation. A non-injective mapping is possible. It was argued that surjection is a 

means to coded for variability; yet, surjection is less clear in Figure 4.7. Nonetheless, 

variability is very much at the heart o f these mappings. By mapping a contrast to a set of
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articulatory  or acoustic configurations, some “inherent variability” is captured. Thus, 

m apping IdJ to {“ a ” } and {“ti” } is a m apping to regions w ithin articulatory and acoustic 

space. It should be noted that the articulatory/acoustic realisations depicted in Figure 4.7 

need not be neighbouring acoustic/articulatory spaces. For exam ple. Figure 4.7 shows 

that /b / is m apped to an articulatory space including both “P” and “y” ; m oreover, this 

figure suggests that the articulatory space o f the articulatory realisation o f  f b !  is larger 

and -  by  im plication -  m ore variable than realisations o f  other contrasts. The formal 

interpretation is that /b/ is m apped to {“p” } u  {“y” } which constitutes considerable 

variability.

For the gram m ar including the revised M -5, the problem  rem ains how to explain 

variability  betw een /b/ m apping to {“P” } or

By assum ing that a m apping from  phonology to phonetics is sim ilar to Figure 4.7, there 

are tw o descriptive aspects that need to be considered in a phonetological interpretation 

o f  the phonology-phonetic interface. Firstly, a description o f  the direct m apping o f 

contrast to potential realisations. This description m ay involve the use o f  phonological 

rules or constraints. Secondly, a description o f  how the form ation o f  realisations o f  the 

contrasts can interact in the process o f  realisation. This is not the trivial inclusion o f  co- 

articulatory effects since realisation o f  contrasts tem pered by (am ong other things) the 

num ber o f  contrasts in the system.

The interpretation o f  the codom ain o f  the phonology-phonetics m apping is crucial to 

how contrasts are to be specified at the interface. In the C —>^Articulation and 

C —>Acoustic m appings, the codom ains are the sets A rticulatory and A coustic correlates 

for Language L. These are defined as the union o f  the sets o f  realisations for each 

contrast. Equally, they  are subsets o f  larger articulatory and acoustic dom ains that can be 

expressed by the vocal tract i.e. A rticulatory Space (Language L) c: Universal 

A rticulatory Space and A coustic Space (Language L) cz U niversal Acoustic 

Space (Language L). Part o f  a phonetological description m ust focus on factors which 

shape variability  w ith articulatory/acoustic space, including how specifications are

A testable hypothesis based on phonetological m appings w ould be (using Figure 4.7 

as an exam ple) to test w hether {“y” } yielded from  /b/ is identical to {“y” } yielded from 

c/, be that in term s o f  phonetic realisation or variability  o f  form s w ithin the {“y” } set.
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implemented. W hile neither articulatory or acoustic codomain is assumed to have 

priority over the other, it is conceivable that for some segments an articulatory 

specification may be preferred or an acoustic specification for other segments.

Thus, a phonetological description maps contrasts either to acoustic or articulatory 

definitions. Yet, mismatches between implementation o f acoustic and articulatory 

definitions suggest, paradoxically, that specifications mapping phonology to phonetics 

may not necessarily need to be as precise as realisations suggest. Moreover, such 

mismatches must be recognised as a further source o f variation.

4.2.3 On the Role of Speech Perception

The phonetological features to be developed can be interpreted in articulatory terms. As 

such Phonetology can be likened to Articulatory Phonology. This phonological theory, 

presented in Browman & Goldstein (1986, 1989, 1992), assumes that gestures -  not 

phonemes -  are the basic unit. Segments -  and the phonemes we appear to perceive -  

are argued to arise from the interaction o f these gestures which are controlled using a 

“gestural score” to indicates the relative timing and instructions for the gestures.

Therefore, under Articulatory Phonology the distinction between phonetics and 

phonology has no meaning, similar to Phonetology. However, there is no incorporation 

o f the role o f speech perception, either for phonology in general or for the explanation of 

variability in production. The authors suggest variations in articulation can be accounted 

by either a greater overlap o f gestures or a decrease in gesture magnitude. Articulatory 

Phonology can, in some ways, attend to cross-dialectal variations in articulation. For 

instance, the /t/ in phonetics being articulated as an alveolar tap in an American accent 

can be partially explained by a reduction in the duration o f the “closed alveolar” phase 

during the gestural score. However, since underlying gestures cannot be deleted, the 

“glottis wide” (voiceless) configuration setting would remain, resulting in [r].

Within Articulatory Phonology, perception is a mapping o f acoustics to underlying 

gestures. As noted above, mismatch between acoustic and articulatory domains leaves 

this a non-trivial process. Nonetheless, Ohala (1993b,c; 1996) and Guion (2002) 

demonstrate that speech perception is at least in part responsible for language change 

e.g. the ‘palatalisation’ o f historic [k] to [tj] near high front vowels: the fronting o f a 

velar produces a palatal stop. The palatal stop, due to acoustic similarity, is perceived as
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a post-alveolar affricate. Following the logic o f Labov (1994), it is therefore conceivable 

(and possibly quite likely) that, over a certain period, a single phoneme exhibited 

variability between [c] and [tj].

It comes as no surprise that the phonetician would have interest in speech perception 

such as Hawkins (1999a, b), Jusczyk (1996) or Chitoran (2002). The appeal and intrigue 

o f speech perception to the phonetician is perhaps best explained by Hawkins (1999a: 

199) who explains that;

[The] variety [o f perceptual cues ...] is one o f  the greatest strengths o f  natural speech because 

it makes it robust, yet it has also been one o f  the greatest enigmas in the history o f  speech 

perception research.

It seems somewhat surprising, then, to hear the comment from Shockey (2003: 90) that 

“casual speech has not been a major concern o f speech perception theories in the 

twentieth century.” While it is not my intent to review the myriad speech perception 

theories, m any reviews are available such as Borden, Harris & Raphael (2003), 

Goldinger, Pisoni & Luce (1996) or Hayward (2000). Hawkins & Smith (2001) develop 

a model o f speech perception called Polysp, which they describe as a polysystematic, 

phonetically-rich approach. For them, perception is not solely a matter o f simply 

registering acoustic cues, but the listener’s knowledge is key. Thus, Hawkins & Smith 

(2001: 102) feel that perception is “very much dependent on the ‘G estalt’ conveyed by 

the whole signal rather than on the gradual accumulation o f information from a sequence 

o f quasi-independent cues.” An alternative interpretation comes in the form o f the Fuzzy 

Logic M odel o f  Perception, proposed by Massaro (1987, 1994). W ithin this theory, the 

recognition o f acoustic cues is not a simple matter o f binary yes-no identification; 

instead the interpretation o f  an incoming cue is a matter o f probabilities in context. 

These probabilities are checked against stored syllabic templates in a process which is 

termed prototype matching. Hayward (2000 :127), in particular, praises this model as 

“the strength o f  this theory is its ability to account for integration o f information from 

different sources.” M any perception models favour a combination o f listener’s 

phonological knowledge and their articulatory knowledge o f producing contrasts in 

order to evaluate cues. In a similar fashion to Articulatory Phonology, the M otor Theory 

o f Speech Production  (Liberman & Mattingly, 1985) advocates that listeners perceive 

the intended phonetic articulation, rather than a specific cue.
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The Hume & Johnson (2001a) volume demonstrates that phonologists now exploit the 

vital role o f speech perception within phonology. Boersma (1998) believes that the goal 

o f phonology is to formalise the interactions between the articulatory and perceptual 

aspects o f phonology under what he terms “Functional Phonology.” The tool that 

Boersma (1998) chooses to mediate the conflict between articulation and perception is 

Optimality Theory. Boersma (1998: 148) defends his choice because:

The hypothesis o f  Functional Phonology is that the production and categorisation system s 

can be described w ith O ptim ality-theoretic constraint-ranking grammars that contain direct 

translations o f  principles o f  m inim isation o f  articulatory effort and perceptual confusion,

Hume & Johnson (2001b: 7) also emphasise the interaction o f perception and 

phonology:

Speech Perception plays at least three distinct roles in shaping language sound system s: (a) 

failure to perceptually com pensate for articulatory effects; (b) avoidance o f  weakly  

perceptible contrasts; and (c) avoidance o f  noticeable alternations.

Thus, an interrelationship exists between phonological rules and the contrasts they 

implement. Consequently, another circular paradox o f variation arises: a method chosen 

to characterise variation may lead to variability in perception o f particular contrasts. 

Phonetological descriptions, therefore, must acknowledge the pivotal importance that 

speech perception has in the source o f variability. Few segments have single unique 

acoustic correlates. W hile Phonetology is not intended to capture all the processes of 

perception, all acoustic correlates that serve as perceptual cues (to differentiate 

contrasts) inust be coded. These cues also serve as a basis for additional sources o f 

variability.

Since without cues perception o f speech is impossible, it is only natural that the 

phonetology model holds perceptual cues, be they acoustic or articulatory, in high 

regard: more than that, quite simply cues are indispensable. W hile features 

(phonetological or otherwise) would have at least one cue associated with them, it is 

more typical to record multiple cues which arise as features are timed against one 

another. This “redundancy” o f speech cues is requisite for conversational speech, 

especially where the signal becomes partially masked. In a study o f  spontaneous speech.
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Shockey (2003: 78-80) remarks that EPG contact data from conversational speech can 

be quite different from laboratory s p e e c h . Harrington (1994) demonstrates that place of 

articulation o f nasals can be determined from solely the murmur at the nasal-vowel 

boundary. Nonetheless, it would seem that some cues may be more important than 

others. Andreeva, Koreman & Barry (1999) stress that while the burst and the transition 

are vital in the identification o f palatalised and non-palatalised stops in Bulgarian, it is 

the transition phase that plays the more prominent role. In fact, Hazan & Shi (1995) 

point out that the relative importance o f a particular cue may even be listener dependent. 

The situation may be even more complicated: Flege & Hillenbrand (1986: 508) show 

that the language background o f the listener affects the use o f cues and, moreover, their

“findings raise the question whether adults who learn a foreign language can acquire the

ability to integrate m ultiple acoustic cues to a phonetic contrast w hich does not exist in their

native language.”

The use o f cues to particular contrasts, then, can vary from speaker to speaker. 

Perceptual cues, therefore, serve an important role within phonetological specification, 

not simply to signal a particular segment or contrast, but also contribute to the wealth o f 

phonetic variation.

4.2.4 On Individual Strategies

Unlike Chomsky (1965), Phonetology assumes that speakers are not idealised 

constructs, but instead choose various strategies in order to implement contrasts. This 

assumption allows for variability since speakers need not choose identical strategies to 

implement the same contrasts. For example. Lodge (1984) examines six dialects across 

Britain: Coventry, Edinburgh, Norwich, Peasmarsh (Sussex), Shepherd’s Bush (London) 

and Stockport (Greater Manchester). The author provides a vowel chart for all o f his 

informants, and goes to considerable lengths to describe the phonetic qualities o f all his 

speakers. It is very striking that no two dialects have exactly the same system nor do any 

two informants have identical systems or contrasts. Lodge (1984) is well aware that the

Indeed, Miller & D aniloff (1977) also show that the aerodynamics need not entirely 

match predictions from the literature which is largely based on laboratory speech.
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various dialects use different strategies, which he interprets as “phonological processes.” 

One such process Lodge (1984: 5) asserts is:

Intervocalic vo icing  o f  vo ice less stops [...w h ich ] is a recurrent feature o f  the Peasmarsh 

accent, but it is not found at all in the speech o f  the Stockport informants [ . . . ]  Phonological 

processes are not obligatory but are normal.

Understanding phonological processes as strategies available to the user leaves the user 

as a source o f variability. We need to focus on these communicative strategies since 

(within-language) communication can be established without having identical contrasts.

A potential phonetological interpretation o f dialect is that dialects can differ not only in 

the number o f contrasts that can be expressed, but also in the strategies chosen to 

produce them. It is the strategies that need to be catalogued and understood. Strategies 

can differ from dialect to dialect -  and even more so between languages. A strategy used 

by a single dialect in one language might be the most favoured strategy among dialects 

of another language. Or an optional strategy used by few dialects in one language may 

constitute a required part o f the phonological composition o f another language.

One issue that ought to be borne in mind is how dialects behave with respect to one 

another. Trudgill (1986) tackles the subject of dialects in contact and illustrates 

individual speaker control o f contrasts. Trudgill (1986) discusses dialect 

ac:ommodation, and divides the phenomenon into short-term and long-term 

ac:ommodation. An earlier study, Trudgill (1974), which is used to support short-term 

accommodation, investigated productions o f /t/ in English, as spoken in Norwich. There 

are a number o f possible variations o f /t/ which include the ‘prestige’ pronunciation [t] 

anl the ‘low-prestige’ [?]. Trudgill (1974) analysed a number o f conversations between 

him and other Norwich English speakers from various social backgrounds. He hoped 

thit his informants would accommodate to his pronunciations, but found that he 

accommodated to theirs. As a result, Trudgill used more glottal stops with those lowest 

on the social scale and least with those on the higher end o f the social scale. Trudgill 

(^ 8 6 : 7) admits:

I had done this easily  and in a relatively automatic, subconscious way.

Ore could argue that what occurred is ‘m ere’ phonetic change, nothing o f consequence 

ha: occurred to the underlying system. True, the /t/ phoneme remained unchanged, but
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how may this situation be explained? A new socially conditioned [t] ^  [?] rule arising 

spontaneously or a socially motivated constraint re-ranking phenomenon? Neither is 

trivial. Though, the situation is codable in terms o f Labov’s variable rules.

Regarding long-term accommodation, Trudgill (1986) notes British-English (RP) 

speakers in an American-English environment suppress [a:] in some words like glass, 

h a lf and path  or introduce a [r] for intervocalic /t/. Similarly, in a British-English 

community, American-English speakers may suppress the flapped variety o f /t/. In the 

introduction or suppression o f a flapping rule, we face the same situation as the short 

term accommodation cases. However, a more problematic issue is where a British- 

English speaker who normally pronounces glass as [gla:s] produces [glass] instead. Most 

simply, we might have a new rule or a re-ranking o f constraints to map /a:/ to [se]. 

Another interpretation is that the underlying form itself is changed which is not an easy 

assumption to contemplate. Yet, the behaviour o f dialects in either type of 

accommodation lends proof that speakers are able to manipulate their phonologies. This 

manipulation, be it phonetic or phonological, gives rise to variability.

For example, taking an example close to home, the present author speaks a variety of 

Hiberno-English. Like other varieties o f Hiberno-English, /r/ is, generally, an alveolar 

approximant. However, post vocalically the allophone o f /r/ is a ‘molar r ’ which is 

definitely neither standard nor common for Hiberno-English. The phonetological reason 

for this innovation would be the adoption o f speaker specific strategies to achieve certain 

acoustic goals, in this case the ‘typical’ acoustic characteristics o f [j]. Thus, the 

explanation o f  this ‘aberrant’ phone rests within the strategy to implement a contrast.

Such variation is not restricted to the phonetic realisation o f contrasts. Fudge (1977) 

discusses an aspect o f  his own version o f Southern British English and his systemic 

treatment o f [as:]. The occurrence o f a long [ae:] is by no means restricted to his speech 

or to his dialect o f  English, and Fudge (1977: 5) admits that

A lthough w idespread, the incidence o f  long [ae:] appears to vary greatly, even  within one o f

these regions: the num erous caveats introduced by Jones (1960: 235) tell their ow n story.

Fudge possesses what appears to be a phonemic contrast between [se] and [s:] in a 

number o f words such as Mandy, brandy, dandle with short [as] and Andy, shandy, 

candle with long [as:], and he reports the existence o f a number o f  minimal pairs

145



including band [baend] and banned [bae:nd]. Indeed, Fudge can establish a minimal 

triplet between [ae:], [ae] and [a:] in words like gander, pander and commander. 

However, for a number of words Fudge (1977) is unable to decide between [ae] and [as:] 

for words like flab, fad, ham. The low vowel system of Fudge is complicated, and 

manifests distinctions that others may not make. Nonetheless, speaker-specific systemic 

differences do not to hinder communication, but add to variation.

The unclear situation o f low vowel contrasts extends to my own speech as well as to 

other dialects of Hiberno-English. Occasionally in Hiberno-English dialects, a contrast 

emerges between [a] and [a:] in a number of words like Sam/psalm. Often [a:] is found 

where British-English has [a:], though this is not exclusively the case. This feature is 

considered characteristic of all Hiberno-English accents in many accounts. In his 

discussion of Dublin English, Hickey (1999: 269) asserts that “words with /a:nC#/ have 

[a:] in RP but [a:] in Irish English.” This statement is exaggerated and the situation is not 

as simple as Hickey (1999) implies. If Hickey’s assertion is true, as a speaker of Dublin 

Er.glish I should pronounce words like dance, glance or trance as [da:ns], [gla:ns] and 

[tja:ns] rather than my usual [dans], [glans] and [tians] respectively. Moreover, I 

suspect few (if any) Hiberno-English speakers would use [a:] in any of those cases. 

However, my version of Dublin English does have [a:] which rarely forms contrasts, but 

does appear where RP has [a:] in words like [ssnaits], [gjsnaida] or [avskaidou]: all 

penultimate, stressed, and open syllables. An issue clouding the status o f my [a:] vowel 

relates to an articulatory strategy that I -  and many others across all dialects of English -  

ad^pt to signal the voicing contrast of the following consonant; vowel duration 

lengthening. The duration of the [a] vowel in /mad/ is considerably longer than in /mat/, 

alnost as long as an ‘ordinary’ [a:], though I hesitate to transcribe it as [a:]. With 

contrasts like Sam/psalm and Pam/palm, [a:] is both a phoneme in its own right and an 

albphone of /a/.

Arother example, Simonsen, Moen & Cowen (2000), illustrating individual speaker 

strategies, suggests variation at this level may also be linked to language change. They 

investigate the dialect of East Norwegian which is said to possess a set of retroflex and a 

sel of non-retroflex coronal consonants. Using Electropalatography and Electromagnetic 

Ariculography, the authors find cause for concern, as the traditional descriptions of the 

differences which are assumed to exist are not the patterns they observe. The study
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found that for the two informants involved, there was little or no retroflexion required to 

produce l\l or /c|/, though one of the informants showed more retroflexion than the other. 

Simonsen, Moen & Cowen (2000: 116) remark that:

The individual differences found here indicate that an acceptable target sound may be 

reached in different ways.

They conclude by urging that the term retroflexion should no longer be used to 

characterise Norwegian phonemes. While variationists assert that variation and sound 

change are perspectives on the same process, it is the processes that occur at the speaker- 

specific level which provide a glimpse at the true nature of variability. Sound change 

arises when such strategies (which themselves give rise to variability) become more 

widespread in the speech community.

Speaker-specific realisation strategies are not limited to contrasts. As mentioned above, 

Ellis & Hardcastle (2002) examine assimilations of alveolar-velar sequences which 

illustrate speaker-specific strategies. The authors note that some o f their informants 

produced partial assimilations (indicative of a coarticulatory process), other informants 

produced full assimilation (indicative of a phonological elision process) and other 

informants that elicited both kinds of assimilation. As quoted before, Ellis & Hardcastle 

(2002: 394) assert that:

The lack o f  reporting individual-speaker assim ilatory variation in som e previous EPG studies 

is a serious flaw . The analysis o f  intra-speaker variation undertaken in the present study has 

shown that assim ilation may not spring from a single m echanism  com m on to all speakers o f  a 

language -  instead speakers m ay select from a choice o f  more than one strategy.

Despite variationtists’ assertions, such as Labov (1989), the relevance of individual 

strategies to a wider understanding of variation cannot be ignored. A phonetological 

description, therefore, must allow specification of variation in speaker strategies.
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4.2.5 On Approaches Adopted

The assumptions o f the Phonetology model o f the phonetics-phonology interface thus 

far have been:

- that the phonology-phonetics division is less distinct at the level o f the interface;

- that the mapping between phonology and phonetics does not necessarily entail as

precise a process as traditional phonetic specification suggests;

- that perceptual (i.e. acoustic/articulatory) cues must be coded; and,

that individual strategies provide scope to encode variability.

These assumptions must be combined with particular approaches that need to be adopted 

while a phonetological description is being devised.

The first approach, which is a philosophical one, can be termed “perspective.” In 

caTying out an analysis, there is a need to take a step back to re-consider alternative 

approaches.

Scobbie, Stuart-Smith, Timmins, Lawson, Turk, Hewlett & Tweedle (1999) pose an 

intriguing question: “Should Phonologists trust their Data?” The data phonologists use 

to build their theories is phonological descriptions o f languages. As a case in point, take 

Casali (1996: 4) who admits that:

The sources I consulted were o f  several broad types, including articles w hose focus was 

directly on hiatus resolution, papers dealing with other phonology topics w hich happened to 

touch on hiatus resolution, overview s o f  a language’s phonology and com plete grammars.

Casali (1996) also admits that sources which note the phonetic output o f hiatus 

resolution were comparatively rare. By phonetic, most phonologists mean phonetic 

traiscriptions and not instrumental studies. It is this very issue which vexes Scobbie et al 

(1^*99). In addressing the issue o f phonologists’ trust o f their data, they looked at two 

un:ontroversial phonological facts o f Scottish English: the existence and realisation of 

/x/ and /m / phonemes and the “Scottish Vowel Rule.” Using a database o f recorded 

conversational speech, the authors examined these phonemes and were surprised by the 

extreme phonetic variation. The phoneme /x/ could be realised as a fricative, a stop or a
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hybrid articulation. The majority of articulations are velar, with the glottal fricative also 

possible. The fricative realisations, [x, x, x, x, x, h], span from the hard palate back to 

the uvula, and, o f note, a breathy voiced velar fricative occurred frequently. The stop 

realisations of /x/ were aspirated and unaspirated velar stops. The most intriguing 

allophones of /x/ were a class of articulation neither a true stop or a fricative: 

[kx, xk, tx]. These unexpected realisations include a velar stop with a heavy velar 

fricative component, a velar fricative with a slight velar stop component and an alveolar 

stop with velar frication. The /m/ phoneme yielded more predictable realisations 

[av , w , w ], a labio-velar fricative, a labio-velar approximant and, unexpectedly, a 

breathy voiced labio-velar approximant. The phonologist is faced with a dilemma on 

encountering this data because the symbols upon which a phonological theory is based 

need not necessarily reflect the phonetic variation. This phonology-phonetic discrepancy 

extended to the Scottish Vowel Rule which accounts for phonetically long vowels before 

morpheme boundaries e.g. brood [brttd] versus brewed [br«:d]. According to 

phonological texts, such as Giegerich (1992: 56), this rule “governs vowel length in all 

members of the [...vowel] system except /i/, /a /  [...] and /e/.” In other words, 

/i e a o ti ai au oil should be affected whereas Scobbie, Stuart-Smith, Timmins et al 

(1999) found the only vowels that showed a difference were [i u ai].

Traditional phonological approaches rarely utilise quantitative speech data. Assumptions 

based on phonetic transcriptions need not be valid when actual data is considered or 

even fail to capture aspects of the data itself This is particularly true in respect of 

variability. Perspective in approach, therefore, requires that traditional descriptions or 

explanations of phenomena need not necessarily be adopted. However, that does not 

imply that traditional descriptions should be abandoned either.

The remaining approaches are methodological.

The second approach within Phonetology can be termed a “top down” or “contrast- 

driven” approach. While the input to Phonetology is a phonetic transcription, the 

transcription is neutral with regard to how the segment is to be implemented. The 

Contrast-Driven approach begins with a determination of contrasts, continues with a 

reckoning o f phonetological specification in a bid to ascertain phonetic realisations. The 

specifications are decided on the basis of how contrastive units can be differentiated 

from each other. The contrasts need not be solely determined on the basis of underlying
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contrasts, but also on the surface contrasts. Once the codings are determined, the 

sequence o f  segments specification can generate^^ a preliminary description. Further 

layers o f analysis can be added to introduce speaker strategies or other effects that can 

be detennined (e.g. word-final devoicing). At any level, the description is interpretable 

in either articulatory or acoustic terms that can be tested with instrumental data.

The third approach within Phonetology shall be termed a “bottom up” or “data driven” 

approach. A Data-Driven approach begins at the point where there is already a 

preliminary analysis o f  underlying and surface contrasts that are manifest in the 

speaker’s system. U sing instrumental data o f some form (e.g. EPG), this approach 

continues the analysis with a reckoning o f phonetological specification in a bid to 

ascertain the codings o f the contrasts on the basis o f observed variation. The 

specification for each segment is based on the patterns in the data alone. During a Data- 

Driven approach, individual repetitions need to be carefully considered, as the 

phonetological specification must reflect the observed variation. Individual repetitions of 

data need to be exam ined to ascertain the variety o f speaker strategies. Where possible, 

averaging is avoided because a phonetological specification should code for the 

variation, not an averaged pattern o f the variation. Other ‘system ic’ effects may need to 

be factored into a Data-Driven analysis, e.g. contrasts being different in different places, 

such as in rhotic dialects o f English where there is a reduction o f  vowel contrasts 

preceding [j] (c f  Clark & Hillenbrand, 2003). Once these influences are removed, 

specifications for the segments can be derived. The results may then be used in a 

Contrast-Driven analysis o f other data or for testing against another speaker’s data.

4.3 Principles of Phonetological Speciflcation

In determinafion o f a phonetological specification, a prime consideration must fall upon 

speaker strategies (see 4.2.4). The vast array o f articulatory strategies that have been 

unearthed in the phonetic literature has ramifications for phonology such as those noted 

in Ellis & Hardcastle (2002). Westbury, Hashi & Lindstrom (1995) show that speakers 

possess a continua o f  configurations in order to achieve /r/ in American-English. 

Meanwhile, Recasens & Pallares (2000) note different, though similar, speaker patterns

The properties o f  phonetological features allow coarticulatory effects to arise through 

conjunction o f contiguous segments’ feature specifications.
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to realise syllable-final devoicing in Catalan. A phonetological analysis is oblivious to a 

particular choice o f  an articulatory strategy, but recognises that the choice o f a particular 

strategy has its consequences, which may well affect system contrasts. For instance, 

implosives could be considered “very voiced stops.” A phenomenon that has been 

discovered is the use o f larynx lowering strategy in order to prolong voicing in a voiced 

stop which, if  mistimed, can result in an implosive articulation. O f course, a 

phonetological [implosive] feature o f some sort is required, but a recognition o f the 

source (in terms o f a speaker strategies) proves that phonological features need to be 

interpretable in more elemental terms.

Perhaps the most important consideration is that phonetological specifications are not as 

absolute as phonological ones. A corollary o f accepting speaker strategies is that 

utterances must be individually examined. A phonetological -  as a phonological -  

specification must cover the observed variation. A specification o f a particular sound 

should not simply be a characterisation o f a ‘typical’ realisation o f a segment, the most 

‘likely’ realisation o f a segment or even the average o f an observed pattern. The 

phonetological specification o f the segment should be supple enough to account for the 

minor -  though significant -  within-speaker differences which, among others, 

Pandeli (1993) illustrates. It would seem that the key to the planning o f a phonetological 

specification is a relaxation o f the precision o f the task at hand.

The interpretation o f patterns, be they language, dialect or speaker specific, is made with 

reference to what can be termed the “Principles o f Phonetology.” These are theoretical 

devices, interpretations o f  factors that must be mediated between in order to derive a 

description o f  phonetic patterns. Variation, therefore, is seen as arising from the 

interaction between the Components (see 4.3.2) and the Maxims (see 4.3.3).

4.3.2 Components

The phonetics-phonology interface is viewed as consisting o f three quasi-independent, 

but “overlapping” , components whose interaction produces phonetic output. These 

components are notional entities, interpretations o f what might be termed the “Reality of 

Speech Communication.” These components are the Structural Component, the 

Production Component and the Timing Component. Figure 4.8 provides a depiction o f 

how these components might be viewed and the relationships that exist between these
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modules. Each component overlaps with the other. A particular speech phenomenon 

might be described as an interaction between, say, the Structural and the Production 

components or between the Production and the Timing components. These components 

are both cooperating and in competition with each other. The Structural Component 

might be seen as the most powerfiil since its influence is felt by both the other 

components, and is less susceptible to change, but it is being constantly influenced by 

the other components.

Structure Production

Timing

Figure 4.8: The Phonetological Components o f Communication.

I will advise caution when interpreting Figure 4.8 and the exact relationships that it 

implies. While Figure 4.8 does suggest influence o f components on one another, it could 

be also construed that there is relatively little overlap, which is not my intent. These 

three components are notionally distinct. Each Component provides a different 

perspective on the interpretation o f patterns.

The Structural Component defines the contrastive segments. As such, it has least 

relevance to the phonetics-phonology interface. This Component defines the underlying 

contrasts and, therefore, contains an inventory o f contrastive sounds. The Structural 

Component also sets out the strings o f contrastive segments that are chosen to express 

particular words. In some ways, this component could be seen as being ‘dominant.’ The 

dominance with which this component appears to be empowered is not an attribute of 

the component itself, but partially arises from its links to the lexicon. There needs to be 

some resistance to change within the Structural Component so that lexical contrasts can 

be expressed.
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Consequently, the Structural Component provides the framework within which the 

Timing and Production components operate, but paradoxically, the Structural 

Component itself can be altered by the other two components, but their influences are 

only visible over time.

The purpose o f the Timing Component is the specification o f how segments and features 

can be combined. This component defines how goals can be set and timed relative to one 

another. As a consequence, the operation o f the Timing Component is dependent on how 

the contrastive units in the Structural Component are defined. When combined with the 

Structural Component, the Timing Component can contribute to potential contrastive 

units such as distinctive tone (in languages such as Thai or Mandarin Chinese). When 

combining more with the Production Component, the Timing Component aids the co

ordination o f intonation, pitch and other suprasegmental prosodic phenomena. Fox 

(2002: 1) makes it abundantly clear that “it remains the case that there is no universal 

consensus among phonologists about either the nature o f prosodic features or the general 

framework for their description.” The hesitancy o f phonologists over suprasegmental 

events might be seen as symptomatic o f the difficulties inherent in attempting to remove 

timing issues from otherwise straightforward segmental phenomena.

The purpose o f the Production Component is the management o f the processes 

controlling production. The Production Component’s processes relate to speech 

production and speech perception demands. The Production Component, consequently, 

comprises our knowledge o f speech production and speech perception. This module is 

the huge subconscious database o f acoustic and articulatory information.

4.3.3 Maxims

Each component also consists o f rules or regulations, which I term maxims (after the 

Maxims o f  Conversation from Grice, 1975). These maxims should be viewed as 

requests, not as obligations. The choice o f implementation remains primarily with the 

language or dialect, or even the language user. It is very much necessary, especially 

where language is concerned, that we need to bring order to chaos or, failing that, keep 

chaos under control. Clements (2000; 57) makes a more than valid point:

Few  linguists w ould disagree w ith the v iew  that the surface-phonological representation o f  an

utterance is congruent w ith its phonetic representation is som e m eaningful sense. One would
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be reluctant to entertain theories in which, for exam ple, a [p] occurring in the phonological 

output could  be system atically  realised as a dental stop, or a [t] as a labial stop.

Clearly, the phonology-phonetic interface must be constrained to express surface forms 

similar to underlying ones. It is through a maxim that we attempt to avert total 

disconnection between the lexicon and the phonetic form. Here Optimality Theory’s 

insight can be acknowledged for explicitly expressing the notion o f faithfulness. One of 

the Structural Com ponent’s maxims might therefore be phrased as “Be as faithful to the 

structural component as possible.” Faithfulness is obviously required to prevent 

occurrences o f  [p] —♦ [t], as Clements (2000) describes above. As Optimality Theory 

points out, faithfulness need not always be obeyed and uses constraint ranking as an 

explanation; within the phonetology model, non-faithfulness is viewed as interactions of 

the Components.

The Timing Component should be viewed as being able to issue maxims that regulate 

temporal organisation as well as how features, or gestures, can be aligned with each 

other. For example, Irish has (contrastive) secondary articulations which, from a 

phonetological perspective, can be defined as temporal alignment o f a feature 

specification for palatalisation/velarisation together with the specification o f the primary 

articulation. A language without contrastive secondary articulations may forbid or 

restrict such temporal configurations.

This Production Component expresses maxims pertinent to Speech Production and 

Speech Perception. Some o f these maxims are listed in Figure 4.9.

• Be m axim ally distinct to articulate.
• Be m axim ally easy to articulate.

• Use as many cues as possible to indicate a contrastive unit’s identity.
• Make cues as different as possible.
• Be as faithful to the Structural Component as possible.

Figure 4.9: Some Maxims o f Phonetology.

The first two maxims in Figure 4.9 are within the speech production domain and are the 

closest Phonetology comes to expressing Lindblom’s H&H Theory. Obeying the 

maximally distinct maxim to its logical conclusion is equivalent to hyperspeech, while 

the logical limit o f  being minimally easy to articulate is hypospeech. In informal terms,
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this two maxims are “Don’t slur” and “Please slur” respectively. As with Lindblom’s 

formulation, these two maxims are in a constant tug-of-war.

The next two maxims in Figure 4.9 are within the speech perception arena, but have 

consequences for the first two maxims. The “use as many cues as possible” reflects the 

astounding variety to be found in the speech signal.

The fourth maxim of Figure 4.9, to make cues (for different contrasts) as different as 

possible, is at the same time an ally as well as riling against the third maxim. This 

maxim requests that cues be perceptually distinct, which reflects the attributes of the 

Dispersion Theory o f  Contrast from Flemming (1995). Again, in non-scientific terms, 

these maxims express “Give me queues of cues” and “Please form separate cues” 

respectively. In response to the ‘distinct cues’ maxim, a strategy might be implemented 

by the Production Component whereby places of articulation might be sought which 

have distinct and robust acoustic correlates -  these are some of the rudiments of Quantal 

Theory proposed by Stevens (1989). As before, these maxims are in competition, not 

only with each other, but with the first two maxims of Figure 4.9.

The final maxim in Figure 4.9 is a repeat of a maxim from the Structural Component. I 

list it again to reinforce the need for a reasonable correspondence between underlying 

and surface forms. While all these maxims peacefully coexist, the decision of which 

exerts most influence is either language or dialect dependent. The maxims are somewhat 

under conscious control of the speaker -  the Speech Production related maxims seem 

most susceptible to speaker intervention, but their control may not be a simple decision 

between hyperspeech and hypospeech.

The Components and Maxims interact to produce the phonetic and phonological 

patterns. The Structural Component asserts distinctions which the Timing and 

Production components attempt to implement. Sub-systems may be introduced as the 

result of maxims. As an example, take the liquids [j] and [1] of English. These sounds 

are acoustically very similar: both involve a lowering of their first and second formants. 

For [1], the third formant remains relatively unchanged while there is a sharp drop of F3 

for [j]. Despite the existence of the maxim requesting cues to different contrasts being 

maximally different, many languages dispense with this request. However, Japanese can 

be viewed as agreeing to that maxim as its Structural Component possesses only a single
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contrastive liquid. Okada (1999; 118) notes that o f the allophones o f the Japanese 

postalveolar flap !\J, “a postalveolar [1] is not unusual in all positions [while the] 

approximant [j] may occasionally occur in some environments.” While the “maximally 

different” maxim is being obeyed, a wider degree o f variation and a larger set o f 

allophones can be observed.

The maxim requesting the (contrastive) use o f as many (acoustic) cues as possible is 

perpetually operative. There are a number o f acoustic correlates, acoustic cues, for [j] 

and [1] with the prim ary distinctive cue being the low F3 o f [j]. Both [j] and [1] have low 

first formants. However, the placement o f the second formant is not crucial in 

distinguishing [j ] and [1] -  consequently we have a cue that is ‘free’ to be utilised. A 

distinction is made for [1] -  that equally applies to [j ] -  in terms o f its ‘resonance.’ The 

so-called dark-1, with its velarised resonance, has a low F2 value while a clear-1 has a 

high value o f  F2. British English is described as having a dark-1 in word final position. 

As implied above, English violates, borrowing the Optimality Theory term, the maxim 

of being m aximally distinguishable. To offset this tension, one o f the myriad cues 

(thanks to the maxim o f multiple cues) can be utilised to bolster the differences between 

the two liquids o f English. There is a strong tendency that if  you have a ‘clear’ initial [1] 

that you will have a ‘dark’ initial [j ] or, conversely, if  you have a ‘dark’ initial [1], you 

will have a clear initial [j ]. This system may also extend to final liquids, but is dialect 

dependent as shown in Figure 4.10.

Non-rhotic Rhotic

Clear Initial [1] Sunderland (NE England) Tyrone (Northern Ireland)

Dark Initial [1] M anchester (NW England) Fife (Scotland)

Clear Initial [j ] Manchester Fife

Dark Initial [j ] Sunderland Tyrone

Clear Final [j ] - Tyrone

Dark Final [j ] - Fife

Figure 4.10: Liquids in some English dialects from Carter (1999, 2002).

Carter (1999) found for non-rhotic speakers initial [1] clearer than final [1], which is as 

one would expect, a darker final. For the two non-rhotic accents the opposite patterns are 

found when contrasting initial [1] and [j ]: the Sunderland informant had an initial [1]
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clearer than initial [j] while the Manchester speaker had a initial [1] darker than initial 

[j]. For rhotic informants, we have an identical position regarding [1] with the initial [1] 

being clearer than final [1] and the opposite pattern for [j], with initial [j] darker than 

final [j]. The Fife speaker had an initial [1] clearer than initial [j] while the Tyrone 

informant had a darker initial [1] than initial [j ]. W hy are the liquids [1] and [j ] 

conspiring together? Carter (2002: 224) finds that “the resonance quality o f syllable- 

initial liquids depends crucially on whether or not the variety in question is a rhotic 

variety.” M oreover Carter (2002: 242) continues “the patterning and interactions [...] 

support the notion o f  a single liquid system with phonological attributes at more than 

one place in the syllable, since phonetic effects found in liquids in the onset are closely 

related to phonetic effects found in liquids in the rime.” W hy are these liquids behaving 

as they do? Not only are they striving to keep themselves as perceptually far apart as 

possible (within the constraints o f their necessary acoustic definitions), they are also 

serving to implement a contrast between initial position and final position. This liquid 

sub-system o f English is testament to the interaction o f the maxims and the Components. 

The Production Component implements the alveolar gestures required for [j ] and [1], and 

constrains movement away from that place o f articulation. These articulations fulfil the 

multiple cues maxim. The Production Component does not forbid back o f tongue 

raising, so its acoustic correlate, the second formant, can participate in keeping [j] and 

[1] as perceptually distinct as possible. The success o f F2 bolstering the [j]-[l] contrast 

provided the Structural Component with an opportunity to implement another useful 

contrast: to signal beginning and ending o f w ords...and so the Production Component 

obeys. The actually choice o f  ‘clear’ or ‘dark’ initial and final sounds is solely speaker 

or dialect specific. The Timing Component also contributed to this pattern with the 

initial/final contrasts being implemented concomitantly to the [j ] and [1] articulations.

4.3.3 Habitual and Default Settings

While phonetological description o f patterns is tempered with the Components and 

Maxims, the phonetological specification o f any segment is not simply a matter o f the 

selection and arrangement features. While these tasks must, in some form, be addressed, 

we must first consider the circumstances in which the phonetological features are to be 

employed. It is not a plain matter o f deciding that [Feature_X] rather than [Feature_Y] is 

the particular feature distinguishing segments X and Y. We must therefore consider
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whether there are particular Habitual settings that are used within the language, dialect 

or speaker being described. One indicator is the “hesitation sound” which differs from 

language to language. In English, its range o f qualities is something like [e], [e], [s], 

[e] or [em] i.e. a low-mid vowel which is optionally nasalised. In French, the equivalent 

‘hesitation’ sound qualities might be [a], [a], [a], [a'^] or [a'^] i.e. a schwa-like vowel 

accompanied by various degrees o f lip rounding. The positioning o f these hesitation 

sounds reflects the different systems operating in both languages. The particular vowel 

quality adopted leaves maximum ‘room ’ for the articulation to be changed to a desired 

location. These positions may be regarded almost as default settings. Consequently, 

before phonetological coding, the phonetologist must ascertain the Habitual settings for 

the language, dialect or speaker that is being described. As Laver (1991) maintains, 

speakers adopt habitual supralaryngeal settings that ‘perm eate’ articulations. 

Admittedly, these settings are not linguistically distinctive and not conventionally 

considered phonological, but they add to the phonetic complexity and contribute to 

variation. One should note, however, that no attempt should be made to equate the 

Habitual Setting  with the hesitation sounds described above, which were intended only 

as an indication o f  the phenomenon. In a phonetic description o f (European) Portuguese, 

Cruz-Ferreira (1999; 126) suggests that very specific supralaryngeal settings are 

operative in many dialects, and, moreover, these settings are pervasive and not restricted 

to a particular context:

The [Portuguese] language is characterised by a velarised resonance superim posed on both 

vow els and consonants, in that the usual posture o f  the tongue body is retracted and raised. In 

addition, an overall lax articulation further affects vow el quality and voicing, as w ell as the 

articulation and voicin g  o f  voiced  consonants. These features are not, it should be pointed 

out, exclusive to informal or careless speech, and, together with specific prosodic patterns, 

they constitute the most striking characteristic distinguishing European from Brazilian 

accents o f  Portuguese.

A phonetological description o f Portuguese, consequently, must determine how best to 

represent velarisation...an issue to which we will return when we consider secondary 

irticulations in Chapter 5. As Cruz-Ferreira (1999) also indicates a specific voice quality 

setting, so the phonetological representation o f  voice quality would also need to be 

addressed. Yet, voice quality is not a topic that should be taken lightly, even it is 

:omparatively rare to use contrastive voice quality within the Structural Component. In 

fact, studies such as Laver & Trudgill (1979) highlight that voice quality variation can
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be used as a sociolinguistic variable. For example, Stuart-Smith (1999; 211) describes 

Glasgow English as follows:

G lasgow  vernacular is w ell know n for its distinctive voice quality. This ‘G lasgow  v o ic e ’ is 

stereotypically exaggerated by television  characters such as Rab C. N esbitt, with phonetically  

slack articulation, ja w  protrusion and harsh phonation. G lasgow  vernacular in general is often 

im pressionistically  described with labels such as ‘rough’, ‘u g ly ’, ‘harsh’ and ‘aggressive’, 

and has been infam ously  associated ‘with the unwashed and the v io len t’ (Macaulay & 

Trevelyan, 1973: 137).

Stuart-Smith (1999: 213) provides a review o f previous phonetic descriptions o f Scottish 

English voice quality and stresses the contradictory opinions that eminent phoneticians 

such as Laver or Catford offered on what they perceived to be attributes o f the accent. 

Descriptions o f Glasgow working class range from a very lax voice quality to a very 

tense voice quality. The most detailed phonetic study o f voice quality in Scottish English 

dialects is the description fiimished by Esling (1978) on Edinburgh speech. Among 

other attributes, Esling (1978) found that a harsh phonatory setting was present among 

speech o f the working class.

The Habitual Setting, be it voice quality, articulatory or a combination o f both, operates 

over the entire utterance, and would not, generally, be under speaker control, except 

when mimicking another speaker. In a sense, the Habitual Setting  provides the ground 

upon which contrasts can be made, and forms part o f the perceived output. 

Consequently, the Habitual Setting  is similar to a Firthian prosody  (Firth, 1948) which is 

a unit that extends across entire utterances instead o f the more usual domains like the 

word or the syllable. As a prosody, the setting cannot be formally extracted from the 

phonic material to witness whatever patterns are underlying -  it is simply a factor for 

taking into consideration when analysing the data.

The H abitual Setting  need not coincide with the Default Setting, though the default 

vocal tract configuration will partially reflect the Habitual Setting. Speech articulation as 

measured using x-ray, cineradiographic, techniques (c f  Hayward, 2000 or Stone, 1996) 

makes the array o f co-ordination involved in speech visibly obvious. While we may 

conceive o f  the velum being in use only during nasal and nasalised sounds, the velum, in 

fact, is among the most energetic o f articulators. The default position o f the velum is 

lowered, for respiration. Cineradiography makes it abundantly clear that the velum
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lowers towards the phrase end, but not just that: every pause or hesitation also results in 

a lowered velum. W hile the Default Setting  cannot be regarded as a prosody, we may 

well need an articulatory version o f the Intonational Boundary Tones advocated in 

Nolan (2001a) which suggests -  for intonation purposes -  three boundary distinct tones. 

Assuming that “boundary articulations” exist, they could be viewed as articulators 

returning to Default Settings, including, for example, velar lowering gesture or a glottal 

opening gesture.

4.4 Features

The input to the Phonetology model is a sequence o f phonetically transcribed segments. 

As such, the model is neutral with respect as to how segments are specified at an 

underlying level. Hall (2001; 31) notes;

M ost generative approaches recognise a difference betw een distinctive features, which are 

understood to be abstract phonological entities, and their concrete articulatory or acoustic 

correlates (see, for exam ple, Jakobson, Fant & H alle 1952, H alle, 1983). Thus according to 

this v iew , d istinctive features form the link betw een articulatory and acoustic properties o f  

speech sounds.

Phonologists interpret distinctive features as those features that contrast with others, the 

remainder being phonetic. At the interface, distinctive features are not sufficient. Yet, by 

the time o f the interface, each segment is likely to be fully specified. Nonetheless, we 

have seen in Chapter 2 that traditional phonological features are incapable of 

characterising the fine degree o f variability witnessed. Alternatives, then, need to be 

explored.

4.4,1 The Phonological Feature

The properties o f features and other feature related issues have been debated by many, 

most notably by Roman Jakobson and Nikolai Trubetzkoy. Jakobson believed all 

phonological features should be acoustic in nature while Trubetzkoy thought they should 

be more articulatory in nature. A compromise between these approaches may be in 

order.

Trubetzkoy (1939/1969) discusses the total logical range o f types o f  oppositions that 

may exist in phonological systems. While Trubetzkoy (1969; 67) utilises the phoneme as
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the primary contrastive unit, it is nonetheless clear he was thinking in terms o f smaller 

divisions:

The phonem ic inventory o f  a language is actually only a corollary o f  the system  o f  distinctive 

oppositions. It should a lw ays be remembered that in phonology the major role is played, not 

by the phonem es, but by the distinctive oppositions.

According to Trubetzkoy (1939), for an opposition to exist there must be a basis for 

comparison: in other words there must be similarities and  differences. The most 

important oppositions within phonological systems that must be distinguished are 

termed bilateral oppositions and multilateral oppositions. Bilateral oppositions differ 

with respect to one feature or one property. For instance. III and /d/ form a bilateral 

opposition as they differ only in terms o f the feature o f voicing.^^ Oppositions which are 

multilateral still have a shared set o f attributes, but the property by which they differ 

exists on a scale. The example Trubetzkoy provides to illustrate multilateral oppositions 

is not a set o f phonemes but the set o f letters P, R and B: these letters share a vertical 

line with a loop at the top while they different on what is below that loop -  P having 

nothing, R having a diagonal stroke and B having a second loop. A phonological 

example o f such an opposition would obviously be vowels. However, Trubetzkoy 

(1939) also distinguishes between homogeneous and heterogeneous multilateral 

oppositions which he uses as descriptors for linking various bilateral oppositions 

together. We are told that the German opposition /u-e/ is homogenous because a set of 

bilateral oppositions link them i.e. /u-o/, /O -0 / and /0-e/. Consequently, for oppositions 

described as heterogeneous multilateral no such set or chain o f  bilateral oppositions can 

be established such as the relationship between /p/ and /t/. Trubetzkoy (1939) maintains 

that every phoneme is part o f  a multilateral opposition but that not every phoneme need 

participate in a bilateral opposition and, apparently, that there will always be more 

multilateral oppositions than bilateral oppositions within phonological systems. 

Trubetzkoy (1969: 70) continues, “O f no less importance than the distinction between 

bilateral and multilateral oppositions is the distinction between proportional and 

isolated oppositions.” The division between proportional and isolated is Trubetzkoy’s

25 I intentionally do not express the /t-d/ opposition here in terms o f [±voice], for the 

simple reason that Trubetzkoy (1939) does not.
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take on natural classes and setting up isomorphisms between oppositions. For instance, 

the /p-b/ opposition is proportional to /t-d/ and /k-g/. As an isolated opposition for 

German, Trubetzkoy (1939) asserts /p-J/-

Trubetzkoy’s (1939/1969) logic o f phonological oppositions continues with a 

description o f  what he terms privative, gradual and equipollent oppositions. Privative 

oppositions contrast in terms o f the presence or absence o f a quality e.g. nasalised~non- 

nasalised. Gradual oppositions have a number o f  degrees o f specification such as vowel 

height or tones. However, Trubetzkoy (1969; 75) reassures us that “gradual oppositions 

are relatively rare and not as important as privative oppositions.” Equipollent 

oppositions are neither privative nor gradual oppositions, but members o f such 

oppositions have a logical connection. Trubetzkoy’s examples are /p -t/ which only share 

manner o f  articulation and /f-k/ which share only voicing attributes.

Contrasts, like the features that capture them, may be privative, bilateral or multilateral. 

In terms o f phonological features which express these classifications are described as 

either unary, binary or scalar features. Mirroring the descriptions o f oppositions, unary 

features have one and only value, binary features (which are standard) have two values 

associated with them (+ and - )  while scalar features have more than two potential 

values.

“Traditional feature theory,” Harris and Lindsey (1995: 36) stress, “is based on the 

notion o f equipollence\ that is, the terms o f an opposition are assigned opposite and in 

principle equally weighted values o f a bivalent feature.” Yet, not everyone agrees. Ewen 

& van der Hulst (2001: 54) caution against “this binarity claim [that] constitutes an 

empirical hypothesis which is not immediately supported by phonetic observations, or 

indeed by certain phonological analyses.” The binary nature o f standard phonological 

features can be traced to Roman Jakobson’s contributions on the matter. Durand (1990: 

72) informs us that Jakobson’s conviction o f

Binarism was not purely a question o f  metaphysical speculation but was also to be related to 

the structure o f  the brain (cells working on an o n -o ff basis) and the functioning o f  

communication. The hearer has to go through a series o f  yes-no questions to apprehend the 

message.
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Keating (1993) notes that as far as phonetic specification is concerned a binary system 

can have its advantages, especially as it can be re-analysed as a ternary system -  that is, 

we can have [+Feature], the presence o f the feature; [-Feature], the absence o f the 

feature as well as [OFeature], no specification on the Feature. A [OFeature] is utilised for 

feature spreading when dealing with coarticulatory effects. However, all is not lost for 

the case o f  unary features as Keating (1993: 4) goes on to defend this possibility in that

There is quite a range o f  options for phonetic implementation, any or all o f  which could be 

used to pare down surface representations to privative feature specifications and yet still 

accomplish phonetic implementation with appropriate details.

Nonetheless, Campbell (1974b) asserts that traditional features cannot capture particular 

natural classes (such as labial plus velar plus uvular sounds) as well as being unable to 

characterise sounds like palatalised velars and keeping them phonologically distinct 

from palatals. Campbell (1974b: 63) is particularly critical regarding all but binary 

features: “ [that] which I reject as unworthy o f fiirther attention is the greater use of 

scalar values, even on an underlying, classificatory level.” Cam pbell’s almost 

condemnation o f scalar features may be a result o f the then relative nouveaute o f the 

Sound Pattern o f  English, but some phonological processes suggest their validity. 

Ladefoged (1989) discusses different types o f features mentioned above, though he 

introduces a type o f  phonological feature which he terms ‘W  hoc features.” The 

explanation for these entities given by Ladefoged (1989: 25) is as follows:

Some phonological patterns are the result o f  historical processes which were, when they 

occurred, due to articulatory or auditory aspects o f  the sounds in question, but which now 

group sounds in ways that cannot be explained in terms o f  how they are currently heard or 

produced. Consequently, the patterns that result from them may be associated with ad hoc 

features within languages that neither have an auditory/acoustic nor a physiological basis,

As an illustration for ad hoc phonological features, Ladefoged (1989) provides the 

feature [Tense]. Numerous phonological attempts to express the tense/lax vowel 

distinction have been proposed and accounts can lead to complex solutions^^. Another

For example, the notion o f Syllable Cut or Silbenschnitt was first proposed by Eduard 

Sievers in his 1881 Grundziige der Phonetik. Modem revivals and accounts o f the 

concept include Vennemann (1991) and Auer, Gilles & Spiekermann (2002).
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solution is that tense/lax no longer has a phonetic correlate o f any kind and that the 

distinction is a Historical (rather than ad hoc) feature, that must be acquired through 

non-spoken means viz. the orthography. However, Ladefoged (1989: 25) warns that 

“within the description o f a particular language, ad hoc features should be used only 

when they are psychologically real.” Historical phonological features are very powerful 

and potentially highly abstract. As such, this kind o f feature should be used as a last 

resort. Nonetheless, we ought to recognise the possibility that, it may not always be 

possible to find a phonetic or phonological reason for language patterns.

While caution needs to be invoked for Historical features, scalar features need not be 

avoided. Scalar features are compatible with phonological patterns, as is demonstrated in 

Gnanadesikan (1997). Gnanadesikan (1997: 229) develops three “ternary scales which 

are designed to replace many o f  the traditional binary or privative features.” In a 

manner akin to the Sonority Scale (e.g. Selkirk, 1984; Rice, 1992), Gnanadesikan (1997) 

proposes what she terms an Inherent Voicing Scale which consists o f an ordered set o f 

three values o f voicing i.e. {Voiceless Obstruent, Voiced Obstruent, Sonorant}. This 

ternary scale captures the fact that cross-linguistically, voiced obstruents sometimes 

pattern with voiceless obstruents and sometimes with sonorants and occasionally all 

three types o f sound operate in single chain shifts. On similar grounds, Gnanadesikan 

(1997) advocates the Consonantal Stricture Scale {stop, fricative, approximant/vocoid} 

and the Vowel H eight Scale {high, mid, low}. Using these hierarchies, Gnanadesikan 

(1997) argues that the features [voice], [sonorant], [continuant], [consonantal], [high] 

and [low] are no longer required and can be abandoned.

Nonetheless, phonological features may be a necessity for the specification of 

phenomena such as elision and assimilation. Yet, the variability found in data is often 

very fine grained which is not conducive to specification by traditional phonological 

features. Rather than the abandonment o f features per se, the abandonment o f distinctive 

features is advocated at the interface.

4.4.2 Phonetological Features

Before addressing phonetological features themselves, we need to consider a wider 

perspecfive (see 4.2.5). As menfioned above, Ladefoged (1989: 24) has some interesfing 

thoughts on the nature o f features:
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In order to construct such a theory [o f phonology] we must consider how languages get to be 

the way they are. Languages are the products o f  speakers and listeners; and the acts o f  

speaking and listening leave their mark on languages in different ways. One o f  a speaker’s 

goals is to communicate without undue articulatory effort. A listener requires a sufficiently 

distinct sequence o f  sounds to be able to get the message in a sufficiently short length o f  

time. Within these conflicting aims there are a number o f  compensations possible between 

articulatory effort, auditory distinctiveness and rate o f  speech.

Is it possible that a new type of phonological feature, the Phonetological Feature, can 

help us achieve the goals that Ladefoged (1989) sets out? The answer -  I hope -  is that 

they can, at least partially. Perhaps these primes can be the first strike to bind together 

phonetics and phonology at the level of the interface. The standard phonological feature 

-  even one based on phonetic correlates like [+aspirated] in lieu of [-voice] -  is 

apparently an independent entity, related only to a few other features which share some 

attribute with it such as being realised with the same articulator. As such, features 

remain somewhat abstract. This may well be sufficient for capturing contrasts and 

various processes but for the interface a more concrete interpretation of features is 

necessary. Features also need to be interpretable in similar terms to each other and on 

that basis to be able, in some way, to interact.

As we have seen above, there is a three-way choice between monovalent features, 

bivalent features or multivalent features, all having advantages and disadvantages. Is 

there a solution which combines the best of these three worlds? The answer is yes. By 

giving features the ability to ‘co-operate’ the properties of all three feature types can be 

exhibited, thereby justifying all possibilities for features. Features with this kind of 

property lend support to Goldsmith (1985) who proposes that features can be 

monovalent in one language but operate as bivalent in other languages.

The phonetological feature is surface monovalent, by which I mean that features 

individually act and behave like monovalent entities. For instance, the specification of 

[i, i, u] includes [high]; [a, d , a] possess a [low] specification; and [i, 8, a] are partially 

characterised with [front]. Thus, phonetological features also differ (in comparison to 

traditional features) in their interpretation: [high] expresses a raising gesture, [low] a 

lowering gesture and [back] a retraction gesture.
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However, the phonetological feature is endowed with ‘coarticulatory’ properties such 

that no longer are features or feature values completely independent. The specification 

o f one feature may have consequences for other features. To enable this possibility, 

phonetological features occur in pairs, like [high-low ], [front-back], 

[rounded-unrounded]. This, however, is not a binary system through the back door, 

though the potential o f a ternary system, such as in Keating (1993), remains. Features 

such as [high-low ], which I term polar opposites, may combine to form attributes 

intermediate between them .. .thereby achieving a scalar-like feature system. 

Phonetology defines mid-vowels as [high, low], that is, such vowels have some property 

o f highness as well as some property o f lowness. The exact phonetological interpretation 

o f vowels and vowel phenomena will be discussed more fully in section 4.5 below.

Thus, phonetological features are unary, but occur in pairs, termed polar opposites, 

which can combine to depict intermediate values between the opposites such as 

[high-low]. Consequently, how features are to be implemented must be borne in mind. 

One potential, mathematical, way to implement the phonetological features [high-low] 

is presented in Figure 4.11, whereby the outcome o f a polar pair combination is the 

average o f mix (assuming [high] = 1 and [low] = 0).

/i/ = [high] = 1/1 = 1
Id  = [2high, low] = 1+1+0/3 = 2/3
/e/ = [high, 21ow] = 1+0+0/3 = 1/3
/a/ = [low] = 0/1 = 0

Figure 4.11: Combining the polar opposite [high-low].

The results such as shown in Figure 4.11 could then be mapped onto the acoustic 

correlate for the feature, for [high-low] a particular value o f  the first formant. 

Alternatively, if we interpret the results in terms o f gestures (as could conceivably be 

coded in an articulatory synthesiser), the result for /i/ would be the movement required 

to attain a high vowel, /e/ requires two-thirds o f that gesture, /e/ a third o f that 

movement. This crude mathematical model is incapable o f adequately expressing the 

gesture required for /a/, which ought to be a lowering gesture away from a default 

position. To combat this, one could argue that the Habitual setting o f  the speaker is a 

low vowel configuration. Such an assumption also has consequences for the 

implementation o f features. Hence, there is interdependence between features, their 

implementation and speaker/dialect settings.
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4.4.3 Features and Notation

Before the phonetological specification o f vowels and consonants is addressed in the 

next sections, a brief explanation o f notation is presented. The notation employed for 

phonetological features is not intended to be cumbersome or obscure, but the notation 

reflects phonetological assumptions including speaker strategies (see 4.2.4).

Phonetological features are enclosed in square brackets, such as [high], [low], [nasal]. 

As a specification includes multiple features, polar opposite features can be grouped 

together with parentheses, such as [(2high, low), (front, back)] defining a high-mid, 

central vowel. The evaluation o f such a composition o f phonetological features can be 

formally expressed as the union o f phonetological features. Thus, 

[(2high, low), (front, back)] is evaluated as ([2high] u  [low]) u  ([front] u  [back]). 

Equating a phonetological feature to a set is not intended as a metaphor. Rather, a 

phonetological feature is to be interpreted as set o f strategies that can be adopted to 

effectuate the feature. Variation is, therefore, directly encoded within the phonetological 

feature. If necessary, however, phonetological features can be further refined to a 

specific strategy, like [voiceless: abduction] as opposed to [voiceless: adduction], which 

obviously has consequences for phonetic interpretation.

The interpretation o f  tim ing within the phonetology model will be illustrated using 

diphthongs (below) and discussed in more depth (in 4.7). However, timing relationships, 

either on a particular feature specification, are indicated in subscript such as [ h i g h ] B e f o r e  

which is interpreted as a [high] specification being articulated prior to a segment’s 

(primary) articulation. Superscript is used to indicate that a feature is ‘implemented’ 

using a particular articulator: [high]^'*’ is interpreted as a tongue tip raising gesture while 

[high]^°"^‘̂®̂‘̂ '' describes a back o f tongue raising gesture. The final notational device is 

the use o f features in small capitals as in [STOP]. Such features are termed Descriptor 

Features, and are abstractions away from exact codings o f phonetological features. In 

4.6, features like [ s t o p ] are (generally) defined in terms o f [high], [ s t o p ] expresses a 

sufficiently high raising gesture to form a stop. Thus, it can be seen that phonetological 

features are not identical to phonological features in that they do not convey absolute 

configurations but relative gestures. Traditionally, the phonological feature [high] could 

be defined as: “High sounds are produced by raising the body o f the tongue above the 

level that it occupies in the neutral position.” The phonetological feature [high] could be
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defined as “a raising gesture” which would need to be further refined to express where 

the gesture occurs, [high] expresses a gesture sufficient for high vowels. Consonants can 

be defined using an indication of a stronger raising gesture. This is indicated numerically 

e.g. [2high] is a higher gesture than [high]. In 4.6.2, [ a p p r o x i m a n t ] ,  [ f r i c a t i v e ]  and 

[ s t o p ]  are defined as [2high], [3high] and [4high] respectively. The use of small caps, 

consequently, represents an abbreviation for a collection of phonetological features. 

Another phonetological feature which has a different interpretation is [back]. 

Phonetological [back] refers to a retraction gesture, not to sounds produced by retracting 

the body of the tongue from a neutral position. For instance, [STOP]^'*’ refers to a stop 

gesture articulated by the tip of the tongue (an alveolar gesture), [ s t o p ,  back]^''’ 

describes a gesture produced towards the posterior range of articulation available to the 

tip of the tongue i.e. a retracted alveolar stop. This specification is non-committal to the 

position of the tongue body itself: [STOP, back] '̂*  ̂ does nm refer to a velarised alveolar 

stop since the entire specification applies only to the tip of the tongue. In Chapter 5, 

[t^, d '’] is partially specified as {[ST O P]^’’’, ([h ig h ]^ °" ® “^®“‘̂ '^)B-c-A}, a  stop articulated by 

the tip of the tongue with a back of tongue raising gesture occurring before, concomitant 

to, and after the stop’s articulation.

4,5 Vowels

The description and specification of vowels and vowel phenomena within phonetology 

is presented in the following sections. As Ladefoged & Maddieson (1996: 281) point 

out, it is difficult in practice to propose a definition for the vowel-consonant distinction. 

The traditional, ancient, description is that vowels can be produced on their own while 

consonants need to be articulated with a vowel. This, clearly, is not entirely true as, for 

one, the consonant in the utterance [m:] (as in anticipation of tasty food) requires no 

vowel whatsoever. The modem alternative definition accepted by many is that vowels 

are articulated without an obstruction within the vowel tract, whereas consonants do 

have an obstruction as part o f their articulation. Nonetheless, it must be recognised than 

this definition also has problems. For instance, if glides like [j] and [w], even with 

articulations like [i] and [u] respectively, are considered consonants, then are other 

‘vowels’ with movement as a required part of their articulation, such as diphthongs, also 

to be considered consonantal? This difficulty demonstrates the surface indeterminacy of 

such ‘basic’ distinctions.
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4.5.1 Describing Vowels

In 4.4.2, a brief outline o f the phonetological feature was provided using the vowel as an 

example to illustrate that phonetological features can be interpreted as monovalent 

features, binary features or scalar features. M ost importantly, a point we have reiterated 

since, is that phonetological features are not distinctive phonological features, though 

they can be used to describe distinctions. Nonetheless, the relationship between 

phonetological features used as contrastive entities must always be considered. As we 

begin our discussion o f vowels, it is worth noting the dual nature o f the vowel. From an 

acoustic point o f view, they are easily definable in terms o f formant structure, whereas 

from an articulatory point o f view they are more vague. The Handbook o f  the 

International Phonetic Association (1999: 11-12) notes that “the use o f auditory spacing 

in the definition o f these vowels means vowel description is not purely based on 

articulation, and is one reason why the vowel quadrilateral must be regarded as an 

abstraction and not a direct mapping o f tongue position.” Ladefoged (forthcoming) 

explicitly expresses the auditory correlates o f features, as shown in Figure 4.12.

Root

—  Brightness

A udito ry -

Feature

Height —

Grave

Sibilant

Sonorant

Rhotic

Named
Values

—  high 
m id-high

—  mid-low
—  low

—  bright
—  neutral
—  dark

+grave
-g rave

+sibilant
-sib ilan t

+sonorant
-sonoran t

+rhotic
-rho tic

Traditional Term

high (close) 
mid-high (half close) 
mid-low (half open) 
low (open)

front unrounded
neutral
back rounded

grave

sibilant

sonorant

r coloured

Approxim ate Acoustic 
Definition

Frequency o f  FI

Frequency o f  (F2'-F1)

Mid frequency noise energy 

High frequency noise energy 

W ell-defined formants 

F3 lowering

Figure 4.12; Phonological Features viewed from an auditory perspective, from 

Ladefoged (forthcoming).
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The implementation o f  phonetological features should be viewed as neutral with respect 

to acoustics or articulatory specification. If  a goal is to implement a particular 

description, say, in synthesis, it may well be prudent to choose acoustic definitions until 

such time as a true articulatory synthesiser is developed. However, the feature [high] has 

multiple interpretations including a particular strength o f raising gesture, a potentially 

significant lowering o f FI away from either the current or the default setting, or 

specifications as required for a specific speech synthesis system. Once again, the issues 

o f Default Setting  and Habitual Setting  manifest themselves. These apply only in 

particular language, dialect or speaker descriptions. The descriptions in this section will 

assume a relatively neutral or modal Habitual Setting', the system being initially in a 

schwa-like configuration.

Before continuing with phonetological features, traditional approaches to vowel 

classifications will be reviewed. While traditional phonological features capture 

consonantal distinctions reasonably well, vowels often do not fare so well, especially as 

the vowel inventory increases. In particular, mid vowels are difficult to characterise 

using a treatment with binary features. While specifications o f high vowels as [+high] 

and low vowels [+low] seem intuifive undl we are forced to determine mid vowels as [ -  

high, -low ], i.e. everything that is not [+high] or [+low]. This description is sufficient 

for vowel systems that contrast three vowel heights or less. To distinguish between mid 

vowels becomes a more difficult task.

For more than three vowel heights extra features, such as [ATR] or [tense], need to be 

included. In general, the high-mid vowels have a positive specification o f the chosen 

feature while the low-mid vowel have a negative setting for the new feature. As a result, 

[e] may be defined as [+high, +ATR] while [e] is [+high, -A TR ]. This solution may 

work well from a phonological perspective, but not particularly a phonetic one. Even if 

there is a phonetic reason behind the choice o f a differentiating feature, there still may 

be problems. The vowels [e] and [e] could equally be defined as [+high, +tense] and 

[+high, -tense] respectively. The features [ATR] and [tense] are isomorphic with each 

other in funcdon, but they are not the same. Moreover, Fant, Jakobson & Halle (1952) 

refer to the French vowels [e] and [o] as being lax, with little or no phonetic justification. 

For American English, Lindau (1978: 558) admits that:
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It is probably fair to conclude that the tongue-root m echanism  is not used in any consistent 

w ay to distinguish tense and lax vow els [ . . . ]  there sim ply is no unique articulatory correlate 

for tenseness.

Even if  an invariant acoustic correlate can be found upon which a feature could be based 

to distinguish low-mid from high-mid vowels, the rationale for this approach remains 

open to question. If  we need a four-vowel height system, why is it mid-vowels that 

acquire this extra feature? The elegance o f such solutions eludes me and it is possible 

that such solutions are not very compatible with vowel raising phenomena. Within rule- 

based approaches, phonological rules could even yield a vowel with a [+high, +low] 

specification, which had to be immediately reanalysed as [-high, -low ]. How can a 

segment whose specification, even if  contradictory, turns out to be “raising gesture 

above rest position” and a “lowering gesture beneath rest position” be so readily 

converted to mean the exact opposite?

Ladefoged (2001) instead suggests a scalar feature for vowel height such as [low], 

[mid-low], [mid-high] and [high]. Yet, the relationship between these kinds o f features 

is ambiguous. Considering the tendency to utilise features in isolation as independent 

entities, is there an explicit mechanism -  other than common sense -  to indicate that 

[high] is indeed higher than [mid-high], that [mid-high] is higher than [mid-low] and 

that [mid-low] is higher than [low]?

What phonetological features are needed for vowels and vowel-related phenomena? 

Odden (1991) decides that vowels should be characterised by the two sets o f binary 

features [back] and [round], with primary acoustic affect on the F2, and [high], [ATR] 

and possibly [low], which conspire to influence FI. Odden (1991) is ambivalent about 

[low] as he demonstrates [high] and [ATR] spread as a unit in a number o f Bantu 

languages. There can be no objections to [back], [round] or [high] being involved. While 

[ATR] may have justification in spreading patterns found in Bantu related languages, this 

cannot be taken to mean that [ATR] is a requirement for vowel specification.

However, the possibility that [ATR] can contribute to vowel specification cannot be 

explicitly excluded, but by admitting [back], [round] and [high], as phonetological 

features, their polar opposites [front], [spread] and [low] are included automatically. 

As a result, only three polar opposite pairs o f features are needed to express vowel 

contrasts i.e. [back-front], [high~low] and [round-spread].

171



Mid vowels are specified as [high, low] which is, at first glance, identical to the 

traditional [+high, +low]. M id vowels are considered to be a melding o f high and low 

vowels. The specification [high, low] covers all mid vowels, though a better, more 

general, description o f  mid vowels might be that they possess both a [high] and a [low] 

specification. A graphical representation o f mid vowels is presented in 4.13.

[e, o] [e, o]

[high] [low] [high] [low]

Figure 4.13; The Phonetological Representation o f mid-vowels.

While mid vowels can be described as [high, low]. Figure 4.13 demonstrates that it is 

possible to increase the influence o f a particular feature within the ‘m ix’ o f polar 

opposites. High-mid vowels like [e, o] are specified with two association lines to [high] 

i.e. closer to [high] than [low]. This may also be expressed as [2high, low]. The 

implementation o f  [high] might be a raising gesture, therefore a [2high, low] has a 

stronger raising gesture than its lowering gesture. The opposite holds true in the case of 

the low-mid vowels, [high, 21ow] with a more predominant lowering component. In 

some ways, this situation, where polar opposites interact, could be viewed as an 

‘average’ o f the realisation effects o f polar opposite features. The specification o f vowel 

frontness or backness operates similarly. Vowels which are defined [front, back] are 

central vowels. The vowel [i] may partially be specified as [high, (front, back)], with the 

polar opposite features bracketed.

The last descriptor for vowels is rounding. As [round-spread] feature set are articulated 

by the lips, they are articulatorily independent o f the other vowel features described 

above, which are im plem ented by the tongue front and/or the back o f the tongue. As far 

as the vast majority o f  vowels are concerned, either the feature [round] or [spread] is 

required. However, Swedish suggests other possibilities. On Swedish, Engstrand (1999: 

141) remarks that lip rounding differs between /y, 0/ ( ‘outrounded’) and / u , «/ 

( ‘inrounded’).” Ladefoged & Maddieson (1996) describe these and similar phenomena 

as lip protrusion  and lip compression. These articulations are more difficult to 

incorporate in the [round-spread] continua o f polar opposites. Protrusion might be 

viewed as an extreme rounding gesture and be defined as [2round] while compression as 

[round, spread], being both spread and round. Alternatively, there may be a need to
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establish [unrounded-rounded] and [spread~non-spread] features to provide a more 

subtle description o f lip rounding events.

4.5.2 Vowel Systems

The breadth and depth o f vowel contrasts to be found in languages o f the world is 

nothing less than astounding. This sheer diversity makes that task o f comparison non

trivial. The comparison o f Germanic vowel systems undertaken by Disner (1983) 

decides to abandon any attempt to normalise speaker (or, rather, language) differences. 

Disner (1983: 29) explains the decision thus:

It has been show n (D isner, 1978; D isner, 1980) that most o f  the norm alisation procedures 

suggested in the phonetic literature are inadequate for cross-linguistic studies o f  vow el 

quality because o f  differences in the means o f  the respective system s, and the differences in 

the distribution o f  individual vow els around these means. The use o f  raw data ensures that no 

procedural artefacts w ill alter the linguistic relationships betw een the languages.

Despite the difficulty for the phonetician to directly compare vowel systems, 

phonological approaches have less difficulty. Maddieson (1984, 1986) presents a 

database known as UPSID (UCLA Phonological Segment Inventory Database), in order 

to give reliable -  phonological -  answers to questions concerning the distribution o f 

phonological segments and contrast in the w orld’s languages. We are informed by 

Maddieson (1986: 106) that:

The languages included in U PSID  have been chosen to approxim ate a properly constructed 

quota sam ple on a genetic basis o f  the w orld’s extant languages.

Crystal (1987) presents UPSID’s findings on vowel distribution using a vowel 

quadrilateral as in Figure 4.14.
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front central back
452

high
417

425 100
mid 448

392
low

Numbers in italics indicate unrounded vowels 
Numbers in bold represent rounded vowels.

Figure 4.14: The Distribution o f the 2,549 vowels o f the UPSID database, from 

Crystal (1987).

Figure 4.14 demonstrates the strong preference for back vowels to be rounded and non- 

back vowels to be unrounded. This pattern can be described in terms o f production and 

perceptual demands such as those noted in the Maxims o f Phonetology. Also 

particularly noteworthy in Figure 4.14 is the tendency for low vowels to be central. Yet, 

by considering cross-linguistic tendencies like these, are we committing what could term 

the ‘nomialisation error’ against which Disner (1983) warns? If  we turn our perspective 

from the broad to the narrow, we see that vowel systems o f languages fall into 

typologies^'^ within which there can be variation.

Using phonetological features for vowels, any number o f vowels can be described. The 

typologically most simple vowel system consists o f three vowels, usually /i, a, u/. This 

typology most often consists o f two high vowels and a single low vowel. Using

Vowel typologies are often described as optimised, particular for perceptual purposes. 

De Boer (2000, 2001) describes this aspect o f vowel systems as “self-organisation” and 

de Boer points out that it is not clear how and why this self-organisation occurs. In fact, 

de Boer (2000: 445) remarks that “self-organisation is a phenomenon that is very hard to 

predict from just the description o f a system.” How a system ‘optim ises’ itself is a 

product o f the language users’ use o f the system, which is not exactly definable in 

linguistic terms. Language use entails variability.
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phonetological features, as we have already seen, /i/ is [high, front, spread], /u/ is [high, 

back, round] while /a/ is [low, (front, back)]. The specification of the low vowel as 

central agrees with the findings of Figure 4.14, but that is not the main reason for the 

central specification, even though it is descriptively correct in many cases. Rather, it 

follows from the Maxims o f being maximally distinct and to use as many cues as 

possible. Technically, being [low] is sufficient to distinguish /a/ from /i/ and /u/, from a 

phonological perspective. However, our description of /i/ and /u/ necessitates the use of 

the features [front] and [back]. As [front] and [back] are phonologically active, it would 

be imprudent not to utilise them to bolster the contrastiveness of /a/. One possible way is 

that the low vowel is specified both [front] and [back] i.e. central. I should note, 

however, that a feature being phonologically active is not a prerequisite for its inclusion 

as part of a distinction enhancement mechanism, though the feature’s ‘active’ status 

might well be an added incentive.

The choice o f I I I ,  I d J ,  /u/ -  or, rather, [i], [a], [u] -  is by no means predetermined. By the 

above logic, it is equally possible (although unlikely) that a three-vowel inventory could 

consist of /a, i, a/, having one central high vowel and two low vowels. The second set of 

vowels would be disfavoured on perceptual grounds. Figure 4.15 presents the values for 

the first two formants for these sets of vowels, as produced by the author.

FI 308 826 294 910 378 896

F2 2212 1318 882 1610 1504 1162

i a u a i a

Figure 4.15: Fonnal values (in Hz) for potential realisations of 3-vowel contrasts.

The vowels in the sets /i, a, u/ and /a, i, a/ are logically as well spaced as each other. 

Both distinguish high and low vowels, both bolster that distinction by using [front] and 

[back] in a single specification. Where /i, a, u/ wins out is in being more perceptually 

distinct. When comparing the vowels contrasting in the front-back dimension, the 

distance (in terms o f F2) is 1330 Hz between /i, u/ but only 448 Hz between /a, a/.

Another potentially problematic issue arises where a language or dialect does not choose 

to have contrasts as maximally dispersed as the maxims suggest. Language descriptions 

in this section are from Maddieson (1984). Amuesha, an Andean Equatorial language, is 

described as possessing /e, a, o/. From a phonological point of view, this can be
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specified just as an /i, a, u/ system. At the phonetics-phonology interface, it may be 

necessary to specify /e, 0 / as mid vowels. If  the decision is made instead to specify /e, 0/ 

as [high], then the H abitual Setting  or other settings may need to be adjusted to account 

for the phonetic realisations. A simpler solution might be to adjust the phonetic codes 

(say, in a synthesiser) that might implement a feature in either the articulatory or 

acoustic domain such that [high] does not yield as high a raising gesture in Amuesha as 

compared to a language where [high] specified vowels would generate vowels such as 

[1] or [u].

Rukai, an Austronesian language, is described as a four-vowel system with three high 

vowels /i, i, u/ and /a/. From the description alone, it would seem the specification 

would be as follows: III is [high, front, spread]. III is [high, (front, back), spread], /u/ is 

[high, back, round] and /a/ is [low, (front, back), spread]. In this case, the front-back 

polar pair  are operating together on both [high] and [low] vowel levels. The sam.e caveat 

applies to defining h i  in one language as you might expect III to be specified in others.

It is most likely that vowel systems with more than four vowels will possess 

phonetically mid vowels. As mentioned before, mid vowels are distinguished by their 

mix o f the [high~low] po lar opposite set. In fact, this behaviour o f  [high-low] caters for 

as many vowel height distinctions as is necessary, without the need for further features 

like [ATR] or [tense]. There is no logical (in the sense o f the Structural Component) 

reason w hy a language might not distinguish ten distinctive vowel heights. 

Phonetological specification is supple enough to permit such a specification to be made, 

were such as language be found to exist...how ever unlikely that event may be, again on 

perceptual grounds. But languages have been found that exhibit extremely unusual 

distinctions, c f  Everett (1982).

Maddieson (1984) also describes Masai, a Nilo-Hamitic language, as being a nine-vowel 

system with five contrastive vowel heights. While phonetological description is up to the 

task, and assuming no other process is involved like [ATR], there are a number of 

possible descriptive specifications for the nine Masai vowels /i i e e a o o u u/, two o f 

which are presented in Figure 4.16.
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e
e

a
0

o
u

u [high] 
[2high, low] 
[high, low] 

[21ow, high] 
[low]

[2high] 
[2high, low] 

[2high, 21ow] 
[21ow, high] 

[21ow]

(a) (b)

Figure 4.16: The V ow el System  o f  M asai, and tw o Phonetological Descriptions.

The phonetological description in Figure 4.16a m ight be regarded as the m ost 

“conventional” w ay  to  code for five levels o f  vow el height distinctions. Part o f  the 

‘perspective’ assum ption (4.2.5) entails that specifications need not be identical to 

another language o f  the sam e typology. Consequently, there is a degree o f  freedom  in 

interpreting a specification to prim arily reflect phonological or phonetic patterns. Given 

that these specifications are intended for the phonetics-phonology interface, phonetic 

patterns are m ore likely  to  guide the choice o f  features.

In Figure 4.16b, w hat is m eant by a single [2high] specification? As we have seen 

before, [high] usually  equates with high vowels like [i, u] w hich m eans that [2high] is a 

higher articulation than  [high]. Thus, [2high] can be interpreted as being the territory o f 

the consonant, as w e shall see in 4.6. N onetheless, there is nothing preventing the 

[2high] being equated w ith a vowel, once realisation strategies are adjusted. The merits 

o f  this decision m ust be w eighed against language phonological and phonetic facts -  

though, given how  the tongue is ‘partitioned’ in 4.6.1, a specification like [2high], or 

som e other non conventionally  obvious feature value, m ay have some 

(phonetic/articulatory) justification. Phonological needs m ay suggest a [2high] or 

sim ilar: for instance, K atam ba (1999) notes the description o f  the Proto-Bantu systems 

as /i i e a 0 u  q/ w hereby  /[ q/ are ‘super h igh ’ vow els (w hich m ight well be described 

[2high]) and uses these super high vowels to explain cyclicity effects in (contem porary) 

Luganda.

The difference betw een interpreting specifications using phonological and phonetic 

patterns is dem onstrated  by  the com parison o f  the apparently  identical Y oruba and the 

Italian vowel system  w hich is discussed by  Ladefoged (1984) and Ladefoged & 

M addieson (1996). O utw ardly, that is phonologically, both Y oruba (a K w a language o f  

the N iger-Congo fam ily) and Italian possess the sam e num ber and the sam e quality o f  

contrastive vow els i.e. /i, e, e, a, o, o, u/. Based on D isner’s (1983) work, Ladefoged
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(1984) finds that the phonetic realisations are not identical. W hile the Italian vowels are 

fairly evenly  spaced, the Y oruba /e, o / are m uch closer to /i, u/ than the ‘sam e’ 

corresponding vow els are in the Italian system. Ladefoged & M addieson (1996) note 

that phonological features are capable only o f  capturing the phonological differences but 

not the phonetic differences. How ever, the reason for these phonetic differences betw een 

the same underly ing  contrastive system  which is suggested by  Ladefoged & M addieson 

(1996: 297) opens possibilities:

The uneven distribution o f  the Yoruba vow els may be attributed to historical facts concerning  

the w ay the original 9 - or 10-vow el system  (Fresco, 1970) have merged to produce the 

current 7 -vow el Yoruba system .

N otw ithstanding that phonetology m odels the phonetics-phonology interface, a 

phonetological description lends support to this assertion. A ssum ing a nine vowel 

system  like M asai in Figure 4.16a is sim ilar to the Proto-Y oruba, and that the second 

highest and third h ighest vow el levels collapse into one, phonetologically  we have the 

[2high, low] and [high, low] specifications merging. The com bination could possibly 

yield [3high, 21ow] or, perhaps, in a bid to reduce the num ber specifications on [low], 

form [3high, low]. W hichever potential specification best fits the new  second highest 

vowel height, phonetological description produces (or predicts) a phonetically  m id-high 

vowel that is higher than /e, o/ w ould generally be articulated: the exact situation present 

in the Y oruba data.

4.5.3 Diphthongs

In the previous sections, w e have considered only m onophthongal vow els, so it is now 

appropriate to address the representations o f  diphthongs and, obliquely, the issue o f 

tim ing w hich will be tackled m ore fully  in 4.7. D isner (1983: 2) rem arks:

Data on diphthongs is d ifficu lt to use because they must be represented by measures taken at 

several points in tim e and yet be com pact enough for use in feature specification.

The study o f  B eijing M andarin Chinese diphthongs (and triphthongs) conducted by 

Ren (1986) highlights the phenom enal variety  o f  diphthongs cross-linguistically. The 

behaviour o f  diphthongs partially  depends on w hether they are fa llin g  or rising  

diphthongs, that is not in an articulatory sense but falling from  or rising toward the 

syllabic com ponent. These classifications are based on w hether the initial or final 

elem ent is syllabic e.g. /ai/, /eu/ and /o i/ are fa llin g  w hile /ia/ and /ua/ can be term ed as

178



rising. It would seem fa lling  diphthongs are more often to be involved in phonological 

processes: this m ay be due fa lling  diphthongs being perceived more as a single unit 

while rising diphthongs can be interpreted as a glide plus a vowel. There appears to be a 

tendency regarding (falling) diphthongs that the end target need not reach the quality 

that is described, such as in English /ai/ where the /i/ component is o f a quality 

intermediate between [i] and [i]. This finding is shown in Figure 4.17 for three male 

speakers o f Hiberno-English.

Dublin Cork Wexford

[a] [I] [i] [a] [I] [i] [a] [I] [i]

FI 808 455 243 859 468 288 784 412 322

F2 1433 1938 2271 1509 2341 2668 1512 1991 2296

[ai] [ai] [ai]

FI 537 503 768 406 700 484

F2 1133 1650 1425 2443 1162 1848

Figure 4.17: The Vowels /a, i, 1/ and the Diphthong /ai/ for Three Speakers o f Hiberno- 

English (values measured in Hertz and are not normalised).

The data presented in Figure 4.17 show the values o f the first two formants, averaged 

over five repetitions, taken from vowels in the carrier phrase Say hVd again. 

Discounting that the values are not normalised, the three pictures o f Hiberno-English 

here tell slightly different, but very similar stories. The articulatory quality o f the /i/ part 

o f /ai/ is never identical to that o f monophthong /i/ or /i/: For the Dublin speaker, it is 

closest to /i/, but is lowered and more retracted; For the Cork speaker, it is intermediate 

between his /i/ and /i/; For the Wexford speaker, it is, like the Dublin speaker, lowered 

and retracted, though to a lesser degree than the Dublin informant. Where these dialects 

o f Hiberno-English are in agreement is in the behaviour o f the /a/ portion o f the 

diphthong. In every case, the F2 o f the /a/ part o f the diphthong is much lower than its 

monophthongal equivalent, indicating retraction. A phonetological interpretation o f this 

retraction gesture is that speakers attempt to enforce all the Maxims wherever and 

whenever possible. In the /ai/ diphthong, the primary feature change is going from [low] 

to [high]. These polar features ‘m eeting’ would result in [low, high], a mid vowel,
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(acoustically, a lowering o f F I) but cannot account for the backing o f diphthongal la-1 

portion compared to monophthongal /a/. The Maxim to keep cues for sounds as distinct 

as possible can be interpreted as influencing this pattern. Thus, in this context, this 

maxim can be interpreted as causing for the Production Component to -  for want o f a 

better term -  licence this retraction gesture which, in effect, pushes the two vowel 

qualities apart. As a consequence, the /a-/ part o f the diphthong acquires an extra [back] 

which acoustically lowers F2. In addition, it is possible that the /-i/ portion o f the 

diphthong acquires the polar opposite feature [front], which accounts o f an intermediate 

/i-i/ quality for the Cork speaker. The Dublin and W exford speakers with their /-i/ being 

lowered and retracted with respect to their monophthong III appear to have used a 

comparatively strong retraction gesture which even affected the h i o f their diphthong. If 

this small dataset were to be representative, the Dublin and W exford diphthongs may be 

described as /ai/ and the Cork diphthong as /at/, where all dialects exhibit a retraction 

gesture strategy, particularly on the initial portion o f the diphthong.

The phonetological representation o f diphthongs comprises the individual specifications 

for each vocalic target, which is the same as for monophthongs, plus an indication of 

articulatory timing. The Timing Component, developed in section 4.7, specifies targets 

and their timing relationships. Up to now, the phonetological descriptions have been 

applicable to the prim ary target, but the Timing Component can co-ordinate the 

execution o f secondary targets. Phonetological targets are -  for the moment -  bundles 

o f phonetological features. The secondary targets may be timed to occur either before, 

during or after the prim ary target articulation. Three potential timing situations are 

depicted in Figure 4.18, though this number does not exhaust the range o f  possibilities.

Figure 4.18: Timing by Phonetology.

Using this preliminary interpretation o f  the Timing Component, the specification o f  /ai/ 

might be described as {[low, front, spread], [high, front, spread]cA}- This description 

indicates an [a] articulation which has a [high, front] component operative at the same

Primary Target: [Feature A l  P  Feature A I P F eatu re  A 1 
Feature B I I Feature B I I Feature B I 
Feature ( j  |_  Feature ^  [_Feature C j  

Secondary Target: [Feature D]b [Feature F]c [Feature G]a

Before Concomitant-to After
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time and after its articulation. As a consequence, we start [low, front] and end at [high, 

front], at least from a phonological point of view. The timing from a phonetic 

perspective is, o f course, more complicated and we will defer this particular discussion 

until section 4.7. One note, however, is the timing relationships themselves. The 

specification presented above could be considered /aV. An alternative interpretation of 

the phonetological specification of [ai] is “ /a i /” , that is, an [i] like vowel with a strong 

on-glide from [a]. A decision between these alternatives would be based on which better 

fits the observed patterns of the speech data. In addition, regarding the description of 

diphthongs, while I have separated the specifications of the primary and secondary 

targets, this does not prevent polar opposites interacting^*, should the opportunity arise, 

such as British English /ua/ becoming [o:]. Triphthongs, like British English /aia/, 

provide similar challenges as those of diphthongs. Any phonetological description of 

triphthongs would need to stay especially close to the phonetics facts.

4.5.4 Vowel Phenomena

Phonetological specification is not simply the ascertaining of features to account for 

particular pattern at a particular time. A phonetological specification must be developed 

in relation to the possible contrasts available in a particular position/environment. 

Various vowel phenomena demonstrate this factor in feature specification. One such 

phenomenon concerns the low vowels of Vancouver English. According to Warkentyne 

& Esling (1995), the originally distinct low back vowels h !  and I d  merged into a single 

/a/ phoneme. However, Warkentyne & Esling (1995: 395) continue:

Back vowels before /r/ have not participated in the merger; which sometimes makes phoneme 

assignment problematic; [the word] are remains as [qj] and/or as [dj]. [...Suggestions have 

been made] that in the cases where speakers have the rounded variant [o], the [g] be assigned 

to /3e/; and where the unrounded variant occurs in non-rhotic contexts, the [g] o f  are be 

assigned to the I d  phoneme.

Again, akin to sets within Set Theory, the realisation of primary and secondary targets 

in the union of their feature specifications. Assuming that the primary target is {[high], 

[front]} and the secondary target {[back]}. In {[high], [front]} u  {[back]}, the outcome 

is {([high], [front]), {[back]}. It is polar opposite features that exhibit the effects of 

union. In this case, the result is {[high], [front, back]}, a high, central vowel.
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To avoid [a] being in two places simultaneously, W arkentyne & Esling (ibid.) decide 

that “to avoid such conflicts, it may perhaps be preferable to treat the rhotic vowels as a 

separate system.” This kind o f behaviour abounds, where sub-systems arise out o f 

systems. These sub-systems contribution to variability and increase the diversity o f 

patterns. Parkinson (1996) undertakes an extensive cross-linguistic survey o f vowels and 

recognises such sub-systems. Parkinson (1996) finds that diphthongisation and vowel 

coalescence share similar properties. His solution to link these sub-systems, is the use o f 

a feature [closed] within an “Incremental Constriction M odel.” In some ways, [closed] is 

similar to phonetological [high] and [high] could be coded in those terms. Parkinson 

(1996: 151) is very positive in assessing his m odel’s performance: “Describing height in 

terms o f the feature [closed], then, allows for an account for the fiall range o f vowel 

height phenomena while correctly ruling out unattested assimilations.”

Another extensive survey o f vowel phenomena is that o f Casali (1996) which explores 

Vowel Hiatus Strategies. These strategies include Elision, Coalescence, and 

(Parkinson’s topic) Vowel Height Coalescence. One example o f Coalescence presented 

by Casali (1996) is from Afar, an Afro-Asiatic language. The pattern, which he quotes 

from Bliese (1981), states that when I d  is followed by /u/, or vice-versa, [o:] is yielded. 

The combination o f the phonetological features for /e/, [(2high, low), front], and /u/, 

[high, back], yields [(3high, low), (front, back)], a high-mid vowel, as attested, though 

more central than [o:]. Clearly, the particular specifications o f vowel features assumed 

for Afar would need to be re-assessed -  these ‘conventional’ settings do not fully meet 

this Afar data. This phonetological (Contrast-Driven) analysis suffers here because we 

are dealing only with abstracted data based on phonetic/phonological transcriptions. A 

possibility exists that the speech data might illustrate that an [o:] yielded through 

coalescence is fronted and raised with respect to an underived [o:]. Casali (1996) takes 

another Coalescence example from the description o f Xhosa, from Aoki (1974), 

whereby /a/ plus /i/ and /a/ plus /u/ yield /e/ and /o/ respectively. The behaviour can be 

described in terms o f  phonetological features. Where Xhosa differs from Afar is that if 

these vowels meet in the reverse order (e.g. /i/ plus /a/) then it is the first vowel which is 

elided. This pattern must have the Maxims or the Components as a source; though, as 

for Xhosa, a phonetological approach should question whether /i/ plus /a/ yielding an [a] 

is phonetically identical to a non-derived [a].

182



A relatively common process in vowel systems is that of harmony, which is found in 

la;nguages such as Finnish (Sulkala & Karjalainen, 1992), Hungarian (Szathmari, 1988) 

and Turkish (Lewis, 1993). Abondolo (1998a: 17) informs us that vowel harmony is a 

widespread trait within the Uralic family:

In Uralic, vowel harmony [...occurs] in roots, derived stems, and inflected forms. The 

vocalism o f  the root is always dominant i.e. determines the frontness^ackness o f  the vowels 

o f the attached suffixes.

As we must rely on phonological descriptions (based on abstracted data), another 

opinion on the subject is offered. Sulkala & Karjalainen (1992: 378) describe the Finnish 

system’s interpretation as follows:

Finnish vowel harmony is a restriction concerning all vowels in a word form. It is based in 

principle on the vowel pairs u-y, o-oe and a-ae. Thus only the front vowels i and e are 

indifferent. This vowel harmony means that phonotacticaily the same simple word form 

cannot contain vowels from both groups /u, o, a! and /y, oe, £e/, although /i, e/ can appear 

either alone or together with front or back vowels.

The existence o f ‘neutral’ vowels which do not obey harmony rules occur in many, 

though not all, languages which utilise vowel harmony. If this “harmony” is accounted 

for under the maxim of being maximally easy to articulate, then harmony could easily be 

described as a Command Request Prosody^^ which operates over the word domain. Such 

Command Request Prosodies have their source in the Maxims. The name chosen for this 

phenomenon may appear contradictory but reflects the laxness o f the entity’s definition 

when compared against the usual precision of specifications. When such an entity 

operates, it should not cause conflict with other Maxims or any of Components; thus this 

entity is neither a command nor a request, but both. A vowel harmony Command

29 The term ‘prosody’ is being used in the Firthian sense which can be defined as a 

property whose manifestation extends over a region of phonetic material. Firth (1948: 

136) identifies prosodic distinctions as “tone, voice quality [...] also yotisation and 

labio-velarisation.” Firth (1948: 141) continues by asserting such “phenomena as 

elision, liaison, anaptyxis, the use of so-called ‘cushion’ consonants or ‘sounds for 

euphony’ are involved in the study of prosodies.”
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Request Prosody, if  it were fully under the control of the Maxims, would enforce 

harmony within a word, but this does not always happen in Finnish as the front vowels 

/i, e/ can co-occur with back vowels. Other than asserting the existence of neutral 

vowels, is there a possible explanation for this pattern? Turunen (1988: 70) points out 

that /i/ is the most common at 27% of all Finnish vowels and /e/ the third most common 

at 16%. However, this cannot be an explanation as the second most common vowel, at 

23%, is Id ,  which participates in vowel harmony. The phonetological description of this 

kind of pattern is that while a Command Request Prosody is in operation, it is tempered 

by the Structural Component. In vowel harmony languages, the contrastive vowels 

within the Structural Component are no longer the independent entities that they might 

be in other languages; in fact, they acquire a new contrastive ability that is more 

commonly found in phonetological features. Contrastive Units set up Oppositions which 

are somewhat like polar opposite features, though they do not interact as features can. 

This behaviour arises because a particular polar opposite set is chosen as the basis of the 

Opposition. In Figure 4.19 is presented a description of the contrastive vowel units of 

Finnish and their Oppositions. For brevity, this figure lists only partial specification of 

vowels with the feature [m i d ] being used here to abbreviate [high, low].

[front]# •[back] [front]

[round]

[front]# • [back]

[spread] [spread] [round] [round] [round] [spread] [spread]

Figure 4.19: The Finnish Vowel System and the Oppositions with are utilised by the 

Command Request Prosody.

The Phonetological description of Finnish Vowel Harmony, with /i, e/ being exempt, 

relies on there being no contrastive vocalic unit for an Opposition to be formed for /i/ 

and /e/ such as /m/ or /t / respectively. Within the Finnish “Opposition Hierarchy” it is 

‘only’ the phonemes /y, ce, ae, a, o, u/ which can be opposed in [front-back] terms. When 

the Command Request Prosody is operating, it ‘flips’ vowels as necessary to agree with 

the first unit that has an Opposition instantiated. The existence of the Command Request
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Prosody is bolstered by the speech error study o f Hokkanen (2001) who documents a 

number o f cases where incorrectly harmonised words occur such as liiota for lydtd.

Hungarian has a similar front-back harmony Opposition, though the actual oppositions 

themselves differ slightly. The Turkish vowel harmony is also similar with all the 

vowels participating in the front-back Opposition. However, unlike Finnish, Turkish 

also possesses a vowel rounding harmony process. As a result, words can only chose 

between a front set o f vowels, namely /i, y, e , oe/, and a back set o f vowels /i, u, a, o/. 

But the choice is constrained further by rounding: vowels in words must be either 

rounded or unrounded. Using Optimality Theory, Kaun (1995) tackles this kind of 

rounding harm ony phenomena and sets up a typology. Kaun (1995) decides that rule- 

based approaches are insufficient and, while she favours constraints as an 

implementation device, proposes that there are phonetic (perceptual) motivations of 

harmony. M oreover, she suggests that perception is aided if  a particular feature’s 

realisation occurs unchanged over a number o f  units. This may be at odds with the 

Obligatory Contour Principle, as well as languages’ use o f dissimilation (c f  Suzuki, 

1998), but linguistics is composed o f numerous concepts in constant competition. Kaun 

(1998) suggests that the front-back distinction, and its acoustic correlate F2 is 

perceptually “weaker” or “less salienf’ since languages exist that distinguish only vowel 

height and not the front-back distinction. Given that the feature [round] enhances the 

[back] contrast, it is only natural the some languages choose rounding harmonies to 

ameliorate a ‘bad’ perceptual situation.

Thus, vowel harmonies are likely to be motivated by perceptual pressures. A particular 

strategy is adopted which constrains the Structural Component. Such constraints are 

indicative o f  the influence o f the maxims. Consequently, harmony patterns suggest an 

additional m axim to those in 4.3.3 such as “Be maximally easy to perceive.” Data, 

therefore, allows phonetological assumptions to be refined and revised.

One acoustic feature vowels often utilise is nasalisation. Maddieson (1984: 130) notes 

that “vowel nasalisation is more common than inherent vowel length in the UPSID 

languages, 22.4 % o f  languages having a contrast o f oral and nasalised vowels.” While 

we will investigate the specifics o f nasalisation on vowels in 4.7, it is noteworthy the 

patterns that emerge when nasalised vowels enter the Structural Component. Many 

Amazonian languages (c f  Dixon & Aikhenvald, 1999), exhibit some o f the most
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unusual -  yet most straightforward -  behaviour. The entry o f  nasalised vowels in the 

contrastive arena causes changes elsewhere. As the descriptions in the Dixon & 

Aikhenvald (1999) volume offer a phonological perspective^*’, I will quote three papers, 

each examining a different Amazonian language. We will begin with Rodrigues’ 

(1999a) account o f  Karitiana from the Tupi family. Rodrigues’ (1999a; 113) decides:

Karitiana Im l has a num ber o f  allophonic realisations (i) as [bmb] between two oral vowels,

(ii) as [b] at the beginning o f  a word, followed by an oral vowel; (iii) as [bm] when following 

an oral vowel but not followed by another oral vowel (i.e. at the end o f  a word or followed by 

a nasal vowel) (iv) as [mb] following a nasal vowel and followed by an oral vowel.

The description o f  Im l applies to the other phonemic nasals, Ini and /g/. One could 

possibly ignore this behaviour o f  nasals, but it is confirmed elsewhere. In his portrait o f  

Kaingang from the Macro-Je family, Rodrigues’ (1999b: 178) notes similar possibilities:

In [Kaingang] nasal consonantal phonem es are pronounced in up to three phases o f  

articulation [-nasal][+nasal][-nasal]. The word kaner smooth  is pronounced [kadndere]: 

between oral vowels the nasal phonem e n starts as an oral stop [d], changes to the nasal [n] 

and changes back to an oral [d]. The inner phase is fully nasal, whereas the first and third 

phases are assim ilated to the oral vowels bordering the consonant. I f  one o f  the vowels is nasal, 

only the phase contiguous to the oral vowel is oral: kane eye is pronounced [kadne] whereas 

eme blue sky  is [?embe]. I f  both vowels are nasal, the consonant is fully nasal: eml bread  

[?emi], pan! back  [pani]. Pause or silence before or after the nasal consonant has the same 

effect as a nasal nen thing  [ndedn] nim  to g ive a long object [nim], but word boundaries 

inside an utterance are no obstacle for the assim ilation o f  the first and third phases o f  nasal 

consonants: no arrow  [ndo], ti no his arrow  [tidndo], no m m  to g ive arrows [ndodnim ].

In Lowe (1999), we witness a description o f  Nambiquara, another Macro-Je language, 

which, yet again, highlights the unusual talents o f  Amazonian nasals. Focussing on one 

o f  the nasal phonemes, Lowe (1999: 272) writes:

The nasal Ini when occurring in the coda o f  a non-word-fm al syllable has prestopped variants 

[bm ]~[dn]~[gq] when the syllable nucleus is an oral vowel.

This is not intended as a caveat against phonological approaches. Rather, following 

Scobbie, Stuart-Smith, Timmins et al (1999) above (see 4.2.5), caution is necessary 

when interpreting phonological accounts based on abstracted data.
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What process is motivating these nasals to de-nasalise? Why should a segment defined 

with [nasal] be realised with so many [oral] features? The phonetological interpretation 

is that the Maxim to make sounds as different as possible is very dominant in these 

languages. In a bid to make [nasal] as different as the Production Component can, the 

feature’s polar opposite, [oral], is utilised to bolster [nasal]’s perceptual value. In doing 

so, pre-stopped, circum-stopped and post-stopped nasals prevent any coarticulatory 

spread of nasalisation into the surrounding vowels, which is important only because the 

Structural Component distinguishes [nasal] and [oral] vowels. Where nasals are adjacent 

to nasalised vowels, stops are not required. This phonetological set-up always ensures 

that phonetically nasalised vowels are perceived as underlying nasalised vowels, no 

matter the context since it is impossible for there to be a contextually nasalised (but 

underlying) oral vowel, as happens in English. A phonetological analysis can deliver 

complicated but integrated descriptions.

4.6 Consonants

In this section, we turn to the phonetology specification of consonants. Under traditional 

approaches, consonants and vowels are often specified using different sets of features. 

Specification o f phonetological features is about connection. To continue this trait, 

vowels and consonants need to be specified with the same features. However, features 

need to be re-organised into a structure. Note also that we will consider specification of 

consonants and defer discussion of timing and its implications to 4.7.

4.6.1 Structure within Phonetological Features

Phonetological features, as presented thus far, have been essentially unorganised feature 

bundles. While the feature bundle approach dates from early generative accounts, 

Clements & Hume (1996: 245) admit, “it is only recently that linguists have begun to 

address [... an] equally important question, How are features [organised] in 

phonological representations?” Clements (1985), Sagey (1986), Clements & Hume 

(1996) have presented their variants on the Feature Tree which find a phonetic basis for 

their constructs. We acknowledge that features need a hierarchical organisation, but that 

which we propose is not quite the same as the Phonological Feature Trees such as those 

presented in Figure 4.20.
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root

laryngeal

isonorant +sonorant
iapproxim ant root +approximant
-vocoid +vocoid

[spread] 
[constricted]

laryngeal

[spread] 
[constricted]

oral cavity

[continuant]
C-Place

[labial]
[coronal]

[dorsal]
[anterior]

[distributed]

C-Place

vocalic

oral cavity

[continuant]

aperture
V-Place

[open]
[labial]

[coronal]
[dorsal]

[-anterior]
[distributed]

(a) (b)

Figure 4.20: The Phonological Feature Tree representation for (a) consonants and 

(b) vocoids, from Clements & Hume (1996).

Feature Tree schema, like that o f Figure 4.20, seek to place both unary and binary 

features in a notionally phonetic structure with features being dependants o f the node 

which implements them, e.g. [±high] and [±low] are often viewed as being dependants 

o f the dorsal node, [±round] a dependant on the labial node. Viewing Figure 4.20 from 

the perspective o f the phonetics-phonology interface, the implementation o f  features is 

conveniently clean, with one feature having a single implementation node. Relationships 

can be expressed between features but only indirectly through reference o f being 

dependent on particular nodes. The direct relationship between particular features 

remains unquantified.

As mentioned above, if  the phonetology model represents anything it is about 

connection and interconnection. The phonetological feature and the polar opposite 

notion offers one layer o f connection. Another interconnective layer is that 

phonoletological specifications can be implemented by any articulator, within phonetic 

reason. The equivalent to a feature tree within the current model is a division o f the 

vocal tract. Rather than organising features into nodes according to their phonological
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pattemings, the reverse holds true for phonetological features whereby articulatory 

strategies for features can be explicitly specified.

The ‘Phonetological Tongue’ is divided into Apex, B ody, and R a d ic a l.  These, in turn, 

can be divided into T ip-B lade, T o n g u e F ro n t-T o n g u e B a c k , and R o o t-E p ig lo ttis  

respectively. W here other phonological theories require a [coronal] feature to define a 

tongue tip or tongue blade gesture, the more relaxed definition o f phonetological [high] 

as a raising gesture allows the specification [high]'^*’̂ ’‘ to form part o f a coronal sound’s 

phonetological specification. The [high]'^^®’‘ setting yields either a dental or alveolar 

place o f articulation (and is neutral with respect to these distinctions). It is interesting to 

note that the UPSID dataset shows a large number o f languages which have a 

/t/ phoneme that is not specified as either dental or alveolar but as “Dental/Alveolar.” 

Maddieson (1984: 35) identifies 290 languages which possess a /*t/ phoneme i.e. a stop 

articulation either on the teeth or alveolar ridge. O f these languages, 135 o f  them have, 

what UPSID transcribes as /"t'V, a dental/alveolar phoneme. O f the 195 languages that 

include a /*d/, 77 o f  them have a /"d'V. In other words, 46.6% o f languages with /*t/ and 

39.5% o f languages with /*d/ in UPSID have a phoneme defmtion which requires 

closure formed by the tongue tip or blade, but makes no explict mention o f an exact 

place. Thus, [high]''’’®’‘ provides the kind o f ‘imprecise precision’ that these 290 (at the 

very least) languages require, without the need for [coronal].

In general, a phonetological view o f vowels would see them as being implemented by 

B o d y . While Clements & Hume’s (1996) define front vowels as Coronal and back 

vowels as Dorsal, it could be argued that the phonetological view defines all vowels as 

Dorsal. This would be a misinterpretation, however. A  phonetological analysis could 

define vowels as being implemented by A p e x . . .  if  a phonetic or phonological pattern so 

suggests. Like phonetological features, the parts o f the phonetological tongue are not 

independent, and specifications on any part will affect the others.

Using the proposed division o f the tongue, above, the “ATR” interpretation o f mid 

vowels (see 4.5.1) is now supported under Phonetology. A [+ATR] specification might 

be phonetologically interpreted as the feature [front] (a fronting gesture) implemented by 

the R o o t , or [front]*^””*, while [-ATR] would be the polar opposite: a [back]*^””' 

specification. The potential “ATR specification” o f I d  might be {[high, low]®°‘*̂ , 

[front]*^””'} and /e/ could be defined as {[high, low]®”*̂ ,̂ [back]*^”®'}. Nonetheless, there
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needs to be caution in the use o f retracted or advanced tongue root to situations only 

where there is genuine cause; Ladefoged & Maddieson (1996: 302-306) demonstrate 

that advanced tongue root does not truly capture the distinction between tense and lax 

vowels in Germanic languages.

The sub-divisions o f  the “phonetological tongue” presented here are intended to be 

indicative o f  the articulations, and need not represent an exhaustive list. If  our phonetic 

knowledge improves with regard to articulation, the insight ought to be incorporated. 

For instance, Laufer & Condaz (1979) assert that the epiglottis is an independent 

articulator. Esiing (1996), on the other hand, provides an array o f  laryngoscopic images 

o f pharyngeal and epiglottal articulations which repudiate the findings o f Laufer & 

Condaz (1979). Esiing (1996: 84) concludes:

There do not appear to be tw o distinct places o f  articulation in the pharynx. Rather, a 

“pharyngeal stop” and an “epiglottal stop” are one and the sam e thing. A lthough the 

tongue actively  retracts into the pharynx, the epiglottis itse lf does not appear to be the 

active articulator; instead the aryepiglottic folds m ove up and forward to m eet the base o f  

the epiglottis.

The phonetological division o f  R a d i c a l  into R o o t - E p i g l o t t i s  is not intended to favour 

Laufer & Condaz’s (1979) interpretation over Esling’s (1996) findings. Instead, it is left 

for investigation as to which representation is appropriate for the language being 

described. As Ladefoged (personal communication) says: “it is all very language 

dependent. There have to be separate encoding rules/constraints for each language.” 

Phonetology provides a subtlety in its descriptive tools to cater for language, dialect or 

speaker differences.

Other Phonetological Articulators include the L iPS and the V e l u m , o f which L ip s  may 

be divided into B i l a b i a l -L a b i o d e n t a l . The phonetological features that control 

closure o f L iP S and raising/lowering o f the VELUM  are, obviously, not the same as those 

which describe lingual articulation. As we consider phonetological place and manner of 

articulation, in the next section, we will address the features o f L iPS and V ELU M .

4.6.2 Manner and Place of Articulation

Schmidt’s (1994: 287) assertion that “the hierarchical arrangement o f nodes and features 

[...] assumption is seriously misguided” would be too strong a statement. The 

phonetological conception o f  the Feature Tree places a phonetic view o f articulation at a
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higher priority over a phonological one. The consequence o f this assumption is a lesser 

degree o f precision in specifying sounds which, ironically, better describes the phonetic 

reality at the level o f the interface.

W here precision is required is in manner o f articulation, but, once again, any language- 

specific findings may require a reconsideration o f any proposed specifications here. As 

we continue with manner o f articulation, we will restrict ourselves primarily to A pex 

articulations since, as Keating (1991a: 30) notes, “the tongue blade seems to lend itself 

to a greater variety o f articulations than do other speech articulators.” The complexity o f 

factors that must be considered is highlighted by Linblad & Lundqvist (1999: 417) such 

as “the interplay o f aerodynamic and organic factors.” While phonetological definitions 

in this section are intended to be articulatory in nature, acoustic and aerodynamic 

specifications will also be considered in relation to the slit-t in the next chapter.

The definition [high]®“‘*̂  yields a high vowel. Approximants are defined as articulations 

which possess a constriction but not to an extent to produce turbulence within the vocal 

tract. Traditionally, the approximants [j] and [w] are defined identically to [i] and [u] 

respectively, with the feature [±vocalic] distinguishing the entities. However, in a cross- 

linguistic study o f vowels and semivowels, Maddieson & Emmorey (1985: 171) find 

that “we have evidence that /j/ and /w/ are produced with a narrower constriction than III 

and /u/.” Given this phonetic evidence, a (general) definition o f approximants is [2high]. 

The alveolar approximant [j ] can therefore be described with a [2high]''*’̂ ’‘ specification. 

Articulations with greater degrees o f constriction can be defined with a greater degree of 

[high] specification, a greater raising gesture. The alveolar fricatives [s, z] are partially 

defined as [3high]'^’’“  while the stops [t, d] have [4high]'^^^’‘ as part o f their 

specifications. Once again, I stress that these definitions are subject to language or 

dialect variance. Should approximants as be defined as [high], or the language lack 

approximants, fricatives and stops might then be defined as [2high] and [3high] 

respectively.

The definition o f manner o f articulation with multiple [high] features is designed to 

emphasise the phonetic nature o f the descriptions. If a more phonological interpretation 

is desired. Descriptor features may be used. To indicate that these features are a partial 

abstraction away from the phonetic implementation. Descriptor features are written in 

small capitals. Thus, we might have Descriptor features like [s t o p ], [f r i c a t i v e ] and
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[ a p p r o x i m a n t ]  which indicate sufficient [high] features to form a stop, a fricative or an 

approximant respectively. Consequently, [t, d , k , g ] ,  among others, all possess a [ s t o p ]  

specification.

A tap such as [r] may be viewed as a very short version o f [d], and taps certainly share 

similarities o f  articulation with stops. Thus, the specification o f taps would be similar to 

stops from an articulator point o f view, but temporal definitions would differ. UPSID 

suggests that the vast majority (83.2%) o f /r/-sounds are either dental-alveolar or 

alveolar, with only 3.2% opting for an explicitly dental articulation. This compares with 

23.3% having /t/ and 27.2% having /d/. It appears that specifications o f  taps (and trills) 

are not identical to their congener stops. The [r] might be described as a (brief) 

[4high]‘̂ ’’̂ ’‘, irrespective o f whether [STOP]'^’’̂  is defined as dental or alveolar. It should 

be noted, however, that Recasens (1991: 270) uncovers that “closure for the tap is 

seldom complete, as expected from the momentariness o f the apical gesture.” A 

phonetological interpretation will have to err on the phonological side o f description as 

far as the tap is concerned.

Trills, as a series o f taps, share a stop-like specification, at least in theory. However, 

Sole (2002: 656) notes that:

Tongue-tip trills are sounds involving a com plex production m echanism  requiring critical 

positioning o f  the articulators, stiffness conditions, and aerodynamic requirements.

Recasens (1991) does not feel it is appropriate to consider the trill as a series o f taps and, 

moreover, provides evidence that the more complex articulation o f trills inhibits 

coarticulatory influences. The phonetological specification o f a trill, then, needs to reflex 

this complexity. For [r], the tongue tip is placed near or on the alveolar ridge, though not 

tightly. A specification o f [4high, low]'^’’®’̂ gives a raising gesture that is just short of 

attaining closure...but that is not the whole story. The trill demonstrates the 

interdependence o f the divisions o f the phonetological articulators.

As already noted by Sole (2002), the complexity o f trills should not be underestimated. 

Recasens & Pallares (1999: 144) also highlight additional articulatory components that 

are necessary for the production o f a trill:

In com parison with the tap, the trill is produced with more predorsum low ering and more 

postdorsum retraction (see X-ray and descriptive data for Spanish in Delattre (1971),
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Navarro Tom as (1972 ) and Q uilis & Fernandez (1972)) as w ell as w ith greater alveolar 

closure retraction (see EPG data for Catalan in R ecasens, 1991). This articulatory manoeuvre 

w ould help to leave more room for the vertical m ovem ent o f  the tongue tip so that trilling is 

performed successfu lly .

Since this evidence strongly suggests that a lowered postdorsum specification i.e. 

[low]®”*̂  ̂ TongueFront included for [r]. Recasens & Pallares (1999) also speculate

that this gesture is similar to that o f the velarisation component o f  the dark-1. This 

suggests that the polar opposite feature is operative on the other division o f the tongue 

B o d y ,  which is a [high]®°‘*̂  longueBack purther evidence o f a [high]^°"^^®^‘̂'̂

specification for [r] comes from Bhat (1974) who notes the apical trill is capable of 

blocking palatalisation. The phonetological specification o f [r] is, then, 

{[4high,low]'^^^’‘, [low]^”"®”®*"™"', [high]^°"®“ ®̂“' '̂'}. A potential difficulty may be the 

phonetological rendering o f a fricative trill such as that o f Czech [r], as in fa d  ‘order’. 

Ladefoged & M addieson (1996) report that [r] is laminal, not optionally apical or 

laminal as [4high,low]'^’’̂ ’‘ suggests. In addition, there are one or two trills followed by 

frication, though some speakers only use a fricative for this sound. Consequently, the 

phonetological description will vary perhaps to [4high,low]®'“‘*̂ , followed by [3high]®'^‘*̂. 

Again, this is truly a case where the decision must be made on the basis o f actual speech 

data. From a phonological perspective a specification o f [r] as [ f r i c a t i v e ,  t r i l l ]  may 

well suffice, though [ f r i c a t i v e ,  t r i l l ] ® ' ‘“*® might better reflect the descriptions.

The final manner o f articulation is that o f laterality. Walsh Dickey (1997) presents 

evidence that the feature [lateral] is unnecessary. Spencer (1984: 23-4) also wishes this 

feature abandoned as “there is no evidence that the class could not be adequately defined 

in terms o f other, better motivated features.” While both o f these authors provide 

phonological evidence that [lateral] is not needed, its demise in a phonetic sense in less 

obvious. Given the phonetic need, the existence o f the phonetological [lateral] feature is 

posited.

However, [lateral] is not an ordinary phonetological feature. There is no scale of 

laterality between [lateral] and [non-lateral], as with other polar opposite pairs. Indeed, 

[lateral] appears very much to be a binary feature, which does not explicitly exist within 

phonetological theory. How can we explain [lateral]’s nature? The feature [lateral] may 

operate only on lingual articulators, and is not as free to combine as other features might. 

The feature [lateral] may combine with [ a p p r o x i m a n t ]  or [ f r i c a t i v e ] .  We could leave
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[lateral] at that, but there is a (perhaps bizarre) phonetological possibility regarding 

laterals. The most common type o f lateral is an approximant -  there would be no 

phonetological (or phonological) reason why [lateral] would combine more often with 

[ a p p r o x i m a n t ] than [ f r i c a t i v e ] . . . unless we interpret a [lateral] specification as 

automatically the approximant while a [lateral, non-lateral] mix as a lateral fricative. The 

specification [lateral, non-lateral] renders a lateral that is ‘closer’ to being non-lateral 

than a lateral approximant. However, it may be clearer from a phonetic point-of-view to 

describe [1] as (2high, lateral)'^*’®’̂ instead, where [2high] defines an approximant 

articulation. Given that laterals are often velarised, additional components to a lateral’s 

specification would be necessary.

The phonetological specifications supplied thus far have been from the active 

articulator’s perspective. This aspect o f specification is very important, since it would be 

under the speaker’s active control but we leave the passive articulators unspecified, 

especially where place o f articulation is concerned. As mentioned above, [STOP]'^’’®’' 

yields a dental-alveolar stop which is sufficient precision for many languages. However, 

diverse languages such as Malayalam (a Dravidian language), 'O'odham (a Uto-Aztecan 

language) and dialects o f Hiberno-English all contrast dental and alveolar stops. 

Traditionally, [±distributed] is used to distinguish dentals, [-distributed], from the 

[+distributed] alveolars, though it is also utilised to categorise apical and laminal 

articulations. Dart (1991; 150) decides that [±distributed] does not have consistent 

phonetic correlates and instead advocates a:

Reinterpretation o f  [apical] and [laminal] as tongue body features, rather than features

referring to either the part o f  the tongue contacted or constriction length.

Dart (1991) demonstrates the sheer amount o f confusion among studies o f English and 

French as to whether the Coronal plosives are either apical or laminal. Using direct 

palatography. Dart (1991) found her twenty English informants to show a strong 

preference for apical realisations o f [t, d, n, 1] and less strong preference for laminal 

productions o f [s, z]. Her twenty-one French speakers manifested laminal articulations 

o f [t, d, n, s, z] while a apical realisation o f [1]. There is, without doubt, considerable 

speaker variation and we need to provide a description that captures all possibilities, not 

merely the most dominant. There are numerous ways to specify contrastive dental and 

alveolar articulations. The specification o f [t, d] may include a [STOP: Dental]'^'’̂ ,  which
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describes a sufficiently high gesture to produce a stop articulation with the tip or blade 

targeting the upper teeth. A specifically apical or laminal dental stop can be provided by 

[STOP: Dental]^''’ or [STOP; Dental]®'®̂ *® feature. Another alternative specification for 

[t, d] might be [ s t o p , front]'^^®’̂ which describes a stop gesture articulated towards the 

anterior range available to the articulator, Apex, i.e. on the teeth. This specification is 

neutral with respect to tongue tip or blade articulation. A specification [STOP, back]'*^’’“  

would capture a sound produced on the alveolar ridge. An apicoalveolar stop could be 

defined as [ s t o p , back]^'*’ or, equally, [ s t o p : Alveolar]^''’. If the [ s t o p , back]^'^ 

specification is coupled with a [back]®”̂ ^̂ feature (a possible phonetological coding o f 

tongue body retraction), the resultant configuration might partially describe [t, 4]. A 

range o f specifications is provided to cater for the variety that is witnessed.

Postalveolar articulations need to be explicitly set as targets since different parts o f the 

tongue may be used to achieve these articulations. Keating (1991a) confirms that palato- 

alveolars can be produced either with the tongue tip or blade. Pandeli (1993: 49) also 

notes that for word-initial /J7 the

Anterior edge [show s] much variation, from the backs o f  the incisor teeth to the postalveolar 

region, depending on the speaker [and the] posterior edge [also show s] much variation, from 

the middle o f  the alveolar ridge to the middle o f  the palatal region.

Clearly, postalveolars could also be articulated with the T o n g u e F r o n t . In fact, the EPG 

findings o f Pandeli (1993) for Irish show that place o f articulation for [t' ]̂ ranges from 

the back o f the teeth to the middle o f the alveolar ridge, for [t ]̂ from the front o f the 

alveolar ridge to the postalveolar area, for [n*] from the middle o f the alveolar ridge to 

the prepalatal area, for [k^] from the prepalatal area to the velum and for [k '’] from the 

velum to further back.

A s noted above, Campbell (1974b) criticises standard feature theory for, among other 

things, not being able to contrast palatals with palatalised velars: Phonetology permits 

specification o f subtle differences in the same way as for A pex  consonants. However, 

the subtlety is needed for more than just phonological grounds. In a phonetic endeavour, 

Keating & Lahiri (1992: 101) conclude that;

W e have compared articulatory and acoustic data on back velars, contextually fronted velars, 

palatalised velars, and palatals to determine whether all o f  these consonant categories can be 

phonetically distinguished. The data suggest all o f  them differ.
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Following the logic expressed for Apex consonants, velar stops may be categorised as 

either or [STOP, back]®°‘̂  ̂while a palatal stop might be or

[STOP, front]®"*̂ .̂ A palatalised velar stop could be represented by a [STOP, front] 

configuration. Where a language or dialect contrasts velar and uvular stops the 

specifications might be [STOP, back]®®**̂  and [STOP, 2back]®°‘̂  ̂ respectively. Recall that 

the Descriptor Feature [STOP] refers to sufficient amount of [high] to achieve closure 

e.g. [4high]. This interpretation of uvular stops as [4high, 2back]®°‘*̂ could be interpreted 

as uvulars as being [+high] rather than the conventional [-high]. This description is 

more in accord with the phonetic data in Ghazeli (1977), upon which McCarthy’s (1991) 

phonological analysis is partially based.

As far as UPSID is concerned, pharyngeal articulations are the rarest phonemic 

contrasts. Only one language of 317 in UPSID, Iraqw, from the Cushitic family, 

possesses a pharyngeal stop. More common are the pharyngeal fricatives which appear 

in 13 (4.1%) of the UPSID languages but, nonetheless, remain among the less favoured 

fricatives, even marginally less popular than phonemic palatal fricatives. Might 

geography account for the pharyngeals’ status? For the rest of the tongue, manner of 

articulation is governed by the feature [high], with [STOP] generally being [4high], 

However, given the position of R a d i c a l  in relation to the pharynx, [high] makes no 

sense either phonetically or phonologically. Clearly, the feature [back] is involved to 

various degrees. Thus, [STOP]' ’̂’̂ ’̂ equates to [4high]^*’®’‘ while [STOP]'^ ‘̂’'“ ' is equivalent 

to [4back]'^‘“̂ '“ '. A comparison of these stops is difficult from a phonetic point of view 

since they are very different. Phonologically, as stops, these specifications are the 

“same” in terms of manner of articulation which forces the speaker to equate both 

multiple [high] specifications and multiple [back] specifications as a class which, while 

not impossible, is do-able only in acoustic terms. The pharyngeal fricatives (or 

approximants, c f  Yeou & Maeda, 1995) provide less difficulty in grouping with other 

[ f r i c a t i v e ] or [a p p r o x i m a n t ] sounds due to acoustic resemblances.

Difficulties in applying [ s t o p ], [ f r i c a t i v e ] ,  [ a p p r o x i m a n t ] to non-lingual articulations 

also arise. The features [high] and [low] have no relevance to G l o t t a l  articulations like 

[h] and [?], and are viewed by many as being devoid of a supralaryngeal specification. 

For G l o t t a l , [ s t o p ] and [ f r i c a t i v e ] are vocal fold settings which will be discussed in 

5.2.1. The L ip s  articulator has, up to now, only been involved with the features 

[rounded] and [spread]. It is clear that no amount of [rounded] or [spread] could execute
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closure. It is not a simple matter o f assigning lip closing and lip opening features and 

moving on. As Fametani (1999: 144) explains:

W hile m ovem ents o f  the low er lip are usually the sum o f  com ponent jaw  and lip m ovem ents, 

those o f  the upper lip can be considered independent o f  the m ovem ents and positions o f  other 

articulators, and so directly reflect articulatory and coarticulatory motor com m ands.

Notwithstanding Fam etani’s (1999) comments, we shall define labial consonants from 

the lower lip’s perspective, to unify descriptions with the lingual articulators. A bilabial 

stop could be described as [Shigh]'^’’' '̂, a fricative as [2high]^’” '̂ and an approximant as 

[high]^‘'’”‘*'. This interpretation is clearly a gross simplification, but is intended only as a 

starting point. There is a wide variety o f detail required to truly specify a phonetological 

description o f labial sounds, which includes timing aspects, as attested by papers such as 

Abry & Boe (1986), Lofqvist & Gracco (1999) or Westbury, Severson & Hashi (1999).

The final phonetological articulator. V e lu m , is also one o f deceptive complexity both 

from a phonetic point o f  view, as Huffman (1990) shows, as well as from a phonological 

view, as Ploch (2003) shows. The features associated with V elum  are, obviously, 

[nasal] and [oral], A use for the mix [oral, nasal] might be used to cater for more than 

one kind o f distinctive nasalisation as in Chinantec, an Oto-M anguean language (c f 

Ladefoged & Maddieson, 1996: 299). Alternatives to [oral] and [nasal] are the 

[high]^^''*"’ and [low]’̂ '̂“"’ features respectively. These features might be considered 

‘phonetic’ versions o f [oral] and [nasal]. Whereas [oral] and [nasal] are part of 

phonetological specifications, [high]'^®'“'  ̂ and a [low]'^^'"'’’ can be used to define the 

Default Setting  (and, perhaps, the Habitual Setting) as mentioned above. The intention is 

to provide options for the phonetological specification, not mandates. Part o f the laxness 

o f phonetological specification is necessary particularly when we leave the realm of 

articulatory settings and journey through acoustics, as we see in the next Chapter.

4.7 Phonetological Timing

Penjrsson (1977) points out the complexity o f the timing o f glottal events, which 

necessitates a complex description. Phonetological timing has been briefly outlined in 

4 .f.3 , with features being articulated B e fo r e , C o n c o m ita n t-To or A fter other 

features. The fractal nature o f Phonetology permits this tripartite timing division to be 

effective upon all features as well as upon each o f the constituents o f  the Phonetological
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Articulators. Yet, a consideration o f the timing and co-ordination o f phonetological 

features must, as always, also necessitate a broader perspective on the possible potential 

repercussions which include the introduction o f variability.

At the interface, timing is everything. Communication is nothing without timing. Its 

importance is not restricted to glottal activity but is omnipresent throughout speech. The 

Hardcastle & Hewlett (1999) volume is a testament to the importance o f timing and co

ordination in speech which spans not merely glottal -  and laryngeal -  gestures, but 

embraces labial gestures, velar movement, voice quality effects and beyond.

Since phonology virtually always deals with symbolic representations o f speech (e.g. 

phonetic or phonemic transcription) and rarely with the actual speech signals (e.g. 

acoustic, articulatory or aerodynamic), the crucial role o f the time dimension is not fully 

incorporated, and remains abstracted away. Timing slots -  in some form -  exist across 

most, if  not all, varieties o f autosegmental phonological theory. The slots facilitate 

entities which appear to need a temporal specification from a phonological perspective 

such as contrastive segmental length or other suprasegmental features. Nonetheless, 

timing is an inherent dimension o f all segments in how features are expressed and is 

crucial in how segments are co-ordinated (Fowler, 1977; 1980; 1985). The prominent 

role o f timing within phonological accounts is beginning to be recognised. Hiller (2003: 

197) reports that “nontrivial timing enters the picture only at the interface to phonetics.” 

In a treatment o f diphthongs o f Swabian, a dialect o f German, Hiller (2003: 218) cannot 

see an explanation without recourse to:

A  rather powerful m odule o f  phonetic interpretation [which] has to be assum ed as part o f  the 

grammar that may language-specifically  introduce temporal order betw een realisation o f  

features, w hen the output o f  the phonological m odule specifies them as sim ultaneous.

Given the phonetics-phonology distinction is less distinct at the interface, timing must 

be given a prominent p lace.. .hence the Timing Component. In our treatment of 

diphthongs (in 4.5.3) we have seen that the tripartite division o f co-ordination allows 

quite a degree o f subtlety in the specification o f timing relationships. However, the 

crucial role played by the relative timing o f gestures can be quite detailed. Lofqvist 

(1990: 296) discusses the production requirements for voiceless obstruents:
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The glottis never appears to open and maintain a static open position during speech (see 

Lofqvist, 1980; Sawashim a & Hirose, 1983). In clusters o f  v o ice less consonants, one or more 

glottal gestures occur (L ofqvist & Y oshioka, 1980, 1981a, 1981b; Y oshioka, Lofqvist &

H irose, 1981; Y oshioka, L ofqvist & Collier, 1982). The principle governing the occurrence 

o f  gestures [ . . . ]  is that sounds requiring a high rate o f  airflow, such as fricatives and aspirated 

stops, are produced with a separate gesture. Thus, two, or even three, successive laryngeal 

gestures have been observed in vo iceless clusters.

Can this kind o f detail be modelled under Phonetology? That the speaker attempts to 

keep the glottis open, as Lofqvist describes, suggests that there is a Default Setting for 

the vocal folds which periodically needs to be re-set by the segment specification. 

Phonetological specification provides for many kinds o f temporal setting such as 

B e f o r e ,  C o n c o m i t a n t - t o ,  and A f t e r  and permutations thereof The interrelationship 

o f articulators and the timing o f their gestures are paramount to Lofqvist, and similar 

thoughts are expressed by Stone & Vatikiotis-Bateson (1995) who investigate the 

contributions o f jaw  movement with speech production. While the jaw  parameter has not 

explicitly been mentioned, its role would feature within the Default or the Habitual 

settings. Most crucially the malleability property o f phonetological features allows them 

to influence the articulatory or acoustic outcome o f other features which is a useful 

resource when co-ordinating gestures.

However, timing is not without its consequences. Since phonetological features can be 

blended together, the issue o f feature combinations need to be considered. Features 

cannot be combined at random. Some “illegal” combinations are for anatomical reasons 

such as a “pharyngeal nasal.” Other logical possibilities such as a (non-pathological) 

nasalised fricative (like [§]) are not impossible but present aerodynamic difficulties 

given fricatives’ demands for a high airflow which is demonstrated by Ohala, Sole & 

Ying (1998). On the other hand, insisting on a high degree o f timed co-ordination within 

a specification is also likely to have consequences. We have noted above that the 

production o f a trill is not articulatorily trivial. Sole (1999) demonstrates that trills 

exhibit less coarticulatory effect, and the production requirements may be a source of 

some assimilatory processes. Kavitskaya (1997) asserts that the de-palatalisation o f the 

Proto-Slavic palatalised trill, which has occurred in the majority o f Slavic languages, is 

the result o f unfavourable aerodynamic conditions when one combines the 

articulatory/aerodynamic requirements o f trills with a palatalisation gesture. Yu (1999) 

also finds that assibilation o f [i] after a fricative does not occur if  the vowel is followed
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by a nasal because the anticipatory lowering o f the velum during a vowel alters the oral 

pressures in such a way as to inhibit a turbulent airstream in the mouth. The 

phonetological interpretation o f these cases is that there are constraints on contrasts. 

When a specification requests a particular combinations o f features or gestures, its 

relationship must be construed with a modicum of common phonetic sense. Phonology 

can combine any number o f features, even if  they were contradictory, such as an output 

o f a rule being a [+high, +low] vowel. The phonetological feature from an articulatory 

perspective is designed with its polar opposite pairs to reflect the influences o f other 

features. If  a segment is specified with [high] throughout its articulation, but then is 

timed to occur with [low]Before in the following segment, the [high-low] interaction will 

result in a lowering towards the end o f the first segment: we have an anticipatory 

lowering gesture...as in nasalisation. O f course, at the interface, where implementation 

is being considered, the acoustic consequences o f a specification cannot be neglected. 

Nasalisation provides a case in point.

As far as phonology is concerned, nasalisation is simply the addition o f the feature 

[nasal] to a feature specification. This works from a phonological perspective...but the 

phonetic interpretation should also be considered. One o f the acoustic effects o f 

nasalisation is the addition o f an anti-resonance to the spectra when the nasal and oral 

cavities are coupled. Stevens (1999) notes that the frequency o f this nasal zero is around 

600 H z...w hich particularly impacts vowels that ordinarily have a first formant in the 

vicinity. What happens to such vowels? The vowel phonemes o f French are shown in 

Figure 4.21 below.

Figure 4.21: The Maximal Set o f Vowel Phonemes o f French, from Ayres-Bennett, 

Carruthers & Temple (2001).
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O f note in Figure 4.21 is that the vowel quality o f the nasalised vowel is not the same as 

its oral equivalent. W hether the quality discrepancies are the specific differences in 

Figure 4.21 or the ones noted in Malmberg (1976), Zerling (1984) or Shields (1991), 

there consistently appears to be an articulatory difference. There is a phonetological 

interpretation o f this pattern. The antiresonance (correlate o f nasalisation) affects the 

first formant. F I, itself a correlate o f tongue height, which might lose its intensity unless 

a strategy is adopted to avoid loss o f this cue. If  the speaker adopts a strategy to lower 

F I ’s value the result is an increase in tongue height or if  a strategy to raise F I ’s value is 

adopted, then the result is a decrease in tongue height. Phonology cannot predict which 

strategy might be adopted, but would suggest it would be the same for all. But this is not 

the pattern that appears in French, where the nasalised front vowels are lowered and the 

back vowels raised. W ithin the Phonetology model, this behaviour is interpreted as a 

result o f the M axim s interaction: French tries to keep the FI and the nasal zero cues 

distinct, but adopts different strategies to comply with this maxim. Thus, the Maxim of 

providing M ultiple Cues for a contrast is also upheld since the distinction between 

[front] and [back] for the nasalised vowels is bolstered from front and back vowels 

behaving differently. Thus, timing both directly and indirectly contributes to variation.

4.8 A Phonetological Analysis of Diphthongs

A sample phonetological analysis is presented here to map a specification to a predicted 

phonetic (in this case, acoustic) form. A top-down, contrast-driven, approach to 

phonetological analysis has already been presented in 4.5.2 with the treatment o f vowel 

typologies. A contrast-driven description will inevitably have to focus on a particular 

speaker’s contrasts, before extrapolating to dialect and beyond.

To illustrate a contrast-driven phonetological analysis, we will analyse the diphthong 

system o f a speaker o f Hiberno-English (which was partially tackled in 4.5.3). The 

analysis presented here is intended only as an illustration, and should be interpreted as 

preliminary in nature, as a mapping from features to specifications for a formant 

synthesiser. We will focus on the three diphthongs /ai, au, Di/ which are, in general, the 

only contrastive diphthongs in Hiberno-English accents. The phonetological feature 

specification o f these segments need not reflect exactly the specifications o f the 

monophthong system, but they ought not be too dissimilar. The contrasts manifested in 

the diphthong system are as follows: for /ai/, we begin with a low front vowel and
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transition to a high front vowel; for /au/, we begin with a low front vowel and transition 

to a high back vowel; and for /oi/, we begin with a mid back vowel and transition to a 

high front vowel. The specifications are, consequently, as follows: /ai/ = {[low, front], 

[high, frontjAfter}; /a u /=  {[low, front], [high, back]After}; and /oi/ = {[(high, low), back],

[high, front]After} ■

For the acoustic implementation, we will consider solely /ai/. We will assume a 

relatively simple (and ad hoc) interpretation o f the acoustic correlates o f features such 

that [high] equates to an FI value o f  300 Hz, [low] to an FI value o f 700 Hz, [front] an 

F2 value o f 2,200 Hz and [back] having an F2 correlate o f 1,000 Hz. As the specifications 

indicate only targets, interpolation between these targets is required by whatever system 

is chosen to produce output e.g. a formant synthesiser. Figure 4.22 presents an 

implementation o f  /ai/ showing only FI and F2 and potential formant trajectories.

/a i/

F2 2,200 Hz 2,200 Hz

FI 700 Hz 300 Hz

Figure 4.22: A sample implementation o f /ai/, with formant trajectories.

The result shown in Figure 4.22 is not exactly as one might expect to see on a 

spectrogram. However, we noted in 4.5.3 that the first part o f /ai/ is much more retracted 

than the monophthong /a/. The behaviour o f diphthongs in rooted in the Maxims. For 

diphthongs, it is imperative that their component vowel qualities be conveyed, lest their 

diphthongal nature not be perceived. For /ai/, when the polar opposite features [low] 

(from the [a] portion o f the diphthong) “meets” the [high] o f the [i] portion o f the 

diphthong) the result is the phonetological [low, high] i.e. a mid vowel. To enhance the 

perceptual difference between the components o f the diphthong, a [back] prosody is 

asserted over the initial portion o f the diphthong (to further accentuate the formant 

transitions). This prosody changes the specification from {[low, front], [high, front]After} 

to {[low, (front, back)], [high, frontjAfter}- Our phonetic interpretation o f (front, back) is 

a target o f F2 intermediate between 2,200 Hz and 1,000 Hz i.e. 1,600 Hz. The revised 

situation is presented in Figure 4.23.
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/a i/
Prosody

F2 1,600 Hz 2,200 Hz

FI 700 Hz 300 Hz

Figure 4.23: A sample implementation o f /ai/, including [back] prosody.

A phonetological analysis can only be true to the system o f the speaker being analysed, 

but the results in Figure 4.23 are more consistent with the data Figure 4.17 (in 4.5.3). 

However, the actual formant values are incorrect because the phonetic correlates of 

phonetological features assumed for this example are preliminary in nature.

A data-driven phonetological analysis builds from instrumental phonetic data to 

phonetological specification, yet as we have seen a contrast-driven analysis cannot 

ignore data either. In the next chapter, a data-driven phonetological analysis is provided 

for the dataset presented in Chapter 2.
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CHAPTER 5

PHONETOLOGICAL INTERPRETATIONS 

5.1 Introduction

The various strands o f  Phonetology were presented in the previous chapter. To provide a 

mapping between phonology and phonetics (in terms o f data), segment specifications are 

tempered by the M axims and the Components. The influence and interaction o f these 

constituents can be described in order to derive a predicted output interpretable in terms 

o f instrumental data. The model allows the reverse o f this process as well; from a set o f 

data, and tempered by the Maxims and Components, segment specifications can be 

predicted. In this chapter, we will apply this model to a variety o f data, including the 

dataset from Chapter 2. Phonetological interpretation o f data also provides a glimpse at 

the future development o f the Phonetology model. For interpretation o f phonetological 

features and the notation employed, the reader is referred to sections 4.4.2, 4.4.3 and 

4.6.2.

5.2 Phonetological Interpretations of Patterns

One o f the roles o f phonology is to explain the patterning o f sounds by abstracting 

properties o f the pattern. It is intended that the full phonetic forms can be extrapolated 

from the properties. As we have seen, this is not necessarily the case since variation is 

often excluded. At the interface, phonological patterns must be obeyed in implementing 

segment targets. Equally, at the interface, the phonetic patterns must be realised. Yet, 

much o f  the phonetic pattern is o f the structured, non-contrastive, variety which does not 

form part o f phonology. In the following sections, we will explore some phonological 

and phonetic patterns to investigate how and whether Phonetology can reveal this kind 

o f structured non-contrastive variation.

5.2.1 The Voicing Contrast

For languages which contrast segments in terms o f voicing, the phonological feature 

[ivoice] is often seen as sufficient for the distinction; the phonological pattern is 

captured while the phonetic pattern can also be predicted with, for instance, contextual
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devoicing by a [-voice] spreading rule. However, a ‘sim ple’ case o f a [±voice] 

phonological contrast is rarely a simple case o f a [+voice] or a [-voice] phonetic 

contrast. Numerous phonetics-inspired phonological features have been proposed and 

are widely used such as [±aspirated], [±spread glottis], [±constricted glottis], [±stiff 

vocal folds] or [±slack vocal folds]. Yet, these features face the same criticism as made 

above against other phonological features; there is no sense o f how these features relate. 

Moreover, there is no sense o f the temporal nature o f these features when interpreted 

phonetically.

Within Phonetology, there obviously must be [voiced] and [voiceless] features, [voiced] 

is interpreted as the presence o f phonetic voicing i.e. vocal fold vibration. Conversely, 

[voiceless] indicates the absence o f vocal fold vibration. It should be noted that there are 

two strategies to achieve [voiceless]. The first strategy is a glottal opening gesture 

whereby the vocal folds are abducted to allow airflow through the glottis without 

causing the vocal folds to vibrate. The second strategy is a glottal closing gesture 

whereby the vocal folds are adducted to close the glottis completely, preventing airflow 

through the glottis. Consequently, the phonetological feature [voiceless] has two 

phonetic interpretations: either [voiceless: abducted] or [voiceless: adducted]. If a more 

phonological interpretation o f the voiced/voiceless contrast is needed. Descriptor 

features like [ V o i c e d ] or [ V o i c e l e s s ] could be used, which themselves must be defined 

in terms o f [voiced] or [voiceless] and the timing thereof In this way, [VOICELESS]  

plosives can be partially specified as [voiceless]c in French (being unaspirated) and 

[voiceless]c-A in English (being aspirated).

The realisation o f the voicing contrast provides many perceptual cues. Lisker (1986) lists 

sixteen -  though he admits there could be more -  acoustic and articulatory correlates 

that may signal the voice contrast in English. One cue which Lisker (1986) mentions is 

Consonant Duration being shorter for [+voice] sounds. This cue might be described as 

relatively minor for perception o f voicing in English plosives. However, Veloso (1995) 

asserts that Consonantal Duration is the primary acoustic cue o f the voicing contrast in 

Portuguese, with actual vocal fold vibration being an optional extra. Phonological 

approaches often equate [+voice] to little more than vocal fold vibration, despite the 

myriad correlates. In a perception test, Castleman & Diehl (1996) confirm that a lowered 

fo proximal to consonant articulation yields more [+voice] responses. However, it can be 

argued that not all voicing cues are laryngeal in origin. Benki (2001) investigates the
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relationship between [voice], place o f articulation and formant transitions. It would seem 

that the temporal nature o f the cues may be more at the heart o f the matter than simply 

the cues themselves. The findings o f Benki (2001: 20) include':

High FI onset frequencies and short FI transition durations increase the probability o f  

[-v o ice ] percepts [w h ich ...]  is entirely com patible with the v iew  that the effect o f  FI 

transition on [voice] classification  arises from general auditory m echanism s. Pretonic 

consonants w ith F2 and F3 transitions appropriate for bilabials and alveolars are classified as 

[-v o ice ] more often than analogous stimuli with velar transitions.

How, then, is tim ing applied to the voicing contrast? Lisker & Abramson (1964) 

demonstrated that Voice Onset Time clearly differentiates broad categories o f voicing 

contrasts. Indeed, Lisker & Abramson (1995) also show that the VOT measure 

distinguishes stops in spontaneous speech.

Preaspiration, the time-lag between the offset o f voicing and the formation o f a stop, 

serves as a good theoretical test o f Phonetology. Preaspiration is a property of 

phonologically voiceless plosives. The phenomenon is cross-linguistically quite rare. 

Most famed for preaspiration is Icelandic, but preaspiration is also found in dialects of 

Norwegian, Swedish, Saami, Scots Gaelic and Irish. Thrainsson (1978) illustrates the 

difficulties that preaspiration presents for phonology. However, Ringen (1999: 153) 

informs us that preaspiration involves “the multiple linking o f the feature [spread glottis] 

on adjacent consonants, not the movement o f [spread glottis] from one segment to 

another.” Ringen’s (1999) interpretation is entirely consistent with a [voiceless: 

abducted]Before specification. The actual duration o f the “ B e f o r e  W i n d o w ” is not 

explicitly expressed, but can be extended as far back as the description requires. This 

specification gains fiirther support from the findings o f Lofqvist & Yoshioka (1981) 

where the glottal opening phase ends at closure o f the following stop. Amason (1986: 

17) reports that “in m y own speech the stop following preaspiration can be glottalised, 

which means that the glottis can be closed right after the end o f the preaspiration.” 

While the glottalisation description seems unusual, nonetheless Am ason had noted a 

phenomenon prior to stop formation. Petursson’s (1976) findings contradict Lofqvist &

' Moreover, Benki (2001) refers to the interdependence o f these cues... which parallels 

the way phonetological features and the phonetological articulators are interdependent.
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Y oshioka (1981) by show ing that the glottal opening gesture actually  does extend into 

the follow ing stop. Both Petursson (1976) and Ni Chasaide (1985) note a breathy voiced 

phase o f  preaspiration. Ni Chasaide (1985: 139) stresses:

One o f  the m ost striking characteristics o f  preaspiration w ould seem  to be the breathy voiced  

transition. It is, so far as one can deduce, a non-avoidable m echanical/aerodynam ic 

consequence o f  high airflow  through the vibrating and elastic vocal folds.

The breathy transition is shown by Ni Chasaide (1985) to be very im portant in the 

perception o f  preaspiration. Clearly, the breathy voice transition  is a significant cue as 

well as arising from  phonetic principles, yet no phonological treatm ent o f  preaspiration 

even m entions this attribute. The breathy voice transition is a natural consequence o f  

phonetological description and is illustrated in Figure 5.1.

A fter ^Before Concom itant
Concom itant

[voiced][voiced] [voiced]
[voice ess: abducted] [voiceless]

[STOP]

> •
V

Figure 5.1: A Phonetological Interpretation o f  Preaspiration in a /V C / cluster.

The articulation depicted in Figure 5.1 shows the individual segm ents, separated by solid 

lines, along w ith their “tim ing divisions” o f  BEFORE, C o n c o m i t a n t -TO and A f t e r , 

separated by dashed lines (segm ents also shown by the back arrows). Figure 5.1 presents 

a post-vocalic voiceless stop. The vowel is defined [voiced]B-c-A w hile the stop is 

defined [voiceless: abductedjeefore- The blue and red arrows (respectively) illustrate that 

the A ft e r  specification o f  the vow el overlaps tem porally  w ith the B e f o r e  window  o f 

the stop. Thus, during the overlap o f  these phonetological features [voiceless: abducted] 

and [voiced] combine. This com bination [voiced, voiceless: abducted] suggests a 

periodic com ponent as the vocal folds becom e m ore and m ore abducted i.e. [li], breathy 

voice. A s  this com bination is follow ing by a [voiceless: abducted] setting, Phonetology 

correctly predicts a transition from (m odal) voicing to breathy voice to voicelessness 

prior to closure in the production o f  a preaspirated segment.
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Ni Chasaide & Dochartaigh (1984) demonstrate considerable variation in the realisation 

o f preaspiration both across language and across dialects. These authors find that, for 

/VC/ forms, Icelandic shows longest duration o f preaspiration, Scots Gaelic less duration 

and the least duration for Irish. Moreover, for dialects o f Scots Gaelic, the duration of 

preaspiration (in /VC/ environments) is greatest for Harris, less for North Uist and least 

for Lewis Gaelic. In phonetological terms, this variability is definable in terms of 

duration o f the BEFORE window.^

As noted above, there are numerous perceptual cues that signal voicing contrast, 

including some that are optional. In dialects o f English, voiceless (initial) stops can be 

partially defined as [voiceless]c-A i-e. voiceless concomitant to the production o f the stop 

and afterwards. Thus, this specification predicts a phonetically voiceless aspirated stop. 

Rogers (2000) and Ladefoged (2001), note that for dialects o f English phonologically 

voiced stops are most often also phonetically voiceless but unaspirated. However, 

realisations o f [+voice] stops also range from being partially voiced to fially voiced in 

certain environments. Vocal fold vibration is, therefore, optional for English. Stops (in 

English dialects) defined as [VOICED] can sometimes be specified as [voicelessjc and at 

other times [voicedjc- However, fially voiced realisations are rare. As such, [voiced]c 

can be viewed as being optional. Adapting the notation from Labov’s variable rules 

using guillemets instead o f brackets, a possible phonetological specification could 

(partially) be: [ v o i c e d , s t o p ] —> {[voiceless]c} « u  {[voicedjc} »^. This specification of 

variability arises from the data, like the variable rule, but no measure o f the rate of 

occurrence [voicedjc is required. The [voicedjc might be viewed as an optional strategy.

2 Since Phonetology models the interface, no attempt is made to define the timing 

windows in phonological terms such as CV slots (e.g. Clements & Keyser, 1983) or 

mora (Hyman, 1985). We will return to this issue in Chapter 6.

 ̂ By {[voicelessjc} or {[voicedjc}, I mean the set o f gestures or strategies to achieve a 

particular feature setting.
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Note that a [(voiceless, voiced), STOP]c yields a transition from voicelessness to voicing 

during the articulation of the stop i.e. a partially voiced stop.^

However, given that a fully phonetically voiced stop is found only intervocalically (for 

dialects of English), a different phonetological explanation is possible.

V I  C 1  V
(U

A ft e r

window
[voiced]

(a)

CONCOMITANT-TO
window

[voiceless]

B e f o r e

window
[voiced]

P

(b)

\ / \ / \  ■ ■ '

(c)

<-----^------------------- ►

(d)

^------------ ------ ►

^ ----------- ►

Figure 5.2: Voicing Realisations in VCV sequences for underlying voiced stops in 

English.

In Figure 5.2, the realisation of voicing is shown for intervocalic, phonologically voiced 

stops in English. A wavy line indicates phonetic voicing and a dashed line voicelessness. 

The [v o ic e d ] stop is defined as [voicelessjc while the specification of the preceding 

vowel includes [voicedjA and the following vowel [voicedje. Variation arises from the

The combination of [voiceless]c and [voicedjc would not give rise to breathy voice (as 

in the preaspiration case above) in this context since during this combination, the [STOP] 

configuration prevents airflow.
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co-ordination o f  the A fter and B efore w indow s o f  the v o w e ls  w ith the [vo iceless]c  

setting^ o f  the stop. The duration o f  these w indow s is indicated by  the arrows.

In Figure 5.2a, the AFTER and B e fo r e  windows o f the vowels extend only to the 

Closure and Release (respectively) o f the stop, and do not overlap the CONCOMITANT-TO 

window of the stop. Therefore, a phonetically voiceless unaspirated stop, with a voice 

onset time close to 0 milliseconds is predicted. This is a very common attested phonetic 

pattern.

In Figure 5.2b, the A f t e r  window of the preceding vowel extends into the 

CONCOMITANT-TO window of the stop whereas the B e fo r e  window o f the following 

vowel extends only to Release o f the stop. Therefore, this specification predicts a 

partially voiced stop, with phonetic voicing carrying into the stop from the previous 

vowel but ebbing away. This specification also predicts the stop to be unaspirated, with 

a voice onset time close to 0 milliseconds. This is also a commonly attested phonetic 

pattern.

In Figure 5.2c, both the A f t e r  window o f the preceding vowel and the B e fo r e  window 

o f the following vowel extend into the Concomitant-TO window o f the stop. This 

specification, again, predicts a partially voiced stop. A s with 5.2b, voicing continues into 

the stop before ebbing away. However, vocal fold vibration re-starts during the stop. 

Therefore, this specification predicts a phonetically partially voiced/partially devoiced 

stop, with a significant voicing lead (i.e. a relatively high minus VOT value). This 

configuration is very likely to be perceived as a phonetically voiced stop. The the re

initiation o f vocal fold vibration during the production o f a stop is likely to require an 

active gesture such as larynx lowering, as there must be a sufficient airflow across the 

edges o f the vocal folds in order to reduce the air pressure across the folds allowing 

them to adduct (Brosnahan & Malmberg, 1970). During production o f a voiced stop, 

supra-glottal air pressure rises until the supra-glottal and sub-glottal pressures equalise 

and at which time vocal fold vibration stops. One strategy to re-start (or prolong)

5 The B e fo r e  and A f t e r  windows o f the stop are ignored in this example. Their 

interpretation is considered in the next section.
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voicing is to lower the larynx which increases the supra-glottal cavity and reduces supra- 

glottal air pressure.

In Figure 5.2d, like 5.2c, both the A f t e r  window o f the preceding vowel and the 

B e f o r e  window o f the following vowel extend into the C o n c o m it a n t -TO window of 

the stop. However, in this specification the A f t e r  window and the B e f o r e  windows of 

the vowels extend into the stop to meet each other.^ This specification predicts a 

phonetically (fully) voiced stop.

For 5.2d, the presence o f the [voiceless]c setting is least convincing for this 

specification, but is only inferable from comparison with the other realisations. A s  such 

[voiceless]c might be seen as being abstract. However, another instrumentally attested 

pattern is a fully voiced stop with strong vocal fold vibration initially, decreasing 

towards the (temporal) middle o f the stop, and becoming stronger toward release o f the 

stop. This pattern is somewhat consistent with 5.2c, but with the A f t e r  and B e fo r e  

windows closer together. Nonetheless, as such a pattern does not yield a partially 

devoiced stop, 5.2d is preferred as the correct specification. The reduction in voicing 

toward the temporal middle the stop can be ascribed to the [voicelessjc setting. This 

solution is not fully satisfactory and we will return to the issue in Chapter 6.

Nevertheless, phonetology has provided a treatment o f the voicing contrast which 

encodes considerable variability. The output o f phonology renders a transcription such 

as [b]. The phonetology interface produces a prediction o f data that includes [p], [b] or 

[b]. Thus, /b/ —> {[p], [b] or [b]} (for VbV sequences). However, this is a limited 

interpretation o f the mapping since any number o f variations based on these forms is 

possible. This is in stark contrast to many phonological predictions o f surface 

realisations. For example, in 3.5.3.2, Optimality Theory’s approach can be used to 

predict presence or absence o f  final devoicing o f obstruents (c f  Figures 3.13 and 3.14). 

The choice o f mapping o f the [voice] setting to an underlying form to a surface form is a 

binary choice between either [+voice] or [-voice]. Partially voiced/voiceless realisations 

cannot be predicted unless timing is explicitly coded in the phonology to phonetics

 ̂ The A ft e r  and B e f o r e  windows could even overlap. However, some constraints 

would be necessary to prevent these windows spreading forward and backward infinitely.
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mapping. Phonetology, on the other hand, can predict non-contrastive phonetic detail 

which, in this case, is structured by different timing strategies and thereby allowing a 

wide variety o f realisations. This possibility is not available to other approaches. Thus, 

the variability in mapping phonology to phonetics can be partially explained as due to 

the timing o f preceding and following segments.

5.2,2 Coarticulation

As noted above in 2.5, it can be argued that coarticulation is on the periphery of 

grammar since it does not neutralise oppositions. Coarticulation, then, can be considered 

as an artefact o f articulatory planning. As we have seen articulatory planning and timing 

thereof percolates throughout phonetological description. One puzzle o f the articulatory 

co-ordination is the “Trough Effect.” This effect, according to Perkell (1986: 48) is an 

“apparent discontinuity in anticipatory coarticulation” and is often demonstrated with 

respect to bilabials, though Lindblom, Sussman, Modarresi & Burlingame (2002) argue 

that it also applies to lingual articulations. It has been discovered that in sequences such 

as [ibi] the tongue appears to exhibit two independent gestures for both vowels rather 

than prolonging the same articulation throughout the stop. Under Phonetology, a vowel 

would typically have the same specification through its articulation. A sequence such as 

[ibi] would have a specification similar to Figure 5.3.

high
i

high high
! b ;

high
i

high high

front ; front ; front front I front i  front

Figure 5.3: Phonetological timing o f [ibi].

The articulation depicted in Figure 5.3 shows the individual segments, separated by solid 

lines, along with their “timing divisions” o f B e f o r e , C o n c o m i t a n t - t o  and A f t e r , 

separated by dashed lines. The timing divisions o f [b] are much less than those o f the 

vowels as they are (typically) temporally short entities such as formant transitions or 

plosive bursts. Though not illustrated in Figure 5.3, these divisions overlap in the time 

domain: the A ft e r  specification o f the first vowel lingers well into the stop and the 

B e f o r e  articulation o f the second vowel initiates while the [b] is being articulated. 

Thus, a phonetological analysis expects to see two gestures. That this aspect of timing is 

phonological rather than a consequence o f articulatory planning is revealed by
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Boyce (1990) who finds that this effect is not apparent in Turkish where (e.g. [ubu]) the 

tongue position is maintained throughout the stop articulation until it is needed for the 

second vowel. A possible explanation stems from Turkish possessing vowel harmony 

which might be interpreted as the timing divisions being expanded until another vowel is 

encountered. By so doing, the consonant remains (in the case of [ubu]) rounded 

throughout its articulation thus providing an additional, prolonged, cue to the rounded- 

unrounded Opposition for the Command Request Prosody, mentioned in 4.5.4, which 

operates in Turkish.

Turning to a typical assimilatory scenario, the fronting of a velar stop in front vowel 

contexts. We will define [k] as [Stop]®°^^ which, we should recall, could also be defined 

as [4high]®°‘'̂  (i.e. a raising gesture high enough to form a plosive). It is very likely that 

the B e f o r e  and A f t e r  specifications of the velar stop require at least a [back] 

(articulatory) setting. Consequently, [k] is specified as [S t o p , back]®"*̂ .̂ The situation is 

depicted in Figure 5.4 with regard to both [ku] and [ki] sequences (with the AFTER 

specification of the stops omitted).

k ; u k ; i
[4h igh ]'"°^  high high high [4high]''°^ | high high high

back ; back back back back — ^  front front front

Figure 5.4: Phonetological timing of [ku] and [ki].

The behaviour o f the polar opposite phonetological features has yielded dividends. 

For [ku], apparently nothing happens: the BEFORE specification of [u] “spreads” into the 

[k], making the specification [4high, back]®”*̂  ̂which remains a velar. For the velar in 

the front vowel environment, the same “spreading” occurs resulting in [4high, front]®°‘'̂  

which certainly evokes an advanced velar stop, as expected. O f course, it should be clear 

that under phonetological description, no amount of [front] features in any of the timing 

divisions can achieve a gesture changing [k] to [tj], despite it being an attested historical 

change. Nonetheless, this change ought to be ruled out in articulatory terms since, as 

Ohala (1993b) and Guion (2002) prove unequivocally, this change is perceptually 

motivated.

In the discussion of phonetological timing policy, we have seen that timing is not a 

simple matter of combined features. Timing has consequences both in the articulatory 

and the acoustic domains which must also be subject to phonological consideration. The
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tripartite timing division of Phonetology can be viewed in a number of ways: as a 

Wickelgren-lilce feature (of Wickelgren, 1969; 1972) with before and after contexts 

coded; or as a feature spreading model (cf Daniloff & Hammarberg, 1999); or as 

Coproduction (cf. Fowler & Saltzman, 1993); or as many other theories.

As noted in the preceding section, the timing windows may overlap. For Figure 5.3 

above, it was asserted that the timing divisions of consonants were of less duration than 

those of vowels. This is true of many of the phonetic correlates of plosives, including the 

closed phase of the plosive and the transient burst after release, are of short duration. 

Other acoustic correlates of plosives are potentially of longer duration including formant 

transitions.^ Preceding vowel lengthening is also a characteristic cue for phonologically 

voiced plosives. In English, this is the primary cue for distinguishing (phonologically) 

voiced and voiceless sounds in word-final position. Vowels before voiced sounds are 

typically of fifty percent greater duration than vowels before voiceless sounds. Thus, the 

B e f o r e  and A f t e r  windows can not only affect that articulatory and acoustic 

realisations of neighbouring sounds, but also temporal settings of the windows of 

neighbouring sounds. While overlap of windows described above is demonstrated only 

with B e f o r e  and A f t e r  windows, it should be understood that there is no prohibition 

against C o n c o m it a n t -TO windows overlapping for successive segments. This 

possibility shall be explored in the phonetological treatment of the assimilation data 

from Chapter 2, in 5.3.3.

Coarticulation has an extremely important resonance to phonetological analysis. It is 

intended that phonetological specifications can yield effects that can be interpreted as 

“coarticulation.” While the manifestations of coarticulation are often on neighbouring 

segments, it is not impossible to witness multi-segment spanning coarticulatory 

processes. It may be possible to analyse such an outcome as a segment having a rather 

long B e f o r e  or A f t e r  window in cases such as lip rounding or velum lowering. Of 

shorter duration, though not proximal, is vowel to vowel coarticulation which has been 

studied by many including Ohman (1966), Fametani (1990) Choi & Keating (1991) and

For instance, a prominent acoustic correlate of velar sounds is the so-called “velar 

pinch” whereby the second and third formants transition to (or from) near 2,200 Hz. 

This transition can be particularly evident throughout a preceding vowel.
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Beddor, Harasberger & Lindemann (2002). These studies show that this type of phonetic 

variation is influenced by many factors including the vowels themselves, the nature of 

the intervening consonant and differences in phonological systems. In short, every factor 

that phonetological features recognise.

5.2.3 Secondary Articulation

Beddor, Hamsberger & Lindemann (2002) highlights the influence that knowledge of 

expected coarticulatory patterns exerts on speech perception. Perception also features 

strongly in W est’s (1999) investigation of the coarticulatory properties of /I/ and hi. We 

have seen in 4.3.2 that the liquids of British English participate in “dark” versus “clear” 

opposition. West (1999) demonstrates that there is a long-term resonance associated 

with /I/ and 111 that may be perceived up to two syllables away from the liquid segment. 

The velarised resonance associated with /I/ might either be described in terms of the 

timing divisions or as a Command Request Prosody. As part of a segment’s (timing) 

specification, the velarisation gesture is interpreted as a necessary constituent of the 

segment incidentally causing additional variation; as a Command Request Prosody, it is 

an additional articulatory strategy to better enable perception of the segment. In English, 

a description including a velarisation Command Request Prosody seems appropriate, 

though it has also yielded the “opposite” Command Request Prosody for other liquids in 

different environments (c f Carter, 1999). Yet, secondary articulations and coarticulation 

are very much related phenomena. As pointed out in Chapter 1, contrastive secondary 

articulation in Irish arose from coarticulatory differences. Thus, the representation of 

secondary articulations ought to reflect the effects of coarticulation as the difference 

between them is a matter of degree.

The nature o f secondary articulations (such as palatalisation or velarisation) is complex 

from two points of view. First of all, they are highly complex articulations to produce as 

they entail a simultaneous constriction alongside a primary articulation, as illustrated in 

Figure 5.5. Secondly, as a consequence of the phonetic complexity, secondary 

articulations provide unique difficulties in capturing their phonological specifications, 

which has obvious effect at the interface. Secondary articulations are often described as 

consonants which possess a vowel quality in addition to more usual consonantal 

specifications. Palatalisation, for instance, is considered to be the addition of an [i]-like 

quality to a consonant whereas velarisation is described as the imposition of an [u]-like
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quality to a consonant, without the lip rounding. Other secondary articulations include 

labialisation and pharyngealisation. Figure 5.5 illustrates the effects o f secondary 

articulations.

Lablallsed Alveolar Palatalised Alveolar

Velarised Alveolar Pharyngealised Alveolar

Figure 5.5: Secondary articulations, from Rogers (2000).

Traditional phonology tends to avoid specifications which use this kind o f phonetic 

definition. These articulations could easily be redefined in terms o f gestures such as a 

tongue fronting gesture (for palatalisation) or a tongue backing gesture (for velarisation) 

which is amenable to phonological specification (c f Ni Chiosain, 1991). Phonological 

approaches (such as Sagey, 1986) have tended to describe secondary articulations as 

‘m inor’ articulations compared with the major i.e. primary articulation. However, as 

Figure 5.5 shows, the division into major and minor articulations is not clear cut. It is 

perhaps due to these kinds o f ‘difficulty’ that only a few languages, like Irish or Russian, 

include phonemes which are contrasted by secondary articulations. Yet, just because the 

Structural Components o f Irish and Russian are largely similar, that does not imply that 

the other components are identical nor that the realisation strategies are similar.^

* Russian and Irish appear to possess similar phonologies which consist o f palatalised 

and velarised segments: Russian has ‘soft’ and ‘hard’ sounds while Irish sounds are 

either ‘caol’ (‘narrow’/palatalised) or ‘leathan’ ( ‘broad’/velarised). Despite the different 

terminology, there are differences between the systems: their inventories o f sounds are 

not identical, nor are their phonotactics.
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Given the theme o f variation o f the current thesis, it is only but appropriate to consider 

dialect variation in determining a phonetological specification o f 

palatalisation/velarisation for Irish. As one might suspect, the monographs such as 

Quiggin (1906) and Sommerfelt (1922) for Donegal dialects, Mhac an Fhailigh (1968) 

and de Bhaldraithe (1975) for Connacht dialects, and 6  Cuiv (1968) and 6  Se (2000), 

for Munster dialects, show similarities and differences across dialects. All the 

monographs possess a high degree o f similarity in terms o f systemic contrasts. 

Differences in phonetic interpretation are the major source o f distinctions. Places of 

articulation are not quite described identically for underlyingly identical contrasts. The 

realisation o f palatalised coronal “stops” may be plosives or affricates. Phonologically 

palatalised bilabials need not be produced with phonetic palatalisation.

Most descriptions are articulatory based, though some authors introduce the concept o f 

resonance. For Erris Irish, Mhac an Fhailigh (1968: 24) notes that sounds are:

Palatalised by raising the front o f  the tongue towards the hard p a late ... [having] the resonance 

o f  a c lose or half-close front vow el [w hile sounds are] velarised by a raising o f  the back o f  

the tongue towards the soft palate...[having] the resonance o f  a c lose  or half-close back 

vow el.

Furthermore, Mhac an Fhailigh (1968: 24) describes the phonologically velarised /d/, 

/ n / ,  /t/ and /s/ as possessing “a neutral 3-quality rather than an u-quality” that is typically 

associated with velarised sounds.

The unifying factor across dialects is the on-glides and off-glides following consonants, 

associated with the resonance o f the secondary articulations. For Corea Dhuibhne Irish, 

6  Se (2000: 11) offers a broad variety o f glides before and after consonants such as 

[b’*’'^i:] bid  ‘w hite’, [t'*'‘’“ î:] tui ‘thatch’, [t̂ ’Ju:] tiiibha ‘thick’, [ai’t' ĵ] dit ‘place’ and 

[diisF] diol ‘sell.’ Thus, the correlates o f velarisation can vary, even within a single 

dialect. This possibility is confirmed by Narayanan, Alwan and Hacker (1997) who note 

that the so-called “velarisation” o f the “dark-1” in American English may be realised as 

uvularisation or pharyngealisation.

We will apply phonetological principles to the description o f secondary articulations in 

Irish. To facilitate the comparison o f dialects, we will consider the results o f two EPG 

studies: Ni Sheighin (2001) for Erris Irish (County Mayo, in Connacht) and
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Russell (2001) for Corea Dhuibhne Irish (County Kerry, in Munster). These particular 

dialects illustrate the potential differences and difficulties which phonetological analysis 

must surmount. Figure 5.6 presents results from Ni Sheighin (2001) and Russell (2001), 

taken from VCV sequences where V is [o:] and illustrate a time o f maximum contact 

between closure and release o f C. The original results were averaged over five 

repetitions; Figure 5.6 shows contact which occurs in at least four repetitions.

Erris (Mayo)

/pV /pi/

/tV

•  •

/kV

•  • • • • •  
•  ■ ' •  •  •

/tV

•  •

/kV

•  •

■ ■ ■  9  •  •  •  •  •  •

/IV /IV

•  •

•  •

Corea Dhuibhne (Kerry)

/pV /pi/

/tV

•  • •  •  •

/kV

•  •

nv

•  ■ ■ ■  9

/tV

•  •

/kV

• • • • • •

/IV

Figure 5.6: Selected Results from Ni Sheighin (2001) and Russell (2001).

218



In W ogan (2002), I adopt phonetological principles to define the secondary articulation 

as one gesture timed against another primary gesture such as specifying palatalisation as 

[high, frontJe-c-A, i-C- a [high, front] gesture timed BEFORE, CONCOMITANT-TO and 

A f te r  the primary articulation. Comparing palatalised and velarised bilabials for both 

dialects, it seems that the Kerry 1^1 exhibits most palatalisation and the Mayo /p '/ very 

little, if  any, as far as EPG illustrates. However, Ni Sheighin (2001: 45) is most adamant 

that when considering the overall articulation, and particularly after release: “this 

segment is palatalised [...]  and a high degree o f contact is sustained during the 

elicitation o f the second vowel.” (italics hers). The difference, then, may well be simply 

a matter o f degree with, or timing of, the palatalising gesture (for bilabials) being [high, 

front] in Mayo Irish and [2high, front] in Kerry Irish. The dialects agree that the 

velarised coronal stop is apico-dental. On the palatalised coronal, Ni Sheighin (2001) 

opts for an alveo-palatal designation, Russell (2001) for post-alveolar; most crucially, it 

is an affricate in the Erris dialect and a stop in the Corea Dhuibhne one. Apart from the 

manner o f articulation difference, the contact patterns in the preceding and following 

vowels, are indicative o f a raised tongue body/front. Both dialects exhibit a laminal 

articulation for their palatalised coronal “stops” which opposes their apical velarised 

ones. The affricate form may well have arisen due to a request from the maxims to 

further differentiate the palatalised and velarised coronals. The palatalising gesture 

seems best defined as for the coronals: such a configuration

combined with [STOP]^'’’ could yield an articulatory configuration appropriate for an 

affricate. As far as the dorsal stops are concerned, both dialects are in total agreement, 

with the velarised dorsal being velar and the palatalised dorsal either an advanced velar 

or a palatal stop, with concomitant tongue front raising. Figure 5.6 also includes data for 

laterals. For the Kerry speaker, the pattern is largely the same as her coronal stops. For 

the Mayo speaker, the laterals do not pattern identically to her coronals; instead, the 

laterals are alveolar, the only difference being the secondary articulation which is 

evidenced by the lateral contact pattern from rows 4 to 8 o f /IV. The difference between 

/IV and /IV for the Kerry speaker is manifested both in terms o f primary and secondary 

articulations.

One way o f describing segments with secondary articulations, adopted in W ogan (2002), 

is that such segments have phonologically specified transitions which is appropriate 

given their coarticulatory origin in Irish.
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As an example, the velarised coronal stop, /tV, in both dialects might be described as 

([STOP]^’’’, ([high, back]®”‘̂ )̂B-c-A)- When produced near a high front vowel, this 

specification, due to the behaviour o f phonetological features, yields the on- and off- 

glides that are noted throughout phonetic descriptions o f Irish dialects. This is illustrated 

in Figure 5.7 for a nonsense Irish word ‘iotui’ /i:t'’i:/.

i: t̂

[high, front] [STOP]^'P [high, front]

After Before CONCOMITANT-TO After Before

[high] [high] [high] [high] [high]

[front] [back] [back] [back] [front]

central central

Figure 5.7; A phonetological prediction for the nonsense Irish word [i:t^i:].

In Figure 5.7, the specifications o f the vowels include [high, front]®”**̂ which occur over 

all the timing divisions, though only the relevant windows are shown. Thus, the After 

window o f the vowel transitions into the Before window o f the consonant, the 

specification [high, back]®°‘*̂  combines with [high, front]®°^^ to yield 

[high, (front, back)]'^°‘*̂ . As polar opposite features are present in the combination, the 

result is a transition to a high, central vowel like [i]. The same process occurs in 

transition from the consonant to the following vowel. How'ever, a transition to [i] is 

actually unattested. Nonetheless, re-defining the specification o f the velarisation gesture 

as ([high, 2back]®“‘̂ )̂B-c-A instead yields a transition from the vowel to the consonant 

(and vice versa) which must pass through ([high, (front, 2back)]®°‘̂ ,̂ near [ui], as 

described by the monographs. Other vowel resonances can also be described in this way 

to cope for within and cross dialect variation.^

 ̂ A description o f velarisation as ([2back]®°‘̂ )̂B-c-A may even suffice even though 

technically such a specification does not describe “velarisation” instead capturing a 

backing gesture or uvularisation, as suggested in Ni Chasaide (1999).
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A phonetological specification of palatalisation would, by implication, be 

([high, 2front]®°‘̂ )̂B-c-A- In an environment of a high back vowel, this specification 

would yield transitions from (or to) a vowel quality intermediate between [i] and [i]. 

These specifications may need revision as the effect of the feature settings of the 

secondary articulation on the specification of the consonantal gesture itself needs to be 

considered. Nonetheless, phonetological specification allows for a considerable amount 

of variability in predicted output.

5.3 Phonetological Interpretation of Data

In this section, we will apply phonetological principles to the dataset of Chapter 2. 

Phonetological interpretation of Experiments 1 and 2 will consider the phonetological 

specification of the articulatory and acoustic properties o f the slit-t. While Experiment 3 

dealt with assimilation, the specifications of the lingual stops involved must be 

ascertained. In developing specifications, primary concern must fall upon variability, 

particularly in a Data-Driven approach. We will then investigate whether these 

specifications can yield the effects found in the assimilation data.

For ease of reference to the reader, some of the Figures and Tables from Chapter 2 will 

be provided alongside phonetological interpretation. The original figure/table numbers 

will be included as a referent. Again, the reader is referred to sections 4.4.2, 4.4.3 and 

4.6.2 for explanations o f phonetological features and the notation employed.

5.3.1 Experiment 1: Variation and the Production of Slit-t

Adopting a Contrast-Driven approach firstly, the contrastive fricatives for the dialect of 

Hibemo-English concerned are bilabial, alveolar, postalveolar and glottal in nature. For 

specification of the slit-t, it is only the contrastive fricatives articulated in similar regions 

that might affect the specification. As such, the slit-t needs to be defined in relation to 

[s, z, J, 3]. Since the slit-t is voiceless, we need consider specification only compared 

with [s, J]. The alveolar and postalveolar fricatives can partially be defined as 

[ f r i c a t i v e ] '̂*’ and [ f r i c a t i v e ]®'^ '̂  ̂respectively. The literature (see 2.3) suggests that the 

slit-t should be defined as [ f r i c a t i v e ] '̂*’ which is identical to the proposed specification
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for [s] since both are consider apical alveolar fricatives.'*’ To distinguish these fricatives, 

the literature suggests a [grooved] and [flat] features are required. Thus, [s] could be 

specified as [ f r i c a t i v e , grooved]^'*’ and the slit-t as [f r i c a t i v e , flat]^'^.

Under this Contrast-Driven approach, the slit-t is literally defined as an alveolar fricative 

not produced with grooving. It is difficult, however, to see a use for [grooved] and [flat] 

features beyond the task at hand. Moreover, [grooved] and [flat] do not appear to be 

phonetological features. Nonetheless, the specifications derived from a Contrast-Driven 

approach constitute preliminary specifications that should be valid cross-dialectally. We 

shall refine the specifications with a Data-Driven approach.

Typical realisations for the slit-t, [s] and [J] are presented in Figure 5.8.

•  •
•  ■ 

•  • •  •  •

Figure 5.8: Typical Realisations o f Slit-t, [s] and [Ĵ  for our Dublin speaker. [Figure 2.3]

The sample data in Figure 5.8 largely appear to confirm our initial Contrast-Driven 

approach: The slit-t and [s] are nearly identical. However, both fricatives are laminal 

rather than apical in nature. An analysis o f the variation o f these fricatives, shown in 

Table 5.1, reveals a difference. Tables such as Table 5.1 provide an indication of 

variability observed. This kind o f table presents contact by EPG row across the ten 

repetitions.

Recall that [f r i c a t i v e ]^'’̂ that is a Descriptor Feature, which (in this context) equates 

to [3high]. Thus, [f r i c a t i v e ]̂ '̂  represents a raising gesture by the tip o f the tongue 

sufficient to cause frication. Without further precision o f the specification, a raising 

gesture by the tip is toward the alveolar region. [ f r ic a tiv e ]^ '‘“*® is possible specification 

of post-alveolar sounds for English, though [fricative]^°"®“^̂ ™"' is also conceivable. 

The [fricative]^°"® “ '̂'™"* specification may define a palatal fricative in another 

language.
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EPG Place o f Articulation [t] [s] Lf]
Row 1 Alveolar 10% 40% 0%
Row 2 Mid alveolar 70% 40% 10%
Row 3 Alveolar-to-postalveolar 20% 20% 80%
Row 4 Postalveolar-to-prepalatal 0% 0% 10%

Table 5.1: Distribution o f productions o f Slit-t, [s] and [J] by EPG Row. [Table 2.1]

As noted above, the slit-t is almost exclusively mid-alveolar while [s] can occur 

anywhere in the alveolar area. Consequently, revised specifications would be as follows: 

[s] being [ F R I C A T I V E and the slit-t being [ f r i c a t i v e , (front, back)]®'“'‘®. 

[ f r i c a t i v e , (front, back)]®'^‘̂  ̂ is interpreted as a laminal alveolar fricative target the mid 

range available to the articulator, the blade o f the tongue. Since the variability o f [s] 

shows that this sound is most often mid-to-front alveolar, an alternative specification 

may be [ f r i c a t i v e , front]®'^^® which can be interpreted as an advanced laminal alveolar 

fricative target. The specification o f [f] may need to be revised to [FRICATIVE, back]®'̂ *̂ ®.

However, these specifications must be revised further since Figure 5.9 shows that these 

alveolar fricatives have both laminal and apical production strategies.

[t] [s]

(a)

(b)

•  •

•  •

•  •

Figure 5.9: Apical (a) and laminal (b) slit-t and [s]. [Figure 2.4]

These results suggest that [s] should be defined as [frica tiv e ] '^ '’̂  and the [t] being 

[FRICATIVE, (front, back)]'^’’®’'. By specifying A p e x  as the articulator, there is scope for

variation: an articulation that satisfies [ f r i c a t i v e ]^ ’'’ or [ f r i c a t i v e ]
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[fricative]'^ '’̂ ’̂ . Since both [s] and [t] can be apical or laminal, the phonetological 

specification for both of these sounds cannot be more precise than [ f r i c a t i v e ]'^’’®’̂ . This 

setting captures the articulatory patterns witnessed for [s], which can be articulated 

anywhere within the alveolar area. The more constrained nature of [t] can be 

characterised with the specification [ f r i c a t i v e , (Front, back)]'^'’®’' which expresses a 

fricative articulated by the tip or blade in the middle o f the range attained by the 

specified articulations (for A p e x , the mid alveolar area). The variation between apical 

and laminal slit-t appears to be unpredictable, but the variability arises from the 

‘imprecise’ precision of the specification. However, for this speaker, laminal [t] is 

preferred word-initially and apical [t] word-fmally. This behaviour can be explained by 

the Maxims and a Command Request Gesture. The different articulatory configurations 

are likely to yield different acoustic cues. These cues can, then, be used to bolster a 

word-initial/word-final distinction similar to the Command Request Gesture of the 

lateral sub-system described in 4.3.3 and 5.2.3.

5.3.2 Experiment 2: Variation and the Acoustics of Slit-t

Figure 5.10 presents the averaged spectra for the three fricatives, [j], [s] and [t], for each 

of the three dialects, Cork, Dublin and Mayo. The differences distinguishing these 

fricatives -  solely in acoustic terms -  can be summarised by where the strongest spectral 

peaks are to be located: for [f], it is low; for [s], it is high and for the slit-t, the peak is 

intermediate.

In phonetological terms, the acoustic specification of [f] includes [low_frequency]; [s] 

has [high_frequency], while [t] includes [low_frequency, high_frequency] i.e. a mid 

frequency setting. The [low_frequency, high_frequency] specification for slit-t is not 

fully in accord with the Mayo speaker. For the other two speakers, the slit-t’s spectral 

prominence is mid-way between their [s] and [J] productions; for the Mayo speaker, her 

slit-t is acoustically closer to her [J]. Thus, for her, [21ow_frequency, high frequency] or 

even [31ow_frequency, high_frequency] might better describe her data."

'' Ad hoc correlates for [low_frequency] and [high_frequency] might be spectral peaks 

at 2,000 Hz and 6,000 Hz respectively. A specification of [low_frequency, 

high_frequency] would yield (6,000 +2,000)/2 = 4,000 Hz, which generally captures the

224



In order to fully define the slit-t, phonetological theory allows us to incorporate acoustic 

and articulatory specifications. In the previous section, the articulatory specification was 

defined as [ f r i c a t i v e , (Front, back)]'^P^’‘ for the Dublin speaker. Combining the 

articulatory and acoustic settings yields [FRICATIVE, (Front, back), (high_frequency, 

low_frequency)]'^'’̂ ’‘. This complex specification states this sound is a mid frequency 

fricative that may be articulated by the tongue tip or blade, targeting the mid-alveolar 

region. While this specification is plausible given the data analysed, it is, perhaps, a little 

over-specified. Such a specification would certainly lead to no possibility o f mismatch 

between the articulatory and acoustic domains. However, while mismatch is rare it is not 

impossible. A phonetological specification, therefore, should not prohibit articulatory- 

acoustic mismatch. Nonetheless, a phonetological specification needs to describe the 

articulatory and acoustic facts as they are found.

The acoustic characteristics o f these fricatives provide a clear differentiation between 

them. Generalising for the Dublin speaker, [s] might be specified as [FRICATIVE,  

high_frequency]'^'’̂ ’‘ i.e. a high frequency fricative produced by the tongue tip or blade; 

[J] as [FRIC ATIV E, low_frequency]®'‘’‘*̂ i.e. a low frequency fricative produced by the 

tongue blade and the slit-t as [ f r i c a t i v e , (high_frequency, low_frequency)]''’’®’̂ i.e. a 

mid range frequency fricative produced by the tongue tip or blade. The acoustic 

description is to the fore. The slit-t seems best described in acoustic terms. Despite of 

the variety in laminal and apical articulatory strategies noted for the Dublin speaker, 

there is little acoustic variation for this sound, [ f r i c a t i v e , (high_frequency, 

low_frequency)]'^^“  may be appropriate for the Mayo speaker, though fiirther 

investigation o f her articulatory production is required before this specification can be 

affirmed. The ballistic tapped nature o f the Cork speaker’s slit-t (see Table 2.3) is not 

reflected in this specification, and would require explicit inclusion. Potential 

specifications include [ f r i c a t i v e , t a p , (high_frequency, low_frequency)]'^‘’®'‘ or 

[ ( f r i c a t i v e , [high]concomitant-to), (high_frequency, low_frequency)]'^’’®’‘. The second 

potential Cork specificafion classifies the sound as primarily a fricative (similar to other

Dublin and Cork speakers’ slit-t. A [31ow_frequency, high_frequency] setting for the 

Mayo speaker would yield (2,000+2,000+2,000+6,000)74 = 3,000 Hz which better 

captures the Mayo data.
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Figure 5.10: Comparing [f ],  [s] and [t] fo r all three dialects. [Figure 2.9]
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dialects). Additionally, the [high]concomitant-to feature, when combined with [FRICATIVE], 

forms closure (i.e. a tap) for a duration during the CONCOM ITANT-TO window.

5.3.3 Experiment 3: Variation and Assimilation

In this phonetological treatment o f the Hiberno-English assimilation data in Chapter 2, a 

Data-Driven approach will be adopted. Before discussion o f the assimilatory cases, we 

will address the specifications o f the plosives in non-assimilatory environments for both 

dialects. As phonetological specification is intended to capture a measure o f variability, 

the variation found for these forms will be the prime consideration for deciding 

specifications. Once specifications are determined, we will test them in the assimilatory 

data.

Given that the dental and alveolar plosives entail similar gestures, we will consider how 

the variability o f /t /  and /t/ differ in Tables 5.2 and 5.3.

EPG Place o f Articulation Initial /t/ Final /t/ /t#t/

Teeth 30% 40% 20%
Row 1 Front alveolar 60% 60% 80%
Row 2 Mid alveolar 10% 0% 0%
Row 3 Alveolar-to-postalveolar 0% 0% 0%

Table 5.2: Distribution o f  Initial /t/. Final /t/ and /t#t/ (Dublin speaker). [Table 2

EPG Place o f Articulation Initial /t/ Final /t/ /t#t/
[t] [t]

Teeth 0% 0% 0% 0%
Row 1 Front alveolar 40% 33% 0% 30%
Row 2 Mid alveolar 60% 67% 86% 60%
Row 3 Alveolar-to-postalveolar 0% 0% 14% 10%

Table 5.3; Distribution o f Initial /t/. Final /t/ and /t#t/ (Dublin speaker). [Table 2.5]

/t/ is an apical gesture with closure at the teeth or the junction o f  the teeth and alveolar 

ridge. Table 5.2 shows that variability for initial and final allophones o f /t/ are similar, 

and across word boundaries /t#t/ shows a marginally retracted distribution. Despite the 

minor differences. Table 5.2 can be interpreted as demonstrating a gesture with a 

dental/front alveolar target. Consequently, /t/ can specified as [S to p ]^ '* ’.
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In 2.6.3, /t/ was shown to be either apical or laminal in nature. Figure 5.3 confirms the 

alveolar nature o f this gesture, having a mid-to-front alveolar target, though with a little 

bias towards mid-alveolar. The specification for /t/, therefore, could be [Stop]^'’̂ ’‘.

Comparing these specifications; /t/ is defined as [S t o p ]̂ '*’, a plosive made with the tip of 

the tongue, while /t/ is defined as [Stop]'^’’®’‘, a plosive made with either the tip or the 

blade o f the tongue. While these specifications may have been developed to describe the 

data, they are insufficiently precise to contrast /t/ from /t/. /t/ is certainly more retracted 

than /t/. It may, then, be better to reflect this fact in adjusted specifications: 

[S t o p , front]'^*’®’̂ and [S t o p , back]'*^^ ’̂̂ to characterise /t /  and /t /  respectively. Therefore, 

/t/ is a stop articulation by the tip/blade at the anterior part o f the range available to the 

articulator ([t]), while /t/ is a stop articulation by the tip/blade toward the posterior part 

o f the range available to the articulator ([t] or [t]).

For Dublin /k/, 2.6.3 shows that there was very little variability in the articulation o f the 

velar plosive. A specification o f [S t o p ]®”*̂  ̂ seems appropriate, though [S t o p , back]®”*̂ ,̂ 

better reflects that even in a front vowel environment /k/ remained largely velar.

Turing to the specification o f the Kerry data: while the specifications we have adopted 

for our Dublin speaker should be the same for our Kerry speaker, we cannot assume that 

outcome since the importance o f speaker realisation strategies has been asserted.

Tables 5.4 and 5.5, below, illustrate the variability found for /t / and /t/.

EPG Place o f Articulation Initial /t/ Final /t/ /t#t/

Teeth 20% 60% 60%
Row 1 D ental'2 80% 40% 40%
Row 2 Alveolar 0% 0% 0%
Row 3 Postalveolar 0% 0% 0%

Table 5.4: Distribution o f Initial /t/. Final /t/ and /t#t/ (Kerry speaker). [Table 2.6]

'2 Row 1 on this palate is at the junction o f the teeth and alveolar ridge.
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EPG Place o f Articulation Initial /t/ Final /t/ /t#t/
[t] [t]

Row 1 Dental 40% 43% 0% 20%
Row 2 Alveolar 60% 43% 66% 70%
Row 3 Postalveolar 0% 14% 33%> 10%

Table 5.5: Distribution o f Initial /t/, Final !\J and /t#t/ (Kerry speaker). [Table 2.7]

In 2.6.3, the Kerry /t/ was described as an apical gesture and in Table 5.4 the target is the 

dental region. The initial /t/ variation is noticeably more retracted than Final /t/ and /t#t/, 

though still dental. This difference might be attributable to a Command Request Prosody 

(signalling a word-initial versus non-word initial difference) for this speaker. The 

specification is, therefore, based on the Final /t/ and /t#t/ data. The ‘Dublin’ 

specification for /t/ as [S t o p , front]^'’®’̂ remains the reasonable candidate for the Kerry 

infomiant. Another possible interpretation is [s t o p , front]^'^ which describes an apical 

dental stop.

For /t/, the Kerry informant shows strong alveolar as well as postalveolar contact during 

the formation o f the plosive. Closure is formed across Rows 1 and 2, at the front o f the 

alveolar ridge while Release is made on Row 2 or across Rows 2 and 3, at the back o f 

the alveolar ridge and towards the postalveolar area.

In 2.6.3, Kerry /t/ was shown to be a laminal gesture. The variability shown in Table 5.5 

illustrates that the target o f /t/ is alveolar, though occasionally closure (for [t] 

allophones) is formed in the postalveolar area. In opposition to /t/’s specification 

[S t o p , front]''*’®’', a specification o f [S t o p , back]''*’®’' might describe this pattern. 

However, we will assume that /t/ can be specified as [S t o p , front]^'*’ and /t/ as 

[ S t o p , back]®'^^®.

The variability o f Kerry /k/ is shown in Table 5.6.

EPG Place o f Articulation Initial /k/ Final /k/ /k#k/

Row 8 Postpalatal 80% 20% 10%
Velum 20% 80% 90%

Table 5.6: Distribution o f Initial /k/. Final /k/ and /k#k/ (Kerry speaker). [Table 2.8]

As noted above. Table 5.6 highlights a difference in variability for Initial /k/ compared 

to Final /k/ and /k#k/. Again, this can be interpreted as the realisation o f a Command
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Request Prosody. Considering Final /k/ and /k#k/ data, the same specification for Dublin 

/k /  is also offered for Kerry /k/ i.e. [STOP, back]®°‘̂ .̂

Our phonetological interpretation o f assimilatory contexts begins (as before) by 

considering /k#t/ clusters. Figures 5.11 and 5.12 illustrate three instances o f /k#t/ 

clusters for the Dublin and Kerry informants, respectively, as well as their typical /k#k/ 

and /t#t/ to aid comparison o f coarticulatory effects. The five frames illustrated represent 

respectively Closure o f the initial plosive. Closure o f double articulation (i.e. the point at 

which two closures are evident), Maximum contact (within the double articulation). 

Release o f the double articulation/initial plosive and Release o f the second plosive.

It should be noted that the specifications developed above constitute the settings o f the 

CONCOMITANT-TO window o f the segment. A t the M aximum point during the 

assimilated cluster, aspects o f the specifications o f both individual segments should be 

present. The EPG frames before Maximum should reflect the BEFORE window o f the 

first segment and the EPG frames after Maximum should reflect the A ft e r  window of 

the second segment. However, given that the CONCOMITANT-TO windows o f both 

segments overlap at Maximum, aspects o f both specifications should be visible 

throughout the cluster.

For the Dublin informant we have described /k/ as [Stop, back]®°‘*̂  and /t/ as 

[Stop, back]'^’’®’̂ . The velar gestures in the /k#t/ clusters illustrated in Figure 5.11 remain 

true to the [Stop, back]'®”̂ '̂  specification, especially since there appears to be no fronted 

o f  the occlusion itse lf There is evidence o f  tongue front raising (as can be inferred from 

the increased lateral contact), though only marginally more than in unassimilated /k/. 

This does not require a separate account, as the specified articulator is Bo d y , comprising 

o f  TongueB ack and TongueFront. The additional lateral contact can be accounted for 

by the B efore window o f  /t/ initiating a tongue tip/blade raising gesture. During the 

double articulation, the phonetic patterns are captured by the ‘unassimilated’ 

specifications. The /t/ gestures in the /k#t/ clusters resemble unassimilated forms. While 

closure o f  [t] in Figure 5.11 is likely to be formed with the blade or a single tip/blade 

gesture, release is either laminal (Repetitions 1 and 3) or apical (Repetition 2). These 

patterns support the specification o f  /t/ as [Stop, back]'^'’®’'.

Table 5.7 shows the distribution o f /k/ and 1x1 articulations in the /k#t/ cluster, together 

with unassimilated forms for comparison.
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EPG Place o f /k#t/
Articulation

Initial /k/ Final /k/ /k#k/ [k]
Row 8 Postpalatal 100% 90% 100% 70%

Velum 10% 30%

Initial /t/ Final /t/ /t#t/
[t] [t] [t]

Row 1 Front alveolar 40% 33% 0% 30% 20%
Row 2 M id alveolar 60% 67% 86% 60% 50%
Row 3 Alveolar-to- 0% 0% 14% 10% 30%

postalveolar

Table 5.7; Comparing /k#t/ and unassimilated /k/ and /t/ (Dublin speaker). [Table 2.9]

While the variability o f closure contact for [t] illustrated in Table 5.7 demonstrates the 

influence and effect o f the preceding velar, it is the behaviour o f the velar gesture itself 

that is noteworthy. It appears that the assimilated velar has a more retracted target than 

unassimilated cases. A phonetic explanation could be offered had the velar been fronted, 

even though retraction would not phonetically be expected. Phonetologically, this may 

be a speaker specific strategy, influenced by the Maxims, to differentiate these two 

contrasts within the cluster.

A s noted above, a similar situation is to be found with our Kerry inform ant’s contact 

patterns shown in Figure 5.12. Recall that for the Kerry infonnant, /k/ is specified as 

[S t o p , back]'^°‘̂  ̂ and /t/ as [S t o p , back]®'^^’̂ . The assimilated velar gesture can be 

characterised by the unassimilated specification. There is some evidence in Figure 5.12 

that assimilated /k/ is slightly more retracted than unassimilated forms. The 1 x 1  gesture in 

/k#t/ remains a laminal gesture and though somewhat retracted can still be specified as 

[S t o p , back]®'‘’‘*®. The effect o f /k /’s A fter  window is evident as least until the release 

of[t].

The variability within the distribution o f /k/ and /t/ articulations in the /k#t/ cluster, is 

presented in Table 5.8 below.
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Dublin - /k# t/ C lusters 

/k#k/

•  •  •  •  •  •

/t#t/

/k#t/ Repetition 1
................ • • • •

■ ■ m • •  •  •  ' ' •  •  •
•  m ■ ■ •  •  ' ' ' ■ •  •

•  •  - ' ■ - •  •
•  •  •  ' ' •  •  • •  •  •  ■ ■ •  •  • •  •  •  '

/k#t/ Repetition 2

•  • • • • • •  • • • • • • • •  • • • • • •

■ ■ •  m

•  •  ■ ‘ * * •  •

/k# t/ Repetition 3

■ • • • • • • • • • • • • • • ■ •  •  • •  •  •  •

■ ■ • • • • • •  
■ ■ • •
• • • •

•  •  •  ■ ■ ■ •  m •  •  •  - - •  •  •

Figure 5.11: Com paring /k# t/ to /k#k / and /t# t/ (D ublin Inform ant).[ Figure 2.16]
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Kerry - /k#t/ Clusters 

/k#k/

'  •  

•  •  

•  •

•  •  •
/t#t/

•  • •  •

•  •

/k#t/ Repetition 1

•  •

•  •

•  • •  •
•  •  •  •  • •  •  •  

' •

/k#t/ Repetition 2

 •
•  •  •
•  •  ' ' ' ' •  •

•  •  • •  •  •

• • • • • •
• ................

•  •  •  •  •

/k#t/ Repetition 3 
•  •  •  ■ ■ '

■ •  

•  •
•  •

•  •  
•  •  
•  •

•  •  •  •  •
•  •

•  ' •

•  •

Figure 5.12; Comparing /k#t/ to /k#k/ and /t#t/ (Kerry Informant). [Figure 2.17]
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EPG Place of /k#t/
Articulation

Initial /k/ Final /k/ /k#k/ [k]
Row 8 Postpalatal 80% 20% 10% 20%

Velum 20% 80% 90% 80%

Initial /t/ Final /t/ /t#t/
[t] [t] [t]

Row 1 Dental 40% 43% 0% 20% 10%
Row 2 Alveolar 60% 43% 66% 70% 60%
Row 3 Postalveolar 0% 14% 33% 10% 30%

Table 5.8; Comparing /k#t/ and unassimilated /k/ and /t/ (Kerry speaker). [Table 2.10]

Table 5.8 illustrates that assimilated [k] exhibits variation similar to unassimilated Final 

/k/ and /k#k/. While the variability of assimilated [t] resembles that of /t#t/, it suggests a 

retracted target compared to Initial /t/. However, by release (see Figure 5.12), the 

articulatory pattern is much more similar to unassimilated forms, though marginally 

retracted. The patterns exhibited in the production of /k#t/ for this informant are 

mechanical in origin, although the velar showing resistance to coarticulation.

As noted above, while the two dialects treat /k#t/ clusters in a similar manner, the 

treatment of /t#k/ clusters differs. Figures 5.13 and 5.14 illustrate the /k#t/ clusters of 

Dublin and Kerry respectively. Both Figure 5.13 and the variability (shown in Table 5.9) 

of assimilated /t/ and /k/ are very similar to unassimilated forms for the Dublin 

informant. Figure 5.13 illustrates that closure of [t] can be effectuated either by the 

tongue tip (Repetition 1) or the blade of the tongue (Repetitions 2 and 3) which provides 

continued justification for a [S t o p , back]^’’'̂ ’' specification.

EPG Place of Initial /t/ Final /t/ /t#t/ /t#k/
Articulation

[t] [t] [t] [k]

Row 1 Front alveolar 40% 33% 0% 30% 44%
Row 2 Mid alveolar 60% 61% 86% 60%> 56%>
Row 3 Alveolar-to- 0% 0% 14% 10% 0%

postalveolar

Initial /k/ Final /k/ /k#k/
Row 8 Postpalatal 100% 90% 100% 100%

Velum 10%)

Table 5.9: Comparing /t#k/ and unassimilated /t/ and /k/ (Dublin speaker). [Table 2.11]
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Dublin - /t#k/ Clusters

/t#t/
•  •  •  •

/k#k/

•  •  ■ 

•  •  •
■ •  •  

•  •  •

•  •  • • • • • • •

• • • • • • •

/t#k/ Repetition 1 
• • • • • •

•  •  •

•  •  •  •

•  •

•  •  •  •

•  •  •  •  •

/t#ky Repetition 2

• • • • • • • •
•  •  •  •  •  •  •
• • • • • •  • • •

/t#k/ Repetition 3
•  •  •

Figure 5.13; Comparing /t#k/ to /t#t/ and /k#k/ (Dublin Informant). [Figure 2.18]
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Kerry - /t#k/ Clusters

/t#t/

•  •  • • • • • • • •
•  •  • • •  ■ •

•  • •  •  • •  • •

/k#k/

•  •

/t#k/ Repetition 1

•  •
•  ■

•  •

/t#k/ Repetition 2

•  •  
•  •

•  •  •
•  •  ' ' ' •  •  •

/t#k/ Repetition 3
•  •

•  •  •

•  •

•  •  •  •  • •  •  •  • •  •  •  •  •

•  •

Figure 5.14; Comparing /t#k/ to /t#t/ and /k#lc/ (Kerry Informant). [Figure 2.19]
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However, in 2.6.3, it was noted that on a single occasion the /t#k/ cluster was realised as 

[k] in the Dublin data. As this repetition (not illustrated) showed no evidence o f a [t] 

gesture, elision o f /t/ (or [t]) can be asserted. The difficulty here is where the elision 

occurs. If the elision occurs in the grammar o f the dialect, explanation o f this form is 

beyond the scope o f  phonetology. The input to phonetology for that form could be 

assumed to be similar to /k/ or /k#k/. On the other hand, if  [k] is considered to be a 

plausible phonetological mapping from /t#k/ to [k], then a phonetological explanation is 

necessary. For [t] to be elided, including its structured non-contrastive detail, the timing 

windows o f  [k] must completely overlap and override those o f  [t]. The possibility is very 

powerful and, if  correct, would need to be constrained. Yet, for this speaker, this is a 

rarely chosen strategy (one repetition o f ten). Further data is required to answer whether 

the elision process is more widespread than this dataset suggests. If  this process remains 

rare, it may not necessarily represent a different strategy or a phonetological process. 

Nonetheless, the question remains whether this phenomenon is variation in underlying 

form or variation in realisation.

For the Kerry data in Figure 5.14, production o f [tk] clusters is inhibited, though not 

prohibited. During the [tk] clusters the phonetic patterns o f both assimilated [t] and [k] 

remain definable in terms o f their unassimilated specifications. /t#k/ is most often 

realised with a slit-t allophone o f /t/, illustrated in Repetition 1. The mutual influence of 

the B e f o r e  and A f t e r  specifications is clearly evident. As noted above, Repetition 2 is 

auditorily a velar gesture, though there is instrumental evidence o f a lenited /t/ gesture. 

This is an example o f phonetological elision. The B e f o r e  window o f /k/ extends 

temporally backwards quite far into the timing windows o f the /t/. Thus, while the velar 

gesture has elided the /t/, the structured, non-contrastive detail o f /t/ remains.

Table 5.10, overleaf, presents the variability found within /t#k/. O f note is the variability 

which suggests that assimilated [t] and [t] have very similar targets, unlike their 

respective unassimilated forms. The variability for these sounds suggests an articulatory 

target similar to unassimilated slit-t. This may be a phonetological pattern, part o f the 

larger realm o f contrast. We will return to this remark when we summarise 

phonetological findings. The phonetic fronting o f the target for /k/ is also evident in 

Table 5.10.
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EPG Place o f Initial /t/ Final /t/ /t#t/ /t#k/
Articulation

[t] [t] [t] [t] [k]

Row 1 Dental 40% 43% 0% 20% 0% 0%
Row 2 Alveolar 60% 43% 66% 70% 75% 80%
Row 3 Postalveolar 0% 14% 33% 10% 25% 20%

Initial /k/ Final /k/ /k#k/
Row 8 Postpalatal 80% 20% 10% 70%

Velum 20% 80% 90% 30%

Table 5.10: Comparing /t#k/ and unassimilated /t/ and /k/ (Kerry speaker). [Table 2.12]

Figures 5.15 and 5.16 present /t#k/ clusters for the Dublin and the Kerry dialects 

respectively. As noted above, this cluster behaves differently for these speakers.

For the Dublin informant, [S t o p , front]^’’®’‘ and [S t o p , back]®°‘*̂ , were chosen to 

characterise /t/ and /k/ respectively. The dental gesture inferable from Figure 5.15 

appears to be apical, and would be included in the set o f configurations that 

[S t o p , frontj'^’’̂ ’̂ defines. The velar gestures demonstrated in Figure 5.15 can also be 

characterised as [ S t o p , back]®°‘*̂ .

For the Kerry informant, we assumed that /t/ can be specified as [STOP, f r o n t ] a n d  /k/ 

as [S t o p , back]*^°‘' .̂ W hile the Dublin speaker has similar patterns for /t#k/ and /t#k/ 

clusters, the Kerry speaker treats /t#k/ differently to /t#k/. No [tk] clusters were elicited. 

Instead, separate dental and velar gestures are present with no apparent temporal 

overlap. Figure 5.16 presents four frames. Closure and Release for the [t] as well as 

Closure and Release for [k]. Thus, the dental plosive was released before velar was 

formed. Nonetheless, these segments are separate but exhibit coarticulatory effects. The 

phonetological explanation is that the A f t e r  and B e f o r e  windows spread across the 

intervening pause to produce these “separate, though influenced” forms.

This “separate, though influenced” pattern could be interpreted as part o f a speaker- 

specific strategy, or simply as an idiosyncrasy o f this Kerry speaker and more data 

would be required to differentiate these possibilities. However, this pattern is also found 

in the Dublin speaker’s treatment o f /k#t/ clusters.
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Dublin - /t#k/ Clusters 

/t#t/
•  •  • •  •

. . .  *  

• • • •

•  •  ■ ■ ■ ■ •  • ■ •  •

. . .  *  

. . .  *  

. . .  * •  • ................•
•  •  - ■ ■ ■ •  •

/k#k/

• • • • • ................... • •  • • ■ • • •
' •  •

•  •  •  ■ ■ •  •  • •  •  •  - ' •  •  • •  •  •  ' •  •  •
• • • • • • • •

/t#ky Repetition 1

•  •  •  ' ' ' •  • • • • • • • • •  •  •  • •  •  •  • •  •  •  ' ■ •  • •  • • ■

•  • ....................• •  •  •  ' ' •  • •  •  •  - ■ •  •  • •  •  •  ■ ' •  • •  ■ • •

•  • ....................• ■ •  • •  • • •

•  • ....................• ■ ■ m  • ' •  •

•  • ....................• •  9  ■ ■ ■ •  •
•  • ............... •

/t#k/ Repetition 2
•  •  ' ' •  • ' ' • ■ •

• ...................• •  •  •  ' ' •  • ■ • •
• ...................•
• ...................• ■ •  •
• ...................• •  •  •
• ...................• ' •  •  • •  •  •  ' •  •  •

/t#k/ Repetition 3

•  ' ■ ■ ■ •  •  • • • • • • • • •  •  •  • •  •  •  • •  •  ■ •  •  • •  • • ■
• ...................• •  •  •  ' ' •  • •  •  •  ' ■ •  •  • •  •  ■ - •  • •  • • ■
• ...................• •  ■ • ■ •  • •  • • •

• .........................• •  • • ' •  • •  • • •

• .........................• •  •  •  ' ' ' • •  •  •  ■ •  •  ■ ■ •  •

•  • ....................•

Figure 5.15: Comparing /t#k/ to /t#t/ and /k#k/ (Dublin Informant). [Figure 2.20]
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Kerry - /t#k/ Clusters 

/t#t/

•  •  
•  •

/k#k/

•  •

•  •
•  •  
•  • •  •

•  •  
•  e

• • • • • • •

/t#k/ Repetition 1

•  •

•  •

■ •  

■ •  

•  •  

•  •

/t#k/ Repetition 2

•  ' 

•  ' 

•  •

' •  

•  •  

•  •

/t#k/ Repetition 3
•  •  
•  •

•  • •  •

■ •  

' •  

•  •

Figure 5.16: Comparing /t#k/ to /t#t/ and /k#k/ (Kerry Informant). [Figure 2.21]
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The patterns found in /k#t/clusters for Dubhn and Kerry informants are presented in 

Figures 5.17 and 5.18 respectively.

For the Dublin informant, the separate, though influenced pattern occurs. As with the 

Kerry /t#k/ clusters, the phonetic patterns o f assimilated [k] and [t] are described by their 

unassimilated specifications i.e. [S t o p , back]®”̂ *̂ and [S t o p , front]'^^^’‘ respectively. 

Again, the B efo re  and A fter  windows o f each gesture spread across an intervening 

pause. The variation found within this cluster is presented in Table 5.11.

EPG Place o f /k#t/
Articulation

Initial /k/ Final /k/ /k#k/ [k]
Row 8 Postpalatal 100% 90% 100% 40%

Velum 0% 10% 0% 60%

Initial 1 X 1 Final /t/ /t#t/ [t]C
(Closure) (Closure) (Closure)

Teeth 30% 40% 20% 20%
Row 1 Front alveolar 60% 60% 80% 50%
Row 2 Mid alveolar 10% 0% 0% 30%

Initial /t/ Final I V /t#t/ [t]R
(Release) (Release) (Release)

Teeth 60% 70% 40% 100%
Row 1 Front alveolar 40% 30% 60% 0%
Row 2 Mid alveolar 0% 0% 0% 0%

Table 5.11: Comparing /k#t/ and unassimilated /t/ and /k/ (Dublin speaker). [Table 2.15]

Table 5.11 shows that the retracted target for [k] in /k#t/ clusters. This is not a phonetic 

pattern since an advanced velar would be predicted in this context. At Closure, there is 

considerable variability for [t]. Yet, by Release, [t] is unambiguously dental in nature. 

As noted in 2.6.3, while the inferred dental contact in non-assimilating cases may be 

underrepresented, the target o f  assimilated /t/ (at release) appears to be more anterior.

For the Kerry speaker, in Figure 5.18, [kt] clusters are elicited. As before, the 

realisations o f assimilated [k] and [t] are captured by their unassimilated specifications 

o f [S t o p , back]®°‘̂  ̂and [S t o p , front]^'*’ respectively.
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Dublin - /k#t/ C lusters

/k#k/

•  •  ' 

•  •  •

• ...................
•  •  ■ ■ ' ' •

•  •  •
•  •  ■ 

•  •  •

/t#t/

/k# t/ Repetition 1

•  •

/k# t/ Repetition 2

•  • •  •  •

/k# t/ Repetition 3

•  •

•  •

Figure 5.17: Com paring /k#t/ to /k#k/ and /t#t/ (Dublin Inform ant). [Figure 2.22]



Kerry - /k#t/ Clusters

/k#k/

•  •  
•  •

•  •
•  •  
•  •

'  •  

•  •  

•  •

/t#t/

•  •  
•  •

•  •  ■ •  •  •  
 •

•  ' 

•  •  

•  •

•  •  
•  -

•  •

/k#t/ Repetition 1 
• • • • • •
! • • • • • •

- •  •  

' •  •  

' •  •  

•  •  •

•  •  •  •  •

•  •

•  •  •  
- •  •
■ ■ •  

• • •

/k#t/ Repetition 2 
• • • • • •
• • • • • •
•  • •  •  

•  •  
■ •

•  •  •  •

/k#t/ Repetition 3

•  ■ 

•  •
■ •  •  

•  •  •

•  • •  •  
■ •

•  •  •  •  •
•  •  •  •  •

•  •  •
■ •  •

' •  •

■ •  •  

•  •  •

•  •  •

•  •  •  
•  • •  •  

•  •

•  •

Figure 5.18: Comparing /k#t/ to /k#k/ and /t#t/ (Kerry Informant). [Figure 2.23]
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The distribution o f  variation for K erry /k#t/ is shown in Table 5.12. C losure o f  he 

assim ilated velar plosive is always m ade on the velum , m aking the target m arginally 

m ore retracted than unassim ilated cases. For the dental plosive, there is little change in 

variability  from  Closure to Release, unlike the Dublin inform ant.

EPG Place o f  /k#t/
A rticulation

Initial /k/ Final /k/ /k#k/ [k]
Row 8 Postpalatal 80% 20% 10% 0%

Velum 20% 80% 90% 100%

Initial /t/ Final /t/ /t#t/ [ t]C
(Closure) (Closure) (Closure)

Teeth 20% 60% 60% 70%
Row 1 Dental 80% 40% 40% 30%
Row 2 A lveolar 0% 0% 0% 0%

Initial /t/ Final IV [ t]R
(Release) (Release) (Release)

Teeth 40% 60% 60% 60%
Row 1 Dental 60% 40% 40% 40%
Row 2 A lveolar 0% 0% 0% 0%

Table 5.12: Com paring /k# t/ and unassim ilated /t/ and /k / (K erry speaker). [Table 2.16]

O ur final set o f  assim ilatory clusters involves N  and /t/. Figures 5.19 and 5.20 present 

three fram es from  /t#t/ for Dublin and K erry dialects respectively. This sequence o f 

plosives results in a single plosive gesture, often w ith both dental and alveolar qualities. 

As such, the predicted output should be the tem poral overlap o f  both dental and alveolar 

plosive specifications. In Figures 5.19 and 5.20, we present the C losure, M axim um  and 

Release fram es only.

For the D ublin speaker, the com bination o f  the specifications o f  /t/ ( [ S t o p , front]'^^^^) 

and 1x1 ( [ S t o p , back]'*^'’®’̂ ) yields [S t o p , (front, back)] ''‘’ ’̂‘ i.e. a plosive m ade by either the 

tip or blade o f  the tongue targeting the mid region available to A pex (m id alveolar). This 

specification is where the C o n c o m it a n t - t o  window s overlap (i.e. at M aximum). 

Leading up to this tim epoint, the dental specification should be prevalent and after 

M axim um  the alveolar specification should be m ore apparent. Both Figure 5.19 and, in 

particular, Table 5.13, illustrate that this is the case.
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Dublin: /t#t/ C lusters

/t#t/
• • • •

/t#t/
• • •  •

• • • • •  • • •
•  •  •  ' •  •  •  ■

 •  • • ....................•  • • .................
•  •  • • ....................•  • • .................

Repetition 1 /t#t/
• • • • • •  • • • • • •  • • • • • •

• • • • • • • •
•  •
 •  • • ■ • • • • •  • • .......................

 •  • • ....................•  • • .................
 •  • ........................•  • • .................

• • ................

Repetition 2 /t#t/
• • • • • •  • • • • • •  • • • • • •
• ■ • • •  • • • • • • • •
 •  • • • • • • • •
 •  • • • •  ■ • •  • • .....................

 •  • •  • • ■ • •  • • .....................

 •  • • .................
 •  • • • •  ■ • •  • • .....................

• • ■ ■ ■ ■ •

Repetition 3 /t#t/
• • • • • •  • • • • • •  • ■ • • • •

• • • • • • • •
• • • • • • • •

 •  • • ■ ■ ■ ■ •

 •
 •

Figure 5.19: C om paring /t#t/ to /t#t/ and /t# t/ (Dublin Inform ant). [Figure 2.24]
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Kerry: /t# t/ C lusters

/t#t/

•  - •

•  •

•  •

•  •
•  •  
•  •  
■ •

•  •

Repetition 1 /t#t/ 
•  •  •  •  •  ■

Repetition 2 /t#t/
•  •  •  •  •

Repetition 3 /t#t/ 
• • • • • •

•  • •  •  
•  •

•  •
•  •  
■ •

•  • •  • • ■ ■ ■

Figure 5.20: C om paring /t# t/ to /t#t/ and /t# t/ (K erry Inform ant). [Figure 2.25]
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EPG Place o f 
Articulation

/t#t/

[t] [t]+[t] [t]
Initial /t/ Final 1X1 /t#t/ C
(C losu re) (C losu re) (C losu re)

Teeth 30% 40% 20% 10%
Row 1 Front alveolar 60% 60% 80% 80%
Row 2 M id-alveolar 10% 0% 0% 10%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

[t]+[t]
Initial /t/ Final I V M

(Maximum) (Maximum) (Maximum)

Teeth 10% 30% 20% 40%
Row 1 Front alveolar 50% 60% 70% 40%
Row 2 M id-alveolar 40% 10% 10% 20%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

[t]+[t]
Initial /t/ Final /t/ /t#t/ M

(Maximum) (Maximum) (Maximum)

Teeth 0% 0% 0% 40%
Row 1 Front alveolar 30% 40% 10% 40%
Row 2 M id-alveolar 70% 50% 70% 20%
Row 3 Alveolar-to- 0% 10% 20% 0%

postalveolar

[t]
Initial /t/ Final /t/ /t#t/ R
(R e lea se ) (R e lea se ) (R e lea se )

Teeth 0% 0% 0% 0%
Row 1 Front alveolar 30% 40% 40% 50%
Row 2 M id-alveolar 70% 60% 60% 50%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

Table 5.13: C om paring/t#t/ and unassim ila ted /t/and /t/(D ub lin  speaker). [Table 2.17]

At Closure, the target for /t#t/ is probably best considered dental. Dental/alveolar contact 

is present at M, though the variability is closer to an unassimilated dental target. At R, 

the gesture has undergone retraction. At R, [t] the target is definitely alveolar. Thus, for 

this speaker /t#t/ can be described as a blended articulation. However, the specification 

[ S t o p , (front, back)]'^’’‘̂’‘ does not adequately describe the variability found at M since 

this configuration is unlikely to include dental contact. The pattern at M is more
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consistent with [Stop]^'’̂ ’‘ i.e. a plosive made with the tip or blade o f the tongue 

articulated in the dental to alveolar areas.

For the Kerry speaker, the combination o f the specifications o f /t/ ( [ S t o p , front]^’’’) and 

/t/ ( [ S t o p , back]®'^‘*‘̂ ) yield ( [S t o p , front, back]^''’̂ ®'̂ ‘̂ )̂ which equals [S t o p , (front, 

back)]'^‘’‘̂’‘, the same as for the Dublin speaker. We have seen that this combination does 

not fiilly predict the variability for the Dublin informant.

The combination o f unassimilated specifications to yield an expected assimilated 

specification was successful where different parts o f the tongue were involved. 

However, some revision of the interpretation o f assimilation is necessary. Figure 5.21 

illustrates the phonetological timing o f assimilation for the dental and alveolar clusters.

C M R

[t] [t] + [t] [t]

C o n c o m it a n t -TO A ft e r  B e f o r e  C o n c o m i t a n t - t o

window windows window
[s t o p , f r o n t ] [s t o p , back]'^P®’‘

Figure 5.21: Assimilation from a Phonetological Perspective.

In Figure 5.21, the single phonetic plosive realisation o f the /t#t/ cluster is presented 

along with the phonetological specifications that apply at Closure and Release. The 

arrows indicate the temporal domain o f the A f t e r  and B e f o r e  windows o f  [t] and [t] 

respectively. Only where the A ft e r  and B e f o r e  windows overlap would the 

combination [S t o p , (front, back)]'^’’®’̂ be expected. In this case, where as these windows 

overlap there is a transition from [ s t o p , front]^’’®’' to [ s t o p , back]'^^®’̂ through [STOP, 

(front, back)]'^'’®’‘. Thus, the phonetological interpretation for the/t#t/ cluster is a single 

phonetic plosive which begins with a dental configuration. Contact is predicted to 

become more and more retracted until the alveolar configuration is reached.

This interpretation o f assimilation is particularly clear in the Kerry speaker’s productions 

o f /t#t/ in Figure 5.20. At Closure, a definite [t] configuration is visible and at R the 

cluster evolves into an unambiguous [t] configuration. The variation in Table 5.14 

illustrates two noteworthy findings: at C, the dental target is more anterior than other
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unassimilated dental forms, and, at R, the alveolar is more retracted than unassimilated 

alveolar forms. Neither of these patterns are mechanical in origin.

EPG Place o f /t#t /
Articulation

Initial /t/ Final /t/ /t#t/ [t]
(C losure) (C losu re) (C losu re) c

Teeth 20% 60% 60% 90%
Row 1 Dental 80% 40% 40% 10%
Row 2 Alveolar 0% 0% 0% 0%
Row 3 Postalveolar 0% 0% 0% 0%

Initial 1X1 Final I V /t#t/ [t]+[t]
(Maximum) (Maximum) (Maximum) M

Teeth 10% 30% 20% 0%
Row 1 Dental 50% 60% 70% 50%
Row 2 Alveolar 40% 10% 10% 40%
Row 3 Postalveolar 0% 0% 0% 10%

Initial /t/ Final /t/ /t#t/
(Maximum) (Maximum) (Maximum) M

Teeth 0% 0% 0% 0%
Row 1 Dental 20% 43% 20% 50%
Row 2 Alveolar 60% 43% 70% 40%
Row 3 Postalveolar 20% 14% 10% 10%

Initial /t/ Final /t/ /t#t/ [t]
(R elease) (R e lea se ) (R e lea se ) R

Teeth 0% 0% 0% 0%
Row 1 Dental 20% 14% 0% 0%
Row 2 Alveolar 80% 86% 80% 70%
Row 3 Postalveolar 0% 0% 20% 30%

Table 5.14: Com paring/t#t/ and unassimilated /t/an d /t/(K e rry  speaker). [Table 2.18]

The /t#t/ clusters are shown in Figures 5.22 and 5.23. As noted above, there are 

similarities and differences in the Dublin and Kerry productions o f /t#t/. Both speakers 

produce alveolar-dental blends. The Kerry speaker produced elisions o f /t/ while the 

Dublin speaker (largely) did not.'^ An option open to both dialects o f Hiberno-English, 

is a slit-t realisation o f the final /t/. Nonetheless, this cluster was realised as a slit-t plus 

dental plosive sequence only once and only for the Kerry speaker.

The Dublin speaker produced one repetition which was ambiguous between being an 

alveolar-dental blend or a single dental gesture.
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The variation for Dubhn /t#t/ in Table 5.15 illustrates the largely alveolar target for this 

entire cluster. From Closure through Maximum, the target is consistent with 

unassimilated /t/. However, as the cluster evolves, there is a sudden change after M from 

an alveolar to dental target configuration. At Release, the dental target is more anterior 

than unassimilated forms. This is not a pattern based which would be expected on 

strictly phonetic principles.

EPG Place of /t#t/
Articulation

Initial /t/ Final /t/ /t#t/ [t]
[t] c

(C losu re) (C losu re) (C losu re)

Teeth 0% 0% 0% 0%
Row 1 Front alveolar 40% 33% 20% 30%
Row 2 Mid-alveolar 60% 67% 70% 70%
Row 3 Alveolar-to- 0% 0% 10% 0%

postalveolar

Initial I x l Final /t/ /t#t/ [t]+[t]
[t] M

(Maximum) (Maximum) (Maximum)

Teeth 0% 0% 0% 0%
Row 1 Front alveolar 30% 40% 10% 20%
Row 2 Mid-alveolar 70% 50% 70% 80%
Row 3 Alveolar-to- 0% 10% 20% 0%

postalveolar

Initial I I I Final /t/ /t#t/ [t]+[t]
(Maximum) (Maximum) (Maximum) M

Teeth 10% 30% 20%
Row 1 Front alveolar 50% 60% 70% 20%
Row 2 Mid-alveolar 40% 10% 10% 80%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

Initial /t/ Final /t/ /t#t/ [t]
(R e lea se ) (R elea se ) (R e lea se ) R

Teeth 60% 70% 40% 80%
Row 1 Front alveolar 40% 30% 60% 20%
Row 2 Mid alveolar 0% 0% 0% 0%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

Table 5.15: Comparing /t#t/ and unassimilated /t/ and /t/ (Dublin speaker). [Table 2.19]

The variation in the /t#t/ cluster for the Kerry informant is shown in Table 5.16, 

overleaf In cases where the /t/ is elided, the dental stop at Closure and Release appears
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to have a more anterior target than unassimilated forms. Again, this cannot be explained 

by phonetic context. At Maximum, it is some contact on the teeth, but more is inferable 

given the instrumental technique used. There is some variability in the alveolar area. The 

slight retraction of target suggests that these elisions may be phonetological and that, at 

M, the configuration reflects both specifications of /t/ and /t/.

EPG Place of 
Articulation

/t#t/

/t/
Initial N Final /t/ /t#t/ c

[t] [t] [t]
(Closure) (Closure) (Closure)

Teeth 0% 0% 0% 20% 75%
Row 1 Dental 40% 43% 20% 60% 25%
Row 2 Alveolar 60% 43% 70% 20%
Row 3 Postalveolar 0% 14% 10%

Initial /t/ Final IV /t#t/ [t]
(Closure) (Closure) (Closure)

Teeth 20% 60% 60% 75%
Row 1 Dental 80% 40% 40% 25%
Row 2 Alveolar 0% 0% 0% 0%
Row 3 Postalveolar 0% 0% 0% 0%

Initial /t/ Final IXJ /t#t/ [t]+[t]
(Maximum) (Maximum) (Maximum) M

Teeth 10% 30% 20% 11%
Row 1 Dental 50% 60% 70% 78%
Row 2 Alveolar 40% 10% 10% 11%
Row 3 Postalveolar 0% 0% 0% 0%

Initial /t/ Final /t/ /t#t/ [t]+[t]
(Maximum) (Maximum) (Maximum) M

Teeth 0% 0% 0% 11%
Row 1 Dental 20% 43% 20% 78%
Row 2 Alveolar 60% 43% 70% 11%
Row 3 Postalveolar 20% 14% 10% 0%

Initial /t/ Final /t/ /t#t/ [t]
(R elease) (R elease) (R elease) R

Teeth 40% 60% 60% 80%
Row 1 Dental 60% 40% 40% 20%
Row 2 Alveolar 0% 0% 0% 0%
Row 3 Postalveolar 0% 0% 0% 0%

Table 5.16: Comparing /t#t/ and unassimilated /t/ and /t/ (Kerry speaker). [Table 2.20]
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Dublin: /t#t/ Clusters

•  •

•  •  •

•  •  •

/t#t/
•  • • • •

•  •  •  •

/t#t/

Repetition 1 /t#iy

•  •

Repetition 2 HUV 
• • • • • •

•  • •  •

Repetition 3 /t#t/

•  •

•  •  •  •

•  • •  •

• • ■ ■ ■ ■ •

Figure 5.22: Comparing /t#t/ to /t#t/ and /t#t/ (Dublin Informant). [Figure 2.26]
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Kerry: /t#t/ C lusters

•  • •  •

/t#t/

•  •
•  •

•  •  ■ •  •  •  
 •

Repetition 1 /t#t/
•  • •  •  •

•  •

•  •
Repetition 2 /t#t/

•  •  •
•  •  •
■ • •

•  •  •

•  •

Repetition 3 /t#t/ 
• • • • • •

•  •

•  ■ •  •

Figure 5.23: Com paring /t# t/ to /t#t/ and /t# t/ (Kerry Inform ant). [Figure 2.27]
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We will present the summary o f (phonetic) findings in Table 5.17 and a summary of 

phonetological findings in Table 5.18.

Cluster

/k#t/

/t#k/

/t#k/

/k#t/

/t#t/

/t#t/

Dublin

Kerry

Dublin

Kerry

Dublin

Kerry

Dublin

Kerry

Dublin

Kerry

Dublin

Kerry

C l

Post-palatal

Velar

Mid-Front
Alveolar

[t] Alveolar- 
Postalveolar 
[t] Alveolar- 
Postalveolar

Alveolar-
Dental

Dental

Velar-
Post-palatal

Velar

Front alveolar 
(-Dental?)

Dental

Mid Alveolar

[t] Alveolar- 
Dental

C2

Mid-back
Alveolar
Alveolar-

Postalveolar

Post-palatal

Post-palatal-
Velar

Post-palatal

Velar

Dental (at R)

Dental

Front-Mid-
Alveolar

Alveolar-
Postalveolar

Dental

Dental

Remarks

[kt] occurs 

[kt] occurs

[tk] occurs 

[tk] resisted

[tk] occurs

[tk] not found

[kt] not found 

[kt] occurs

single phonetic 
plosive

single phonetic 
plosive

single phonetic 
plosive

single phonetic 
plosive 

or
slit-t + [t][t] Dental

Table 5.17: Summary o f findings for assimilated plosives for both dialects. [Table 2.22]

The phonetological interpretation o f these findings support the proposition o f the 

existence o f non-contrastive phonetic detail which is structured. For both speakers, there 

is a contrast between a dental and alveolar stop for these otherwise similar gestures. 

Consequently, in clusters involving these sounds, it remains a requirement to distinguish 

[t] from [t]. Table 5.17 demonstrates that individual speaker strategies are in operation.
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The [kt] cluster is found in both dialects, since it is permitted both in lexical and 

postlexical fonns as is the case for other dialects o f English. The remaining clusters 

examined show variation that cannot always be attributed to phonetic or mechanical 

behaviour. For example, while both speakers have [kt] clusters, the Kerry speaker has 

[kt] while the Dublin speaker does not.

For the Dublin speaker, both [tk] and [tk] clusters are found. For the Kerry speaker, [tk] 

is found infrequently while [tk] clusters are not found. W hile it could be argued that the 

behaviour o f the Kerry speaker might reflect sequencing preference against tongue 

tip/blade to tongue dorsum articulations'"*, more than phonetic issues are at work. The 

strategies adopted by the Kerry speaker to avoid [tk] clusters, include pause insertion, 

and use o f the slit-t. Yet, the slit-t is an allophone o f /t/ and, as we have seen, can be 

specified very differently at the phonetological level. We have also seen (e.g. Table 

5.10) that [t] and slit-t have different patterns o f variability in unassimilated 

environments. However, Table 5.10 also shows that the slit-t and [t] when used in the 

Kerry speaker’s [tk] clusters show remarkable similarity in variation. Therefore, this 

suggests that the [t] and slit-t can have nearly identical specifications which resemble 

unassimilated [t]. As such, this reflects a change in the specification o f [t] at the 

interface to a setting closer to [t]. Nonetheless, the change is not random, but remains 

within the set o f articulatory possibilities available to /t/. If specifications can be 

changed at the interface, then the only possible changes should be o f  a non-contrastive 

nature. This finding hints at the ftiture development o f Phonetology, which will be 

discussed in the next chapter.

Table 5.17 shows that the /t#t/ and /t#t/ clusters are largely realised in the same manner 

for both dialects. However, further kinds o f non-contrastive differences emerge. Table 

5.18, overleaf, presents a comparison o f unassimilated and assimilated segments for both 

speakers. The table illustrates the associated targets involved, based on the range o f 

variability that was found. Consequently, the assimilated forms are evaluated as being 

more advanced, or more retracted or unchanged as compared to the ranges o f their 

unassimilated forms. For example, the assimilated [k] in /k#t/ for the Dublin speaker is 

more retracted than his unassimilated [k] forms. Items in brackets represent only

A possibility asserted by Ni Chasaide & Fitzpatrick (1995).
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marginal changes such as the Kerry speaker’s [k] in /t#k/ which is slightly more 

advanced than unassimilated [k].

Table 5.18: Comparing targets o f assimilated and unassimilated tokens across dialects.

The /k#t/ clusters for both dialects exhibit largely predictable patterns: assimilated [t] is 

more retracted that unassimilated [t]. However, [k] in /k#t/ is similar or slightly retracted 

where slight fronting might be expected. Nonetheless, phonetic processes are most likely 

responsible for this pattern. For /k#t/ clusters, the Kerry data shows similar patterns as 

/k#t/. The Dublin informant, however, shows definite retraction for the velar and 

advancing o f the dental. This is interpreted as a phonetological pattern. The variation

Elision cases excluded. However, the same patterns apply for elided forms.

/k#t/
[k]

(retracted)
(retracted)

[t]
Dublin
Kerry

retracted
retracted

/k#t/
[k]

separate, though influencedadvanced
unchanged

Dublin
Kerry

retracted
(retracted)

/t#k/

Dublin
Kerry

unchanged
(advanced)

unchanged
unchanged

/t#k/

Dublin
Kerry

unchanged
unchanged

unchanged
unchanged separate, though influenced

/t#t/

Dublin
Kerry

unchanged
advanced

unchanged
retracted

/t#t/

Dublin
Kerry

unchanged
advanced

advanced
advanced

[t]
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illustrated by these sounds is not random. Following a phonetological maxim, the 

informant appears to be attempting to keep this sounds as distinct as possible. This 

informant even produces separate velar and dental gestures (with no overlapping closure 

phases), which nonetheless exhibit coarticulatory influence over each other. There is 

indeterminacy as to whether pause insertion is phonetological in origin or not, though 

given that these are post-lexical clusters a higher level origin is more likely. 

Nonetheless, a phonetological pattern is visible with regard to the coronal stops in /k#t/ 

and /k#t/ clusters when comparing the behaviour o f the dental and alveolar components. 

These comparisons are not with respect to each other, but with respect to the target range 

articulation available to the respectively consonants. For the Dublin speaker, [t] has a 

more retracted target while [t] is more advanced; For the Kerry speaker, assimilated [t] 

has a more retracted target while [t] is unchanged. Thus, for the Dublin speaker, while 

[t] is always more retracted than [t], there is, nonetheless, more articulatory distance 

placed between [t] and [t] in these assimilated environments. The same can be said for 

the Kerry speaker, though to a lesser degree.

For both dialects, the /t#k/ and /t#k/ show virtually no differences in the articulatory 

targets available to them. However, the Kerry speaker produces separate dental and velar 

gestures, which, unlike the Dublin speaker, show similar targets to unassimilated [t] and 

[k]. While it appears that no phonetological processes are operative to further distinguish 

[t] from [t], there is nonetheless an additional pattern. The Maxim to keep sounds as 

distinct as possible operated in /k#t/ clusters but not in /k#t/ clusters.

As mentioned above. Table 5.17 largely failed to distinguish dialect treatment o f /t#t/ 

and /t#t/ clusters in terms o f speaker strategy. However, multiple distinctions can be 

made regarding the articulatory target range o f these plosives. Given that these clusters 

most often yield a single phonetic plosive, it is reasonable to predict that the [t] portion 

of the plosive be retracted and the [t] portion be more advanced. This phonetic 

prediction cannot account for the variation witnessed. Instead, phonetological principles 

are at work. In /t#t/, the Dublin targets are as expected, while Kerry [t] portion o f the 

stop has a more anterior target than usual and the [t] portion a more retracted range. 

Again, these sounds (and their perceptual cues) are, at least potentially, made more 

distinct by this behaviour. In /t#t/ clusters, Dublin [t] has a similar range to 

unassimilated [t] while, as predicted by the Maxims, [t] has a more anterior range. For 

the Kerry /t#t/, [t] is more advanced which is predictable phonetically; [t] is more
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advanced which is not predictable phonetically, but arises partially from phonetological 

principles.

5.4 A Phonetological Interpretation of Sound Change

While Phonetology is not a theory o f sound change, the methodology adopted to express 

the phonetics-phonology interface permits many areas where change could arise. For 

example, changes in strategy or changes in timing could contribute to a change in the 

underlying system. Since the slit-t phenomenon has featured prominently in this thesis, 

questions that could be posed include how and from where did the slit-t allophone arise.

A phonetological explanation must arise either from phonetological principles or 

specifications. Given that phonetological specification must encode acoustic cues, one 

possible source for the slit-t may be one o f [t]’s acoustic cues. One cue is the plosive 

burst. Extending the acoustic data o f Experiment 2, Figure 5.24 presents averaged 

spectra o f the plosive burst o f [t] compared against the averaged slit-t spectra for the 

three dialects analysed in 2.4. For each speaker, the plosive burst was measured in three 

environments, followed by [a], [i] and [u]. They are taken from words in comparable 

prosodic environments to the slit-t acoustic data e.g. “tat was the word.” The spectra are 

averaged over ten repetitions.

It is very clear that the spectra for all the plosive bursts across the three dialects are very 

similar, especially as the averages hide a degree variation. Certainly, there is much 

overlap between the slit-t and the plosive bursts for [ta], [ti] and [tu] for all speakers.

While it would require fiirther data to make this finding definitive, it would seem that 

there is a connection between the plosive burst o f [t] and the slit-t. Assuming that this is 

the case (and not an artefact of these particular informants), the phonetological view o f 

the slit-t sound change is as follows: a cue which was formally part o f a segment’s 

A f t e r  window began to be chosen as the specification o f the C o n c o m it a n t -TO window 

o f the segment. Given the phonetological assumption that speaker-specific choices are 

constantly at work in mapping phonology to phonetics, it seems appropriate to allow 

speakers to innovate phonetic changes at the level o f the interface. This possibility is 

supported in this dataset: Figure 5.24 also shows, to a certain degree, that the slit-t may 

have a different “acoustic allophone” o f the plosive burst o f /t/ as its source. The Cork
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Cork: Plosive Burst versus Slit-t
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Figure 5.24: A Com parison o f  ‘aliophonic’ plosive bursts w ith the slit-t for all 

three dialects.
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speaker’s slit-t spectra is most similar to the [ta] burst; the Dublin speaker’s slit-t is most 

similar to the [ti] spectra; and the Mayo speaker’s slit-t is most similar to the plosive burst 

o f [t] followed by [u]. These are quite likely to be speaker-specific findings...a study 

with more speakers may shed more light these our findings. Nonetheless, Phonetology 

offers the possibility to explore certain kinds o f sound change.

5.5 Conclusion

Phonetology is a model of the phonetics-phonology interface. In this chapter, we have 

applied phonetological principles to a variety o f data including the dataset o f chapter 2. 

Phonetology incorporates variation at the heart o f the specification o f units, which 

allows a single segment to be defined with a single specification. However, a single 

phonetological specification does not represent a single articulatory/acoustic possibility 

but a range o f possibilities. For instance, [t] was defined as [STOP, back]'^^®’' for the 

Dublin informant. [STOP, back]^’’®’̂ specifies a plosive articulation articulated at the 

posterior range available to A p e x . This specification encodes considerable variability 

ranging from an apical alveolar to a retracted laminal alveolar plosive.

Yet, this kind o f specification is not the only means o f expressing variability under a 

phonetological approach. The treatment o f the voicing contrast illustrated that the 

interaction o f phonetological timing windows can also account for variability. Each 

segment possesses B e f o r e , C o n c o m i t a n t - t o  and A f t e r  windows which can be 

specified with phonetological features.'^ Phonetological features have been designed to 

interact with each other to affect their phonetic interpretation. Thus, when (for instance) 

the A ft e r  and the B e f o r e  windows o f succeeding segments overlap, a feature 

combination o f both segments is produced during the overlap. The process was shown to 

allow for the characterisation o f both phonetic phenomena, such as coarticulation, and 

phonological phenomena, such contrastive secondary articulations. These phenomena 

are traditionally characterised by feature spreading (e.g. Sagey, 1986 for nasal

The specifications developed for segments are intended to specify the C o n c o m it a n t - 

TO window, which constitutes the articulatory/acoustic target. The B e f o r e  and A fter  

windows characterise transitions to and from the target specification.
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assimilation in English; Ni Chiosain, 1991, for contrastive palatalisation in Irish). As 

such, the overlap o f  phonetological timing windows and feature spreading have identical 

fiinctions. Phonetology offers a better interpretation because a range of 

articulatory/acoustic possibilities is predicted during the overlap. Traditional approaches 

offer only binary choices between presence and absence o f  phenomena. By 

incorporating variability within phonetological specification, a description compatible 

with actual speech data is achieved rather than a description o f abstract representations 

o f data. The phonetological treatment o f intervocalic /b, d, g/ for English dialects allows 

a prediction o f data that includes a range for phonetically voiceless unaspirated to 

phonetically voiced plosive.'"^

The dataset from Chapter 2 demonstrated that the slit-t could be specified either from an 

articulatory or an acoustic perspective. Consequently, Phonetology allows us to explore 

whether either the acoustic or articulatory specification should have priority. In the case 

o f the slit-t, the acoustic/articulatory definition, [FRICATIVE, (low_frequency, 

high_frequency)]^‘’̂ ’‘ (i.e. a fricative with mid frequency energy articulated with either 

the tip or blade o f the tongue) was chosen. The explicit reference to an acoustic 

characterisation was made as the slit-t exhibits less acoustic variability. While the 

specification is primarily acoustic, the articulatory specification [fricative]'^^^ ’̂ is 

sufficient to capture the articulatory variability found. The assimilation data from 

Chapter 2 demonstrates that the assimilated speech data can be captured (largely) by 

specification derived from unassimilated environments. As such, Phonetology provides 

a seamless link between phonology and speech data.

The possibility o f  an aspirated prediction for [b] is explicitly precluded by the 

specification [STOP, voiceless]concom itant-to- [p] would be defined as [STOP, 

voiceless]concom itant-to+A fter i-c. having a [voiceless] specification after release o f the stop.
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CHAPTER 6

TOWARDS A PHONOLOGICAL THEORY OF PHONETOLOGY 

6.1 Summary of the Dissertation

The genesis o f this dissertation was the treatment o f variation within a phonological 

context. Phonological approaches have tended to eschew variability in its various forms. 

Variation has not been a prime research concern in phonological theory and phonetic 

variation has often being interpreted as being beyond the scope o f  phonology. In a sense, 

the overall arc o f phonological research can be viewed like a computer program that 

compresses large files in smaller, compressed, ones. Phonology looks for patterns, 

patterns that are consistent and regular. By searching for the (largely) invariant, the 

phonetic data is, in effect, compressed. One avenue to compress the phonetic data is the 

loss o f variation. Nonetheless, variation also exists at the phonological level. Phonology, 

therefore, must include characterisation o f this kind o f variation. Yet, if  phonological 

variation were to be included within a phonological approach, then there seems no 

logical justification to exclude accounts o f at least some types o f phonetic variation.

Variability is particularly prevalent at the phonetic level. In examining the interface 

between phonetics and phonology, I have endeavoured to show that an understanding of 

detailed phonetics is required in order to shed light on individual and dialect variation. It 

is, consequently, essential that the interface between phonetics and phonology 

incorporate principled methodologies that encode variation and variability. The interface 

must, therefore, be able to describe phonological and phonetic variation. Phonetology 

was offered as a view o f the phonetics-phonology interface that embraces variability and 

provides approaches to encode variation.

Phonetic variation is, itself, a powerful tool. The variation found in the dataset o f 

Chapter 2 illustrated aspects o f articulations that are not traditionally used to characterise 

segments. As argued by Pandeli (1993), segments differ in more parameters than place, 

manner and voicing. The variability found above shows that apparently similar segments 

(i.e. the alveolar fricatives [s] and [t]) need not have the same articulatory range even 

when produced with the same articulators. Articulatory range is, therefore, a parameter
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that can be used to distinguish segments. Variation within articulatory range remains 

non-contrastive, but is structured since the variability is constrained. While it could be 

argued that this level o f phonetic detail does not need specification at the phonological 

level, at the interface this level o f detail must be specified.

The Phonetology model o f the interface includes an interpretation o f how speech is 

encoded. Three components are asserted i.e. the Structural, Timing, and Production 

Components. These components encapsulate processes that may be observed in data. 

For instance, the realisation (and range o f realisations) o f a particular segment is 

partially influenced by the number (and distribution) o f other contrastive segments, 

which is defined in the Structural Component. Realisation is also derived by settings 

stemming from the Timing Component. For example, a falling tone can be defined as a 

pitch drop temporally aligned to a vowel i.e. a vowel specification together with an align 

specifications encoding a pitch lowering.' The Production Component comprises the 

processes involved in articulation. While all components influence each other, the 

Production Component is particularly tempered by the Structural and Timing 

components since it is these components that set the targets that the Production 

Component must implement. While the Structural and Timing components both 

contribute o f segm ents’ targets, the Production Component can induce variability with 

regard to implementation strategies. The speaker, via the Production Component, can 

adopt individual articulatory strategies to achieve a particular contrast. Within a 

phonetological approach, speaker strategies are seen a major source o f variability.

Another source o f variability within Phonetology is ascribed to the Maxims. Each 

component also contains sets o f assertions that regulate the operation o f the component. 

These maxims should be viewed as requests, not as obligations. The choice o f

' The literature on tonogenesis, the development o f tone contrasts, (e.g. Haudricourt, 

1954; Hombert, 1978; Guion & Wayland, 2004) suggests a coarticulatory origin. For 

instance, High and Low tones seen as having developed from the influence o f preceding 

voiceless or voiced clusters respectively. From a phonetological point o f view, this 

pattern effect o f consonants on the pitch o f following vowels can be specified as part of 

the consonant’s A f t e r  timing window.
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implementation remains primarily with the language or dialect, or even the language 

user. For example, the maxim “to be maximally distinct to articulate” and the maxim “to 

be maximally easy to articulate.” These maxims can be seen as an interpretation o f the 

hyperspeech/hypospeech distinction o f Lindblom (see 3.5.2). I acknowledge that these 

maxims were developed with Lindblom’s work borne in mind. However, their 

formulation as maxims affords a different perspective on other phenomena and allows a 

broader interpretation o f  variation and phonological/phonetic patterns. For example, 

Irish possesses an epenthetic schwa insertion process to avoid certain clusters such as 

/gor''mV ‘blue’-^’ [gor’̂ âm'*'] and /b^oFg/ ‘stomach’ ^  [b^'oFsg’]. Thus, there is 

variability as to whether an underlying cluster is realised as a cluster phonetically. This 

behaviour can be attributed to the implementation o f the maxim “to be maximally 

distinct to articulate” as the result is consonants separated by vowels.

Traditional approaches to assimilation or coarticulation need explicit specification of 

these kinds o f effects. The use o f phonetological features obviates, at least partially, the 

need to explicitly define when and where coarticulatory effects occur. The behaviour of 

phonetological features is different to traditional distinctive features in that they may 

combine together. Combinations o f polar opposite features (e.g. [high] and [low]) allow 

the formation o f gradient specifications that are intermediate between the polar opposite 

features. For example, mid vowels were vowels partially characterised as [high, low]. 

Mid-high vowels were defined as [2high, low] i.e. higher than [high, low] vowels. These 

combinations form part o f an explicit specification, but combinations can arise through 

proximity to another specification. For instance, velarisation in Irish was defined as 

[2back]B-c-A i e. a (strong) retraction gesture fonn before, concomitant to and after (a 

primary specification). Velarised segments near high front vowels exhibit on-glides and 

off-glides. The specification o f a high front vowel, defined as [high, front], would 

temporally overlap with the [2back]B-c-A specification o f a following velarised segment. 

The resultant combination is [high, (2back, front)]. Thus, in this context, phonetological 

specification predicts the coarticulatory effect o f a transition from a high front vowel to 

a high back vowel (near [ui]) before the velarised segment. Similarly, the fronting o f a 

velar in a front vowel environment is predicted when the specification o f the velar [STOP, 

back]®°‘*̂ overlaps with the [front] specification o f the vowel. The combination [STOP, 

(back, front)]®”*̂  ̂yields a stop articulated in the mid range available to the articulator i.e. 

a palatal stop. The variability within the assimilafion data is interpreted as a combination
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o f the behaviour o f  phonetological feature specifications and the influence o f the 

Maxims.

The most important aspect o f Phonetology is that the methodologies provide a seamless 

interface from phonology to instrumental speech data, be they articulatory, acoustic or 

aerodynamic. The phonological contrasts can be used to generate phonetological 

specifications that can be compared against data. A phonetological specification can also 

be derived from data and can then be tested against other data. Thus, a phonetological 

specification can be tested and refined for data either from the same speaker or from 

another speaker o f  the same or different dialect. As variation is key to the definition of 

phonetological specification, the resultant dialect or cross-dialect specification should be 

sufficiently abstract to capture the cross-dialect differences yet sufficiently phonetically 

concrete to predict attested variability.

6.2 Directions for Further Research

The methodology o f Phonetology allows the development o f  a specification that encodes 

structured non-contrastive variation in the realisation o f a contrast. Combination of 

Data-Driven approach (which develops specifications from data) and Contrast-Driven 

approach (which produces specifications to account for the data) allows for the 

determination o f a cross-dialectal phonetological specification. Thus, specifications 

developed for one speaker can be compared or used to predict patterns for another 

speaker o f the same dialect to derive a dialect specification. This process can be repeated 

for speakers o f other dialects. The endeavour permits the cataloguing o f both inter- and 

intra-speaker variability in addition to providing a basis on which to build a 

phonological analysis. While phonetological specification is intended only to 

characterise patterns at the level o f the phonetics-phonology interface, there is ambiguity 

as to whether a cross-dialectal phonetological specification could serve as a 

phonological specification. If this is proved, it may be possible to extend phonetology to 

a phonological theory.

6.2.1 Development of the Interface

As an interface between phonetics and phonology, Phonetology is not complete. Chapter 

5 illustrated at least two inconsistencies in the phonetological treatment o f data or
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patterns. Firstly, predictions based on phonetological specifications were not always 

those found in data. This is evident for /t#t/ sequences. For the Dublin speaker o f /t/ was 

defined as [ S t o p , front]^*’̂ ’̂ and /t/ as [S t o p , back]'^^®’'. The combination yields [S t o p , 

(front, back)]'^*’®’‘ i.e. a plosive made by either the tip or blade o f the tongue targeting the 

mid region available to Apex (mid alveolar). This specification should be evident at the 

Maximum timepoint, which is (typically) about mid-way between Closure and Release. 

However, as Figure 6.1 shows, this is not the exact pattern observed.

EPG Place of /t#t/
Articulation

[t]
Initial /t/ Final /t/ /t#t/ c
(Closure) (Closure) (Closure)

Teeth 30% 40% 20% 10%
Row 1 Front alveolar 60% 60% 80% 80%
Row 2 Mid-alveolar 10% 0% 0% 10%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

[t]+[t]
Initial 1X1 Final I V /t#t/ M

(Maximum) (Maximum) (Maximum)
Teeth 10% 30% 20% 40%

Row 1 Front alveolar 50% 60% 70% 40%
Row 2 Mid-alveolar 40% 10% 10% 20%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

[t]+[t]
Initial /t/ Final /t/ /t#t/ M

(Maximum) (Maximum) (Maximum)
Teeth 0% 0% 0% 40%

Row 1 Front alveolar 30% 40% 10% 40%
Row 2 Mid-alveolar 70% 50% 70% 20%
Row 3 Alveolar-to- 0% 10% 20% 0%

postalveolar

[t]
Initial /t/ Final /t/ /t#t/ R
(Release) (Release) (Release)

Teeth 0% 0% 0% 0%
Row 1 Front alveolar 30% 40% 40% 50%
Row 2 Mid-alveolar 70% 60% 60% 50%
Row 3 Alveolar-to- 0% 0% 0% 0%

postalveolar

Table 6.1: /t#t/ and unassimilated /t/ and I x l  (Dublin speaker). [Table 2.17]
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A t timepoint M, where / t /  and /t/ specifications are likely to be simultaneously operative, 

the pattern found is closer (though not identical) to unassimilated /t/. Figure 6.1 shows 

that the range o f contact is from the teeth to the mid-alveolar area and exhibits more 

variation than [S t o p , (front, back)]^’’®’̂ would predict. The solution adopted in Chapter 5 

was to refine B e f o r e  and A ft er  windows where segments are produced with the same 

articulator, as shown in Figure 6.1.

C M R

[t] [t] + [t] [t]

CONCOMITANT-TO AFTER BEFORE CONCOMITANT-TO

window windows window
[STOP, front]'^'’®’̂ [STOP, b ack j^ ^ ^

Figure 6.1: Assimilation from a Phonetological Perspective. [Figure 5.21]

Figure 6.1 proposes a relatively short temporal overlap o f B e f o r e  and A ft e r  windows 

(i.e. where the arrows overlap). The result that the [S t o p , (front, back)]''*’̂ ’̂ specification 

applies only in transition from the [t] portion to the [t] portion o f  the stop. For individual 

repetitions the overlap may differ in duration, with some repetitions being more dental

like (i.e. remaining with a dental specification) at M while other repetitions more 

alveolar-like (i.e. having the alveolar specification) at M.

However, if  this logic applies to the other assimilation cases above (such as /k#t/),

otherwise successful accounts would be jeopardised. In /k#t/, for example, the

assumption could allow the prediction of a repetition where, at M, only a [k] closure or a 

[t] closure is to be expected. Such a prediction is highly unlikely, and suggests that the 

assumption described in Figure 6.1 above needs revision.

This same pattern for /t#t/ held for both the Dublin and Kerry speakers in the

assimilation Experiment. Further data from other informants is needed to confirm 

whether this is a problem with the specification o f these speakers or a problem of 

phonetological specification.^

2 The data need not be confined to Hiberno-English. Irish possesses contrastive alveolar 

and dental stops and contrastive palatal and velar stops. Specifications derived for Irish
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Assuming that there is a problem with phonetological specification, a potential solution 

is presented in Figure 6.2.

C M R

[t] [t] + [t] [t]

B e f o r e

window
C o n c o m it a n t -TO 

window
A ft e r

window

[STOP, front]''*’̂ ’'

[s t o p , back]'^’’®’̂

Figure 6.2: Revised Interpretation of Assimilation.

A  revised interpretation o f /t#t/ is shown Figure 6.2. The C o n c o m i t a n t -TO windows are 

totally overlapped since the phonetic output is a single phonetic plosive. The B e fo r e  

window o f [t] specifies the initial part o f this plosive and the A f t e r  window of [t] 

characterises the latter portion o f the plosive. Where specifications overlap the result is 

[STOP, front]'^P^’‘ u  [STOP, back]'^P“  i.e. both [s t o p , front]'^‘’®’‘ and [s t o p , back]'^'’®’' 

realisation are present. This is consistent with the findings for M in Table 6.1, though the 

dental specification is more dominant.^ This revised interpretation o f  assimilation 

remains to be substantiated with further data.

have, o f course, no bearing on the settings in Hiberno-English. However, should 

specifications o f alveolar-to-dental or palatal-to-velar assimilations encounter similar 

difficulties in phonetological specification, then the combination o f phonetological 

features may be revised.

 ̂ O f the ten repetitions o f /t#t/ (for the Dublin speaker), seven repetitions showed a range 

typical o f unassimilated dentals and three repetitions a range resembling unassimilated 

alveolars at the M timepoint. For the Kerry speaker, at M, six repetitions have a range 

resembling unassimilated alveolars, two more like that o f dentals and two repetitions are 

ambiguous (and could be described as [STOP, (front, back)]''^*’®’').
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The second inconsistency highlighted by Chapter 5 again concerns the timing windows. 

In particular, the phonetological treatment of the voicing contrast was illustrated by the 

various realisations of phonologically voiced stops in English. Figure 6.3 shows again 

the various realisation possibilities of an intervocalic and underlyingly voiced stop 

which range from a voiceless unaspirated stop to a fully voiced stop (in English).

V I C I V
o <u

A ft er

window
[voiced]

(a)

CONCOMITANT-TO
window

[voiceless]

B e f o r e

window
[voiced]

w

(b)

(c)

(d)
^ ----------- ►

Figure 6.3: Voicing Realisations in VCV sequences o f phonologically voiced plosives in 

English.

Figure 6.3 presents a phonetological treatment of voicing variation for intervocalic, 

phonologically voiced stops in English based on the temporal overlap of the A ft er  and 

B e f o r e  windows of preceding or following vowels. A  wavy line indicates phonetic 

voicing and a dashed line voicelessness. The stop itself is defined [voiceless] since 

phonetic voicing is often absent in the so-called “voiced” stops of English. Phonetic 

voicing is optional for /b, d, g/ in English. The variability in realisation for voicing in 

these stops is characterised by the various degrees of overlap o f BEFORE and A ft er  

windows of the stop and the surrounding vowels. The combination of [voiceless] and 

[voiced] (from the vowels’ specifications) yield transitions from voicing to voicelessness
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and vice versa. The least convincing case is 6.3d, where a fully voiced stop has a 

[voiceless] specification. It was argued, however, that 6.3d is consistent with an 

instrumentally attested pattern: a fully voiced stop with strong vocal fold vibration 

initially, decreasing towards the (temporal) middle o f the stop, and becoming stronger 

toward release o f the stop.

As currently defined, A f t e r  and B e f o r e  specifications are coded in the same way as 

CONCOMITANT-TO windows and that specifications o f these windows are always 

achieved. However, the B e f o r e  window could be viewed as the start o f a gesture which 

is not fully achieved until the CONCOMITANT-TO window and the effects o f the gesture 

are carried over into the next gesture in the A f t e r  window (c f  Fowler & Saltzman, 

1993). The A f t e r  and B e f o r e  specifications can be viewed, themselves, as transitions. 

This transition property might be captured using gradient phonetological features 

transitioning to a ‘fu ll’ value during the CONCOMITANT'TO window and transitioning to 

zero at the end o f an A ft e r  window. Returning to 6.2d, the behaviour o f  A ft er  and 

B e f o r e  specifications together with the [voiceless] specification o f the stop could yield 

the attested phonetic pattern. Using gradient phonetological features, during the A ft er  

window of the first vowel, the [voiced] feature transitions from a full value at the 

beginning o f the CONCOMITANT-TO window to a zero value at the end o f the A ft er  

window. Assuming a four step transition, [voiced] transitions to [(0.75)voiced] to 

[(0.5)voiced)] to [(0.25)voiced] to [(O)voiced]. When combined with the [voiceless] 

feature o f the stop’s specification, a transition to progressively less and less voicing is 

predicted. Gradient phonetological features may be needed where particularly fine

grained phenomena are being described such as voice quality differences.

The phonetological representation o f suprasegmental entities like intonation also remains 

to be investigated. The phonological treatment o f prosody is by no means trivial, as 

Fox (2002) shows. Phonetological specifications like [high_pitch] and [low_pitch] could 

be used to set pitch targets, and when combined with timing settings could specify pitch 

accents. Yet, Dalton (forthcoming) demonstrates that the phonetic analysis o f prosody is 

equally complex, particularly where no previous analyses are available. Dialect variation 

in prosodic patterns is often in terms o f the relative timing o f tonal alignment to the 

segmental structure. (Ladd, Mennen & Schepman, 2000). The phonetological treatment 

o f timing may, again, need revision to cater for prosodic patterns.
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6.2.2 Development of Phonetology as a Phonological Theory

While offered as a model of the phonetics-phonology interface, a development of 

Phonetoiogy may be toward a phonological theory. At the interface, the distinction 

between phonology and phonetics is not clear-cut. As a phonological theory, no 

distinction between phonetics and phonology would be fundamental claim. Certainly, 

phonological theories are now incorporating more and more phonetic principles, as the 

van de Weijer, van Heuven & van der Hulst (2003a,b) volumes attest. Phonetology 

would not be the only phonological theory abandoning a phonetics-phonology 

distinction. For instance, Griffen (1985: 73) claims “the very distinction between 

phoneme and allophone is vacuous.” The distinction may not be absolutely necessary for 

the language user since the Maxims mandate (in various forms) difference without 

reference to underlying or surface distinctions.

It is not immediately clear where Phonetology would fit within grammar. A 

phonological theory is not simply about phonetics and phonology but is part o f an 

enterprise seeking to integrate the description o f phonetics/phonology with descriptions 

o f syntax and the lexicon. As an interface, Phonetology operates after syntactic, 

morphological and phonological process operated. Considering Lexical Phonology (see 

3.5.3.1), cyclic phonological rules are argued to apply within the lexicon. This suggests 

the Phonetology would apply in an omnipresent fashion. While this is not an 

immediately obvious assumption to make, if  true there should be phonetological 

principles be in operation within syntax or the lexicon. An avenue o f exploration is, for 

example, whether there exists syntactic maxims that shape choice o f syntactic structure. 

Kaisse (1985) is a testament to how profoundly phonology/phonetics permeates 

syntactic structure. A primary phonetic correlate o f syntactic structure is intonation 

which, as mentioned above, is one of the most difficult suprasegmental entities to 

describe either from a phonetic or a phonological perspective. Fretheim (1991) discusses 

a reduction process, occurring in colloquial Norwegian, whereby two consecutive 

intonational phrases are truncated and blended into a single intonational unit. Fretheim 

(1991) decides that there are pragmatic conditions which licence the fusion o f these 

units. Phonetological maxims may, then, offer a route for future investigation.

Key to a phonetological treatment o f any structure is variation. A phonetological 

interpretation o f the language system is that every individual has a unique system.
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Another speaker with the same dialect shares the majority o f contrasts and strategies to 

implement them. Consequently, within-dialect speakers ought to manifest similar 

patterns o f variation: this remains to be proven and would require a study with more 

informants. In a wider interpretation for the phonological theory o f Phonetology, 

contrasts need not solely be phonological but could include potential syntactic options 

(e.g. movement rule versus periphrastic phrase).

Equally important to a phonetological treatment are the strategies adopted by speakers. 

Considering solely phonological contrasts, the Contrast-Driven and Data-Driven 

approaches will need to be revised to cater for the larger endeavour o f a phonological 

theory. As currently conceived, the approaches develop specifications which can predict 

phonetic patterns for different speakers and can highlight different strategies adopted by 

them. As this methodology is applied to further within-dialect speakers, the specification 

may become more abstract. This possibility becomes likely when multiple speakers and 

multiple dialects are considered. This approach implicitly asserts that speakers o f a 

language share a common underlying form and that variation occurs only on 

implementation o f contrasts. Clearly, such an assumption is simplistic. Phonetology may 

encounter the same kinds o f problems that befell Structural Dialectology (see 3.3), 

especially when dialects possess different contrasts. In addressing an underlying 

structure which embraces dialect diversity, refined definitions o f dialect and language 

may be required for a phonetological approach. A preliminary definition for language 

would be a system where speakers share broadly similar contrasts and broadly similar 

strategies to implement them. Dialects, then, might (linguistically) be defined as a 

collection o f speakers which share the same contrasts and similar strategies to realise 

them. Definitions expressed in this manner are amenable to testing with data. By doing 

so, Phonetology, as a phonological theory, should remain true to variation found in both 

phonological and phonetic patterns.

W hether or not Phonetology can be developed into a phonological theory, it is clear that 

the dominant phonological theories are increasingly acknowledging the need to be close 

to the phonetics. As an interface, Phonetology provides a bridge between phonological 

theories and actual speech data, instead o f abstract representations like transcriptions. 

Linking phonology directly to speech data allows an avenue to test whether 

phonological approaches can fiilly cater for the variety o f speech data. Phonetology is.
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consequently, a complementary tool to aid the explanatory power o f phonology. Since 

phonetological features are codable in terms than that could run a synthesiser^, 

phonology together with phonetology can drive a synthesiser to deliver actual (acoustic) 

output. Using perception tests o f the resultant output, phonetology provides a means of 

testing phonological theories or between competing analyses. Consequently, 

Phonetology provides a methodology for interfacing with quantitative experimental data 

as well as speech technology, which will be Phonetology’s ultimate testing ground.

Linking speech data directly to phonology allows the exploration o f how much phonetic 

patterns can be incorporated into phonological theory. The structured but non- 

contrastive variation, as exemplified in this thesis, is a pattern that cannot be catered for 

in standard phonology. Variation, then, will be increasingly important factor that must 

be incorporated into phonological theories. Phonetology embraces variation and the 

explanatory role variation possesses for our understanding o f articulation and how 

contrasts are articulated. Moreover, since variability is encoded in feature specifications 

as well as in speaker strategies to realise contrasts, variation is seen to arise from the 

individual. Once variation within the linguistic system can be attributed to the 

individual, we are in an improved position to consider variation from a social 

perspective.

 ̂ For instance, the Klsyn88a formant synthesiser (Klatt, 1987; Klatt & Klatt, 1990) or 

HLSyn (Stevens & Bickley, 1991; Williams, Stevens & Bickley, 1992).
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AFTERWORD

After the Dawn, you can see through it a ll...

.but only with a fiinctional cognitive immune system.


