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1.8 Summary (Zusammenfassung)

Our general aim in this proposal, which also forms part of a central goal of phonetics, phonology is to separate those aspects of speech sound production which are particular to a language, or language group, from universals which tend to be found in all languages.  The more specific focus is an analysis of the coordination of consonant clusters in the Northern Australian language Bininj Gun-Wok using dynamic electropalatography which measures where the tongue contacts the roof of the mouth as a function of time. This analysis from five native speakers of this language will be used to address two principal issues. Firstly, we will investigate whether the instability and variability of syllable-final consonants that has been found in many European languages is also found in  Bininj Gun-Wok. Secondly, we analyse whether, as has been found for English and Catalan, a consonant that exerts a strong influence on a neighbouring consonant is also resistant to modifications induced by other consonants. An analysis of Bininj Gun-Wok can shed new light on these issues both because it has such a very rich set of place of articulation contrasts within the oral and nasal stop series and because unlike European languages, Australian languages show synchronic and  diachronic lenition and deletion of syllable-initial rather than syllable-final consonants. 

2. State of the art (Stand der Forschung, Eigene Vorarbeiten) 

2.1 Stand der Forschung

2.1.1 Introduction and overview. 
Four related sets of studies form the background to this study and specifically to the first 2-year stage for which funds are requested in the present proposal. Firstly, we review the existing diachronic and synchronic analyses showing that syllable-final consonants (codae) in English and some other European languages are more unstable and variable than syllable-initial consonants (onsets). Secondly, we consider whether the phonological organisation of the language has a bearing on whether assimilation in consonant clusters is categorical or gradient. The third part of the review focuses on the extent to which the spatial and temporal overlap of consonants is influenced by their physiological properties. This part of the review is particularly concerned with the degree-of-articulatory constraints model in which it is claimed that the physiological properties of consonant production create a link between a consonant’s resistance to,  and dominance of,  neighbouring consonants. The fourth part of the review considers phonetic and phonological processes of  consonant clusters in Australian languages, with a particular emphasis on how their experimental analysis is relevant to extending a model of  the temporal coordination and spatial overlap of consonants at word boundaries.

2.1.2 The instability of syllable and word-final consonants. There is extensive diachronic evidence, primarily from European languages, that syllable-final consonants are inherently more unstable than syllable-initial ones (Martinet, 1955;  Hock, 1991, 1992; Vennemann, 1993). Consonant loss (e.g., Latin 'septem' > French 'sept'; Latin 'ursum' > Spanish 'oso') is more common syllable-finally than initially and similar processes of syllable-final consonant loss and attrition are attested for non-European languages (Chen, 1972; Hooper, 1976). Consonant strengthening, by which approximants become fricatives or stops (e.g., Latin [wiwo] > Spanish [bio]) is much  more common in syllable-initial than syllable-final position (Foley; 1977; Vennemann, 1972). Phonemic neutralisation is  more common in syllable-final than in syllable-initial position. (Greenberg, 1965; Bell, 1971; Hooper, 1976 for Spanish) and many languages have a richer inventory of phonemic contrasts in syllable-initial than in syllable-final position (Hooper, 1976). Diachronic assimilatory changes  are much more likely to be anticipatory (e.g. Latin 'ad+plicare' > Italian, 'applicare') than  perseverative. As Ohala (1990) comments: “Certainly the reverse direction of [diachronic] assimilation is also found but it decidedly less common”. 


Various types of experimental investigation have been shown to be compatible with these types of phonological change.   The results of an electropalotographic study of C1#C2 consonants by Byrd (1996) generally showed more variability and spatial reduction for the C1 coda consonant than the C2 onset consonant and also that C1 was overlapped more by C2 than the other way round (see also Byrd & Tan, 1996). Fromkin (1965), Krakow (1989) and Browman & Goldstein (1992, 1995) had earlier reported similar findings for labials and coronals and more recently Recasens & Pallarès (2001) have shown similar trends in an electropalatographic study of consonant clusters in Catalan. 


A number of analyses by Keating and her Colleagues (e.g., Keating et al., in press; Fougeron, 2001; Fougeron & Keating, 1997) using mostly electropalatographic techniques have shown that consonants at the onset of high prosodic domains are phonetically stronger than those that are either  not onset-initial and/or lower down the prosodic hierarchy. The articulatory correlate of greater phonetic strength is the surface area of electropalatographic contact in consonants such as /t/ or /n/. The general argument is that  the inherent difference in phonetic strength between coda and onset consonants is magnified when the consonant is in a high prosodic domain (such as at the beginning of a intonational phrase) compared with a low prosodic domain (phrase-medially and syllable-initially). These results have been demonstrated for English, French and Korean, but not for Taiwanese (Keating et al, in press).


There is also considerable experimental evidence showing that synchronic assimilation is predominantly anticipatory, i.e. that in a VC1C2V sequence, C1 is more likely to change to C2 rather than perseverative, in which C2 changes under the influence of C1. With reference to the earlier German example, while ‘Flu[g] kam’ is a likely and possible production for ‘Flut kam’, a change of consonant place of articulation such as  (S. German) 'zwangig [K]eller' for ‘zwanzig  Teller' is unattested and indeed very unlikely, even at a fast rate of speech production. The precise reasons for this difference in the direction of assimilation remain unclear. According to Ohala (1990) and Ohala & Kawasaki (1984) there is an auditory explanation: since C2 syllable-initial consonants tend to be auditorily more salient than C1 syllable-final consonants they can  mask perceptually the C1 place of articulation. There is some experimental evidence in support of this view. When  a syllable-final VC is spliced onto a syllable-initial CV to create a VC1C2V sequence, where C1 and C2 are oral stops and have different places of articulation (e.g /atka/) , then if the closure duration is shortened, listeners are much more likely to hear  a single consonant whose place of articulation is  that of C2 and rarely of C1 (Wang, 1959; Malécot, 1956, Repp 1978; Fujimura et al, 1978; Streeter & Nigro, 1979; Schouton & Pols, 1983).

2.1.3 Assimilation as a category change or gestural overlap. A number of studies have sought to investigate the extent to which assimilation involves a categorical change or a gradient gestural overlap. Experiments primarily with electropalatography have shown that even the most extreme forms of alveolar-to-velar assimilation show some evidence of  the supposedly deleted alveolar, either as a residual tongue-tip gesture, or else as subtle quality differences in the preceding vowel: consequently,  'leg covered' and 'lead covered' usually remain articulatorily and perceptually distinct (Nolan, 1992). Because of this, it has been suggested that lexical phonological rules, which  are typically couched in terms of autosegmental representations (Clements, 1985) and a categorical feature delinking and relinking (Perlmutter, 1995; Rubach, 1995) of nodes are inappropriate for modelling assimilation. Instead, these types of  gradient assimilation are modelled in terms of Browman & Goldstein's (1992, 1995)  articulatory gestural overlap model (e.g., Ellis & Hardcastle, 2002;  Hardcastle, 1994; Wright & Kerswill, 1989; Zsiga, 1994; 1995; 1997) or else gradient assimilation is assumed to arise at a level of phonetic representation that is 'under the speaker's control' (Nolan, 1992; see also Barry, 1991, 1992) and which might also be an appropriate level at which  to model the way in which assimilation varies between languages and dialects.

On the other hand, there is also experimental evidence showing that assimilation can be complete (e.g., Ellis & Hardcastle, 2002; Holst & Nolan, 1995; Nolan, Holst & Kühnert, 1996; Kühnert, 1996) or categorical in some languages. Thus Ladd & Scobbie (in press) for Sardinian and Jun (1996) for Korean have all provided experimental evidence for categorical assimilation; Jun (1996) in particular argues against the idea that assimilation can be appropriately explained in terms of Browman & Goldstein’s model of gestural overlap. 

Cutler & Otake’s (1998)  perception experiment Dutch and Japanese shows that the type of assimilation may be strongly dependent on the phonological structure of a language. In their analysis, they had Dutch and Japanese speakers produce blends from word-pairs which would result in a potential assimilation site (e.g. for Dutch: 'Zondorp' + 'Veepal'  >  'Zonpaal' with /np/ as an assimilation site; for Japanese: 'Rundo' and 'Makapa'  > 'Runkapa' with /nk/ as a potential assimilation site). Their auditory analysis suggested that Dutch tended not to assimilate the /n/ to the place of articulation of the following consonant, whereas in Japanese speakers always assimilated the /n/. Their explanation of these differences is that the potential for assimilation is governed by the phonology of the language. In Dutch, lexical items can have both homorganic and heterorganic (e.g. Dutch ‘hemt’, shirt) consonant sequences, whereas Japanese speakers can only produce homorganic clusters at assimilation sites because all Japanese consonant clusters are obligatorily lexically homorganic. Their study has recently been replicated using electropalatography of blends in English and Japanese by Stephenson & Harrington (2002a, b).

2.1.4 Articulatory strength and consonant overlap. A number of studies are concerned with analysing which combinations of consonant types are most likely to result in temporal or spatial overlap or complete assimilation. Many of theses studies, both impressionistic and experimental, have shown that word-final alveolars are  most likely to undergo deletion or assimilation when followed by another consonant (Gimson, 1962; Kohler, 1975; Guy, 1980; Avery & Rice, 1989; Paradis & Prunet, 1991). Experimental studies also show that an alveolar consonant is overlapped considerably more by a dorsal consonant when the alveolar is in word- or syllable-final position The reasons for this are still unclear. Hardcastle & Roach (1979) propose an articulatory explanation based on the idea that a [tk] movement is simpler. They reason that only  a single tongue muscle is needed to raise the back of the tongue whereas in [kt] two muscles are needed to reposition the tongue upwards and forwards. Barry (1992) does not believe that this phenomenon should be couched in terms of  the difficulty of articulating coronals, but is instead related to 'the ease with which the execution of a coronal may be interrupted'. He proposes that  the tongue tip can be modelled as  an inherently massless articulatory subsystem in a task dynamics model and that this favours its interruption in final position. Byrd (1992) prefers an acoustic-perceptual explanation: word-final alveolars have very weak acoustic cues and so the further weakening of an alveolar in final position would not entail a great deal of loss of information for the listener (see also Kohler, 1992). However,  as Byrd also comments: 'In order to resolve the question of whether alveolar reduction is purely a mechanical phenomenon, dynamic articulatory data from a variety of languages must be considered'.

Beyond the specific question of alveolar instability, Browman & Goldstein (1992, 1995) and Fowler & Saltzman (1993) propose a  more general model that is based on articulatory strength and coarticulatory resistance (Bladon & Al-Bamerni, 1976). In this model, consonants that resist coarticulation such as a dark or velarised realisation of syllable-final /l/ in English should also exert most coarticulation on neighbouring segments. The task in speech production modelling is therefore to work out indices of articulatory strengths from which the phonetic output of consonants (or more generally segments) in combination can be derived. 

This framework is at the core of the degree of articulatory constraints (DAC) model developed from physiological data by Recasens in a number of studies and that has most recently been applied  to consonant clusters at word boundaries (Recasens, 2002;  Recasens, Pallarès and Fontdevila, 1997; Recasens & Pallarès, 1999, 2001) in Catalan. Their findings provide some support for this relationship between coarticulation resistance and dominance. For example, the Catalan alveolar trill /r/ and the fricatives /s/ and // do not adapt to the consonant context in clusters, while other consonants adapt to them (Recasens & Pallarès, 2001). For Recasens, an inherently physiological explanation is at the core of this relationship: /r s / all require very precise articulatory positioning in order to meet the complex aerodynamic requirements to sustain trilling or frication and so they are assigned a high DAC value. Beyond /r s /, Recasens & Pallarès (2001) provide some evidence that palatal consonants / / are more likely to accommodate to a  velarised /l/ in which the conflict is between raising and fronting the tongue dorsum for the former and retracting and lowering it for the latter. 

2.1.5 The Phonology of Australian Languages and Bininj Gun-Wok. The indigenous languages of Australia probably form a single genetic phylum and there is no evidence for genetic relationships with languages outside Australia (Evans, 1995). 7/8th of Australia is occupied by languages of the Pama-Nyungan family which are generally dependent marking using only suffixes; Non-Pama-Nyungan (NPN) languages, spoken in Northern Australia, are head marking and use both suffixes and prefixes. 

Australian languages show a remarkable homogeneity in their phonological inventories - far more than in their grammar or lexicon. (Dixon, 1980; Busby, 1980, Yallop, 1982).  They are also strikingly different from those of the majority of the world’s languages, with up to seven places of articulation amongst the stop and nasal series but often no more than three contrastive vowel qualities. Another remarkable characteristic of Australian languages is that only a minority have a contrast based either on degree of articulatory stricture (stops versus fricatives) or on the timing of vocal fold vibration (voiced versus voiceless). The consonant inventories of Australian languages, with typically 70% sonorants and only 30% obstruents, have precisely the opposite proportion of sonorants to obstruents to that proposed by Lindblom & Maddieson (1988) as being the norm amongst the languages of the world. 

Another major difference compared with European languages, and one that is directly relevant to the present proposal, is that there is no evidence that consonants are stronger word-initially in Australian languages,  neither from synchronic nor diachronic phonological considerations nor from  the very limited amount of available experimental data. The diachronic loss and/or lenition of word-initial consonants is common in Australian languages and has occurred independently in the languages of Cape York Peninsula (Hale, 1976;  Sommer, 1970, 1981) and the Arandic languages of Central Australia (Dixon, 1980). This loss of word-initial consonants is evident when word-forms of related languages are compared: for example,  Central Australian Warlpiri: /mpa/
, but Kaititj, // 
(‘wife’s brother’); Diyari /kuna/, but Arrernte /atne/ (‘guts’). In some Australian languages, diachronic word-initial consonant loss has given rise to the Central Australian language  Arrernte that has been argued to have a basic VC shape (Breen & Pelsafini, 1999) thereby contradicting the supposed universal that all languages have CV syllables.

Other evidence supports the view that initial consonants in Australian languages are weak. With very few exceptions (e.g., Mpakwithi in N.E. Queensland), the maximum coda in Australian languages is more complex than the maximum initial: thus many Australian languages contrast homorganic and heterorganic clusters in the coda but have only singleton consonants in the onset (Evans, 1995).  Neutralisations, involving in particular a collapse of the alveolar/retroflex categories are common  syllable-initially, but not in the syllable coda. Finally,  there is experimental evidence from studies of connected speech by Butcher (1996a) that Australian languages conspicuously fail to show anticipatory assimilation of place of articulation, which  in English and other Germanic languages, has been attributed in part to the relative weakness of the coda consonant (see 2.1.2). 

One of the motivations for studying the non-Pama-Nyungan language Bininj Gun-Wok (formerly generally known as Gunwinygu or Kunwinjku) is that it contains a rich set of consonant clusters in the coda that give rise to many types of place of articulation combinations across word-boundaries. Bininj Gun-Wok belongs to the  Gunwingguan family that also includes Gun-djeyhmi, Kunbarlang, Rembarrnga, Ngandi, Ngalakan, Jawoyn, Warray, Kungarakany and Wagiman (see Evans, 1997a, 1997b, in press). Bininj Gun-Wok (henceforth BGW) is spoken by over 3,000 people in Western Arnhem Land, not all of whom would claim to be of Kunwinjku descent. It was originally spoken by people living between the East Alligator and Liverpool Rivers. The southern dialect, now spoken in Kakadu National Park, is known as Mayali or Gun-jeyhmi. The largest group of western Kunwinjku speakers now live at Gunbalanya (Oenpelli). Eastern dialects, such as those spoken at Maningrida and its outstations, are sometimes known as Kuninjku. 

Table 1 shows  the phonemic consonant and vowel inventories for BGW.  Using conventions that are commonly adopted in work on Australian languages, consonants can be grouped into peripheral or non-coronal  (bilabial and velar), apical (apico-alveolar, and apico-postalveolar), laminal (lamino-palatal) and glottal  place of articulation categories (Evans, 1995).  As in many Australian languages,  there is no phonemic  contrast between stops and fricatives.  BGW also has  a lenis/fortis opposition that is manifested as a length contrast. This oppostion is only occurs either intervocalically (e.g., /kukun/, ‘on the right’; /kuk:u/, ‘water’) or else between an approximant and a vowel (e.g., /kanpalc:a/, ‘catfish’). Diachronically, some of these geminate stops developed from a progressive (carry-over) assimilation of place of articulation, which provides further evidence for the relative strength of coda consonants over onset consonants: for example, /koc:ejo/ (‘sleep’) is etymologically derived from /koc+kejo/ (where + is a morpheme boundary), with the result that /c+k/ changes progressively to /c:/ (Evans, in press).

Glottal stops only occur syllable finally, and /r/ is never word-initial. Phonetically,  the alveolars are truly apical and alveolar, the postalveolars are typically sublaminal and postalveolar; and the palatal is  tip-down, laminal postalveolar.  BGW has five contrasting vowels, two high /i u/, two mid /e o/ and one central open /a/. 
	
	
	Place of Articulation

	
	
	Peripheral
	Apico-
	Lamino-
	Glottal

	
	
	Bilabial
	Velar
	Alveolar
	Retroflex
	palatal
	

	Manner of Articulation
	Short stop
	
	
	
	

	
	

	
	Long stop
	p:
	k:
	t:
	:
	c:
	

	
	Nasal
	

	
	
	
	
	

	
	Lateral
	
	
	
	
	
	

	
	Rhotic
	
	
	
	
	
	

	
	Semi-vowel
	
	
	
	
	
	


Table I: Consonant phonemes in Bininj Gun-Wok

There are arguments for treating retroflexion as an autosegment that is associated with the syllable. This is because all apicals in the same syllable must agree in retroflexion (so /na, /at/ or /an/ are excluded). Successive open syllables must also agree in retroflexion (excluding e.g.,  /taa/). Laterals are one of the exceptions to this principle (e.g.,  /koele/, 'lizard'). The other exception is due to progressive assimilation at morpheme boundaries. Thus when  /u:u/ (heart) is prefixed by /kun/, the result is according to Evans (in press) /kuntu:u/, in which the initial retroflex of 'heart' assimilates to an alveolar due to the preceding /n/.
The basic syllable structure in BGW  is C V (Liquid or Glide) (Nasal) (Stop), where the bracketing means optional;  the maximum syllable is therefore CVCCC (e.g., /na-kur/, ‘son-in-law’, vocative). Apart from a few exceptions, all morphemes begin with a single consonant. The exception, which is again relevant to the idea that onset consonants may be weaker than in many European languages, is that word-initial // may be dropped in some BGW dialects. Within those BGW dialects that  can drop initial //, prosodic context plays a role: according to Evans (in press) initial // dropping is most likely at the beginning of a breath-group, i.e. just the position in which consonants have been reported to be strengthened and/or produced with greater stricture in several languages (Keating et al, in press, Fougeron, 2001). 

Morpheme-internally, any permissible syllable-final cluster can precede any permissible syllable-initial consonant except /r/ which gives rise to a very large number of consonant clusters (estimated at 631 by Evans, in press) across word boundaries.  The only attested word-internal 4-consonant cluster is /kerkere/ (‘new’). Across morpheme boundaries, the productivity of compounding is such that it is possible to construct examples of almost any three-consonant cluster across boundaries and some four-consonant sequences as well.

Lexical stress assignment is complex and depends in part on morpheme boundaries. It may also  be quantity-sensitive,  but there has been insufficient research in BGW and more generally in Australian languages on separating lexical from phrasal stress (Butcher & Harrington, 2003; Fletcher & Evans, in press). Some recent studies  suggest that phrasal stress in BGW  tends to be located on the final, penultimate, or antepenultimate syllable of intonational phrases (Fletcher and Evans, 2000; Bishop and Fletcher, in press). This phrasal melody has been well-documented for other varieties of BGW (Bishop and Fletcher, in press, Fletcher and Evans, 2000; Bishop, 2002). Pitch accents can anchor to more than one metrically strong syllable within the word: a single morphosyntactic word may carry two to three pitch accents. There is little evidence that BGW shifts phrasal stress to produce different pragmatic interpretations of an utterance, unlike in many other intonation languages. 

As is typical for Australian languages, impressionistic studies based of field transcriptions are not well supported by experimental analysis.  There have been only a handful of articulatory studies of any Australian language in recent years (e.g., Butcher, 1992, 1994, 1995, 1996a, b; Blight et al., 1996; Tabain & Butcher, 1999; Butcher & Harrington, 2003). None of the experimental analyses has focused on a phonetic analysis of consonant clusters in Australian languages, and the only experimental analyses that are available for Bininj Gun-Wok are acoustic studies of intonation and prosody by Fletcher and Colleagues (Bishop & Fletcher, in press; Fletcher & Evans, 2000; Fletcher & Evans, in press).
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2.2 Preliminary work, Progress report (Eigene Vorarbeiten, Arbeitsbericht)

2.2.1 Electropalatographic studies of assimilation in English and Japanese. The general hypothesis that links our preliminary investigations in Stephenson & Harrington (2002a, b) to the present proposal is that the potential for a heterorganic consonant cluster at word boundaries to become homorganic (e.g., /t#k/ -> /k#k/ in ‘Flut kam’ -> ‘Flug kam’) is governed in part by the extent to which homorganic and heterorganic consonant clusters are distinguished in the lexicon. The experimental evidence for this comes from a perception experiment by Otake & Cutler (1998) who showed that Japanese speakers obligatorily assimilated alveolar+velar and alveolar+labial clusters at word boundaries when they were asked to produce word blends in which the first part of the blend ended in an alveolar and the second part began with a labial or velar. Dutch speakers did not assimilate the alveolar in an equivalent task. Their reasoning for this language-specific difference was that word-internally Japanese consonant clusters are obligatorily homorganic (e.g., ‘bento’, ‘tempura’) but not in Dutch (e.g., ‘hemt’, ‘shirt’). 


In Stephenson & Harrington (2002a,b), we reevaluated this hypothesis with an electropalatographic experiment of similar kinds of word blends as in Otake & Cutler (1998) but more closely matched for context. Our three (Australian) English subjects heard two hypothetical town names such as ‘Randon’ + ‘Hawcourt’ and created a blend ‘Rancourt’ from these. The issue here is whether the /n/ assimilates to an // in the blend and we assessed this by comparing it with the ‘Rangcourt’ that was derived from 'ranggall' + 'seecourt' in which the blended consonant was necessarily velar (since the first syllable of the input word ‘Rang’ ends in a velar). We carried out an exactly parallel electropalatographic experiment with Japanese subjects producing Japanese blends (e.g., /tan+kawa/ from /tandama/ + /akikawa/). 

Compatibly with Otake & Cutler (1998), there was obligatory assimilation in the blend in Japanese. Our English subjects showed variable, gradient and partial assimilation. That is very often, the blended consonant was intermediate between alveolar and velar. We also showed that when there was full assimilation in the alveolar+velar sequence, it was not always produced as far back as a velar nasal in the control. For example, if the /n/ assimilated in ‘Rancourt’, the tongue dorsum was slightly further forward than in ‘Rangcourt’, suggesting that a trace of the alveolar+velar was sometimes preserved in the phonetic output, even when there was no alveolar contact.  

These investigations are precursors to the present proposal because together they will allow us to contrast the extent of consonant coproduction at word boundaries in languages that have three very different cluster types word-internally. The differences can be summarised as follows. English can have heterorganic consonant clusters but these usually occur across a morpheme boundary (‘bumped’, ‘sunglasses’) and there are very few word pairs whose distinction is based on a difference between  homorganic and heterorganic consonant clusters for the same manner classes (e.g., ‘ramped’ , /ram(p)t/  vs. ‘rant’ /rant/). Japanese by contrast disallows heterorganic clusters in the lexicon. Australian languages are unlike either English or Japanese because lexically homorganic and heterorganic clusters are contrastive (e.g., /kinki/ vs. /kiki/ in Warlpiri). If word-internal phonotactic constraints influence the coproduction of consonants at word-boundaries, we can predict that in English assimilation is partial and gradient because, while the homorganic/heterorganic distinction is lexically possible, it tends not to be contrastive; in Japanese, assimilation is obligatory (because heterorganic clusters are disallowed); and in languages like Warlpiri and Bininj Gun-Wok, assimilation at word-boundaries may be much less likely to occur than in English, precisely because the homorganic/heterorganic distinction is lexically contrastive. The general aim then, of  our electropalatographic experiments in English, Japanese, Warlpiri and Bininj Gun-Wok, is to demonstrate the way in which phonetic output is shaped in languages with very different types of phonology.

2.2.2 An instrumental analysis of focus and juncture in Warlpiri. Butcher & Harrington (2003) carried out acoustic and movement (tongue lips and jaw) analysis of four speakers of Warlpiri, an Australian languages spoken in Yuendemu about 400 km North-West of Alice Springs. The aim of the experiment was to investigate contrasts at two levels: between phrase-initial/focused and phrase-final/unfocused words; and between two phonemically equivalent lexical-items that either spanned a full word word-boundary (/kuju#puu/, 'killed the animal') or that were separated by a morpheme boundary in a compound (/kuju+puu/, 'game killer'). The results of this study showed that focusing was marked by  lengthening of the rhyme and supralaryngeal expansion principally of the  rhyme's consonant, while the word/morpheme boundary distinction resulted in timing differences both preceding and following the boundary. The contrasts at these two levels were maintained independently of each other. The relevance of this study to the present proposal is as follows. Previous articulatory studies (e.g. Harrington, Fletcher, Beckman, 2000) have shown that focusing and accentuation in English  are accompanied by hyperarticulation of the vowel space: that is, the vowels in accented words are phonetically more peripheral, presumably in order to communicate more clearly points of information focus (Lindblom, 1990). In Warlpiri by contrast, it is the rhyme's consonant  rather than the vowel that is hyperarticulated. As Butcher & Harrington (2003) suggest, this language-specific difference may be related to the differently structured phoneme systems in the two languages. English has at least 20 vowel phonemes, but in Warlpiri the vowel system is essentially triangular; English has three contrasting places of articulation, but Warlpiri up to five, including three contrasts within the lateral series. In Warlrpiri, there would be little to be gained from hyperarticulating the vowel space, given that vowels, in contrast to English, carry so few meaning distinctions. By contrast, producing the rhyme's consonant with greater clarity would be functionally analogous to vowel hyperarticulation in English: it would enhance the greater number of contrasts within its own phonemic system.

2.2.3 Methodologische Vorarbeiten.

2.3.3.1 Electropalatography development. The IPDS Kiel has developed a portable electropalatographic system that can be plugged directly into a Notebook computer (Thon, 2003). The EPG data is recorded simultaneously with the acoustic signal onto a stereo sound card. The advantage of this system is that no hardware-dependent interface is necessary. This portable system will be used for digitising EPG data directly to disk in the planned experiments in this proposal.

2.2.3.2 Development of the EMU speech database management system. Jonathan Harrington and Steve Cassidy have pioneered the development of a system for rapidly annotating and analysing hierarchically labelled speech data (Harrington & Cassidy, 1999; Cassidy & Harrington, 2001; Bird & Harrington, 2001a; Bird & Harrington, 2001b; Harrington, Cassidy, John, Scheffers, 2003). The system, which runs on all major platforms,  allows the rapid construction, interrogation and analysis of hierarchically structured speech corpora. For the present project, the system is essential firstly because it allows data to be labelled and checked very quickly on site; and secondly, because it facilitates the sharing and analysis  of speech data between different sites in different countries. 

3. Goals and work schedule (Ziele und Arbeitsprogramm)

The over-arching goal that links the principal aims discussed below is to contribute to our understanding of how consonant clusters are coordinated with each other in the production of speech. As shown in section 1, most of the existing physiological analyses are of English and there are a number of unanswered issues that have implications not just for consonant timing but for the relationship between phonetics and phonology that can only be answered by carrying out similar sets of analyses in languages that have a markedly different set of paradigmatic consonant contrasts and a different set of syntagmatic rules for their combination. Many Australian languages meet these requirements and our focus is on Bininj Gun-Wok, not only because we have access to a number speakers, but also because it has a rich set of place of articulations in the coda and onset for the same manner of articulation. Our physiological analyses will make use of electropalatography for recording where the tongue contacts the roof of the mouth as a function of time. These analyses will be used to address these main aims. 

3.1.1 Coda/onset stability. We will analyse whether – as has been found for English and German – there is more articulatory lenition and variability in the syllable-final (coda) compared with the syllable-initial consonant in Bininj Gun-Wok. The relevance of this aim to phonetic and phonological theory is that it will allow us to determine whether coda instability is a universal property of languages that is to do with a lack of auditory salience or whether coda-weakening is a  language-specific parameter. The synchronic and diachronic changes that tend to be more prevalent in syllable onset position in many Australian languages suggests that coda instability may well not be universal.  

3.1.2 Overlap of tongue tip consonants. We aim to analyse Bininj Gun-Wok consonant clusters to investigate whether, as has been found for English, German and Russian  tongue tip consonants are in general more overlapped by a following dorsal consonant than the other way round (/l/ is more overlapped in /l#k/ in English than in /k#l/), an issue that has been discussed in a number of studies reviewed earlier, but which is still largely unresolved.  If this has an articulatory explanation along the lines that the tongue tip is massless (Barry, 1992), then we might  expect retroflex consonants which are also produced with the tip of the tongue to be more overlapped in word-final than word-initial position. If auditory and phonological factors contribute to the phonetics of word-boundary consonant clusters, then the tongue-tip consonants may be overlapped less word-finally because of the need to preserve  a phonological contrast which is often neutralised word-initially in BGW. 

3.1.3 DAC. The third general aim is to test the generality of the degree-of-articulatory-constraint (DAC) model that has been applied principally to  Catalan. Here we wish to test – as proposed in the DAC model – the extent to which there is a relationship between coarticulation dominance and resistance, i.e. whether segments that exert the greatest coarticulatory influence are also those that are most resistant to coarticulatory influences from other segments. A major advantage of using data from Bininj Gun-Wok is that place of articulation is not – as in Catalan – confounded with manner of articulation: that is, we can test the DAC model by analysing velar-palatal and palatal-velar consonant clusters where both consonants have the same manner of articulation. This will resolve the issue of whether the dominance of the palatal consonants by the velarised /l/ in Recasens & Pallarès (2001) is attributable to the inherent strength of the velarised /l/ or is instead the result of the precise articulatory positioning that is required for laterality. The types of sequences that are possible in Bininj Gun-Wok that we will analyse, and which have not been previously studied  electropalatographically in any language include palatal-velar clusters (e.g. /# #/) and their reversed velar-palatal (e.g., /#/ and /#/) sequences. 

3.1.4 Effect of phrase-position/focus. Following Butcher & Harrington (2003), we will investigate the effect of phrase-position and focus on the production of the consonant clusters. Bininj Gun-Wok, like Warlpiri and many Australian languages has more or less free word order and one of the main ways in which a word can be focused to convey new information is to put it as early as possible in the phrase where the it is also associated with a pitch-accent (Bishop, 2002). Following Butcher & Harrington (2003), we expect there to be a shortening and possible segment reduction in a phrase-final and unfocused context.  This goal is relevant to many issues in 3.1.1 described above because we will  investigate whether segment assimilation/undershoot is more marked in the coda or following onset consonant in phrase-final unfocused position compared with the phrase-initial focused context. 

3.2 Work schedule (Arbeitsprogramm)
3.2.1
Speakers and recordings Recordings will be made from  five speakers from whom Professor Butcher has previously collected acoustic data. The five speakers are Hamish Kakkarba, Oscar Kalarriya,  Janet Marawarr, Marina Murdilnga and Djungkidj Ngindjalakku -- they are all indigenous speakers of BGW based at Maningrida in north-central Arnhem Land of Northern Australia. Professor Butcher is also known in the Maningrida community and has obtained permission to carry out the recordings which is a precondition for being allowed to carry out research of this kind. 

3.2.2 Construction of palates. Electropalatography is a technique for recording the location(s) at which the tongue contacts the roof of the mouth. It requires a thin acrylic palate containing 62 electrodes to be constructed for each subject, which in turn requires plaster-cast impressions to be obtained of the oral cavity for each of the five speakers.  The palates have  62 electrodes (6 electrodes in the front and 7 rows of 8 electrodes) and are described in detail in Hardcastle, Jones, Knight, Trudgeon and Calder (1989). Plaster cast impressions of the oral cavity are currently being obtained at a dental clinic in Maningrida and the five palates will be constructed at the beginning of 2004. The palates for use in electropalatography will be made at Flinders University, Adelaide using standard procedures established over many years at the Department of Speech and Language Sciences, Queen Margaret University College, Edinburgh.
3.2.3 Materials. In order that meaningful comparisons can be made with previous EPG analyses of consonant clusters  (e.g., Byrd, 1996; Byrd & Tan, 1996; Recasens & Pallarès, 1999, 2001),  the main part of the study will be based on laboratory-style speech in which subjects will produce words and word-pairs in a phrase.  We also have to use  laboratory speech at this stage because we have so little information about how prosodic variables affect segments in spontaneous speech. We will however also collect acoustic and EPG recordings of a spontaneously produced narrative/story from each speaker. There is a long tradition of narrative telling in Australian languages and these materials can be obtained without difficulty. Although we do not plan to analyse extensively these spontaneously produced materials within the scope of this two-year project, they will allow us in future stages of the project to relate the less natural laboratory style speech from the words in carrier phrases to the more naturally produced monologues from the narratives. 

The consonant cluster will span a syllable boundary or else a morpheme boundary if no monomorphemic words with clusters are available (the analysis by Evans, in press shows that the set  of possible consonant clusters across syllable and morpheme boundaries is more or less equivalent and that the phonetic realisation does not seem to be affected by whether the choice is of syllable or morpheme boundary). As far as possible, we will choose disyllabic words to minimise any possible influence of the syllable count and lexical-stress placement on the phonetic realisation of the consonant cluster. The set of words will include:

· heterorganic oral stops and heterorganic nasal stops at alveolar, retroflex, palatal and velar places of articulation  and their corresponding reversed sequences. For example: /tatken/ ('stone axe') and  /nokta/ ('grow dark'); /cawinome/ ('smell the cooking fumes') and /albena/ ('our younger brother)

· homorganic oral stops and homorganic nasal stops at alveolar, retroflex, palatal and velar places of articulation. For example: /attum/, ('peak'); /koccan/ ('skin name');   beukme ('to forget'); /penname/ ('make a handle on a dillybag).
· words that include the same /kun/ prefix before different places of articulation, in order to investigate the extent of /n/ assimilation. For example:  /kundowk/ ('biceps muscle');  /kunjirke/, ('coals');  /kuncud/, ('nape of neck');  /kunej/ ('name'); /kunwor/ ('leaf');  /kunmaaa/, ('collar bone'). 

· words that include a dorsal oral or nasal stop preceded or followed by an (apical) lateral, in order to provide data that is comparable to /k#l/ and /l#k/ sequences that have been investigated electropalatographically in English (Byrd, 1996; Hardcastle & Roach, 1979). For example for alveolar laterals: /uklork/ ('umbilical cord'); /tolka/ ('place name'); for retroflex laterals: /anbau/  ('plant used as a flame carrier'); /manoaa/, ('red flowering gum'). We will also include similar sequences before and after palatal oral/nasal stops in order to assess whether the overlap in the cluster in generally dependent on a dorsal place of articulation, or whether the timing and overlap is different for palatal and velar articulations. Examples of sequences with palatal stops are: /teclame/ ('fall on one's belly'); /temekalca/ ('pandanus grove').

We will construct two short sentence-dialogues such that the target word containing the cluster to be analysed is either phrase-initial, focused and hence marked intonationally by a pitch-accent (Bishop, 2002); or else phrase-final, unfocused, and not associated with a prominent pitch accent. The focused or unfocused cases will be elicited by means of a short question-and-answer dialogue. For example, where X and Y are two target words, then in response to the question:

Question: Shall I say Y?

Answer : X  yiyimeng, minj Y yiyimeng (Say X, don't say Y )

the answer has narrow or contrastive focus and pitch-accent marking on X (because it is new information in the dialogue), while Y is likely to be unaccented and unmarked for a pitch-accent (because it is old information, having already been introduced into the dialogue).

3.2.4 Recordings.  The recordings will be carried out in Maningrida over a four week period at the beginning of May 2004 using a portable, Reading EPG 3+ compatible, electropalatographic system described in 2.3.3.1 (May is an appropriate time given that this marks the onset of the dry season). The recordings will be carried out under the supervision of Professor Andrew Butcher and one of the proposed BAT IIA positions who would be appointed to the project. The recordings will take place in a quiet room at the Maningrida Progress Association Motel, Maningrida which is within driving distance of where all the subjects live. The subjects will wear the palate for at least two hours prior to recording. For the first part of the recording, the subject will narrate a story which will provide a more natural speaking environment as well as additional time for the subject to get used to speaking with the palate.  Subsequently, the dialogues  containing the target words will be randomised and each dialogue will be presented individually on the VDU of the same notebook computer that is used for digitisation and recording of the speech data. The subject will be asked to read each phrase at a normal rate without pausing between words. The phrases will be represented in the orthographic script that has been developed for Bininj Gun-Wok and with which the subjects are familiar. The question part of the dialogue will be prerecorded and played a few seconds after the question-and-answer dialogue appears on the screen. Thus the speaker will read the written answer in response to the audible question in each case. For all dialogues, the EPG and acoustic speech data will be digitised directly to disk in blocks of approximately one minute at sampling frequencies of 500 Hz and 22050 Hz respectively. There will be pauses at intervals of approximately 20 minutes during the recordings. The entire recording time is estimated to take approximately one hour, but we will allow  one recording day per subject, to cope with any problems with the equipment, the late arrival of the subject etc. The five subjects will therefore be recorded on five separate days, but it is necessary to plan to be based in Maningrida for 4 weeks to allow for any absences,  late arrivals, sickness, problems in recording and digitising the data etc. (It is better to allow some additional time at the site to ensure that all the data is properly recorded, since returning to the site would be costly and complicated).

3.2.5 Segmentation and labelling Labelling will be carried out in the EMU system (http://www.shlrc.mq.edu.au/emu)  (see 2.2.3.2).  The EMU system, which runs on Windows, PC and UNIX/Linux platforms is installed on the same notebook that will be used to obtain the acoustic and EPG recordings of the planned speech material. This has the important advantage that  all the data can  be checked on site and rerecordings can be made in case of any errors of production or other inconsistencies. The segmentation and labelling requires various acoustic parameters in order to display a spectrogram and formant tracks and these will be calculated on-site with EMU's in-built digital signal processing facilities that are derived from the Kiel-XASSP system.  

After the recordings, and while still at Maningrida, the acoustic and physiological data will be segmented into files typically of a maximum of 10 seconds each (by the BAT IIA) so that there is one carrier phrase per file. A fairly coarse sub-phonemic segmentation and labelling will then be carried out and each file will be checked (by eye) in order to ensure that the electropalatographic data is consistent with what would be expected from the sub-phonemic segmentation based on the acoustic speech signal (this is also important to ensure that there is no temporal misalignment between the acoustic and physiological recordings). There is telephone access at the Maningrida motel and this will be used to transmit a small subsection of data (e.g. 5 carrier phrases plus the associated labels) electronically via the Dept. of Linguistics, Melbourne University to the IPDS at Kiel. These transfers are important because they will allow Jonathan Harrington to import and check part of the  data at  Kiel, during the planned four-week recording time at Maningrida.   

After the recordings at Maningrida, various additional segment and event boundaries will be marked on the acoustic and/or EPG signals, depending on the type of analysis which is being carried out. For most consonants, the time at which palatographic contact first begins to increase as well as the maximum point of contact are typically marked. The maximum point of contact is calculated automatically using the interface between EMU and the R-programming language and then manually corrected if need be. The acoustically and electropalatographically labelled data will be hierarchically structured into words and other units: this has the advantage in the subsequent query stage of easily being able to extract the data according to particular sequential and hierarchical contexts. 

3.2.6
Physiological parameters The following parameters will be derived over the range of the consonant clusters and extending either side into the vowels. using existing scripts that have been written for EPG analysis within the EMU-R system. All these programs have been used in previous publications (e.g. most recently, in Stephenson & Harrington, 2002a, b; Butcher & Harrington, 2003). 

3.2.6.1 EPG: Centre of gravity. The centre of gravity reduces each palatogram to a single value that reflects the average position of the tongue contact (in a front-back dimension)  between the hard-palate and alveolar ridge: this parameter is especially important for determining the place of articulation of a consonant and the extent to which a consonant’s place of articulation is influenced by neighbouring segments (Gibbon & Nicolaidis, 1999). For apical consonants, we will  additionally calculate the anteriority index (CAa) which has been shown to give a more sensitive parameterisation of place of articulation when this occurs in the front five rows of the palate. As described in various publications (e.g., Recasens & Pallarès, 2001), it is calculated from: 

CAa=
[log [[1(R5/8)+ 9(R4/8) + 81(R3/8) + 729(R2/8) + 4921(R1/6)] + 1]]/[log (5741+1)].

3.2.6.2 Contact profiles. The palatograms will also be converted into various kinds of  contact profiles (Barry, 1991;  Byrd, 1996;  Byrd & Tan; 1996; Hardcastle et al,1991; Gibbon & Nicolaidis, 1999) that show the total number of electrodes contacted as a function of time. As in Byrd (1996), the contact profiles can be summed over specific rows. In Fig. 1 for example, contact profiles are shown for sequence [k] in /kuku/ in EPG data collected from a female speaker of Warlpiri, a language from central Australia. For [], the contact profile is the sum of the electrodes in the first four rows of the palatogram and for [k] the summation is over the last four rows. In both cases, the summation is expressed as a percentage of number of electrodes (so 100% would mean that all electrodes in rows 1-4, or rows 5-8 are contacted). 
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Fig. 1 Contact profiles of  the consonant cluster  // in Warlpiri /kuku/.

Various further parameters will be derived from the centre of gravity and contact profile measurements described above, depending on the analysis being carried out. These further parameterisations will be used to investigate the spatial and temporal variability of consonants in the cluster as follows:

3.2.6.3 Lenition will be estimated from   maximum lingua-palatal contact for C1 and C2 as shown by the horizontal lines at j and i in Fig. 1. In general, the more lenited  a consonant, the lower the value on this parameter. For dorsal consonants, lenition will be further measured from  the quotient for the dorsopalatal contact (Recasens & Pallarès, 2001) which has been shown to be an effective measure of the degree of tongue dorsum raising. This quotient will be calculated by dividing the number of on-electrodes of  the three back rows by the total number of 24 electrodes in the back three rows per frame of data.

3.2.6.4 Overlap (between C1 and C2) which can be estimated from the duration between the intersection time of contact profiles (roughly 120 ms in Fig.1)  and the time of maximum contact in C1 (time point c) or C2 (time point d). Shorter durations on this parameter imply a greater encroachment of C2 on C1 and vice-versa. 

3.2.6.5 Variability of EPG parameters in the coda and onset will be measured using the Levene F-statistic (Levene, 1960) using the same technique as in Byrd (1996). This statistic can be used to compare whether the deviations from group means are significant. For example, the mean and the deviation of the mean can be computed for the maximum EPG contact for /k/ in coda position preceding all consonants and /k/ in onset position following all consonants. The Levene F-statistic then measures whether the deviations from the means in these two contexts are statistically significantly different. 

3.2.6.6 Coarticulatory resistance.  This parameter will be used to assess  the extent to which a given consonantal category resists anticipatory or carryover coarticulatory influences. This parameter is derived from various studies described in Recasens & Pallarès (2001) and it is especially useful for investigating the DAC model described in 3.1.3. The extent of coarticulatory resistance is a temporal measure and it is defined as the time at which C2 no longer exerts a significant influence on a given C1 and vice-versa. In a /VtC2V/ sequence for example, the variability in an EPG-parameter due to different types of C2 decreases from right to left  through the /Vt/ sequence: eventually a time  is reached (working from right to left through /Vt/) where the variability due to the type of C2 is non-significant. Using this metric, it is possible therefore to compare whether  /t/ (or any other consonant) resists anticipatory coarticulation in /tC2/ clusters to a greater extent than it does progressive coarticulation in /C1t/ clusters. The extent to which different consonant types (e.g. /t/ vs /k/) resist coarticulation can also be assessed (by comparing e.g. /tC2/ with /kC2/ on this metric). 

3.2.7 Analysis

3.2.7.1 Coda-onset stability. The analysis will focus for the first part on heterorganic oral and nasal stop sequences. Contact profiles will be calculated for these sequences (see Fig. 1 above) in order to determine the extent of lenition, the degree of consonantal overlap and also the mutual influence of C1 and C2 in a  C1C2. Centre of gravity measurements will also be calculated for the dorsal sequences (palatal-velar, velar-palatal). The degree of variability in an initial compared with a final consonant will be compared using the Levene statistic, as described in 3.2.6. 

Heterorganic consonant clusters will be compared with  the corresponding word-boundary homorganic sequences. The electropalatographic comparisons will be between e.g., heterorganic  /#/and the two possible homorganic sequences with the same place of articulation as the coda (/#/) and the onset (/#/). If the onset consonant is more dominant in the heterorganic sequence, then heterorganic /#/ should be closer to homorganic /#/, whereas if the coda dominates and exerts an influence on the onset, then heterorganic /#/ should be closer to homorganic /#/. 
3.2.7.2 Overlap of tongue-tip consonants. Here the analysis of heterorganic clusters in 3.2.7.1 will be extended to consonant clusters that include a sequence of a lateral and a velar or palatal stop, as described in 3.1.2 (e.g. /kl/ compared with /lk/; /c/ compared with // etc.). The same parameters obtained in 3.2.7.1 will be applied to these sequences. A comparison of the extent of overlap of the apical and dorsal articulations will be made between a sequence and its mirror image (e.g. /lk/ compared with /kl/). We will compare velars with palatals in the same lateral context (e.g., /kl/ compared with /cl/) in order to assess whether the extent of overlap is dependent on a dorsal place of articulation in general, or whether there are differences within the dorsal place of articulation. The alveolar and retroflex laterals will be compared in the same context (e.g., /lk/ with /k/) in order to assess whether apical consonants in general are more overlapped by dorsal consonants, or whether there are alveolar-retroflex differences within the apical set. 
3.2.7.3 DAC (degree of articulatory constraint). This part of the analysis extends both 3.2.7.1 and 3.2.7.2 and is relevant to the various studies by Recasens and Colleagues on whether certain places of articulation are inherently resistant to influence from, and exert an influence over, other consonants. We will assess the extent of coarticulatory resistance by measuring for each consonant place of articulation separately the point in time, relative to the consonant midpoint,  at which variability due to the following or preceding  consonant types is no longer significant (see 3.2.6 for further details). We will also measure (for each consonant place of articulation separately) the extent of variability on the same EPG parameters that were used for the measurement of coarticulatory resistance and then analyse whether the temporal and size measures are correlated with each other. A good correlation between these two measures can be taken to support a model in which coarticulatory resistance is systematically related to coarticulatory dominance. With this approach, we will extend the degree of articulatory constraints model because there are more consonant place of articulation combinations for the same manner of articulation than in Catalan and other European languages for which this has been investigated. 

3.2.7.4 Position in the phrase. We will investigate whether, when the target word occurs phrase-medially in a non-focused context, there is less overlap, assimilation, blending and segment reduction than when the target word is initial in the phrase. This will be done by comparing identical word-initial and word-medial consonant clusters on various contact profile parameterisations  and on the temporal extent of coarticulation resistance as described in 3.2.6 (physiological parameters). We will investigate whether the coda consonant is strengthened and lengthened when in a phrase-initial focused word relative to the following  onset consonant. We will also carry out a paradigmatic comparison between the two coda consonants and between the two onset consonants in order to test whether word-focusing induces supralaryngeal strengthening and lengthening changes as described in e.g. Harrington, Fletcher & Beckman (2000) using the parameters described in 3.2.6.

3.2.8
Timetable

The timetable is structured according to various  tasks that include the recording and labelling of speech data and then its analysis separately for combinations of apical#dorsal and dorsal#dorsal sequences. (We begin by focussing on apical#dorsal sequences since these  have been far more extensively studied than dorsal#dorsal combinations in other languages). 

May 2004 – October 2004

· Recording of electropalatographic data from five speakers at Maningrida, Arnhem Land.

· Labelling of the apical-dorsal and dorsal-apical sequences.

· Analysis of the relative temporal and spatial stability of coda consonants compared with onset consonants for apical-dorsal and dorsal-apical oral and nasal stop sequences  in a phrase-initial context (goal 3.1.1).

· Presentation of this data at Laboratory Phonology 9 (invited speaker, June24-26, see attached).

· Beginning of the first part of the analysis to test the degree-of-articulatory constraints model and the relationship between coarticulatory resistance and dominance in apical-dorsal and dorsal-apical sequences (goal 3.1.3).

November 2004-April 2005

· Comparison of phrase-initial focused with phrase-final non-focused consonants in apical-dorsal and dorsal-apical sequences (goal 3.1.4).
· Analysis of overlap in liquid-stop clusters – to determine whether as has been found for other languages -- tongue tip consonants are overlapped to a greater extent by dorsal consonants than the other way round (goal 3.1.2).
· continuation with the  analysis of the degree of articulatory constraints (goal 3.1.3).
· Labelling of dorsal#dorsal sequences.
 April – Sept. 2005

· Analysis of the relative temporal and spatial stability of coda consonants compared with onset consonants for dorsal-dorsal sequences (goal 3.1.1)

· Completion of the relationship between coarticulatory dominance and coarticulatory resistance in apical-dorsal and dorsal-apical sequences (goal 3.1.3)

· Completion of the liquid-stop and stop-liquid analysis (goal 3.1.2).

Oct. 2005-April 2006

· Comparison of the dorsal-dorsal sequences in phrase-initial and phrase-final position (goal 3.1.4).
· Analysis of the relationship between coarticulatory resistance and coarticulatory dominance and a comparison of the heterorganic sequences with the comparable homorganic sequence in dorsal consonants(to assess whether e.g.,/#/ is closer to /#/ or /#/) (goal 3.1.3)

3.3 Experiments with humans (Untersuchungen am Menschen)

Articulatory and acoustic experiments will be carried out with five indigenous speakers of Bininj Gun-Wok (Eastern dialect).

4. Funds requested (Beantragte Mittel)

	
	Funding for
	2004-5 (12 months)
	2005-6 (12 months)

	A
	Wissenschaftlicher Mitarbeiter (BAT IIa/2)
	½ time
	½ time

	B
	Wissenschaftlicher Mitarbeiter (BAT IIa/2)
	½ time 
	½ time

	C
	Studentische Hilfskraft (without MA)40 hours/month
	40 hours per month
	40 hours per month

	D
	Toshiba TECRA 9100 (Instrument B)
	€ 3650
	

	E
	Construction of palates
	€ 4000
	

	F
	CD Disks printer, paper, toner
	€ 500
	€500

	G
	Airfare Kiel-Darwin-Kiel
	€ 1500
	

	H
	Living expenses for 4 weeks in Manigrida
	€ 2912
	

	I
	2 x airfares Kiel – Urbana Champaign
	€ 1640
	

	J
	2 x living expenses in Urbana Champaign
	€ 1834
	

	K
	2 x registration Labphon IX
	€ 400
	

	L
	Hire of 4WD for 4 weeks
	€ 1900
	

	M
	Payment of subjects in Maningrida
	€ 1000
	

	N
	Airfare Adelaide-Kiel-Adelaide (Butcher)
	
	€ 1300

	O
	Airfare Melbourne-Kiel-Melbourne (Fletcher)
	
	€ 1300

	P
	Living expenses (Butcher)
	
	€ 1680

	Q
	Living expenses (Fletcher)
	
	€ 1680

	R
	Airfare Kiel-Sydney-Kiel (Harrington)
	
	€ 1300

	S
	Living expenses  (Harrington)
	
	€ 3388


4.1 Staff (Personalbedarf)
A.
Wissenschaftlicher Mitarbeiter (BAT IIa/2)  for 24 months from 1.04.04.

B.
Wissenschaftlicher Mitarbeiter (BAT IIa/2)  for 24 months from 1.05.04
C.
Studentische Hilfskraft for 40 hours per month.

4.1.1 Duties

Wissenschaftlicher Mitarbeiter A will be concerned primarily with goals 3.1.1 and 3.1.4, i.e. an analysis of the  relative stability  and temporal overlap of the onset and coda consonants and a comparison of consonant clusters in focused and non-focused positions. The  person appointed to this position would also collect the articulatory and acoustic data from Maningrida over a four-week period in May 2004. 

Wissenschaftlicher Mitarbeiter B will  be primarily concerned with the  degree-of-articulatory constraints model presented as discussed  in 3.1.3 and an analysis of the consonant-liquid and liquid-consonant clusters as discussed in 3.1.2. This person would also be expected to have some programming expertise in order to develop further the existing EMU-R scripts for electropalatographic analysis at any stages in the project at which this is considered necessary.

Studentische Hilfskraft C. A studentische Hilfskraft is required for an average of 4 hours per week to assist with the acoustic and electropalatographic segmentation and labelling of the speech data. 

4.2 Scientific equipment (Wissenschaftliche Geräte)

D. A PC-notebook is required for  recording the acoustic and EPG data at Maningrida. This notebook would then be used by Wissenschaftlicher Mitarbeiter  in the subsequent analysis of the data for the remainder of the project. The make and model is a Toshiba Tecra (1.70 GHz, 256 MB or RAM, 20 gB hard disk). The requested Toshiba Tecra is compatible with existing Toshiba Tecras that are used by the IPDS, Kiel and Jonathan Harrington has used these (or equivalent models) in all previous research programs in Australia since 1997. They have also been demonstrated to be extremely reliable, especially during speech fieldwork.

       Cost of purchase 4.2  3650 EUR
4.3 Consumables (Verbrauchsmaterial)
E. Construction of palates for 5 speakers
(€ 800 per palate)



4000

F. CD-disks, printer-paper, toner




 


1000



Total 4.3 5000  EUR

4.4 Travel expenses (Reisen)

G. May 2004: a return airfare for the BAT IIA to Maningrida, Northern Australia

1500

H. Living expenses for 28 days for the BAT IIA in Maningrida

28 days x  € 70 (Übernachtungsgeld ) + € 34 (Tagesgeld)




2912









I. Attendance at Laboratory Phonology IX for the two BAT IIa 2 x € 820 


1640


J. Accommodation and living expenses for two BAT IIa at Labphon IX

2 x 7 days x  €90 (Übernachtungsgeld) + €41 (Tagesgeld)




1834

(expenses for Jonathan Harrington are covered as an invited speaker)

K. Conference registration for 2 x BATIIa






  400

N. Three-week visit by Professor Andrew Butcher to IPDS, Kiel; February 2005

for research collaboration purposes.

Airfare Adelaide-Kiel-Adelaide







1300

P. 21 x € 80 (Übernachtungs- und Tagegeld)






1680

O. Three-week visit by Professor Janet Fletcher to IPDS, Kiel; July 2005

for research collaboration purposes. (Prof. Fletcher is an expert in

Australian languages and prosody and has collaborated previously in

these areas with Jonthan Harrington – see CV publications).

Airfare Melbourne-Kiel-Melbourne







1300

Q. 21 x € 80 (Übernachtungs- und Tagegeld)





1680

R Four-week visit by Jonathan Harrington to Flinders University, Adelaide

and Dept. of Linguistics, Melbourne in March 2006. The main purpose

of this visit will be to complete at least two main publications that arise

from the DFG-funded research program. 

Airfare Kiel-Sydney-Kiel








1300

S. Living expenses: 28 days x € 80 (Uebernachtungsgeld) + €41 (Tagesgeld)

3388

total 4.4
18934 EUR
4.5
Publication costs

(none)

4.6 Other costs (Sonstige Kosten)

L. Hire of four-wheel-drive Toyota Landcruiser for 4 weeks in Maningrida


in order to drive the subjects from where they live to the 

recording site at the Maningrida motel). (28 x  $A 136 = $A3808 € 1900)
 (Car hire: http://www.budgetaustralia.com/page2.html). The

cost of the vehicle includes fuel and insurance.





1900


M. Payment of subjects in Maningrida
 (5 x €200 per subject)


1000

(The amount paid to subjects in my previous field trips in Australia

has been $A 400 (€ 200) per experiment per subject).


total 4.6
 2900  EUR

5. Preconditions for carrying out the project (Voraussetzungen für die Durchführung des Vorhabens)

5.1 Your team (Zusammensetzung der Arbeitsgruppe)

(All these are paid by the institution's basic funding)

· Prof. Dr. Jonathan Harrington, C4, full-time in the IPDS Kiel, who will oversee the entire project, including the recording of the materials, their labelling in EMU, and the  analyses of the experimental data. 

· Dr. Christine Mooshammer,  (full-time BAT IIa, IPDS, Kiel with expertise in speech production). Dr Mooshammer  is also involved with research projects on the production of speech at the IPSK, München (Prof. Dr. H. Tillmann, Dr  P. Hoole) and DFG-funded projects on articulatory economy and perceptual discriminability at the  ZAS Berlin (Prof. Dr. B. Pompino-Marschall) – both of these are directly relevant to the present proposal.

· Dr. Ing. Michel Scheffers (full-time computer programmer, IPDS, Kiel)

· Herr H. Fuchs (full-time technical officer, IPDS, Kiel)

· 4 x studentische Hilfskräfte (total of 120 hours per month)

5.2 Co-operation with other scientists (Zusammenarbeit mit anderen Wissenschaftlern)
Australia

Professor Butcher, Flinders University, Adelaide, Australia 

A/Professor Janet Fletcher, Dept. of Linguistics, Melbourne University, Australia

Europe and the U.S.A.

Prof. M.E. Beckman, Dept. of Linguistics, Columbus, Ohio, U.S.A.

Dr John Coleman, Phonetics Laboratory, University of Oxford, U.K.

Dr Fiona Gibbon, Queen Margaret Univ. College, Edinburgh, U.K.

Prof. Noël Nguyen,  Laboratoire de Phonétique, Université de Provence, France

Prof. W. J. Hardcastle, Queen Margaret Univ. College, Edinburgh, U.K.

Prof. Daniel Recasens, Dept of Catalan Philology, Autonomous University of Barcelona, Spain
(all the above have expertise in speech production modelling). 

5.3 Foreign contacts and co-operations (Arbeiten im Ausland und Kooperation mit ausländischen Partnern)

The data collection of the project will be carried out in Australia. The  project will be carried out collaboratively Professor Andrew Butcher and A/Professor Janet Fletcher (see 5.2) both scientists in Australia with whom Jonathan Harrington has previously collaborated. Professor Butcher will be present during the planned fieldwork and his participation is essential in order to ensure access to the subjects.  Professor Butcher is recognised as a leading authority in experimental analyses of Australian languages and will collaborate on most of the experimental aspects of the project with Jonathan Harrington.  A/Professor Janet Fletcher is one of the world's experts on the prosodic structure of Australian languages and she has also specifically worked on the language being studied in this proposal. She will contribute in particular to the analysis of focus and accent planned in this proposal (Harrington & Fletcher have worked in similar areas with Professor Mary Beckman previously). 

The only requested costs associated with foreign contacts will be for a single visit by Professor Butcher and A/Professor Fletcher to the IPDS Kiel that are listed in 4.4 above. The total for these two visits is € 5960. These visits are essential for publishing jointly the research arising out of this proposal. There are no other costs associated with these foreign contacts.

5.4 Scientific equipment available (Apparative Ausstattung)

· An extensive computer network at the IPDS, Kiel as well as computational infrastructure developed both by Jonathan Harrington and at the IPDS, Kiel (see 2.2.3.2). In 2003, a HBFG application was submitted for a WPAP-Cluster with two servers and this has been provisionally approved by the Deutsche Forschungsgemeinschaft (see Appendix). Assuming the financing from the state is successful, this equipment would be installed well before the start of the project.

· The portable electropalatographic system that has been developed at the IPDS, Kiel and that will be used for the present project (see 2.3.3.1).

5.5 Your institution’s general contribution (Laufende Mittel für Sachausgaben)

The IPDS, Kiel receives an annual budget of ca. € 25,000 towards the maintenance of the laboratory.
5.6 Other requirements (Sonstige Voraussetzungen)
None.

6. Exploitation of research findings (Wirtschaftliche Verwertung)
Not applicable.

7. Declarations (Erklärungen)
7.1. A request for funding this project has not been submitted to any other addressee. In case I

submit such a request I will inform the Deutsche Forschungsgemeinschaft immediately.

7.2 the Vertrauensdozent of the CAU Kiel has been informed of this application.

8. Signature(s) (Unterschrift(en))

Jonathan Harrington



Professor, IPDS, University of Kiel, Germany

9. List of appendages (Verzeichnis der Anlagen)

· CV (Jonathan Harrington)

· Letter of invitation to Laboratory Phonology IX

· DFG approval of WAP-Cluster with two servers

· Butcher, A. & Harrington, J. (2003) An instrumental analysis of focus and juncture in Warlpiri. Proceedings of the International Congress of Phonetic Sciences, Barcelona, August 2003.

· Harrington J., Beckman, M.E, and Fletcher J. (2000) Manner and place conflicts in the articulation of accent in Australian English. In Broe M. (editor),  Papers in Laboratory Phonology, 5. (p. 40-55).  Cambridge University Press: Cambridge.
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