
Some non-sequential phenomena in Germanfunction wordsThomas WesenerInstitute of Phonetics and Digital Speech ProcessingUniversity of Kiel, Germanyemail:tw@ipds.uni-kiel.deLabellers of connected speech corpora encounter a number of casesthat are di�cult to handle with a linear sequence of segmental labels.Based on material from a corpus of German unscripted speech, thispaper presents non-sequential aspects of laryngeal activity for /x/and /h/, and of supralaryngeal articulation in vocoid exponents ofpostvocalic /r/. Comparative data for /r/ from a corpus of Germanread speech indicate that di�erences across speaking styles may beindependent of durational variation. It is discussed how models of thephonology-phonetics interface and Prosodic Analysis can account forthe �ndings.IntroductionCorpora of connected speech contain a number of cases where a sequentialordering of phonological units derived from isolated words cannot be mappedunchanged onto segments of the speech signal. Barry and Fourcin (1992)present a case where plosive-related creaky voice for /t/ in point zero occursat the beginning instead of at the end of the nasal portion. With referenceto the phonological sequence /nt/ derived from isolated citation forms, itsphonetic correlates can be called non-sequential.The Kiel Corpus of Spontaneous Speech (IPDS 1995{1997) reveals severalphenomena involving temporal `disalignment' in German, among them thetemporal 
exibility of creaky voice. Kohler (2001) discusses productionsof k�onnten `could' where, as in Barry and Fourcin's example from English,creaky voice frequently is the only exponent of /t/. Besides being locatedat its sequential place ([-nn�n]), creak can be shifted to the beginning ([ n�n])or to the end of the nasal stretch ([-nn�]); alternatively, it can cover the1



whole nasal portion ([-n�n�]). Whereas the shifting of creak is still limited tothe surrounding nasals in the above examples, more radical deviations fromthe canonical alignment may also occur. In achtzehnten elften `eighteenthNovember' (g411a0041), creak related to the internasal /t/ in achtzehntenoccurs shortly before a functionally di�erent instance of creak that marksthe initial vowel of elften. The plosive-related creak in achtzehnten is shiftedto the left out of the nasal stretch onto the preceding vowel: [-e	�nn]. At thesame time, creak corresponding to the initial vowel in elften is produced atthe end rather than at the beginning of that vowel and thus shifted to theright. This shifting in opposite directions increases the temporal separationof the two functionally di�erent instances of creak in this example, possiblyin order to give each of them more perceptual weight.This paper looks at a number of other non-sequential phenomena in theKiel Corpus of Spontaneous Speech: laryngeal correlates of German /x/ and/h/ and supralaryngeal activity in connection with /r/. The focus will lieon function words, which are typically unaccented and therefore particu-larly prone to productions that di�er substantially from citation forms. Inaddition, certain function words occur with great frequency, allowing forquantitative statements even in unscripted speech with its high variability.Items such as doch `yet' and auch `too' show non-modal glottal activity asthe only correlate of /x/, the dorsal stricture just being one of open approxi-mation. These non-modal phonation types again show a considerable degreeof temporal 
exibility. The frequently occurring phrase da haben `there have'is an ideal combination to observe the temporal 
exibility of breathy voicein connection with /h/.Non-sequentiality is not limited to laryngeal activity. A prominent suprala-ryngeal issue is the vocoid correlates of postvocalic /r/. The phonologicalcombination of vowel plus /r/ does not always correspond in its phonetics toa diphthong ending in a raised open central vocoid for /r/; /r/ can be codedthroughout the vocoid stretch by a monophthongal quality that is more openand central than the corresponding /r/-less vowel (Simpson 1998). In thispaper, formant patterns for wir `we' are set against those for monophthongalwie `how'.In order to shed some light on the topic of speaking style, results for/r/ are compared with �ndings from the Kiel Corpus of Read Speech (IPDS1994). Finally, the results are discussed in their relation to models of the1References to the Kiel Corpus of Spontaneous Speech are structured as follows: g411ais the �rst dialogue in recording session g41a, 004 the turn number within this dialogue.For each referenced example, speech output and graphic representation can be found atthe URL http://www.ipds.uni-kiel.de/publikationen/audiobsp.en.html.2



phonology-phonetics interface (Articulatory Phonology, Window Model ofCoarticulation) and Firthian Prosodic Analysis.MethodThe data derive from 117 dialogues between 42 speakers that were elicitedwithin an appointment-making scenario and published as the Kiel Corpusof Spontaneous Speech. It contains the speech signals and corresponding�les with segmental labels, plus suprasegmental labelling for a subset of thesignals (e.g. information on sentence accent and intonational patterns). Thespeakers are 20 to 60 years old, with an average of 32 years; the majorityare students or academics and come from the north-western part of Germany(Schleswig-Holstein, Lower Saxony, and Hamburg). Most speak a variety ofGerman that cannot be easily ascribed to a speci�c region and that may becalled Northern Standard German.Data from the Kiel Corpus of Read Speech allow for a comparison ofread and unscripted speech. The corpus features 53 speakers (27 male, 26female) di�erent from those of the unscripted corpus, but comparable as toage, education, and language variety; for a more detailed description of thecomposition of the read corpus see Thon and van Dommelen (1992).The KielDat utility (P�atzold 1997) was used to create databases of thesecorpora (labelling version: January 2000). One database contains all segmen-tally as well as suprasegmentally labelled dialogues2, a second the completeunscripted material, comprising in addition the dialogues with segmental, butwithout suprasegmental labelling3, and a third the complete read corpus.Items of interest were retrieved from the database, and scripts were usedto give an overview of phenomena captured by the labelling. Some caseswhere a phonological unit is only represented by correlates which do notlend themselves to sequential labelling, e.g. by a secondary articulation, aremarked with the label -MA followed by the label of the relevant phonologicalunit which is marked as deleted (examples can be found in �gures 2(b) and2(c) where -MA precedes h- and a-, respectively). These cases can easily beretrieved. However, not all cases of this kind have been marked with -MA be-cause the non-sequential correlates were not always detected by the labellers,which means that the deletion of a relevant label does not necessarily implythe absence of any phonetic correlate. In order to capture phenomena whichhad not been labelled, the automatically retrieved data were complementedby an auditory investigation of the relevant sequences.2Complete sessions g07a, g08a, g09a, g14a, g19a, g21a, g25a, and g31a; isolated dia-logues g202a, g274a, g287a, g297a, and g306a.3Complete sessions g10a, g11a, g12a, g36a, g37a, g38a, g41a, and g42a.3



An acoustic analysis was carried out for the vocoid correlates of /r/ usingthe tools klara and ksort (Willems 1987, Sche�ers and Simpson 1995) toestimate formant frequencies (window size 30ms, Hamming window, pre-emphasis factor 0.95, LPC order 16). To exclude durational artefacts, onlyunaccented productions in the suprasegmentally labelled database withouthesitational lengthening were investigated.The frequency values where converted to perceptual units since Hz-valuesdo not indicate whether changes are relevant in communication and in thejudgment of quality changes by phoneticians. Thus, a value change of 50Hzin an F2 of 1500Hz may be perceptually negligible, but the same change foran F1 of 500Hz is much more prominent due to the non-linear organization offrequency perception; both changes, however, look the same when depictedin a linear graph. The scale of ERB rate according to Moore (1997) wasadopted to re
ect the perceptual signi�cance of value changes:E = 21:4log10(4:37F + 1):ERBs are the equivalent rectangular bandwidths of auditory �lters esti-mated by using the so-called notched-noise method (Patterson 1976). Thescale of ERB rate has a higher resolution than the Bark scale (Zwicker 1961)for frequencies below 500Hz, which is of relevance mainly to F0 and F1.According to Traunm�uller (1990), the Bark scale is a measure of tonotopicposition, whereas ERB rate is a measure of frequency resolution and thereforeseems to be more appropriate for the present study.ResultsWord-�nal /x/There is a long tradition of publications on the phonological status of thedorsal fricatives in German. The literature is dominated by the discussion ofwhether the observed [ç] and [x] belong to one or to two phonological units.The basis of phonetic observations for these phonological discussions is moreor less limited to velar fricatives occurring after open and back vowels, andpalatal fricatives occurring after all other vowels, after the sonorants /n/,/l/, and /r/, and morpheme-initially.Kohler (1990) broadens the basis of phonetic observations for phonologicalinterpretations by pointing out that besides the voiceless palatal and velarfricatives, uvular fricatives also occur, and are indeed more frequent thanvelar fricatives. They are typical after open and mid-open vowels (e.g. innach `to', noch `still', and doch `yet'), while velar fricatives can occur after4



Figure 1: Non-modal phonation types as the only correlate of /x/ in dochauch noch m[al] `yet once more' (g103a005).closed back vowels or monophthongs ending in that vowel quality (e.g. inauch `also').Inspection of the Kiel Corpus of Spontaneous Speech, however, revealsthat /x/ has even more phonetic exponents than the three fricatives describedabove. In places where a velar or uvular fricative would occur in citationform pronunciations, auditory and visual observation shows that there is nodorsal frication in a number of cases (labelled as x-). In other productions,the labelling indicates that although no dorsal activity is observed, phonatorycorrelates of /x/ are present (x-h). These correlates are also found in someof the cases where the fricative is marked as deleted.Voicelessness as the only exponent of the phonological unit /x/ can bethought of as a residual gesture once the dorsal stricture is one of open ratherthan closed approximation. In voiced contexts, the non-modal phonationtypes of breathy voice and whispery voice are also found as the only correlatesof /x/. Figure 1 shows an example with several occurrences of /x/ in dochauch noch m[al] `yet once more', none of which involving dorsal frication:[dO�H
 a	�H
n�O�H
m� -]. Whispery voice is symbolized here with [H] plus the ExtIPAdiacritic for whisper [
] (cf. IPA 1999). This symbolization is preferred to avocoid symbol plus [
] because the quality of the whispery vocoids is di�cult5



to determine. Shifting the diacritic [�] indicates that the end of the whisperyportion is already devoiced.Although the �rst two instances of /x/ have sequentially ordered cor-relates, the �rst seems to be related to the temporal `disalignment' of thefollowing vowel-related creak in auch: shifting creak to the right and thusaway from the whispery voiced stretch for /x/ may serve to separate the twonon-modal phonation types and enhance their perceptibility (cf. the produc-tion of achtzehnten elften on p. 2).The third instance of /x/ (in noch mal) involves considerable overlap ofnon-modal phonation with the following nasal. While the overlap is onlypartial in this example, non-modal phonation can also be completely shiftedonto the following nasal, e.g. [nO�m�m-] (g105a016). In addition, non-modalphonation can be superimposed on longer stretches between productions of/x/. Auch noch mal was thus produced as [A��H
 n
 O�
H
m� -] (g415a004).Word-initial /h/Whereas voicelessness is an exponent of German /h/ after voiceless articu-lations and pauses, breathy voice occurs in voiced contexts (this pattern issimilar to other Germanic languages, cf. Engstrand and Nordstrand (1984)for Swedish). A typical production of da haben `there have' has a linearlysegmentable portion of breathy voice (cf. �gure 2(a)). Breathy voice, how-ever, can also be shifted, giving rise to non-sequential productions. The label-MA was used in a number of cases to symbolize that there was still an /h/-percept, but that a corresponding portion could not be segmented linearly.An example is da haben where breathy voice is superimposed on the �rstpart of the vowel portion, i.e. the vowel of da: [d�5�5m] (cf. �gure 2(b)). Thecorrelates of /h/ can also be shifted to the second part of the vowel portion,i.e. the vowel of haben: [d�55�m] (cf. �gure 2(c)).Non-sequential productions do not result from shorter absolute durations,but can be as long as sequential ones. The portion of the signal correspondingto /a:ha:/ in the non-sequential example of �gure 2(c) measures about 150msand thus is as long as the sequential example of �gure 2(a)./r/-diphthong in wirSyllable-�nal postvocalic /r/ in Northern Standard German has vocoid ratherthan contoid correlates. In this section, the acoustic properties of thesevocoids are investigated, taking the frequent personal pronoun wir `we' asan example. Regarding a citation form pronunciation [v�I5] as the point ofdeparture, one would expect to �nd diphthongal formant movements, with a6



(a) medial (b) initial (c) �nalFigure 2: Temporal 
exibility of breathy voice for /h/ in da haben `therehave'. Left: framed by modal voice (g254a013). Middle: shifted to the left(g071a019). Right: shifted to the right (g425a006).rising F1 and a falling F2 marking the transition from a close front vowel toan open central vowel.In a �rst step, all unaccented tokens of wir without hesitational length-ening were grouped together, and F1 and F2 were automatically estimatedat �ve points in time (10, 30, 50, 70 and 90 percent of vowel duration). Thetrajectories of monophthongal wie `how' were measured in the same way forcomparison.Contrary to expectation, the formants in wir are rather 
at and almostrun in parallel with those in wie (cf. �gure 3). The main di�erence is a lowerF2 and a higher F1 for wir, so that the formants run within those for wie.Although F1 and F2 are rather 
at for wir, F1 shows a slight upwardmovement with a maximum at about 70% of vowel duration (cf. �gure 3).This movement may represent a trace of diphthongality, and it could be testedin a perception experiment whether a slight upward move in F1 increases thewir percept for formant patterns intermediate between those for wir and wie.7
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Most probably, however, the bulge is the product of averaging out trajectoriesof di�erent shapes: while the majority of the productions displays a 
at F1,some more diphthongal versions provide the slight upward tendency in theaveraged curve.In order to gain insight into the in
uence of duration on the formanttrajectories, the productions of wir were subdivided into durational classeswith steps of 30ms. Figure 4(a) shows the trajectories for three durationalclasses in unscripted speech. It can be seen that the longer the vowel, thegreater the di�erence of initial and �nal values.Figure 4(b) displays the same durational classes for read speech. Initialvalues for F2 and �nal values for F1 are higher than for the same classes inunscripted speech. In general, read speech shows more `typical' diphthongalformant movements, also for short durations. Although there are di�erencesin class size and number of speakers, the mean duration of the vowels in the31{60ms class in read speech is identical to the one in unscripted speech(45ms). Di�erent formant patterns across styles do not seem to be due tovocoid duration.DiscussionWork with corpora of connected speech can increase the knowledge of phe-nomena related to certain phonological units, such as /x/, /h/, and /r/ inthis paper. The impact of these �ndings, however, goes beyond the level ofdescription; they call for accounts from models of the phonology-phoneticsinterface and challenge the sequential organization of the phonological inputto these models.Componential approaches seem promising when accounting for the pho-netic data reported here. Articulatory Phonology (AP, Browman and Gold-stein 1992) can adduce the two mechanisms of gestural overlap and reducedgestural magnitude to account for many of the observations in connectionwith /x/ and /h/. But AP cannot explain `long' non-sequential productionsby referring to increased overlap. Since gestures have intrinsic durationsin the model, overlap, other variables remaining constant, leads to shorterdurations.Although the sliding of gestures allows for more temporal 
exibility thantraditional `beads on a string' phonologies, AP retains a fundamental se-quentiality: the computational model that generates the gestural score is fedwith sequential phonological strings, and the gestures are phased accordingto these sequential speci�cations. The model does not account for the shift-ing of phonetic correlates beyond immediately neighbouring sounds, as in theexample of achtzehnten. 10



The Window Model of Coarticulation (WM, Keating 1990) takes sequen-tial allophonic feature speci�cations as its input and selects the possible rangeof physical values, i.e. the window, corresponding to each segmental feature.The behaviour of a given articulator during an utterance is then modelledby the interpolation across the windows of adjacent segments. The model isdevised for contextual phenomena in a linear sequence of segments: \Coar-ticulation refers to articulatory overlap between neighboring segments, whichresults in segments generally appearing assimilated to their contexts" (Keat-ing 1990, p. 452). A window is attributed to each segmental slot, and thetemporal alignment of windows seems to be �xed. It is not clear how themodel can deal with productions that display all exponents of di�erent phono-logical units simultaneously, and that do not show a sequential organizationof phonetic correlates any longer.Whereas AP and WM are models of the phonology-phonetics interfaceultimately getting their input in the form of sequential phonological speci-�cations, Prosodic Analysis (PA) emphasizes the fundamental phonologicalrelevance of phenomena beyond sequences of contrastive sounds derived atthe word level. PA's concept of prosodies as not being attributed to spe-ci�c slots within sequential phonological strings may be useful for capturingnon-sequential aspects of speech.Firth (1948) regards vowel-initial glottalization in German as a prosodymarking the junction between lexical items. In a similar vein, he interpretsbreathiness in connection with English /h/ as a prosodic signal of initiality.He notes that \the aitchiness, aitchi�cation, or breathiness of sounds andsyllables, and similarly their creakiness or `glottalization' are more often thannot features of the whole syllable or set of syllables" (Firth 1948, p. 146).In the corpus investigated, productions are indeed found where non-modalglottal activity is not limited to one segment or to a segment boundary, butspreads over longer stretches (cf. auch noch mal on p. 6). Furthermore, wehave seen examples with limited glottal activity that is shifted within oracross syllables. In both cases, glottal activity is not localized at a certainpoint within sequences of phonological units. This temporal 
exibility ofglottal activity seems to undermine its junctural role at �rst sight. Butalthough it requires a certain temporal tolerance on the part of the hearer,we have seen cases where the shifting may serve to enhance the perceptibilityof two functionally di�erent glottal events by separating them.Why are non-modal phonation types prominent candidates for non-sequen-tial productions? One reason probably is that laryngeal activity is compara-tively independent from supralaryngeal articulations. Articulatory interpre-tations, however, do not imply a mechanical necessity of certain forms, theyonly state why it is plausible that such forms occur. Articulation is in
uenced11



by mechanical constraints, but it is mainly determined by communicative andsocial factors that prescribe, allow or prohibit certain phenomena.In a cross-language perspective, temporal 
exibility of glottal correlatesfor /x/ and /h/ is probably not exclusive to German. The variation of dorsalfricatives with breathy voice and breath in German is found as an alternationin Czech voicing assimilation (Dankovi�cov�a 1999), and it seems worthwhile toinvestigate whether non-sequential productions of the glottal correlates arefound in Czech. /h/-correlates in English and Swedish also seem promisingareas to extend our knowledge on non-sequential aspects of speech.Procedural interpretations that derive `reduced' productions from under-lying phonological forms by manipulating segmental strings via a set of rulesbear the danger of missing important aspects of the material investigated(cf. Simpson 1992). From a procedural point of view, one might postulatethat the vowel preceding /r/ is `elided' in monophthongal productions ofwir : [I5] ! [5]. Both phonological units, however, are phonetically codedthroughout the monophthong: F1 is intermediate between the endpoints ofthe diphthongal productions (cf. �gure 4(a)). A declarative understandingof concrete phonetic properties as direct exponents of abstract phonologicalunits seems more appropriate to account for the data.Vowel{/r/ combinations are often said to involve /r/-`vocalization', againimplying a procedural derivation. In items like wir, however, only vocoidproductions of /r/ are found. Even if there is an in
ectional paradigm withan alternation between vocoid and contoid correlates of /r/, as e.g. in ihr`her (m./n. sg.)' vs ihre `her (f. sg.)', one has to adduce language history,re
ected in the orthography, to justify regarding the contoid as primary andthe vocoid as derived. It is doubtful, however, that this diachronic argumentis relevant in a synchronic account of speech patterns. Rather than being a`vocalized' realization of consonantal /r/, the vocoid broadly transcribed as[5] is the exponent of /r/, the latter being an abstract phonological unit andneither a contoid nor a vocoid.A common belief is that `reduction', and style in general, is the resultof increased speech rate. This assumption led to terms such as `lento' vs`allegro style' and `fast speech rules' (Dressler et al. 1972), and it is also im-plicitly adopted in Articulatory Phonology. Since unscripted speech is oftensupposed to be faster than read speech, it is expected to display more radicaldeviations from isolated word forms. The �ndings for /r/, however, showthat it is important to disentangle style and speech rate. Similar durationalpatterns across speaking styles can be connected with di�erent productions.In these cases, the phonetic coding is determined by style, not by duration,i.e. by communicative function and not by the mechanics of the vocal tract.12
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