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tionThis paper builds on work on the redu
tion of fun
tion words in Germanspontaneous spee
h presented in Wesener (1999). Whereas the latter fo
usedon one-word items and their redu
tion, we now aim to shed further light onredu
tion in sequen
es of items. The main interest will lie in the redu
tionof personal pronouns depending on the position relative to a pre
eding orfollowing auxiliary verb. Hypotheses in Kohler (1979) and Kohler (1990)are the starting point. They e.g. state that the vowel of i
h is likely to bedropped in i
h wei�, but not in wei� i
h. This study aims to broaden thebasis for the investigation of these hypotheses by using 
omputerized 
orporaof both spontaneous and read spee
h (IPDS 1995, IPDS 1996, IPDS 1997;IPDS 1994).One might regard redu
ed forms of fun
tion words as 
liti
s be
ause areunlikely to o

ur in one-word utteran
es. But by 
ontrast to typi
al 
liti
ssu
h as Latin -que `and' in arma virumque (lit. `arms man-and': `arms andthe man', 
f. Matthews 1997), the fun
tion word investigated here 
an o

uron their own. In addition, there frequently is no one-to-one relation betweenthe redu
ed form and the item to whi
h it is atta
hed. The redu
ed fun
tion1



words frequently o

ur in longer sequen
es 
ontaining other fun
tion words sothat several `
liti
s' refer to one word. Inversely, there may be two alternativewords of referen
e for a redu
ed form, i.e. the pre
eding and the following.In this 
ase it seems somewhat arbitrary to 
hose one word as the point ofreferen
e for the `
liti
'. We therefore prefer the terminology `preverbal' and`postverbal' to `pro
liti
' and `en
liti
', respe
tively. This does not ex
ludethe possibility that 
ertain pre- or postverbal redu
tions may be lexi
alized(see dis
ussion).A survey in Wesener (1999) shows that �rst person pronouns are parti
-ularly frequent. They are thus ideal obje
ts for investigating repetitions ofthe same pronoun-verb/verb-pronoun sequen
es. Third person pronouns, onthe other hand, are rare be
ause of the limitations of the s
enario used toeli
it the material. It is therefore diÆ
ult to investigate redu
tion of thesepronouns indu
ed by positional fa
tors.2 MethodThe data derive from the sessions investigated in Wesener (1999) plus �veisolated test dialogues published on the Kiel Corpus CDROMs. The Kieldatutility (P�atzold 1997) was used to 
reate databases of the material. Onedatabase 
ontains all prosodi
ally and segmentally labelled material, anotherthe data with segmental labels only, and a third the 
omplete spontaneousmaterial. These databases represent the status of January 2000 and areidenti
al to those used in Rodgers (2000) (
f. appendix A).Awk s
ripts were used to retrieve the sequen
es of interest, to 
ount in
i-den
es of phenomena 
aptured by the labelling, and to obtain durational in-formation. The latter was retrieved from the prosodi
ally labelled database,sin
e senten
e-a

ent with its strong durational 
ues is 
onsistently marked inthis material only. These automati
ally generated data were 
omplementedby an impressionisti
 investigation of the sequen
es to 
apture phenomenawhi
h had not been labelled.The ESPS tool formant was used to measure formant frequen
ies. For-mant high-pass �lters the input signal, down-sampled from 16 kHz to 10kHz, to remove low frequen
y rumble (
ut-o� at approximately 80 Hz). Theresulting �le is then used for the formant frequen
y estimates (default val-ues: window duration 49ms, window type Cos4, preemphasis 
onstant 0.7,LPC order 12, LPC type auto
orrelation). It turned out that formant oftenhas diÆ
ulties with identifying F1, F2 or F3 and 
hooses the next higherformant instead, tra
king the wrong formant throughout the vowel. Thisproblem 
ould not be solved by 
hanging window type, LPC order or other2



fa
tors.String information from Kieldat databases was used to a

ess signal �les.The tools klara and ksort (Willems 1987, S
he�ers and Simpson 1995) werethen applied to estimate formant frequen
ies (window size 30ms, Hammingwindow, preemphasis fa
tor 0.95, LPC order 16). The programs seem towork more reliably for F1 and F2 by 
ombining root solving of the LPCpolynomial with the 
omputation of Pisarenko frequen
ies (
f. S
he�ers andSimpson 1995, Delsarte and Genin 1986). When problems o

ur with mea-suring higher formants, this is often indi
ated by nonsense values whi
h areeasy to dete
t. All unstressed renditions in the prosodi
ally labelled databasewithout hesitational lengthening were investigated. A s
ript then 
al
ulatedmean formant values from the retrieved data sets.The frequen
y values where 
onverted to per
eptual units sin
e Hz-valuesdo not indi
ate whether 
hanges are relevant in everyday 
ommuni
ation andin the judgment of quality 
hanges by phoneti
ians (
f. �gures 1{3). Thenumber of ERB s
ale a

ording to Moore (1997a)1 was adopted to re
e
tthe per
eptual signi�
an
e of value 
hanges. These ERBs are the equiva-lent re
tangular bandwidths of non-re
tangular �lters that derive from theinvestigation of auditory frequen
y sele
tivity with the not
h-noise method(Moore 1997b). It has a higher resolution than the Bark s
ale2 for frequen
iesbelow 500Hz, whi
h 
on
erns mainly F0 and F1. A

ording to Traunm�uller(1990), the 
on
ept of 
riti
al bands underlying the Bark s
ale is rather ameasure of the tonotopi
 sensory s
ale, whereas ERB rate is a measure offrequen
y sele
tivity.Fun
tional Data Analysis: \(i) It takes a

ount of the underlying 
on-tinuity of the physiologi
al system generating the behavior; (ii) it displaystemporal dependen
ies in the data owing to this 
ontinuity; (iii) it providesmethodologies to deal quantitatively with the 
omplexities of multidimen-sional time series data like those 
olle
ted in spee
h experiments ..." (Ram-say, Munhall, Gra

o, and Ostry 1996)3 The impa
t of position on personal pronouns�rst person pronouns parti
ularly frequent, opportunity to investigate repe-titions of the same pro
liti
 and en
liti
 sequen
es1E = 21:4log10(4:37F + 1).2z = [26:81f=(1960+ f)℄� 0:53 (Traunm�uller 1990).
3



3.1 /r/-vo
alization in wir� hypothesis: greater devian
e from 
anoni
al form in en
liti
 position� diÆ
ulty: following 
ontext not 
ontrolled� wir frequent in en
liti
 position: 102 k�onnen wir, 22 wir k�onnen, 52haben wir, 10 wir haben� position in utteran
e. Simpson (1998): 233 ms for vowel in utteran
e-�nal vor vs 62 ms for non-�nal o

urren
es of the preposition. Moretime for diphthong in utteran
e-�nal positionIn order to know how the r-diphthong in wir is represented in termsof formant movements, the formants were estimated automati
ally at �vetime points in the vowel and 
ompared to the same values in monophthongalwie. The results are presented in table 1. It should be noted that sin
espontaneous spee
h is not 
ontrolled, standard deviations are mu
h higherthan in experimental setups where target items are embedded into a stable
arrier senten
e.Figure 1 visualizes the data from table 1. Contrary to what one wouldexpe
t for an opening diphthong, there are hardly any formant movementsin wir, but the formants run almost in parallel with those for wie (for moredis
ernibly 
onverging formant movements in read wir 
f. �gure 7 on p. 14).However, there are three di�eren
es between the patterns for wir and wie:a) 
learly lower F2 values for wir, b) 
learly higher F1 values for wir, and
) a di�erent shape of F1, whi
h shows a slight upward movement for wir.This raise of F1 for wir seems to be a residuum of the opening gesture of the
arefully pronoun
ed r-diphthong. This holds for male as well as for femalespeakers. The phoneti
 
orrelates of the r-diphthong are thus not 
ompletely
aptured by the symbol [5℄ whi
h has often been used for `monophthongized'produ
tions.To justify by an example the de
ision to plot per
eptual ERB valuesrather than a
ousti
 formant frequen
ies, �gure 2 displays the values fromtable 1 without 
onverting the Hertz values. One 
an easily see that theresolution is to high for high frequen
ies and to low for low frequen
ies. Alogarithmi
 plotting of the frequen
y data, on the other hand, resolves lowfrequen
ies more than is per
eptually relevant (�gure 3).Figure 4 displays the realization of the vowel in spontaneous spee
h de-pending on duration. The durational 
ontinuum has been divided into in-tervals of 30ms (
ases where the vowel was deleted are ex
luded, thereforethe �rst 
lass starts at 1ms; the 
lasses are displayed time-normalized, whi
h4



Table1:F1
andF2valu
esandstand
arddeviatio
nsformale
andfemales
peakersinu
na

entedw
irandwie.

item
male

female

tF1s
dF2
sdnt
abssdF1
sdF2
sdnt
abssd

wir0.1
396591
5262242
315932
471831
7532761
555823

0.34165
915292
11
493761
766270

0.54306
115142
04
504731
753254

0.74337
014872
09
505891
719246

0.94188
414672
26
4821091
681234

wie0.1
3151111
9841714
15413
322462
0493242
66121

0.33058
720001
47
324532
019316

0.53058
420061
45
325532
013325

0.73081
0819691
40
325492
019229

0.93252
0019391
32
322431
939177
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Figure 5: F1 and F2 of unstressed wir in prosodi
ally and segmentally la-belled databases (male speakers).means that the in
linations of the graphs 
annot be taken as measures forspeed of a
ousti
 
hange. For a pseudo-absolute representation of durational
lasses 
f. �gure 9). One 
an observe that with de
reasing duration, thestarting point of F2 is subsequently lowered, whereas the end-point remainsalmost 
onstant, whi
h results in a 
attening of F2 at about the end-pointlevel of the long produ
tion. F1, on the other hand, is rather 
attened atthe mid-point level of the long produ
tion.After these preliminary investigations of the realization of wir in sponta-neous spee
h in general, we now turn to the subje
t of redu
tion dependingon position. Be
ause the numbers of pre- and postverbal o

urren
es withthe same auxiliary are extremely small when restri
ted to the prosodi
allylabelled database, it makes sense to in
lude tokens from the prosodi
allyunlabelled database as well. The latter is missing reliable information onsenten
e-a

ent, i.e. some of the tokens whi
h have not re
eived a senten
e-a

ent marker may be a

ented. Figure 5 displays the results for the twodatabases. The se
ond formants are virtually identi
al, and the �rst for-10
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Figure 6: F1 and F2 of unstressed wir in wir k�onnen and in k�onnen wir(male speakers in 
omplete database).mants run in parallel, although F1 is slightly higher for the database whi
hdoes not 
ontain prosodi
 labels. The patterns found in the database with-out prosodi
 labels 
losely resemble the �ndings for the prosodi
ally labelleddatabase, and it seems legitimate to merge the databases for the investigationof positional fa
tors.Our expe
tation is that the devian
e from the 
anoni
al form is greaterin postverbal than in preverbal produ
tions. Figure 6 shows that wir ismore open when it follows k�onnen than when it pre
edes it. This is not dueto in
reased duration in preverbal position, on the 
ontrary, the preverbalvowels are even slightly shorter than the postverbal ones (means: 53ms vs61ms). These results support our hypothesis of more postverbal redu
tion.One diÆ
ulty in 
omparing the �ndings for pre- and postverbal vowelsis that in the 
ase of wir k�onnen, the immediate segmental 
ontext on bothsides of the vowel is 
ontrolled, whereas in k�onnen wir, the following 
ontextis not 
ontrolled. The vowel is always followed by a velar plosive in wirk�onnen, but there are di�erent postverbal 
ontexts su
h as k�onnen wir ja11



Table 2: Frequent sequen
es of wir and auxiliary verbs, ntotal indi
atingthe number of the sequen
e in the 
omplete database without 
onsideringsenten
e-a

ent, and nprosun indi
ating the number in the prosodi
ally la-belled 
orpus (both items una

ented). All numbers ex
lude 
ases with hes-itational lengthening. sequen
e ntotal nprosunwir k�onnen 22 4k�onnen wir 102 27wir haben 10 2haben wir 56 16wir wollen 1wollen wir 32 1and k�onnen wir uns. This means that part of the observed di�eren
es maybe due to 
ontextual fa
tors.� �ner temporal resolution: measurements at 0.1, 0.3, 0.5, 0.7, and 0.9� separated male and female speakerstable 1 and �g. 1� 
omputation of standard deviation within the s
ript� plotting data: 
hanges in F1 smaller than in F2, not adequately 
ap-tured in linear plotting of frequen
y values{ �rst trial: logarithmi
; 
hanges exaggerated{ Bark s
ale: low frequen
y resolution below 500Hz; Traunm�uller1990: `CB should not be taken as a measure of frequen
y reso-lution, but CB rate may be taken as a measure of the tonotopi
sensory s
ale.' (z = [26:81f=(1960 + f)℄� 0:53){ ERB rate as a measure of frequen
y resolution (Moore 1997b):writing and implementing fun
tion in awk (E = 21:4log10(4:37F+1))� spontaneous vs read spee
h: formant movements bigger in read spee
h�g. 7� this also holds when seperating durational 
lasses�g. 9 using ERB rate to plot frequen
ies12



� so far only unstressed produ
tions in prosodi
ally labelled database,now data from segmental database for 
omparisonBe
ause the numbers of pre- and postverbal o

uren
es with the sameauxiliary are extremely small when restri
ted to the prosodi
ally la-belled database, it makes sense to in
lude tokens from the prosodi
allyunlabelled database as well. The latter is missing reliable informationon senten
e-a

ent, i.e. some of the tokens whi
h have not re
eived asenten
e-a

ent marker may be a

ented. Figure 5 displays the resultsfor the two databases. The se
ond formants are virtually identi
al, andthe �rst formants run in parallel, although F1 is slightly higher for thedatabase whi
h does not 
ontain prosodi
 labels. The non-prosodi
patterns 
losely resemble the prosodi
 ones, and it seems legitimate tomerge the databases for the investigation of positional fa
tors.� all male produ
tions of wir after k�onnen (spontaneous spee
h)Figure 8 shows that wir is more 
entralized after k�onnen than on av-erage of all its o

uren
es.Figure 9 
ontrasts the realization of the vowel in spontaneous and readspee
h depending on duration. The durational 
ontinuum has been dividedinto intervals of 30ms, and the three 
lasses 
ontaining a suÆ
ient numberof produ
tion in both spontaneous and read spee
h are displayed. The �vemeasurement points are proje
ted onto the mean duration within the 
lass,
overing 80% of this duration (from 10% to 90%). The graphs for the three
lasses are aligned around their midpoints.An important �nding is that the quality of the vowel is more diphthongalin read spee
h, whi
h shows 
lear upward movements of F1 and downwardmovements of F2 in all durational 
lasses. The auditory and a
ousti
 distan
ebetween the two formants is greater at the beginning and, in the 
ase of thelongest produ
tions, smaller at the end. In spontaneous spee
h, the formantsare 
atter and 
onverge to a smaller degree, or even slightly diverge in the
ase of the shortest produ
tions.Although these di�eren
es between the styles might be partly due todi�erent 
lass sizes and 
ontext distributions, there is a 
lear tenden
y in readspee
h to be more `
onservative', in the sense that it 
onserves the transitionfrom a 
losed vowel to an open /r/-vo
alization to a greater extent. Inspontaneous spee
h, on the other hand, the /r/-vo
alization manifests itselfin a less linear way, with the starting and end points tending to level outea
h other.It also turns out that redu
tion (in this 
ase of formant movements)is not merely a 
onsequen
e of temporal 
ompression, sin
e the durational13
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Figure 7: F1 and F2 for wir in read and spontaneous spee
h (male speakers,una

ented renditions without hesitational lengthening).
Figure 8: (temporary until problem with wir k�onnen is solved) F1 and F2 ofunstressed wir in 
omplete database and in k�onnen wir (male speakers).
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Figure 10: F1 and F2 of unstressed wir in k�onnen wir in read and sponta-neous spee
h (male speakers).parameter was 
ontrolled. The alignment of the spee
h movements is thusnot 
ompletely left to the me
hani
s of the vo
al tra
t who is for
ed toredu
tion by durational 
onstraints; rather, the speaker sele
ts a 
ertainmode (sti�ness?) a

ording to style.� in
uen
e of position in read spee
h 
annot be investigated sin
e wiro

urs only in postverbal position: K�onnen wir ni
ht Tante Erna be-su
hen? (be054)� /r/-diphthong in k�onnen wir has a more peripheral and a slightly morediphthongal quality for F1 than in spontaneous spee
h (
f. �gure 10)3.2 Vowel shortening in i
h� sequen
e of palatal vo
oid and 
ontoid: shortening of vo
oid� hypothesis: shorter in pro
liti
 position16



Table 3: Frequent sequen
es of i
h and auxiliary verbs, ntotal indi
atingthe number of the sequen
e in the 
omplete database without 
onsideringsenten
e-a

ent, and nprosun indi
ating the number in the prosodi
ally la-belled 
orpus (both items una

ented). All numbers ex
lude 
ases with hes-itational lengthening. sequen
e ntotal nprosuni
h bin 30 8bin i
h 128 57i
h kann 29 4kann i
h 98 16i
h hab' 45 4hab' i
h 105 31Table 4: Mean segmental durations in bin i
h (n = 57) and i
h bin (n = 8).segment b(-h) I n I Cdur. [ms℄ 60 34 50 40 59segment I C b(-h) I ndur. [ms℄ 48 68 83 32 75� ideal for non-parametri
al testing: 134 bin i
h, 32 i
h bin, 82 kann i
h,31 i
h kann� problem with hab' : vowel 
ould also be exponent of s
hwaThe redu
tion of i
h might take pla
e in the durational domain, e.g. asthe shortening of the vo
oid in the sequen
e of palatal vo
oid and 
ontoid.Our hypothesis is that the vo
oid is shorter when pre
eding the verb, sin
ea devoi
ed onset seems to be more probable in phrase-initial sequen
es su
has i
h kann than in kann i
h whi
h mostly o

urs phrase-internally. Afterdis
ussing durational aspe
ts, we turn to quality 
hanges in the sequen
es.Considering the 
ombinations of i
h and bin �rst, the tempo is higherin bin i
h than in i
h bin. Whereas the stret
h 
orresponding to the �rstsequen
e lasts only 243 ms (144 ms + 99 ms), the latter sequen
e takes306 ms (116 ms + 190 ms) (
f. table 4). The reason seems to be that bini
h is integrated into a stret
h of verbal material, often ex
lusively fun
tionwords, while i
h bin o

urs phrase-initially, and therefore is more exposed.The higher tempo for bin i
h seems to be another reason for more redu
tion,besides the 
hanges in 
ontext des
ribed above.17



Figure 11: Postverbal redu
tion of palatal fri
ative in bin i
h mit (g072a019).Contrary to our expe
tation we see that the vo
oid in i
h is not shorterpreverbally than postverbally. This does not only hold in absolute terms |whi
h merely is a 
onsequen
e of the slower tempo in the preverbal 
ases |but also in relative terms. The ratio of the vo
oid divided by the 
ontoid is0.68 postverbally and 0.71 preverbally.Turning now to quality 
hanges, there are more redu
tion phenomena inbin i
h than in i
h bin. /b/ is less frequently released in bin i
h (32 out of57 vs 7 out of 8); this is be
ause approximation is favoured in an intervo
ali
position su
h as da bin i
h, but not after 
onsonants as in i
h bin. In no 
aseof bin i
h a glottal stop has been produ
ed (2 
ases in i
h bin). The reasonis that the vowel of i
h o

urs phrase-medially in bin i
h, but phrase-initiallyin i
h bin and mostly after non-verbal material like pauses or breath, whi
hfavour the presen
e of a glottal stop.Figure 11 shows a redu
tion of the palatal fri
ative involving a vo
oid withbreathy voi
e, whi
h seems to be restri
ted to sequen
es with a followingnasal. For other repla
ements of dorsal gestures by laryngeal adjustmentsbefore nasals in the 
ase of velar or uvular fri
atives 
f. Wesener (1999). Itis obvious that this type of redu
tion 
an only o

ur postverbally, sin
e thene
essary nasal 
annot be provided for preverbally.The ratio of the vo
oid divided by the 
ontoid is 0.75 postverbally and0.82 preverbally. Again, the preverbal vo
oid is longer in both absolute andrelative terms, for the same reasons as dis
ussed above in 
onne
tion with18



Table 5: Mean segmental durations in bin i
h (n = 16) and i
h kann (n = 4).segment k -h a n I Cdur. [ms℄ 105 53 51 45 60segment I C k -h a ndur. [ms℄ 51 62 84 54 29

Figure 12: Postverbal redu
tion of palatal fri
ative in kann i
h no
h(g315a007).bin sequen
es.Repla
ement of the dorsal by a laryngeal gesture (breathy voi
e) beforenasals is illustrated in �gure 12 and restri
ted to postverbal items (see above).problem with hab' : vowel 
ould also be exponent of s
hwa (blending ofvowel qualities after dropping of glottal a
tivity)� basis: 
omplete spontaneous database (with and without prosodi
 la-bels)� build lists 
ontaining all verbs that 
an follow or pre
ede i
h� extra
t relevant lines from a lexi
on with two-word entries, using namedarrays in awk 19



� preverbal: 541 sequen
es with 60 verb types (the latter not 
ountingforms with apostrophe)� postverbal: 726 sequen
es with 50 verb types (the latter not 
ountingforms with apostrophe)� vowel in preverbal i
h more frequently `deleted' (frequently 
orrelatesof the vowel are present, ma):{ preverbal 40 (7%, 15 with ma){ postverbal 20 (3%, 8 with ma)� more often absen
e of glottal re
ex in postverbal i
h:{ preverbal (501): 178 Q- (36%){ postverbal (706): 542 Q- (77%)� no di�eren
e in 
onsonant `deletion':{ preverbal 11 (2%, 7 with ma){ postverbal 17 (2%, 9 with ma)� 
onsonant `repla
ement': glottal fri
ative only in postverbal i
h{ preverbal 6 (1%): labiodental, alveolar and postalveolar fri
atives{ postverbal 10 (1%): labiodental, alveolar and glottal fri
atives� extra
ting all 
ases of i
h meine from the lexi
on� 
he
king ambiguous 
ases in the transliteration �les� meine wrongly marked as fun
tion word: g086a010, g364a007, g372a014,g375a003; 
orre
ted� preverbal: 454 with 20 verb types (the latter in
luding forms without�nal <e>; trap: missing upper 
ase I
h)� postverbal: 195 with 17 verb types (the in
luding forms without �nal<e>)� vowel in preverbal i
h more frequently `deleted':{ preverbal 62 (14%){ postverbal 7 (4%) 20



� more often absen
e of glottal re
ex in postverbal i
h:{ preverbal (392): 126 Q- (32%){ postverbal (188): 160 Q- (85%)� 
onsonant `deletion'{ preverbal 2 (0%){ postverbal 2 (1%)� 
onsonant `repla
ement'{ preverbal 3 (1%){ postverbal 1 (1%)In both read and spontaneous spee
h, the vowel is more often deletedin preverbal than in postverbal i
h. This �nding 
orroborates an earlierobservation whi
h was not yet based on large 
omputer 
orpora of spee
h(Kohler 1979). The vo
oid and 
ontoid in i
h 
an be produ
ed with thesame tongue 
on�guration: devoi
ing leads to a stronger airstream, whi
hthen 
auses fri
tion at the palatum. When preverbal i
h o

urs utteran
e-initially (whi
h is not possible postverbally), it is easier to maintain the openposition of the vo
al folds asso
iated with breathing throughout i
h, whi
hresults in a 
ontoid only.� spontaneous spee
h: 
f. table 6; `other' 
omprises all 
ontexts that donot 
ontain a verb in the �rst person singular� total number in 
omplete database greater than in Wesener (1999):1410 instead of 1360. This is mainly be
ause the present 
orpus 
on-tains �ve more dialogues. Apart from that, the numbers also di�erslightly be
ause the present numbers derive from sear
h operationson the orthographi
 �eld of a lexi
on only, whereas the earlier num-bers were 
al
ulated using Kieldat fun
tions on di�erent �elds of thedatabase.� read spee
h: 
f. table 7
21



Table 6: Position of i
h in the spontaneous database.
ontext npreverbal 541postverbal 726other 143total 1410Table 7: Position of i
h in the read database.
ontext npreverbal 454postverbal 195other 72total 7213.3 Centralization in Sie� hypothesis: more 
entral in en
liti
 position (Kohler 1979)� diÆ
ulty: following 
ontext not 
ontrolled� 38 haben Sie, 6 Sie haben, 15 k�onnen Sie, 4 Sie k�onnen� in
uen
e of senten
e-a

ent with k�onnen� hypothesis: more 
entral postverbally (Kohler 1979)� diÆ
ulty: following 
ontext not 
ontrolledTable 8: Frequent sequen
es of Sie and auxiliary verbs, ntotal indi
atingthe number of the sequen
e in the 
omplete database without 
onsideringsenten
e-a

ent, and nprosun indi
ating the number in the prosodi
ally la-belled 
orpus (both items una

ented). All numbers ex
lude 
ases with hes-itational lengthening. sequen
e ntotal nprosunSie haben 5 2haben Sie 36 11Sie k�onnen 5 -k�onnen Sie 15 422



� in
uen
e of senten
e-a

ent with k�onnenIn a �rst step, all verbs that pre
eded or followed Sie were extra
ted fromthe 
ontext lexi
on. Items that o

urred as in�nitive and imperative pluralwere ex
luded, as was a slip of the tongue. Only sequen
es of Sie as a subje
tpronoun plus verb in the third person plural were thus examined.Again, the item was more frequent postverbally, where it also o

urredwith a greater variety of verb types (postverbally 33, preverbally 13 di�erenttypes). Figure 13 displays formant movements in pre- and postverbal positionfor male and female speakers in spontaneous spee
h.In a

ordan
e with our expe
tation, male speakers show a lower F2 postver-bally, whi
h points to a less anterior produ
tion. Female speakers, however,seem to make no di�eren
e in F2 between the positions.For both genders, F1 moves upward towards the end of the vowel inpreverbal position. Clearer formant transitions may be a sign of prominen
e.The rise, however, may also be an artefa
t 
aused by the 
omparatively lownumber of tokens in preverbal position.Figure 14 shows the results for read spee
h. In a

ordan
e with ourexpe
tation, the postverbal formants lie within the preverbal formants forboth male and female speakers3.Whereas F1 
learly di�ers only in the last phase of the vowels in sponta-neous spee
h, it di�ers throughout the vowel in read spee
h. F2 for femalespeakers, whi
h is not di�erent in spontaneous spee
h, is di�erentiated a
rossthe positions in read spee
h. Although the samples are small, there is thusa tenden
y towards a 
learer distin
tion of position in read spee
h.3.4 es and 's� new lexi
on without 
alling fun
tion 
vApostrophe to retrieve only esand not 
ompleted 's� basis: 
omplete spontaneous database (with and without prosodi
 la-bels)� lists 
ontaining all verbs that 
an follow or pre
ede es (only third personsingular)3Problems in the automati
 
al
ulation of F2 o

urred for the preverbal produ
tionsof female Sie: o

asionally, an additional resonan
e was wrongly pla
ed in between F1and F2. This seems to be due to the blurred spe
tral 
hara
teristi
s of the vowel in thevi
inity of fri
atives, su
h as in Sie wollen. Additional resonan
es were not removed inthe data �les in order to keep the results 
ompatible with those for postverbal position,whi
h were not 
hanged by hand either. 23
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Table 9: Position of es in the spontaneous database.
ontext npreverbal 52postverbal 182other 53total 287� preverbal: 52 sequen
es with 21 verb types (the latter in
luding formswith apostrophe)� postverbal: 182 sequen
es with 24 verb types (the latter in
luding formswith apostrophe)� vowel in es deleted:{ preverbal 6 (12%){ postverbal 17 (9%)� more frequently absen
e of glottal re
ex in postverbal es:{ preverbal (46): 18 Q- (39%){ postverbal (165): 123 Q- (75%)� pre- and postverbal 's in spontaneous spee
h:� preverbal: 9 sequen
es with 6 verb types (third person singular, in
lud-ing forms with apostrophe)� postverbal: 95 sequen
es with 12 verb types (third person singular,in
luding forms with apostrophe)� vowel in 's deleted:{ preverbal 8 (89%){ postverbal 93 (98%)� es and 's in spontaneous spee
h:� although a few produ
tions of 's are ambiguous in that they 
ould alsoderive from das, it is legitimate to 
ombine the two orthographi
 items26



Table 10: Position of 's in the spontaneous database.
ontext npreverbal 9postverbal 95other 59total 163Table 11: Position of es/'s in the spontaneous database.
ontext npreverbal 61postverbal 277other 112total 450� vowel in es/'s deleted:{ preverbal 14 (23%){ postverbal 110 (40%)� the pronoun o

urs more frequently in postverbal position� vowel is more frequently absent in this position� vowel misses in 
onne
tion with a subset of frequent verbs that aremostly fun
tion words themselves{ preverbally: besteht (only on
e) ginge ist m�u�te tut w�ar' war wird{ postverbally: geht gibt ginge ist hab' pa�t s�ah' s
haut sieht w�ar'/w�arewar wird w�urd'/w�urde� Pre- and postverbal es in read spee
h:� only verbs in third person singular� preverbal: 62 sequen
es with 6 verb types, all senten
e-initial� postverbal: 131 sequen
es with 11 verb types� vowel in es deleted: 27



Table 12: Position of es in the read database.
ontext npreverbal 62postverbal 131other 2total 195{ 0 preverbal (%){ 10 postverbal (%)� more frequently absen
e of glottal re
ex in postverbal es:{ preverbal (62): 9 Q- (15%) (most frequently glottal stop plus
reak, 44%){ postverbal (121): 104 Q- (86%)In both read and spontaneous spee
h, la
k of glottal a
tivity is mu
h morefrequent in postverbal vs preverbal es. The di�eren
e between the positionsis even greater in read spee
h than in spontaneous spee
h sin
e all preverbaltokens of es in read spee
h o

ur utteran
e-initially, thus favouring glottala
tivity.As to 's, there were 94 tokens in the read database, all labelled with analveolar fri
ative only. It makes little sense to 
ompare this number withthe �ndings for spontaneous spee
h with regard to the frequen
y of vowelelision. In spontaneous spee
h, transliteration followed spee
h, whereas inread spee
h, orthography pre
eded spee
h, thus more or less pres
ribing whena vowel should or should not o

ur.3.5 Outlook on new s
enario: er� new speakers in
orporated into KielDatGender� in more than half of the turns (60 out of 116) alignment errors� these errors probably result from overlaid #� resulting database not yet reliable enough to measure formants in er
28



4 Other phenomena in read spee
h4.1 /x/� 2.8% (out of 1012 o

urren
es of /x/) x- in no
h, au
h, do
h, na
h;2.9% x-h, frequently in na
h; in sum 5.7%, whi
h is signi�
antly lessthan 17% in spontaneous spee
h. This might in part be due to themore frequent use of 
hanged labels in spontaneous spee
h whi
h wassegmented later than the read 
orpus� dorsal arti
ulation 
an be given up in favour of glottal a
tivity: no
hsagen [nO�Hza	îN℄ (dlme054, 
f. �gure 16), au
h no
h [A��OHnO�X℄ (hpte052),similarly na
h Mannheim (kkoe062)� breathy voi
e for /x/ 
an also be shifted, in one 
ase the 
orrelate of/x/ seems to be produ
ed in the vowel of the following word: no
hdie Verbindung [n�O�dI�f-℄ (dlme010, 
f. �gure 15); breathiness does notseem to be merely indu
ed by the following voi
eless fri
ative be
auseit is stronger at the beginning of the vowel than immediately beforethe fri
ative� no
h andere (kkoe061): /x/ marked by drop in F1 and F2 as wellas rise in F4 (
f. �gure 17 and the se
tions in �gure 18); produ
tionmay partially be the 
orrelate of the glottal a
tivity 
onne
ted with thefollowing vowel� the intera
tion between vowel-related glottalization and glottal a
tivityfor /x/ 
an even be more 
omplex. In au
h eine (
f. �gure 19, ugae073),the end of the diphthong in au
h is produ
ed with 
reaky voi
e. This
reaky voi
e seems to be too strong to simply announ
e the short glottalstop at the beginning of eine. The 
reak has been labelled as beingrelated to the vowel of au
h. It may be that shifting the 
reak to theright ful�ls two fun
tions, i.e. boundary marking in 
onne
tion with thevowel of au
h, and indi
ating /x/. In addition, there may be a velarapproximation around the stop.� sometimes the dorsal fri
ative is present, but the borderline to the fol-lowing labiodental fri
ative is not easy to dete
t: no
h von (dlms068),au
h f�ur (kkoe062); one reason is that both fri
atives have 
ompara-tively little intensity, and in addition the independent labial and dorsalarti
ulations probably overlap 29



Figure 15: Correlates of /x/ in no
h die (dlme010).
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Figure 16: Correlates of /x/ in no
h sagen (dlme054).
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Figure 17: Correlates of /x/ in no
h andere (kkoe061).
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0dBFigure 18: Se
tions in the vowel of no
h (high-energy F1 and F2) and in thestret
h 
orresponding to /x/ (high-energy F4, kkoe061).� this overlap 
an even be
ome stronger. In one 
ase of au
h s
hon thepostalveolar fri
ative has a formant around 1200Hz, and its energy
ut-o� lies as low as 700Hz. Its two surrounding segments, i.e. thefri
ative in au
h and the vowel in s
hon, have been marked deleted. Thefri
ative is strongly rounded, and the rounding serves as the 
orrelateof the vowel in s
hon (marked by -ma) whi
h is not present in a linearsense. The fri
ative is velarized more than would be ne
essary for thevowel of s
hon, there might even by a primary postalveolar-velar doublearti
ulation. In addition, the fri
ative is pre
eded by a breathy-voi
edstret
h whi
h together with the velar 
omponent of the fri
ative seemsto express /x/ (k22butt2, 
f. �gure 20; in 
ontrast to the original text,als has been produ
ed after s
hon and not before).� one 
ase where x has been deleted in do
h displays short dorsal fri
tionin the transition to the velar stop in do
h glei
h (k69mr092)� 
ross-language perspe
tive: the 
lose 
onne
tion between [H℄ and dorsalfri
atives 
an also be found in Cze
h: in voi
ing assimilation, the twobehave like a voi
ed/voi
eless pair (Dankovi�
ov�a 1999).� in a dia
hroni
 perspe
tive, Cze
h has lexi
alized the produ
tion of[H℄ for velar arti
ulations that o

ur in the 
ognates of other Slavi
33



Figure 19: Creaky voi
e in au
h eine (ugae073).
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Figure 20: Breathy voi
e and the velar 
omponent of the following postalve-olar fri
ative as 
orrelates of /x/ in au
h s
hon (k22butt2).
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languages (Olle Engstrand, personal 
ommuni
ation)� Standard Chinese: the 
orrelates of what is symbolized with <h> in theoÆ
ial pinyin system of transliteration vary, it 
an be a voi
eless velar(Ladefoged and Maddieson 1996) or uvular fri
ative (Norman 1988).Often there is little fri
ation even in 
areful spee
h, it seems probablethat merely glottal arti
ulations 
an be found in 
onne
ted spee
h� in all these 
ases glottal adjustments 
ause a blurring of the formantstru
ture whi
h loosely resembles the spe
tral 
hara
teristi
s of ba
kdorsal arti
ulations� speaking styles: 
ontrary to what one might expe
t, read spee
h 
andisplay quite radi
al deviations from standard dorsal fri
atives, al-though these forms seem to o

ur less frequently than in spontaneousspee
h4.2 /h/ in read spee
hh has been marked deleted in only 1.8% of the 
ases, as opposed to 9.2% inspontaneous spee
h. This points towards more 
are with regard to glottala
tivity and its delimiting fun
tion, probably indu
ed by orthography.The item Bahnhof, however, is frequently produ
ed without glottal a
-tivity delimiting the se
ond morph (5 out of 24 tokens). The 
ompoundnoun means `train station', and the meaning of the �rst element is indeed`train'. But from a syn
hronous perspe
tive, the se
ond element -hof `
ourt-yard; farm' is opaque sin
e a train station neither resembles a 
ourtyard nora farm. The redu
tion of glottal a
tivity seems to indi
ate that Bahnhof isinterpreted as mono- rather than bimorphemi
. This tenden
y is probablyeven stronger in spontaneous spee
h, where the speaker is not in
uen
ed byorthography; unfortunately, the item does not o

ur in the present 
orpus ofspontaneous spee
h.How is word-initial /h/ realized after vowels in read spee
h? Unfortu-nately, the sequen
e da haben does not o

ur in read spee
h. A 
ompara-tively frequent sequen
e involving /h/ in intervo
ali
 position is Vater hat inVater hat den Tis
h gede
kt `Father has set the table'. Most 
ases involvesequential produ
tions with a medial portion of breathy voi
e (k02, k03, k05,k06, k61, k62, k66). A medial de
rease in amplitude with the se
ond halfof the vo
oid portion more breathy than the �rst half is found twi
e (k04,k64). In one produ
tion, breathy voi
e is shifted to the end (k63), and onetoken is breathy throughout (k65). Read spee
h thus seems to show similartemporal 
exibility of the glottal 
orrelates of /h/ as spontaneous spee
h.36



4.3 Vowel nasalizationIn read uns, the nasal 
ontoid is always present (n = 64). The amountof produ
tions without 
ontoid for und, however, is very similar to the onefound in spontaneous spee
h (1%, n = 551). For read uns, the orthographi
presen
e of <n> seems to blo
k the tenden
y for realizations without nasal
ontoids, whi
h in spontaneous spee
h is mu
h stronger for uns than for und.The result may be interpreted as supporting the hypothesis that orthographyhas a 
onserving e�e
t on pronun
iation.5 Dis
ussion� lexi
alization/
liti
ization, also in 
omparison to other languages (e.g. Aber-
rombie 1964)� relation spontaneous/read spee
h� initial lengthening in parallel to �nal lengthening to mark adja
en
y tophrase boundary?Work with 
orpora of 
onne
ted spee
h in
reases the knowledge of phe-nomena 
onne
ted with 
ertain phonologi
al units, su
h as /x/, /h/, and /r/in this paper. But the impa
t of these �ndings rea
hes beyond the level of de-s
ription, it has 
onsequen
es for models of the phonology-phoneti
s interfa
eand of phonology whi
h are set up to a

ount for the phoneti
 data.Componential approa
hes seem promising when it 
omes to a

ountingfor the phoneti
 data reported here. Arti
ulatory Phonology (AP, Browmanand Goldstein 1992) 
an addu
e the two me
hanisms of gestural overlapand redu
ed magnitude to a

ount for the observations in 
onne
tion with/x/ and /h/. But AP 
annot explain `long' non-sequential produ
tions byonly referring to in
reased overlap sin
e overlap, other variables remaining
onstant, leads to shorter durations. It seems that AP must postulate a
hanged sti�ness in these 
ases. This me
hani
al explanation, however, doesnot seem to 
apture the fun
tional use speakers make of the me
hani
s oftheir vo
al tra
ts.The Window Model of Coarti
ulation (WM, Keating 1990) takes sequen-tial allophoni
 feature spe
i�
ations as its input and sele
ts the possible rangeof physi
al values, i.e. the window, 
orresponding to ea
h segmental feature.The behaviour of a given arti
ulator during an utteran
e is then modelled bythe interpolation a
ross the windows of neighbouring segments. The modelis devised for 
ontextual phenomena in a linear sequen
e of segments: \Coar-ti
ulation refers to arti
ulatory overlap between neighboring segments, whi
h37



results in segments generally appearing assimilated to their 
ontexts" (Keat-ing 1990, p. 452). A window is attributed to ea
h segmental slot, and thetemporal alignment of windows seems to be �xed. It is not 
lear how themodel 
an deal with produ
tions that display all exponents of di�erent phono-logi
al units simultaneously, and that do not show a sequential organizationof phoneti
 
orrelates any longer.Whereas AP and WM are models of the phonology-phoneti
s interfa
egetting their input in the form of sequential phonologi
al spe
i�
ations,Prosodi
 Analysis (PA) emphasizes the fundamental phonologi
al relevan
eof phenomena beyond sequen
es of 
ontrastive sounds derived at the wordlevel. PA's 
on
ept of prosodies seems suited for 
apturing non-sequentialaspe
ts of spee
h. Firth (1948) regards vowel-initial glottalization in Germanas a prosody marking the jun
tion between lexi
al items. In a similar vein,he interprets breathiness in 
onne
tion with English /h/ as a prosodi
 signalof initiality.Firth observes that \the ait
hiness, ait
hi�
ation, or breathiness of soundsand syllables, and similarly their 
reakiness or `glottalization' are more of-ten than not features of the whole syllable or set of syllables" (Firth 1948,p. 146). In the investigated 
orpus, produ
tions are indeed found wherenon-modal glottal a
tivity is not limited to one segment or to a segmentboundary, but spreads over longer stret
hes (e.g. au
h no
h mal produ
edas [A��H
 n
 O�
H
m� -℄, g415a004); these `global' produ
tions, however, do not seemto outnumber more limited stret
hes of glottal a
tivity in German. The 
en-tral aspe
t of Firth's observation is that glottal a
tivity is not lo
alized at a
ertain point within sequen
es of phonologi
al units, and this also 
apturesthe German examples with limited glottal a
tivity that is shifted within ora
ross syllables.Extrapolating the prosodi
 interpretation to word-�nal dorsal fri
atives inGerman, one might regard them as jun
tion prosodies signalling word �nality.In 
ases where their only exponent is non-modal glottal a
tivity, this a
tivityshows the same temporal 
exibility as the other glottal prosodies.Why are non-modal phonation types prominent 
andidates for non-sequen-tial produ
tions? One reason probably is that laryngeal a
tivity is 
ompara-tively independent from supralaryngeal arti
ulations. But this independen
e,instead of being left to the me
hani
s of the vo
al tra
t, is in many 
ases putto a per
eptual fun
tion. Arti
ulatory interpretations do not imply a me-
hani
al ne
essity of 
ertain forms, they only state why it is plausible thatsu
h forms o

ur. Arti
ulation is in
uen
ed by me
hani
al 
onstraints, butit is mainly determined by 
ommuni
ative and so
ial fa
tors that pres
ribe,allow or prohibit 
ertain phenomena.38



Pro
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