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Chapter 5

1 Introduction and background

Ladd (1996) suggests that cross-linguistic differences among ‘intonation’ languages may be classified using a taxonomy of systematic phonological and phonetic parameters. Following a well-established tradition for the description of differences in segmental phonology and phonetics within British linguistics, he broadly suggests ‘semantic’, ‘systemic’, ‘realisational’ and ‘phonotactic’ distinctions in intonational structure. This chapter is concerned with ‘realisational’ distinctions between English and German, defined by Ladd as differences in phonetic detail involving no effect on the inventory of phonological contrasts. An understanding of realisational distinctions is relevant when one aims to establish an inventory of phonologically different intonational contrasts in the structure of a particular language; one needs to know which surface patterns represent systematically different realisations of one and the same underlying pattern and which indicate a difference in phonological representation. Similarly, realisational distinctions are relevant to cross-linguistic comparisons; an observed difference in accent realisation may reflect a difference in phonological structure or may be restricted to specific segmental contexts and are then best accounted for as a difference in the way in which essentially the same structure is phonetically realised. 


Evidence for a realisational difference between English and German was presented in Chapter 4; on IP-final accented syllables with a small proportion of sonorants, H*+L appears to be truncated in German, but is compressed in English. However, the number of tokens in the corpus on which this difference could be observed was very small. Moreover, evidence of accent accommodation on L*+H was scarce. In the present Chapter, two experimental studies will be presented which investigate pitch accent accommodation effects in rises and falls in more detail
. The first experiment contrasts the realisation of H*+L and L*+H in English and German on words with successively less scope for voicing, and the second investigates the accommodation of L*+H followed either by 0% or by H% in German.

2 Truncation and compression

One segmental context in which cross-linguistic realisational distinctions in intonation frequently surface is when the voiced segmental material available for pitch accent realisation is limited, for instance on the English word shift, where a short vowel is surrounded by voiceless consonants, or on the German word Schiff, where the same applies. Experimental evidence has illustrated two strategies which languages appear to adopt in such cases, and these have been referred to as ‘compression’ and ‘truncation’. The term ‘truncation’ was suggested by Erikson and Alstermark (1972), who investigated the realisation of accent II in Swedish as a function of phonological vowel length. The authors discuss two ways in which the F0 contour of accent II may be modified with decreasing vowel duration; ‘truncation’, where a falling contour merely ends earlier, in the absence of rate adjustment, and ‘rate adjustment’, later referred to as ‘compression’, where, starting from the same level, the F0 contour of short vowels falls more rapidly than that of long vowels. Rate adjustment was taken to reflect a temporal reorganisation of the tonal contour, whereas truncation was not. Truncation and compression are illustrated in Figure 1, which is adapted from Erikson and Alstermark (1972).
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Figure 1
Compression and truncation in words of different length.
The authors found that a shortening of the vowel segment results in truncation of accent II, and in Stockholm Swedish, where accent II is often described as ‘falling’, truncation tends to obliterate most of this fall. Further work on accent realisation in Swedish was carried out by Bannert and Bredvad (1975) who replaced the term ‘rate adjustment’ by ‘compression’. Their results show that the application of truncation and compression is dialect specific, that is, some dialects of Swedish truncate and others compress. 


Grønnum (1989) investigated fundamental frequency patterns on longer and shorter ‘stress groups’ (defined as consisting of a stressed syllable and succeeding unstressed syllables, if any) in a number of Danish dialects, and found that all of them truncate short stress groups. In her work, Danish is described as a language characterised prosodically by one type of F0 pattern with a number of surface variations depending on the length of the stress group the pattern is associated with; in other words, in Danish, different surface realisations do not necessarily point towards different underlying phonological structures. In the same paper, Grønnum also provided some evidence for truncation in Northern Standard German. However, her German data are not straightforwardly interpretable; they appear to offer evidence not only for truncation, but also for compression, specifically for rising fundamental frequency patterns at phrase boundaries. 


For English, on the other hand, there has not been a suggestion that speakers make use of truncation when segmental material is short; instead, it appears that pitch patterns are compressed. In fact, Ladd (1996) describes English as a ‘compressing language par excellence’. Systematic experimental evidence, however, is not available.


A difference between English and German pitch accent realisation appears to be predicted not only by the comments in the literature but emerged also from the corpus analysis presented in Chapter 4. Figure 2 repeats one example.



        English




  German
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Figure 2
Compression on bed is shown for English (left) and truncation on Bett for German (right).
For each language, fundamental frequency traces are shown of three successive intonation phrases which happen to correspond to three syntactic phrases. In both languages, each IP contains one nuclear falling tone. For English, the F0 trace in Figure 2 shows three successive falls in F0. For German, however, the F0 trace shows clear evidence of a fall only in the first and the last IP, that is on Hause and gesund. In the second IP, that is, on Bett, we find little evidence of a fall. However, auditorily, to a native speaker, the accent on Bett appears to be no different in type from the preceding accent on Hause (‘home’) or the one following on (nicht) gesund (‘unwell’). Nevertheless, in an AM analysis, which offers the possibility of distinguishing between an accent H*+L and an accent H*, one might take the F0 evidence to suggest that the speaker assigned H*+L accents to the first and last IP, and an H* accent to the one in the middle. After all, the word Bett is very short and the apparent fall in pitch may at least to some extent be due the auditory impression given by the surrounding falls. However, transcribing Bett as H* rather than H*+L may overlook a relevant generalisation: nuclear falls may be realised differently on words with different segmental structures. Support for the accent on Bett being of the same type as that on Hause and gesund comes from comments in the British school literature on the intonational patterns of coordinate structures. These have been noted frequently, for instance by Trim (1959), Schubiger (1958), Crystal (1969), Halliday (1967) and others. All authors point out that coordinate structures are characterised by some degree of pattern repetition. In accordance with this prediction, the English F0 traces in Figure 6 appear to exhibit the same pattern on each conjoint, and the German F0 traces are characterised by the same pattern on the initial and the final conjoint. This observation appears to suggest that the phrase between them may be of the same type. One may hypothesise, then, that underlyingly, the accent on Bett is falling, but as the word is very short, the fall has been truncated and surfaced as an apparently ‘high’ accent without evidence of a fall. Similar evidence of truncated rises was not observed.


The following sections describe a production study which was carried out to provide comparable evidence for pitch accent realisation on syllables with a small proportion of sonorants in German and English. A cross-linguistic difference in accent realisation was hypothesised for falling accents. Rises, on the other hand, were hypothesised to compress. 

3 Experiment I

3.1 Method

3.1.1. Materials

Six ‘surnames’ with successively less scope for voicing were embedded in carrier phrases designed to elicit rising and falling accents on the test words. The English test items were Sheafer [Si:f´], Sheaf [Si:f], Shift [Sêft] and the German equivalents were Schiefer [Si:få], Schief [Si:f], Schiff [Sêf]. The duration of voiced material was manipulated by reducing the number of syllables (two vs. one) and reducing phonological vowel length (/i:/ vs. /ê/). These particular test items and the particular way of reducing the proportion of sonorants in the test words were chosen for the following reasons. Firstly, the aim was to provide experimental data from naive speakers rather than from a trained phonetician. This imposed restrictions on the number of test items and fillers which could be included in the materials. Two lists of materials were intended to be produced, with one intonation contour each; in the first list, the test word was supposed to be produced with a nuclear falling tone, and in the second with a nuclear rising tone. All other intonational parameters should, ideally, be held stable (how this was achieved will be detailed below). The starting point for the choice of materials was the corpus analysis discussed above. There, clear examples of truncation were found on words with short vowels, surrounded by plosives (e.g. Bett ‘bed’). Thus, a word of this type was included. Voiceless stops, however, tend to result in local disturbances in the F0 contour, making measurements difficult. Words containing a short vowel surrounded by voiceless fricatives such as Shift / Schiff appeared more suitable. Next, words with more scope for voicing were required for comparison. Because of vowel-intrinsic differences in F0, which might distort the measurements, the short vowel in Shift / Schiff was replaced by its phonologically long counterpart (Sheaf / Schief). The third and final length condition involved adding another syllable to the mid-length word. This was motivated as follows. In English and German, the acoustic realisation of nuclear falling and rising accents appears to involve maximally two syllables, giving a pitch peak within the first syllable and a fall onto the second. After that, we find no pitch changes of similar magnitude. Thus, it appeared possible to add further sonorant material to the word in the mid-length condition (Sheaf / Schief), while still adding this material to the prosodic domain which appears to be relevant to the realisation of a rising or falling nuclear accent. 


A comparison of three rather than two length conditions in the experiment was motivated by the specific structure of the experimental materials. As was shown in Figure 6, in the German corpus, words with short vowels surrounded by plosives appeared to show no evidence of a fall in F0. This might indicate that truncation is a phonological process of L-deletion rather than a gradient acoustic effect. Including three length conditions in the materials, then, appeared to offer an opportunity to check whether truncation would apply gradiently between the mid-length and the longest condition. 



The test items were embedded in carrier phrases and distributed between two lists. Rising accents were elicited via yes/no questions, and falls via simple statements. In both languages, yes/no questions frequently end in L*+H H% , whereas simple statements often end in H*+L Ø%. The test item was placed in phrase-final position, and followed by a phrase in apposition which was added as a control. Appositions tend to be produced with the same intonational pattern as the word or phrase they modify, and were therefore assumed to show evidence of the underlying phonological specification of a test word in case of truncation. Each list of sentences was preceded by a short introductory paragraph, given in (1) below. Carrier phrases designed to elicit falls are given in (2); those for rises in (3).

(1) Anna and Peter are watching TV. A photograph of this week's National Lottery winner appears. Anna says: Look, Peter!


(2) Carrier phrase for falls (test items are underlined):


English

It's Mr. Shift! Our new neighbour!
German

Das ist doch Herr Schiff! Unser neuer Nachbar!

(3) Carrier phrase for rises: 


English

Isn't that Mr. Shift? Our new neighbour?

German

Ist das nicht Herr Schiff? Unser neuer Nachbar?

The materials were intended to elicit from naive subjects lists of sentences with identical intonational structures. Each subject was asked to begin by reading out the introductory paragraph which was supposed to set the scene, followed by the carrier phrases with the test items, one after the other. The list with the carrier phrases designed to elicit falls was read first, followed by the one designed to elicit rises (i.e. rises and falls were not mixed). On each list, the test items were semi-randomly interspersed with filler items (75% fillers on each list; the fillers were different names of one or two syllables). All items were read in the same order by all subjects; the longest word was always first, followed by the shortest and finally the mid-length word (with intervening fillers). In the written instructions, subjects were told that they were recording a ‘pronunciation drill’ for non-native speakers, and that it was therefore very important that all sentences were read ‘the same way’. Non-native speakers would have to repeat these sentences and would find this difficult if they had not been read ‘in the same way’. Additionally, subjects were asked to speak ‘normally’, i.e. not to pronounce words with exaggerated care as it was important for learners to hear ‘normal’, everyday German or English. 

3.1.2. Subjects

12 German and 12 English female subjects read the materials. The English subjects spoke varieties of Southern British English, and the German ones a variety of Northern Standard German. The English subjects were undergraduates from Cambridge University aged between 18 and 23 and were recorded in a sound-treated room in the Phonetics Laboratory in the Department of Linguistics at the University. All speakers had been born in the south of England, and described themselves as ‘middle class’ or ‘upper middle class’. The German recordings were made in a quiet room at a secondary school in Braunschweig. The speakers were 16-18 years of age, and would be rated as ‘middle class’. All had lived in Braunschweig from birth.

3.1.3. Auditory and acoustic analyses 

The recordings were digitised at a sampling rate of 16 kHz and processed in the commercial software package waves(tm) on an HP workstation A4032A. The intonational structures of the utterances were analysed and transcribed by a combination of auditory analysis and inspection of the F0 trace. The analysis showed that the sentences in the ‘statement’ lists appeared to have been produced consistently as H*+L %, and the ones in the ‘question’ lists as L*+H H%. However, at this juncture, it should be pointed out that the evidence for the high boundary tone H% in the rises is not immediately obvious. On final bisyllabic words, rising accents are realised in both languages as a low on the stressed syllable and a rise on the following syllable. As the stressed syllable is only followed by one further syllable in the intonation phrase, an extra ‘kick-up’ in pitch at the IP boundary, which may be taken to reflect the presence of a boundary tone, cannot obviously be observed. However, it is intuitively clear that if one were to replace the our neighbour / unser Nachbar by a somewhat longer phrase such as our neighbour over there / unser Nachbar da drüben, a boundary rise can be observed. Therefore, it will be assumed that the rises are appropriately accounted for as L*+H H%; nothing in our treatment hinges crucially on whether the rises are seen as containing H%. 


Figure 3 shows F0 traces from realisations of the test sequences by English speaker RF and German speaker BL (the longest test word is shown, and the patterns in the figure held across speakers). Also, the transcriptions are given. As can be seen, the cross-linguistic realisation of falling accents in English and German is quite similar, but a clear cross-linguistic difference can be seen for the rises. In English, the accented syllable tends to fall or be level whereas in German, it usually rises. Peak alignment, however, did not obviously affect the measure chosen to reflect truncation or compression and will therefore not be discussed further.
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Figure 3
F0 traces of carrier phrases surrounding the longest test word for English (left) and German (right). The patterns of the carrier phrases shown held across speakers and test items.
As an acoustic correlate of truncation and compression, ‘rate of fundamental frequency change’ was chosen. The measure was calculated by dividing the maximum fundamental frequency excursion on a test word by the duration of fundamental frequency movement (details of how measurements were taken on monosyllabic and bisyllabic test words will be given below). F0 excursion and F0 duration were measured from the fundamental frequency trace in waves(tm). The measure was motivated as follows. The fundamental frequency contour represents the main acoustic correlate of the pitch contour of an utterance. This pitch contour is in a sense continuous, interrupted only by the ‘accident’ of voiceless segments and these interruptions are reflected in the fundamental frequency trace. It is not possible reliably to estimate fundamental frequency for these voiceless episodes, nor can we infer how they are perceived. If, for instance, fundamental frequency is level on the short vowel of Schiff, then we must presume that this is the length of pitch movement on which the listener must work, regardless of the fact that this level may be equivalent to a fall when there is voicing of greater duration. Therefore, the duration of fundamental frequency on the test words was defined as the duration of the observable acoustic equivalent of the pitch movement listeners hear on the test words.


Secondly, the fundamental frequency excursions on the test words were measured, again from the fundamental frequency trace in waves(tm). The highest and lowest points of the excursion were measured, always in one direction (i.e. from left to right). On monosyllabic words, this involved the peak at the beginning of the sonorant section of the syllable and the lowest point in the subsequent fall. This measured excursion was then divided by its duration. On bisyllabic words, however, measuring was not as straightforward. Firstly, the contour was interrupted by the voiceless fricative at the beginning of the second syllable, and secondly, as can be observed in Figure 7, the acoustic realisations of rises and falls did not involve constantly rising or falling F0; therefore, the appropriate measurement points were not immediately obvious.


F0 excursion on bisyllabic words was measured as follows. Firstly, on the assumption that the pitch contour is in a sense perceived as continuous and interrupted only in the acoustics by voiceless segments, the duration measurements on bisyllabic words included the section where the F0 contour is interrupted (e.g. in Schiefer, the duration of the labiodental fricative was included). Secondly, when measuring F0 excursion, the excursion over the whole word was measured rather than separate excursions on each syllable. 


Clearly, this is not the only way in which measurements for ‘rate of F0 change’ could have been taken. F0 excursion might have been measured exclusively on the sections where F0 falls, and then divided by the duration of that fall, rather than by the duration of the complete F0 contour on the word. However, in that case, the duration measurements would have been restricted to the second syllable in German, and the second and part of the first syllable in English, because English and German differ in peak alignment (see Chapter 4 of the present study). In English, the peak is located within the stressed syllable, but in German, it is located at the right edge. That means that in English, the fall starts earlier and duration measurements would have had to involve part of the first syllable. Consistent measurements, however, would have been difficult to take; at times, no obvious peak was observed in the first syllable in the English data, and then the measurements would have involved the second syllable only, and at other times, F0 was level on the stressed syllable, and the exact location of the peak could not be determined.


However, the approach followed instead (i.e. the one described above) is not without disadvantages either. If, in two-syllable words, one measures the complete duration of F0, and not only the sections which are strictly speaking ‘falling’, then the measured duration is necessarily somewhat longer than it would have been had only the duration of the falling stretches been determined, and that means that the resulting slope is somewhat flatter than it really is.

3.1.4. Predictions

For English, a significant increase in the rate of fundamental frequency change was predicted for falls and rises when sonorant material was shortened. This was taken to reflect compression. A difference between English and German was predicted for falls, reflected in the absence of a significant increase in the rate of fundamental frequency change in German. Rising accents in German, however, were predicted to compress, just as in English.

3.2. Results

The measurements were subjected to statistical analysis. Analyses of variance carried out separately for English and German established that the duration manipulation had the desired effect (univariate ANOVA, repeated measures; the pitch accent difference was treated as a repetition). The duration of fundamental frequency which had been measured for each test word decreased significantly from the longest to the shortest test word (F[2, 22] = 149.27, p< 0.001 for English and F[2,22] = 301.8, p< 0.001 for German; significance levels unchanged by Greenhouse-Geisser correction) Planned comparisons showed that in English, the difference between the longest and the mid-length word and the longest and the shortest word were significant at 0.1 % level, and the difference between the mid-length and the shortest word was signficant at the 5% level. In German, differences between all three length conditions were significant at the 0.1% level (again, all significance levels unaffected by Greenhouse-Geisser correction). Figure 4 provides the mean duration values for the three test words. Figure 5 shows the mean values for fundamental frequency excursion. What is immediately obvious from Figure 5 is that, as predicted, the German falls pattern strikingly differently from the German rises and English rises and falls. Here, the range decreases dramatically from the longest to the shortest word, whereas no similar decrease can be observed for the other three patterns. Figure 6 shows the mean rate of fundamental frequency change across the test words. Again, we see that the German falls stand out - the rate of fundamental frequency change decreases, whereas in German rises and in English rises and falls, it increases.
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Figure 4
Mean duration of F0 on test items.
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Figure 5
Mean F0 excursion on test items.
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Figure 6
Mean rate of F0 change on test items.

An analysis of variance was carried out for the parameter ‘rate of fundamental frequency change’ with the factors Language, Word length and Pitch accent type (univariate ANOVA, repeated measures). Factors Language and Pitch accent were not significant, but Word length was (F[2,22] = 44.19, p<0.001, p<0.001 after Greenhouse-Geisser correction). Moreover, the interaction between Language and Pitch accent was significant (F[1,11] = 19.16, p<0.01, p<0.01 after Greenhouse-Geisser correction) as well as the interaction between Pitch accent and Word Length (F[2,22] = 11.35, p<0.01, again unaffected by Greenhouse-Geisser correction). Then, the data sets for the two languages were processed separately. 


An analysis of variance for English with the factors Word length and Pitch accent type showed no significant effect of Pitch accent, that is, falls and rises behaved in the same way, but a significant effect of Length (F[2,22] = 29.55, p< 0.001 before and after Greenhouse-Geisser correction). No significant interaction between Pitch accent and LENGTH emerged. Thus, in English, the rate of F0 change increased significantly with decreasing segmental duration, confirming the prediction that English would compress pitch accents when segmental material was shortened. Planned comparisons showed significant differences between the longest and the mid-length word (p< 0.001), the longest and the shortest word (p< 0.001) and the mid-length and the shortest word (p< 0.01, all significance levels unaffected by Greenhouse-Geisser correction).


For German, again as predicted, the analysis revealed a significant main effect for Word length (F[2,22] = 6.31, p< 0.01) and Pitch accent type (F[1,11] = 20.67, p< 0.001). Planned comparisons showed that within rises, the difference between the longest and the mid-length word was significant (p< 0.001, Greenhouse-Geisser corrected to p<0.01), the longest and the shortest word (p< 0.001, unaffected by Greenhouse-Geisser correction), and differences at the 5% level between the mid-length and the shortest word before Greenhouse-Geisser correction (p< 0.07 after correction). Thus, the rate of fundamental frequency change increased significantly from the longest to the shortest word, reflecting compression. Within falls, the difference between the longest and mid-length word was not significant, but the difference between the longest and the shortest word was (p< 0.01, unaffected by Greenhouse-Geisser correction). The difference between the mid-length and shortest word was significant at the 1% level before Greenhouse-Geisser correction and significant at the 5% level after correction (p< 0.03). Thus, in German, the rate of fundamental frequency change decreased significantly from the longest to the shortest word, reflecting truncation (significant differences at the 0.05 level between the three words). 


A summary of the results is given in Figure 7. In the graphs, fundamental frequency excursion on the vertical axis is plotted against its duration on the horizontal axis. Figure 7 shows that in English, when words get shorter, the rate of fundamental frequency change increases, thereby preserving the rise or fall (NB: it was possible to normalise the fundamental frequency starting points in the range, because the differences were not significant). In German, on the other hand, accent realisation is asymmetrical. For rises, the F0 rate of change increases as the words get shorter, but for falls, it decreases. Figure 8 below supplies representative F0 traces of compressed rises and truncated falls from one speaker in each language. For English, the patterns shown held for all speakers, and for German, they held for all speakers in rises and in the longest and the mid-length condition for falls. The falls on the shortest word, however, exhibited a range of F0 patterns, albeit within a rather restricted F0 range. Three of the twelve German subjects produced a slight fall in F0 involving a drop of 4 Hz, 6Hz and 16 Hz, another three produced a rise-fall with excursions of 6, 7 and 12 Hz. The remaining six speakers produced virtually level F0. Thus, falling F0 is observed on Schiefer and Schief, but rarely, it appears, on Schiff. 
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Figure 7
Summary of results. F0 excursion on the vertical axis is plotted against time on the horizontal axis. Cross-linguistically, similar patterns may be observed for rises (below), but not for falls (above).
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Figure 8
Representative F0 traces of test items (English speaker JC; German speaker HW).

To sum up, the results of the experimental investigation suggest a cross-linguistic difference in pitch accent realisation. When little sonorant material is available, English compresses, but German may truncate. Secondly, in German, accent realisation on segmental material with little scope for voicing is asymmetrical. Falls appear to be truncated, but rises are compressed, just as in English. 

3.3 Discussion

A number of questions arise. Firstly, the results revealed a cross-linguistic as well as a monolinguistic difference in accent realisation. English falls compress but German falls truncate; German rises, on the other hand, compress. How might one account for these differences within the AM approach outlined earlier? Two options will be discussed. The first proposes that truncation results from a non-gradient change in the underlying phonological representation, and the second suggests that truncation may be a gradient acoustic accommodation effect. Both assume that compression is a matter of gradient acoustic implementation only. 


Secondly, how generally may the results presented here be interpreted? Can we infer that truncation and compression will apply in the two languages whenever sonorant material is reduced? 

3.3.1 Accounting for truncation and compression

The following sections will devote more space to the issue of truncation than to compression, as truncation appears to be the more interesting effect. Compression would seem to be quite straightforwardly interpretable as a matter of acoustic realisation even if further details such as, for instance, effects of peak alignment remain to be explored in detail. Crudely, on monosyllabic words with varying amounts of sonorant material, one might posit that targets are realised at the left and right edge of the sonorant material contained in the syllable nucleus (here defined as in Beckman, 1986, as the sonorant portion of the rhyme). In bisyllabic words, the targets appears to be realised within the syllable nuclei of the first and second syllables respectively.


Tentatively, two accounts of truncation will be proposed. The first assesses the evidence for the truncation effect on the shortest condition (Schiff) involving a phonological process of L-deletion. The second suggests truncation to be a gradient acoustic realisation effect. 

3.3.2 Truncation: phonological or gradient acoustic?

Figures 8 shows F0 traces for German falls produced by speaker HW. From Schiefer to Schief, we observe an apparently gradient change; on Schief which has less sonorant material, the trace appears to be steeper than on Schiefer. The succession from Schief to Schiff, on the other hand, seems to be of a different nature; here, a non-gradient change appears to have taken place. Schief falls but Schiff exhibits evidence of a fall only for three of the twelve speakers. Although Schiff is clearly shorter than Schief (80 vs. 170 ms) one might nevertheless expect to observe at least the beginnings of a fall (arguably Schief begins to fall earlier than at 80 ms). This observation might be interpreted to suggest that the F0 traces on Schiefer and on Schief reflect the presence of a low target, but the one on Schiff does not. Here, the low target has been deleted, possibly because H*+L was associated with a single sonorant mora.


However, three observations appear to speak against this proposal. The first involves the apparently gradient difference between Schiefer and Schief. Here, we do not appear to find evidence of L-deletion; the F0 pattern on both words can be interpreted to reflect the presence of a low target. Nevertheless, the mean rate of F0 change on Schief is significantly slower than that on Schiefer, suggesting (a) there is no compression effect, and (b) that the acoustic realisation of the two words differs. Moreover, the mean F0 excursion on the shorter word was significantly smaller. These observations appear to point toward a gradient truncation effect. 


The second observation involves the shape of German falls in F0 and further supports a view of truncation as a gradient acoustic effect. As can be observed in Figure 8, falls are realised in F0 not as a constant fall throughout the stressed syllable but rather as ‘rise-falls’ or ‘level-falls’. On Schiefer, a falling accent is implemented as rising or level F0 on the stressed syllable followed by a fall onto the following syllable. On Schief, the fall starts off with a level, or sometimes a small rise in the early part of the vowel. On Schiff, we find a falling-rising or level F0 for nine of the twelve speakers. Shallow falls are rare. Thus, it appears reasonable to suggest that the level F0 we observe for speaker HW’s realisation of Schiff in Figure 8 is in fact the equivalent of the level or falling-rising section observed in falls on longer words. Figure 9 illustrates this point. On the left, F0 traces from speaker HW illustrate the shape of F0 in German falls. On the right, a language-specific schematic representation of truncation is suggested for German. 
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Figure 9
A language specific schematic representation of truncation in German. On the left, F0 traces for German falls are repeated from Figure 8. The schematic representation is given on the right.

Incidentally, Figure 9 also illustrates why the realisation of German falls on syllables with a small proportion of sonorants may be referred to as ‘truncation’. For the three falling test words in German, the statistical analysis revealed a significant decrease in the rate of F0 change, and one might wonder why this decrease is referred to as ‘truncation’. At first sight, this result appears to contradict the informal definition given in the introduction which stated that when truncation applies, F0 simply ‘ends earlier’. That definition would appear to predict that when truncation applies, changes in F0 duration and range will be observed, but no changes should emerge in the rate of F0 change. However, that definition was necessarily rather abstract, and could not include language-specific details concerning the shape of F0 in the realisation of particular accents. As mentioned earlier, German falls are realised as rise-falls or level-falls, that is, the fall is neither constant, nor does it necessarily extend over the complete duration of the syllable nucleus. The shape of F0 affects the measurement used to investigate truncation and compression in this study, but does not necessarily invalidate the definition of truncation as a case where F0 ends earlier when less sonorant material is available. Figure 9 shows that despite the apparent decrease in the rate of F0 change in the statistics, one may argue that F0 is truncated, that is, on words with less sonorant material, the trace simply ends earlier. 


The third and final point which appears to speak against truncation being L-deletion comes from an observation about the auditory realisations of Schiff. Native speakers appear to hear this word as having ‘falling pitch’, no matter whether F0 is actually level, falling-rising or slightly falling
. Similarly, in the utterance illustrated in Figure 6, the truncated falling accent on Bett appeared to be an accent of the same type as the one in the preceding phrase on Hause and the one in the following phrase on gesund. 


Taken together, the observations discussed in this section appear to weaken considerably an account of truncation as a phonological process of L-deletion. In the absence of convincing evidence suggesting that truncation is phonological rather than gradient acoustic, it seems reasonable to assume, at least tentatively, that the cross-linguistic results for falling accents can be interpreted as presenting a case of one and the same phonological representation being realised differently in two different languages. The following section will discuss an account of truncation as a gradient acoustic effect within the AM system suggested in this study.

3.3.3 Asymmetrical results for German

Assuming that truncation and compression reflect gradient acoustic implementation effects, this section considers the question of whether tonal elements or tonal ‘constituents’ within the nuclear tone may be called upon to account for the asymmetrical result in German. An approach following the British school cannot consider this question; nuclear falling and rising tones are seen as single phonological elements. In the AM approach followed here, however, falls are represented as consisting of two tonal elements (H*+L), and an unspecified boundary whereas rises consist of three (L*+H H%). As the experimental data suggested truncation for falls with an unspecified tonal boundary and compression for rises where the boundary was claimed to be specified, the boundary asymmetry may be responsible for the asymmetrical results. A possible account might posit that in German, when there is little scope for voicing, nuclear accents followed by low boundaries may be truncated, but those followed by high boundaries are compressed. In effect, this account suggests that truncation and compression effects in German are sensitive to the tonal specification of phrase boundaries. 


This account generates a new prediction; it suggests that German rises which are followed by a tonally unspecified IP boundary should be truncated also. Unfortunately, no evidence either way is available at present, but native speaker intuition appears to suggest that in open lists which may be represented as successions of L*+H Ø%, rises are compressed also. Thus, native speaker intuition does not support an account of compression and truncation effects sensitive to tonal boundary specifications. Rather, the opposite appears to be suggested, namely, that the high boundary tone is not relevant at all. Considering that none of the test items were long enough to exhibit an effect of the high boundary tone on F0 in the form of an additional rise at the boundary, this account appears to reflect the data somewhat better than the one proposing the high boundary tone to be responsible for the asymmetry.


Thus, tentatively, it will be suggested that in German, truncation and compression involve the nuclear tone; all pitch movements from the accented syllable up the phrase boundary are affected. The application of either, however, appears to be conditioned by the nuclear pitch accent alone; following specified or unspecified boundary tones have no effect. Very tentatively, then, the result may be interpreted as reflecting a more general asymmetry between high and low tones, rather than the specific boundary asymmetry proposed in this study. Erickson et al. (1995) point out that, generally, the modelling of high targets appears to be considerably easier than the modelling of low targets. For instance, in downstepping sequences in English, the relationships between successive high targets appears to be proportionally constant across different pitch ranges (Liberman and Pierrehumbert, 1984), but there does not appear to be any corresponding relationship holding between successive low accents. Unstarred high trailing tones, on the other hand, do appear to step down. Thus, one may place the results presented in this study into the context of a more generally observed asymmetry between high and low tones, and accent realisation in German may be one instance of this.

3.4 Scope of results

At first sight, one might interpret the results of the experimental study presented here as suggesting that whenever sonorant material is reduced, truncation and compression will apply to some degree. However, this conclusion requires some qualification. As detailed above, in the materials, distinctions in the amount of sonorant material available were made in two ways; firstly, by reducing the number of syllables from two to one (Sheafer vs. Sheaf) and secondly by changing phonological vowel length (Sheaf vs. Shift). For the latter contrast the results may be interpreted relatively straightforwardly; truncation and compression appear to apply when less sonorant material is available. An increase in the rate of F0 change may be taken to reflect compression and the absence of such an increase suggests truncation. On comparing the mid-length and the shortest condition, then, it seems reasonable to conclude that pitch accents are compressed when less sonorant material is available. 


Results from the first length distinction, i.e. the one between bisyllabic words and monosyllables, require some more detailed discussion. For the purpose of this experiment, Sheaf / Schief and Shift / Schiff were assumed to differ in one aspect only: phonological vowel length. The bisyllabic test words, however, differed from the monosyllabic ‘long’ condition (Sheaf / Schief) in two ways; firstly, in the proportion of sonorant material and secondly in number of syllables. Nevertheless, gradient differences were observed between all three test items; that is, a comparison between the bisyllabic condition and the monosyllabic conditions does not contradict the claim that less sonorant material will result in truncation and compression, regardless of whether the words involved are bisyllabic or monosyllabic. Stating the claim more strongly, however, would require further investigation. The materials tested here were designed such that the bisyllabic words would contain more sonorant material than the monosyllabic words. One may, however, think of bisyllabic words where this is not the case. For instance, the word fire may be argued to have two syllables but contain the same amount of sonorant segments as the monosyllabic word file. The experiment presented here does not show whether realisational differences apply in such cases or what shape they may take. Secondly, in a bisyllabic word, varying amounts of non-sonorant material may put more or less distance between sonorant syllable nuclei (e.g. fire vs. fighter), arguably separating potential realisation sites of tones, and differences of this kind may affect accent realisation. Thirdly, a similar number of non-sonorant segments may intervene between syllable nuclei, but the syllable nuclei themselves may differ in the amount of sonorant material they contain (e.g. fighter vs. finder). In the latter case, less sonorant material is available but considering the equivalent starting points of syllable nuclei, realisational differences are unlikely to apply.


Thus, clearly, there are several ways in which the amount of voiced material available for the realisation of pitch accents may be reduced, and this study addresses only one particular case. However, in a first study investigating realisational differences between German and English pitch accents, it appeared relevant to elicit materials as naturally as possible, and this restricted the number of ‘sonorant conditions’ which could be included. A more detailed follow-up study investigating other ways in which the amount of voiced material may be reduced would be of interest.

4 Experiment II

4.1 Method

In the discussion of Experiment I, it was proposed that truncation and compression may apply to the nuclear pitch accent rather than the nuclear tone. Specifically, native speaker intuition appeared to suggest that nuclear rises compress, regardless of whether the boundary is 0% or H%. However, no experimental evidence was available which might have supported this claim. The issue was addressed in a further production study, investigating German only. The follow-up study was restricted to German (a) because no cross-linguistic difference for compression had emerged from pitch accent accommodation Experiment I, and (b) because in German, nuclear rising tones without a boundary specification (L*+H 0%) appeared to be somewhat more frequent than in English. This meant that L*+H 0% was more likely to be elicited successfully from German naive speakers.


Accent accommodation was again investigated in a reading task. Materials were required which would elicit realisations of the nuclear tones L*+H 0% and L*+H H% on words with successively less scope for voicing. It was not immediately obvious, however, how such materials should be designed. An investigation of pitch accent accommodation effects requires speech data involving accents realised on very short syllables, but when an accented syllable is very short, how can one know what the boundary tone is? Thus, some diagnostic was required which would provide independent evidence of whether the nuclear tone on a very short word was L*+H 0% or L*+H H%. Such a diagnostic appeared to be offered by the specific accent patterns observed in the realisation of syntactic coordination structures. As mentioned in section 2.3 in Chapter 2, coordination structures are commonly produced with the same nuclear tone (Trim, 1959, Schubiger, 1958, Crystal, 1969, Halliday, 1967). This observation suggests that a longer word coordinated with an ‘accommodation candidate’ might provide independent evidence of the accentual structure of accommodation candidate. For instance, if items in a list are produced with successions of L*+H H%, and one of the words in the list is very short, the hypothesis is that this word is produced with the same nuclear tone as preceding and following words. Thus, in the second pitch accent accommodation experiment, accommodation candidates were embedded in lists designed to be produced with successions of either L*+H 0% or L*+H H%.


The lists were embedded into a short paragraph. The structure of this paragraph was modelled on sections of text from the cross-linguistic corpus presented in Chapters 3 and 4 which had consistently elicited either L*+H H% and L*+H 0%. A ‘statement list’, that is, a closed, declarative list of items was designed to elicit sequences of L*+H 0%, and a ‘question list’, consisting of two successive questions was predicted to elicit sequences of L*+H H%. Each list contained one or more polysyllabic words (the ‘controls’), which were predicted to show clearly whether the accent pattern in question was L*+H 0% or L*+H H%, and words with successively less scope for voicing (the ‘accommodation candidates’) which were assumed to be characterised by the same pattern as the surrounding controls.


Three paragraphs were read by each subject. Each contained one statement and one question list, and the three paragraphs differed from each other in that the accommodation candidate became successively longer. In the statement lists, the accommodation candidates were Fisch (/fêS/ ‘fish’), Fleisch (/flaêS/, ‘meat’) and Fleischwurst (/flaêSËÜÂst/ ‘sausage’), and controls were the words Brombeermarmelade (/b®OmbeamA:m´lA:d´/) which means ‘blackberry jam,’ and Maulbeermarmelade  (/maulbeamA:m´lA:d´/) which means ‘mulberry jam’. Both controls were stressed on the first syllable. The questions lists used the same accommodation candidates and one of the controls. One version of the three paragraphs (the one with the shortest accommodation candidate) is given in (1) below. The paragraph and the test sequences (printed in bold) were kept as short and as natural as possible as this appeared to raise the chance of eliciting consistent productions.

(1) Eines Morgens sagt Rotkäppchens Mutter: “Rotkäppchen, deine Oma ist nicht gesund, und sie kommt nicht zum Einkaufen. Ich packe ein paar Lebensmittel für sie ein und ich möchte daß Du sie ihr bringst”. Sie füllte einen Korb mit Brombeermarmelade, Fisch, Maulbeermarmelade und Birnenmarmelade. Rotkäppchen fand die Mischung merkwürdig und fragte:“Will sie wirklich Brombeermarmelade? Und Fisch?”

The predicted intonation structures were the following.

Statement list: L*+H 
     0% 
L*+H 0%
L*+H 
       0%



Brombeermarmelade 
Fisch
 
Maulbeermarmelade








Fleisch







Fleischwurst

Question list: 
L*+H 
     H%
L*+H H% 



Brombeermarmelade 
Fisch







Fleisch







Fleischwurst

The materials addressed the question of whether compression involves the nuclear accent or the nuclear tone as follows. Assuming that coordination structures are produced with the same nuclear tone, and that this is L*+H 0% in the statement list and L*+H H% in the question list, the accommodation candidates Fisch, Fleisch and Fleischwurst would be associated with L*+H 0% in the statement list and with L*+H H% in the question list. If compression applies only when a boundary tone H% is present, i.e. if it involves the nuclear tone rather than the nuclear accent, then we should find compression in the question list, but not the statement list. On the other hand, if it is the nuclear accent which is compressed, regardless of the boundary specification, the we should find compression in both lists.


Fourteen female German subjects drawn from the same pool as described in Chapter 4 were asked to read the materials. The paragraph with the shortest word was read first, followed by the one with the mid-length word and the longest word. Again, subjects were told that the paragraphs were being recorded for foreign learners of German and that they should be read ‘in the same way’. 

4.1.1 Analysis

Auditory and acoustic analyses were carried out. The auditory analysis involved three steps. The first step addressed the question of whether the coordination structures had indeed been produced with the same nuclear tone. To this end, the auditory and acoustic realisations of the pre-final polysyllabic controls, Brombeermarmelade, and Maulbeermarmelade in the statement list were compared (the question list contained only two items, one of which was an accommodation candidate). The list-final item Birnenmarmelade was excluded from the comparison because the final accent in a list tends to be a fall; and the accommodation candidates were excluded also, because they were maximally bisyllabic and assumed to be too short to reflect reliably the distinction between L*+H 0% and L*+H H%. The prediction was that the two polysyllabic words Brombeermarmelade and Maulbeermarmelade should exhibit the same nuclear tone.


The second step of the auditory analysis compared productions in the statement list with those in the question list. The question was whether the lists had been consistently produced with L*+H 0% or L*+H H% respectively. 


The third and final step addressed the question of compression. Were the accommodation candidates in the two lists compressed or not? Auditorily, compression was assumed to be signalled by a rise in pitch on all accommodation candidates.


Additionally, acoustic measurements were taken firstly to provide an acoustic correlate of the auditory distinction between phrases with and without H% and secondly to show whether the accommodation candidates would exhibit significant increases in the rate of F0 change when sonorant material was reduced. 


Acoustic evidence of the presence or absence of H% was gathered by measuring on the polysyllabic controls (Brombeermarmelade and Maulbeermarmelade ) (a) the F0 maximum in the postaccentual syllable and (b) F0 at the IP boundary.


On the accommodation candidates in both statement and question lists, F0 excursion and duration of F0 were measured, and the rate of F0 change was calculated. This was the acoustic measure which had been hypothesised to differentiate truncation and compression in the first experiment presented in this chapter. Again, significant increases in the rate of F0 change from the longest to the shortest accommodation candidate were assumed to signal compression. Thus, should the rate of F0 change increase in the statement as well as the question lists, then this would suggest that compression involves the nuclear accent, but if it increases only in the list with H%, then compression would appear to involve the nuclear tone. F0 excursion was measured from left-to-right and, as in the previous study, duration of F0 on the accommodation candidates was measured for the whole word.

4.2 Results

4.2.1 Auditory analysis

The auditory analysis of the data showed that all test items in statement and question lists had been produced with rising nuclear pitch accents, transcribed as L*+H. The realisation of German L*+H in F0 had been defined in Chapter 3 for trochees as a step-up in pitch from the accented syllable onto the postaccentual syllable and for monosyllables as a rise throughout the accented syllable. These patterns were observed in the data. Moreover, nuclear rise-plateaux transcribed as L*+H 0% were distinguished from those transcribed as H*>0% by the presence or absence of DOWNSTEP. In the data recorded for this experiment, DOWNSTEP did not apply to nuclear rise-plateaux. 


Two slightly different auditory impressions appeared to reflect the presence of a boundary tone; a boundary was labelled with H% either if the last syllable of the test word exhibited a sharp rise in F0 or if F0 rose gradually from the H of L*+H towards the intonation phrase boundary. Sometimes an additional rise was heard on the last syllable. It appeared possible to make categorical decisions as to whether a boundary tone was present or not. 


Next, the question was addressed of whether the controls Brombeermarmelade and Maulbeermarmelade in the statement lists had been produced with the same nuclear tones. The results are given in Table 1 below. ‘Short list’ stands for the list with the shortest accommodation candidate (i.e. Fisch), ‘mid-length’ list for the one including Fleisch, and the ‘long list’ contained the word Fleischwurst. Table 1 shows that of the 42 statement lists recorded, 26 were realised with H% delimiting both controls (Brombeermarmelade and Maulbeermarmelade), 15 with 0% delimiting both controls, and one pair being mixed (in that case, however, an relatively larger rhythmic discontinuity was observed between the control and the following accommodation candidate than in all other cases). Thus, the results of the auditory analysis clearly support the hypothesis that coordinated intonation phrases tend to exhibit the same nuclear tones: not only were all controls realised with a pitch accent L*+H but also the choice of boundary specification matched within individual realisations.


What is also apparent from Table 1 is that the second hypothesis, according to which statement lists would be produced with sequences of L*+H 0% and question lists with L*+H H%, is not borne out by the data. Subjects produced both L*+H 0% and L*+H H% in the statement lists. 


Table 2 below shows a comparison between the accentual structures of the first control in the statement and question lists respectively (Brombeermarmelade). Realisations with 0% were predicted in the statement list and realisations with H% in the question list. Table 2 shows that, in fact, the statement list contains more realisations of H% than the question list. Clearly, it is not the case that statement lists are more likely to be produced with 0% than question lists
.


‘Short list’

‘Mid-length list’

‘Long list’



Control 1
Control 2
Control 1
Control 2
Control 1
Control 2

s1
H%
H%
H%
H%
H%
H%

s2
0%
0%
0%
0%
0%
0%

s3
0%
0%
0%
0%
0%
0%

s4
H%
H%
H%
H%
H%
H%

s5
H%
H%
H%
H%
H%
H%

s6
H%
0%
0%
0%
0%
0%

s7
0%
0%
0%
0%
0%
0%

s8
H%
H%
H%
H%
H%
H%

s9
H%
H%
0%
0%
0%
0%

s10
H%
H%
H%
H%
H%
H%

s11
H%
H%
H%
H%
H%
H%

s12
0%
0%
0%
0%
H%
H%

s13
H%
H%
H%
H%
H%
H%

s14
H%
H%
H%
H%
H%
H%

Table 1
Distribution of boundary specifications in the statement list. All pitch accents were L*+H. 


Statement list

Question list



0%
H%
0%
H%

‘short’
8
6
11
3

‘mid’
6
8
7
7

‘long’
6
8
11
3


20
22
29
13

Table 2
Boundary distribution on Brombeermarmelade in the three versions of the statement and question lists.

The third stage of the auditory analysis involved the pitch patterns on the accommodation candidates. The first experiment presented in this chapter showed that rising accents compress. Thus, in the analysis of the present experiment, similar rises in pitch on the accommodation candidates on Fisch, Fleisch and Fleischwurst were assumed to reflect compression. Truncation of rising accents, on the other hand, had not been observed in experiment I. Since no single example of a truncated rise was available, the likely shape of such an accent can only be inferred by extrapolation of the pattern of truncated falls. Truncated falls were shown to be auditorily equivalent to non-truncated falls despite being virtually level in F0. However, when we compare the auditory impression of a truncated fall in German with that of a compressed fall in English, then the falls do sound quite different; the compressed fall in English involves a greater extent of pitch movement. Thus, we may conjecture that the difference between a compressed and a truncated rise in German is similar to that between a truncated fall in German and a compressed fall in English; when we compare them directly, one involves greater pitch movement than the other. Consequently, truncation of L*+H on the accommodation candidates Fisch, Fleisch and Fleischwurst was to be discernible auditorily by a smaller degree of upward pitch movement on the shortest word Fisch than on the longest word Fleischwurst. 


The auditory analysis showed that (a) pitch rose on all accommodation candidates, and that (b) the perceived degree of pitch movement on all accommodation candidates was comparable. The shortest accommodation candidate Fisch did not appear to be associated with less pitch movement than the longest Fleischwurst.

In summary, the results of the auditory analysis suggest the following. Firstly, there appears to be a strong correlation between statement and question lists of the type investigated here and the choice of a nuclear accent L*+H. Secondly, the results confirm the hypothesis in the literature that lists tend to be produced with the same nuclear tone. Thirdly, it appears that neither type of list conditions the choice of a boundary tone H% more strongly than the other (a Chi-square test showed no significant differences in the boundary distributions observed in statement and question lists (df = 1, 1.273)). Rather, the patterns in Table 1 appear to suggest that the choice between L*+H 0% and L*+H H% is a matter of personal preference. 

4.2.2 F0 measurements

Acoustic measurements were intended to (a) provide acoustic evidence of the auditory distinction between L*+H 0% and L*+H H% and (b) to provide evidence of truncation or compression on the accommodation candidates. 


As an acoustic correlate of the apparently categorical auditory distinction between L*+H 0% and L*+H H%, F0 maxima were measured on the postaccentual syllable (i.e. the one which was assumed to reflect the presence of the trailing H of the L*+H pitch accent) and on the IP-final syllable. These particular measuring points captured best the different types of F0 patterns which were taken to reflect H%. The different F0 patterns involved (1) a gradual rise from the F0 peak reflecting the H in L*+H up to the IP boundary, or (2) a sharp rise in F0 involving only the last syllable of the IP or the last two syllables or (3) a combination of both. The measurements were taken on the first control in the three statement lists (i.e. Brombeermarmelade, the first word in the list). After the measurements had been taken, the test items from the three lists were pooled (i.e. all realisations of Brombeermarmelade, regardless of the length of the accommodation candidate the word was coordinated with) and sorted by boundary type (i.e. 0% or H%). Then F0 excursions were sorted by size in ascending order. Figure 10 below shows the results.

[image: image22.wmf]
Figure 10
F0 excursions between the postaccentual syllable and the final boundary for L*+H H% and L*+H 0% contours separately, in ascending order of magnitude.
Figure 10 shows that in the majority of cases, the F0 excursion between the peak reflecting the trailing H and the IP boundary is larger for realisations transcribed as L*+H H% than for those transcribed as L*+H 0%. However, it is also clear that there is some degree of overlap. At first glance, this overlap may be taken to reflect the absence of a categorical distinction between L*+H 0% and L*+H H% in F0 patterns. However, the overlap may be explained with reference to the realisational options observed for L*+H H% in F0. H% may be reflected in a gradual rise in F0 towards the boundary and an additional rise at the boundary (Figure 11a), in a level pitch followed by a sharp rise (11b), or a gradual rise towards the boundary (11c).

        (a)

(b)

    (c)

[image: image23.wmf]
Figure 11
Three possible realisations of L*+H H% on Brombeermarmelade.
Figure 11 shows that in principle H% may be reflected in a small rise in F0 on the IP-final syllable. However, F0 may drop slightly before this syllable is reached, and in that case, an F0 excursion measure involving the F0 peak on the postaccentual syllable and F0 at the boundary would not reflect the boundary tone, and the trace would appear to be level. However, the results of an alternative measure shown in Figure 12 below do not appear to differ greatly from the ones shown in Figure 10.
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Figure 12
F0 excursions between the penultimate syllable and the final boundary for L*+H H% and L*+H 0% contours separately, in ascending order of magnitude.

Figure 12 shows the results of measuring the F0 minimum on the penultimate syllable and the F0 maximum on the IP-final syllable. This measure can capture the difference between IP boundaries realised as an upstep on the final syllable and those lacking the upstep, but it is unable to capture the auditory effect of, for instance, a gradual rise from the H up to the boundary.


In summary, it appears that there is auditory evidence distinguishing L*+H 0% and L*+H H%, but in fundamental frequency, the categorical auditory impression is harder to capture. L*+H H% is likely to exhibit either a greater F0 excursion between an F0 peak associated with the trailing H of L*+H and the IP boundary, or a greater F0 excursion between the last two syllables of the IP than L*+H 0%, but this difference is difficult to capture in a single acoustic measure.


The second purpose of the F0 measurements was to provide evidence of truncation or compression on the accommodation candidates in statement and question lists. Duration of F0 on the three test words and F0 excursion were measured, just as in the first pitch accent accommodation experiment, and the rate of F0 change was calculated. Figure 13 below illustrates the mean duration of F0 for the three test words and the mean F0 excursion. 
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Figure 13
Mean duration of F0 and mean F0 excursion on test words
.

The expectation had been that statement lists would be produced with L*+H 0% and question lists with H%. However, this turned out not to be the case; both lists contained examples of either nuclear tone. Therefore, the difference between lists with 0% and lists with H% could not be tested as originally planned. Instead of comparing the acoustic realisations of the three test items of different length in the statement with those in the question lists, the data from statement and question lists were pooled, and those items were selected in which subjects produced an equivalent boundary realisation on the preceding control (i.e. Brombeermarmelade) in all three conditions, i.e. they either produced realisations reflecting H% in all three controls or relaisations reflecting 0%. Items in which subjects produced, for instance, H% on Brombeermarmelade preceding the shortest accommodation candidate Fisch, but 0% on Brombeermarmelade preceding the mid-length candidateFleisch were excluded from the analysis. This procedure yielded 11 sets of test sequences for 0% and 9 sets for H%. The two missing values in the H% sets were replaced with the relevant means of the 9 data sets available. Then the two datasets were subjected to a repeated measures ANOVA with the Factors Boundary (H% or 0%) and Length (Fisch, Fleisch, Fleischwurst). The results of the analysis showed that the difference between the sets with H% and those with 0% was not significant. The factor Length was significant (F[2,20]=21.55, p< 0.001), but the factor Boundary was not. The interaction between Boundary and Length was not significant either (not also that the auditory analysis showed that all accommodation candidates were associated with rises in pitch, thus virtually excluding the possibility of any other accommodation effect but compression). Therefore, the acoustic measurements on items in statement and question lists were pooled and processed together
. The prediction was that in all items, the rate of F0 change would increase significantly from the longest to the shortest accommodation candidate.


An analysis of variance was carried out for the parameter ‘rate of fundamental frequency change’ with the factor Word Length. A significant main effect (F[2,42] = 24.31, p< 0.001) of Length emerged. The rate of F0 change increased significantly with decreasing segmental duration, confirming the prediction that compression would apply to all pitch accents when sonorant material was shortened. Planned comparisons revealed significant differences in rate of F0 change between the three words at the 1 % level. Figure 14 shows the mean rate of F0 change across the test words.


The results presented in Figure 14 suggest that nuclear rises compress, regardless of the boundary specification. A summary of the results is given in Figure 15. In the graph, fundamental frequency excursion on the vertical axis is plotted against its duration on the horizontal axis. The data supports the hypothesis that nuclear L*+H pitch accents compress, regardless of the following boundary specification.
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Figure 14
Mean rate of F0 change on test words
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Figure 15
Summary of results. Mean F0 excursion on accommodation candidates is plotted on the vertical axis against their duration on the horizontal axis.

Figure 16 supplies representative F0 traces of the control Brombeermarmelade and compressed rises from one speaker. The patterns shown held for all speakers.
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       Brombeermarmelade  Fleischwurst  Fleisch    Fisch

Figure 16
Representative F0 traces of control and accommodation candidates.

4.3 Discussion

The results of the pitch accent accommodation Experiment II appear to support the hypothesis that accent accommodation involves the nuclear pitch accent rather than the nuclear tone. The data set recorded contained coordination structures exhibiting the same nuclear tones within each coordination structure, and the nuclear tones were either L*+H 0% or L*+H H%. Nevertheless, all accommodation candidates which were coordinated with these nuclear tones appeared to compress, regardless of whether the preceding tone was L*+H 0% or L*+H H%. Secondly, the experiment showed that the materials consistently elicited realisations of L*+H on the test words, but the following boundary tone did not appear to be conditioned equally consistently. In individual lists, subjects chose either L*+H 0% for the complete list or L*+H H%. In only one case out of 42 were nuclear tones mixed. Additionally, many of the subjects produced consistently only one type of boundary specification or the other, and it is possible that the choice of 0% or H% is a matter of personal preference. The finding that boundary specifications appear to be a matter of personal preference may explain why Wunderlich’s (1988:11) ‘Echo accent’ in German was drawn and transcribed as shown in Figure 17 rather than as two separate patterns (see Chapter 1, section 2.2.3.2). Wunderlich does not comment on the distinction shown in his representations, but the brackets in the transcription may suggest that the H% is in some way optional.
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Figure 17
Adapted from Wunderlich (1988:11). 

It is possible that in German nuclear rises, the boundary specification is in some way less relevant than the choice of pitch accent. Intuitively, the boundary specification adds little to the meaning of the phrase. However, there is little doubt that all speakers had both options, that is, both L*+H 0% and L*+H H% in their repertoire (e.g. the question list contained fewer instances of H% than the statement list). 


A subsidiary finding involved the acoustic differences between L*+H 0% and L*+H H%. Apparently, a single acoustic correlate of an apparently categorical auditory distinction cannot be straightforwardly established. The auditory distinction between L*+H H% and L*+H 0% may correspond to (a) an F0 rise on the IP-final syllable, (b) a gradual rise from the postaccentual syllable or (c) a combination of (a) and (b),


Compression on German L*+H 0% and L*+H H% is modelled in Figure 18 below. Figure 18 shows that compression is preceded by a truncation of the F0 pattern on postaccentual syllables. Only when the pattern on postaccentual syllables has been truncated, is the fundamental frequency trace compressed on the two syllables on which the pitch accent L*+H is realised, that is, regardless of whether the underlying boundary is H% or unspecified.
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Figure 18
Language-specific schematic representation of compression of L*+H 0% and L*+H H% in German.
5 Summary

The first experiment presented in this chapter showed that English and German differ in the way they accommodate nuclear pitch accents when sonorant segmental material is scarce. In English pitch accents are compressed, that is, pitch rises and falls faster when a word is shorter. Acoustically, this observation appears to be reflected in an increase in the rate of F0 change. German, on the other hand, truncates falling accents. When sonorant material is scarce, the fundamental frequency trace simply ends earlier. However, German native speakers nevertheless appear to hear truncated H*+L as falling accents rather than level accents. Rising accents in German, on the other hand, are compressed, just as in English. Two accounts of truncation and compression were suggested. The first account involved the asymmetry which is claimed to characterise English and German IP boundaries. The suggestion was that German intonation is characterised by a pitch accent realisation effect ‘truncation’ which truncates the acoustic realisation of pitch accents. Truncation was said to be suspended when a pitch accent was followed by a high boundary tone. The second account suggested that truncation and compression effects relate to whether a nuclear pitch accent is rising or falling, and that the boundary specification did not play a role. German native speaker intuition appeared to support the second account.


A follow-up experiment on German provided some experimental support for the intuition that truncation and compression involve the nuclear accent rather than the nuclear tone. The second experiment tested whether accents in German compress regardless of whether the phrase boundary is tonally specified with H% or when it is not specified (0%). The results suggested that in German, rising pitch accents are compressed whether followed by 0% or H%. No evidence of truncation in L*+H 0% emerged. Additionally, the data showed that the experimental materials reliably elicited nuclear rises, but not the presence or absence of a boundary tone. Rather, H% boundary tones appeared to be speaker-specific choices. However, speakers did not mix nuclear tones within coordination structures; rather, coordination structures were produced with one nuclear tone or the other. This may suggest that H% in German is a speaker choice made at the level of the intonation phrase rather than at accent level.


Note, however, that unlike the results of experiment I which are based on auditory impressions and acoustic measurements taken directly from the accented words in question, the results of the experiment II are based on derived evidence. The test words were too short to allow a clear distinction between the nuclear tones compared (L*+H 0% and L*+H H%). Instead, the phonological representation of the test words was derived from structural information found in the intonational context. Consequently, the results of experiment II must be somewhat weaker than those of experiment I.


Language-specific schematic representations of truncation and compression were suggested for German. The representation of truncation in German showed why truncation does not appear to be a phonological process. The apparent absence of a fall in F0 on words with little scope for voicing appears to relate to the alignment of F0 on H*+L. The schematic representation for compression suggested that compression applies to the nuclear pitch accent rather than the nuclear tone. First, F0 is truncated on unaccented syllables following the nuclear syllable, and then F0 is compressed on the nuclear syllable. 


Clearly, further research is needed. As pointed out in the discussion section of the first experiment, there are many ways in which the amount of sonorant material may be reduced in speech and other approaches may be taken towards acoustic measurements than the one taken here. Also, we know little about the pitch accent accommodation effects on intonational structure other than the ones investigated here; for instance, it is not clear how fall-rises are accommodated in English and German. English may compress fall-rises but German may truncate them. 


The auditory effects of truncation require further investigation. Systematic perception experiments are needed (a) to confirm the impression that truncated falls are heard as falls by native German speakers, (b) to show how English native speakers perceive truncated falls in German, and (c) to show how English and German native speakers perceive the difference between truncated falls in German and compressed falls in English. Such a study may provide some evidence not only for language-specific realisation rules of pitch accents but also for language-specific rules for their perception.


Finally, it should be pointed out that the results presented in this chapter are restricted to Southern Standard British English and Northern Standard German. As has been shown for Swedish, different dialects do not necessarily follow the same realisations strategies (Bannert and Bredvad, 1975), and it is not impossible that other English dialects truncate and other German dialects compress. 


Future research might investigate the physiological basis of truncation and compression, and this may shed more light on the strategies speakers employ when realising tones. Erickson et al. (1995) showed that in English, the infrahyoid strap muscles are active in the production of L tones, and this suggests the possibility that in languages which truncate falls, speakers do not make use of the strap muscles when segmental material is short. In languages where falls are compressed, on the other hand, they will attempt to do so, no matter how short the voiced portion of a word may be (Donna Erickson, personal communication). A replication of the experiment presented above combined with measurements of strap muscle activity could provide a test of this suggestion.

�	An article based on the first study will appear in ‘Journal of Phonetics‘ in 1998.


� 	Note, however, that the fall in pitch heard on Schiff is not as obviously a fall as is heard on the English word Shift. Comparing realisations of H*+L on Schiff and Shift, the impression is that Shift exhibits much more obviously a fall in pitch. Nevertheless, in German, the accent on Schiff appears to be heard as the same in kind as the accents on the longer test words Schief and Schiefer.


�	In the question list, only two intonation phrases were coordinated, the second of which contained the accommodation candidate (maximally bisyllabic). Thus, evidence suggesting whether the accommodation candidate ended in 0% or H% is not available.


�	The F0 excursion for shorter test words was smaller. However, at no time was the F0 excursion on Fisch as small as that measured on truncated H*+L. Compare the F0 excursion on Fisch in Figure 13 (mean = 79 Hz) with that of truncated H*+L on Schiff in Figure 5 above (mean= 7 Hz).





�	Note that at this stage, the items were not separated into those hypothesised to be L*+H H% and L*+H 0%.
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