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1 Introduction

The auditory and acoustic analyses of read speech presented in Chapters 3 and 4 suggested (a) that both English and German have a pitch accent modification DOWNSTEP, and (b) that there may be cross-linguistic differences in the acoustic implementation of this modification. In English, an IP-final accent appears to be partially downstepped, that is, in F0, the target for the H* is always located above that of the following L, but in German, an IP-final accent can be partially or totally downstepped. This is reflected in the German version of ToBI (Grice et al., 1995), where a categorical distinction is made between !H*+L and H+L*. Figure 1 below shows examples of downstep from the corpus analysed for the purposes of the present study. Partial downstep in English is shown on the left, and partial and total downstep in German are shown in the right (the German examples were produced by two different speakers). All examples were produced in identical contexts. Note that the difference between partial and total downstep in German is auditorily salient.
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Figure 1
Downstep options in read speech.
However, in Chapter 4, the claim that English and German differ in the auditory and acoustic implementation of downstep was necessarily based on a small number of examples. Further data was needed to show how far the observed cross-linguistic difference could be generalised. Also, the corpus did not show whether the observed distinction in German was categorical in nature, and thereby potentially a matter of phonological structure, or whether it reflected a gradient, realisational option.


Two production experiments were carried out. The first investigated (a) the hypothesised cross-linguistic difference between English and German, and (b) the nature of the downstep distinction in German. The second addressed in more detail a discrepancy observed between the British English data investigated in the present study and the findings of a previous study on American English.

2 Background

At least since Pike (1945), it has been clear that F0 tends to decline over the course of phrases and utterances, and since then, this effect has become one of the most widely studied properties of fundamental frequency in speech (Ladd, 1984, 1996). The way in which declination should be modelled, however, has been a source of controversy, and a variety of views about the nature of declination have been put forward (see Ladd, 1984 for an overview). Nolan (1995: 242) offers a ‘least controversial’ definition; he suggests that declination may be seen as a statistical abstraction away from F0 contours; as long as one measures enough utterances and calculates means, a downward trend in F0 will emerge (note, however, that not all utterances must exhibit this downtrend; in questions, for instance, declination is often suspended, see e.g. Thorsen, 1980a). 


Two main competing models of declination have emerged, the ‘contour interaction model’ and the ‘tone sequence model’. Nolan (1995) uses the diagram shown in Figure 2 below to summarise essential differences between the models. In the contour interaction model (left), the scaling of successive accents is determined globally, that is, by an overall sloping contour associated with the complete intonation phrase. The assumption is that accent units find their place in the pitch range by latching onto the sloping utterance contour (Thorsen, 1980b, 1981, 1983). In contrast, in the tone sequence model, the notion of a sloping utterance contour is discarded. Instead, the model hypothesises that the pitch of successive accented syllables is determined locally, and within a ‘two-accent window’. The location of each F0 peak in a sequence is calculated solely on the basis of the immediately preceding accent peak without reference to a global contour. Declination is then principally the result of a successive lowering of accented syllables (e.g. Pierrehumbert, 1980, Liberman and Pierrehumbert, 1984, Pierrehumbert and Beckman, 1988) and is referred to as ‘downstep’. 
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Figure 2
Adapted from Nolan (1995). Filled circles represent accented and small open circles unaccented syllables. The sloping line on the left represents a sloping utterance contour.
The experimental evidence given in the following sections of this chapter will be described within the tone sequence model. This is a practical rather than a theoretical decision; the tone sequence model is the one which has been widely adopted within the AM framework, and this is the framework adopted for the purposes of this study. Moreover, the aspects of fundamental frequency declination investigated in this chapter are restricted exclusively to those which appear to involve cross-linguistic differences, and the results are not claimed to be of sufficient generality to lend independent support to one model over the other.


The tone sequence approach to the modelling of fundamental frequency downtrends was first applied to English by Pierrehumbert (1980). The notion of downstep is important to her model of American English intonation and the AM framework in general, because it permits a modelling of tunes as linear sequences with only two pitch levels H and L, despite the fact that within one tune, some high targets may be lower than others. Pierrehumbert’s (1980) work was further developed in Liberman and Pierrehumbert (1984) and Pierrehumbert and Beckman (1988), and the model of downstep first presented in Liberman and Pierrehumbert (1984) is probably the most explicit one currently available for (American) English.


Liberman and Pierrehumbert carried out several experiments which revealed three characteristic aspects of downstepped sequences. Firstly, the value of each accent peak in the sequence may be expressed as a constant proportion of the one immediately preceding given an appropriate mathematical transformation of the F0 space; secondly, English has ‘final lowering’, that is, the final accent in a sequence appears lower in the F0 range than predicted by the location of the immediately preceding accent; and thirdly, the final low in each IP is constant for each speaker. Liberman and Pierrehumbert’s data led them to suggest that downstep may be modelled with an exponential decaying curve. Final lowering explained why the last accent in their sequences did not fit this curve. Figure 3 below summarises their findings.
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Figure 3
The filled circles represent F0 peaks, and the empty one indicates where the last peak would be in an exponentially decaying curve in the absence of final lowering.
The following sections will present several experimental investigations of fundamental frequency downtrends in English and German. Although the experiments presented were designed primarily to investigate potential cross-linguistic differences, rather than to confirm or challenge the details of Liberman and Pierrehumbert’s model, the experiments carried out were modelled on Liberman and Pierrehumbert’s experiment, and the expectation was that some of those authors’ findings should be replicated. Specifically, successive accent peaks were predicted to form an exponentially decaying curve, with the steps between successive F0 peaks decreasing over the sequence, and evidence of final lowering was expected to emerge. The issue of the final low being constant for each speaker, however, was not addressed, as it was not directly relevant to the potential cross-linguistic differences investigated.

3 Downstep Experiment I

Downstep Experiment 1 was intended to establish (a) whether English and German differed in the acoustic implementation of downstep, and (b) whether the difference between partial and total downstep in German was categorical or gradient. 

3.1 Method

Ten English and ten German subjects were asked to carry out two tasks, both based on Liberman and Pierrehumbert’s (1984) ‘berry name’ experiment. In that experiment, three speakers (the authors and one other Bell lab employee) read 20 semantically bland lists of berry names such as bayberries, raspberries and mulberries etc. All lists had all different berries represented in all serial positions so that segmental effects on measured F0 could be assumed to be removed when peak F0 values in a given list position were averaged. The authors then measured peak F0 on each berry name in a list, as well as the final low, and used these data points to develop their model.


The experiment presented in the present study was intended to investigate downstep in productions from speakers naive to the purpose of the experiment rather than trained or semi-trained speakers. Therefore, the materials had to be modified. First of all, naive speakers cannot be expected to produce a very large number of downstepped sequences consistently without ‘resetting’ contours before the end of a list. Especially when sequences contain a relatively large number of items, naive speakers are likely to step down rather low on the first two or three accented words, reset the downstepping sequence, and start again higher in the register. Intuitively, on long lists, this seems easier than to produce consistently stepping patterns. Therefore, to reduce the number of lists to be read, each list was made up from initially stressed compounds which began with the same morpheme, for instance Moonlight, moonlit, moonbeam, moonshine, moonstone for English and Mondbahn, Mondlicht, mondhell, Mondschein, Mondstein for German (see Appendix B for the experimental materials). All compounds had two syllables; the first was fully voiced, and the second was kept short to keep the complete sequence as short as possible. Each of the subjects was then asked to read ten different sequences of this type, so that 100 downstep sequences were obtained for each language. During the German recordings, no attempt was made to condition the application of partial or total of downstep in any way; the application of either was hypothesised to be optional (i.e. in the corpus, partial and total downstep appeared in identical contexts). 


As in previous experiments presented in this study, the subjects were told that the recordings constituted a pronunciation exercise for foreign learners of German or English. Additionally, they were asked to read ‘casually’, that is, not with exaggerated care, as the foreign learners needed to hear ‘every day’ German or English. An informal pilot experiment had shown that this last instruction was crucial. When subjects were asked to read the lists ‘carefully’, they were frequently reset, and produced with falling as well as rising accents within one sequence. In contrast, when subjects were asked to read casually, sequences were produced only with one type of pitch accent (H*+L) and quite consistently downstepped.


After having read the ten sequences (henceforth referred to as the ‘production task’), subjects were asked to take part in a second task (the ‘completion task’). The second task was designed to (a) collect more tightly controlled data on the realisation of the last accent in the phrase, (b) provide more data points (in the first experiment, some of the data was expected to be missing because of occasional resets), and (c) elicit data in which the final L could be measured. In the first task, where subjects produced five-accent sequences, some were expected to drop into creak when producing the final low in a list (this expectation was confirmed in a substantial number of cases). In addition, the completion task functioned as a backup. If subjects did not produce a sufficient number of consistently downstepped sequences in the first task, then the second task would still allow an investigation of a potential cross-linguistic difference in the realisation of the last accent. 


In this task, subjects heard the initial fragments of 20 downstepped sequences over headphones and were asked to complete these sequences just as, in their view, the speaker would have done (the materials are given in Appendix B). They heard four accented words and were asked to fill in the fifth. While they listened, they read the relevant sequence on a sheet of paper, which also provided them with the required completion. Note that subjects were not asked to imitate the speaker’s voice or the speaker’s register, but simply to complete the sequences as if they were in the speaker’s place
.


The experimental stimuli were recorded by a female Southern British English speaker aged 20 drawn from the same pool as the experimental subjects, and myself, a native speaker of Northern Standard German from Braunschweig. Both speakers recorded complete five-accent sequences, which were then digitised in waves(tm). There, the last accent was removed, and an experimental tape was produced. On the tape, each downstep sequence was preceded by a warning tone and followed by a 5 second pause during which subjects were expected to complete the sequence. Subjects were given the opportunity to practise this procedure before the task was carried out. 


Twenty female subjects took part in the two tasks. The ten English subjects were undergraduates from Oxford University and aged between 18 and 20. All came from the South of England and were judged by an English phonetician to speak a variety of Southern Standard British English. The data were recorded in a sound-treated booth in the Oxford University Phonetics Laboratory. The German subjects were aged 16 or 17 and drawn from the same pool as described in the previous chapter. The recordings were made in a quiet room at the Realschule Maschstraße in Braunschweig.

3.2 Analysis

The recordings from both tasks were digitised at a sampling rate of 16 kHz and processed in waves(tm) on an HP workstation A4032A under UNIX. An auditory analysis was carried out on the data from the production task to ascertain whether the sequences had been downstepped consistently. Table 1 below shows the number of items reset for each subject (each subject had read 10 items). Reset items were excluded from subsequent analyses.

Subject
1
2
3
4
5
6
7
8
9
10

Resets in English data
1
0
6
1
0
0
1
0
1
2

Resets in German data
1
6
1
0
0
1
0
1
2
0

Table 1
Auditory analysis of the production task. Items reset for each  English and German subject.

Peak F0 was measured for each of the five accents produced. To avoid measuring F0 values resulting, for instance, from perturbations accompanying voiced stops, the highest F0 value appearing near the middle of the stressed vowel was taken rather than the highest F0 on the stressed syllable as such. Then, the F0 excursions between successive peaks were calculated for each subject, and the means were taken. These were then subjected to statistical analysis. 


In the completion task, subjects had been required to produce the last accent only. Two measurement points were taken for each production; peak F0 and the lowest F0 in the following fall (i.e. measurements assumed to correspond to the target of the H* and the following L). Otherwise, measurements were taken as in the production task. Then, the excursion of the fall in F0 between the target of the H and that of the final L was calculated, and statistical analyses were carried out.

3.3 Results

3.3.1 Production task

Figure 4 below shows representative F0 traces of downstepped sequences from English and German. The German examples show an item produced with partial downstep and one with total downstep (produced by the same speaker); the English example shows partial downstep, the only version of downstep produced by the English subjects.


An analysis of variance (univariate, repeated measures) was carried out for the dependent variable ‘step size in F0’ with factors language (1,2) and Step (1,4). Step size rather than ‘F0 peak location’ was chosen as the dependent variable because overall, the German speakers had produced utterances with a somewhat higher pitch register than the English speakers (see Figure 6 below)
. Using step size meant that results of the statistical analysis would relate to the relationship between successive accents, the issue investigated here, and not to absolute differences between the two samples.


German


       Partial downstep
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      Brennglas, Brennpunkt, Brennstoff, Brennholz, Brennball.


       Total downstep
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dstR 0 get dstR 1 get translate
dstR 2 get dstR 0 get sub 353.091 123.909 sub div
dstR 3 get dstR 1 get sub 341 405.5 sub div scale
123.909 neg 405.5 neg translate
%%BeginProcSet: FreeHand_header 3 0
/FHIODict 30 dict def
FHIODict begin
/bdf{bind def}bind def
/d{setdash}bdf
/h{closepath}bdf
/H{}bdf
/J{setlinecap}bdf
/j{setlinejoin}bdf
/M{setmiterlimit}bdf
/n{newpath}bdf
/N{newpath}bdf
/q{gsave}bdf
/Q{grestore}bdf
/w{setlinewidth}bdf
/u{}bdf
/U{}bdf
/sepdef{
dup where not
{
FreeHandSepDict
}
if
3 1 roll exch put
}bdf
/`
{false setoverprint
end %. FreeHandDict
/-save0- save def
pop pop pop pop pop
concat
userdict begin
/showpage {} def
0 setgray 0 setlinecap 1 setlinewidth
0 setlinejoin 10 setmiterlimit [] 0 setdash newpath
/languagelevel where {pop languagelevel 1 ne{false setstrokeadjust}if}if
} bdf
/~
{end
-save0- restore
FreeHandDict begin
}bdf
/FreeHandDict 191 dict def
FreeHandDict begin
/currentpacking where{pop true setpacking}if
/xdf{exch def}bdf
/ndf{1 index where{pop pop pop}{dup xcheck{bind}if def}ifelse}bdf
/min{2 copy gt{exch}if pop}bdf
/max{2 copy lt{exch}if pop}bdf
/isLino statusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse def
/dr{transform .25 sub round .25 add
exch .25 sub round .25 add exch itransform}bdf
/C{dr curveto}bdf
/L{dr lineto}bdf
/m{dr moveto}bdf
/printerRes
gsave
matrix defaultmatrix setmatrix
72 72 dtransform
abs exch abs
max
grestore
def
/maxsteps 256 def
/calcgraysteps {
currentscreen pop exch 
printerRes exch div exch
2 copy
sin mul round dup mul
3 1 roll
cos mul round dup mul
add 1 add
dup maxsteps gt {pop maxsteps} if
} bdf
/bottom -0 def
/delta -0 def
/frac -0 def
/left -0 def
/numsteps -0 def
/numsteps1 -0 def
/radius -0 def
/right -0 def
/top -0 def
/xt -0 def
/yt -0 def
/df currentflat def
/tempstr 1 string def
/clipflatness currentflat def
/inverted?
0 currenttransfer exec .5 ge def
/level2 
/languagelevel where {pop languagelevel 1 ne}{false}ifelse def
/colorexists
level2
{
statusdict/processcolors known
{statusdict/processcolors get exec}{1}ifelse
4 eq def
}
{systemdict/setcmykcolor known def}
ifelse
/tc1 [0 0 0 1] def
/tc2 [0 0 0 1] def
/fc [0 0 0 1] def
/sc [0 0 0 1] def
/concatprocs{
/packedarray where
{pop dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
{
/proc2 exch cvlit def/proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
}
{
/proc2 exch cvlit def/proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
}ifelse
}bdf
/storerect{/top xdf/right xdf/bottom xdf/left xdf}bdf
/rectpath{newpath left bottom m left top L
right top L right bottom L closepath}bdf
/i{dup 0 eq
{pop df dup}
{dup} ifelse
/clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/gettint{0 get}bdf
/puttint{0 exch put}bdf
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{
{/filler /eofill load def /clipper /eoclip load def}
{/filler /fill load def /clipper /clip load def}
ifelse
}bdf
�¡�À�)/CD{/NF exch def{exch dup/FID ne 1 index/UniqueID ne and{exch NF 3 1 roll put}
{pop pop}ifelse}forall NF}bdf
/MN{1 index length/Len exch def
dup length Len add string dup
Len 4 -1 roll putinterval dup 0 4 -1 roll putinterval}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
{1 index MN cvn/NewN exch def cvn
findfont dup maxlength dict CD dup/FontName NewN put dup
/Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{dup FontDirectory exch known{pop 3 -1 roll pop}{RC}ifelse}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
{exch pop findfont 3 -1 roll pop}{pop dup findfont dup maxlength dict CD dup dup
/Encoding exch /Encoding get 256 array copy 7 -1 roll {3 -1 roll dup 4 -2 roll put}forall put definefont}ifelse}bdf
userdict begin /BDFontDict 20 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
end
/MacVec 256 array def
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI
/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
MacVec 0 32 getinterval astore pop
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/nbspace/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase
/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/fps{
currentflat 
exch 
dup 0 le{pop 1}if
{
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setflat pop pop stop}if}
{exit}
ifelse
}loop
pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf
/W{/clipper load 100 clipflatness fps}bdf
end%. FreeHandDict
end%. FHIODict
%%EndProcSet
%%EndProlog
%%BeginSetup
FHIODict begin
FreeHandDict begin
��¡�À�_/onlyk{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 /packedarray where{pop packedarray}{array astore readonly}ifelse}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{1 exch sub dup dup dup setcmykcolor}ndf
/setoverprint{pop}ndf
/currentoverprint false ndf
/colorimage{pop pop
[5 -1 roll/exec cvx 6 -1 roll/exec cvx 7 -1 roll/exec cvx 8 -1 roll/exec cvx
/cmykbufs2gray cvx]cvx image}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le isLino and{userdict begin bdf end}{ndf}ifelse
/customcolorimage{
colorexists
{
aload pop pop 4 array astore
setimagecmyk
currentcolortransfer
{ik mul ik sub 1 add}concatprocs 4 1 roll
{iy mul iy sub 1 add}concatprocs 4 1 roll
{im mul im sub 1 add}concatprocs 4 1 roll
{ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
/magentabuf 0 string def
/yellowbuf 0 string def
/blackbuf 0 string def
{invbuf dup length magentabuf length ne
{dup length dup dup
/magentabuf exch string def
/yellowbuf exch string def
/blackbuf exch string def}if
dup magentabuf copy yellowbuf copy blackbuf copy pop}concatprocs
{magentabuf}{yellowbuf}{blackbuf}true 4 colorimage
}
{
pop image
}
ifelse
}ndf
/separationimage{image}ndf
/newcmykcustomcolor{6 /packedarray where{pop packedarray}{array astore readonly}ifelse}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf
/overprintprocess{pop}ndf
/setspotcolor
{spots exch get 0 5 getinterval exch setcustomcolor}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{systemdict begin settransfer end pop pop pop}ndf
/getcmyk {
dup length 4 eq
{aload pop}
{aload pop spots exch get 0 4 getinterval aload pop 4
{4 index mul 4 1 roll}repeat 5 -1 roll pop} ifelse
}bdf
/setimagecmyk{
getcmyk/ik xdf /iy xdf /im xdf /ic xdf
}ndf
/autospread{pop}ndf
/fhsetspreadsize{pop}ndf
/fhsetspreadallow{pop}ndf
/strokeopf false def
/fillopf false def
/R{0 ne /strokeopf xdf}bdf
/O{0 ne /fillopf xdf}bdf
/filler{fill}bdf
/F{fc fhsetcolor fillopf setoverprint false autospread
gsave /filler load fp grestore false setoverprint}bdf
/f{closepath F}bdf
/S{sc fhsetcolor strokeopf setoverprint true autospread {stroke}fp false setoverprint}bdf
/s{closepath S}bdf
/B{fc fhsetcolor fillopf setoverprint gsave /filler load fp grestore
sc fhsetcolor strokeopf setoverprint true autospread {stroke}fp false setoverprint}bdf
/b{closepath B}bdf
/setcolorscreen where{pop}{/setcolorscreen{setscreen pop pop pop pop pop pop pop pop pop}bdf}ifelse
/fhsetcolor{dup length 4 eq
{aload overprintprocess setcmykcolor}
{aload 1 get spots exch get 5 get setinkoverprint setspotcolor}
ifelse
}ndf
/settextcolor{
dup fhsetcolor
textblackopf
{
dup length 4 eq
{onlyk{3 get 1.0 eq{true setinkoverprint}if}{pop}ifelse}
{pop}
ifelse
}
{pop}ifelse
}ndf
/ka{/fc xdf}bdf
/Ka{/sc xdf}bdf
/xa{/fc xdf} bdf
/Xa{/sc xdf} bdf
/bc2[0 0]def
/bc4[0 0 0 0]def
/absmax{2 copy abs exch abs gt{exch}if pop}bdf
/calcstep
{ {calcgraysteps}{maxsteps}ifelse
tc1 length 4 eq
{
0 1 3
{tc1 1 index get
tc2 3 -1 roll get
sub
}for
absmax absmax absmax
}
{
bc2 tc1 1 get 1 exch put
tc1 gettint tc2 gettint
sub abs
}
ifelse
mul abs round dup 0 eq{pop 1}if 
dup /numsteps xdf 1 sub dup 0 eq{pop 1}if /numsteps1 xdf
}bdf
/cblend{
tc1 length 4 eq
{
0 1 3
{bc4 exch
tc1 1 index get
tc2 2 index get
1 index sub
frac mul add put
}for bc4
}
{
bc2
tc1 gettint
tc2 gettint
1 index sub
frac mul add
puttint bc2
}
ifelse
fhsetcolor
}bdf
/logtaper{/frac frac 9 mul 1 add log def}bdf
��¡�À�óFHIODict begin
/origmtx matrix currentmatrix def
/iminv false def
/invbuf{0 1 2 index length 1 sub{dup 2 index exch get 255 exch sub 2 index 3 1 roll put}for}bdf
/cmykbufs2gray{
dup length 0 1 3 -1 roll 1 sub
{4 index 1 index get
4 index 2 index get
4 index 3 index get
4 index 4 index get
255 exch sub ccmyk ccmyk ccmyk pop 5 mul exch 45 mul add exch 14 mul add -6 bitshift
2 index 3 1 roll put}for
4 1 roll pop pop pop
}bdf
end
/textopf false def
/textblackopf true def
/curtextmtx{}def
/otw .25 def
/msf{dup/curtextmtx xdf makefont setfont}bdf
/makesetfont/msf load def
/curtextheight{.707104 .707104 curtextmtx dtransform
dup mul exch dup mul add sqrt}bdf
/ta{1 index
{tempstr 0 2 index put tempstr 2 index
gsave exec grestore
tempstr stringwidth rmoveto
5 index eq{6 index 6 index rmoveto}if
3 index 3 index rmoveto
}forall 7{pop}repeat}bdf
/sts{settextcolor textopf setoverprint/ts{awidthshow}def exec false setoverprint}bdf
/stol{/xt currentlinewidth def 
setlinewidth settextcolor textopf setoverprint newpath
/ts{{false charpath stroke}ta}def exec
false setoverprint xt setlinewidth}bdf
/currentpacking where{pop false setpacking}if
/spots[1 0 0 0 (Process Cyan) false newcmykcustomcolor
0 1 0 0 (Process Magenta) false newcmykcustomcolor
0 0 1 0 (Process Yellow) false newcmykcustomcolor
0 0 0 1 (Process Black) false newcmykcustomcolor
0 0 0 0  (White) false
newcmykcustomcolor
]def
%%EndSetup
%%IncludeFont: Symbol
0 dict dup begin
end
/f0 /Symbol FF def
MacVec 256 array copy
/f1 /|______Times-Roman dup RF findfont def
[] 0 d
3.863708 M
1 w
0 j
0 J
0 O
0 R
0 i
false eomode
[0 0 0 1] Ka
[0 0 0 1] ka
vms
u
u
u
true fhsetspreadallow
309.0849 392.6241 m
324.6055 392.6241 L
324.6055 341.5048 L
309.0849 341.5048 L
309.0849 392.6241 L
[0 0 0 0.2] ka
f
n
U
u
275.0645 392.1192 m
291.5301 392.1192 L
291.5301 341 L
275.0645 341 L
275.0645 392.1192 L
f
n
U
u
233.0115 393.1289 m
251.8396 393.1289 L
251.8396 341.5048 L
233.0115 341.5048 L
233.0115 393.1289 L
f
n
U
u
195.211 392.6241 m
210.2591 392.6241 L
210.2591 341 L
195.211 341 L
195.211 392.6241 L
f
n
U
u
149.378 392.1192 m
166.7886 392.1192 L
166.7886 341 L
149.378 341 L
149.378 392.1192 L
f
n
U
144.8813 379.8385 m
148.6614 379.8385 L
S
144.8813 361.664 m
148.6614 361.664 L
S
150.2509 357.1551 m
152.0937 359.124 152.9851 360.3848 154.976 362.2036 C
157.3719 364.3923 158.6179 365.9516 161.5911 367.2521 C
164.0157 368.3127 165.8091 367.6451 168.2062 368.7666 C
169.8118 369.5178 170.2334 371.0263 171.9862 371.2908 C
173.2764 371.4856 174.0087 371.0121 175.2937 370.786 C
177.1495 370.4594 178.1576 370.0705 180.0188 369.7763 C
181.8493 369.4869 182.8926 369.3569 184.7439 369.2715 C
186.2165 369.2035 187.0497 369.2715 188.5239 369.2715 C
S
187.5789 366.2424 m
188.316 366.0455 188.7318 365.9344 189.4689 365.7375 C
S
194.6665 358.6696 m
195.035 359.4572 195.0228 360.0491 195.6115 360.689 C
196.5245 361.6817 197.7086 361.1039 198.919 361.6987 C
200.3752 362.4145 200.8998 363.2887 202.2266 364.223 C
204.0164 365.4833 204.9549 366.3553 206.9516 367.2521 C
208.0223 367.7329 208.681 367.868 209.7867 368.2618 C
S
215.4567 370.786 m
216.1938 369.9984 216.4962 369.4299 217.3467 368.7666 C
218.9269 367.5342 220.1547 367.331 222.0718 366.7472 C
224.2204 366.093 225.5305 366.1313 227.7419 365.7375 C
S
232.4669 350.5921 m
233.3883 350.1983 233.9081 349.9762 234.8294 349.5824 C
S
233.8844 355.6406 m
234.6215 356.625 234.8034 357.4101 235.7744 358.1648 C
237.4048 359.4319 239.0063 358.542 240.972 359.1745 C
243.7563 360.0704 244.7018 362.2289 247.5871 362.7084 C
249.0415 362.9502 249.9973 362.1633 251.3671 362.7084 C
252.4933 363.1566 252.5737 364.3633 253.7297 364.7278 C
255.5751 365.3099 256.5463 363.5329 258.4547 363.2133 C
260.6357 362.848 261.9135 363.2133 264.1248 363.2133 C
265.7833 363.2133 266.7189 363.2133 268.3773 363.2133 C
S
272.1574 347.0582 m
272.1574 347.0582 L
272.1574 347.0582 L
s
274.5199 356.6503 m
275.9941 357.2409 276.8656 357.4829 278.2999 358.1648 C
280.0418 358.9929 280.7903 359.9052 282.5525 360.689 C
284.3205 361.4755 285.3642 361.9151 287.2776 362.2036 C
289.0997 362.4783 ��¡�À��290.1642 362.3303 292.0026 362.2036 C
294.4246 362.0367 295.7229 361.3574 298.1452 361.1939 C
299.9839 361.0698 301.0275 361.1939 302.8702 361.1939 C
S
309.0128 354.6309 m
311.5927 354.434 313.0411 354.0714 315.6279 354.126 C
317.6642 354.169 318.7906 354.5458 320.8255 354.6309 C
322.4825 354.7001 323.4195 354.6309 325.078 354.6309 C
S
334.5281 354.126 m
336.9237 353.7323 338.2511 353.3108 340.6707 353.1163 C
343.0586 352.9244 344.4177 353.1163 346.8133 353.1163 C
348.2875 353.1163 349.1191 353.1163 350.5933 353.1163 C
S
U
u
144.909 392.5 m
352.591 392.5 L
352.591 341.5 L
144.909 341.5 L
144.909 392.5 L
s
U
q
%%ChangeFont: Times-Roman
{
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end % FreeHandDict
end % FHIODict
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      Partial downstep
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dstR 0 get dstR 1 get translate
dstR 2 get dstR 0 get sub 384 153.8179 sub div
dstR 3 get dstR 1 get sub 445 510.5 sub div scale
153.8179 neg 510.5 neg translate
%%BeginProcSet: FreeHand_header 3 0
/FHIODict 30 dict def
FHIODict begin
/bdf{bind def}bind def
/d{setdash}bdf
/h{closepath}bdf
/H{}bdf
/J{setlinecap}bdf
/j{setlinejoin}bdf
/M{setmiterlimit}bdf
/n{newpath}bdf
/N{newpath}bdf
/q{gsave}bdf
/Q{grestore}bdf
/w{setlinewidth}bdf
/u{}bdf
/U{}bdf
/sepdef{
dup where not
{
FreeHandSepDict
}
if
3 1 roll exch put
}bdf
/`
{false setoverprint
end %. FreeHandDict
/-save0- save def
pop pop pop pop pop
concat
userdict begin
/showpage {} def
0 setgray 0 setlinecap 1 setlinewidth
0 setlinejoin 10 setmiterlimit [] 0 setdash newpath
/languagelevel where {pop languagelevel 1 ne{false setstrokeadjust}if}if
} bdf
/~
{end
-save0- restore
FreeHandDict begin
}bdf
/FreeHandDict 191 dict def
FreeHandDict begin
/currentpacking where{pop true setpacking}if
/xdf{exch def}bdf
/ndf{1 index where{pop pop pop}{dup xcheck{bind}if def}ifelse}bdf
/min{2 copy gt{exch}if pop}bdf
/max{2 copy lt{exch}if pop}bdf
/isLino statusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse def
/dr{transform .25 sub round .25 add
exch .25 sub round .25 add exch itransform}bdf
/C{dr curveto}bdf
/L{dr lineto}bdf
/m{dr moveto}bdf
/printerRes
gsave
matrix defaultmatrix setmatrix
72 72 dtransform
abs exch abs
max
grestore
def
/maxsteps 256 def
/calcgraysteps {
currentscreen pop exch 
printerRes exch div exch
2 copy
sin mul round dup mul
3 1 roll
cos mul round dup mul
add 1 add
dup maxsteps gt {pop maxsteps} if
} bdf
/bottom -0 def
/delta -0 def
/frac -0 def
/left -0 def
/numsteps -0 def
/numsteps1 -0 def
/radius -0 def
/right -0 def
/top -0 def
/xt -0 def
/yt -0 def
/df currentflat def
/tempstr 1 string def
/clipflatness currentflat def
/inverted?
0 currenttransfer exec .5 ge def
/level2 
/languagelevel where {pop languagelevel 1 ne}{false}ifelse def
/colorexists
level2
{
statusdict/processcolors known
{statusdict/processcolors get exec}{1}ifelse
4 eq def
}
{systemdict/setcmykcolor known def}
ifelse
/tc1 [0 0 0 1] def
/tc2 [0 0 0 1] def
/fc [0 0 0 1] def
/sc [0 0 0 1] def
/concatprocs{
/packedarray where
{pop dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
{
/proc2 exch cvlit def/proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
}
{
/proc2 exch cvlit def/proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
}ifelse
}bdf
/storerect{/top xdf/right xdf/bottom xdf/left xdf}bdf
/rectpath{newpath left bottom m left top L
right top L right bottom L closepath}bdf
/i{dup 0 eq
{pop df dup}
{dup} ifelse
/clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/gettint{0 get}bdf
/puttint{0 exch put}bdf
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{
{/filler /eofill load def /clipper /eoclip load def}
{/filler /fill load def /clipper /clip load def}
ifelse
}bdf
�¡�À�)/CD{/NF exch def{exch dup/FID ne 1 index/UniqueID ne and{exch NF 3 1 roll put}
{pop pop}ifelse}forall NF}bdf
/MN{1 index length/Len exch def
dup length Len add string dup
Len 4 -1 roll putinterval dup 0 4 -1 roll putinterval}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
{1 index MN cvn/NewN exch def cvn
findfont dup maxlength dict CD dup/FontName NewN put dup
/Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{dup FontDirectory exch known{pop 3 -1 roll pop}{RC}ifelse}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
{exch pop findfont 3 -1 roll pop}{pop dup findfont dup maxlength dict CD dup dup
/Encoding exch /Encoding get 256 array copy 7 -1 roll {3 -1 roll dup 4 -2 roll put}forall put definefont}ifelse}bdf
userdict begin /BDFontDict 20 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
end
/MacVec 256 array def
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI
/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
MacVec 0 32 getinterval astore pop
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/nbspace/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase
/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/fps{
currentflat 
exch 
dup 0 le{pop 1}if
{
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setflat pop pop stop}if}
{exit}
ifelse
}loop
pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf
/W{/clipper load 100 clipflatness fps}bdf
end%. FreeHandDict
end%. FHIODict
%%EndProcSet
%%EndProlog
%%BeginSetup
FHIODict begin
FreeHandDict begin
��¡�À�_/onlyk{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 /packedarray where{pop packedarray}{array astore readonly}ifelse}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{1 exch sub dup dup dup setcmykcolor}ndf
/setoverprint{pop}ndf
/currentoverprint false ndf
/colorimage{pop pop
[5 -1 roll/exec cvx 6 -1 roll/exec cvx 7 -1 roll/exec cvx 8 -1 roll/exec cvx
/cmykbufs2gray cvx]cvx image}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le isLino and{userdict begin bdf end}{ndf}ifelse
/customcolorimage{
colorexists
{
aload pop pop 4 array astore
setimagecmyk
currentcolortransfer
{ik mul ik sub 1 add}concatprocs 4 1 roll
{iy mul iy sub 1 add}concatprocs 4 1 roll
{im mul im sub 1 add}concatprocs 4 1 roll
{ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
/magentabuf 0 string def
/yellowbuf 0 string def
/blackbuf 0 string def
{invbuf dup length magentabuf length ne
{dup length dup dup
/magentabuf exch string def
/yellowbuf exch string def
/blackbuf exch string def}if
dup magentabuf copy yellowbuf copy blackbuf copy pop}concatprocs
{magentabuf}{yellowbuf}{blackbuf}true 4 colorimage
}
{
pop image
}
ifelse
}ndf
/separationimage{image}ndf
/newcmykcustomcolor{6 /packedarray where{pop packedarray}{array astore readonly}ifelse}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf
/overprintprocess{pop}ndf
/setspotcolor
{spots exch get 0 5 getinterval exch setcustomcolor}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{systemdict begin settransfer end pop pop pop}ndf
/getcmyk {
dup length 4 eq
{aload pop}
{aload pop spots exch get 0 4 getinterval aload pop 4
{4 index mul 4 1 roll}repeat 5 -1 roll pop} ifelse
}bdf
/setimagecmyk{
getcmyk/ik xdf /iy xdf /im xdf /ic xdf
}ndf
/autospread{pop}ndf
/fhsetspreadsize{pop}ndf
/fhsetspreadallow{pop}ndf
/strokeopf false def
/fillopf false def
/R{0 ne /strokeopf xdf}bdf
/O{0 ne /fillopf xdf}bdf
/filler{fill}bdf
/F{fc fhsetcolor fillopf setoverprint false autospread
gsave /filler load fp grestore false setoverprint}bdf
/f{closepath F}bdf
/S{sc fhsetcolor strokeopf setoverprint true autospread {stroke}fp false setoverprint}bdf
/s{closepath S}bdf
/B{fc fhsetcolor fillopf setoverprint gsave /filler load fp grestore
sc fhsetcolor strokeopf setoverprint true autospread {stroke}fp false setoverprint}bdf
/b{closepath B}bdf
/setcolorscreen where{pop}{/setcolorscreen{setscreen pop pop pop pop pop pop pop pop pop}bdf}ifelse
/fhsetcolor{dup length 4 eq
{aload overprintprocess setcmykcolor}
{aload 1 get spots exch get 5 get setinkoverprint setspotcolor}
ifelse
}ndf
/settextcolor{
dup fhsetcolor
textblackopf
{
dup length 4 eq
{onlyk{3 get 1.0 eq{true setinkoverprint}if}{pop}ifelse}
{pop}
ifelse
}
{pop}ifelse
}ndf
/ka{/fc xdf}bdf
/Ka{/sc xdf}bdf
/xa{/fc xdf} bdf
/Xa{/sc xdf} bdf
/bc2[0 0]def
/bc4[0 0 0 0]def
/absmax{2 copy abs exch abs gt{exch}if pop}bdf
/calcstep
{ {calcgraysteps}{maxsteps}ifelse
tc1 length 4 eq
{
0 1 3
{tc1 1 index get
tc2 3 -1 roll get
sub
}for
absmax absmax absmax
}
{
bc2 tc1 1 get 1 exch put
tc1 gettint tc2 gettint
sub abs
}
ifelse
mul abs round dup 0 eq{pop 1}if 
dup /numsteps xdf 1 sub dup 0 eq{pop 1}if /numsteps1 xdf
}bdf
/cblend{
tc1 length 4 eq
{
0 1 3
{bc4 exch
tc1 1 index get
tc2 2 index get
1 index sub
frac mul add put
}for bc4
}
{
bc2
tc1 gettint
tc2 gettint
1 index sub
frac mul add
puttint bc2
}
ifelse
fhsetcolor
}bdf
/logtaper{/frac frac 9 mul 1 add log def}bdf
��¡�À�öFHIODict begin
/origmtx matrix currentmatrix def
/iminv false def
/invbuf{0 1 2 index length 1 sub{dup 2 index exch get 255 exch sub 2 index 3 1 roll put}for}bdf
/cmykbufs2gray{
dup length 0 1 3 -1 roll 1 sub
{4 index 1 index get
4 index 2 index get
4 index 3 index get
4 index 4 index get
255 exch sub ccmyk ccmyk ccmyk pop 5 mul exch 45 mul add exch 14 mul add -6 bitshift
2 index 3 1 roll put}for
4 1 roll pop pop pop
}bdf
end
/textopf false def
/textblackopf true def
/curtextmtx{}def
/otw .25 def
/msf{dup/curtextmtx xdf makefont setfont}bdf
/makesetfont/msf load def
/curtextheight{.707104 .707104 curtextmtx dtransform
dup mul exch dup mul add sqrt}bdf
/ta{1 index
{tempstr 0 2 index put tempstr 2 index
gsave exec grestore
tempstr stringwidth rmoveto
5 index eq{6 index 6 index rmoveto}if
3 index 3 index rmoveto
}forall 7{pop}repeat}bdf
/sts{settextcolor textopf setoverprint/ts{awidthshow}def exec false setoverprint}bdf
/stol{/xt currentlinewidth def 
setlinewidth settextcolor textopf setoverprint newpath
/ts{{false charpath stroke}ta}def exec
false setoverprint xt setlinewidth}bdf
/currentpacking where{pop false setpacking}if
/spots[1 0 0 0 (Process Cyan) false newcmykcustomcolor
0 1 0 0 (Process Magenta) false newcmykcustomcolor
0 0 1 0 (Process Yellow) false newcmykcustomcolor
0 0 0 1 (Process Black) false newcmykcustomcolor
0 0 0 0  (White) false
newcmykcustomcolor
]def
%%EndSetup
%%IncludeFont: Symbol
0 dict dup begin
end
/f0 /Symbol FF def
MacVec 256 array copy
/f1 /|______Times-Roman dup RF findfont def
[] 0 d
3.863708 M
1 w
0 j
0 J
0 O
0 R
0 i
false eomode
[0 0 0 1] Ka
[0 0 0 1] ka
vms
u
u
u
true fhsetspreadallow
350.4238 496.6236 m
364.5054 496.6236 L
364.5054 445.5 L
350.4238 445.5 L
350.4238 496.6236 L
[0 0 0 0.2] ka
f
n
U
u
179.5762 497.1284 m
195.5261 497.1284 L
195.5261 446.0049 L
179.5762 446.0049 L
179.5762 497.1284 L
f
n
U
u
225.7056 497.1284 m
237.2854 497.1284 L
237.2854 446.0049 L
225.7056 446.0049 L
225.7056 497.1284 L
f
n
U
u
265.5226 497.1284 m
278.0735 497.1284 L
278.0735 445.5 L
265.5226 445.5 L
265.5226 497.1284 L
f
n
U
u
309.1501 496.6236 m
326.6308 496.6236 L
326.6308 445.5 L
309.1501 445.5 L
309.1501 496.6236 L
f
n
U
180.9589 473.269 m
182.0951 473.6628 182.6964 474.0271 183.8723 474.2787 C
185.9094 474.7147 187.1734 474.6993 189.2136 474.2787 C
190.8062 473.9505 191.9381 473.9034 193.0982 472.7641 C
194.0335 471.8456 194.0547 470.9464 194.5549 469.7347 C
195.0284 468.588 195.1474 467.8868 195.5261 466.7054 C
S
200.3818 461.6565 m
201.7074 461.2627 202.4009 460.7357 203.7808 460.6467 C
205.1181 460.5605 205.8399 461.1297 207.1798 461.1516 C
208.7074 461.1766 209.5495 460.8436 211.0644 460.6467 C
S
223.6893 468.2201 m
225.2043 468.417 226.0639 468.4934 227.5739 468.725 C
229.6693 469.0463 230.8392 470.1646 232.9152 469.7347 C
234.9461 469.3142 235.581 467.8868 237.2854 466.7054 C
S
241.6555 464.6858 m
242.6024 463.7013 242.9201 462.8774 244.0834 462.1614 C
245.7307 461.1475 247.0291 461.4572 248.9391 461.1516 C
250.4476 460.9102 251.3087 460.8436 252.8237 460.6467 C
S
265.4486 468.2201 m
266.5848 467.6294 267.1346 467.0706 268.362 466.7054 C
270.1773 466.1654 271.3329 466.8914 273.2177 466.7054 C
275.1428 466.5155 276.1797 466.0894 278.0735 465.6956 C
S
286.3282 463.6761 m
287.4644 462.4946 287.7628 461.3534 289.2416 460.6467 C
291.1212 459.7485 292.5014 460.7299 294.5829 460.6467 C
296.862 460.5557 298.1374 460.3387 300.4098 460.1418 C
S
308.6646 466.7054 m
310.7477 466.3116 311.9056 465.9845 314.0059 465.6956 C
316.2654 465.3848 317.5991 465.6538 319.8327 465.1907 C
322.1879 464.7024 323.5597 464.3437 325.6596 463.1712 C
327.1013 462.3661 327.6498 461.5079 329.0586 460.6467 C
330.1512 459.9788 330.8358 459.7227 331.972 459.132 C
S
334.8855 459.6369 m
337.1579 459.8338 338.4399 459.9449 340.7124 460.1418 C
S
351.395 464.6858 m
353.0993 464.4889 354.0674 464.4289 355.7651 464.1809 C
357.8629 463.8746 359.0707 462.5797 361.1064 463.1712 C
362.434 463.5569 362.8836 464.4031 364.0199 465.1907 C
S
372.7602 462.1614 m
374.0858 461.3738 374.7572 460.7838 376.1592 460.1418 C
377.9628 459.3158 �¡�À�h379.1212 459.2178 381.0149 458.6272 C
S
U
u
174.8179 497 m
383.5 497 L
383.5 445.5 L
174.8179 445.5 L
174.8179 497 L
s
U
174.8179 484.4656 m
178.8179 484.4656 L
S
174.8179 466.4656 m
178.8179 466.4656 L
S
q
%%ChangeFont: Times-Roman
{
f1 [10 0 0 10 0 0] makesetfont
156.317932 480.965591 m
0 0 32 0 0 (300) ts
} 
[0 0 0 1]
sts
Q
vmrs
q
%%ChangeFont: Times-Roman
{
f1 [10 0 0 10 0 0] makesetfont
156.317932 463.465591 m
0 0 32 0 0 (200) ts
} 
[0 0 0 1]
sts
Q
q
%%ChangeFont: Times-Roman
{
f1 [10 0 0 10 0 0] makesetfont
169.5 500.407227 m
0 0 32 0 0 (Hz) ts
} 
[0 0 0 1]
sts
Q
U
vmr
end % FreeHandDict
end % FHIODict
� �¿� �À�ÿ



       Green house, green belt, green fly, Greenland, green card.

Figure 4
Representative F0 traces of downstepped sequences for German and English. The German traces were produced by the same speaker.
Significant effects of Language and of Step were predicted. The results confirmed these predictions; significant effects of Language (F[1,9] = 5.87, p<0.03) and Step ([3,27] = 46.91, p<0.001) emerged (significance levels unaffected by Greenhouse-Geisser correction, no significant interaction between Language and Step). Planned comparisons for Language within Step showed that in the two languages, the first three steps between F0 peaks did not differ significantly, but the last step did; in the German data, this step was significantly larger than in the English data (p< 0.01, significance level unaffected by Greenhouse-Geisser correction). Figure 5 below illustrates this finding. It shows the mean locations of F0 peaks in English and German. Overall, the curves for the two languages look quite similar, but in German, the step between the last two accents is relatively larger than in English.

[image: image7.wmf]
Figure 5
Mean peak F0 in English and German downstepped five accent sequences. Means are shown of 100 English and 100 German contours.
Additionally, the data were processed separately for English and German in order to establish whether the decrease in stepsize between accent peaks was significant or not. For both languages, a significant effect of Step emerged (F[3,27] = 26.53, p< 0.001 for English and F[3,27] = 13.22, p< 0.001 for German). Within English, significant differences at the 1% level distinguished the first step from the second, the third and the fourth step, but the second and the third step did not differ significantly from each other, nor did the third and the fourth (step sizes were 25.66 Hz, 9.78 Hz, 8.0 Hz and 6.3 Hz). Within German, the first step differed from the second and the fourth. The second step did not differ significantly from the third, and the third and the fourth step differed significantly at the 5% level before Greenhouse-Geisser correction (p<0.07 after correction, all other significance levels were unaffected by the correction). Note, however, that the last step in the German data was on average larger, not smaller than the preceding three steps (stepsizes were 30.47 Hz, 13.34 Hz, 9.92 Hz and 17.26 Hz respectively).


The results presented so far lend some support to the hypothesis that English and German differ in the acoustic implementation of downstep. The step between the last two accents is significantly larger in German than in English, and in German, the last accent in the sequence is often larger, not smaller than the preceding step. This finding may reflect that German has partial and total downstep and English only partial downstep. In a language with partial and total downstep, one would expect the mean value of the last F0 peak to be lower on average than in a language which has only partial downstep (assuming that a reasonable number of either appear in the data). However, alternatively, the results may reflect the fact that German has more ‘final lowering’ than English. Additional evidence is needed. If it were the case that in German, the standard deviation of the final step were larger than in English, then this would further support the hypothesis of German having partial as well as total downstep. This question was addressed with a further analysis of variance (univariate ANOVA, repeated measures) with the dependent variable ‘standard deviation of F0’ and, again, the factors Language (1,2) and Step (1,4).


The results showed that in German, the standard deviation of the final step was larger than in English. A marginally significant main effect of Language (F[1,9] =6.63, p<0.05) and a significant effect of Step ([3,27] = 8.57, p<0.001) emerged (significance levels unchanged by Greenhouse-Geisser correction). The interaction between Language and Step was also significant (F[3,279] =3.93, p<0.01, p<0.05 after Greenhouse-Geisser correction). Planned comparisons investigating the effect of Language within Step showed no cross-linguistic differences for the first three steps. For last step, however, the standard deviation of F0 was significantly larger in German than in English (p<0.001). This finding further supports the hypothesis that German speakers have more options in the implementation of the last accent than English speakers do. Table 2 below gives the mean standard deviation of F0 excursion for English and German subjects.


P1-P2
P2-P3
P3-P4
P4-P5

English
14.5
7.0
5.8
4.3

German
15.2
8.1
6.6
13.4

Table 2
Mean standard deviation of F0 excursion in steps between successive accents (Hz).

3.3.2 Summary

The results of the production task appear to support the hypothesis that English and German differ in the acoustic implementation of downstep. In German, the step between the last two accents is significantly larger than in English, though preceding steps do not differ significantly. Secondly, in German the last step exhibits a larger standard deviation than in English. Taken together, these findings can be interpreted to reflect partial and total downstep in the German data, and partial downstep in the English data. However, further evidence is needed, specifically about the relationship between the final peak in German and the following L. The results from the production task have not shown whether the final peak is ever stepped down as low as the final low and whether we may claim a categorical distinction between such cases and the ones where the final peak remains above the final low. Moreover, we do not know how the final peak in English relates to the following low. These issues were addressed in the analysis of the completion task data.

3.3.3 Completion task 

The completion task was intended to provide detailed information on the realisation of the final accent in English and German downstepped sequences. Subjects appeared to have no difficulty in carrying out this task, and the completions they produced sounded, as expected, like the final item in a list. Figure 6 illustrates the mean peak F0 values in the experimental stimuli the German and English subjects heard (i.e. four accented words) and subjects’ completions (i.e. the last word in the sequence). The figure shows that the value for mean peak F0 in the completions (P5) is higher than one might have expected considering the location of the last peak in the stimuli. Note, however, that the locations for P1-P4 shown for the stimuli represent means from one speaker in each language whereas P5 (the completions) represents mean peak F0 from 10 speakers with different registers. Also, the experimental task had not required the subjects to imitate the speaker’s voice or speaker’s register, so, presumably, speakers with a relatively higher register did not attempt to lower it to match that of the experimental stimuli
.

[image: image8.wmf]
Figure 6
F0 peaks measured on accents heard in the completion stimuli followed by F0 peaks in subjects’ completions (the graph shows the mean of 200 English and 200 German completions).
Figure 7 shows the mean peak F0 values measured in the stimuli recorded for the completion task with the last accent included. Here, the same cross-linguistic difference emerges as in the data from the production task. Again, for the German speaker, the step between the final pair of accents is larger than for the English speaker.

[image: image9.wmf]
Figure 7
Mean peak F0 in completion task stimuli.
Figure 8 shows representative F0 traces for the accented items produced in the completion task. For English (left) a completion with partial downstep is shown, and for German (right), the figure shows one completion with partial downstep (top) and one with total downstep (bottom). Note at this point, however, that in general, in the German data, the distinction between partial and total downstep did not appear to be categorical, either auditorily or in F0. ‘Extremes’ at either end were easy to distinguish, but many in-between cases were observed also.




English

      German



[image: image10.wmf]
Figure 8
F0 traces for accented items produced in the completion task. The German examples were produced by the same speaker.
In the completions, the F0 excursion between P5 and the final low was calculated for each subject. Table 3 below gives the mean excursions for each language as well as their standard deviations. It shows that in English, the mean excursion of the final fall was larger than in German, but in German, the standard deviation of the fall was larger.


English
German

Mean step size
40.44
25.03

Standard Deviation
11.52
15.24

Table 3
Mean excursion and standard deviation (Hz) of the fall in F0 between the final peak (P5) and the final low.
An independent samples t-test showed that the fall between P5 and the final low was significantly larger in English (df=398, t=-11.19, p< 0.001) whereas the mean standard deviation of this fall was significantly larger in German (df=38, t=-4.25, p< 0.001). 


Figure 9 summarises the results. For maximal comparability, the data were normalised. The F0 of the final low was set to 181 Hz (the mean F0 of the final low in the German data) and the other data were recalculated accordingly
. 

[image: image11.wmf][image: image12.wmf]
Figure 9
F0 peaks and final lows measured in data from the completion task. All measured points are plotted.
Figure 9 shows that the English subjects produced a gradiently varying continuum of excursions for final falls. The differences between the languages arise because in German, the final fall may be virtually absent; the final peak may be stepped down to the level of the final low. In English, this does not appear to happen. Secondly, Figure 9 shows that there is no evidence of a categorical distinction between items with partial and items with total downstep. This would appear to confirm the auditory and visual impressions briefly referred to above. Thus, this result does not appear to lend support to the categorical distinction between !H*+L and H+L* which has been proposed in German ToBI.


The findings of the completion task further confirm the hypothesis that German and English differ in the realisation of the last accent. In German, the final fall is significantly smaller than in English, but this is because German speakers may step the last accent down as far as the final low. This interpretation is confirmed by the standard deviation of that fall being larger than in English. A categorical distinction between items stepped down partially or totally could not be established, either auditorily or in F0.

3.3.4 Modelling

The data from the production and completion tasks have shown a cross-linguistic difference in the implementation of the final accent in downstepped sequences. In German five-accent sequences, the step between the final pair of accents is significantly larger in than in English, but the final fall (i.e. the F0 excursion of the fall on the final pitch accent in the sequence) is significantly smaller. Additionally, the standard deviation of the peak F0 value of the last accent, and that of the final fall are larger in German. Figure 10 gives a schematic summary of the results.



     English




German
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Figure 10
Schematic summary of results. In the English data (left), the step between P4 and P5 is significantly smaller than in the German data (right). This is because German speakers place P5 on a continuum between the F0 level of P4 and the IP-final L.

The results can be interpreted to suggest that English and German implement the final accent in a downstepped sequence differently. In both languages, the steps between successive pairs of accents get smaller as the sequences get longer, but when it comes to the final pair of accents, the languages differ. It would appear that German speakers have more options when it comes to placing the last accent, and this implies that the exact scaling of that accent is harder to predict than in English, where speakers do not appear to have similar options.


A remaining question asks to what extent the results of the experiment presented here replicate Liberman and Pierrehumbert’s findings for American English. Among other points, the authors showed (a) a relationship between successive peaks which could be modelled as an exponentially decaying curve (and this implies that the steps between successive accents become smaller over the sequence), and (b) evidence of final lowering. Put simply, final lowering means that the last accent in a downstepped sequence does not fit into the exponentially decaying curve, but steps out of the curve; in a downward direction.


In the British English data presented here, we find that steps decrease between the first and second pair of accents, and the second and last pair. The step between the third pair does not differ significantly from either the preceding or following step. In German, all successive steps differed significantly from one another, and the last was larger than the one immediately preceding. It is not immediately clear how these findings should be related to Liberman and Pierrehumbert’s; the authors did not carry out a statistical analysis of the type presented here, and therefore, the data are not immediately comparable. Nevertheless, at first sight, one might conclude that the German data fits Liberman and Pierrehumbert’s model better than the English data; the German data can be modelled with an exponentially decaying curve, and there appears to be evidence of final lowering. From the English data, on the other hand, no evidence of final lowering emerged. A closer look at the German data, however, showed the apparently final lowering effect was not likely to reflect a constant lowering factor applied to the last accent in a downstepped sequence; rather, it appeared that German speakers have more freedom in the implementation of the final accent. In English, on the other hand, the implementation of the last accent appeared to be more restricted. 


Thus, the results of the experiments presented in this chapter appear to suggest that unlike General American English, Southern Standard British English and Northern Standard German do not have final lowering. However, this conclusion may be too simplistic. In Liberman and Pierrehumbert’s model, the notion of final lowering depends crucially on the assumption that downstepped sequences can be modelled with an exponentially decaying curve; it is not clear where exactly the cut off point is between an accent that is placed on the curve and one that is placed below it. This makes it difficult to assess when exactly final lowering can be claimed to have applied. How much lowering is final lowering? On the other hand, if one assumes that successive peaks do not form an exponentially decaying curve, but, for instance, a straight line, then the definition of final lowering is different. In that case, a significant difference between the pre-final and final step would have to be observed before the presence of ‘final lowering’ can be claimed. Thus, the evidence required for final lowering differs depending on the way one assumes downstep should be modelled. In this light, the data from the production experiment were re-examined.


Figure 11 shows mean peak F0 values measured on successive accented words separately for each of the ten English subjects (10 utterances per subject). 
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Figure 11
Mean peak F0 values per English subject, grouped into those where the pattern resembles an exponential curve with final lowering (top left), an exponential curve without final lowering (top right) and those where the last four peaks form a straight line.
Figure 11 shows that only two of the ten subjects produced a pattern which very obviously resembles an exponentially decaying curve with final lowering (subjects 6 and 10). In the realisations of the remaining subjects, the pattern resembles either a curve without final lowering (subjects 1 and 8) or a pattern in which the first step is relatively large, and the last four appear to form a straight line (subjects 2, 3, 4, 5, 7, 9).


Following Liberman and Pierrehumbert’s approach to analysis, the structure of pitch accent progressions in the five accent sequences were examined statistically. The aim was to test the claim that the relationship of successive pitch accents is essentially exponential. Additionally, the possibility of cross-linguistic differences in the pitch accent progressions was assessed, and the variability between subjects was assessed (Liberman and Pierrehumbert tested only three subjects, who were trained or semi-trained; in the present study, ten English and ten German subjects were tested, and all were naive speakers).


The objective of fitting curves to complex data so that the effects of a number of different factors can be tested can be felicitously accomplished using General Linear Models. In effect, these allow both analysis of variance and multiple regression analyses of balanced or unbalanced data. The GLIM package (Healy, 1988) permits the experimenter to build a statistical model of the data interactively, testing the significance of individual factors and their interactions one by one. The significance of each factor is assessed by an ANOVA table in which (a) the sum of squares equals the reduction in variance brought about by adding that factor to the model (b) the residual sum of squares equals the remaining variance (c) the degrees of freedom are given (i.e. those in the factor, and those remaining in the data once the factor is added).


The variable to be modelled was the frequency of each pitch accent in the five accent sequences. The data were coded with the factors Language, Subject, Line, and Curve. The factor Language tested for cross-linguistic differences and the factor Subject for inter-subject variability. The factor Line tries to assess to what extent the decrease in pitch from one accent to another is due to a linear progression from one accent to the next; in other words, if by adding the Line factor, all the variability in the data is accounted for, then a linear curve is the appropriate way to model the progression. The factor Curve tries to assess whether the decrease in pitch from one accent to another can be modelled with an exponentially decaying curve. Curve was designed to approximate a very simple downstep model with a downstep constant of 0.5 (Liberman and Pierrehumbert give downstep constants 0.59, 0.64 and 0.62 for the three subjects they tested). Thus, the step size between successive pairs of accents is assumed to be halved at every step (Line = step/2step-1). If Liberman and Pierrehumbert’s model is broadly applicable to the data analysed in the present study, then the variable Curve should give a better fit with the data in the current experiment than the variable Line.


A simple model attempted was one which included Language, Line and Curve as factors
. All factors were highly significant (ANOVA tables are given in Appendix E). This finding suggests that the progression of pitch accent peaks in the downstep sequences results neither from an exclusively linear lowering, nor from an exclusively exponential one. Apparently, an equation involving both terms fits the data collected for the purposes of the present study best. Secondly, the two languages differ significantly. However, the curves fitted in this model are parallel, that is, at this stage, no factor has been included which tests whether the languages differ in the shape of their downtrend (in other words, the significant effect of Language may be simply due to a cross-linguistic difference in pitch range). The question of whether the languages differ in the shape of their downtrends is addressed by building into the model the interactions Language - Line and Language - Curve. These proved highly significant and suggest that, apparently, different terms must be added to the data from each language to make the equations fit (i.e. different proportions of linear and exponential terms). The addition of the factor Subjects showed that this factor was significant also (p < 0.01), not only across but also within languages. The addition of this factor did not affect any of the others already in the model. Clearly, a significant amount of variability can be expected in the implementation of downstepped sequences by naive subjects. Taken together, the results of the modelling show (a) that neither an exponential curve nor a linear progression of pitch accent to the next models the data perfectly, and (b) that native speakers vary significantly in their implementation of downstep.


How can we relate this finding to the question of whether English has final lowering or not? As discussed earlier, had the results of the GLIM analysis suggested that successive downstepped pitch accents form a straight line rather than an exponential curve, then the absence of a significant difference in step size between the pre-final and final step between downstepped accents in the English production experiment would have lent further support to the hypothesis that (British) English does not have final lowering. However, it appears that the pattern involves elements of a straight line as well as elements of an exponential curve. This finding suggests that final lowering is a concept which can neither be defined nor falsified straightforwardly. More research is called for.

3.3.5 Summary

In summary, the results of the first downstep experiment have shown the predicted cross-linguistic difference in the implementation of downstep in F0, but they have not unambiguously confirmed previous findings for English in the literature. Apparently, the progression of downstepped accents can be modelled as a pattern which contains elements of a straight line as well as an exponential curve, and clear evidence of final lowering is lacking.


However, the fact remains that Liberman and Pierrehumbert found evidence of final lowering across all subjects and conditions. Why the discrepancy? Should the results presented in this study be interpreted as suggesting that American English intonation exhibits an effect which British English intonation does not? This is not impossible, but in this particular case, the reason for the apparent discrepancy may be found elsewhere. A comparison between Liberman and Pierrehumbert’s experimental stimuli and the ones used in the present study shows that the materials differ in one, apparently small aspect. In Liberman and Pierrehumbert’s materials, the last two berry names were connected with <and>, but in the materials used in this study, the <and> was left out to ensure maximal regularity in the productions. Might the additional segmental material inserted between the last two berry names have been responsible for the effect? This question was investigated in a second downstep experiment.

4 Downstep Experiment II

Pierrehumbert and Beckman (1988) discuss three sources of fundamental frequency downtrends: (1) declination, a time-dependent decrease in fundamental frequency over the course of an utterance, (2) downstep, a lowering of accents which goes beyond the effect of declination, and (3) final lowering, an effect which lowers the peak of an intonation phrase-final or utterance-final accent. Evidence from Liberman and Pierrehumbert’s (1984) study suggested that of these three factors, downstep and final lowering account for fundamental frequency downtrends in English. The data presented in the previous sections of the present study, however, do not appear to lend support to all of Liberman and Pierrehumbert’s findings. A downstep-type downtrend in fundamental frequency was observed, but evidence of final lowering was elusive. This finding may either suggest that Southern British English does not have final lowering or that the effect Liberman and Pierrehumbert report is not the result of final lowering, but the result of something else. The obvious candidate would be declination. This interpretation of Liberman and Pierrehumbert’s data is supported by a difference in the structure of Liberman and Pierrehumbert’s experimental materials and the materials used in the present study. In Liberman and Pierrehumbert’s test sentences, the IP-final pair of berry names was connected with <and>, that is, between the final pair, additional segmental material was inserted between the stressed syllables. If downstep sequences in English are characterised by declination as well as downstep, then the effect of declination should become obvious when additional segmental material is inserted between otherwise regularly distributed stressed syllables. A second downstep experiment was carried out to test this hypothesis. If Liberman and Pierrehumbert’s final lowering effect was, in fact, the result of declination, then this effect should be replicable in Southern British English.


A pilot study was carried out. One German and one English subject were asked to produce the materials from the production task (i.e. the ten sequences tested in that task) with and without and connecting the last two words in the list. The results appeared to suggest a ‘final lowering’ effect in both languages when the <and> was inserted. Figure 12 shows English and German examples. The step between the last pair of accents (indicated by the dotted line) appears to be larger in productions with <and> than in those without.


Additionally, to obtain some more controlled data, both subjects were asked to carry out the completion task with and without <and>. Figure 13 below shows the results. A t-test showed that in tokens with and, the last accent was placed significantly lower than in those without in English (df=19, t=6.42, p<0.001), and in German (df=19, t=3.94, p<0.01).


The findings of the pilot experiment appeared to suggest that the location of steps in successive downstepped accents is not independent of the amount of segmental material between them. Thus, a second production experiment was designed which was intended to investigate this observation in more detail. The hypothesis was that the steps between successive F0 peaks depend not only on their location in F0 but also on the amount of segmental material between them. The experiment was carried out with English subjects only, as no further cross-linguistic differences were expected, and Liberman and Pierrehumbert’s experiments had investigated English data.


English
             Hz
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     Ground crew, ground fog, ground swell, ground floor, grounds man.

          Hz
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     Ground crew, ground fog, ground swell, ground floor, and grounds man.


German
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 Mondbahn, Mondlicht, mondhell, Mondschein, Mondstein. 


[image: image19.wmf]


Mondbahn, Mondlicht, mondhell, Mondschein und Mondstein. 

Figure 12
Five-accent sequences produced with and without <and>. The dotted lines indicate the step between the last pair of accents.


English





German
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Figure 13
Measurements of F0 in and (middle of vowel), peak F0 on the final accented word and final low in productions of the completion task with <and> / <und> [image: image22.wmf]and without [image: image23.wmf].

4.1 Method

The stimuli were based on those used in the production task in the first downstep experiment, but now, the intervals between stressed syllables were varied systematically. Two sets of experimental materials were created; in the first set, the interval between stressed syllables was ‘long-short’ (two or three intervening syllables vs. one syllable, e.g. Moonlighting, moonlit, moon landing, moonbeam, moonflower), and in the second, it was ‘short-long’ (1 syllable vs. 2/3 syllables, e.g. Moonlit, moonlighting, moonbeam, moon landing, moonstruck.). Ten sequences of each type were designed. The predictions are illustrated in Figure 14 below. 

Long-short
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Moonlighting, moonlit, moon landing, moonbeam, moonflower.

Short-long
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Moonlit, moonlighting, moonbeam, moon landing, moonstruck.

Figure 14
Predictions for the second downstep experiment.
In the long-short list, a significantly larger step down in F0 was predicted between P1 and P2 than for the short-long list. Between P2 and P3, on the other hand, a relatively smaller step was predicted for the long-short list etc. Ten female undergraduates aged 18-20 from Oxford University took part in the experiment. Again, all were speakers of a variety of Southern Standard British English. The recordings were made in a quiet room.

4.2 Analysis

The data were digitised at a sampling rate of 16 kHz and processed in waves(tm) on an HP workstation A4032A. An auditory analysis was carried out to determine whether accent sequences had been produced without ‘reset’. Those that had been reset were excluded from the analysis. Next, peak F0 was measured on the stressed morpheme of each compound in each sequence (see section 3.2 of this chapter for details). At this stage, a further four items were excluded. Creaky voice had caused a number of tracking errors which made it impossible to determine reliably peak height for all items. Table 4 below gives the number of items excluded from each list. Mean step sizes were calculated for each subject, which were then subjected to statistical analysis.

Long-short condition

Subject
1
2
3
4
5
6
7
8
9
10

reset / creak
8
3
2
1
0
0
1
1
3
8

Short-long condition
Subject
1
2
3
4
5
6
7
8
9
10

reset / creak
6
0
4
1
0
2
4
0
1
8

Table 4
Sequences excluded from the analysis for each subject.

4.3 Results

The data confirmed the predictions; when more segmental material was inserted between accented words, the steps down in F0 between them became larger; when there is less, they became smaller. Figure 15 shows representative F0 traces from one speaker from each language. The accented syllables are marked in light grey, and the steps down between successive accents in dark grey (note, however, that not all speakers realised the downstepped accent as H*+L; some produced non-final accents as H*>; see Chapter 3, section 3.2). A comparison between, for instance, the first pair of accents shows that the step is relatively larger in the long-short condition, where there is more segmental material intervening between accented words than in the short-long condition, where there is less.

Long-short condition
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Moonlighting, moonlit, moon landing, moonbeam, moonflower

Short-long condition
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Moonlit, moonlighting, moonbeam, moon landing, moonstruck

Figure 15
F0 traces from one speaker for one item in the long-short condition (above) and the short-long condition (below). 

An analysis of variance (repeated measures) was carried out for the dependent variable ‘step size in F0’ with the factors List (1,2) and Step (1,4). The statistics were calculated on the basis of the means for each subject, and the data from subjects 1 and 10 were excluded because most of those subjects’ tokens had included a resetting of the downstep sequence (see Table 4 above).The results revealed a significant effect of Step (F[3,18] = 5.68, p<0.01 before and after Greenhouse-Geisser correction), but not of List, and a significant interaction between Step and List (F[3,18] = 15.09, p<0.001 before and after Greenhouse-Geisser correction). Planned comparisons for List within Step were carried out and showed that the first, third and fourth steps in the two lists differed significantly from each other at the 1% level before and after Greenhouse-Geisser correction. The second steps differed significantly from each other at the 5% level (p<0.6 after Greenhouse-Geisser correction and p<0.4 after Huynh-Feldt correction).
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Figure 16
Steps between successive F0 peaks in the two conditions averaged over all items. P1 stands for the first peak, P2 for the second etc..
4.5 Discussion

The findings of the second downstep experiment suggest that the final lowering effect observed in Liberman and Pierrehumbert’s data may indeed be at least partly explicable as the result of declination
. Apparently, the amount of segmental material between stressed syllables affects the location of successive accent peaks; steps between successive accent peaks increase when more segmental material is inserted, and decrease when there is less. More generally, the results can be interpreted to suggest that a model of downstep which seeks to predict the locations of successive accents in F0 locally, rather than globally, must take into account the duration of segmental material between the peaks as well as the locations of successive peaks in F0. 


A number of questions remain. Firstly, what shape does the succession of peaks take when steps between them are not of equal length? Do they still form a more or less smoothly descending line? Figure 17 below illustrates the results of the F0 peak measurements. Two arbitrary units of distance have been inserted between peaks for ‘long’ distances between accents condition (e.g. Moonlighting, moonlit) and one unit for ‘short’ distances. conditions (e.g. Moonlit, moonlighting). 
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Figure 17
Mean peak F0 values in long-short and short-long lists.
Figure 17 shows that the pattern formed by successive peaks does not look particularly different from those observed in the first downstep experiment. As in the productions of most of the subjects tested in that experiment, in Figure 17, the last four accents form essentially a straight line. The pattern suggests that the amount of segmental material between stressed syllables may affect the realisation of the size of the steps between them, but not the overall pattern of the sequence.

5 Summary

The experimental evidence presented in this chapter has shown that English and German differ in the implementation of downstep in fundamental frequency. Downstep Experiment 1 showed that in five-accent sequences, the step between the last pair of accents was larger in German than in English, but all other steps did not differ across languages. The final fall between the last accent and the following low, however, was smaller in German. Moreover, the standard deviation in the step between the final pair of accents and in the final fall was larger in German. Combined, these results are interpreted as supporting the hypothesis drawn up on the basis of the cross-linguistic corpus study; Southern Standard British English has partial downstep, and Northern Standard German has partial as well as total downstep. The distinction between partial and total downstep in German, however, is gradient rather than categorical. This finding calls into question a categorical distinction between pitch accents !H*+L and H+L* which has been suggested for German in German ToBI (e.g. Grice and Benzmüller, 1995).


Secondly, the results from the first downstep experiment showed that ‘final lowering’, an effect claimed to characterise downstepped sequences in American English, appeared to be absent in British English. The apparent final lowering effect found in American English was hypothesised to be the result of declination rather than final lowering. A follow-up experiment was carried out to investigate this hypothesis. The results confirmed that the final lowering effect observed in Liberman and Pierrehumbert’s study of American English could be explained by invoking the concept of declination.

�	Naturally produced stimuli were used in this task rather than synthetic speech. In synthetic speech, the pitch ranges of the stimuli in the two languages could have been matched exactly. However, subjects might well have responded less favourably to being asked to complete the sequences as if they were in the speaker’s place, if that speaker appeared to be a machine rather than a person. Adding some natural variation to the synthetic stimuli would have improved their suitability, but natural variation in downstep is difficult to mimic (e.g. what downstep factor one should use?)


�	On average, the German speakers were two years younger than the English speakers. The age difference may be responsible for the difference in pitch register.


�	Note that subjects were not matched for pitch range.


� 	The recalculation involved dividing each datapoint by the value in Hz of its final low and multiplying the result of this calculation by 181 (i.e. the mean F0 of the final low in the German data).


�	Note that the factor Subjects is embedded within the factor Language, since all subjects must fall into just one of the two language categories. Subjects was therefore excluded from the first model tested to allow the significance of Language to be tested straightforwardly.


� 	Poser (1984) and Pierrehumbert and Beckman (1988) show that downstep and declination co-exit in Japanese.
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