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1.Introduction

1.1. Background

The dignment of fundamentd frequency (FO) contours has been the concern of recent intonationa research.
Studies of severd European languages (Cagpers and van Heuven 1993, Ladd et d. 2000 for Dutch, Prieto et d. 1995
for Mexican Spanish, Arvaniti et d. 1998 for Greek, Ladd et d. 2003 for English) have observed that the FO vdley a
the beginning of arising pitch accent condgtently dignswith the onset of the accented syllable. The location of the FO
pesk a the end of the riseismore variable, being affected by anumber of factors. The factors that cause the varidions
in pesk dignment could be divided into two types “phonetic factors’, such as gpeech rate and intringic vowe or
consonant duration, and “prosodic factors’, such as upcoming word or phrase boundaries and following stressed
gyllable In generd, when a syllable is lengthened due to phonetic factors, the FO pesk moves forwards from the
syllable or vowd onset. In contragt, when a syllable is lengthened due to prosodic factors, the FO pesk movesinthe
other direction: closer to the syllable onset (Silverman and Pierrehumbert 1990 for English, Prieto et a. 1995).

An important finding dong this line of research is a phenomenon found by Arvaniti et d. (1998), which is later
cadled “segmental ancharing”. They found that in Modern Greek, when the location of nearby word boundariesand
other accents (i.e. “prosodic factors’) isduly controlled, both the FO valley and the peek of the risng pitch accents are
conggtently anchored to specific pointsin the segmentd string. Specificdly, the valey is anchored a the onset of the
accented syllable and the peak at the onset of the following unstressed vowe (see Figure 1).

Segmentd anchoring is of theoretica importance. Firg, it cagtslight on theissues asto the invariant festures of a
given type of pitch accent. The fact thet the dignment of both the FO valley and pesk of risng accents is invariant
means that the accentud duration and dope are not invariant, but rather are precisaly influenced by the segmental
duration of the accented word (i.e. the duration due to “ phonetic factors’). For example, Arvaniti et d. showed thet in
aword with shorter composition like [ro ditiko], the rise duration is shorter and the dope is stegper than in aword
with longer compodtion like [pa remvad] (see Fgure 1). Second, ssgmental anchoring has rdevance to “the levels
versus configurations debate’ (cf., Ladd 1996. 59-73), a longgtanding discussion thet opposes those that andyze
intonational contour as congging of primitive level tones (“leve view”) to those that seeit as conggting of primitive
pitch movements or configurations (“configuration view”). Specificdly, these two views make different predictions
with regard to the dope and duration of FO movements. In the configuration view, it is reasonable to expect thet a
given FO movement has rdaively constant dope and/or duration. In the level view, by contrast, FO movements are
defined interms of their congtant beginning and ending points. Arvaniti et d. arguethat segmenta anchoring provides
evidence in favor of the leve view, which is widdy assumed in current intonational work (e.g. Pierrehumbert 1980,
Ladd 1996). The risng FO movement is, for example, regarded as merdy trangtion from its beginning point or “low
ton€’, to its ending point or “high tone’, which are independently aligned with the segmental string.

In addition, the finding isinteresting from a crosslinguigtic point of view. The existence of segmenta anchoring
in other languages was confirmed in study by Ladd et d. (1999) for English and study by Igarashi (2003) for Russan,
in which it was shown that the dignment of the valey and pegk of arigng pitch accent is unaffected by changesin
segmentd duration brought about by modifications of gpeech rate (i.e “ phonetic factors’), suggesting that, a least for
European languages, segmental anchoring is a universal phenomenon’.
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Figure 1 Schematized FO contours of rising accentsin Modern Greek (Arvaniti et a. 1998). Dotted linesindicate FO cortour and solid linesshowsthe
onset of the stressed syllable and the onset of following unstressed vowel of the words [ro ditiko] and [pa remvas]. Note thet theriseis shorter and
steeper in the former word than in the latter.

! Segmental anchoring was confirmed aso in Dutch (Ladd et a. 2000). Exact dignment pointsare, of course, language specific. In Russian, for
example, the pesk digns somewherein the onset consonant of the following unstressed syllable (Igarashi 2003).
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1.2. The aim of the present study

The am of the present sudy is to explore the invariant features of Russan pitch accents, and test generd
plausihility of ssgmenta anchoring in this language. Specificaly, an experiment was performed to examine variaions
in FO contours related to rising pitch accents under changes in pitch range. While in the previous sudies, such
vaiaions have been examined under the changes dong “horizontd” dimenson, i.e. the changes in segmentd
duration caused by either phonetic or prosodic factors, in the presant sudy they are examined under conditions which
vary dong “verticd” FO dimension. Since the experimental manipulationsin this study should be free from durationd
changes due to factors that may affect the dignment of the FO peek, | expect that both the valey and the peek of the
accents should be anchored to specific pointsin the ssgmenta string, and that the accentud dope should be Steeper as
pitch range expands.

2. Experiment

2.1. Method

The gpproach in this experiment was to measure the dignment of the FO valey and pesk, rise duration, and dope
of risng pitch accentsin prepared sentences reed doud a three different pitch ranges. Fitch range manipulation was
done by asking speskers to modify loudness. | expected thet speskers would produce higher FO vdue of the pesk and
hence expand their pitch range as loudnessincreeses. In order to avoid a potentia effect of sentence boundaries on the
dignment of the FO pegk, | examined only the non-sentence-find or “prenudear” risng accents, namdy, FO rise
occurring e lexicdly sressed syllable of the non-find content words in a neutrd reading of a short declarative
sentence’.

2.1.1 Materials, speakers and recordings

Twenty sentences were designed®. A typical sentenceis Roméanova guljala v gorode (Romanovawas walking in
the city), in which the risng accents were expected to occur on the firgt and the second words (see Figure 2). The
accent | measured is the one on the firgt word. Each sentence consigts of three content words, which are incorporated
into the Subject- Veb- Object or Adverbid syntactic gructure. Each test word was followed by one or two undressed
gyllables, and the test word aways had alexicd dress on the antepenultimete syllable. This criterion is adopted in
order to avoid potentid effects of the proximity of word boundary and of following accent on the dignment of the FO
peek. The consonants flanking the stressed vowd of the accented syllable are nasds or trills, because they would
minimize segmentally-induced perturbation in the vicinity of the accented syllable.

The materids were read by Sx native speskers of Russan, three femde and three mde. In whet follows, the
seskersaeidentified asFA, FT FZ, MM, MK and MS, where F or M stands for femae or mae respectivdy, and the
second letter isaninitid. FA and MK are nineteen years dld, and the other speskerswerein ther twenties. And & the
time of recording they al had been gudied at indtitutes or universties in Tokyo. Results of FZ and MM hed to be
discarded, because they produced different intonation patterns from the one | had expected. The spegkers had any
known speech or hearing problems and were naive as to the purpose of the experiment.

The recordings were made on Digita Audio Tape (DAT) in the recording studio a Tokyo University of Foreign
Studies or in a quiet room & the speskers home. Speakers read the entire ligt of sentences once in each of three
different loudness. On the firgt reading, speskers were asked to read the ligt a ther norma voice. After the firg
reading, haf of the gpeskers were askad to read loudly on the second reading and cadmly on the third and the other
half were asked to read camly on the second reading and loudly on the third. Speskers were asked to repeat any
misread sentences. The recorded materids were digitized & a sampling rate of 16 kHz. The sentences were andyzed
using ESPS Waves+ software.

2.1.2. Measurements

All messurements were performed manudly in asmultaneous display of the waveform, wide band spectrogram,
and FO track. The FO valey was defined as the FO minimum located in the vicinity of the onsat of the accented
gyllable and was marked as “L". The pesk was messured a the highest FO point around the offset of the accented
gyllable. This point was marked as “H”. The four ssgmenta points messured were the onset of the initial consonart,
the onset of the stressed vowd, the offsat of the stressed vowe, and onset of the fallowing unstressed vowel. These
points were marked as “ C0”, “V0”, “C1" and “V 1" respectively (see Figure 2).

2 Thisintonation pattern is caled “ sawteeth pattern”, “neutra intonation”, “intonation pattern of an isolated declarative sentence” and “IK-1" inthe
sysemsof Odé (1989), Y okoyama (2001), Svetozarova (1998) and Bryzgunova (1980), respectively. Inmy own system, the patternistranscribed as
“L+H* L+H* H+L*” (Igarashi 2002).

The sentences designed in the present experiment are the same asthe onesin my previous study (Igarashi 2003).
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Figure 2. Waveform and FO track for one of thetest sentences Roméanova guljala v gérode (Romanovawas walking in the city), showing the ssgmenta
points obtained and the point at which the FO valey and pesk were measured.
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Figure 3. Means for excursion (Hz) with Figure 4. Means for FO value of the peck Figure 5. Means for FO value of the valley
standard error bars. (F12) with standard error bars. (Hz) with standard error bars.
2.2. Results

< All datawere andyzed by means of oneway repeated measures andyses of variance (ANOVAS), with items as
the random factor, loudness (calm, normal, loud) as a repeated measures fixed factor for each speaker separately.
2.2.1 Confirmation of pitch range manipulation

Frg, 1 confirmed whether the speskers had indeed produced significantly different pitch ranges for the three
conditions. To examine this, | cadculated FO change in Hz between the valey and the peek (excursion). Figure 3
illusrates the means for excurdon. As the figure indicates, gpegkers dl produced larger excurson as loudness
increased. Oneway ANOVAs with excurson as a dependent variable showed a sgnificant effect of loudness for all
gpeskers [P<0.01 or better]. When excursions were measured in semitones’ rather than Hz, similar results were
obtained except for MS: this pesker produced rdaively congtant excursons and the effect of loudness was not
significant [P=0.986].

Inaddition, | checked whether speakers produced different FO vaues of the vdley and pegk. Fird, | measured FO
vaue in Hz of the pesk. Means are shown in Figure 4. 1t can be seen that spesker dl produced higher FO vaue as
leudness increased. Oneway ANOVAswith FO vaue of the pesk as a dependent variable showed a significant effect
of loudness for dl speskers[P<0.001]. Second, FO vaue of the valey was cdculated. Means are presented in Figure 5.
As can be seen, FT, MK and MS produced higher FO value as loudness increased, while FA produced reldively
congant FO vaue. Oneway ANOVAswith FO vaue of the valley as a dependent varigble showed a sgnificant effect
of loudnessfor al speakers[P<0.001] except for FT [P=0.140].

Insum, al speskers produced significantly different excursons, and this means the pitch range manipulation was
successful. There was a speeker oecific difference asto changesin FO vaues of the pesk and valey. While FA raised
the pesk keeping the valey congant, FT, MK and M Sraisad both. M S raised valley to such adegree that therewasno
sgnificant difference in excursions when they are measured in semitones.

2.2.2. Alignment of the FO valley and peak

| examined whether loudness had an effect on the dignment of the FO valley and pesk. As hoted in Introduction,
snce potentid “prosodic factors’ that have been reported to afect the dignment were avoided in the present
experiment, | expected that both the valey and the peek would be consgently anchored to specific points regardiess
changesin loudness. | did these analyses separately for the valley and the peak.

4 Semitoneisan gppropriate scalefor expressing the perceptud equivaence of FO excursionsin different voicerange (seeeg., 't Hart et d. 1990: 24).
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To examine an effect of loudness on the dignment of the valey, | messured the tempord distance between the
onsat of the accented syllable and the FO vdley (L to CO), and conducted oneway ANOVAs with L to CO as a
dependent variable. Means, Fratios and P-vaues are indicated in Table 1. It can be seen that FA showed rdatively
congant aignment. Againgt expectation, other gpeekers showed varigble dignment. FT showed significantly earlier
dignment of the valey as loudness increasad, and MS showed a non-sgnificant tendency in the same direction. MK
showed earliest alignment at loud voice and the effect was significant.

| used the same gpproach to investigate the dignment of the pesk. | measured the tempora distance between the
onsgt of the following ungressed syllable and the pegk (H to V1), and ran oneway ANOVAswith H to V1 as a
dependent variable. Means, Fratios and P-vaues are shown in Table 2. Asthe table indicates, FM and MK showed
relaively congant dignment and the effect of loudness for these gpeskers is not Sgnificant. Again, contrary to
expectation, FT and MS showed significantly earlier dignment of the peak asloudnessincreases.

In sum, the results showed that, except in the case of FA, the dignment of the valey and/or pesk were not seble,
and that ssgmentd anchoring was, therefore, nat fully confirmed. The FO valey wasmoved backward reldive to the
gyllable onsst when loudness increesed for FT and MK, and MS showed non-significant tendency in the same
direction. The results were rather unexpected, snce previous dudies of severa European langueges cited in
Introduction have reported congtant dignment of the valey. The FO pesk was dso moved backwards as loudness
increasad FT and M S, Again, the results were unexpected, since “prosodic factors’ that have been reported to cause
retraction of the pesk were carefully controlled in the present experiment. These results leed us to explain why some
speskers moved the valey and/or the pesk backwards when loudness increased. Moreover, it isnot dear whether this
effect on theaignment is dueto pitch range expansion or to other factors. Theseissuesarewill bediscussedin2.3.
2.2.3. Rise duration

Thefact that some goeskers showed retraction of the valey and pesk seemsto support aview that agiven type of
FO movement has a congant duration. Given, for configuration view, that FO movement is a unit gesture, when the
pesk is retracted then the vdley should be retracted to the same extent, keeping the rise duration congtant. To examine
this, | corrdaed the tempora duration between the valey and the onset of the accented syllable (LtoCO) and the
tempord duration between the syllable onset and the pesk (COtoH). If rise duration is congtant, there should be a
dgnificant pogtive correlaion. Result revedled that FT showed a sgnificant corrdation. [R=0.377, P=0.003], while
other gpeskers showed no dgnificant corrdation [for FA R=0.116, P=0.378; for MK R=0.159, P=0.225; for MS
R=0.060, P=0.651]. Thus, result does not fully confirm theview that FO rise has a congtant duration but suggests thet
retraction of the valley and that of the peak is somewhat independent phenomena.

I, then, caculated the tempora distance between the vdley and the peek (rise duration), and conducted one-way
ANOVAs with rise duration as a dependent variable. If rise duretion is congtant, then there should be no sgnificant
effect. Figure 6 illustrates the means. It can be seen thet, while FA and MK produced rdlatively congtant rise duretion
[for FA P=0.959; for MK P=0.279], for FT and M S rise duration are sgnificantly longer as loudness increases [for
FT P=0.017; for MSP=0.010]. Theresult clearly showsthat rise duration isnot aconstant property of the accent.

Finaly, | corrdated syllable duration and rise duration. If rise duration is congtant regardiess changes in syllable
durdion, then there should be no dgnificant corrdation. Result reveded thet there was a Sgnificant pogtive
correation for dl speskers[for FA R=0.509, P<0.001; for FT R=0.570, P<0.001; for MK R=0.361, P=0.005; for MS

R=0.304, P=0.018]. This means that rise duration is rather influenced by segmentd duraion: as syllable duration
increases, rise duration aso increases.

Overdl, it isfar to say that rise duration is not a congtant property of the risng accents. Rather, rise durdion is
influenced by segmenta duration of the accented syllable. Thus, the configuration view was not supported. It wasaso
suggested the valey and the pesk are digned independently from each other. It is noteworthy thet the independent
alignment of the valey and the peak is consistent with aview that treats level tones asintonational primitives.

Speaker CALM  NORM LOUD  F(259) P Speaker CALM  NORM LOUD  F(259) P
FA -29(4) -00() -38() 0707 0506 FA =70 3)  21(3) -29 (4 3403 0056
FT 204 (6)  38(4) 23 () 5682 0.012* FT -40 (4) -214 (5) 525 (5) 750  0.001*
MK -12(4) -06 () -20 (6) 4388 0.028* MK -66 5) -86() -70(3) 008 094
MS -9.0(4) -113 (6) -176 (7) 0605 0.557 MS -280 (5) -369 (4 -479 (4) 3750 0044

Overall  49(2) 00N -96@® Overall -57 () -19( -89 ()
Table 1 Meansfor Alignment of L to CO (millissconds) with sandard Table 2 Meens for Alignment of H to V1 (milliseconds) with standard
errorsin parentheses. Negative vaues mean that L precedes CO. errorsin parentheses. Negative values mean that H precedes V1.
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2.2.4. Slope - -

Finaly, | investigated an effect of loudness on dope. | expected that dope would become stegper as pitch range
expands. To examine this, | measured excurson in Hz divided by rise duration in milliseconds (dope value), and ran
oneway ANOV Aswith dope vaue as a dependent variable. If, for the configuration view, agiven FO movement has
acongant dope, there should be no significant effect. The means are givenin Figure 7. As can be seen, dope became
geeper asloudnessincressad for FA, MK, and MS. FT showed the highest dope vaue a loud voice with lower vdue
a both cam and normd voice. Note that these relaions of dope vadues fairly correspond to those of excursons (see
Figure 3). ANOVAs showed thet the effect of loudness was dgnificat for FA, MK and FT [P<0.001], but no
significant effect for MS[P=0.070]. Similar results were obtained when excursions were measured in semitone

In sum, it was shown that dope was not a congtant fegture of the accent, but it was highly dependent on changes
in pitch range. The configuration view, therefore, was not supported.

2.3. Discussion

The results of this experiment do not support a view thet a given type of FO movement has a congtant duration
and/ or acongant dope. At the same time, however, they do not fully confirm segmenta anchoring ather: except for
one spesker, the FO valey and/or the pesk were retracted when loudness increased. In this section, the factors thet
cause the earlier alignment will be explored.

As| pointed out in 2.2.2, it is not dear whether the factor that causes earlier dignment is expangion of pitch range
If pitch range expanson caused earlier dignment, it would be impossible to explain why FA showed a congtant
dignment. It might be safe to assume thet the earlier dignment is attributed not to pitch range expansion, but to other
factors relating to the experimental manipulation of the present studly.

The retraction of the FO pesk reminds us of the effect of “prosodic factors’ that | mentioned in Introduction.
Recdll that the previous studies have been reported that the FO pegk digns earlier when asyllableislengthened by the
upcoming word or phrase boundaries or by the following stressed syllable. Suppose that incressing of loudness might
have caused syllable lengthening for some speskers and this lengthening had an effect of retraction of the pesk. To
examine this accourt, | measured syllable duration of the accented syllable, and conducted one-way ANOVAs with
syllable duretion as a dependent variable, If this account is valid, then there should be a significant effect for FT and
MS. Means are presented in Figure 8. Indeed, syllable duration became longer as loudnessincreased for FT and MS
and the effect is dgnificant [for both speskers P<0.001], while FA and MK produced redively congant syllable
duration and the effect of is not Sgnificant [for FA P=0.156; for MK P=0.099]. This result supports the account that
retraction of the peak is due to syllable lengthening brought about by increasing of loudness.

Retraction of the valey, however, cannot be attributed to syllable lengthening, since MK, who retracted the valey,
did not show the syllable lengthening. Here we may recall that FA produced ratively congtant FO vaue of the valey,
wheress FT, MK, and MS, who showed retraction of the valey, raised it as loudness increased (seefigure 5). It seems
ressoncble to suppose thet the FO valey digns earlier as its FO vaue is scded lower. To examine this accourt, |
corrdlated FO value of the vdley and tempord distance between FO vadley and the onset of the accented syllable. If the
earlier dignment of the valey isdueto its lower FO vaue, there should be a Sgnificant negative corrdation for FT,
MK, and MS. However, result reveded thet none of the speskers showed a sgnificant corrdation [for FA R=0.032,
P=0.811; for FT R=-0.251 P=0.053; for MK R=-0.250 P=0.054; for MS R=0.109, P=0.408], though for FT and MK
the effects gpproach significance. Thus, alink between FO vaue of thevalley and its alignment was not confirmed.

To sum up, it was suggested that the factor thet causes earlier dignment of the pesk was syllable lengthening
brought about by increasing of loudness. | had assumed that such syllable lengthening hed an effect Smiler to the
lengthening due to “prosodic factors’ that have been reported to cause earlier dignment of the pesk. The factor thet
causss earlier dignment of the valey, however, could not be found. Since, as noted in introduction, there is fairly
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generd agreement that the FO valey of arising pitch accent congtantly digns with the onset of the accented syllable,
variable alignment of the valley found in this experiment should be an issue for further study.

There is anther matter that should not be ignored. The fact that earlier dignment of the valey and that of peek
seemsto be caused by different factors suggests that the valey and pesk are independent from each other. Recdl thet
in 22.3, it was suggested that the dignment of the valey and that of the pesk were somewhat independent
phenomena This independency of the valey and pesk is fairly compatible with a view that FO movement is defined
by itsbeginning and ending point (the levd view) but not with aview thet trests FO movement per se as primitive unit
(the configuration view).

3. Conclusion

In the present study, an experiment was performed to explore the invariant features (dignment of the FO vdley
and peak, rise duration or dope) of Russan risng pitch accents under changes in pitch range, and to test generd
plausihility of segmentd anchoring (Arvaniti et d. 1998) in this language. Fitch range was manipulated by asking
peskers to modify loudness. The results reveded that 1) except for one of four speskers, the FO vdley and pesk were
moved backwards when loudness increased, 2) rise duration was not congant but was rather influenced by segmentd
duration of the accented syllable, and 3) dope was not the invariant fegture of the accents but highly dependent on
changesin pitch range. The results did not support a view thet a given type of FO movement hes a constant duration
and/ or congtant dope, which should underlieatheory that trests FO movements per se asprimitive. Nor did they fully
confirm segmental anchoring, a phenomenon which can be regarded as a strong support for a theory in which
intonational contours consist of primitive level tones.

The factor that causes retraction of the valey and pesk was dso explored. It was found that soeskers who
retracted the pesk produced longer syllable duration as loudness incressed. It was suggested that increesing of
loudness hed an effect amilar to factors such as the upcoming word or phrase boundaries or the following stressed
syllable, which have been reported to cause syllable lengthening and retraction of the pegk inthe previous sudies (e.g.
Siverman and Pierrehumbert 1990, Prieto et d. 1995). The factors which cause the retraction of the valey could not
be found. The varigble dignment of valey, found in the experiment againg generd agreement thet it should be
consgtently anchored with the onset of the accented syllable, should be an issue for further research.

The results aso reveded that the valey and pesk were somehow independent from eech ather: retraction of the
vadley and that of pesk seems to be causad by different factors, and they are independently digned with some
segmentd points hot kegping constant rise duration. 1t was suggested thet thisindependency isfairly condgtent with a
theory that treats not movements but level tones asintonationd primitive.
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