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Abstract 

FO reset has been studied by researchers advocating differing 
theories regarding FO downward trend in the course of utter
ances, and the definition of FO reset depends heavily on their 
theoretical assumptions (Ladd [l]). In the declination theory, FO 
reset is considered to be an upward shift of the global declination 
line, whether it is defined as a peak-to-peak "topline" or a 
valley-to-valley "baseline". In the downstep theory, by contrast, 
FO is considered to be reset when downsteps of accented syll
ables are blocked. This paper investigates the FO reset 
phenomenon using naturally-read texts in Japanese; auditorily 
determining FO reset locations and acoustically characterizing 
this perception. The results indicate that the FO rise between the 
preboundary low value and the postboundary peak value is the 
most consistent with the perception of FO reset location. 

L Introduction 

The purpose of this study is to investigate auditory and 
acoustic characteristics of the so-called FO reset phenomenon in 
Tokyo Japanese. There have been two distinct characterizations 
of the term FO reset. one in the declination theory, and the other 
in the downstep theory. In the declination theory, FO reset is 
defined as an upward shift of the global FO declination line 
(whether such a line is defined as a peak-to-peak "topline" or 
valley-to-valley "baseline".) Declination is known to be manipu
lated by the speaker, and is accounted for solely by the laryngeal 
tension (Ohala [2]) or by a combination of subglottal pressure 
and laryngeal gestures ('t Hart, Collier, and Cohen [3]). It is also 
known that FO reset can occur with or without inhalation (Maeda 
[4], 't Hart et al [3]). Consequently, FO reset need not be accom
panied by a pause and, in turn, a pause is not always triggered by 
inhalation. 

It is widely recognized that FO reset signals a syntactic 
boundary; e.g., between sentences or clauses in many languages 
or between NP and VP in English and Dutch (Lea [5], 't Hart et 
al. [3]). Furthermore, several researchers have reported that 
there is a correlation between the magnitude of reset and the 
"strength" of the syntactic boundary (Lea [5], Cooper and 
Paccia-Cooper [6], Cooper and Sorensen [7], Thorsen [8], [9), 
Ladd [1]). According to Lea [5], for example, the FO rise after a 
sentence boundary is ranged (on the average) between 40% and 
155%, whereas the rise after non-sentential boundaries is less 
than40%. 

However, those researchers who have investigated the FO 
reset phenomenon in relation to FO declination tend to focus 
heavily on the physiological and/or the acoustic characterization 
of FO reset. The relationship between location of FO reset and 
syntactic structure of the uttered sentence has been more exten
sively investigated by advocates of the downstep theory, which 
we now tum to. 

In the downstep theory of Japanese, two concepts minor 
phrase and major phrase, play a significant role. In the Tokyo 
dialect, the location of FO fall from relatively high to relatively 
low is the only acoustic correlate to accent (McCawley [10], 
Sugito [11), Haraguchi [12)). The accent pattern of words, there
fore, can be represented simply by marking the location of FO 
fall, when there is one. Following Beckman and Pierrehumbert 
(13), we will use the notation 'H*+L' to refer to such an FO fall. 
At a phrase level, on the other hand, if the first syllable of a word 
consists of one mora and is unaccented, the first syllable is asso
ciated with a low tone (L) and the second syllable with a high 
tone (H). Pierrehumbert and Beckman [14] call them boundary L 
and phrasal H, respectively. If the second syllable is accented, 
the phrasal H and the H*+L coincide. When two or more words 
are concatenated, some H*+L accents are suppressed, forming a 
minor phrase. The minor phrase is a prosodic unit in which at 
most one H*+L accent occurs. When minor phrases are con
catenated, each H*+L is slightly lower than the preceding H*+L 
- a phenomenon known as downstep. The domain of downstep 
forms another prosodic unit called the major phrase. Downstep 
occurs only within a single major phrase: at a major phrase boun
dary, the fundamental frequency is reset, so that the initial H*+L 
accent in each major phrase is not constrained to be lower than 
the preceding H*+L (Poser [15], Beckman and Pierrehumbert 
[13], Selkirk and Tateishi [16], [17]). Thus in the downstep 
theory, FO is considered to be reset when downsteps are blocked. 

Advocates of the downstep theory contend that potential FO 
reset locations are predictable from the syntax of the sentence via 
phonological phrasing rules. For example, having conducted 
production experiments, Selkirk and Tateishi ((16), [17]) claim 
that in Japanese a major phrase boundary must correspond to the 
left edge of a maximal projection (i.e., NP, VP, PP, etc.). As they 
note, however, their data are few in number and their sample sen
tences are not representative by any standard. These problems 
are not unique to Selkirk and Tateishi's investigations: to our 
knowledge, the studies in the framework of downstep theory util
ized only few and rather unnatural sentences in order to compare 
different syntactic structures which have similar phoneme strings. 



In this work, we conducted a production experiment on F0 
reset in Japanese which is significantly different from the previ
ous studies summarized above. First, we used ordinary texts 

,'--.__./ rather than elicited sentences in isolation. Second, we have 
aimed at discovering relationships between auditory perception 
of F0 reset and its acoustic characteristics. As many researchers 
have pointed out, an auditory analysis of F0 reset is very difficult 
to achieve. This difficulty is partly due to the subtlety of cues and 
partly due to speakers' variation (Ladd [l]). Furthermore, as 
Pierrehumbert and Beckman [14) have reported, although F0 
reset is usually signaled by glottalization and pauses, native 
speakers may perceive a reset in the absence of these cues. This 
is probably due to phrase-final lengthening and F0 value of a 
boundary low tone or even due to the syntactic and semantic 
knowledge about the sentence. 1 

The aim of our experiment is two-folded. The first is to 
investigate F0 differences at different (auditorily-determined) 
phrase boundaries. We have utilized two methods: comparing a 
phrase-final low value before the boundary and the phrase-initial 
low value of the following phrase after the boundary (following 
't Hart et al.[3]); comparing a phrase-final low value and the 
peak value of the following phrase (following Cooper and Soren
sen [7] and Ladd[l]). The second aim of this experiment is to 
investigate whether or not F0 reset blocks downsteps. For this 
purpose, we compared the peak values of accented syllables 
across major phrase boundaries. 

II. Experimental Procedure 

The material of this experiment is four short scripts: (A) a 
self introduction, (B) a congratulatory speech at a wedding 

\'---.,/ reception, (C) an introduction of a key-note speaker, and (D) a 
commentary on sickness. Each script consists of eight or nine 
complex sentences with several conjuncts. 1\vo professional 
announcers read these scripts in formal speaking style: scripts A -
C were read by a male speaker, and script D by a female speaker. 

Individually listening to the recorded scripts, we marked the 
following locations. 

(1) accentual peak (H*+L) 
(2) major phrase boundaries with a pause (MP+p) 
(3) major phrase boundaries without a pause (MP-p) 
(4) minor phrase boundaries with a pause (mp+p) 
(5) minor phrase boundaries without a pause (mp-p) 

We obtained 100% identical markings regarding (1) and approxi
mately 95% agreement regarding (2) - (5). Most of the disagreed 
boundaries involved a flat FO contour, and yet one of us per
ceived a phrase boundary. In order to solve this discrepancy, we 
jointly listened to the recorded scripts and discussed the cause of 
(disagreed) perceived boundaries until agreements were 
achieved. Table l provides information about the number of 
boundaries for each script. Since all sentence boundaries 
occurred with a pause, they were included in MP+p. Further, as 
shown in the fifth column, there were only nine mp+p tokens, and 
thus we excluded this category from further investigation. 

Script 

A(male) 
B(male) 
C(male) 
D(female) 

TOTAL 

Table 1: Speech Texts and Speakers 

Number of 
MP+p MP-p 

sentences 
mp+p 

8 16 11 2 
9 45 29 2 
8 34 16 3 
8 24 23 2 

33 119 79 9 

Table 2: F0 Differences: L2 - LI (Hz) 

Script 
A 
B 
C 
D 

MP+p 
61.4 
29.5 
29.6 
67.1 

MP-p 
12.9 
16.l 
23.6 

4.2 

mp-p 
4.2 
5.4 
6.2 
1.5 

mp-p 

33 
31 
36 
16 

116 

For the acoustic analysis, we used the interactive Multifunc
tion Pitch Detector (Furudate [18)) and measured the peak value 
(P) ( either accentual H*+L or phrasal H), the preboundary low 
value (LI), and the postboundary low value (L2) for each of 
three boundary categories, MP+p, MP-p, and mp-p. The F0 peak 
values were measured at the accentual H*+L for accented minor 
phrases and at the phrasal H for accentless minor phrases. Note 
that in accented minor phrases, peak measurements were made 
irrespective of the alignment of a peak with an lexically
determ~ned accented syllable. For example, when an lexically
determmed accent fell on a devoiced vowel, the peak F0 of an 
adjacent syllable was measured. Furthermore, when the accen
tual H*+L was lower than the phrasal H, we measured the value 
of the higher peak to capture the highest F0 of the topline decli
nation. To determine L1 and L2, we used both waveforms and 
spectrograms. However, for about 30% of the boundaries 
wi~out a pause, we could not specify the beginning of a phono
logical phrase because F0 contours were continuous and usually 
flat due to the sonorant segments. In such a case, we used the 
identical values for L1 and L2. When segmental influence on F0 
was obvious or the voicing was irregular, the FO peak value of 
~e second ~e (10 msec later) was measured. When a stylistic 
nse occurred m phrase-final position, the F0 measurement of the 
boundary low value was taken at the lowest F0 before a rise 

started. 

ill. Results and Discussion 

Experiment on FO differences across phrase boundaries 

Two hy~,otheses were tested in the first part of the experi
ment. One 1s that F0 reset is characterized by the difference 
between L1 and L2 (a simplified version of the baseline declina
tion theory). The second hypothesis is that FO reset is determined 
by the difference between Ll and the peak, P, of the following 
phrase. To test the first hypothesis, we subtracted LI from L2 
(L2 - Ll) for each boundary type. The results are summarized in 
Table 2. 



As shown in Table 2, the FO differences across a major phrase 
boundary are generally greater than those across a minor phrase 

oundary. The differences between these two types of boundary 
\. __ A"e significant (p < 0.05) in scripts 8 and C. For the female 

announcer who read script D, FO differences across both boun
dary types without a pause are smaller than 5 Hz. For this 
speaker, the insertion of a pause seems to be a more salient cue 
than a change in FO to the distinction of boundary types. 

We have also found a general tendency that FO differences 
across a major phrase with a pause is significantly larger than 
those across a major phrase without a pause (p < 0.05) (except 
for script C). This is in accordance with the result reported by 
Fujisaki and Hirose [ I 9], in which when a pause is inserted in 
relatively long sentences, the magnitude of the res,~t of the base-
line is larger than when it is not. · · 

In addition, when a pause occurred, the FO differences were 
considerably larger in script A than in scripts 8 and C. We 
suspect that this is partially due to the nature of the first script, 
where the speaker seemed to show a "humble" attitude for a self
introduction by lowering the L1 (79.3 Hz for script A vs. about 
103.2 Hz for scripts 8 and C). It appears that speakers can 
readily manipulate the magnitude of FO reset to a larger extent, 
when there is a pause. 

As for the FO differences between L1 and the following FO 
peak, we compared the phrases with a H*+L accent and those 
without a H*+L. (Recall that when the H*+L is lower than the 
phrasal H, we have chosen the latter for comparison.) Table 3.1 
shows the results for accented phrases [+Ace], and Table 3.2 for 
accentless phrases [-Ace]. 

Table 3.1: FO Differences with [+Ace]: P - LI (Hz) 

Script 

A 
8 
C 
D 

MP+p 
122.0 
78.4 
86.1 

228.1 

MP-p 

58.3 
59.4 
72.5 

130.3 

mp-p 

21.5 
15.6 
15.1 
41.2 

Table 3.2: FO Differences [-Ace]: P - L1 (Hz) 

Script 
A 
8 
C 
D 

MP+p 

57.3 
64.8 
77.1 

167.9 

MP-p 
48.3 
47.8 
60.0 

120.7 

mp-p 
12.1 
18.9 
10.3 
52.0 

It has turned out that the differences between the cases with an 
accent and those without an accent are not statistically significant 
except for two cases of major phrase with a pause (i.e., 122.0 Hz 
vs. 57.3 Hz for script A, and 228.1 Hz vs. 167 Hz for script D). 
Furthermore, comparing the three boundary types, we have made 
the following generalizations with the male speaker's data: 

(i) The FO differences across the major phrase boundary is 
significantly different from that of the minor phrase boun
dary (p < 0.05). 

-~ (ii) The FO differences across major phrase boundary with a 
pause is the same as major phrase without a pause (p < 
0.05), except for the accented case of script A. 

The same tendencies were observed in the female speaker but to 
a lesser extent. With the female speaker, characteristic (i) is 
observed with p < 0.05 for the accented case, and with p = 0.07 
for the accentless case. An exception to (ii) is that with accented 
case, the FO differences across a major phrase boundary are 
significantly larger (p < 0.05) when a pause occurred than when 
it did not. Thus in comparison between the preboundary value 
and the following peak value, pause insertion is not relevant to 
FO reset magnitude. 

From this experiment, we conclude that while the first 
hypothesis (FO reset is characterized by the difference between 
Ll and L2) is not conclusive, the second hypothesis (FO reset is 
determined by the difference between the L1 and the peak of the 
second phrase) is confirmed. That is, FO reset is generally deter
mined by the differences between the L1 and the following peak 
value; whether the phrase after the boundary is accented or not. 

Experiment on downsteps of accentual peaks across a MP boun
dary 

The downstep theory claims that (i) within a single major 
phrase, non-initial H*+L accents are lower than the initial H*+L 
(i.e., there is a downstep), and (ii) the initial H*+L accent of the 
following major phrase need not be lower than phrase-final 
H*+L accent of the current major phrase. Our auditory data have 
confirmed these claims. In our data, there are a total of 164 pairs 
of H*+L accents which are adjacent to each other: 64 pairs fall 
within a single major phrase, and 100 pairs have a major phrase 
boundary between the peaks. For acoustic analysis, we calcu
lated the difference between the two FO peak values for each 
pair. 

When both H*+L accents occur within a single major 
phrase, all but one pair exhibit the second peak lower than the 
first peak. In the exception pair, the FO difference is very minute 
(6 Hz), and the second peak occurs on the syllable /ti/. The high 
FO value on /ti/ is likely to be due to the segmental influence by 
both the voiceless stop and the high vowel. Therefore, in princi
ple H*+L accents within a single major phrase are downstepped. 

Those pairs which have a major-phrase boundary between 
adjacent H*+L accents show more complex behavior. The 
majority (69 pairs out of 100) have a second peak higher than the 
first. Thus it is generally the case that FO is reset upward across a 
major phrase boundary. It appears that FO reset values are 
greater when the boundary coincides with a sentence boundary 
than when it occurs within a single sentence. However, the range 
of differences between two FO peaks is too wide to provide 
meaningful average values. 

Our auditory data show that we have perceived an FO reset 
even when the second peak is lower than the first. For 31 pairs 
out of 100, we marked a major phrase boundary when the second 
peak is 30 - 80 Hz lower than the first peak. In such cases, poten
tial cues to reset include (i) the presence of a pause, (ii) a 
significant FO rise at the beginning of a second major phrase, i.e., 
a rise from a boundary L to a phrasal H, and (iii) syntactic boun
dary, i.e., after a topic constituent or before and after an apposi
~ve constituent These facts indicate that blocking of downstep 
1s only one of the several cues to location of FO reset and thus 
presence or absence of downstep by itself cannot be taken to be a 
defining characteristic of FO reset. 



IV. Summary 

In summary, the most consistent acoustic feature with per
ceived F0 reset locations is the difference between the preboun
dary low value and the following peak value. If the peak value is 
significantly higher than the preboundary value, an FO reset is 
perceived although the actual F0 difference necessary for this 
perception is yet to be established. The presence of a pause 
appears to influence the magnitude of the reset value between 
preboundary and postboundary low tones, but it has no influence 
regarding the difference between the preboundary low value and 
the following peak value. This could imply that the effect of 
pause is rather local to the boundary and does not extend its 
range over the following major phrase as a\vhole because an F0 
peak may occur anywhere in the major phrase. 

Our data from natural texts have confirmed that downsteps 
do occur within a major phrase. However, blocking of down
steps by itself does not always encompass native speakers' per
ception of the F0 reset phenomenon. Other cues such as the pres
ence of a pause, a significant phrase initial F0 rise, and even syn
tactic structures are likely to contribute to perception of F0 reset. 
Relative salience of those cues awaits further investigation. 
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