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Analysis of factors affecting pause duration and its application in speech of short sentence

Kazuto Kamoi

Abstract — In this paper we focused on a pause in the speech, analyzed the factors
affecting pause duration, and evaluated their effectiveness. It has been considered that
utterance duration just before the pause is the only factor affecting pause duration (pre-
boundary effect), recently effect of utterance duration just after the pause has also been
noticed (postboundary effect). However, the relation between two utterance durations
and pause duration sandwiched by the utterances has not been analyzed. Therefore, first
we analyzed these factors inclusively. We proposed a simple sentence (XY sentence) con-
sisting of two words in speech experiment and used two-way analysis of variance (ANOVA)
for analyzing the contribution of factors, which were the utterance duration just and be-
fore the pause. As a result, we found two factors affecting a pause. One is utterance
duration just before the pause which was already observed, and the other is the ratio
of prior and posterior utterance duration. These results mean that not only a pre or
postboundary effect but also a pre-postboundary effect exist in speech, and we discussed
its mechanism. Secondly, we constructed a pause-duration-decision model based on our
results applied a general sentence to this model, and evaluated the efficacy compared with
existing one. The result of listener’s impression such as ”natural”, ”like”, and ”familiar”
showed that the evaluation of the proposed decision model calculating control parame-
ters based on multiple regression analysis from our experimental data tended to be higher
than the existing model whose all pause duration are constant. On the other hand, dif-
ference in the evaluation of the subjective time was not observed. These results are first
to clarify the validity of applying the findings obtained with a simple XY sentences to
the general text. This study also revealed for the first time the potential to change the
impression of the listener without changing the objective time duration which indicates
pause and utterance duration. These results mean that not just preboundary but also
pre-postboundary effects are effective from a viewpoint of engineering.
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Fig.1 Utterances and a pause in speech
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Fig.2 XY sentence

Table 1 Classification of XY sentence
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Fig.6 A relationship between postboundary utterance duration and pause du-

ration in XY sentence

Table 3 Mean pause durations of each XY
sentence shown in Fig.5 and 6

(a) Preboundary
XY sentence  SS LS SL LL
PDx_y[ms] 515.82 585.54 529.46 613.57
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XY sentence SS SL LS LL
PDx_y[ms] 612.051 670.95 667.27 641.077
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.01,+:p < .10)
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Table 4 Mean pause durations of XY sen-
tences shown in Fig.8
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HR—=R > TNDDITH LT, ARAFZE TIEFRIC
KXDR—XEPH->TEY, ZoZ EPERICGEEL S
2%&%26%6.209i Bk 0B ThHs.
1 ECTHRAZWY, el L, BRSO ETR—2
WCHETDZ &%ﬁibfwé FEATHFZE CTIEE#EIC
FIHT 2 CENREWZD, EOEF CEME 21772

, FLRIC K DRI ET AR H D L B2 b
L. AWETIE, XY XEEZHAWSZ LT, BEMED
PRVFELRIZBIT DR — RO OWTHHT L7z
BB RmP BN EEBZLOND.

3.  ERMsEER

3.1 B#

WIZAWFZETIE, F2E]T, XY LEIZLVHAL,
Wi o TeLFD 2502 a), ¢) #5FE 2T, A—X
RIREET NV EHEEEL, —ROXEITHEM L TBEFD
REETNELET D2 LT, TOFEMEEZTHET S
ﬂﬁ%%%ﬁﬁi

a) \ZXT 5, FOERIDOFEEN G DR
c) R—XIZKx+25, ZOHEFK I NEZDORKED
BERDN & D B2

ZIT, XY XEL, R—R%E 1oL ETe i
BEThDHIW, RETTLVEHEL, kaET5 LT
FE L TWenWE B2 b, —RI7eSCEICHE
%Lfﬂﬁ%ﬁto.ﬁk,_ﬂ620@%%ﬂ,$—
RINEDERF], BEHEORFEDHRI S HEE T D LK
ETHE, RN R — X EHETCEICHEAT
HTEMWARETHD.

3.2 RETHIR—ARREETI

ARFEBRTIE, R—XER, ZOEBTELOHEZOR
FEDOIINORET D LAET HZ & T, B ERTH
DIVICFER %, N— XS To— M 72 SCRIZ 5
THZEEEZD., T, n+1EOHEEE n O
R—=ANBHDHXEEEZ, kFEBICEDHRER, F—
REHZNZEIN PDy, UDy, L EFRTH.

F7, HATOFKTENSDEE ) IZONTERD. T
DFBIIR— XEMOFFERDPRENELE, R—XEN
EL BB ERL WS, TO, SCENTOR



FEEOEEOHALEIC DN, RUEFEETDH,
CEIZED, HRERD RN DD, Ko T, F
FERICH LT, XEICL D EEEE L CHIES ol
EWO T ENUET D, AR TIE, ZOMIEHED
ML LT, RIEDOHKFREOFIMHEIC L D ERLEE
2%. kBFEHORFEROMIEMZ UD, L325&, LL
TOK (2) DL I ICHET .

UD2:§§Z€Z% 2)
UD, 1, TNDRLEREOFKGERE LY KREWGAIS,
1 XV RELRLETHD.

AR, AIEDRFEN DO ) L\, R— Xl
BORBEOEE o PREWVTE, R—XENEL
RBHBMRIZONT Y, LEICK DA BE LI iE il
WO ZLENMBETHD. ZITC, kFEHOR—=AD
A DRFEIC L DR E 0, T OEFEOMIEE
ol bdhl, UTFOR(3), ) Dk ocHET5.

_ Max(UDy,UDyy1)

= 3
7% = Min(UDy,UDps1) 3)
’ No
= 4
O Z?:l o ( )

ZIT, 200F ), c) BMILE LT, FKiEEOM
EfEUD;, &, A—Xlitk DIEEE R OZEALF O R IEAE
oy D2HERNTEBIT D, K—XEDOFEHEH D OHIE
il PD} Iz W TERRAAZE 2D L, UFOR (5)
DEINCRD. B, «, B, v TR EHERT B HIH <
FA=EThHD. BERREEIZ DWW TR TR
AT 9.

PD;, = aUDj, + B}, + v (5)

LR DR —ARZREL, ZOMEMEIZEYZE
IHDHIET, BFRERIESW AR —ARREET
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3.3 REETILOHEINS A—4

ARFEBRTIE, AHOFFICL B I - EIck
SEWRENDR—RRETT NV E, BFOR— AR
EET I E T 512010, B—ZOHIH T A —%
ERET D, T, FLETITRo7, XY LEEZH
W B HERO IR T — Z (IS & EEYRST 21T
W, NG A — 2 BROT. RNTA—FOEIFLLT
DR(6) DX DT T. ks, BTOREFREIC
DNWTHEN, HOIWIIHERBERAHEGER T,
a = 0.1673 (p < .001)

B = 0.0858 (p < .10) (6)
v = 0.7473 (p < .001)

I, MIEMEA 1 2fLE LTELTD L L,

a+p+y=10004=1ThHsZLE5EZT, PD,

ZLUTOX(T) DXL 51Tl Lz

PD, = a(UD;, —1)+B(o, — 1)+ (a+B+7)
=a(UD), —1)+p(c, —1)+1 (7)

a,B 1%, FNENR—ZXFIOFGED D OFE, KR—X
At DFEFEDOBURIN D DRBORE I 2RI /NT A—
A THY, LHINISVWIEDEEZRLTND.
ARIEBRTIE, BoFERTHOLNIZ AT A—Z NG
ThEIPEIHET D720, £, GohifEzEtox
FHMAT L LT, EREROERNERSEEHN SN D
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LFORX (8) DL HIc/kd. 22T, EEIFSHTICE
DEONTNRTA—F o, 0 DIEE K, Kg &5 5.
PDj, = 0.1673 (UD}, — 1) 4+ 0.0858 (0}, — 1) + 1
=Ko (UD}, = 1)+ Kg(o}, —1)+1 (8)

F72, BENLORELE LB T LREET IV
Emphasized Model ZHE$ 5. BRIZiE, 3 (9)
DL, Ky, Kg ZZNEN 25K EL LTH
HAT22LT, 8a),c) DREZEZBS LIET L
EHETS.
PD}, = 0.3346 (UD), — 1)+ 0.1706 (o}, — 1) + 1
= 9K, (UD} — 1) +2Ks (0, —1)+1  (9)

IBI, BONTRER L ESORELZT HIREET
/v Opposite Model 2 HlET 5. BARHIZE, 3 (10)
DL, Ky, Kg X Th —1 52 L THIAS
52 LT, ®Ba), c) LHOBMERTET VA

15,
PD)}, = —0.1673 (UD} — 1) — 0.0858 (0}, — 1) + 1
= fKa(UD;fl)fKﬁ(O';cfl)Jrl (10)

INLDREETNE, BEOREET VL ikt
L=, R—=AENTXT—EDETT /L Constant
Model ZHET 5. Zhux, K (11) Lo, 7%
ETUICBNT, o, BOEE 0T HI &T, BB
a), ¢) ZXITRWVET /MK T 5.

PD, =1 (11)
I AHEOET VOBEMEZHNEL, TOARML
AT 5.

3.4 =EBRFE&E

3.4.1 AL &AM
AREBRTIE, BETIR-ARIREET VOAM
BT BT DI, T X WO 2 W Caste T



Fig.11 Avator presented to PC

BEAWERE (Y, FOHSREFMET 5. ToNF
BIL, AT CHER SN TV D, REDNLRWVWHOE
v (Fig. 11) B2, Ak, SFakY 7 b=
7 VoiceText(SAYAKA, HOYA #) 23] G{Ep3 5.
HAEL R DR — AR LOREGHEHREL, TIHERICE
%, VoiceText DIFEMEEEMFHT 5. 7ok, HHEL AR
HAR—RARIL500ms TH Y, FaHHEIL LK 7.414
E—T/HTHD.

Fo, MEEDHLETL, FATHETIER LEH S
72, UTO2HEORKTFHROIE A, BEzHET
% Bl 2 bR, SATHIRICIESE, AlFiao
B & SUERIEIE S L OGS B LiE L C
FIHENS.

A) HEARZE->TWD, BEMERRIEIL, &K
WABEIL, fAIL, JEOREET 5 A
T,

B) Zokd, #linh, BOMLLEZA01%L, H
B, KMl b, REARIZRDTL X 9,
I, AV ERIE, AT SIS X,
LTFD 5> MEd s ARG - -, i TH

Rz X, ARl LS 72 bFFET 5.

1) B (natural)

2) #FE 72 (like)

3) T#72 (polite)

4) BLALT Y (familiar)

5) V> (fast)

B 1-4) 1%, 7AE BT LEF KT D EE FOH)
LUZOWT ORI AT 9 B CTHET 2. B 5) 1%,
& FOFEIAIRIFE AW+ 2, DF VA EL
ATRDILTWAENE I NEM D TDITHET 5.

3.4.2 BBRE LAEE

PR 1, HIERICERF OV, AAGEZE RHIERE
TLHFEL2A4ThoTe. FHFEIT 23 THY,

Iz

&

B
(ST

10

2sec

Ist: Primal
2nd: Const.

1st: Primal
2nd: Const.
Fi it

questionnaires (2)

Typing answers
on the keyboard

Waiting for next trial

Fig.12 Evaluation experimental procedure.
Participants will listen Primal Model
first, and then Constant Model in this
trial
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Bt LI A — I —CARIME R Zir L., F25GE
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OBRMONEEZFEL, BLZRUEIIZAEDETL.

3.4.3 FEBRFHiE

BRI T 0 v 7 OV LTI Rbh, TavysW
DA LFATRIEIIKRDO L 5 e b D TH -7 (Fig
12). 79, HBRE OIS HE=XIZT X BB
RSN, 2PRBRICEFM RSN EFE, 10
DFATIZIB W T 4 FH OB S 2 TN T ¥ LI
BT, #AE 1 ETOIEF IR SN, fEnE
2, A& L, 72— N RRICEA T 2 R &
10 PRI, ZZFETOFmEE 1Y FEL, 2
Yy NOFLEIT/eo72. £, FHMERICF—FR— K
ZHNTT o — MR % PCITAT S E T,

WIZ, 70y DY LIZOWTTHDHN, £3
AREIZIEN D 72D, HRBRFE IIAFZRANC, 77 LI
BATE 2 FFH O 2 7T D88 4 231 T1T e o 72,
D%, AFEHOGEMND 2 FHEZBRAE TOMAE



Table 5 Four-level list of evaluation items

Value
2 BOFTBNE0ETITES

/
1 BOFNPTZLHETUIED
/
'

Item

RIOHRTZ LY TULED
RIDTT R0 HTEED

PETHD 6 RITOFMEEATRY, Thx 17 ry Y
E LT, MAEGDLEDIEEILT v ¥ ARSI N
1 EOFERIE, 2FEOXFEA, BIzonT1 7y
JFODE2 Ty 7 THRIN, 70y 7T
2, BBRE IR 2 bz, Rk, R
FREST O 2007 N—TI2H T b, FRERLD
TN—FIZBNT, BIR L7 2 BEOBEM O 5
NEF 2 AR R T2

FIWRENL, BRINDITAFER BN LERE
BENCIHET 2 X o lcfirani. SolcEraiE
RINDAREENNET, Tu s A0V T Ny 2T EO
ML & 2 & A OELACIE OE W 2 S0 U CREE
DX ICHERESNT.

3.4.4  fENTFIE
TRCOMAEGDLEIIR LT, R Uiz 2 FHOME
HCWNT, BIEBOEHLLNI YIRS TITE D0
E Ok A BBECEIMIE L, & OFERD S FHmE 2 H H
L7 (Table 5). FEABEIZOWT, —%bkbik (FROZE
B IS E BT B L O TREETTR 72

3.5 )
3.5.1 REET L, KX EOBAFET
& DLk

HR TERZ) TFEie) DRLAST W) [TTE R
[ 122N T, KO EDHROME, B
FRNRDOZEDRKRE Z(TR > TR %, Fig13 \TRT.

F9, HEFOMBICHTIMEREZE~D. HIH
TERZR ) BT, AFROEFHER TH O L2
F A —H % N L7z Primal Model ®FEAfiAS, BEFD
R— D34 T—ED Constant Model {ZHE~T, XE
A TIHAEICEL (p < .05, Fig.13a), £/~ L% B T
B EVER S 2 SN (p < .10, Fig13b). &
77, B LA 128 W TS, Primal Model MEE
flizs, Constant Model & ¥ & @EMEBI 2 S, &
XA TIIHBERENA LN (p < .05). Zih
DOFEFIE, R—XZxt3 5, BERIOFGED D D2 a)
L, o TEENICHDON DRI DR D BRI DR
o) TSV THEE L R—XRRETT AN, &

11

FOHIRZELSEL L TATHL Z LE/R LT
5. —FHT, F&72) 128V TIE, Primal Model DFF
fiiz3 Constant Model £V & @V MEAIZH o723, 3
T B Tl OET MR TEHIAFEW—I7 T, XE
A TIFFHEARVMEFIZH o7z, Z OFERIL, CEM
TIHMBICZEZN A OND Z L AR LTS, £, [T
72 1[Z2W L, Primal Model & Constant Model
DETEITDE Y HONRPoTe. ZORRIT, IR
DL TER ] OF, MERNRLDZEE2RL
TW5.

FIERIC, FEEED DOFEEE L Vi< 5% 1F % Empha-
sized Model IZDW\WT %, BEAFD Constant Model (2
A~THERM TERR) &) TRLZSLT V] O
P AV MEIANC & D 72y, RIS 22D A AR o T
(Fig.13). #%i2, XEA O [BLARLTV) THEAE
2otz (p < .05). —hH T, Bbikife Bifio
2% 52T % Opposite Model i%, Constant Model (2
A CTRHmME D> 72 (Fig.13). ##ic, LEB O IH
72 (p<.01), ThF&E72) (p < .01) THLARLT
(p < .05) TIRHAEICEN-TZ. ZhbHORRIE, A&
R THEE LR —RREET NVDONRT A =R %, &
MEBRTHRONTZ 2 DD a), ¢) LR CEME 725
EOICHET 52 LD, MEFOMEELEIELD
B THDLZ LamRLTND. Fi, [THE)
WT %, Primal Model [Fl#, Emphasized, Opposite
Model & Constant Model D] CZEIZHE Y o478
Mol

wIZ, BEFOLBARRERIE T 2R 2B ~5.
BRI T#Vy ) 128V, Primal, Emphasized, Oppo-
site Model D\ 341 %, Constant Model & DZEiLdH
FO BN RERTIE, RELCA—XR
EET/MIENT, RELERLR—ARNOELSHE
THME L., Z2D7®, BFHFEEOR—-ARIT—E L
o TWAD. F£z, FEGIETXTD Model (22T
RLHOEEHA L TWDH8, KET/LVHETOREIN
REFRIIE L L TRV, ZofBRux, MERICED
TR RFR ORIl 2N E U AT DA Z & ZoRe LT
W5,

3.5.2 HBEEFNLD/NRTA—K T LD

B TERZ ) TF&72) TRLART V) IZBNT,
AR OEFHERTHONIZARTFIA—FEZEALL
Primal Model I%, FFE020 ORELZ LM% 5
Emphasized Model IZH_T, BIEe 127l o3 &\ Vi
FAH BT (Fig.14). FRZCEB @ THKRZR] Tix

Iz
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Fig.13 Evaluation value of questionnaires on degree of listener’s impression
(natural, like, familiar, and polite) and subjective time (fast) in (a)
Sentence A), and (b) Sentence B) (pairwise comparison, * % %:p < .001,
wx:p < .01, *:p < .05, +:p < .10, n.s.:non significant)

AREICEI-T (p<.05). —FHT, BohizfReE
W DB %% 1T 5 Opposite Model %, Primal, Em-
phasized Model (Z b~ TEHI DR ME 235 B, FF
12, Primal Model IZxF9 2 XA D THRZ2) &, X
HEBOTRTOBRET, AEICE o7, 72, EHRH
[T 7] {22\, Primal, Emphasized, Opposite
Model I TCZIZHE Y LN D 5Tz,

728, B TV 2BV T, Opposite Model DFE
fii2> Primal Model {IZHARTHEIZE) -7 (p < .05,

12

Fig.13) 7%, Z OfAEDLELISNTIE, Model &5 L
DOFMIZIE T A DN o Tz,

3.6 BT

ARFgEix, AMES L, HDHWIIAMERR Y b &
DOHERaa=r—ar2FEET572001 50
BepE b LT, R—RITKT DRI DFIEND DL
SR LTz £ L TIRIS, G007 LTCRERD & AR — AR E
ETNVEMBEL, TNET A\XICFET D 2 LT
DOWREET IV EWET 22 LT, Ao L2 L7-.
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(a) Sentence A)
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(b) Sentence B)

Fig.14 Relationship between evaluation value of questionnaires on degree of

listener’s impression and magnitude of «, 3 in (a) Sentence A), and (b)

Sentence B)
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EV o TEHE FOMBRIZEBNT, N—RITxtd HEA
DFHFEINODOFEE ) L, o TEREMITHDILD IR D
HEEOBRN O DB o) ICHESERE L2 A — Xk
EET /L TH D Primal Model DFEDY, BEFED R —
RN T—E TH % Constant Model &V @2 &
oM RoTz. ZORRIT, R—X% 120851
XY LENORD5ERE, — KRR — A28 E
DYEICHEHATELZE2RLTEY, AL TH)
DTHLNZENEZLDOTHD. £, AT T
R—XOHME LT & 2 3R 0 A2, FARCM & 0
T, FEEHE B E 525 2 EPRINTVDA,
ARFFETITER T &V D, EBA 2R OFEE
(DEVRHLNZ2WICHED LT, MEFOMENE
EL TS, ZOfERIE, R—A0EHRERL W
I EBIN MR 22 b s E 5 2 L7, HEFOH
GEISEDLENARTHL L ERLTEDY,
A THO TH LM ST, 2D XS, KRR
THLNZAERIT, LFEHRBLENOATHAEDTH
LHrEZOND.

S DITAMFETIL, FEEN D ORELE LV <z
% Emphasized Model X°, &b 7=fEHR & HEH DR
%5217 % Opposite Model 12T, Primal Model
OFHEREVMERNCH D Z & ZrE Lz, FFiZ, Op-
posite Model OFHfiiZ3 L <Ko 7z. Zihb DfER
X, R—AREETNVEMHET HT A =% a, 315,
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D DFE a) &R — X% OBR S DR ¢) 1T
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WN— Wi DIEFER OBRN O EEZ T 5 2 LIEE
HETHO THLDICENTHRTHD.
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STV, R—XOEFTER X NEZ ORI D DFET
botz. —HT, BB N, YHOR—IE LT
B, CHETREICNZ, ERTOR— AR EALENHIR
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