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ABSTRACT

Fundamemninl inyestigaitons sbour differeniial limen (DL} for
wird-hased speech rate varintbons in Jepanese are described, We
carry oul awdliory tests with stimuli made by squally
lengthening or shortening s durateon of 2 word in 2 semence,
We e up the anperimente o difTase be subjecla’ focus of
ablentien., YWhen the focus 15 diffused, the DL value of
acpeleration insreasss un sevenl cases The obsaired Cils are
18.9 msec'mara for acceleration amd 26.5 msec/mora for
deceleration

1. INTRODUCTION

It is very impostant o mtodace huenan factors even into spesch
communleation beiwesn haman snd machine. In usual
conversations, human speaker axpresies various informstion
uslap prosodic expressions simallaneously with phonemic
axnpresalone. Several studios of progsdio mfarmation hava bem
carried cut heing conscions of applications on speech
recognition of speech aynthasia [1)[Z)[3). Whils many of hese
shwdies discuss sbout piich of power nfeomation for apesch
synihesis, we are studying about local speech rate variations
alming for recopgmition af speaker's imtentéaral cantral,

it is paid that Japancse specch hias fewer dpeech rale varinlsong
then the oiher lunguagss. However even in lapaness, namural
canversations sametimes ooniain considerable amount of specch
rale vardlions. When there is o disuncl slow or (it pant ina
sequence of spesch, such part may sontain some strong
infention of the speakar, To detect the local apaseh rala
wariktloms, it 15 necessary to know how much spoech rave
wmfiation oan he detegted by haman beings,

[r ia eapecially impoman 1o gather up several knawledge about
the pereaption of worl-based apeech mbe varisions, becauso it
sems that spesler's inoerion appears i wiords,

In previous studyd], we carried owi suditory esis with spesch
srimll that eontain various amounts of wonl-based speech rabe
varlation for the pumpase of & fandamental investigation about
differential limen (DL) for word-based speech rate varadoas,
DE is the atimialas variation between juit parceplible amd just
unperceptible. [n this previows study, subjects were indoced 1
cancentmaie io o particalar single wand, whess speech raie was
coatralled, In this elrcumsiance, however, subjects 1end fo
poncanttabe higher than usual comverstions, and the abtxined
DL wikuoi wers maach smaller thas we eapected, Ta overcams
these phenomens and to gt DL vabaes fod wiual comvereslons,
sevesal gaperimens wne casried ouf with new settings in this
repart. In o sefting of experiments, no information abo rabe-

mpdified word is given to subjects, sa thai subjects hardly
cofcentmabe & panicular woed, i, subjdct's focus ls deversted, In
mncher seiting, informacon of mee-madifled word (s given by
an underling, b the comenls of siinuli sendence aro selected 1o
b compleialy differes saoh olher. Compansons bawden these
settings are discussed,

[n seetlom 2, rhe metkod and the resulia of the previows
expermems{4] with the focusing aitenton of the mahjects are
briefly Introdluced. In seciice 5, wo iypes of pew expeniments
ta diffuse the subpects’ focus of adention are descoibed. In
imclean &, comparisans between Ibe 1edulis of thass exparimenis
are digeuased.

2. EXPERIMENT I

fn this sectlan, we belelly inirodoce the precedure and the
reawis of our preceding soodyf4] thar the subjects feus on a
partigalar word whan detediing the speech rabe varialion,

2l Stirmuli

e use theee semterces utered by a male armouncer and fwo
smigncos ulinred by o female announcer ne omigisal speech
materials W make stenwll for asdivary st the follewings ape
senterecs nped a3 origisal speech matenals: (A) Haranimans /
TAUE £ wa  dipewswga  panekire  (Bpring has come and 1he
seasan of RICE PLAMTIMG has arrived.p (B
Kodunairendesukara / Merltakuwbow / dekenokuie /
HANMEDA RO ¢ desy (H's & domestic sirling, 30 (he
airpart (8 LLANEDA, not Narta,) (C) Karanokiaimg / hatriyomo
£ itroea / WCRSCISLAGEN ¢ monodaria  (He did it wilth a gres
pussion, almost [NCREDIBLY.) The sentence (A, {B) and {C)
are witered by ke male announcer, The senlence (A) and (B} are
ultered by tha female annauncer. Stimmuli 2me made by altering
the speoch rate of & pardouler word represanted by ihe
upderlined leteers in csch ssneence. There are § shortened
stimiali in which the paricular ward's speach e are adjusied
iy e 0.4, <010, 1.5, +2.0 wnd +1.5 monsec comparing the
avemage mbe respectively, There ame alse 5 lengtbened stiomadi in
which tha particalar word*s speech rales s edjuiied 0.3, -1.0,
-1.5, -2.0and -2.4 momises. Inclading the oniginel eimali (4
imorelsen), wa prapasad || eimuli, For simplicity, we equally
lengthen ar shorten the durations of the particular woeds in s
report. BoundBdii6 ls sed for altering the apeech mies of
particular words and o cam equally lesgehen or shareen 1he
dumtions of the words, Each stimuli sentence is repeated |0
tlenes, 20 thal we get | 10 stimull, Than we alter the pressnting
arder of the | 10 stimuli randoemly, oo get a stiswll ssr There are
5 pentenced, uo that we have 3 smubl sets,
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LI Procedure

Auditary tesis are carried out wilh sach of the stimuli sets, Fach
of the stimuli is presented throagh & hesdphone in an anechios
room, T gubyects are 3 males who are all native sperkers of
Japanese Subjecis ars asked 1o hear the difference between
ipeech rate of the panicwlar usdarlined word and speach mie of
the whols semience. [f a subjec Feals that the particalar word i
Fater ar slower than the whole aentence, he selecis the answar
“laes" o "slow™, atherwise “same’. Audiiory tes are carmied
out for all subjecis together. Until all subjects compleps
seleciing the answers to ane §limuius, the next stimalus is nao
protented. One stimulus can be lsten to only onee Several
stimuli are propaned fo robearse lisening 1o & stimalas and
angwening befare each aoditgry sest

LY Hesuhin

Accordleg ta the mibjeels’ intraspeciive reposts, they usually
judge using the preceding pars of the particular words as
etandards. Thus we regand speech rates of the preceding parts of
the pariculas wards s gandard stineuli. Then we messure 0L
far waord-hazed speech rate variations wsing the Pauali's
efuaion

The mean Cls obtained by the expermint [ (Expd) are shewn
in Table |. The DL valwes are exprossed by mors duration
(maecimora) for convenience to compare with the results of
atker meeearches, In the condlelon of Exp.l, ihe all ssntences na
stimuli et have same cantents, and presented repeatediy.
Morsover, there (4 an undécling oo the mée-modified pociion in
€ach atimuli semtence, Thua the sabjess ane condiderad 1o
coneentmie awangly fo the mte-modified portion, Thus, the
ohinined value of DLs spams 1o be smaller thas we expecied,
especially in the case of accelerstion, To get DLs wsed in nabral
convamnation, the jubljects’ forus af stienelon shewld be diffused.

(ol DL walues for accelerstion [msec/ maorz]

3. EXPERIMENT 1I

In this chaper. we sor op auditory tests for DL of spesch raig
change in which swhjeata can ned fogus on particulsr ponion of
the stiiull sentences. This candition can be conpidered ae
rearer condition i nansral @versalion han that of the Exp.l.

For the expeeimest 11 (Exp.ll), taa conditans are prepared, Ome
i that thene is MO wnderling an the sensence in the apdwer shaet,
&0 that the subject decide the portion of rale variation
cempletely freely[Exp.dl-a). [n Expll-a, siimuli sentences are
all diifersnt ench oiher. The ather condition i ksl theee |5
unlerline on a particular word on the serience to lead subjects’
corcentmtion{Bap, [[h), The stimuli soniences are he asme as
the Expll-a. The EapJi-t i for comgarisors with Exp.ll-a.

3.1 Stimull
3,11 Racording of the Original Speech

To dilTasa subjects” focus, all stimuli senterces are selecied oo
be differcit each atber, If there are seme sencsnces s @ stimuli
set, subjects may remember the meault of 1he previcus same
agncence, and may pay atenilon to the portion at which the
subjeat felt varlaions af speech rxie in the previous stinuli, §f
stinsili semiences wre long, It becomea dafMiciell o decide the
standard stimuli, which i, in the case af this ressarch, the
paition af the sentence which is utiered in ‘normal’ speech rane
and uied xs o stmelard when (B8 subjects comgnre speech e
with the ather portion of the speech, Thus, the all stimuli
penioneed ke seleoted fo contain abow ) wards only. As same
as the experiment I, the criginal recordsd speech akoubd be
uttered as ealely ag peasihle, not 10 costain large vamistion of
speech mis,

Far Ikese reasons, we newly recanded &0 seniences uisred by
male professionsl announcer. Then we salect 21 senlences
whiéch eontakns mmall variations of ipeeoh riie,

Examples of the stimuli sentences ane shown in Table 2,

Senience (Al (m ) (4 4]
Awernged DL G4 346 <FRE BE) V4 |8 word J 2nd ward P i e
wighin subyjeois
Sonokaishowa | shakkinde 4 Rurusbinaing,
Siandanl Davinison 2,09 2R 389 3323 149 The company (s ssfTering from the debi,
Kongfichowa bwltirind £ bempvdes,

by DL valins for decelemtion [mseeimenn |

This dlgsanary is good Ior carring.

il AT L, L L Tabie I: Eaam { ke slimmull Exp.ll

Averaged DL 1768 2176 185 145 2476 ' N s ALDON .S

AR sl 11,2 Making Up the Stimul

Sundsrd Divimlon 548 508 185 240 138 :
Wi selact 7 semiences among the 21 santences, then madify the

_ | spotch rale of the frst word to have the fallowing modification

Table I; The DL valucs obamned by Exp | amouncs of speseh raee from ariginal: +3, =2, +1, arigmal], «(,
=2 amdl -] motaisss, respestivaly (Sthe 14t ward cose™), "Then, we
select 7 sentences among the remainder 14 gemences, and
modity 1ha rate of the secand woed by the same way (“she 2nd
word coge''), Por the remainder 7 sentences, we modifled (ke
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Flgwre I: Modificatlon of rale in Expdl

third ke lnst) word [“the Ird word case™). Cathering all 21
sanberces, we et a sel of atmuli. Selecdng different ward for
medifleaclon for all 21 sentences, we cam pet @ more seis of
itimils, An axampbe of iha modlflesiion of rate & shown in

Figure I.
A1 Procedure
Thers are iwa diferent conditlang, |e,, Bxpllee and Bxp -k

311 Proeadure of Exparimant [1-u

The exparimant 1l-a (Exp.0l-a) is designed vo difflese subjecty”
altenison compleeely, There i so underling in the senténce in
the answer sheels. A single sessiom of 1he sodiiory iess are
carmied aut with single stimall st mentioned in 31,2 Toslly
saasicns ame camisd out using different gtimuli set to the sme §
subjects, The § subjects are the same pemsons &8 the Exp.l.
Between the 3 pessions, there are enough inberval (seversl
revirnithis) s that the suhjects Rarget the coptents of the previous
A bary bewt,

Subjecss are asked to hear the stimuli sentences, arsd i they feel
a variation of speech raie im the stimuli senlenog, Ih:.r ara
requsted 10 give an andecking wiens chey fieel e variation,
and daseribe “fasr" or "alow", IF thay do mor feel ary raie
vamatiom in the siimuli, they can select the angwer “same",

Bach stimudi senterse in the stimuli set are peesented amly ance
in randam coder. Thus tatal number of presenied simuli is 21 m
a slngle sesslon, Audiory weets ore carved out for all sobject
together, Until all subjeces complete sebecting the snswers to
ang atimalus, (e neadt stinlal is so presented. Seveml stimuki
are prepared 1o rehearss listgning 1o a slimulus and answering
before each audisary fest.

3.2.2 Procedure of Experiment [1-b

The =xperiment Il {Expll-b) is desigeed for comparisan with
Exp.ll+a, The main diffecunce ik that there ik underling on the
rang-meadified woed in the answer shes1. Swhjects sre 5 males
who are afl nadive speakers af Japanese, but they are diffierent
persend with the Exp.l-a and Bap. 0, The aimall semences, ihe
constrocaon of the suimmli set, akd the arder of presenmiion ane

the same as Exp.ll-a, Since there are already underlines, the
subject naed med gelect the poribon of the speech reie varialuon,
They can concentrate oo the unidedlined weard, and only select

the anpwer “fast™, “alaw" or "same”, The differonce between
Bxp.l is 1be consimaction af stimuli. In the Bxpl, e zame
enileniced with differam rate modifications are presented at
opce, while in the Exp.[l-b, simull sentsrces bave all different
concents each ather,

In the Expll-b, the 3 stimuli se1s are presented consecurively at
oho  seision, This iz eince the suldect need not forges the
corteni of the previous simuli eet in this case,

1.3 Rembis

Mg same as Bxpd; we seloct tho proceding parts of 1he
underlined word as standard siomaall [In Exp.il-&, this usder irea
are given by the subjects.) In case the second word is
urletlined, ehe spoasch mie af ke st werd s gsed ae dlondasd,
In cage of the third word, an averaged rale within the frst and
thi second weddi ls wsed, [n ease the Arse woed is upderlined, an
aweraged race within the second and the third woed is used as
siandard,

Experimental resules of Exp.ll-a and Bap [[-b are shown in
Table 3, The DL walues of stimuli are axprossed by mora
duration value (massmam],

4. COMPARISONS OF THE RESULTS
AND DISCUSSIONS

4.1 Comparison between Exp.l and Exp.lI-a

Cooditions of the experiments sre considerably different
berween Exp.l and Expll-a, so that direct comparisons ane
diffieult [n 1his repor, we iy 6 get preliminary infamation by

the comparisons with 1-lest,

Wa seles! comparison palrs by the locktion of the underlined
woed. The sentences (A) and (D) in Exp | have an underlised
wiord in the middle of the sentence, so thal the results winh the
(A) and (D) in Exp.l ame compared wich the resalts with “the
I ward case” in Bxpll-a The seniences (B, (C) and (I£)
have am underlined word near the end af the sentence, 30 that
they are companed with “the Jrd word ease” in Bap Il

The comparison resulis are shown in Table 4. 1o all cases of
mora shertening(i.e., seceleration of the rate), thera is
significant differences betwaen Exp [ and Exp.ll-a {i(8=(in
Tabda d)p=1%). In cases of momm langeheningll.e., decalamiien
al the race, anly 1he case bermeen (C) and “the Jnd word” hes
significant differemce(t{f)=4.24, p=1%), but the other cases
have no signifleant difference,

Al Comparison betwesn ExpOl-a and Exp,L-b

In Ihis case of comparisan, condiliana of the experiments are
almasi the same excepl for the subjects, 30 thar we can
Investigate the difference ky o direct comparison.  Tn all cases
bath mom shomening and langikening, there 14 o significent
diffzrence bevween Exp.Jl-2 and Exp.il-b.




(&) DL values by Bxp.lla [msecimora)
Accelenbign Deceleration
Iwosd  Endword  Ird weed Larworel Dol werd  Jrd word
Averagad DL «19.35 1784 | R0 14 24,84 IT.6G
within puhjects
Siandard Deviation 133 law 1.4% R L34 105
(b) DL values by Bap [ [mse:fmor)
Accelemtion Dheelerarion
Ieewaoed Do word  Ird ward lpnward  dndword  Jed word
Averaged DL -10.27 -16.50 -18.33 2657 1700 280
within subsjects
Standard Dawdanicn .50 2.0 114 4.7 QAN a7

Tabde 3: The DL values obrisined by Exp.I[
44 Dlscussdons

Fram reaulis shown above, the follawing things con be
eafigdened. 1) When ihe subjsci's focus is diffased, the DLs for
the varision of apeech rain mems o become langs in 1he case of
weceleration. 1) For diffasing of the subject's focus, the
randomize of the comtents of the sirull sentence eema 1o be
moee effizient (ham tee underindng of o parular porton (s the
sefitence. 3} In oar expeniments, DL fior aecelemtion is derived
s =181 mdec/nvors, and DL For decelermilon ls derived as 26,5
mzecimoma (These DLs ace averaped valwes in Expll-a)

5. CONCLUSIONS

In this report, fundunventsl (mvestigaiions aboul differential
limen (DL} for word-based spesch rae variatoas have beon
describad. We have carned cut auditory rests with stimuli made
by equally lengthening or shortening a duration of & word in &
senience. Bapecially, wo have heen managed to s&t up the
experiments to diffuse the subjects’ focus af atention, w get
(.5 thad are nsed in che nosmal natural conversations.

The results we hawe ghained are as follows; We can diffose ihe
sahjects” focus when the stinmili sentencn bas madam coftenti,
‘When the focus ks diffused, the DL valug of socelemation weems
te increass. The ebiained DLs are 18,9 meecimora for

Besienca of Exp,l LN TN 1 TR i T+ TR | 1

Woed of Exp.l-a 2nd  3pd Bed Ind 3

i vabue (DL for accel.) 576 981 631 375 1118
df=§ [ %) e 1%} e %] (s %) (pecl %)

tvabue (DL for deesl) WS WS 424 NS WS
df-8 (e 1%

Tale 4: The results of t-tesi for Bap,| and Bxp.[l-a

accesleration &nd 16,5 me'mon for deceleration.

I théa repost, we have modified the dumatbans of the wards 5o
obiain ihe stirvoli that have varioas speech rate vamiation, This
oparation may sffes the nuurml chythin af the ward, so 1hat
fusther conaiderstions for che modifyiag methad ane needed. Ta
comfirm the resalt in this repors, furher comparisons berasesn
the cases with varsous levels of the subjesis” focus.
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