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always greater thawithin-speaker variationgTosi, O., H.
ABSTRACT Oyer, W., Lashbrook, C. Pedrey, J. Nicol, E. Nash, 1972) the
investigation of within-speaker variation iadispensable
This paperaims to explore non-contemporaneousvithin- for the discussion on speaker identification. Eiga"li.ficance
speaker variation of a Japanese male speaker, focusing on $heth® research onnon-contemporaneousdata is also
difference between speech stylesjz.. natural speech and indisputable, since the data to be comparéat forensic
read-out speech. Recordings under foremsiaditions are PUrposes are alwayson-contemporaneous.
mostly of natural speech. Auspect’s recording to be ) . .
comparedare, however, sometimes read-out speech, but nothus the experiment ithis studywas carefullydesigned to
natural speech, in order to obtain thinilar phonological take these two factors intmnsideration.
conditions tothe original criminal speech. This paper aims

to examine the validity of suchpocedure. 2. PROCEDURE

1. INTRODUCTION The informant for this paper is a 23 years old miganese
speaker who is an exchange studentAlt). He is from

This paperaims to answer thequestion “how does the Tottori prefecture, west part ofapan,but he hasspent 10
difference in speech styles affect within-speaker non- months in Australia and, beforehat, spentfour years in
contemporaneous variation(WNCV hereafter)?” The Yokohama, where people supposedly speak in standard
recordings from crime scenes are mostontaneous speech, (TOKYo style) accenpattern. His regional accentvas not
but thereferencespeech obtainedrom suspects notalways salient enough to be noted by many of his frierdthough
so. Suspects may be requested to read out certain texts (e.d. iR Still discernible to dinguist.
v.s. Crowther (1992) Victoriaif€ounty Court DPPW1189). i i )
Or, suspects may be requested to repeat a sentence uttered?g§erding was carried out at thighonetics laboratory at
the examiner or gpolice officer (Nolan 1983:203). These ANU. Two sets of data, separated by two week®re
methods are all to record reference speech with similar obtained ]‘rom this informant. E_xactly_the sameprocess was
phonological conditions tdhe recordingsfrom the crime followed in both of the recordingessions.
scene, butarethese valid procedures? Noldh983:203) . )
points outthe problem of the repeating methsdying that Two types of recordingwere made forthis study; natural
“[w]ithout experimental evidence there is no reason tgPeech and card reading. Tasks were caretidigned for
believe that the gain in contextual similarity between thEhe ehcﬂqtlon of .natural speech. In these tasks, the informant
recordings through avoidinghe formal context ofreading Was provided with amapand an information sheet on 4

the criminal text will outweigh the problems abnvergence, people. Themapcontains 3 bus rootand names OfShOQS
and possiblyimitation...” and buildings. The information sheebnsists of 4people’s

jobs, personality,and favourite foods. The informant was
This study examines thevalidity of comparison of two aslf‘ed questions such ‘a&heredoes the root A bustop?”
different speech styles, focusing on thiifference between OF “What kind ofjob is person A doing?,/and he had to
natural and read out speech. In reality, it is possiblaae @nSwer thosguestionsreferring to thegiven materials. The
a readout criminal speech in particular situations such as tRgP and information sheet were designed to corteamples
criminal reads out prepared material to make a phone call inch@ll 5 Japanese short vowel phonemes occurring on the
kidnapping case. Inthis study, however, thdiscussion of Pitch accented syllable, mes each. Although a segment
WNCV is limited to the more commoncase of non- _tha_t occurs in the;a_meposmon inrepeats of thesameword
contemporaneous variance between natural speech i$nid€al to determine the nature wfithin- and between-

session 1 and 2, and between natural speech in session 1 shgpker variance (Ros@998: MS4) it is not realistic to
read out in session 2. expect to have such recordings in forersiciations. Thus,

this study deals withthe samevowels in the same pitch
It has to be noted that thguestion above contains two 2accent environment, but not necessary shmeword. The
essential factors for thdiscussion obpeakeridentification; ~COrPUS IS summarised in a table 1.

within-speaker variationand non-contemporaneous data. . .
Why are they sémportant? Recording of card readings followed the task above. All the

test words consist of two syllables, accented the first
Different speakers differ in their acoustititput, but sodoes Syllable. Two types of test wordsvere included in the
the same speakerPast research on speakdentification is cards. One wa/CV sequence words, and the other was
based on the assumption thmtween-speaker variations areCYCV sequence words. Vs underlineare the measured



segments. These twsiructures wre examinedeparately to

see how thephonological conditions affect the target 3. RESULTS

segments.  If thedifference between VCV and CVCV

structures turns out to be a large one, it suggest that what we FO

presume comparable, as they are the same segments, might o;I-

be so in reality. The vowels measured were the Short

vowe|S’ /a/‘ /|/‘ /u/‘ /e/‘ and /0/, whichre the same as the First of aII, threekinds of difference VaerS, ‘natural 1 -
target segments in natural speech. Each word was repeatefaural 2', ‘natural 1 - VCV 2’,'natural 1 -CVCV 2, were
times. Thewords included inthe corpusare asfollows in calculated. The calculation was done for each vowel

table 2. separately, and then compared with ANOVA (or t-tiest/i/
and /u/, since they do not have d&aCVCV). The Fratio
al hamya, anya, akata, sobya, [Enyano and mean differences are summarised in table 3. n-n, n-v, and

n-c represent natural 1 - natural 2, natural 1 - VC\Watural

florist, bakery, Sakata (name), noodle shop, (wikery 1- CVCV 2 respectively. Table gnhows, for example that F-

HLa, ibika, kobjutsu, .susnya, ;anwagnkoo ratio between natural - natural and naturdGV for vowel
shrine, otolaryngology, antique, sushibar, Sanwa Jal was9.4.

(name) bank

ul nikuya, tolushima, kagten, doobutgen, Mrita] np ys n.v' seems tohave the largestlifference. Vowel
butcher, Tokushimgname),furniture shop, zooKurita| articulations does not affect on the mean difference of

(name) difference values.
e| nemoto, erebi, kitadeguchi, kitadeguchi,minamiceguchi

Nemoto (name), TV, north exit, north exit, south exit n-n vs n-v n-n vs n-c n-v vs n-c
o| kinoshita, toslpkan, Ioteru, fonya, bposu F m.diff. | F m.diff. | F m. diff.

Kinoshita (name), library, hotel, book shop,Topos 9.4 -20 2.6 -10.6 2.1 9.4
(name of a shop) .0278 | 7.6

a
i

Table 1: Wordsincluded inthe corpusfor natural speech. [y | .0001 | -16.1

The accented segmentare underlined. ‘kitadeguchi’ for [Tg

' 2 -6.8 .0003 | 0.8 2.6 7.6
vowel /e/ was utteretivice. o | 13.3 142 1165 158 0.2 16
Table 3 Result of ANOVA and t-test. The figures in bold are
VCV cvecv those which reached the level of significan@8%.
a | aki (autumn) shko(garage)
i | iki (breath) shki (time of death) The difference inrecording style appears to hasemeaffect
u | uki (rainy season) sinki (memorandum) on the magnitude of theifferencebetween tworecording
e | eki(station) €Ki (seat) session_s. The following figures (figure_ar)ethe histogram§
o | oki (name of place) ki (the earlystage) of the difference values for each recording style. Each figure
= = contains the difference values of all fivewels.

Table 2: Words included in the card readiagk.

The recordings werdigitised at 16kHz andanalysedwith
CSL. F-pattern and Ffbr accented vowelsvere measured.
F-pattern was sampled atpdints; 25%, 50%, and 75% of 1
the vowel duration, and FO was sampled at the F@ffit of 8 Oon
the vowelduration. 6

For thediscussion onWNCYV, the values “token X of the
natural speech in session 1 subtracted by token raufral 2
speech / read out isession 2 were calculated. This 0
indicates the size of the difference between sessions and
between different speech styles. This value will be referred as
'difference values' hereafter. 16 : : . .

Devoicing of high vowels, /iland /u/, should also be
mentioned. Devoicing is a well known phonological
phenomenon in Japanese - these higlwels are devoiced

when they do not have any voiced segments adjacent to ° o

them. Normally this devoicing is avoided when the e
segments carry theitch accent. Thignformant, however, 4
devoiced all /i/f and /u/ InCVCV sequencesgonsequently 2
the datafor these particular wordsare missing in this ol

experiment. Thisuggests thathe occurrence oflevoicing

may beidiosyncratic to aertain extent, anthus may be a
potential cue to speakerdentity. this requires further
investigation.



structure, where the tongue movement is more constrained by

. ' — the precedingconsonant.
12 4
3.2 F-pattern

] Ore The measurements here were limited under 4000 kidzateh

° the forensically realisticsituations where the recording

LN i quality is often too poor to pick up those higher frequencies.
2] L Much of the natural speech in session 1 does not kaliees

. ﬂ I for F4, as some of them ar@o weak to pick up, andome of

40 20 0 20 40 60 them are over 400KHz.

ANOVA was carried out teexaminethe WNCV depending
Figure 1: Frequencydistribution ofdifferentvaluesfor each 0n the recording styles. /i/ and /u/ for F1-3 (miss@gCV)
recordingstyles. have only two groups to compare, so t-test was employed for

those instead. Tabled&e The summary dhe Scheffe-Ftest

The distributi £ diff | f tural-natural: (and p valuedor t-test) andmeandifference. Thdigures in
€ distribution or dilrerence values are for natural-natural; j\yer column are mean differences. nn, nv, andndécates

55 to 73, for read-outs, natural-vcy; -25 to 54, natural-cvey; e natural-naturalpatural-vVCV, and natural-CVCV.nn/nv
21 to 3. Natural-natural has a clearly wider distributiban

N meansthat natural-naturalwas compared to natural-VCV.
the other two. In theitation of natural speectihe speaker a0 5 shows, for example,that F-ratio betweemnatural-
was completelyfree in the choice of intonation, which

directly affect FOvalues. This was not the cafe the card natural and natural-VCV was 7.5 for F1 of vowel /a/.

reading, however. Although there was no particular a : a ° 5
instruction for reading, the utterance is expected to pe
acoustically more stable acrosdive tokens, since in card nn/nv | 7.5 .0001 | .0001] 45 1.5
reading, allfive tokens for eachvowel was thesameword, 96.9 545 | -429 | -534 | -47.3
opposed tathe natural speech whichonsisted Sdifferent | F nn/nc | 4.7 3.2 0.3
words for each vowel. Also in the reading task, therkess | 1 -76.5 -44.6 | 17.2
variance. For instance, it is nbkely that speaker tries tog nv/inc | 24.2 0.1 3.4
convey any particular communicative intent remotional 173.4 8.8 64.5
state. nn/nv | 0.9 .0002 | .0001| 35.4 4.6
The difference between two read-outs is also noticedbiés 457 1925 15661 s44.8 1475
might be simplyattributed tothe fact that CVCV contains g nn/ne i027 > 2215'2 5 12023 5
only three vowels, missing /i/ and /u/, whereas V&htains - - -
all five vowels. Those high vowels havarger standard nvinc | 1.7 - - 2.5 28.8
deviations (see table 4), ie. larger within-speakariation. -61.5 -87.9 | 367.9
nn/nv | 1.2 .0001 | .049 8.2 4.4
a i u e 0 all -94.3 243.6 59.8 175.9 111.3
N1 [mean[111.4 107.p 128}4 99|6 103.4 1po |F [ nn/nc [ 155 1.3 0.1
std. 16.3 15p 252 10l4 48 15)16 |3 -333.3 709 | -17.8
2 [mean121.d 12f 11B 105]2 1%5 117.2 nv/nc | 8 2.9 6
std. 11.2 218 16J6 12{3 4.1 1331 -238.9 -105 ] -129.1
V1|mean| 102108.9 101.6 984 11008 104.3 nn/nv | 2.7 0001) 438 | 5.2 3.7
std. 4.] 1pb 3.4 416 8|2 7.087 -184.8 224 25.5 -183.9 -11151
2 ]mean | 108.4 109.p 1108 1044 10%.8 10f.8 F nn/nc | 4.9 0.5 5.5
std. 3.5 6.8 6.8 34 3j1 4.6p1 4 -243.7 -49.2 -135.
Cl]mean| 99.4 q g 98.8 10144 99.87 nv/nc 0.3 - - 2.9 0.2
std. 2.1 (] ( 2p 2.433 -58.9 134.7 | -24.7
2 |mean | 111.4 ((t Q 106 1092 1088 Table 5: The summary of the Scheffetést (and p values for
std. 5.3 ( 3.p 36 4.16 t-test) andmeandifference. Figures in bold indicatethat
all 1fmean [104.4 1080 11p 98|9 1092 10¢.3 those reached at the level of significan@6%.
std. 10.§ 14p 22[1 6|3 18 13.2
2 Jmean | 113.9 107.p 1036 10512 113§.3 10B.7  The mean difference appears to be larger whemoneparison
std. 9 28p 24p 71 944 1574 involves natural-natural valuesThis agrees with theesult
Table 4: Mean and standard deviation of raw FO of FO. Also, it seems that /u/ has smaller mean difference.

The distribution ofdifferencevaluesfor F3 are presented in
the figures below in order to provide a better view of the
variance between three speethles.

Thus the missing vowels serves an explanatfon this
difference between natural-VCV and natural-CVCalthough
it should be noted that thetifferences in theohonological
environment also might be a part of cause.VE@V structure,
tongue as an articulator hamsore freedomthan in CVCV
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Figure 2: The distribution of difference values for F3.

The differencevalues range approximately -500 to 1000 for
natural speech, -500 to 350 for vcv, and -250 to R5Q&vcv.

It is fairly clear that the speechtyles make considerable
differences intheir distribution ofthe differentvalues. In
other words, a single persaran exhibit different degree of
within-speaker variation whethe natural speech and the
read-out are compared.

4. CONCLUSION

The difference inspeech stylesaffect the range ofnon-
contemporaneous within-speakdifferencegreatly. It was
found that there is a widewithin-speaker variatiorbetween

two natural speech recordings than between thfferent
styles viz. natural and readout speech. In other words, for the
natural and readout speech combination, treshold for
exclusion is lower. Thus thigentification with the readout
reference speech is valid procedure, at least in the
investigation of thesegments.

It was also revealed that ttdifference inthe phonological
structure of the given words can also affect the sizeittin-
speakervariation.

As an additionalfinding, the devoicing should benoted.
The occurrence and/or frequency of th#evoicing is a
possible parameter in thdiscrimination of individual. This
parameter,supposedly peculiar to Japanese, needs to be
investigated withmore speakersfrom various regionsince
regional dialects affect on thgarameter.
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