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ABSTRACT

A Forensic Phoneticexperiment is described which
investigatesthe nature ofnon-contemporaneousvithin-
speaker variation in the F-pattern afhtonationally
different repeats of the same word hello said bypéakers

in recordings separated by at leasgear. Within-speaker
variation is quantified by ANOVA ondifferences and
Scheffé's F for centre frequencies of the first 4 formants at 7
well-defined points in thevord.

1. INTRODUCTION

What differences will there be between the same vearidi
by the samespeaker ondifferent occasions?This is a
guestion of obviousimportance in ForensidPhonetics,
where a typical tasknvolves comparison of 2 omore
speech samples in order to either give @winion on
whether the samplegome from the same speaker or
different speakers, or (in a Bayesian approach)qtote
probabilities of observinghe magnitude of thelifference
between samples under competifypotheses. Such
comparison must rely oknowledge of both within- and
between-speaker variationfor the parametersbeing
compared. Ofcrucial importance, however, is that the
within-speaker variation be non-contemporaneotkis
is because greatevithin-speaker variation is known to
often characterisenon-contemporaneoussamples than
contemporaneous. Margpeaker-recognition experiments
have shown that drastic drops rieacognition performance
occur when non-contemporaneoussamples are used
(Nolan 1983:12),and it is to be assumed that this is
because of the concomitant increase within-speaker
variation relative to between-speakevariation. In
addition, ofcourse, use afion-contemporaneous samples
reflects the reality of the forensic situation: if samplese
contemporaneous, thidentity of the criminalwould be
known.

This paper describes axperiment to find out theature

of non-contemporaneous within-speaker variation in the
F-pattern of thesameword hello said by 6 speakers in
recordings separated by at leasty@ar. Tokenswere
elicited with differentintonations toreflect thereality of
the forensicsituation whereintonation cannot, buttonic
stress can be controlled. An additional way in which the
real-world situation dictatesprocedure in Forensic
Phonetic experiments is that comparis@hould bemade
between speakers who sound similatthough thisdoes
not affect the present analysis, whereithin-speaker
comparisonsare being made, aset of 6 similar-sounding
speakers is nevertheless used@heseare speakers who
had voices similaenough to be confused even bjose
family members inopen identificationand discrimination

tests (Rose & Duncan 1995), and who were useRase
(1996) to investigatethe nature of between-speaker
variation in similar-soundingspeakers. It is intended to
combine theNCV data described in this paper withata
on the between-speakelifferences in order taletermine
the limits of discrimination under realistic forensic
conditions.

2. PROCEDURE

Six similar-sounding adult male native speakerg®feral

to slightly broad Australian English were recordeBour

of the speakers argosely reated: JM, his two sons DM
and EM, and his nephew MD. RS and &8 father and
son. Strictly speaking, of course, all speakers shbaice
been recorded with different equipment, since suspect and
criminal will not be recorded undedentical conditions

in reality. It wasfelt, however, that this represented an
unacceptable loss of control over experimeg@hditions.

In order to obtain trulynon-contemporaneouslata, 2
recordings of the speakergere made separated bymore
than a year: the firsReqording) 1) in 1994, and the
second (Rec. 2) kttle morethan 4 years later (DM) or 1
year later (others). In order to elicit a rangeredlistically
varying intonational patterns, speakers were asked to say
the word hello asthey imagined they might say iinder
different situations. In Rec. 1, 6 situations were
stipulated: (1) answering the phone, &j)nouncingtheir
arrival home, (3) questioning ifsomeone was there, (4)
greeting a long-lostfriend, (5) passing someone in the
corridor, and (6)reading it off the page. Twaspeakers
were asked to producenore than 1 repeat of the 6
situational hellos in order to provide more detailed
information onwithin-speaker variation: Zonsecutive
repeats were elicited from DM and #om MD. Sometimes

a speaker produced an utterance other theho. This
happened particularlyfor "passing someone in the
corridor”, where DM and EM both saHdi!, and PSg'day.
Evidently, hello isnot the preferred lexicatem for casual
greeting in Australian English. EMlIso said Hi! for
"announcing arrival home", and HeBuddy !for "seeing a
long lost friend". This reduced the number of hisllos to
3in all. PS also had differentresponse (Hey! How yer
doin'. )for "seeing a long losfriend". RSand DM cited

the word hello once in conversation before formal
elicitation, and these additional tokens were also used. In
all, 49 tokens of hello were elicited from the 6 speakers in
Rec. 1: DM 17; MD 12; JM 6; EM 3; PS 4; RS 7.

In order to elicit astill wider range of ionational
patterns the number sftuations was expanded iRRec. 2
to include: (7) meeting the Prime Minister, (&dmiring
someone's appearance, and t(9ing to attractsomeone's
attention. A larger number ¢bkens was also elicited by



incorporating 2 repeatfor each speaker except DM, who
produced 3Therepeats were separated byca 60 sec.
long reading of the 'rainbow passage' amddesignated
Rec. 2.1, 2.2, an@for DM) 2.3. Recording 2 yieldedess
alternative utterances teello than Rec. 1, exeptfor EM,
who still preferred utterances other thagllo (Hi!, Hey!))
for some situations. In all, 11&ello tokens were elicited
from the 6 speakers iRRec. 2: RSand MD produced 18
each; DM 27; PS produced 2 and J\tratoken for 20
and 19 tokens respectively, and the recalcitrant but
consistent EM produced 13.

The word hello was chosen because it can baid
naturally on its own, thuavoiding the 'yellow lion roar'
effect (Nolan (1983:75). It is capable of taking naturally a

produced by the ILS SGMommand, inconjunction with
conventional analog wide-bandspectrograms. The
following 7 sampling points were defined with respect to
these eventshemiddle of the /I/ (labelled 'I' below); 25
percent intervals of thduration ofthe /ou/ ('0%','25%’,
etc.) and the middle of the firsbwel (V') if present. The
ILS analysis frames corresponding to the sampfiognts
were thenprinted out, and centre frequencies of the
resonances transferred to a spread shleetstatistical
analysis (FO andandwidth were also extractedfnalog
wide-band (350 Hz) spectrograms were also madessost

in checking and interpreting the F-pattern extracted by the
API analysis.

Formants weredentified on the basis of expectation and
continuity.  The former
criterion, as is well
known, involves a degree

AR1F1 VR1F2 OR1F3 OR1F4 +*R1Tr? XRlsing AR2.1F1 of circularity (Nolan,
VR21F2 @OR21F3 MR21F4 RR22F1 OR22F2 OR22F3 HOR22F4 1983: 86,87). A formant is
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Figure 1: Non-contemporaneous F-pattern variatioBMis hello.

fairly wide range oftontrasting intonationahuclei, thus
providing a potentiallygreater range ofvithin-speaker
variation. Conversational analysis also shdwedlo to be
an exceptionally highrequency lexicalitem in domestic
telephone conversationsyhere it constitutesthe answer
in the summons-answer sequence. Sinicgercepted
telephone conversationare commormaterialfor forensic
analysis, the forensic value &howing aboutbetween-
and within-speaker discriminability irhello is obvious.
The quality of the two vocalic targets in thesecond
syllable diphthong ofthe Australian hello, and its
typically velarised lateral, alspermit the lower formants
to be examined over a widehough not ideal range.
Australian /ou/ typically has a fairly front offglidenging
between y? and [3. It is thus near inquality to high
front segments that tend to have the mowividual-
identifying potential.

The hellos were digitised at 10KHz and analysedwith

the ILS API routine which uses linear predictiospectral
modelling with cepstrally based pitch periaktraction.

A filter order of 14,with hammingwindow and 100%
preemphasis were used@he maximumnumber of peaks to
be extracted was set at 3he boundaries othe /l/, the
offset of modal phonation in /ou/, and the onset of the first
vowel were determinedrom inspection ofthe waveform

diphthong, the
and firstvowel werethen
also identified as F1-F4.

It was generally easy to identify F1 and F2 in thigy,

but there were the expected problems wstimespeakers'
higher formants. In particular, RS's F3 and F4 in his 2nd
recording were difficult to identify, and were not further
analysed in this paper. JM had fairly consistent
resonances in the F4 region, the lower of whitkbelled
'Fs' below) was probably singer's format.This resonance
has been included in the NGbmparison.

To show a typical F-patterfor hello and how itvaries
ove“res DM'meanF-pattern in his
17 ings 2.1 and 2.2 of himean F-

pattern 4 years later. Note the relatively acute value of the
diphthongal offset. It can beggeqgethat there isgttig

obvious variation in his first ants and ory
peakers,

formant around 3 KHz. Neither of
resolved in his 2nd set oécordings.

Variation in F-pattern was q
Significance was set at the 95%
(for the forensic contextappy pr|
Scheffé post-hoc significangge™ 1t

samples. (Scheffé's F (F ={-

for unequa
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) ) showsthe size of the squaredifferencebetween the

two means being compared (e.g. Recs.1 and 2.1) relative to
the averagewithin-group variance(i.e. for all 3 Recs. 1,

2.1, 2.2). Thewithin-group meansquare is adjusted by a
term correcting for different sample sizes. Before evaluating
the non-contemporaneous variation acrdaks recordings
separated by more than a year, the short-term variation was
examinedbetween the 2 (in DM's case 3) repeats of the
secondrecording.

3. RESULTS

The procedure wasntended toelicit

speaker variation, as might be expecteal:0.5 for F1, 1.0
(F2/F3), 3.0 (F4).Scheffé's Fvalues greater thamca. 3.5
indicated significantdifferencesbetween means inthis
corpus.

Since thecontemporaneous variation showsdme,albeit
few, significant differences, it was decided to quantify the
non-contemporaneous variation separateith respect to
second recording sessions. Thus differences betwRsen
1 and Recs. 2.1 and 2.2 (and %8 DM) were analysed
separately by ANOVA. The ANOVA results showed a
wide range ofdifferences,both between- andwithin-
speaker, between the means of the two

a variety of different intonational Fall Rise Down Fall Rise recordings. Thus, taking differences at
patterns in order to introduce step Rise Fall the 75% samplingooint in F1 as an
forensically realisticwithin-speaker | pm1 12 59 24 6 - example, PShad very similar small
variation, and thenellos inboth 1st [ pm2 26 44 15 4 11 differences of 12 Hz and 7 Hzetween
and 2nd recordingswere indeed D1 58 17 25 N N his 2 sets of recordings, EM hawduch
characterised by a variety of Mp2 44 17 28 } 11 larger, but still similar, indeed
intonations. In the 1st recording, 4 of 3717 50 17 17 " identical differences of 77 Hzacross
the 6 speakers produced up to BiM2 32 26 37 5 ) recordings, whereas JM'sr2cordings
different intonation patterns omello. FE—=——= 0 55 - - differed considerably: adifference of
Typically, the 2nd recordings PS2 15 50 20 5 10 18 Hz for Rec. 1 vs Rec. 2.1, and 86 Hz
included 1 or 2new patterns(low for Rec. 1 vs. Rec. 2.2. Another
prehead followed by rise-fathucleus RS1 43 43 g 14 . example of aarge differencebetween
[L.LHL] was common for ‘admiring RS2 21 42 21 16 - recordings wasJM's F4 at the 0%
someone's appearance'), bls#cked EM1 33 66 - - } sampling point. Differences were 43
some of the patterns in the 1sf EM2 27 45 9_ _ 1_8 ' Hz (Rec. 1lvs. Rec. 2.1), compared to
recording. This gave aubstantial | Table 1: Percent distribution ofl 397 Hz (Rec. 1 vs. Rec. 2.2). Out of the
overlap between 1st and 2nglintonation types in corpus. Fall F 208 paired comparisons, there were 36
recordings and about the ' [L.HL], [H.HL]. Rise = [L.LH], [H.LH], instances  of non-contemporaneous
across recordings. For ex » Downstep =[L.H!H], [H!H], differencessignificant at 95%. These
had 5 differenintonation . _Fall-Rise = [L.HLH], appeared to bedistributed non-
both his 1st and 2nd recordings. ThelL-LHLH]. Rise-Fall =[L.LHL]. randomly with respect to Formant (F2

1st recording contained: rising
nucleus on second syllable with both loand hi
prehead on first ([L.LH], [H.LH]);stylised downstepp
high on second syllable with low prehead ([L.HH!{xlI-
rise spread over bothyllables ([HL.LH]); low prehead
with fall ([L.HL]). The 2ndrecordings lacked [H.LH] and
[HL.LH], but added low prehead with fall-risgL.HLH]),

and stylised downstepped higlacross bothsyllables
([H.H!). Thedistribution ofthe basicintonation types
(Fall, Rise,Downstep, Fall-Rise, Rise-Fall) ithe corpus
is shown in table 1.

JM DM EM MD RS PS
F1 29 42 31 23 17 3 29
F2/F3 | 69 62 84 79 71 79 73
F4 178 86 83 98 - 171 128
F1/F3 | .51 1.21 .98 .67 .25 141 .77
F2/F4 | 2.57 2.06 1.15 1.59 1.04 2.f4 1.B6
Table 2: Mean non-contemporaneous variation in
formant (Hz, above), and Scheffé's F (below).

Results of the contemporaneous comparison sfiostly

that significant within-speaker differences in mdamant
values do occur in thesameword spoken in samples
separated by as little as a couple of minutdsowever,
they are rare -- only 15 out of 138 pairs -- ard confined
mostly (10/15 occurrences) 4. Significant differences
are not distributed evenly with respect to speaker. In all
his data DM has no significant differences, and PS only 1,
whereas JM has 8 and MD 4. Generally the magnitude of
the Scheffé F isvery smallfor contemporaneousvithin-

and F4showed many more significant
than F1 and F3), and SpeakddM and PS
ore significant differences than titkeers).

ay Generalised Factorial ANOVA (Speaker x
ant x Samplingoint) was carried out on thenon-
ntemporaneoudlifferences, andassociatedScheffé's F
es, using a General Linear ModelFor the non-
poraneouslifferencesthis showed nosignificant
difference for Sampling Points (F = 1.067, p38);
ers (F = 1.552, p = .176), but a véighly
differencefor Formants (F = 29.98, p ©001).
ve post-hoc test§Tamhane's T)showed
significant differencesbetween all except F2 and F3.
Significant interaction at 95% was noted betw&geaker
and Formant (F = 2.54, p = .003), and between Speaker and
Sampling Point (F =1.665, p = .032). Significant
interactions were noted for Formant/Speaker, and
Sampling Point/Speaker. For Scheffé's F,there were
significant differences for Formants (F = 16.19, p0801),
and for Speakers (F = 3.01, p =.013), but faotSampling
Point. There were alsasignificant interactionsbetween
all 3 factors. Post-hoc tests showed nsignificant
differencesbetween F1 andF3, andbetween F2 and F4;
and no significant differences between any pairs of
speakers (probably due to a difference in to@servatism
between the ANOVA and the post-htest).

These results are summarised intable 2, where NC
differences and Scheffé F values are pooled fosathpling
points, but speakerarekept separate.Difference values



idered across all 6

= spelkers, the signed
ences for F1 to F3 can
IM 1-2.1| -21 72 345 -1 102 340 70 293 33p -30233 135 be seen to cancel out fairly
_'61 247 157 well. However, inforensic

1-2.2] 6 88 315| 4 137 305 13 291 27% 131247 107 discrimination we do not

170 289 162 know the sign, but only

DM 1-2.1|-31 92 1053] 28 124 1044 -9 202 1035 92 205 948 the magnitude of the
1-2.3| -42 92 1038 28 130 1029 -70 196 1035 45 189 949 magnitudes of the

EM 1-2.1] 3 70 114| -50 96 123 -39 153 12¢ 27 199 114 (ifferences for the 6
1-2.2| -9 82 127 -44 128 147 1 158 144 24 135 140 speakers, also given in

MD 1-2.1|-8 95 366| 50 132 369 42 245 337 -30 173 3%3 table 3, areca. 20 Hz(F1),
1-2.2]1 -29 98 378| 34 142 369 73 142 36p 134 150 3p1l 40 Hz (F2), 50 Hz (F3) and

RS 1-2.1] 5 101 419 -10 151 344 - - - - - - 100 Hz (F4). Together
1-2.2| -11 82 400| -23 154 345 - - - - - - with  the  standard

PS 1-2.1] -11 72 272 -73 123 28(¢ -86 159 266 222 163 232 deviations, thesevalues
1-2.2| -22 76 264 47 168 273 66 124 26p-145 180 240 can be used (assuming

All signed | -14 85 -1 132 6 196 48 190 distributional  normality)
Allunsigned| 16 33 27 92 to estimate th@robabl]lty
Table 3: Means (Hz) &tandard deviationgHz) for between-tokenNCV differences. n F of one .Of thEter.mS\.Nh'Ch
. - ) determine theLikelihood

number of pairs. Ratio  in

for F2 and F3, andScheffévaluesfor F1 andF3, and F2
and F4arepooled. Table 2 shows for examplethat JM's
mean difference in F1 between non-contemporaneous
samples of the same word was 29 Hz. Mean differences for
all speakers are ca. 30 Hz for F1, 80 Hz for F2 and F3, and
130 Hzfor F4. (Meanstandard deviation valuefr the
differences (not shown in table 2) are ca 20 Hz (F1), 50 Hz
(F2, F3), and 80 Hz (F4)).

The results above have quantified thenon-
contemporaneous variation that obtains betwewan F-
pattern values. Thiknowledge is ofuse if there are
several repeats of theameword in both sampledrom
which mean values can be calculated. Howeseppose
that the samples to be compared forensicantained
just one tokeneach. In order t@valuate thissituation,
the distribution of non-contemporaneoudlifferences
betweenindividual tokens must beknown. A program
was written to calculate the signedeanand standard
deviation of the differences between each non-
contemporaneous pair in a speakedata. (The mean
difference wil of course be thesame asthe difference
between a speaker's sampfeanspreviously discussed.)
Signed, rather tharunsigned or Euclideandifferences
were calculated, because théatter's distribution,
truncated at zero, has properties which make it
statistically intractable. Resultare given in table 3,
which also includes values for JM's singer's formant as the
upper of the 2 sets of figures in his F4 column. Table 3
shows, for example, that of DM's 1053 pairgaiens from
Rec. 1 (17 tokens) andRec. 2.1 (9 tokens) themean
difference in his F1 was -31 Hz -- i.e. F1 in Rec 2.1 was on
average 31 Hz higher thaRec. 1 --and the standard
deviation of the differences was 92 Hz. A 2-wANOVA
shows significantdifferences (p<.0001) between the
standard deviation valuefer all formants except F3 and
F4. There is also a significant difference betwseeakers
(p < .0001), which concernglifferences (reflected in a
significant interactioneffect (p =.004)) between JM and
some other speakers (EM, PS, MD) in F3 andsf&hdard
deviation.

a Bayesian
approach: theprobability
of observing a given difference between samplgesuming
they werespoken by thesamespeaker. Forexample,
comparing two of DM's non-contemporaneous tok€hd
& 2.1), the mean difference in F3was 44 Hz. The
probability of this observatiorassuming the tokens are
from the same speaker (i.e. using within-speakernon-
contemporaneous mean and sd values of 50 and 200 Hz) is
0.038. The probability of observing this difference
assuming different speakers (using for illustration
between-speakemeanand standardieviation values for
F3 of 161 and 215 Hz from a comparison between the two
most similar speakers DM and MD) is 0.0034. This means
that the observation is 11 times mdilkely if the samples
were from the same speaker.
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