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PREFACE 

The criminal or mentally disturbed person who 
uses his voice to prey on victims for extortion, bomb 
scares, nuisance, obscene or threatening phone calls 
is extremely difficult to identify. He is usually left 
to go his nefarious way until he commits an overt 
act that causes his arrest. The one clue he leaves 
is his voice. If it can be established that voice iden
tification is possible and practical, it will be an 
extremely useful tool in the identification and 
prosecution of criminals. 

Personal identification has many forms and de
grees of quality. Because each Human is unique, 
he can be singled out. This is done routinely 
through photography, fingerprints and handwrit
ing. The theory has been propounded and sup
ported that a person can be identified through his 
voice. i\Jany people can identify associates aurally, 
but this is not sufficiently reliable [or forensic pur
poses. There is evidence that positive \'oice identi
fication by other means is possible and sufficien tly 
reli:J.ble for use in our courts. There have been 
outspoken dissenters to this hypothesis, particularly 
in acoustical societies. 

1\[ nch of the dijputt cen ters around claims made 
by :'IIr. Lawrence Kersta. Voice spectrography was 
developed at Bell Telephone Laboratories by 
Potter, Kopp and Green. An instrument called the 
Sound Spectrograph was developed, and was pro
duced commercially as the Kay SOl1ognph. ;-"fr. 
Kersta, a former member of the Bell Telephone 
research staff, dealt for many years ,vith voice spec
trogram~. He made imtrumelltal refinemcJlt~ OJl the 
~ound sJlectrograph ~() that it would be more adapt
able to personal identincation. 

I J1 I ~)(j~, Kersta leportetl thal \Dice ~[le<lrogn\lm 
could provide a reliable means of identincation. 
His methods were applied in several criminal inves
tigations and subsequently voice identification testi
mony was presented in court. It became apparent 
rrom COllrt decisions and resistance [rom the scien
tific field that there was a lleed for further study 
to replicate Kersta's '\'Ol'k if voice identification 
\\'a~ to he (·~talJli~het! a~ a ~(ieJltifi( method. 

Consequently, the Department of :Michigan State 
Police developed a pmb'Tam with the following 
goals: 

(1) To establish Voice Identification as an aiJ 
to LawEn forceJ11en t. 

C~) To validat~ the KerSLa method of Voice 
1 den t i fi ca t ion. 

(3) To develop new methods of talker identi
fication, through speech signals that might tOlllple
ment the voice spectrograph. 

(1) To evaluate the practical application of 
Voice Identification and prepare an operational 
manual for law enforcement. 

The program was supported hI' a grant from the 
V.S. Department o( Justice. The Department of 
~lichigan State Police is indehted to the following 
organizations (or their exceptional assistance in 
carrying out the proposed research. 

The Sensory SClence~ Research Center, Stanford 
Research Institute, ~lenlo Park, California, made 
;111 interpretive survey of the litCldlllre concerning 
methods for m('asllrinr~ speaker recognition. Initial 
research and experimentation in new areas of wIkel 
identification was proposed. Their ~lIrH'y relates 
the state ot the art as it :1ppearecl at the out,et of 
thi, proje, t. and it pJmidc, the intJot\tu ton iI1ioJ
mation [or this report. 

The Audioloh~' and Specch ,')ciellCcs Ikpartnll'nt. 
~firhigan State Cniversity, East Lansing, ~fi(higan 
cnncluctC'l[ research to idclltiry speak(,rs through 
voiceprint,. (Voiceprinb is a copyright term used 
by the firm cstablished hy K('rsta, Voiceprint Lab
oratmie,. I ilL, ')ollll'nillt-, :\ .J .. to d('\( 1 il>l' a par
ticllL!r graphic di.,pb) lllade h) all imtrllllll'llt lll;!t 
gin'S cOlltillllous display in time of tile energy 
prl's(,nt in frequency bands.) TIJi,~ research is really 
the (Ore o[ the first two years of the project. 

The School o[ Criminal Justice, :'IIirhigan Stale 
CniYersity, East Lansing, ,\Jici1igan, made a feasi
bility 'oludy of lal~er identification to determine ils 
pra( ti(af ;ljlpli(;ttioll to LtI\' f:nl'ol<l'llll'llt. 

The Department or ~[idligaJl State j>qjice, East 
I .;!ming, ~Ii( hig,lll, (oordin;ttl'd thl'~l' {'[JOlb ,lilt! 
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also perused the practical application of voiceprint 
identification to criminal investigation. 

Department o[ l\Iichigan State Police personnel 
for this project were: 

IV 

Captain Raymond H. l\1cConnell, Project Di
rector, September 19G8-Fcbruary 1969. 

Captain ·Wallace VanStratt, Ass't, Project Di
rector, September 1968-February 1969; Proj-

ect Director, February 1969-December 1970 
Lieul. Robert Earhart, .. \~sistant Project Di

rector, February 1969-December 1970. 
Det. Sgt. Ernest I\'ash, Voice Identification 

Technician. 
Detective Lewis ·Wilson, Voice Identification 

Technician. 
Elzora Conley, Secretary. 
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I. Review of Procedures for Speaker Recognition 

A. Introduction 

'\'hen a per~()1l ~peak~ he produces a complex 
a('(,u~tic signal that contains various kinds 01 infor
ma .. ioll. This ~igl1al serves primarily to convey a 
linguistic message. l.i~tenl:r~ who are familiar with 
the language can transcribe or at least repeat what 
the speaker said. Besides WIl\'(') ing a message the 
speech signal also reflects some of the anatomy and 
physiology of the speaker. 

There are three general meLhods of speaker recog
nitioll. These are speaker recognition by listening, 
speaker recognition by \'i~ual comparison of spectro
grams, and speaker recognition by machine. Speaker 
recognition by listelling is, of course, the method 
used in eH'ryday life. :\ pc~sible limitation or this 
mnhod i, that it is entirely subjective. ~o matter 
how accurate and reliable listeners may be they are 
mually unahle to describc the criteria upon which 
their tkci~iol1s are based and thus they are unable 
to justify their conclusions in a court of law. 

Speaker recognition by vimal comparison of 
spcctrograms is considered to be a more objective 
method. Spectrograms arc visual displays of the 
"peet 11 signal. They exhibit graphic feittures that 
tan be disnmed in a fairly objective manner. These 
features are also interpreted subjectively in arriving 
at ,til overall t!eci~ion. For this reason there has 
bcell Jl111( h interest ill a third method, namely, 
'J>(";IKer recognition by machine. Although machine 
det i,jol1'> alC inhcrelltly objective, they are, as of 
now, oltell It''i~ anurate lor ~p('aker recognition pur
]H)Sl'" thall mJl1parable human decisions. Current 
H'\canh tlforts ill ,peaker rccognition hy machine 
arc .,pccificalh din't ted toward overcoming this 

limitatioll. 

.\11 llI('th()d~ 01 "pcakel' remgnition are based on 
the lact that a gin'n wont or phra'ie tends to be 
utterecl differelltlv l)\" different ,peakers, There is 
much \ariabilitv 'in ~he ~p('c('h .,igllal and some of 
t hi, yaria bili t \" i'i undou btedly rela ted to particular 
spea ker eli Irer~nces. The lla w're of speaker variabil-

it)' b discussed as background material to provide 
the reader with an understanding of principles of 

~peaker recognition. 

B. Interspeaker and intraspeaker variability 

It is well-known that the pronunciation of a 
gi\'en word or phrase tends to vary from speaker to 

~peaker. Acoustical analyses of utterances of sev
eral speakers typically re\'eal many dissimilarities. 
This effect is referred to as interspeaker (between
speaker) nriabilit)'. Interspeaker variability in the 
speech signal can be attributed in part to organic 
differences in the structure of the vocal me(hanism 
and, in part, to learned differences in the use of the 
vocal mechanism during speech production. Organic 
d:ilerences may be related to regional, social amI 

eu !tural factors. 
:\ot so well-~mown is the fact that a particular 

speaker rarely utters a given word twice in exactly 
the same way, even when the utterances are pro
duced in succession. This is refen-ed to as intra
speaker (within-speaker) variability. In generating 
an utterance a speaker strives to produce appropri
ate respiratory, laryngeal, and articulatory activity 
thJ t will lead to understandable speech. But many 
details of the resulting waveform will change from 
utterance to utterance depending upon rate of 
sp'2aking, mood of the speaker, emphasis gi\'en to 

various words, and many other variables. 
The success of any method of speaker recognition 

depends on the degree to which interspeaker vari
ability is greater than intraspeaker variability, Both 
forms of speaker variability are extremely difficult 
to quantify, because speaker variability is a reflec
tion of many differences in speech production. It 
cannot be meaningfully expressed in terms of a 
single measure. The mea~urement of speaker vari
ability requires an understanding of how speci~c 
differences in speech production are manifested III 

the speech signal. But such an understanding is not 

yet available. 
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C. Speaker recognition by listening 

Several kinds of tests have been devised to sturly 
difl'erent aspect, of speaker recognition by listening. 
All tes~s employ the same basic procedure. Speakers 
drawn from a prescribed population are recorded, 
while reading selected speech material. The record
ings arc ediled <lIHI pre~ented to listeners, and the 
li,teners carry out a recognition task. Each step in 
this procedure introduces variables that can in
fluence thc resulting performance. 

The objecti\"l' oj Illost studies on sl ~aker recogni
tion by listening is, of course, U appraise the likeli
hood that a listener's judgment might be in error. 

McGehee (19:i7) studied the reliability with 
which listener, can recogni/e unfamiliar ,·oices. 
Groups of listeners participated in two experimen
tal sessions that were scparated in time, from one 
day to five months. The results indicate that the 
reliability o[ recognition decreases rapidly as the 
lime inten'al between sessions is extcnded beyond 
Iwo weeks. ' 

The effect of increasing the number of speakers 
heard duri ng the first sessions was also inyestigatecl. 
\ \'hen one of two speakers heard during the first 
session spoke again during a second session two 
days later, 77 pcrccnt of the listeners recog'ni/ed hi-; 
\'oice, V.'hen five ~peakers participated ill the first 
sessions, ol1ly 46 percent of the listeners ('ould rec
ognize one of their voices two days later. \'ocal dis
guise was also found to be effective in lowering 
recognition scores. 

These results are illustrative of manv of the re
sult~ rcported in the scientific literature. The\' 
illustrate Ihc important fact that the speech wa,,~
lorm carries information relevant for distinguishing 
among talkcr" I £owe\,er, the ability of listeners to 

identify speakers by thcir voice alol~e falls far short 
of IO() perccnt reliability. The quest for a more re
liable Illeans of identifying speakers on the basis of 
their voiccs has led to the study of speaker recog
nition by visual comparison of spectrograms and 
speakcr recngnition b" machine. These two al)-

, 1 

proaches will be briefly described in the following 
scct ions. 

D. Speaker recognition by visual comparison of 
spectrograms 

This method of speaker recognll Ion makes me 
of an instrument that converts the speech signal 
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into a visual display. The instrument is called a 
sou tHI b pectrograph a nd the e!ispla)' it provides is 
a spectrogram. Spectrograms of different utterances 
of a gi \'en "'ord or phrase arc presented to a trained 
obwl'Ycr who attemptb to determine whethcr some 
utterances were produced by a common speaker. 
The sOllnd spectrograph consists of [our basic parts: 
(I) a magnetic recording device, C~) a "aria ble 

electronic filter, (:) a paper-carrying drulll that 
i., coupled to the magnetic recording device, and 
(f) an electric st)lus that marks the paper as the 

drulJl rotates. The magnetic recording device is 
uscd to record a short sample of specch. The dura
I ion of the speech sample corre~poJ1(ls to the time 
requircd for one revolution of the drum. Then 
the "peech sample is playc(l repeatedly in order to 
an:tlY/e its spectral contents. For each re\'olution 
of the drum, the variable electronic filter passes 
only a certain band of frequencies, and the energy 
in the frequency band activates the electric stylus 
so that a straight line of \'arying darkness is pro
duced across the paper. The degree or darkness rep
rescnts the varying amplitude of the speech signal 
at the specified time within the gi\'en frequency 
iJancl. ;\s I he drum re\'()l\es, the "ariable electronic 
filter 111o\'es to higher and hig-her frequencies, and 
the e!eco'ic stylus mO\'es parallel to the axis of the 
drum. Thus a pattern of closel:,-spacedlines is gen
erated on Ihe paper. This pattern, which is the 
spectrogram, has the dimensions of frequency, time, 
and amplitude. 

The spectrogram pro\'ides a permanen t visual rec
onl of a speech signal. Such records Illay be studied 
in detail, point for point comparisons may be made 
among spcctrogralllS, and judgmcllts o[ similarity 
may be expressed ill quantitative terms. Thus, the 
spectrogram has ob\'ious appeal in legal applica
tions. It is likely that the iull potential of the spec
trogram a~ a tool lor achieving speaker recognition 
has not yet been reached. 

The general procedure used in experiments em
ploying the spectrogram as a means o[ spc:aker rec
ognition is as follows: speakers are recorded while 
reading selected \I'ortls or phrases. Spectrograms arc 
prepared from the recordings. T\I'o or more spectro
grams of dillerclll utterances of the same words or 
phrases arc presen ted to trained observers, anc! the 
oiJservcrs carry out a recognition task. As is the case 
,dth speaker recognition by listening, each step in 
this procedure introduces variables that can afrect 
performance, that is, the ability of the observer to 

match correctly spectrograms that represent the 
same speaker. 

The fallibility of the obseryer is a crucial issue 
in the legal lise of this method of speaker recogni
tion (Borders, 1966; Ladefoged and Va ndersl icc, 
1967; McDade, 1968; Rolt et aI., 1970). ,\lthough 
a machine (the sound spectrograph) is used to 
prepare speclrograms, the interpretation of spec
trograms is an art rather than a science. In the 
first trial in which spectrograms were allowed as 
evidence, the jury could not reach an agreement 
as to ho,,\' much weight this evidence should be 
given (;\[cDade, 19{iS). The conviction o[ Edward 
Lee King was reversed by a Court of Appeals be
cause "The Voiceprint identification process has 
not reached a sufficient leye1 of scientific certainty 
to be accepted as identification eYidence." 

Claims by Kersta and others of the reliability of 
the Voiceprint for achieving 5 Jeaker recognition 
are based largely on the results .)f unpublished ex
periments, thus the scientific community cannot 
appraise the design of these experiments and the 
validity of the conclusions reached (Ladefoged 
and V~nderslice, 1967). The published results of 
one series of experiments (Kersta, 1962b) could 
nut be duplicated by other investigators. Young 
and Campbell (1967), and also Stevens, Williams, 
Carbonell, and Woods (1968), obtained much 
higher error sec-res than those reported by Kersta 
(1962a, 1962b). Such disagreements make the pub
lication oE detailed descriptions oE future experi
ments extremely desirable and necessary. 

In Llle first experiments concerned with the ques
tion of Voiceprint, the observers were required to 

sort spectrograms into groups that represented cli~
[erent speakers (Kersta, 19G2a, 1 962b) . Later expen
ments employed the multiple-choice identification 
test (Kersta, 1962c; Young and Campbell, 1967; 
Stevens, Williams, Carbonell, and Woods, 1968). 
There have been no reports of experiments dealing 
directly with the type of identification task com
monly encountered in criminal investigations. 
Ladefoged and Vanderslice (1967) argued that the 
reliability of Voiceprint identification in practical 
cases cannot be predicted from the results o[ the 
published studies. 

It has been claimed that speclrogram recognition 
performance is essentially unaffected by the loss oE 
teeth, tonsils, or adenoids, the aging process, and 
attempts to disguise the voice, such as changing the 
fundamental frequency, whispering, mimicking an-

other' voice, and ventriloquism (Kersta, 1962c, 
Anon., 19(5). However, in the absence of support
ing experimental data, the~e claims cannot be con
sidered established facts. 

According to Kersta (1962b), the proLclbility 
that two speakers haye similar enough vocal-tract 
dimensions and articulation patterns to produce 
indistinguishable spectrograms is extremely ~mall. 
This belief, which appears to umlerlie many experi
ments, has not been formally translated into a 
hypothesis that can be tested with a finite popula
tion of speakers. There is evidence that t\l'O arbi
trarily selccted speakers can occasionally produce 
very ~illli1ar ~peclrog-rallls (Laclefoged and \'ancler
slice, 1967). 

Steyens, Williams, Carbonell, anel 'Woods (1968) 
examined the ability of observers to distinguish 
between familiar and unfamiliar speakers in a 32-
item identification-discrimination test. The observer 
II'a, gi"en eig-i1t reference spectr()gralll~ that repre
sented eight "familiar" speakers, There were t\\'o 
experimental conditions; either four or 16 of the 
:;~ test spectrograms represcllted "ullfamiliar" ~peak
ers who were not represented by the reference 
~pectrogl ams. :\f o,t of the familiar speakers were 
recognizee! as such, and they were subsequently 
correctly identifiecl. Many of the unfamiliar speak-. 
ers, howcyer, wcre erroneously recognized as famil
iar speakers. As a point of comparison, listening 
tests were conducted using the same speakers and 
the ~aJ1Je te,t format. Spectrograms were not em
ployed in these tests. A comparison of the t\\'o sets 
of data reveals that there were considerably more 
acceptances of unfamiliar speakers in the visual 
tests than in the oral tests. \,Vhen only four of 
the 32 test items represented unfamiliar speakers, 
there were also more false rejections of familiar 
speakers in the visual tests. Thus, speaker recog
nition by listening was found, in this study, to be 
the more accurate method. It must be pointed out 
that the observers em plo)'etl by Stevens et aI. had 
very little training. One would expect better per
formance frol11 highly-trained observers, but this 
study docs demonstrate that speaker rccognition 
by spectrogram matching is neither obvious nor 

easily achieved. 
The above discussion may be summarized as fol

lows: In view of the use of the visual comparison 
of spectrograms for speaker identification as evi
dence in courts of law, the fallibility of the observer 
mllst be studied further (Bolt et at., 1970). Future 
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experiments should be carefully designed so as to 
a\'oid possible artifacts in the results. A detailed 
dcscription of the experimental procedure, accom
panied by the obtained data, should be published 
or otherwise be made available to the scientific 
community. Claims should be clearly differentiated 
[rom provell [acts. The spectrographic Illethod [or 
~peaker identification has obvious potential in vari· 
ous investigative and forensic applications. 

E. Speaker recognition by machine 

T\\'o approaches have becn used to study the 
[ea~ilJilit\ or speaker recognition by machine. One 
approach is to have the machine generate and 
examine amplitude.frequency-time matrices o( spe
cific speech samples. The other approach is to have 
the machine extract speaker-dependent parameters 
from the speech signal and subjcct them to a sta
tistical analysis. Each approach has led to a num
her of recognition techniques. 

In the first case, the utterances o( specifiC speech 
~amples are usually processcd by a spectrum an
alyzer that consists of a bank of bandpass filters, 
rectifiers, and smoothing circuits. The outputs o[ 
the analyzer are periodically sampled, and the 
amplitudes are quantized for further processing by 
C01l1pU tel'. Each utterance is represen ted in the com
pllter by a data matrix. The rm\'s of the matrix 
correspond to the frequency bands o[ the spectrum 
analYlcr, the columns correspond to the temporal 
locations of the sample spectra, and each matrix 
cell contains the measured amplitude level. Such 
a n1..~rix may be thought o[ as a "digital sp~ctro
gram." For each phrase, word, or phoneme used, 
several matrices representing diITerent utterances 
by the same speaker are combined to form a single 
reference matrix [or that speaker, A reference ma
trix is thus constructed [or each speaker partici
pating in a recognition experiment. The speaker 
to he recognil.ed is represented by a test matrix. 
Depending on the type o[ recognition to be per
rormed the test matrix is compared with all, or 
one of the reference matrices. The degree of sim
ilarity between the test matrix and each reference 
matrix is computed, and the results are used to 
arrive at a decision. 

There are two basic recognition tasks, identifica
tion and discrimination. In the identification task, 
several reference matrices are used and it is assumed 
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that the speaker represented by the test matrix is 
also represented by one of the reference matrices; 
thus, the reference matrix that is most similar to 
the test matrix is expected to identify the speaker 
]'('presented by the test matrix. In the discrimina
tion t:l,k only one reference matrix is used and the 
,peakcr represented by the test matrix mayor may 
not he represented by this reference matrix. Deci
sion rllles are selected to specify when the test and 
reference matrices are similar enough to represent 
the sallle' speaker. A summary o[ six studies resulted 
in a range of correct scores from 89 to 95 percent. 

Techniques using statistical analyses of speech 
parameters involve two distinct processes: (1) the 
extraction from the speech signal of parameters 
thought to be useful for diITerentiating among 
speakers, and (2) the application of decision rules 
to combinations of parameter values that represent 
particular speech samples. 

Qucstions rc:garding the most appropriate speech 
parameters have generally not been resolved as 
1\'ell as have questions regarding optimal decision 
rules. Various kinds of pare.meters haye been ex
am ined, usi ng both waveform analyses and spectro· 
analyses of the speech signal. Studies conducted 
hy Clarke and Hecker (1969), Hargraves and Stark
weather (1963), Smith (1962), Ramishvili (1966), 
Edie and Sebestyen (1962), and Floyd (1964) have 
considered many speech parameters and several 
decision techniques. In general, results have been 
prollJising but it is clear that much work remains 
to he done before automatic recognition techniques 
attain high reliability, 

F. Future developments in speaker recognition 

The previous material describes in general terms 
the current stallls of speaker recognition by listen
ers, by visual examination o[ spectrograms, and by 
machine. Here we will comment briefly on the 
potential of each of these methods. 

( 1) SjJeaker recognition by listeners 

There is little likelihood that much can be done, 
or should be done, to improve the average incli
vidual's ability to recognize speakers by voice. 
Identification based on the average individual's 
recognition of voice will undoubtedly remain un-

reliable although in some cases it may be admitted 
as evidence. Thus, it would appear that the po
tential of speaker recognition by listeners is quitc 
limited. 

(2) Speaker recognition by visual examination of 
spectrograms 

It is unlikely that this method has achieved its 
full potential. There has been too little systematic 
study of spectrogram features to determine optimal 
procedures for discriminating among talkers. 
\Vhereas the speech spectrograph should prove to 

be an increasingly valuable tool [or investigative 
purposes it is unlikely that it will ever, under all 
circumstances, permit positive identification by 

voice. 

(3) SjJeaher 1'ecogllition lJ'y machine 

This method of speaker recognition may prove 
to be the most. promising. Computers are now capa
ble of performing fast and accurate analyses of 
speech w;tvei'orms. \'ariolls parameters may he ab
stractcd from the speech waveform and analY/ed to 
determine those features most useful [or disti;lguish
ing among talkers. Freedom to choose these optimal 
parameters may enable machine performance to ex
(ced that of li~tellers or or trained observers USill~ 
'penrograms as these two latter methods su[ler from 
~trict and arbitrary limitations upon processing 
c:quipmcnt. To achieve imprm'ed or perfect per
formance the relevant ~peerh parameters must be 
properly idcntified and incorporated into the anal
)'iis and decision processes of the machine. 

II. Research of Speaker Identification by the Spectrographic lVlethod 

A. Introduction 

The method of speaker recogl11tlOn researched 
by the Audiology and Speech Sciences Department 
at Michigan State University is based upon the vis
ual examination and comparison ol spectrograms. 
Speech spectrogr:lphy was developed at Bell Re
~earch Laboratories by Potter et a1. (19'17). This 
type of spectrography is accomplished by the use of 
an instrument called a sound spectrograph, which 
transforms speech into a visual display, a spectro
gram. The spectrogram portrays three main param
eters of speech: time (horizontal axis), frequencies 
(vertical axis) and relative amplitude (degree or 
darkness of the diITerent spectrographic: regions). 
Each phoneme, word or phrase is correlatecl with a 
characteristic spectrographic pattern. The general 
aspect of patterns corresponding to different utter
ances o[ the same word are similar, in such a way 
that a person specially trained in "reading" spectro
grams, (ould detennine with more or less accuracy 
which words or phrases were portrayed by a par
ticular pattern. However, "interspeaker" and "in
traspeaker" variabilities are also portrayed by the 
~pectrographic patterns. In fact, the spectrograms of 
c!iITerent utterances of the same word or phrase by 
the same or by cliITerent speakers are never {'xartly 

alike. 
Kersta (1962) claimed that spectrograms of sev-

eral utterances of the same words by a given speaker 

always contain more similar spectral features than 
tho,e produced by diflercnt speakers. Kersta con
cluded, therefore, that speaker identification by vis
ual examination of spectrograms, has to be reliable. 
:\ccording to Kersta, speaker recognition by visual 
inspenion o( ~pectrograIl1s consists o( subjectively 
matching similarities found in pairs o( spectro
grams [rom the same person, that are not found in 
pair~ of spectrograms [rom d i [Terent persons. The 
di,simiiarities presented by the matched spectro
grams are disregarded; they are aS~llmed to be a 
result of int"aspeaker variability. To back his claim, 
Kersta publi~hed the results o[ experiments he per
rormell at Bell Research Laboratories. In these 
experimcnts he obser\'(~d [ewer than I percent of 
wrong iden ti ficat ion. 

'\[atching ,imilarities through the combination 
eye.brain i'i e~\ential1y a sllbjecti\'e method, but the 
examiner can display objectively these similaritie~ 
in a court of law to support his subjective con
c111siom. The p()~sibility of objective displays [or 
legal application has perhaps made this method of 
speaker recognition quite appealing. Jt should not 
be assumed t.hat Ker~ta's method precludes listening 
to the known and u nkno\\'n voices. On the con
trary, the examiner who selects samples of the yo ices 
to he spectrally compared must listen to the sam
plc~ in addition to examining the spectrograms vis
ually. The spectrograph commercialized by Kersta 
uncleI' the trade name of "\'oiceprint" (Presti, 19G7) 
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ha~ a special playback mechanism, that allows 
proper selection and continuous listening of sam
ples prior to their being fed into the processing 
circuits. Since I ~.)(j~ Kersta has been producing legal 
leslimon}" on speakcI- identification by using his 
method, as well as offering training in tlli.~ "art" to 
lawen /orcemcll t officers. 

'leyeral ~peccll scientists (Bolt et a1., 1070) ha\'e 
expresscd their concern for the legal application 01 

,"Yoiceprillling." prior to proying its accuracy and 
reliability through cOJllroJled experilllentatioll. 

Tosi (I!Hi7, 1!)(iH) e\'aluated the "miceprinting" 
method by ;ll1al)ling the data deriyed frolll ~:Hi ex
pel imentaltriaI~ of identification performedhy nine 
of Kcr~ta\ trainecs, as well as by participating him. 
~('I1 in the training courses gi\'en by Kersta at the 
\'oiceprint Laboratories. These trials of identifica
tion of on(' speaker" among 50. ming fiYe due words, 
yielded an elTor of (i.:J percent. In his report to the 
,\Iichig:11l Department of Statc Police. Tosi could 
only conclude that the "Kersta method shows prom
i~e." sll!..;gesting the nced for an indepclHlent stud). 
onc thal would include variables not considered by 
Kcrsta in his experiment~ and that would further 
test '\oiecprinting." 

Such a slUtly. ".\lichigan State {lni\'ersity Voice 
[dent incation Project," "'a~ conducted at the De
partment 0/ ;\udiology and Spcech Sciences of 
.\lichigan Statc University [rom 19Gt) to I!J70, under 
;1 contract with the :\Iichigall Department of State 
Police. through a grallt from the lTniteci States 
Departmcnt or Justice. 

To prepare for the experimentation, 250 speakers 
lITre ra ndornly drafted from a population of ap
proximately ~5,O()() Illale students at :'IIichigan State 
Univcrsity. The speakers recorded 9 clue words 
spoken in isolation, in a fixed context and in a 

random context. and repeated six times in each 
,~essio!l. Three dinerent types of transmissions wcre 
met!. 

Th('~e recordings were processecl through a 
"\'oicepril1l" ~pectrograph u~ing an expanded scale 
of fre'luencic~ 11'01ll 50111. to ·1,OOOl-ll.. HaH the 
Spc((l'ogr:llllS frOl\l tlte first recording session \\'ere 
cO!lsidered "known" spectrograms and half wcre 
considered as produced by "unknown" speakers. 
All the spectrograll1~ yielded rrom the second re
cording sessioll \\'ere assumed to correspond to "un
knoWIl" ~peakers. 

:\e\\'spaper acl\'l'rtiseJlJents wcre used to announce 
the opening of examiner positions. ;\pplicants were 
s(Tecncd prior to their ~clectiOll as examiners anci 
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only those \\'ho performed successfully on the screen
ing le.~Ls were comidereel for participation in the 
Huely. The 29 persons accepted received approxi
mately one month of training prior to the starting 
of the cxperimenta] trials. 

.\s part of the training, each examiner was in
,~lrllcled [(, collsider the following objective points 
0/ spectrograms: (a) mean frequencies of \'owel 
I orma n ts, (b) forman ts ba ncl-w id ths, (c) gaps and 
types of w'rtical striations, (d) slopes of formants. 
(e) durations. (f) characteristic patterns of frica
tiH's and interformant energies. 1\S the examiner 
progre~sed, he was given increasingly more difficult 
tasks to perform. 

Spectrograms lsed during the trallllng period 
\I('re not used ciuring the experiment. Listening to 
the known anc! unknown voices was excluded from 
this stuc"·. 

Th~ examiners \\'ere grouped into three panels 
according to ,~ex and background. The first panel 
mll~istecl of WOl1len ranging from J 7 to 60 years 
of age, with various le,'els of education, from high 
schoo] to lour years of college. The second panel 
included male undergraduates from several depart
ments of :\Iichigan State University. The third 
pa ncJ 1ras f()rmed excll1~i\'Cly from the Criminal 
.Justice Departmcllt of the Vni\·ersiq'. Further, each 
p~lllel wa~ di\'ideel into three suiJ-p;mels, one of 3 
eX;[llliner~. onc of 2 examiners. and one of a single 
indidduaI. These nine sub-panels performed the 
sallle experimental tasks. yielding 9 answers [or 
each different type of trial. Examiners were rotated 
within the three different sub-panels. 

B. Experimental procedure 

The experiment was divided into t\\'o cycles. In 
the first cycle. the exami ncr had 9 clue words to 
ex,lllline and compare. fn the secone! cycle, he had 
(j words. There were .!81i different types of tasks 
involdng every possible combination of the vari
ables testeel. Each combination was reiterated [our 
times by nine-sub-panels o[ examiners, llsing differ
ent spectrograms in each reiteration. Therefore, the 
totalnllmber of trials in this experiment was 34,992. 

The tasks of the examiners in the ()/)('J/ trials 
wnsisted of deciding whether the "matching" spec
trograms were or were not produced by one of the 
"known" speakers, and if so, which "known" speaker 
produced them, Three kinds of errors were possible: 

(I) Error .-\: A match did exist but the exall1-

iner selected the wrong one. (false identification) 
(2) Error B: A match did exist but the exam

iner failed to recognize it. 

(3) Error C: A march did ~ot eX.ist al.though the 
examiner selected one (false ldenllficallon) 

In the closed trials, the exar,1iners had to decide 
which "known" speaker produced the matching 
spectrograms. Since a match alway.s existed. only 
one kind of error was possible. ThIS error was la
beled Error D. 

Each sub-panel was forced to reach a common 
decision in each trial. Each member had to indicate 
his degree of confidence in the forced decision, 
based on the following scale: I = almost uncer
lain; 2 = fairly uncertain; .~ = fairly certain; 
., = almmt certain. 

The result of each trial was finally quantified 
with two expressions, conveying the right or wrong 
response and the avcraged self confidence grad: on 
such a response . .All anSWfr sheets were filed 1\1 a 
room protected wi th an electric; a.larm system con
nected with the University Police Headquarters. 

Examiners usually followed the samL procedure 
to complete each trial of speaker iclentificati~)l1. 

The steps in this procedure were: (1) compar:ng 
the spectrograms of the unknown and known "OJces 
lw a rather fast scan; (2) cliscanling those known 

\'~ices spectrograms that appeared sUbjecti:'el.Y t~) 
the eX[lminer as containing no significant SlITIlJan
ties with the unknown voice spectrograms. Usu~lly 
these steps reduced to a very few the knmq1 \,~lces 
spectrograms to be further examined;. (:\) :ontll1u
ing the scanning by folding and supenmposll1g each 
of the remaining known spectrograms on the match

ing spcctrograms. This proce~lure ~)rovided .the ex: 
aminers with a better techmque In searchll1g fOl 
similaritics and reduced even more the number of 

suspected knowll spectrogra.n:s: (·1) . l.f the pre\',ious 
,~tep5 did not produce a posltn:e ~leCl.sl.on, th~ exam
iners countecl the number of SllTIllantres the) found 
between each of the suspected known spectrograms 

and the matching spectrograms. The kn~w.n s!)~c
trogralll ,dliclt presentee! more points of slInrlantl:s 

, 1 I] . C'01'}'('C-t resj)onse 1 n was su pposec to le C lOsen as a. .' ... 
the case of closed trials. For open tnals the plO
ceclure was e~sentially the same. hut complicated.by 
the circumstance that the examiners had t~ deCIde 
bet\\'('cll two possible alternatives: "there IS not a 
match," or "there is a match, being speaker 11 the 
same as the unknown speaker." (5) Subpanelme~n

bers arrivecl at a common decision ror ~~ch tnal 
throtwh discussion. (6) ,\fter the declSlon was ,-, 

reached, each subpanel member assessed this deci
sion by registering his personal rate of co.nfidence 
on the common decision. He used the gracling scale 
clescribed earlier and recorded his judgment on the 
subpanel answer sheet, which were given to the 
research assistal1l for tabulation on the master 
tables. 

After completion of each cycle, the results from 
the master tables were coded in lEI\:I cards and 
processed through the 3600 CDC computer to ca~
culate error percentages and perform an analYSIS 
of variance to test significances and interactions of 
the difTerent variables involved in the experiment. 

C. Results of the first cycle of the project 

The rU'st cycle, using 9 clue words, was com
pleted in approximately 8 months. The results 
were processed through a CDC 3600 computer. Ta
ble I presents the pooled percentages of correct 

responses produced by the examiners ~nder e:ch 
of the main conditions tested in the project dunng 
this first cycle. 

:\0 significant statistical differencc was detected 
between the one, two and three utterances of the 
same clue words or between the three different 
types of recording transmissions. (see table 1) 
Cit her IC'vels of the yariables tested showecl statisti
cally siCTnificant differences . 

. \no~lel- <lllah'sis of variance was performed to 
tl'.~1 the clifTen'l~ces in the performance of panels 
and sub-panels of ('xaminers. ":\"0 significant difI~r
ence \r:lS cll'tectecl between panel types, but a sIg
n i fi cant di fTerence was detected between sub-panel 
sill'S: Sub-panels of three members performed 
sliCThth beller than the other sub-panels. However, 

n • 1 
composition as well as size may have )een a con-
tributing factor. The stall' observed that the best 
examiners often exerted positive influence on tho~e 
less moti\·atecl. 

The "'rand mean percentage of errors from the 
17,496 ~rials of speaker identification performed 
during the first cycle of the project was 8.9 per
cen t. This grand mean was composed ~f 4.3. perc~nt 
errors of wrong matching or false IdentIficatIOn 

( A.+C+D) and '16 j)ercent of failures to errors)"\.· , ,. . 
recognize a match when it actually eisted (error B) . 

III order to comtmct models relevant to the 
[oremic point of view, trials were grouped accord
ing to the following characteristics: 
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has it ~pccial playback mechani.'l11, that allows 
proper ~cJection and (,()l1linuous listening of ~am
pIe, prior to their being fed into the processing 
circuit,. Since 1%2 Ker~ta has been producing legal 
l :.,timoll) on speaker identifi.cation by using his 
method. as well as offering (raining in this "art" to 
Jaw enforcement (J//icers. 

)('\'er<1l speech scielllbts (BOlt et aI., 1970) have 
expressed their concerll for the legal application of 
"\'()icepri II t i ng," prior to pro"i ng its accuracy a net 
n:liaJ>ility through coIIlrolled experimentation. 

To)i (1%7, l!iliil) e\'aluatetl the "voiceprintiilg," 
method by anal}/ing tlIe data derived [rom ~:Hj ex
perimcntaltri;ds of ide[ltific;ltion performed by nine 
of Kenta" trainees, as welI as by pani('ipating him
self in the training courses given by Kersta at tbe 
\'oiceprim La bOi'a tories, Thcse trials of identifica
tion of olle speaker among 50, lISilig five clue words, 
yielded <Ill error of G.:1 pcrcellt. In his report to the 
Michigan Deparlmellt of State Police, Tosi could 
only conclude that the "I\.ersta method shows pr0111-
i\c," ~uggesti!lg the necd for an illdependent stlHly, 
OJle that \nHlld include variables !lot considered by 
Kcrsta ill his experiments and that "'Olild further 
tesl ''\'oieeprinting,'' 

Stich a study, ""'lichi,e;an State lTni\'ersity Voice 
Idelltification Project," was conducted at the De
partmellt of ,\udiology and Speech Sciences of 
,\Iiehig-all Statc Uni\'ersity from 19(iil to 1970, under 
a contract with the Michigan Depaltment of State 
1'01 icc, through a gram from the United States 
Department of Justice. 

To prepare for the experimentation, 250 speakers 
were randomly drafted [rom it population of ap
proximately 25,000 male students at ilfichigan State 
LTnin~rsil). The speakers recorded 9 clue words 
)poken jJl isolatiolJ, in a fixed context ~Ifld in a 

I andoJl) conlPyt, and repeated six times in each 
sessioll. Three din'erellt types of transmissions werc 
lIscd. 

Thc\c rccordings were processed through a 
"\'oicepriJJt" spcctrograph using an expanded scale 
o[ frequencies ll'Olll 50H, to ·l,()OOI-ll. HalL' tIle 

spectrograms from the first recording se,sioll "'ere 
(ol1sider('d "known" spectrograms and half were 
(,()I\~iderecl as produccd h)' "unknown" speakers. 
.\11 the ~pectrogra!l)~ yielded from the secolld 1'1.'

(ortiillg session werc assumed to correspond to "un
known" sp('akers. 

~('w~paper acJYerlisemcllts were used to annoullce 
the opening of examiner position'i. ,\pplicants were 
screen cd prim 10 their selection as examiners and 

10 

only those who performed successfu11y on the screen
ing tests were comidered for participation in tbe 
~tudy. The ~!) persom accepted received approxi
mately one month of training prior to the st<lrting 
of the expcrimental trials. 

.\5 part of.' the training, each examiner was in
~truned to cOllsider the following objective points 
of Sp(~ctrogral11S: (a) Illean frequencies of HHI'el 
formants, (b) formants band-widths, (c) gaps and 
types of \'t'nical striations, (d) ~lopes of formants, 
(e) dmations. (1') characteristic patterns or frica
tives and interformant energies. :\s the examiner 
progressed, he was given increasingly more difficult 
tasks to perform. 

Spectrograms lIsed during the training period 
were ll(Jt used during the experiment. Listening to 

the know\1 and unknown voices was excluded [rom 
this stuck 

The examiners were grouped into three panels 
<lcconling to sex and background. The first panel 
(o\1,isted of ,,'0111en rangi ng rrom 17 to 60 years 
of age, with YariOLlS levels o[ education, rrom high 
~chool to four years of college, The second panel 
included male undergraduates [rom several depart
ments or "'Iiehigan State University. The third 
panel "'as formed exclu~ivcly from the Criminal 
Justice Department of (ill.' Uni\·ersity. Further, each 
panel w;(, di\'ided into three sub-panels, one of ;~ 
examiners. one 01 2 examiners, and one o[ a single 
individual. The)e nine sub-panels performed the 
sallle experimelltal tasks, yielding 9 answers [or 
each difkrent type of trial. Examiners were rotated 
within the three different sub-panels. 

B. Expel'imental procedure 

Tile experiment was C\iYided into two cycles. In 
the first cycle, the examiner had 9 clue words to 
eX~lInille and compare. In the second cycle, he had 
(j words. There were ·IHG different t~'Pes o[ tasks 
in\'()l\ing e\'ery possible combination of the vari
ables tested. Each combination was reiterated four 
timcs by nine-~ub-panels o[ examiners, lIsing differ
ent spectrograms in each reiteration. Therefore, the 
total number 0(' trials in this experiment was 34,992. 

The tash 0(' the examiners in the oj)('11 Irials 
consisted of deciding whether the "matching" spec
trogralllS were or were not produced by one o[ the 
"known" speakers, and if ~o, which "known" speaker 
produced them. Three kinds or e!Tors were possible: 

(I) Error:\: :\ match did exist but the exam-

iner selected the wrong one. (false identification) 
(2) Error B: A match did exist but the exam

iner failed to recognize it. 
(3) Error C: A match did not exist although the 

examiner selected one (false identification) . 
In the closed trials, the examiners had to deCide 

which "known" speaker produced the matching 
spectrograms. Since a mat~h alway,s existed, only 
olle kind of error was pOSSible. ThIS error was la
beled Error n. 

Each sub-panel W<lS forced to reach a ~om:non 
decision in each trial. Each member had to 1I1thcate 
his degree of confidence in the forced decision, 
hased on the following scale: 1 = almost uncer, 

tain; 2 = fairly uncertain; 3 = fairly certain; 
<1 = almmt certain. 

The result of each trial was finally quantified 
with tW(J expressions, conveying the right or wrong 
response and the aycraged self confidence grad~ on 
such a response. All answer sheets were filed 111 a 
room protected with an elecu-i~ alarm system con
nected with the L!niversity Police Headquarters. 

Examiners usually followed the saml.. procedure 
to complete each ~rial of speaker iclentificati7n. 
The steps in this procedure were: (l) compar.lIlg 
the spectrograms of the unknown and known YOlCes 
hy a rather fast scan; (2) discarding those known 
v;)ices spectrograms that appeared subjecti:'el,Y t7 
the examiner as containing no significant SIlTIllan
tics with the unknown voice spectrograms. Usually 
these steps reduced to a \'ery few the known YO.ices 

- . I, (") conllllu-spectrograms to he further examllle( '. ,J • 

ing the scanning by folding ami supenmposlllg each 
of the remaining known spectrograms on the match

ing spectrograms. This pr('Le~lure ~)ro\'ided .the ~x~ 
aminers ,,-ith a better techlllque Il1 searchlllg /01 

similarities and reduced eyen more the number of 

sllspected knoWlI spectrogra.I~s; (4) .I.r the preV.i,ollS 
step~ did not pmduce a posltn:e :Ieo.sl.on, the eX<lm
iners counted the number of slmllantIes they found 
between each of the suspected known spectrograms 

and I h~ matchi ng spectrograms. The kn~m·.n s!)~c

lrogTalll which presented more [Joints of s!lndantr~s 
, I I I' .' ~ COITect re51Jonse III was su PPOSC( to Je c lOsen ,IS " . . 

the case of dosed trials. For open tnals the plO
('eelure was (',sentially the same, but complicated.by 

I " Incl to deCIde the circlIlllstance that tIe examlllelS, . 
I . "there IS not 'l betwcen two possible a ternal!ves: ., 

match," or "there is a match, being speaker 11 the 
same as the unknown speaker." (5) Subpanel me~n
bel'S arri,'e(! at a common decision for e~ch trral 
thl'Oucrh discllssion. (6) After the deciSIOn was 

" 

reached, each su bpanel member assessed this deci
sion by registering his personal rate of co.nfidence 
on the common decision. He used the gradlllg scale 
described earlier and recorded his judgment on the 
subpanel answer sheet, which were given to the 
research assistant for tabulation on the master 
tables. 

After completion of each cycle, the results from 
the master tables were coded in IBM cards and 
processed through the 3600 CDC computer to ca~
culate enol' percentages and perform an analYSIS 
of variance to test significances and interactions of 
the different variables involved in the experiment. 

C. Results of the first cycle of the project 

The first cycle, using 9 clue words, was com
pleted in approximately 8 months. The results 
were processed through a CDC 3600 computer. Ta
ble 1 presents the pooled percentages of correct 
responses produced by the examiners ~nder e~ch 
of the m<lill conditions tested in the project dunng 
this first cycle. 

;\0 significant statistical difference was detected 
bet1\'een the one, two and three utterances of the 
same clue words or between the three different 
types of recording tr<lnsmissions. (see table. l~ 
Ot her Icwls (Jf the variables tested showed statlstl
call\' sicrnificam dilIerenccs. 

. \llo~ler ana lysis of variance W<lS performed to 
I('st thc differl'l~CeS in the performance of panels 
and ,<,ub·pallcls of cxaminers. 1':0 significant diff~r
('nee was detccted between panel types, but a sIg
nificant difTerencc was detected hetween sub-panel 
,i/es; Sub-panels of three members performed 
,licrhth' beller than the other sub-panels. However, 

n • J 
composition as well as size may have )een a con-
lributing facto)'. The staIf observed that the best 
examiners often exerted positive influence on those 
less motivated. 

The grand mean percentage of errors from the 
17,196 trials of speaker identification performed 
duri ng the first cycle of the project was 8.9 per
cent. This grand mean was composed ~f 4-.3,perc~nt 
errors of wrong matching or false lc1entlficatlOn 
(errors A+C+D), and 4-.6 percen~ of failures to 

recognize a match when it actually elsted (error B) . 
In order to construct moe/els rc:levant to the 

foremic point of view, trials were grouped accord
ing to the following characteristics: 
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TABLE I.-First Cycle-Results of an Analysis of V . anance of the Correct Responses Produced Under Each of the Main 
Conditions Tested 

Condition 

:"iumber o[ utterances of the same clue word: 

Pooled percentage 
of correct responses 

Probability of the 
difference between 

levels, less than: 

I utterance 

! ~:~~;:~~::':::'::::'::::::::::::::::::::::'.::'.'.::::::::: '.' '.' .: .: .: .: .: .: .: .: .: .'. 9~2~.:4;9~ ....... -, ........... . 

n.s. 
n.s. 
n.s. 

Different types of recording transmission: 
(a) directly into tape recorder 
(fJ) through a telephone line in' ~~Ii~t' ~~~il:~~~~;t' . .. . ............... 92.42 

(')I) through a telephone line in noisy environment ... . ............... 91.31 

n.s. 
n.s . 
n.S. . . . . . . . . . . . . . . . . . . . . 91.02 

(',ontext of the clue words spoken: 
(I) in isolation 
(II) in a fixed c~~;~~t' . . . . .. . . . . . . . . . . . . . .. ................. . ..... 95.7i 
(III) in a random conte~~ ........................................... 92.39 

0.01 

0.01 
..... " .............................. , .... 86.59 

Different number of "known" speakers: 
10 speakers ............ . 20 speakers . . . . . . . . . . . . . . ......... 93.03 

40 speakers :::::::::::: ........................................... 91.87 n.s. 
0.01 . . . . . . . . . . . .. . . . . . . . . . ..... R9.5R 

Time·elapsed between recordings: 
~ontempornn matching spectrO£;rams ...... . 
~()n.('onletnrOrar~ tnatching <ipcctrogrrllns .............. . 

.95.21 

. Ki.!l:i 
om 

:\warCIlC" of e:-.allliner,: 
Closed trial
Open trials 

. (1) Awareness of the examiners (closed or open 
tnals) . 

(2) Time-elapsed (c 0 n t e m p 0 r a I' y or non
contcmporary matching spcctrograms). 

(3) Context (clue words spoken in isolation, 
fixed context or ranclom context) . 

Two gr~ups .of trials are especially pertinent to 
the forensIc pOlJlt of view: Open trials determincd 
b,' thc use or non-contcmporary spectrograms and 
clue words spoken in a fixed or in a random con
t~xt. ~n fact, all real cases of forcnsic speakcr iden
tIficatIon would include these particular variables. 
~o~al ~ITor percentagcs yieldcd by these two groups 
"el e 11:35 percent and 18.26 percen t respectively. 
Approxllllately one-third of these errors were errors 
of false identification (errors A + C) and two-thirds 
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w~.re faihn:~s to recognize a match when it actually 
eXIst.ed (enol' B). The percentages of false identi-
ficatIOns observed in these forensic model ,. 
49901 9. ' S ,\ele 
'--/0 and 6.4:1(:0 for clue words in fixed and in 
ra~dom conte~t, respectively. Percentages of fail
lI1(,S to recof;lllze a match when it actually existed 
were 10.13 percent and 11.83 percent respectively. 

Another grou p of trials-closed trials, con tem
por~ry m~tching spectograms and clue words spoken 
m IsolatIOn-produced findings germane to the 
~o~.ls of the study. Since these were essentially the 
\ aJ tables tcsted b), Kcrsta in 1969 and . d . ,_ exanune 
agam by Tosi in 1968, their importance to the 
~J'csc~t study can be seen. The error percentage 
[or thIS group was 0.51 percent, the minimum/low
est error percentage observed in the project, as 
expected. However, this group of trials does not 

ftt any type or forensic modcl and ha~ no direct 

application. 
The upper limit of the range of :I'1'ors ,\",'i found 

in another group of trials charactcriz'd hy: open
match types exclusively, non-contempvrary match
ing spectrograms, and clue "'ortls spoken in a 
I a ndom context. This groll p, wh ieh also does not 
fit any type of forensic model, yil'lded ~~l.OI per
cent error. This extreme error percentage was com
posed of 5.35 percent of false identifications (error 
A) and ~3.(i(j percent o[ failures to recognize an 

existing match (error B) . 

D. Results [rom the second cycle of the project 

The second cycle was undcrtaken to determine 
the effect a reduction in the number of clue words 
would/or would not have on the accuracy of the 

examiners. 
Comments conccrning the performancc of the 

examiners is relevant. Only the more motiYated 
persons remained with the project long enough to 
complete the second cycle; some of those who quit 
considered the task extremcly boring. ;\[any of the 
less motivated examiners did not perform well. 
Thcse examiners tended to take an excessive 
number of rest periods and showed Ii ttlc LOncern 
(or reaching the best possible dccision in each 
trial, behavior which was viewed as hampering 

performanccs. 
In overall conditions no significant difference 

was found between the two cyclcs. The examiners 
wcrc correct 91.58% during the nine clue word 
cvde Ys 91.24a~ during the six cluc word cyclc. 

The impro\'C1l1ent oiJscrycd in thc ~crond cycle for 
the particular group of open triab which used non
contemporary spectrograms of cluc words spoken 
in a random context could be explained on the 
I>asi~ of the learning process the examincrs cxperi
enced during the firsl cyclc. They assessed the open 
trials with non-contemporary spectograms o[ clue 
won1$ spoken in a random context as the most 
difficult tasks that produced the largcst percentage 
of crrors. The staff was aware that during the sec
ond cycle most of the examiners considcrcd this 
particular type of trial as a challenge, devoting 
more time and spccial attention in the search for 

the correct answcrs. 
The [act that results of the second cycle did not 

differ substantially from those of the first c;'cle must 

not be interpreted as mcaning that decreasing the 
number of available clue words from nine to six 
i~ not generally si3nificant. The learning process the 
examiners experienced during the previous eight 
mon ths devoted to the completion o[ the first cycle 
possibly interacted with thesc results, thus com
pensating for the [ewer number of clue words 

available. 

E. Discussion and conclusio:1S 

The rcsults from the ";\Iichigan State University 
Voice Identi fica tion Project" suggest that cxperi
ell('cel examincrs call idcntify or eliminate one un
known spcakcr from among as many as 40 known 
spcakers, ,l'ith little difference in accuracy being 
cyidcnce in the use of nine or six clue words. The 
expected perccntage of errors maclc by examiners 
who are forccd to rcach a positive decision in every 
trial or speaker idcntification thcy perform, (using 
('xc/lIsh,C'/y \'i~ual examination of spectrop.;rams), 
varies according to the conditions im'olved in each 

type of trial. 

Closcd trials, involving contemporary spectro
grams o[ clue \\'()]'(1s spoken in i'iolalion, yielded 
fcwer than I perccnt crror of fabe identification" 
Since the'ie (()nditioll., were cssentially the one em
ployed by Kcr.,ta, it can bc concluded that the pres
ent study has confirmed the fi~l!rcs report cd by 
Kcrsta ill l~)()~. In the 19GR Tosi's evaluation of 
"Voiceprinting," the crror percentage reported [or 
silllilar typc of trials was api>roxilllately six percent. 
Thi~ discrepancy can be explained on the basis of 
individual differences among examiners. In fact, 
considering the performance of each examiner sep
arately in that evaluation, the range of error per
centage was 14 to 0 pcrcent. 

Thc sccond goal of the prcsent study was to test 
forensic models that included the following 

variables: 

(a) Random chance that the unknown speaker 
is or is not among the known ones ("open trials") ; 

(I» non-contem porary spectrograms (spectro
grams o[ the unknown speaker obtained at a differ
ent time [rom the spectrograms of the known 

speakers) ; 

(c) same sentences uttered by known and un
known speakers ("fixed context" or different sen-
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tences including the same clue words, "random 
(OnleXl. ") 

The error observed was approximately 15 percent 
for fixed context, of which approximately five per
cent were errors of fabe identifications (errors 
A + C) and approximately 10 percent 1I'ere failures 
of recognizing a match when it actually existed 
(error B) . For moe!els including "random context," 
the total error lI'as approximately 18 percent. This 
percentage wa~ composed of approximately six per
cent of errors of faIse identifications and approxi
mately 12 percent of failures of recogl1izing a match 
whcn it existed. 

These findings suggest that i[ an experienced 
examincr, ming only \"i~ual Inspection of Spectro
f,'Tams for legal purposes 0[' iden tification and 
excluding any kind of listening, is forced to reach 
a positive decision in each case (devoting approxi
mately 15 minutes to complete the task), his 
expected error range would be H-18 percent. The 
probability that his wrong decisions will eliminate 
a guilty person is 75 percent of the total expected 
error. The probability that ,dlCn in error this 
examiner will accuse an innocent person is 25 per
cent of the total expected error. 

Under the specified conditions, the expected 
range of false identification is 5-6(>;, and the 
expected range of the elimination of a guilt)' person 
is 10-12~~. 

Analysis of the ratings in the scale of self confi
dence usee! by the examiners in this project showed 
that approximately {j0~; of their wrong decisions 
were graded as "uncertain". This finding suggests 
th:"!t the examiners errors could have been reduced 
to approximately .1O~~ of the obsel ved figure, were 
the:se examiners not forced to reach a positive deci
sion for the trials in which they felt uncertain. 

Clearly, the repeated errors apply to experimental 
trials in which the examiners used visual inspection 
of spectrograms exclusively, devoting an average 
of 15 minutes per trial in reaching a forced posi
tive decision. It could be hypothesized that if in 
addition to visual comparisons or speClrogram~ the 
examiners would not have been forced to reach 
a decision when uncertain, and allowed to listen 
to t.he unknowll and known voices, the errors might 
have been furthcr rcduced. The experiment per
formed by Stcvens et a!. (1968), as well as the 
opinion of some phoneticians and linguists who 
feel that speaker recognition by listening is more 
accurate than by visual comparison of spectrognlllls, 
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seem to confirm this hypothesis. A further study 
including forensic models, similar to the ones used 
in the present experiment might result in important 
additional information if trained examiners could 
both listen and make visual cOl11pa!'sons of spectro
gralm. ,\bo, the presellt ~tudy should be comple
mented by the te5ting of disguised voices and 
non-contemporary spectl"ogTams obtained from 
~pan~ of time longer than one month. 

F. Extension of results from forensic models to 
real cases 

A group of speech scientists (Bolt et al., 1970) 
have expressed concern about the use of spectro
graphic evidence in court, before this method has 
iJeen validated by controlled experimentation. The 
q ucstion arises: assuming th"t the results from the 
statistical forensic models studied in the present 
experiment could be applied toward such a valida
tion, how ,,"ould the conditions in practical legal 
cases differ from the conditions in the statistical 
llIodels? I n what way would these real conditions 
possibly alter the error expectancy disclosed by the 
models? 

::\1ain differences of conditions that could exist 
between models and real case'; arc as follows: 

I. Pojmlatiu}, of known I'uices. In the models 
of the present study the number of known yO ices 
\'aried from] 0 to ·10, drafted from a closed catalog 
o[ 250 ~peakers, representing a statistical sample o[ 
a homogeneous population of 25,000 persons. In 
forensic cases, the catalog of known voices could 
Iheoretically include millions of samples, if the 
Hlire spectrogram of the (riminal woul<[ be com
pared wi th filed voice spectrograms of the popula
tion of the ,\"orld, or even the United States of 
America. Obviously, conclusions derived from an 
experimental study of a small po ~)Ulation of speak
ers can not be extrapolated to populations of 
millions of individuals. However, this is not the 
case in the present practical situations that police 
must handle. In these cases the catalog of known 
yoices is opel!, true, but lil1litN/ to a few suspected 
persons. I t seems reasonable to assume that the 
inlra and interspeaker variabilities within such a 
reduced group of suspected persons would not dif
fer suhstantially from the variabilities that existed 
within the highly homogeneous gToup of experi
mental speakers lItiliLed in the present study. There-

f e it seems advisable to disregard size of the 
or , d'ff . 1 h rae opulation of known voices as a lel:entIa c a .-
~eristic that could hamper extrapolatIOn of expen
mental result·, from the present study. 

2. Availability of time and resjJonsibilit( of the 
. . In t11e IJresent stud)' the exal1111lers de-examznclS. . . . 

voted an average of 15 minutes to reach a posH.lve 
conclusion in each trial. \ Vhether such a conclUSIOn 

was the right or the wrong one, .no effect COUld. t~t~~ 
lace whatsoever over the exammer or th~ spedkcl. 

in forensic cases, the professional exam Iller nor
mally may devote all the ~ime necessary to ~'each ~l 
conclusion. He is aware of the conseque~ccs that d 

d ., ould mean to his IJroiessIOnal status wrong eClSIOn c 
as well as the consequences to the speaker whom he 
might erroneously identify. It seems reas~n~blc to 
conclude that the differential charactenstlcs be
tween experimental and professional exami ners 
might help to improve the accuracy of the profes
sional examiners. 

3. Type of decisions examiners are urged to r.eat~l 
'n each trial. In the statistical model the exammelS 
I I' . h were forced to reach a positive cone US IOn 11l eac 
trial, even if they were uncertain of th~ correct re-

I n real forensic cases, the profeSSIOnal exaIll-sponse. ." '. 
iner is permitted to make the [ollmung altern,ttn e 

decisions: • 

a. Positive identification. 

b. Positive elimination. 

c. Possibility that the unknown speaker i~.one of 
the suspected persons, but more eVldenc~ IS neces
sary in order to reach a definite conclUSIOn. 

d. Possibility that the unknown speaker is none 

of the 'ayailable suspected per<;ons hut mor.e evi
dence i~ nec essary to reach a defll1ite conclUSIOn. 

e. Unable to reach any conclusion 'rith the avail
able voice samples. 

.1. A,Jai/a/Jility of clues. In the statistical l:lOdcls 
of this studv, only spectrogram<; of nine' al1~l '1x.clue 
words wer; ayailahle to the examiners '.or VIsual 
. t' III In re"ll forensic cases the examlller must illS pec J( .., .• 1 k . 

., . ,. ·ten first to the unknown all( IHH\ 11 necessan ) liS . • .'. "1 
voires while processing the spectrog:'ams .1'01 \ :Sll,J 
(()lIlpalison. The professional examJl1er IS (,1~tJt.'e.t~ 
to request as many samples as he deelll~ l1e~eSS'll) 
to reach a positive conciusiull. ~:(}ml~ll1atJon 01 
methods or voice recognition by IlstenJl1g and h) 
visual inspection of spectrogra:ns c.an enh;lI:ce t~le 
accuracy of his conclusion. Llstel1lng also InsUI es 
the co~pari~on of the same sounds. ;\Ioreo\·er,. by 
using this combination the prof:'ssio:la.l exan,lIn~r 
can objectively sustain in COl~rt. l11s. (~pIl110n, b) pI e-
'ienting the spectrographic SI1l1Ilan.tles. . 

5. Research panelist LIS forenSIc eXaJl7l1lel:. A 
C0l111110n problem of both the Kersta and :OSI ex
periments was that o[ maintail:ing enth~lsJa~1l1 Ol~ 
the part of the panelist. Incenllve was hIgh In the 
1 .. IIowever after cOlwincinn- themselves Jcglll nmg. ~ , ' () 
th~lt reli,~ble detenninatiolls could be made, some 
panelists lost interest. The challenge was gone. 
There was no punishment or consequence con
nected wi th mistakes. 

The forensic examiner, on the other hand, is 
aware of his responsibility to be un biased, the COl:-

. f a mist"lke to both individuals and IllS sequences 0" ..".k . 
own professicn. The very nature of the '\01 p10-

vides incenti yes to excel. 

• ~J.' dentification to Criminal Investigation III. Practical Application of V Olce 

A. Preparation 

To determine the usefulness of Voice Identi~ca
tion to Criminal Investigation, certain preparatIOns 

'th exemplary records were necessary. Two men WI ". 
as State Police Officers and Latent IdentIficatl?n 
Technicians were given Voice Identification tram-

.Th are the alternative decisions that Sgt. Nash, head 
of the es~'oice Identification Unit of t.he Michigan Depart
ment of State Police is presently maklllg. 

ing with Mr. Lawrence Kersta at Voiceprint Lab-
. " N ., Jersey Enui])ment was purchased. oratOrIes In e" '-1 

A laboratory space was provided. Experience :vas 
gained through continued work and comrr:ul1lca-
.. . 1 T " Police investIgators tlon WIth Kerstd am OS1. • 

were inf0l111ed as to how Voice Identification mIght 
be useful, what evidence was necessary t? conduct 
an examination, and how best to obtam known 
and unknown tape recordings. Over 4600 officers 
received such training with many more reached 

through radio ancl television. 
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B. Execution 

Since the inception of a voice identi fication serv
ice, in 1967, 291 cases have been submitted to the 
Voice Identification Unit, mostly from I\Iichigan 
Police and Fire Departments. However, requests 
I rom all departments were honored and assistance 
\\a~ )'endere([ to such places as Indianapolis, Indi
ana; River~id(', California; Orlando, Florida; Los 
Angeles, Califomia; St. Paul, Minnesota; Ladue, 
Missouri; Erie, Pennsylvania; Chicago, Illinois; 
Dade County, Florida; Astoria, Oregon, and South 
Miami, Florida. 

These cases involved 27 different types of crimes, 
ranging from nuisance telephone calls to murder. 

C. Results 

673 voices were examined by the study of 42,432 
spectrograms. 105 persons were iden tified as the 
unknown or questioned voice 011 tape recordings. 
172 persoIls were eliminated as tl1(' unknown or 
qucstioned voicc on tape recordings. For various 

rea,ons, a definite Opll1IOn could not be rendered 
concerning the other 396 persons. 

It was not always possible to obtain information 
from the investigating officers that would refute 
or substantiate the opinions of the voice identifica
tion examiners. However, it was reported that in 
thirty cases, those persons identified by voice iden
ti fication techniques later made cC/nfessions or ad
missions correlating voice iden tification opinions. 
1'\0 information was found to prove the wrong per
son had been identified by voice identification 
techniques. 

D. Conclusions 

Voice Identification by spectrographic analysis 
has a definite usefulness in the investigation of 
crime. 

Given a sufficient quantity .md quality of known 
and unknown voice recordings to work with a 
qualified voice identification examiner, can arr'ive 
at opinions [hat have an accuracy level compara
ble to other types of subjective examinations now 
made in Forensic Laboratories. 

IV. Training 

The application of voice identification techniques 
in actual cases pre-supposes the use of examiners 
who are educated, well trained and experienced. 

It is important that the education include an 
understanding of the speech and hearing- process. 
,\lthough it does not bear directly on the visual 
comparison of spectrograms, it does provide the 
examiner with a better understanding of differences 
that occur within separate utterances of the same 
word by one speaker. This will help him under
stancI and explain when slight differences exist. 

Listening to the recordings is also an important 
part of the identification process because the exam
iner must be assured that he is comparing the same 
sounds. In a training or research project where the 
exam iner is presen ted wi th two prepared spectro
grams to compare, both could be labeled "the". 
However, if in actuality one spectrogram was made 
from the sound "thee" and the other spectrogram 
was made from the sound "thuh", identification 
would be impossible. Knowledge of the various 
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sounds of the spoken word, what sounds are ger
mane to the identification process and how to listen 
to these sounds is necessary in the proper labeling 
of the spectrograms to be compared. 

Basic training in theory of voice identification, 
the production of spectrograms and the comparison 
process are necessary in the early development of 
the voice identification examiner. However, this 
formal schooling- does not sufficiently prepare an 
individual to undertake the responsibility of exam
~ning-. \'o~ce id~ntification evidence and to give opin
lOns 111 10renslc cases. As in otller forensic sciences 
t~lat are subjective in nature, there must be expe
nence and testing in the comparison of spectro
grams until the examiner can demonstrate his 
ability to unerring-ly resolve the problems submitted 
to him. This does not preclude the fact that in 
some cases he may not be able to arrive at a definite 
opinion. 

It. has been demonstrated in the research by the 
AudIOlogy and Speech Sciences Department of 

Michigan State University that voice identification 
by the visual comparison of spectrograms is possi
bIe- The successful use of this method in forensic 
cases and in court, therefore, will ultimately depend 
on the reliability of the trained and experienced 

examiner. 
The proper training of examiners is of utmost 

importance to the successful use of the voiceprin t 
identification technique. To this end, the l'''fichigan 
State University School of Criminal Justice makes 
the following recommendations with regard to 
training and educational requisites: 

1. Ideally, the voiceprint identification expert 
should hold a baccalaureate degree in either speech 
science or physical science. 

2. While it has been demonstrated that accept
able second generation trainees can be recruited 
from a general population, law enforcement tech
nicians with comparative identification expertise 
are the recommended trainees. 

3. In the absence of a baccalaurea te degree as 
suggested above, the following college level (ourses 
are strongly urged as a prerequisite to eventual 
use of the voiceprint identification technique: 
Phonetics, acollstics (with the accomI'anying basic 
physics), speech science, linguistics, audiology and 
basic electronics. 

4. Thorough training in the preparation of tape 
recordings and ,"oice spectrograms. 

5. A carefully supervised training program in 
voice spectrogram identification until the trainee 
reaches a 99% level of accuracy in closed trials 
working with spectrograms made:. from a homoge
neous population. 

6. Upon satisfactory completion of a training 
program similar to what h::ls been outlined above, 
the trainee should then undergo apprenticeship 
instruction with an experienced supervisor. 

V. A Look to the Future 

There are other research projects that should be 
initiated to extend the effectiveness of the voice 
spectrograph in criminal investigation. This would 
include experimentation with the identification of 
disguised voices and non-contel::porary recordings. 
However, this should not deter Its use by forensic 
laboratories or in terfere wi th efforts to pl"esent 
voice identification testimony in court. In this re
spect, voice identification is no different than other 
forensic sciences in that there are always new ques
tions to be answered. 

Research is planned for speaker recognition by 
machine. This method could very well become an 
effective process to substantiate, extend or replace 
opinions now rendered by voice identification 
examiners using spectrographic techniques. 

The possibility of using the spectrograph to iden
tify sounds other than the human voice should not 
be overlooked. As an example, let us imagine that 

an anonymous bomb threat is received and re
corded. The sound of a motor can be distinguished 
as part of the background noise. If the motor noise, 
through sou nd spectrogra phy, can be identified as 
to tvpe it might help investigators locate the ~ource 
of ~he' call. ~\gain let us iI'uagine that a woman 
calls the police and says she is ahou t to he shot. 
An explosive sound ends the conversation. The 
sound spectrogTaph in this ca~C! may be eITective in 
identifying tLe expl()~i\"C noise as a firearm, per
haps a rifle rather than a pistol, and of large 
caliber. 

As time passes, investigators and examiners alike 
will discover new applications of the sound spectro
graph as it relates to criminal investigations. It 
remains now for more agencies and individuals to 
become involved in developing expertise and gain
ing experience in order that this relatively new 
techniq ue can reach its full potential for solving 
crime. 
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I. Introduction 

'\Then a person speaks he produces a complex 
acoustic signal that contains variollS kinds of infor
nl:Jtion. This signal servcs primarily to convcy a 
linguistic message. Listeners who are familiar with 
the language can transcribe or at least repeat what 
the speaker said. Besides conveying a message the 
speech signal also reflects some of the anatomy and 
physiology of the speaker. For example, listeners 
can often determine the speaker's sex, his approxi
mate age, his emotional state, and whether or not 
he is suffering from an illness (such as the com
mon cold). Of particular interest is the ability of 
listeners to distinguish among the speech charac
teristics of different speakers. This ability is the 
basis of one method of speaker recognition. 

There are lhree gelleral lllCtllOCh of ~peaker 

recognition. The!>e are sJleaker recognition by listen
ing, ~peaker recognition by comparison of spectro
grams, and speaker recognition by machine. Each 
of these methods is described in greater detail in 
separate sections- of this report. Speaker recognition 
by listening is, of course, the method useel in every
clay life. It has been studied for a longer period 
of time and appears to be more accurate and relia
ble than either of the other methods as they are 
!l0\\' practiced. A possible limitation of this method 
is that it is entirely subjective. No matter how 
accurate and reliable listeners Illay be they are 

lIsually unable to describe the criteria upon ~\'hich 
their deci~iol1s are baseel and thus they are unable 
to justify their conclusions in a court of law. 

Speaker recognition by visual comparison of spec
trograms is considered to be a more objective 
method. Spectrograms arc visual displays of the 
speech signal. They exhibit graphic features that 
can be discussed in it fairly objective manner. But 
these features are still interpreted subjectively in 
arriving at an overall decision. For this reason 
there has been much interest in a third method, 
namely, speaker recognition by machine. Although 
machine decisions are inherently objective, they are, 
as of now, often less accurate for speaker recogni
tion purposes than comparable human decisions. 
Current research efIons in speaker recognition by 
machine are specifically directed toward overcom
ing this limitation. 

All methods of speaker recognition are based on 
the [act that it given word or phrase tends to be 
uttered differently by clifIerent speakers. There is 
much variability in the speech signal and some 
of th is "aria bili t)' is u ndoll btedl y reb teel to particu
lar speaker differences. The nature of speaker vari
ability is discussed as background material to 
provide the reader with an understanding of prin
ciples of speaker recognition. 

II. Interspeaker and Intraspeaker Variability 

It is well-known that the pronunciation or a 
given '\'ord or phrase tenels to vary from speaker 
to speaker. Acoustical analyses of utterances or sev
eral speakers typically reveal many dissimilarities. 
This efIect is referred to as interspeaker (between
speaker) variability. Interspeaker variability in the 
speech signal can be attributed in part to organic 
differences in the structure of the vocal mechanism 
and, in part, to learned elifferences in the use or 

the vocal mechanism during speech production. 
Organic differences may be determined by heredity, 
sex, and age. Learned differences may be related 
to regional, social, and cultural factors. 

Not so well-known is the fact that a particular 
speaker rarely utters a given word twice in exactly 
the sallle way, even when the utterances are pro
duced in succession. This is referred to as intra
speaker (within-speaker) variability. In generating 
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an utterance a speaker strives to produce appropri
ate respiratory, laryngeal, and articulatory activity 
that will lead to understandable speech. But many 
details of the resulting waveform will change from 
utterance to utterance depending upon rate of 
speaking, mood of the speaker, emphasis given to 
various words, and many other variables. 

The success of any method of speaker recogni
tion depends on the degree to which interspeaker 

variability is greater than ;ntraspeaker variabi.lity. 
Both forms of speaker v.triability arc extremely dif
ficult to quantify, because speaker variability is a 
reflection of many difierences in speech production. 
It cannot be meaniilgfully expressed in terms of a 
single measure. The measurement of speaker vari
ability requires an understanding of how specific 
differences in speech production are manifested in 
the speech signal. But such an undcr~tanding is 
not yet availablc. 

III. Speaker Recognition by Listening 

Several kinds of tests have been devised to study 
different aspects of speaker recognition by listening. 
All tests employ the same basic procedure. Speakers 
drawn from a presCTibed populatioJl are recorded, 
while reading selected speech material. The record
ings are ,-dited and presented to listeners, and the 
listeners carry out a recognition task. Each step 
in this procedure introduces variables that can 
influence the resulting performance. These vari
ables include the size and homorrenietv of the to , 

speaker group, the selection of speech materials, 
the size and training of the listener group, the 
mode of presentation of speech material, and the 
specific task assigned to the listeners. Each of these 
classes of variables is discllssed in some detail by 
Hecker (1970). 

The objective of most studies on speaker recog
Ilition by listening is, of course, to appraise the 
likelihood that a listener's judgment might be in 
error. In fact one of the first studies of this kind 
was motivated by a legal question of fallibility that 
arose ill the Lindbergh case of 19!)5 (:'IcGehce, 
19:~7). Li ndbergh claimed that he rccogni/ed the 
,"oice of the defendant as the voice o/" his son's 
kidnapper, heard almost threc ycars earlier. :\1-
though Lindbergh's testimony was accepted by the 
court, the cldense argued that slich recognition 
was not entitled to lllllch weight a~ lTic]cl1(c. 

McGehee swdiecl the reliability with ,dJich li;,lell
ers can recognize unfamiliar voict.''i. Group, oj 
listcners participat(·l in two cxperimclltal ;,c,.,iof!s 
that wel c separated in time, [101ll onc day to li\"c 
months. During the lirst se~sion they heard all Ull

ramil ia r spe,l kef read a paragraph 01 le~ t. Du ri np; 
the second session they heard tile ~allle paragraph 
read succt'~'ijn'ly 11\ live ,peakeI'>, including the 

speaker from the first session. The ability of the 
listeners to recognil.e the speaker whom they heard 
in the first scssion was investigated as a function 
of the time interval between the two sessions. The 
remIts, which arc shown in Table 1 indicate that 
the reliability of recognition decreases rapidly as the 
time interval between sessions is extended beyond 
two weeks. ' 

TARLE I.-l'ern.'nl Correct Recognition of Cnfami1inr ;\[nlc 
Spi'aken Afler Various Inlenals of Tim(' (After ,\[c' 

Gehet·, 19:1i.J 
. -. - -.---- _. 

/)Iln Irr'('/:I .If rJIIll/\ 
--.--~-.. .----~~--. 

~ :1 I ~ :l ~ :I 

I<~(; S:~f'; sl('; sl' W)"; ritC"; ,,,);1 , ~~~(' ; 1:1', 
- -~-.- ------

The effect of incrca,ing the numb(,r of speakers 
heald during the lir\t .,(,.,ion, was also inv(·stigated. 
\\'hell one of tll'O speakers heard during the fir'it 
;,('.,.,ion ,p(Jk(' agaill durillf,!; a ~ecol1d ;,e:"iol1 two day, 
latc'!". 77 p('rc(,flt of the listcners rccogl1i/ed his yoic('. 
\I'hell li\"(~ ,peaker,> participated ill the first s('ssiom, 
onlylli [le}'(('tlt of the li,tel1ers could r('cognil.e one 
of their \(Jice., t\I'O days later. \'ocal di;,guisc wa, 
,tl,(J found to 1)(' effective ill lowering rcmgnitioll 
scon's. In thi, ('xperimcl1t only one speaker was 
heard during till' fir'it sc,siol1. lIe disglli,ec1 his 
\"oi«; liy (hanging ih fundamclltal frequency. Dur
ing the ~e(()lId ,es.,iCJlI ht' lIsed his l10rmal voice. 
\\"ith ;\ tilll{' int('; \al of ollly one cIay, C011'ect rec
ognition II'a., rnlwnl h\ I:: percentage points. 

'111('''(' "',lilts al(' jllll'>tI;[lin' of many or Lht' 
le'lIlt-; rcpol !c·d ill litt' \( il'nriflc literature. Tlw)' 

illustrate the important fact that the speech wave
form can-ies information relevant for distinguishing 
among talkers. However, the ability of listeners 
tp identify speakers by their voice alone falls far 
short of 100 percent reliability. The quest for a 
more reliable means of identifying speakers on the 

basis of their voices has Jed to the study of speaker 
recognition by visual compal'ison of spectrograms 
and speaker rccognition by machine. These two 
approaches will be briefly described in the following 
sections. 

IV. Speaker Recognition by Visual Comparison of Spectrograms 

This method of speaker recognition makes use 
of an instrument that converts the speech signal 
into a visual display. The instrument is called a 
sound spectrograph, and the display it provides 
is a sound spectrogram (or Voiceprint, a trade 
name owned by Voiceprint Laboratories, Somer
ville, New Jersey) . Spectrograms of different utter
ances of a given word or phrase are presen ted to 
a trained observer who attempts to determine 
whether some utterances were produced by a com
mon speaker. Because the method has obvious 
applications in criminology, many studies have 
been concerned with its reliability as a means of 
positive identification. The sound spectrograph 
r msists of four basic parts: (1) a magnetic record
ing device, (2) a variable electronic filter, (3) a 
paper-can-ying drum that is coupled to the mag
netic recording device, and ('1) an electric stylus 
that marks the paper as the drum rotates. The 
magnetic recording device is used to record a short 
sample of speech. The duration of the speech sam
ple corresponds to the time required for one revo
lution of the drum. Then the spcech sample is 
played rcpea teelly in order to analyze its spectral 
contents. For each revolution of the eh-um, the 
variable electronic filter passes only a certain band 
of frequencies, and the energy in the frequency 
band activates the electric stylus so that a straight 
line of varying darkness is produced acr03S the 
paper. The darkncss of the lille at any point on 
the paper indicates how much energy is present 
in the speech signal at the specified time within 
the given frequency bane!. As the drum revolves, 
the passband of the variable electronic filter moves 
to higher and higher frequencies, and the elec
tric stylus moves parallel to the axis of the drum. 
Thus <I pattern of closel)"-spaced lines is generated 
on the paper. This pattcrn, which is the spectro
gram, has the dimension of frequency, time, and 
amplitude. 

Figure ] shows three spectrograms. Since the 
spectrograms portray different utterances of the 
same phrase, each spectral feature of one utterance 
has a grossly similar counterpart in another utter
ance. The variability in corresponding spectral fea
turcs appears to be somewhat greater between the 
two speakers (interspeaker variability) than be
twecn the two utterances by the same speaker (intra
speaker variability) . 

The spcctrogTam provides a permanent visual 
record of a speech signal. Such records may be stud
ied in detail, point for point comparisons may be 
made among spectrograms, and judgments of sim
ilarity may be expressed in quantitative terms. 
Thus, the spectrogram has obvious appeal in legal 
applications. It is likely that the full potential of 
the spectrogram as a tool for achieving speaker 
recognition has not yet been reached . 

However, the sound spectrogram has inherent 
limitations for speaker recognition applications. 
The display was designed to show differences among 
words and phonemes. It was not a purpose of the 
design to reveal differences between talkers. Thus, 
no attempt was made to have the device extract 
parameters from the speech waveform that might 
optimize speaker recognition performance. Further, 
a basic characteristic of all spectrum analyzers is 
that their frequency resolution can be increased 
only at the expense of temporal resolution and vice 
versa. The capability of a particular instrument to 
resolve frequency differences and temporal events 
is determincd primarily by the bandwidth of its 
analyzing bandpass filter. Although the sound 
spectrograph contains two bandpass filters with 
different bandwidths (45 Hz and 300 Hz), the 
choice of either filter represents a compromise. 
Those features that might eventually prove to be 
the most useful ones for differentiating among 
speakers are not necessaril)1 re\'ealecl in either the 
narrow-band or the wideband spectrogram. 
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Figure i.-Sound spectrograms of three utterances of the Phrase "Machine Recognition of 
Speech" (after Young and Hecker, 1968.) 
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Because of the limited resolving power of the 
,ound 'penrogTaph, it is possible th;lt spectro
grams prepare(l from slightly different utterances 
of the same wonl cannot be differentiated by hu
man ol)',('rn~rs. \\'hile the dif[erences among the 
utterances would be evidenL in oscillographic re
cordings (\"hich describe the utterances most com
pletely) these differences may be obscured in the 
sound spec tro!,rram. Therefore, \"hen t\\'o spectro
grams appear to be identical in all respects, it 
cannot be concluded that they necessarily reprcsent 
the same speech signal. This limitation can be par
tindarly scvere in cases where the speech signals 
II nder a naly,is arc d i,torted, or embedded in noise. 

The genera 1 procedure used in ex peri ments em
]l10\ ing the' spec trogram as a means of speaker rec-

ognition is as follows: speakers are recorded while 
reading selected words or phrases. Spectrograms are 
prepared from the recordings. Two or more spectro
grams of diflerent utterances of the same words or 
phrases arc presented to trained observers, and the 
obsen'ers carry out a recognition task. As is the case 
witll speaker recognition by listening, each step in 
this proced lire i lltroduces variables that can affect 
performance; that is, the ability of the observer to 
Illatch correnly spectrograms that represent the 
same speak(·r. The most important variables are 
described ill detail by Hecker (1970), and will 
not be discussed in this report. 

The fallibility of the observer is a crucial issue 
in the legal lise of this method of speaker recog
nition (Borders, 19G6; Ladefoged and Vanderslice, 

1967; McDade, 1968; Bolt et aI, 1970). Although a 
machine (the sound spectrograph) is used to pre
pare spectrograms, the interpretation of spectro
grams i~ an art rather than a science, \Vhen this 
fact is pointed out to melllbers of a jury they may 
he unable to evaluate the reliability of this mcam 
of identification. In the first trial in which ~pcc

trograms were allowed as evidence, the jury could 
not reach an agreement as to how much weight this 
evidence should be given (~JcDade, 1968). The 
conviction of Edward Lee King was reversed by a 
Court of Appeals became "The Voiceprint identifi
cation process has not reached a sufficient lcvel of 
scientific certainty to be accepted as identification 
evidence in cases where the life or liberty of a de
fendant may be at stake." (Kennedy, 1968) 

The use of the term Voiceprint, and the degree 
to which the analogy between \'oiceprints and 
fingerprints has been emphasized (Kersta, 1962a, 
1962b; Anon., 1965; ;\!cDade, 1968) are rather un
fortunate. There is an important diffcrence between 
spectrograms and fingerprints that is too seldom 
considered. The intraspeaker variability of the 
speech signal can be substantial. And this variabil
ity is, of course, demonstrated in spectrograms that 
represent a particular speaker. The variability ex
hibited by the whorls and ridgcs on a particular 
person's fingers is essentially zero (Ladefoged and 
Vanderslice, 1967; Bolt et ai, 1970). Any difficulty 
in matching fingerprints is caused by the fact that 
fingerprints may be incomplete or smearecl. As a 
means of identification, fingerprints must bc re
garded as being considerably more foolproof than 
the spectrograms. 

Claims by Kersta and others of the reliability of 
the Voiceprint for achieving speaker recognition 
are basecl largely on the results of unpublished 
experiments, thus the scientific community cannot 
appraise the design of these experiments and the 
validity of the conclusions reached (Ladefoged and 
Vanderslice, J 967). The published results of one 
~eries of experiments (Kersta, 1962b) could not 
be elu plicated by other investigators. Young and 
Campbell (1967), and also Stevens, -Williams, Car
bonell, and 'Woods (1968), obtained much higher 
error scores than those reported by Kersta (19(i2a, 
1962b). Such disagreements make the publication 
of detailed descriptions of future experiments ex
tremely desirable and necessary, 

In the first experiments concerned with the ques
tion of Voiceprint, the observers were required to 
sort spectrogr;-tms into groups that represented dif-

ferent speakers (Kersta, 1962a, 1962b). Later 
experiments employed the multiple-choice identifi
cation test (Kersta, 1962c; Young and Campbell, 
1967; Stevens, Williams, Carbonell, and Woods, 
1968) . There have been no reports of experiments 
dealing directly with the type of identification task 
common I y encountered in criminal investigations. 
Lac1eroged and Vanderslice (1967) argued that the 
rcliability of Voiceprint identification in practical 
cases cannot be predicted from the results of the 
publ ished stud ies. 

I t has been claimed that spectrogram recognition 
performance is essentially unaffected by the loss o[ 
teeth, tonsils, or adenoids, the aging process, and 
attempts to disguise the "oice, such as changing 
the fundamental frequency, whispering, mimicking 

wther voice, and ventriloquism (Kersta, 1962c, 
:\non" 1965). However, in the absence of su pport
ing experimental data, these claims cannot be COll

sidered established facts. Furthermore, when the 
speech signal is degraded, as it may well be when 
transmi lled by atypical telephone system, mall)' 
of I he above-mentioned factors can be expected to 
reduce the reliability of this method. 

According to Kersta (I 962b) , the probability that 
two speakers have similar enough voral-tract dimen
siems and articulation patterns to produce indis
tinguishable spectrograms is extremely small. This 
belief. which appears to underlie many experi
ments, has not been formally translated into a 
hypothesis that can he testcd with a finite popula
tion of speakers. !here is evidence that two arbi
trarily selected speakers can occasionally producc 
very similar spectrograms (Ladefogcd ancl Vander
slice, 19£i7). This situation is illustrated in Fig. 2 
for the word "you." Finc1ing~ of thi~ kinel suggest 
that the range of one hpeaker's pronunciations of 
a given word (inlraspeaker variability) may par
tially ovcrlap the range of another speaker's pro
nunciations of the same word, and argue for the 
lISC of a large number of different words in making 
an identification. There is also evidence of consid
erable similarity among spectrograms representing 
c1 ifferent members of a family (Kersta, 19G5a) , and 
this suggests another source of obserycr fallibility. 

Stevens, \\'iIliams, Carbonell, and \\'oocl, (19GR) 
examined the ability of observers to distinguish be
tween familiar anel unfamiliar speaker<; in a :12-itcll1 
identification-discrimination test. The ohserver was 
given eight reference spectrograms that reprcscnted 
eight "familiar" spcakers. There were two experi
mental conditions; either four or 16 of the 32 test 
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Figure Z.-Similar Spectrograms of the word "YOU" uttered 
by two arbitrarily selected speakcrs (after Ladefoged 

and Vanderslice, 1967.) 

grams. The results of this study are shown in 
Table II. Most of the familiar speakers were rec
ognized as such, and they were subsequently cor
rectly identified. Ivlany of the unfamiliar speakers, 
however, were erroneously recognized as familiar 
speakers, especially when they appeared as often as 
the familiar speakers. As a point of comparison, 
listening tests were conducted using the same speak
ers and the samc test format. Spectrograms were 
not employed in these tests. These clata are shown 
in Table JlI. .-\ comparison of the two sets of clata 
reveals that there were considerably more accept
ances of unfamiliar speakers in the visual tests than 
in the oral tests. "When only [our of the 32 test 
items represented unfamiliar speakers, there were 
also more false rejections of familiar speakers in the 
visual tests. Thus, speaker recognition bv listening 
was found, in this study, to be the more accurate 
method. It must be pointed out that the obsen-ers 
cmployed by Stevens et al had very little training. 
One would expect better performance from highly
trained observers, but this study does demonstrate 
that speaker recognition by spectrogram matching 
is neither obvious nor easily achieved. ,pectrograms represented "unfamiliar" speakers who 

were not represented by the rererence spectro- Data based upon carefully controlled experiment 
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TABLE H.-Percent Correct Recognition of Familiar and Unfamiliar Male Speakers by Visual 
Comparison o[ Spcctrograms. (Data are shown for two experimental conditions. After 

Stevcns, ct a1., 1968.) 

,--------------"---------------------
<\ of 32 test items by unfamiliar speakers 

~------- ---""----~---" --------------------
Recognized a~ 

~----------~-----------------

Speaker Familiar Cnfamiliar 

Familiar flO 20 

l'nhmiliar 31 69 

16 of 32 test items bl' unfamiliar speakers 

Recognized as 

Speakcr Familiar l~nfamiliar 

Familiar 90 10 

I--_______ ~ __ -- -- - -" - "- --------------+----------1 
l'nfamiliar Ii 53 

TABLE IlJ.-Percent Correct rtecog-nilioll of Familiar and "Cn[amiliar ~Iale Spcakers by 
Listening. (Data arc shown for two cxperiment conditions. Aftcr Stcvcns et aI., 1968.) 

Rccogni/ed as 

Speaker Familiar l'n(amiliar 

Familiar ~H 12 

['nfamiliar 

Hi of 32 tcst itcl1l~ In unfamiliar speaker~ 

-------------------

________ " ____ ~__ ------------------1 

Familiar ['nfamiliar 

Familiar 

(-n[a milia r 
1-.. _________ "_" __ _ 

ming wcll-trained obseners "'ill ,00Il be <lyailable. 
In a program sponsored by the :\ational Imtitute 
of Law Enforcement alld Criminal J mt ice. l' .~
])epartment of Justice. through the :\Iichigan ~tate 
Police. scienti.,ts at :\[irhigan State l·ni,er.,it) han' 
been examining ~peak('r recognition by \'isual (om
pari;on of ~penrogram,> as a fUllction of several 
\;lliahles including: quality of rccordings. context 
of wonh llsed in the identification ta,k, number of 
"peakers in thc comparison population, number of 
words u,>ed for iden t i firat ion purpm('s. and nUJl11wr 
of ',lInplcs or each word ([osi, 1 ~)7()) . Thc'>l' (lata. 
which should soon be publi"hetl. "'ill prmide a 
gooe! determination of the reliability o[ speaker ret
ognitioll by the tunent ledl11i<[ul' oi making ,i,>ual 
(olllpari,ons of 'IJl'C( h "penrograms. 

The above discl!';sion rna, be sUJl1mari/cd as 101-
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100,'s: In view of the lISe of the visual comparison of 
,[)(>( trograms ror ,peakeI' identification as evidence 
ill court., of law. the fallibility of the obser\"l'r must 
hc studied further (Bolt et a!., 1970). Future ex
pL'rilllCllh ~hollld he carefully designed ,0 as to 

;l\"oid po.,-,ihle allilacl,> ill the ]c,>ults .. \ (letailed 
d( \(TiptioJl of the experimclilal procc(lure, aCC0111-
p,lllicd Il\ tl1<' obtained dala. ~hoult! he published 
or other\\'i,e hc made availablc to the .,cientific COIll

lIluJlit\. c:Jainh should he dearlv differentiate(l from . " 

prrJ\('1l lact." and qatcmclll'> e~tahli.,hing an anal
og\ h('tIlC('l1 \'oi(eprinh and fitlgl'rprints .,hould Iw 
;l\oided .. \lthough the .,pectroglaphic method for 
"peake] idenlification has olJ\iou, pOlential in var
iou'> ill\e~tigatin' and fOn'lhi( applications. it, 
reliahiIit\ a., a llleam of idcntification has not yet 

heel! e,ta bl i~he(l. 

v. Speaker Recognition by Machine 

Two approachcs ha\'e heen tl';ed to study the 
reasibility of speaker recognition hy machine. On(' 
approach is to han' the machine generate and 

examinc amplitude-frequency-time matricc~ of 5pe
dItl ,p(·(·tll ,ample.,. Thl' ()ther approach is to have 
the llla( hine extract speaker-depcndent paramel<'l"s 
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from the speech signal and subject them to a sta
tistical analysis. Each approach has led to a number 
of recognition techniques. 

In the first case, the utterances of specific speech 
~amples are usually processed by a spectrum ana
lyzer that consists o[ a bank o[ bandpass filters, 
rectifiers, and smoothing circuits. The outputs of 
the analyzer are periodically sampled, and the am
plitudes are quantized [or further proces~ing by 
computer. Each utterance is represented in the 
computer by a data matrix. The rows of the matrix 
cones pond to the frequency bands of the spectrum 
analyzer, the columns cm respond to the temporal 
locations of the sample spectra, and each matrix 
cell contains the measured amplitude level. Such 
a matrix may be thought of as a "digital spectro
gram." For each phrase, word, or phoneme used, 
several matrices representing different utterances 
by the same speaker are combined to form a single 
reference matrix for that speaker. A reference 
matrix is thus constructed for each speaker partic
ipating in a recognition experiment. The speaker 
to be recognized IS represented by a test matrix. 
Depending on the type of recognition to be per
formed the test matrix IS compared with all, or 
onc of the reference matrices. The dei,rree of sim
ilm'ity between the tesl matrix and each reference 
matrix IS computed, and the results are used to 
arri\'e at a decision. 

There are t,,·o basic recognition tasks, identi
fication and discrimination. In the identification 
task, several reference matrices are used and it is 
assumed that the speaker represented by the test 
matrix is also representcd by one o[ the reference 
matices; thus, the reference matrix that IS most 
similar to the test matrix IS expected to identify 

the speaker represented by the test 1\latrix. In the 
discrimination task only one reference matrix IS 

used and the speaker represented by the test matrix 
mayor may not be represented by this reference 
matrix. Decision rules are selected to specify when 
the test and reference matrices are similar enough 
to represent the same speaker. A summary descrip
tion of six studies is presen ted in Table IV. For 
each experimental study this table gives the speech 
materials used, the configuration o[ the data matrix, 
the number of utterances included in the reference 
and test matrices, the recognition task, the num
ber of speakers involved, and an overall measure 
of performance. Obtained percent correct scores 
range from 89 to 95 percent. 

Techniques using statistical analyses of speech 
parameters involve two distinct processes: (1) the 
extraction frol11 the speech signal of parameters 
thought to be useful for differentiating among 
speakers, and (2) the application of decision rules 
to combinations o[ parameter values that represent 
particular speech samples. 

Questions regarding the most appropriate speech 
parameters have generally not been resolved as 
well as have questions regarding optimal decision 
rules. Various kinds of parameters have been ex
amined, using both wa\'efonn analyses and spectro
analyscs of the speech signal. Studies conducted by 
Clarke and Becker (1969), Hargraves and Stark
weather (1963), Smith (1962), Ramishvili (1966), 
Edie and Sebestyen (1962), and Floyd (I 964) 
have considered many speech parameters and sev
eral decision techniques. In general, results have 
been promising but IS clear that much work re
mains to be clone before automatic recognition 
techniques attain high reliability. 

VI. Future D~velopments In Speaker Recognition 

The pr( "ious material describes in general terms 
the current status of speaker recognition by listen
('rs, by visual examination of spectrograms, and by 
machine. Here we will comment briefly on the 
poten tial of each of these methods. 

A. Speaker recognition by listeners 

There .s little likelihood that much can be 
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done, or should be clone, to improve the avcrage 
individual's ability to recognize speakers by voice. 
Identification based on the average individual's 
recognition of voice will undoubtedly remain un
'eliable although in some cases it may be admitted 
as evidence. Trained linguists, 011 the other hand, 
are reported to be very good at recognizing various 
dialects and the geographical region of origin of 
speakers. They are 60metimes employed 111 the in
vestigation phase of law enforcement and have been-
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lIsed as expert witnesses in legal proceedings. It 
is very possible that some linguists are far superior 
to the untrained individual in achieving reliable 
speaker recognition. However, we know of no 
studies that have directly investigated this possi
bility, nor do we know of any plans to do so. Thus, 
it would appear that the potential of speaker rec
ognition by listeners is quite limited. 

It SpeakeI' recognition by visual examination of 
spectrograms 

It is unlikely that this method has achieved its 
full potential. There has been too little systematic 
~tudy of spectrogram features to determine optimal 
procedures for discriminating among talkers. 'While 
the current performance of analyzing machines can 
unduLlhtedly be improved upon, the fact remains 
that the speClrograph wa~ not designed to empha
~ize [eatmes useful [or distinguishing among talk
ers and it discards much information that lIlay be 
of value for this purpose. \Vhereas the speech 
spccLrogra ph should prove to be an increasingly 
valuable tool [or investigative purposes it is unlikely 

that it will ever, under all circumstances, permit 
positive identification by voice. 

C. Speaker recognition by machine 

This method of speaker recognition should prove 
to be the most promising. Computers are now capa· 
ble o[ performing fast and accurate analyses of 
speech waveforms. Various parameters may be abo 
stracted [rom the speech waveform and analyzed to 
determine those features most useful for distinguish. 
ing among talkers. Freedom to choose these optimal 
parameters should enable machine performance to 
exceed that of listeners or of trained observers 
using spectrograms as these two latter methods 
suffer from strict and arbitrary limitations upon 
processing- equipment. "While it is not bcientifically 
obvious that absolutely positive identification by 
voice alone will ever be achieved by any method, 
speaker recognition by machine has the best chance 
of attaining this goal. To achieve improved or per· 
fect performance the relevant speech parameters 
Illust be properly identified and incorporated into 
the analyjs and decision processes of the machine .. 
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T. Introduction 

Studies concerned with methods for identifying 
persons are important because of the legal ramifica
tions and because of the forensic involvements asso· 
ciated with the application of these studies. 

Fingerprinting, photographic and antropometric 
techniques al che most commonly used methods o[ 
identificatioll, In some instances mapping the con
tours of teeth and nasal cavities and/or mapping 
labial impressions have also proved to be useful 
means of identification. 

In the present era o[ widely used telephone, radio 
and tape recorder communication, the voice of an 
individual is often the only available clue for iden
tification. The problem that speaker recognition 
poses is essentially different from the problem of 
fingerprinting or any other type of technique of 
identification using clues that are "invariant." In
deed, the voice of an individual is far from being 
invariant as are his fingerprints. Usually no person 
utters the same wont twice with all characteristics 
being rxartl)' the same; laymen, for the most part, 
are not aware that such differences occur. 

Speech scientists refer to these differences as "in
traspeaker variability." As yet "intraspeaker vari· 
ability" is not well understood; nor has it heen 
quantified or correlated wilh specific acoustical pa
rameters of the speech signal. 

Tn contrast, differences between the same words 
uttered by different speakers are quite apparent to 
any lislener; such differences are labeled "inter· 
speaker variability." This variability stems mainly 
from anatomical differences in vocal tracts and from 
learned differences in the use of the speech mech· 
anism. "Intcr5peaker variabilily"--like "intra speaker 
variability"--has not, as yet, been quantified or 
correlated with specific acoustical parameters of 
the speech signal. Nevertheless, observers-although 
I he)' may not understand the rules of detection-do 
detect "interspeaker variability" in much the same 
manner as they detect differences in the handwrit
ings or photographs of different persons, even 10 

the point of identifying a person through these 
dues. It is to be noted that handwritings and pho-

togntphs as well as speech illYoh'e "intraperson" 
and "interperson" variability. 

Hecker (1970), in a critical study 01 the mcth
ods presently a\'ailable for speaker identification, 
classifies these methods into three gencral areas: 
a) speaker iLientirlcation by listening; b) speaker 
identification by machine; and c) speaker identifi· 
cation by \'isual examination of speclrograllls. III 
e<;sencc all three procedures are based on the as
,ul11ption that "interspeaker \'ariability" is always 
grcater than "intraspeaker variability," regardless 
of thc parameters involved in 'ese variabilities. As 
yet thi:; assumption has not been proved. Sillce 
the parameters respomible [or variabilitie~ are not 
"'ell determined and quantifIed, at the present timc 
the only way to pro\'c scientifically that "inter
sJlcaker variability" is greater than "intrasJleaker 
\'ariability" is by inference. Such an inference can 
be produced by proper e\'aluation of empirical data 
ohUlined through experimcnts of speaker idemifi
cation. :\n inference thus derived might be aflected 
by data which could be confounded by both efren, 
[rom speakel's and from the method of identifica
lion used. 

Review o( the literature conccrnlllg the three 
methods of identification descric;ed by Hecker, re
"eals certain deficiencies in each method. Speaker 
idcntification by listcning, one o[ the mcthods dis
cussed, is far from being Ion percent accurate. I t is 
an entirely subjectivc method; an expert witness 
using only this method would be unable to justify 
his conclusions in a court of law. Besides, the task 
of comparing voices purely by listening becomes a 
difficult one when se\'eral speakers are invol\'ed. In 
this case tbe method necessitates that the examiner 
r('lie~ a great deal on auditory memory since listen
ing dichotically to the known and unknown voices 
is most inconvenient. 

Speaker identification by machine, a second 
method available, is presently less accurate than any 
method in\'ol\'ing human examiners. Questions re
garding the most appropriate spcech parameters for 
machine recognilion, as well as questions regarding 
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optimal deci~ion rules arc still far from being a11-
~",ered. This ~ituation is comparable LO that of other 
fIeld~ of rc(Ognition, handwriting and fingerprint
ing, for which no recognition machines are pre~
cntl)' available. 1n the future, hard research might 
bring knmdedge to overcome the present limita
tions of~peaker identification by machine. lL is 
difficult to predict jmt ",hen "totally" reliable ma
chines will becoll1e available. But even if a speaker 
recognition machine were a"ailable, the human 
expert, trained in phonetics, spectrography ami re
b!led areas, would be required to select the proper 
~a III t>1e~ from l he unknown and known voices to 

feed thc machinc, to evaluatc the machinc output, 
and possibly to check the results by using an alter
native method. 

The third method of spcaker recognitioll is based 
upon the visual examination and comparison of 
~pectr(lgraJl1s. Speech ~pectrography ",as developcd 
at Bell Research Laboratories by Potter cl (I/. 
(IDJ7). This type of spectrography i~ aC(()lllpli~hed 
by the UM:' of an inslrument called a sound spectro
graph, which tramfonns speech into a visual dis
play, a spectrogram. The spectrogram portrays three 
main parameters of spccch: time (horil.Ontal axis), 
frequencies (vertical axis) ami relative amplitude 
(degree of darkness of the different spectrographic 
regioWl). Each phoneme, wonl or phrase is corre
lated with a characteristic spectrographic pattcrn. 
The general a~peCl of patterns corresponding to 
dillerent utterances of the same "'ord are similar, 
ill such a "'ay that a person specially trained in 
"reading" ~pectrograms, could determine with more 
or Ie,s accuracy which words or phrases were por
trayed by a particular pattern. However, "inter
~peaker" and "inlra~peaker" variabilities are also 
portrayed by the spectrographic patterns. 1n fact, 
the spectrograms of difrerent utterances of the same 
word or phrase by the same or by different speakers 
are 1It'\"('r ('s((ell), alike. 

Kersta (1902) claimed that spectrograms of sev
eral utterances of the same words by a given speaker 
always contain more similar spectral features than 
those pl'Oduced by difrerent spcakers. Kcrst,l con· 
(illtled, therefore, that speaker identification by 
visual examination of spectrograms, has to be re
liable .. \cconling to Kersta, speaker recognition by 
visual impcction of spcctrograms consists of sub
jectivcly matching similarities found in pairs of 
~pl'rtr()grams from the same person, tllat are not 
found in pairs of spectrograms from different per
~ons. The di~similaritics presented by the matched 
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spectrograms arc disregarded; they are assumed to 
be a result of intraspeaker variability. To back his 
claim, Kersta published the resul ts of experimen ts 
he performed at Bell Research Laboratories. In 
these cxperiments he observed fewer than I percent 
of wrong identifications. 

.\latdling similarities through the combination 
eyc-brain is essentially a subjective method, but the 
examincr can display objectively these similarities 
in a coun of law to support his subjective con
dusions. The possibility of objective displays for 
legal application has perhaps made this lllethod of 
~peaker recognition quite appealing. Unfortunately 
this characteristic has led to its being labeled 
"Yoiceprinting." This wore'. cOlweys the erroneous 
impression that speaker recognition by visual ex
amination of spectrograms can be equated with 
fingerprinting. Xor ~hOllld it be assumed that Ker
sta"s method precludes listening to the known and 
unknO\\"n voices. On the contrary, the examiner 
who selects samples of the voices to be spectrally 
compared must listen to the samples in addition to 
examining the spectrograms visually. The spectro
gra ph (,()mmercialized by Kersta under the trade 
name of ""oiceprint" (presti, 1967) has a special 
playback mechanism, that allows piOper selection 
al1ft continuous listening of samples prior to their 
being fed into the processing circuits. Since 1952 
Kersta has been producing legal testimony on 
speaker identification b)' using his method, as well 
as offering training in this "art" to law enforce
men t officers. 

Severaf speech scientists (Bolt ct nl., 19(0) have 
eXlJressed their concern [or the legal application of 
"\"(liceprinting," prior to proving its accuracy and 
reliability through controlled experimentation. 

Tosi (1907, 1958) evaluated the "voiceprinting" 
method by analY/ing the data derived from 235 
experimental trials of identification performed by 
nine of Kersta's trainees, as well as by participating 
himself in the training courses gi"f~n by Kersta at 
the Voiceprint ~aboratories. These trials of identi
fication of one speaker among 50, using five clue 
words, yielded an error of 5.:l percent. In his report 
le) the l\lichigan Department of State Police, Tosi 
could only conclude that the "Kersta method shows 
promise," suggesting the neecl for an independent 
study, one that would include variables not con
sidered by Kersta in his experiments and that 
would further test "voiceprinting." 

Such a study, "Michigan State University Voice _ 
Identification Project," was conducted at the De-

partment of Audiology and Speech Sciences of 
.'vlichigan State University from 1968 to 1970, under 
a contract with the Michigan Department of State 
Police, through a grant from the United States 
Department of Justice. 

A, Purpose 

The two year Voice Identification Project, con
ducted at the Department of Audiology and Speech 
Sciences, Michigan State University, from 1968 to 
1970 had the twofold purpose of: 

1. replicating Kersta's experimental trials of 
speaker identification by visual examination of 
spectrogarms, and 

2. testing other types of trials of speaker identi
fication that included variables most relevant to 
forensic applications of this method, not reported 
in the Kersta studies. 

B, Variables tested (Figure 1) 

1. Different number of clue words: nine and six 
clue words. 

2. Different number of utterances or examples: 
from the same clue word produced by each speaker: 
one, two, or three utterances. 

3. Different types of recording transmissions: (a) 
directly into a tape recorder; (f3) through a tele
phone line in a quiet environment, and (y) through 
a telephone line in a noisy environment (50 dBL

I
) 

of white noise measured at the head of the speaker) . 
4. Context of the clue words used for identifica

tion: three types of contexts were tested: (I) clue 
words spoken in isolation; (II) clue words spoken 
in a fixed context-same sentences produced by the 
known and unknown speakers were compared; 
and (III) clue words spoken in a random context
different sentences containing the clue words were 
compared. The clue words used in this experiment 
were: it-is-on-you-and-the-I-to-me. These words were 
selected because of their high percentage of occur
rence in English. 

5. Different number of "known" speakers in
cluded in each trial of identification: 10, 20, or 40 
"known" speakers. 

6. Time elapsed between recordings from the 
same speaker: these recordings were obtained dur
ing two different recording sessions, held one month 

apart. Spectrograms obtained from the first record
ing session were divided into t\\'o sets. One set was 
assumed to correspond to a known speaker and 
labeled "known spectrograms." The speaker num
ber was stamped directly in the "known spectro
gTam." The other set was assumed to correspond 
to an unknown speaker and labeled "contemporary 
matching spectrograms." The speaker number was 
coded in the matching spectrograms. SpectrogrCtms 
obtained [rom the second recording scssion were 
assumed to correspond to an unknown speaker 
and labeled "non-contemporary matching spectro
grams." The speaker number was coded in the 
"non-contemporary matching spectrograms." 

7. Awareness of the examiners: two different 
conditions were tested: a) closed trials: in which 
the examiners were aware that the "unknown" 
speaker was among the "known" O:1es, and b) open 
trials: in which the examiners were not aware 
whether or not the "unknown" speaker was among 
the "knmm" ones. Although the examiners were 
gi\'cn only "open trials," thc researcher presen teel 
randomly to them two different types of open trials: 
open tri:lls including the unknown speaker among 
the known speakers (trials referred to as "open
match") and open trials in which the unknown 
speaker was not included among the known speak
ers (trials referred to as "open-no match") . 

Listening to the unknown and known voices was 
excluded from this study, based solely on visual 
examination of spectrograms. 

C. Speakers and spectrograms 

Two hundred fifty speakers, randomly drafted 
from a population of approximately 25,000 male 
students at Michigan State University, participated 
in this experiment. The mean age of these speakers 
was 19.8 years; the range 17 to 27 years; standard 
deviation 2.1 years. This population excluded for
eign students; all speakers were natives of the 
United States of America, utilizing general Ameri
can English dialect with no speech defects. 

The speakers recorded nine clue words during 
two sessions held one month apart. The nine clue 
words were spoken in isolation, in a fixed context 
and in a random context provided by six different 
sentences. The same texts were repeated six times 
by each speaker in each recording session. The 
recordings were obtained by using three different 
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Figure 1.-0rganization of the experimental design. For each cycle including 9 or 6 clue words, 486 different types of trials 
were performed by 9 subpanels of examiners. This process was reiterated 4 times. Total number of responses for each 
type of trial 9 x 4 = 36. Total number of responses for each cycle: ~86 x 36 = 17,.196 

MSU Voice Identification Project 
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types of transmission: a, ,8, and y as described on 
page :t 1. 

These recording were processed through a "Voice
print" spectrograph using an expanded scale of fre
quencies from 50 Hz to 4,000 Hz. The spectrograms 
yielded by each speaker during the first recording 
session were divided into two groups. Spectrograms 
of the first group were assumed to ha.~'e been pro
duced by "known" speakers. They were designated 
"known" spectrograms and consequently labeled 
with the corresponding speaker number. The sec
ond group of spectrograms wcre cOl1'iidcrcd as 
produced by "unknown" speakers. They were des
ignated "contcmporary matching spectrograms;" the 
corres!Jonding speaker number was therefore coded 
in these spectrograms. All the spectrograms yielded 
by the 250 speakers during the second recording 
session were assumed to correspond to "unknown" 
speakers. They were dcsign,ued "non-contemporary 
matching spectrograms." The speaker numbers were 
also coded in these spectrograms. All coded numbers 
were covered with masking tape, so as to be invis
ible to the examinE.rs. 

D. Examiners and training of examiners 

Newspaper advertisements were used to announce 
the opening of examiner positions. Applicants 
were screened prior to their selection as examiners. 
All 29 examiners who participated in this study 
passed the screening tests. The process of applicant 
screening included: 

1. Lecturing briefly to the applicant on spectro
grams and spectrographic data; 

2. Showing the applicant pairs of very similar 
spectrograms of a sentence produccd by the same 
speaker, and pairs of quite different spectrograms 
of the same sentence produced by different speakers; 

3. Asking the applicant to decide by visual inspec
tion which two out of four spectrograms had been 
pr~)duced by the same speaker. Each applicant was 
subjected to three different trials of this type. 

4. Those applicants who performed successfully 
the above trials were given a final test. The appli
cant was asked to decide which two, among eleven 
spectrograms of nine words spoken in isolation, were 
produced by the same speaker. 

Only those applicants who performed success
fully on the tests were considered for participation 
in the study as examiners. Those accepted received 

approximately one month of training prior to start
ing the experimental trials. This training consisted 
of: 

1. lectures on phonetics and spectrography, and 
a discussion of the variables to be tested in the 
experiment; 

2. performance of closed trials of identification 
of one speaker among ten, by using words in iso
lation. contemporary matching spectrograms. These 
trials ,,,ere first performed under direct supervision 
of the researcher; aftcr a few days the examiner 
was left on his own. f-Ie was informed of his mis
takes and allowed to compare the right matches 
wi th the wrong oncs that he had selected. The 
examiner wa~ instructed to make mainly subjective 
decisions similar to those made "'hen comparing 
dW'erent photographs of faces or different hand
writings. In the eyent that he feIt uncertain about 
his judgment of matching several spectrograms of 
known voiccs which appearcd to be subjectively 
vcry similar to the spectrogram of the unknown 
voice, the examiner was instructed to consider 
the following objective points of similarity between 
srectrogram~ of the unknown and known voices: 
(a) simil<lr mean frequencies of vowel formants, 
(b) formants banel-widths, (c) gaps and type of 

vertical striations, (d) slopes of formants, (e) du
ra t ions, (f) characteristi c patterns of frica tives and 
in tel'form<ln I energies. According to Kersta these 
similarit i are often present and more numerous 
in pairs Ol ~pectrograms of the same words produced 
by the same speaker at differen t times, than in pairs 
of spectrograms of the same words produced by 
different speakers. 

73. After each examiner performed these closed 
trials including contemporary matching spectro
grams and words in isolation, with a success better 
tha'l 96 percent, he was given other types ,;[ tasks 
that were increasingly more diffcult. These "ad
vanced" ta~ks included: open trials, non-contempo
rary matching spectrograms, and woreIs in fixed 
and random contexts. 

After one month of training the actual experi
ment started. Spectrograms used for training were 
not used during the experiment. Listening to the 
unknown and known voices was excluded from this 
~tud y. 

The examiners were grouped into three panels 
according to sex and background (Figure 2). The 
first panel consisted of women ranging from 17 to 
60 years of age, with various levels of education, 
from high school up to four years of college. The 



second panel included male undergraduate students 
from several departments of Michigan State Uni
versity. The third panel was f0~·med exclusively by 
students from the Criminal Justice Department of 
this University. Further, each panel was divided 
into three sllbpancIs: one formed by a team of 
three examiners, one by a team of two, and the 
third subpanel consisted of a single individual. 
These nine sllbpanels performed the same experi
ment·tl tasks, yielding nine answers for each differ
ent type of trial. 

The examiners belonging to each panel were 
rotated within the three different subpanels of one, 
two and three members that comprised every panel. 
This procedure permitted a better observation of 
effects due exclusively to panel type and subpanel 
size, minimizing individual effects on the results. 
However, individual variations among examiner 
perfnrmances were detected and qualitatively eval
uated by the staff. 

A total of 29 examiners were employed in the 
project. This total number provided personnel for 

Figm·e 2.-Pancls and Subpancls of Examiners 
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MSU Voice Identification Project 

l. Panel af Wonlen 
Ages: 18 to 60 
Educal: High Sch. to 

College 

1.0 Subpanels of 
Women 

l. 1 One examiner 
1.2 Team af two 

Examiners 
1.3 Team of three 

Examiners * 

Cycle of 9 Clue Words 

No. of difl. types of tas ks 486 
No. of reiterations 4 
No. of subpanels answ/task 9 

Total No. of trials 17, 496 

2. Panel of College 
Students 
Ages 19 to 26 

2.0 Subponels of 
college students 

2. 1 One examiner 
2.2 Team of two 

Examiners 
2.3 ~am of three 

Examiners * 

No. 
No. 
No. 

3. Panel of Criminal 
Justice Students 
Ages: 20 to 35 

3. 0 S ubponels of 
Criminal Justice 
students 

3.1 One examiner 
3. 2 Team of two 

Examiners 
3.3 Team of three 

Examiners* 

Cycle of 6 Clue Words 

of dift. types of tas ks 486 
of reiterations 4 
of subponels answ/task 9 
Total No. of trials 17,496 

* For this cycle the subponels of 3 menlbers 
were reD laced bv s ubpanels of 2 menlbers 

(ompleting the nine subpanels utilized, as well as 
compensating for the rate of attrition due to resig
tions. All examiners received the same screenino-

b 

and training as described above. They were paid 
a f1a t rate per hour. Toward the end of the first 
cycle of the project, in which nine clue words 1rere 
used for the identification trials, the rate of ex
aminers' attrition increased, reducing the crew to 

only 15 examiners. Since less than four mOllths re
mained [or the termination of the contract hiring 
and training new examiners seemed incon'\'enien't 
at tlwt p()int. This opinion ,,'as reinforced by the 
observation that the examiners 1\·ho quit wc.:r~ the 
le~s moti\'ated of the group, often complaining o[ 
boredom and fatigue. Decision was made to COIll

plete the second cycle of the project, using only 
these 15 more motivated and relialJle examiners. 
Although teams of three members had to lJe re
duced to team." of two members, no significant ellen 
from this alteration was expected. 

E. Experimental procedure 

The experiment \\"as divided into two cycles, the 
first lIbing nine due words and the second, six due 
words. There were ·HlU diflerel1l types of tasks ill
\olYing every possible combination of the \'ariables 
t("sted. Each combination was reiterated four times 
in an unsystematic manner by nine subpanels of 
examiners, using dilleren t spectrograms in each -re
iteration. Consequently there "'ere :Hi answers for 
each 01 the ·186 different tasks, yielding a total of 
17.'HJ6 triah per cycle. Therefore, the total number 
of trials in\'ol\'ed in this experiment was :H,99~. 
One-third o[ the trials were the "closed" type; 
two-thirds were "open" trials of which 50 percent 
were "open-match" and 50 percent were "open-no 
match," ralldo1l1ly presented to the examiners. 

The ex,llniners worked three hours daily, com
pleting as many tasks as possible. Examiners were 
encourag-ed to [ake rest periods as needed to ayoid 
fatigue, a condition that might hamper examiner 
performance. 

To perform identification trials the examiners 
were provided with a set of' spectrograms assumed 
to correspond with known speakers ("known" spec
trograms) and spectrograms assumed to correspond 
to an "unknown" speaker ("matching" spectro
grams). These spectrograms were arranged on '2.7 
sperially designed tables and sheh·es. Each table 
was used [or a specific task, and was supplied daily 

\\·ith different spectrograms. The matching spectro
grams (unknowll voices spectrograms) were secured 
on the tables with masking tape covering the coded 
lIumbers. The knoWll \·oices spectrogram~ ,,·ere 
placed on the shelves .lttachecl to each table. 

Examil1ers of each subpanel were pro\'ided with 
answer ,heets specifying the type of trial arranged 
on each table. (See Figure ?l). Judgments from 
each trial \\·ere recorded by the examiner~ 011 these 
am\\'er sheets ... \fter the completion of each answer 
,heel, the members of the respective subpanel were 
i 11 formed of their 11! istakes and g~ \,en an oppor
tunity to inspect the correct matching spectro
grams. This procedure en('()uraged continuom 
le.lrning on the part of the examiners. 

The tasks of the examiners in the upell tria Is 
consisted of deciding whether the "matching" spec
trograms were or were nut produced by one of 
the "known" speakers; and if they ,,'ere, which 
"knmm" speaker produced them. III the.'>e open 
trials three kinds of erron were po~.,ible: (See 
Figure ·1) . 

1) Error A: a match did exist but the examinc.:r 
selected the wrong one. (Fal-;e Idcntification) 

'2.) Error B: a match did exist but the examiner 
failed to recognil.e it. 

:1) Error C: a match did not exist although the 
examiner selened one. (False Identification) 
Errors .:\ and C can be together labeled "errors of 
wrong matching" or "false ideritifications"· 

In the closed tria Is the examin~rs had to decide 
\\ hich "kn()\\'l1" speaker produced the matching 
spectrograms. III these closed trials, since a match 
ab,·ays existed, only cne kiml of error was possible. 
This error was labeled Error n. (Fahe Identifica
tion or \ \'rong :,\1<1 tching) 

Each subpanel wa~ forced to reach a commoll 
positive decision in each trial; the decisioIl ,,·a~ 
arri\'ed at through discussion. In addition each 
member of the subpanel had to indicate his con
fidence-or lack of confidence-in thi~ common 
posi ti\'e decision. The following scale of self (on
fidence was used for !';cading: J = alIl1o~l uncertain; 
2 = fairly uncertain; 3 = fairly certain; ·1 = al
most certain. Figure :3 is a wpy of the answer 
sheets used to record decisions a nd COil ficience 
ra ti ngs. 

E,ICh subpanel used a different answer sheet, 
upon which up to '2.7 trials could be ;·ecorcle(l. .. \(ter 
completion of these '2.7 trials, the members of each 
~lIhpanel Stl bmi tted their answer sheet to the re
warch assistant. She analyzed the recordecl answers 
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and graded the right responses with the numeral 
one (I); she graded wrong responses with the 
numeral I.ero (0). The numeral zero was followed 
by the letter A, B, C or D accordi ng to the type 
of error made. The numbers expressing the self 
confidence of each member of the subpanel on each 
common response were averaged; so the result 0[ 

each trial was finally quantified with two expres
~ions, conveying the right or wrong response and 
the ,l\'eraged self con fidence grade on such a 

response. 

The results [rom trials, randomly presented to the 
subpanels, were transcribed and grouped in master 
ta.bles to facilitate subsequent analysis. (See Appen
dix A) . These master tahles were designed to pro
vide the experimenter with a systematic means for 
arranging in an orderly fashion the randomly ad
ministered types of trials. Checks of the correctness 
o[ the transcriptions were made daily, and all an
swer sheets were filed in a room protected with an 
electronic a13rm system connected with the Univer

sity Police Headquarters. 

Examiners usually followed the same procedure 
to complete each trial o[ speaker identification. The 
steps in this procedure were: I) comparing the 
~peClro!;rarnS or the unknown a11(l known voices b} 
a rather ra~t scan; 2) di5('ardin[!; those known voices 
spectrogram~ that appeared subjectively to the ex
aminer as containing no significant similarities with 
the unknown voice spectrograms. Usually Lhe,e steps 
reduced to a yery few the known voices spectro
grams to be further examined; 3) continuing the 
scanning by folding anc! superimposing each of the 

remaining known spectrograms on the matching 
,pectrograms. This procedure provided the ex
aminers with a better technique in searching for 
similarities and reduced even more the number of 
suspected known spectrograms; '1) If the previous 
steps did not produce a positive decision, the ex
aminers counted the number of similarities they 
found between each of the suspected known spec
trograms and the matching spectrograms. These 
similarities were listed on page '15. The known 
"pectrogram which presented more points o[ simi-
1m-hies was supposed to be chosen as a correct 
response in the case of closed trials. For open trials 
the procedure wa~ essentially the ~.,Jl1e, but compli
cated by the circumstance th?t the examiners had 
to decide bet ween two poss'ible alternatives: "there 
is not a match," or "there is a match, being speaker 
11 the same as the unknown speaker." 5) Subpanel 
members arrived at a common decision [or each 
trial through discussion. 6) A(ter the decision was 
reached, each subpane1 member assessed this deci
sion by registering his personal rate of confidence 
on the common decision. He used the grading scale 
clesc-rihecl earlier and recorded his judgment on the 
subpanel answer sheet, which were given to the re
~earch assistant for tabulation on the master tables. 

A[ter completion of each cycle, the results from 
the master tables were coded in IB;\{ cards and 
processed through the 3600 CDC computer to cal
cu late error percentages and perform an analysis of 
variance to test significances and interactions of 
the different variables involved in the experiment. 
AppendiX B includes a complete report of the 

analysis of variance performed. 

II. Results From the First Cycle of the Project 

During the first cycle of the present study, nine 
clue words were used in all experimental trial<; o[ 
~peaker identification. This cycle was completed 
in approximately eigbt months. As described earl
ier, there were '186 diITerent types of trials il1\'olving 
each possible combination o( the variables tested. 
Each combination was reiterated four times by nine 
~ubpaneJs or examiners, using (\i{Tcrent spectro
gTams in each reiteration. Therefore, there were 36 
amWC),S for earh of the~e ·IHG di{l"erellt tasks, yield
ing a total of 17,496 trials o[ speaker identification. 
Onc-third o[ these trials were the "closed" typc; 
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two-thirds were "open" trials, 50 percent "open
match" and 50 percent "open-no match," randomly 

presented to the examiners. 
The results [rom this first cycle were processed 

through a CDC 3600 Computer. Table I presents 
the pooled percentages of correct responses pro
duced by the examiners under each of the main 
conditions tested in the project during this first 
cycle. Percentages (rom the different levels of each 
main condition level were computed by collapsing 
all other conditions and pooling responses from 
the nine examiner sub panels obtained in each of 

the four reit~rations of the 486 different types of 
tasks. A detaIled report o[ the analysis of variance 
performed with the subpanels' responses is includee! 
in Appendix B. The results of this analysis of vari
ance are also shown in Table I. No significant 
statistical diITerence was detected between the [01-

IO'wing levels: 
1. one, twO or Lhree ullel'an('c~ or exall1plc~ 01 

the same clue ,\"Ore!. Percentage of correct responses 
from all trials using one utterance of each of the 
nine clue words, was 91.29 percent; using two utter
ances, 90.96 percent; and using three utterances, 

92.-19 percent. 
2. a, {3, and y types o[ recordinrr transmissiom. 

Percen ta~e of correct responses fr0111 all tria Is usi ng 
a recorchng transmissions was 92.·12 percent; llSlt1g 

{3 recording transmissioll, 9Ull !)ercent; and llsin o' " 
y recording transmission, 91.02 percent. 

Other levels of the variables tested showed sta
tist~cally significant differences. Another analysis of 
variance was performed to test the cliITerences in 
~he performance of panels and sub panels of exam
\Ilers (Appendix C). Table 2 shows the results of 
this analysis, as well as the percentages of correct 
repol1Ses from each panel and subpanel, pooled 
over all the com1110n trials of speaker identification 
they perrormed. 0:0 significant diITerence was de
lected bet ween panel types, but a significant diITer
et:ce was detected between subpanel sizes: subpanels 
o[ three members performed slig~1tly better than 
the other subpancls. However, it must be pointed 
oUl that size alone may not be responsible for this 
dilTerence in perrorma.nce. It is believed that com
position of the subpanel may also have been a 
contributing factor. Examiners rotated freely among 
the subpanels of their assigned panel. It is quite 

TABLE L-First Cycle-Rcsults of all Anahsi~ of Variance of tile COI-rcet Rcsponses }'rodnced under Each of the Main 

ConditIon 

:'\umbcr of IHtt'ranee' or thl' ',I me ell,,· \\'ord: 

I utterance . 
:! ullerann.'s 
3 U\lcrances 

Condi tions Tested 

Pooled percen \age 
of corre([ rc,ponsc, 

91.29 
90.96 
H2.!!) 

I'robability o[ the difference 

betll'cen Ic\cls, Ie's titan: 

n.s. 
n.s. 

1---------------.---- ~--------.--.---.+----- ----- ------_. 

Different tyPCS of recording Lramllli"ion" 
(a.) directly into a tape rccorder ... 
(f3) through a telephonc linc in quiet enyironlllcllt 
loy) through a telephone line in nois\' cn\'ironmclll 

j-----------.--.------ -. -"--" 
Context of thc cluc \\'oJ'(h spokcn: 

(I) in isolation .... _ ... 
(II) in a fixed ront(,:l.t .. 
(III) in a random conlcxt 

r----------------------------. 
Different lltnnbcr of "kno\\'n" spcakers: 

10 speakers 
20 speakers ........... . 
40 speakers ............ . 

r--------------.----. -
Time-elapsed between recordings: 

contemporary matching spectrograms .. __ .... 

non·COtllemporan· matching spcClrngrams 

Awareness o[ examiners: 
closed trials ......... , ........ . 
opcn lrials .... _ ..... _ .... _ ....... . 

~---------------- ... -.-.-.. 

92A~? 

91.31 

91.02 

95.77 
92.39 
Hfi.59 

93.03 
91.Ri 

H9.SH 

... _-' --.--- .. ~-~- ----

(1S.21 
R7.9;; 

91,.1R 
90.14 

11_5. 

n.S. 

0.01 
0.01 

I1.S. 

0,01 

.. -~-~----.-----.,....--~-~ 

0.01 

0.01 
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T,\BLE 2.-Fir~l Cyde-Rl'wlts of the Analysis of Varimlcc of the Percentages of Correct Responses Produced by l'ancls 
and Suhpancls of Examiners 

... _ ..... - .. ---.-----,-------~.-----------. 

Percentage or I'rohabilil\' of lhe difrerence 
correct rcspon'c~ !Jelll'cen lc\'cls 

,-~---------.---.------- ---- - - ~------

Panel 'T\l't' 

'illhpaIH'1 '>i/t, 

l'al1('1 I,(J WOlllcn 
Pand :!,O College stlldcnh 
I'allt'l :LO Criminal lu-ticC' stlldellts 

'ill b]1:111('1\ of I 111t'11l bel' 

'>lIhl'au·'I, 01 " IlIclllll(')'s 
~lIhpallt'l, 01 :1 Illelllbcr' 

possible, therefore, that each three-member sub
panel had among its members one high quality 
('xaminer; there \\'oule! he less chance of this occur
ring in the other two subpanels. The staff observed 
that the best cxaminers oftcn exerted positivc influ
ence Oil those less motivated. 

The g)';JIHI llIeall pe)'('('nt;lge 01 ('no)', I)'oln the 
17,.'100 trials of speaker identification performed 
during the first cycle of the project, including nine 
clue ,\'Orels was 8.9 percellt. This grand mean was 
rom posed of '1.3 percent errors of wrong matching 
or false identifications (errors A + C + D), and 
,1.6 percent of failures to recognize a match when it 
aCllwlly existed (error n). These percentages do 
not offer any kincl of specific information because 
they were pooled [rom trials il1\'olving many dif
fcrent conditions, In order to construct models 
1('lcvant to lhe forensic point of view, trials were 
grouped ;t((ordillg to the folloll'ing charact('ri~ti(',: 

I. awareness of the examiners (closed or open 

trials) , 
2. timc-elapsed (contemporary or non-contem

pOlary matching ~pectrogral11s). 
:1, conlext. (due worels spoken in isolation, in a 

fixed COil text or ill a random context) . 
There were 9;2 closed trials and 19H open trials 

(Illatdl and no-match) for c;lLh or the six possible 
(()ll1iJinatioJ1s of time-elapsed and context lerels. 
Errors from each group ,,'ere COllntee! and per
cen tage, were CO III puted wi th res peel to the total 
Ilullliler of triah 01 e;tch group (9;2 or 1911 

respcctively) . Ta ble :i shows these [2 percen tages. 
Figure 5 di~pla)'s graphically the figures from Table 
:1. The consistent patterns of this graph migllt con
~titllt(' an indicator of the examiners' reliability, 
cOllsidering that each point of the graph represents 

[iO 

!ll.30 
92.13 
91.31 

11." 
n,", 

--~-------r-----------'--------

DI,Of> 
nO,3f> 
D:1,31 

n.~. 

<0,01 

_~ __ ~_. ______ ~ ____ L..._ ~.~ __________ . 

grouped data obtained from trials examiners per
forllled ill all almmt random ,equcnce. 

Two groups of tria1s are especially pertinent to 
the forensic point of view: open trials determined 
by the lise of non-contemporary spectrogTams and 
clue words spokcn in a fixed or in a random COll

text. In fact, all real cases of forensic speaker 
identification ,,"ould include these particular vari
ables, regardless of the number of known speakers 
nnd examiner, illvolved, The tOlal error percent, 
ag-es yielded by these two groups were 1'1.35 per
cen t and IS.26 percent respectively, 

,\ brea k-clown of these total percen tages shows 
tirat approximately olle-thin! or the errOI'S or fabe 
identifications (errors:\ + C) and two-thirds were 
failures to recognize a match when it actually ex
isted (error B), In summary, the percentages of 
false identifications observed in these forensic mod
els wcre ,1.22 percen t and 6,43 percen t [or clue 
words in fixed and in random contexts, respectively, 
Percelltages of [ail1l1'es to Tecogl1ize a match when 
it actually existed were 10.13 percent and 11.83 

Jlercent rcspectivcly. 
Another group of trials-closed trials, contem

porary matching- spectrograms and clue words 
spoken in isolation-produced findings germane to 

the goals of thc study. Since these werc essentially 
the variables tested by Kersta in 1962 and exam
ined again by Tosi in 1965, their importance to 

the prescnt study can be seen. The error percentage 
lor this group was 0.51 percent, the minimuml 
lowest error percentage ouservecl in the project, 
as expected, I£o\\'e\'cr, this group of trials does not 
fit any type of forensic model and has no direct 

a ppl ira tion. 
The upper limit of the range of errors was found 
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t T' I ;lnd Six Groups of 1!l44 Open Trials 
I I ',I'fIJf I'''f'(cnta.''cs of Six Groups of !liZ Clo~('( na s 

TABLE ~.-Fir'l Cytie-I'oo CI'_ ' ,., 
of SpI'akef IdclItiflcatioll 

-~- --- -------
Open Trial~ 

'\oll 

(ollll'mpm;!t\ 1I111LCIlIporary COlllelllpOran 

\Iat( ~lin~ 

'\Ol1-COlllcmpOral"\ 

\Ialching 
\Jalillitlg \lallhil1~ 

~p('tl rogr31ll' 
~I'('( t I ogl <l11l' ~P('(( rogralll' Sl'rnrognlll1' 

~-- ----" ---- ~---~-.--- -

0.1 I 11) I 

1 .. ')5 (:\+B+C) (Ui~ (:\+II+C) 

(l.~(i (A+C) ~.37 (.\+0 

1.1 I) Ill) 
- () .. (1\) f._ J 

J.Il:l (Ill 

3.1 I (A+II+C) 1·1.3", (:\+B+(:) 

I.Hl L\+C) I.~~ IA+C) 

IN, /11 ) 10.13 (T\) 

--"-- ~----

7.J I l' 

12.2D (:\+B+(;) lH.2fi (:\+B+C) 

·1.01 (,\+C) tiA:l (,\+C) 

x,2~ !H) II,~:; (B) 

- - .. ~--~---------

:\nlc.-'\. II. C. [) It'II'I' to Iii" 1\ PI' 01 ('II"" ,I' cll'" I iiJnl Oil p •• gc n. 

in another g-roup of tria\<' chararteriled h,,: open
match types ex(\u..,ivr·ly, nOll-contemporary m:llch
illp; 'PC( tt'ngl am'>, and rlue wonl<; SpllkCll III a 
I anclolll contl'Xl. Thi\ gro\1p, which abo docs Ilot fit 
;Iny typc 01 forensic model, yielded 29.01 percent 

error. This ('xtreme error percentage was composed 
of 5,~~Ii percent of lahe id('ntificati()n~ (error A). ~nd 
~:Uj(i pencllt of failul c, to rccog11l/e an eXisting 

mat{ It (error B) . 

III. Results From the Second Cycle of the Project 

The ,l'lOlld (yell' of the projcct, uo;ing six due 
",ord~ instead ol nine, \1';1', undertaken after all 
\i,.\\Hi niab 01 idetltifir<ltioll lor the fir,t cycle \l'ere 
(ol11pll'tl'd. The pu rposc o[ I h h replication \\'a~ to 

obtain intOlmatiol1 {olH('rlIing the e(leCl a rcduc
lion ill t.he number of (Iue \I'ord, \I'ouldior would 
l10t 1I.\\'e 011 the ;lrCllral)' 01 thl' examiner" [t 

,hould be pointed out. that till' major rHlcling, 0,[ 

tlw \'oirl' Id('lItirication PlOjec t wen' those a"o{ 1-

.Ilet! with the rnst eyrie, The ,in)!,lc purp{)<,(' o[ the 
,>l'wl)d c\'rlc ll'plic<ltiol1 \I'a, 10 cOl1lpare dl('c t, [rom 

hot h ('\'(' ks. 
'-,('('(;11(\ l HIl- 1 (,~\Ilh rna \' Ill' ,011Ie\\'l1a t bia'>('c! 'ii nrc 

l'xaminel, gainl'd L'xpcrit'IHe during Ihe preceding 
('i"lIt mOIHI\'" the I inll' requin·d to lOlIlpll'tc the 
[\;~t ("til'. Thi, l',-pt'riCllC't' or !earning wa, il1 midi 

tion to the trall1ltlf!; that all examiners received 

prior to the start of the study. , 
Comment conccrninf!; the performance of the ex· 

amillers i~ relevant, Only the more motivated per
~(J1l'> rClllaillec\ with the project long enough t.D 

(Olnp\('l(' the ~ec()nd cycle; some of ~hose who qUIt 
c ol1'>ic\('l'cd the task extremely bOring, The staff 
()b~erY('d that many of the less motivated examiners 
did not perform well. These examiners tended 
to take an excessive number of rest periods ~nd 
,howed little concern for reaching the best posslble 
tk{ i,iol1 in each trial, behavior which was viewed 

;(', IW1l1pering performance, 
.\ procedure that would have eliminated th,e e[, . 

leet 01 all increasing experience of the eXalTIlne:s 
1 · d ~ on t.he second cycle-testing random y mne an Sl. 

clne words oyer the entire duration of the proj
ject-was not feasible, Such a design '\'QuId 11a\'e 
presented two logistical problems. First, the simul
t:tneous use o[ segmented spectrograms containing 
six and three clue words would have complicated 
and hampered the results of the trials using nine 
clue words spoken in fixed and in random COll

texts, Second, predicting the time necessary for the 
completion of both cycles ,,'as hazardous, There
fore, since the nine clue words were considered more 
relevant to forensic models than the six clue words, 
an effort '\'as made to secure first the complete per
EOI-manee of all trials using nine clue words, and 
to leave the six clue words trials as a replication. 

:\Iai!1 conditions tested in the second cycle which 
produced signi fican t cl :il'r:rcnces between their yari
ous len'ls were: context, ;illmber of speakers. aware
ness of the examiners (closed and open trials) and 
lime-elapsed (contemporary and non-contemporary 
speclrogTams), These significant differences paral
leled the results fOllnd for the first cycle in terms 
of comparisons within each main conditi(Jn. Table 

.~ presents the results o( an analysis of variance of 
the percelltage errors yielded by each level wi th in 
e:tch o[ the main conditions that itwolved signifi
(alll dilleren(e~. 

Table 5 presents the percentage of correct re
~p{)l1'>e, [or tltl' six main conditiOlh testet! in l){)th 

fir,t and second cycles, as well as the results of a 
,tatistical tc~,t o[ the dilference~. The test revealed 
,ignilicant dilrerences between the t\\'o cycles, with 
p <.Ii percent, in the following instances: context 
(words spoken in isolation, 95." percenl \'S 93.83 
percenl): nUl1lher oJ utterances (one utterance, 
91.Z9 percent vs 89.71 percent), yielding the nine 
clue \\'orcl~ cycle a brger percell t:lge of correct 
responses. In overall conditions no ~ignificallt difi:er
ctlce was found bet\\ een the t\\'o cycles. The exam
iners were correct 91.58 percent during the nine 
due words cycle \'S 9L~1 percent during the six 
clue \\'ords cycle. 

;\s 'I'as done wi th trials at the first cycle, tri:tls 
of the second cycle wcre grouped according to the 
loJ]cmillg charaCleli,lics: 

TABLE ·1.-Sec()JI(l CH'I('-Rt"lIll~ o[ all Analy;is of Variance of Ihl' COl'r('( t RI"P()lI'(,' I'rotlllll'd. 11Illln Earh of lhl' ~ain 
Condition!', 'J"'l',(ed 

C:ollcl11 iOIl 

'umher ql IIttl.'r'IIHt''; or the ',11111.' <lUt' word: 
1l11(!;IIH" 

:! UUl' all( l'., 

:~ Htll'\ tnn.· ... 

!lill'I<'1I1 l\ 1'''' 01 ,,'c"l<lil~g- 11;t1""ti"iol" 
III ellln!" ililO ;t !;iI''' 11'IOlcil'1 

.,j\ litlollgh a t('l('pitolle liltl' ill qUil'[ l'1l\irOI1I11I'1\l 

/',' IlllOIl~1I ;J tekplloll(' Iill" ill Iloi,\ ('11\ il()llllH'lJI 

('''"Ie-\1 01 JlI(' dill' \lord, 'pokl'lI 
,I \ il1 j,olaliol1 

,]1) in a li~l'd c'OIlIl'Xl 

,1111 III .1 ""Ic1olll (()II te .. , I 

!lillt,It'lll IlI""!>('1 oj "\..llll\\II" '1'('.11-.\'" 

I II 'Pl'.II-.('I' 

:!II '1'I'ahl'I' 
.\0 'l'l'<1hl'r, 

11I1I('·elal',('d h(,I\I('CIl f'('uJltiill,c;" 
((Jlllt'lnp()t~tl \ tllal( Ilillg "P('( tlO!.!,tollll"l 

HtJl1 tnHt(')nJ)nl~\i\ l)lall·hlH~ "'p1.{tH))~l.\lH'" 

\",11<'1)('" 01 n;lIllille-., 

ll(l,~d II i.d, 
I)J)('II 11 i"l, 

l'ooi('cI [WI I 1'llIa!.';.' 

(It tuttcn tl"pOll ... (· ... 

"'1,71 
!ll.Ci~ 

'11.11 
I):.!.:!O 

'1\ 1 II 

I) J.ti:-; 

,\,{;-{.!.?{) 

'1(1.111 

~q.i~ 

'lUI 
~,'1 -; l 

1'1O""l>ilil\ 01 11Il' cliffl'II'I1f" 
bel (11'('11 !l'1,·I,. I,'" r 11,111 

1\." 

t\ ..... 

11-'-

11,';; 

,UlI 

(!.Ill 

lUll 



TAIILE f).-~1I1ll1Jlary of a ')falistical Test of the Difference hetween Percentages of Correct Responses [rom Both first 
and Second Cycles, under the ;\1 ain Conditions Tested 

COllcliliOl1 

'\:lI1nl)('r of nIICIOItl(C" of lil(' "'01(' dll(, word' 

I 1I((e .. OII1((· 

2 lIiter aile t· .... 

:1 IIller,lIlt ,., 

niffr-'('111 (11)(" of I,,(onlill~ l1atl'l1li"iotl': 
(0.1 elir('(I" iJlLO a lap(' I (,((ll e1el 

1/1) lhrml).\h a I('lepholle Iille in <t"iel enlirollllH'11! 

I'f) Iltloll).\h a leh-IJ\tOIll' :il\(' il\ lIoi" cm·irOlltlH'nl 

(.onll',l of 11f(' dll(, I\CJlch 'l'"k(,l1· 
"I in i,obl iOIl 

til) ill n Il\cd (OlIle't 
(!!n in;1 1 anr\olll CCJlllP,1 

Dilklelll 1l111tl\)I'1 01 ··hI1llllll" 'I'eak(',,: 

10 'I'eahel' 
~o "peahe" 
40 ~pcaker' 

................. 

I illl("('i;rI',C'd 1)('111('('11 l('crllrlil1~': 
({HH<:IHp(lr~tn IlIa(( lJill~ 'pc('tloglam .. 

lIol1lnlli('Jllj")\al' mall hill!!; '1](,llIO~r;JJll' 

\\LIICllt· ... \ oj (',alllllH'J' 

d",,·" 1 1 i;tl, 
op('n II iah 

1. awarencss of the cxaminer~ (closed and open 

I rials) . 
~. time-elapscd (contemporary and non-contcm-

porary sjlcctrograms). 
3. context (cluc words spokcn in isolation, in a 

fixcd context and in a random context) . 
Thcre were six Rroups or 9i~ closcd trials each 

and six groups of 194-1 open trials each, as described 
Oil page flO. Table (I prescnts a comparison o[ thc 
crror percentages ohtained [1'0111 the first and sec
ond cycles [or each oC these I ~ groups. Rcsults of 
<t statistical test of thc diffcrenccs between nrst and 
\('cond cyclc ror cach group arc a Iso shown in 
Table fi. Figure G disph)s graphically the data from 
·(,<:ble G. Thc errors from 1 hc second cycle wcre 
\lightly larger in ten of these groups, but no signin
t ant diffcrenccs lI'ere detected. The two remaining 
groups o[ open trials using non-contemporary spcc
trogranb were significantly diO'crent in thc first and 

Probability of 

the dilL 

Difference hetween 15t &.: 

1st Cycle- 2nd cycle, 

1<;1 CyeIP 2nd Cycle 2nd e\rle less than: 

~ ----

cll.~!l R9.71 I.:iR 0.05 

90.9(; 91.62 _0.66 n.s. 

!)~.Iq !12.39 0.10 n.~. 

~}2.ct2 9JA! 1.01 n.~. 

91.31 91.20 0.11 n.s. 

!1)O2 91.10 _O.OR n.'. 

-~"-~-~--
.~-----~-

!)'i.// 93.R3 1.!1·1 0.0:; 

92.39 9UiR 0.71 n.s. 

R6.59 Rll.20 _1.61 n.<;. 

93.30 n:l./D _0.19 n.s. 

!II.R7 90. \0 1.4/ n.S. 

H9.5~ x~1.~2 0.0(; n.s. 

-_.- ---_ .. 

95.21 ~1".13 n.OH n.s. 

HI.!):; Ri.3'i O.UO I1.S. 

\\.I.IR ~H.31 0.17 I1.S. 

90.14 R9./1 0.43 n.s. 

sccond cyclc, with probability p <5 percent. Open 
I rials using non-comcm porary spectrograms and 
words spokcn in isolation produced 13.23 percent 
error in the sccolld cycle vs. 9.62 percent error in 
the first cycle. Open trials using non-contemporary 
spcctrograms and clue words spoken in a random 
context produced 14.84 percen t error in the second 
cyclc vs. 18.26 perccnt crror in the first cycle. Pro· 
portion o[ false idcntifications (errors A + C) and 
failures to recognize an exi'iting match (error B) 
did not vary much in the two cycles. The improve
ment obscrved in the sccond cycle for the particular 
group or open trials which used non-contemporary 
spectrograms of clue "'ords spoken in a random 
contcxt could bc explained on the basis of the 
learning proccss thc cxaminers experienced during 
the first cycle. They assessed the open trials with 
non-contemporary spectrograms of clue words spo
ken in a random context as the most difficult tasks 

... 
o 

." ... 
2 ... 
<I 

t
U 
W 
""":) 

o 
a::: 
a.. 
z 
o 
~W 
<l:...J 
Uu 
->
lL.U -
1-0 
ZZ 
wO 
0':') 

W 
WOO 
U -o 
> 
::J 
en 
::E 

(J) 

a:: 
o 
a:: 
ex: 
w 
g!!. 

o 
C\J 

LL 
o 

z Z Z UJ 
LrJ UJ LrJ a. 
):: ~):: >-
000 .... 
a.Q..a. 0 
en en fJ) .... 

en en en a: 
000 UJ 
a: r...: a: .... u.. 
o 0 Ox UJ 
~~~UJa: 
UJUJLrJ .... o 
:::> ::> :::>Z ~ 
..J-I..JOU 
uuuua:i 
I I I ~ 

H ~ H « ..... :::::: 

-.... 

-
o o 

cr: ..-
Z 
W 
CL 

o 

w 
(/') 

o 
...J 
U 



<'I 

, 
;; 
.r 

." 

:: :: :: 

!-. 

;;:. 

; 
:: 

;;:. 

:: :: 

~ l~ l~ 

v:~c: = C 0 

=.1- 1:'": 
1'; :: I""': 

...; =- ci 
~~~ 
-:~ 

~~~ 
---~-----------~~------------~ 

'-, 

:: 
~ ~:; 
5- .... =-= .r ./ , _ 

r ~ ~ = 
~ -

.... -:; ::. --- / - --: .- - - .... - ; ~ l-

-
:: :: , 

'-' 
-+ 
~ , - '-' 

i + +_ 
I ~ ...... ::::::: 

I !; ~ rr 
.....:~-= 

~ ~!~ 
=-""' --

~'------~vr------~ 

::'1 I~ 1-: 
~ ':: .:'! 
:::-: ::", l-

;.,; 

is 
++ 

.....-: .....-: ::: 

I:""; ':", ::--:: 

':: ":! --: 
""'":"" - -::: 

'~ 
;.,; 
'+~ 
I:::: U 
,++~ ,::. ~ ~ 

'''= ::t'l ~ 
:'! -: ~ 

':I; C = ,-

( :: ~.~ 8 
- - ,-.... :.. -
~ 1-1 

~ 

~ -
:.. -!.: c::: = ;::: ~ 

- 7. ~ 

- -- :.... :: 

~ 1- ~ 

~~------~vr------~I 

, 
; :( § 
:= .:: ;,r 
~ -E 
=: E ~ 

. ~,-------'------~-,",,-~~-----~) l .... ---------------v--- ) 

t 

• 
I 

that produced the largest percentage of errors. The 
staff was aware that during the second cycle most 

of the cxaminers considered this particular type of 
trial as a challenge, devoting more time and special 
attentio!1 in the search for the correct answers. 
Besides, at this point of their train ing, the exam

incrs were ablc to consider the extra clues offered 
by common phonemes included in the non-cluc 
words which completed the random contexts. 

111 summary, the fact that results of the second 

cycle did not differ subst.mtially fr0111 those of the 

first cycle must not be sole!)' interpreted as mean
ing that dccreasing thc number o[ available clue 

words from nine to six is Ilot generally significant. 
The lcarning proccss thc cxamincrs expcrienced 
during the prcvious eight months devoted to thc 

complction of the first cycle possibly intcractcd with 
thc results of the sccond cycle, thus compensating 
[or thc fcwcr number of clue words availablc, 

IV. Discussion and Conclusions 

The results from the ",\fichigan State Uni\'crsity 
\'oicc Idcntification Project" suggcst that cxperi
enced examiners can identify or eliminate one un
known spcaker [rom among as many as -/0 known 

~pcaker~, "'ith little dilferellte in accuracy bcing 
e"idence in the use of nine or six cluc wortis. The 
expected percen tage of error." made by examiners 
Il'ho arc forced to rcach a positive decision in cvery 
trial oi spcaker identification thcy pcrforlll, (using 
(xcll/siill'l), visual cxamination of spectrogranh), 
\aries according to the conditions in\ol\'cd in cach 
t\ pc of trial. 

Closed trials, involving contemporary ,.,pC( tro
grall1~ of clue wonb spokcn in i~olation, ) ieldcd 
fewer than I pcrcent crror of falsc idcntifications. 
,<.,incc these conditiom \I'erc cs,clllially the onc,> 
employed by Ker~ta, it can be concludcd that thc 
rrcsent study has confirmed thc fIgures reported 
I)y I\.crsta in 19(j~. III the lDGH To,i\ c\aiuation 
of ''\'oiccprinting,'' thc crror pcrccntagc rcported 

for similar typc of triab was approximatcly six pcr
(ellt. This discrepancy call bc explained Oil the 
I:a'iis of indi\'idual differcnccs among cxamincrs, 

In fan, considering thc pcrformance 01 ~'ach cxaJll
iner ,>cparately in that evaluation, thc range 01 
error perccn tage was I '.I to () pen cnl. 

The second goal of the prcsent slUd y was to 
le.,t forensic modcls that included thc following 
\ aria bIes: 

(a) random chance that the unknown speakcr 
is or is not among thc known ones ("opcn trials") ; 

(b) non-contemporary spcctrograms (speetro-
!,'TaIllS of the unknown spcaker obtained at a dif
ferent time from thc spectrograms of thc known 
~pcakcn) ; 

(c) same sentences uttered by known and un
known speakers ("fixed contcxt" or different scn-

tcnces including the same due words "random 
(on tcxt.") 

Thc error obseryed wa~ approximately L,) pcr
ccnt for fix cd context, of which approx.imately five 
pCJ'(('nt wcre crror~ ol falsc idclltifications (errols 

.\ + q alld approxilllately 10 percent wcre fail
ures oj rcmgni/ing a mat_h whclI it actually cxisted 
(elT()), B) . For models incllldilig "random context," 
thc total crror wa,~ approximately I H pcrcent. This 

pcrccntagc was composcd of approximately six per
cellt of errors of false identifications and approx.i
matcly I:': percent of failurcs 01 l'('(ogni/ing a match 
\lhcn it cxistcd. 

The~c flllding~ slIggc.,t that if an cxperienccd 
eX;lInincr, millg only \'isual lmpcction o[ Spectro

grams lor kg-a I ]lllrpOSes oj idclltification and ex
c Itlding all\ kind oj listening, is jorced to reach a 
positi\'c dec ision in cach cas~ (dcvoting approxi
nl;lIely 1;') Illinllte~ to complete the task), his 
ex pCC( cd cnor ra IIg'c would be H-l H perccn t. Thc 
probability that hi~ wrong decisions will eliminate 
a guilty person is 75 percent oj the total expected 
crror. The probability that when ill error this ex
aminer will accllse an innocent person is 25 percent 
of thc total cxpected error. 

III .,lIllllllary: under the specifIed conditions the 
cxpectcd lange of [abe identificatiom i~ 5-(i pcr
cent and thc expcctcd rangc of elimination o[ a 
guilty person i., 10-12 percent. 

,'\nalysis of the ratings in the scale of self confl
dencc uscd by the cxaminers in this project showed 
that approximatcly liD percent of thei:~ wrong deci
sions were gradcd as "unccrtain," with numbers 

1 and 2. This finding suggests that the examiners' 
errors could have been reduced to approximately 
·10 percent o[ the observed figures, wera these ex-
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a'i,iller~ not forced to reach a positi\'e decision for 
the tlial~ ill which they felt uncertain. 

Clearly, the reported en-ors apply to experi
lllc'llt;d ldab ill "'hidl the examiners used visual 
impe( tion of ~1J('ClrograIlls exdmively, denJting an 
;t\Clage of 1:; l1lillUI{'~ per trial ill reaching a forced 
po~ili\(' d('(i~ioll. It could be hypothesil.ed that if 
in addilion to \'i~ual comparisons of spectrogram~ 
lhe examinel., would not ha\e been forced to reach 
a dt'ci,ion \"I1('n ull(c·rt.lill, alld allowe(l 10 listell 
to the llllkIH)\\'11 alld kllown \oices, the errors might 
ha\'e be(,1l further I {'duced. Thr experiment per-

formed bv Stevens et al. (1968), as well as the 
opinion ;[ some phoneticians and linguists who 
feel that speaker recognition by listening is more 
accurate than by visual comparison of spectro, 
gral1l~, seem to confirm this hypothesis. A further 
stullv incluc1inO" forensic models, similar to the ones 
used'in the pr~sent experiment might result in im, 
')ortant additional information if trained exami ners 
:ould both listen and make visual comparhons o[ 
spectrograms. Also, the present stl~cly .should. he 
l'Omplemented by the testing of dlsglll~ed V~)ICe, 
and non-contemporary spectrograms obtaJlled from 
spans of lime long~r than one month. 

V. Extension of Results From Forensic Models to Real Cases 

:\ group of sp(,ech scienlIsh (Bolt et al., f970) 
have expressed concern about lhe usc of spectro
graphic eddcllce in ((Jurt, bdore this method has 
I>r('n validated by controlled experimentation. The 
'Illl'qion ari~e~: ;;~su111ing that the rcsults from the 
\lalistieal forellsi( lllodeis studied in the present 
expclinl('n! m\lltl I){' applied to\\'ard such.a valida
I ion, hoI\' 1I'0uid the cOlldilioll~ in practical legal 
cases diller from lhe conditions in the statistic.: 
mode].;? In what ,ray would these real conditions 
jlos,ibly alte), the t'IT;)r expeclancy disclosed by the 
models? 

~[aill dillen'nce~ or wudiliollS that ('0ul,l exist 
betw('en models and real cases are :1\ rolloll'~: 

,\. !'n!>IIlalwl/ of IWIIli'1I 1'oic('S. In the m()(:eb 
or the p)'('\('nl ,lulh I h(' num ber of knO\\'n vOIces 
\ill it'll Irolll 10 [010, dra[led from a c1os('d catalog 
o[ :2,-]() speake!s. n'pll's(,llliJlJ!, il slati.,tical sample of 
a hOlllOgl'neoth JlOjlll1a1 ion 01 ~;l.()O() pl'r.,olls. In 
forellsic caw." lhe (;tlalllg 01 kllO\\'lI \oices could 
Ilwor('lilalh in( ludl' Illillilllh or sample" if the 
\ oilt' 'Pl'( lrogram o[ lhe (rimiJlal would be (0111-

Pilll'd II il h fifnl \(lic(' 'IHTlrogram, o[ the popula
lion of thl' WOI It!, Ill' C\l'I} the l'nited States of 
\IllCril,[, OJn iomh, lOllrlll\illJl', del'iled [rom all 

(,XPl'} illlcnLIl .,tlldy of a .,mall pllplllatioll o~ ,peak-
('1\ (,Ill Ilot he ('\:trapoIatcd III poplllallCllls 01 
million., III illdil i,iuai'>. 11011'('\ ('t'. lhis i, Ilot thl' 
la,l' in thc pn'\Cllt prarlical situalions that police 
Il\u.,t handle. In thes(, (a.,e~ the caLIiof!,' of kll()\1'1l 
I()itl'~ i~ 0/1/'/1, trut'. hut lill/ilt':] to a fell' suspected 
Jll'rSOII~, It .,e t'1ll , reasonable to a",llllle that the 
intra and illtt'l']leaker \ariaiJililies lI'ilhin such a 
} educed group ol .,uspe( ted jlt'l"iOm would nOl diller 
,uh~taJ\li.lll\' [10m the \;lliabililie, thaI exisled 

within the highly homogeneous group of experi. 
mental speakers utilized in the present study, 
Therefore, it seems advisable to disregard size of 
I he population of known voices as a difre~'ential 

characteristic that could hamper extrapolatIOn of 
experimental results from the present, S,tl.ldy. 

B . • 11 Iailabilil'V of liml' alld rcspoll.51lnlzly of the 
('X (II II iI/as. In tile present st~ldy the examiners de, 
\'oted an average of 15 minutes to reach a positi\'e 
cond usion in each trial. \\'hether such a conclusion 
was the right or the wrong one, no effect could 
take place whatsoever over the examiner or the 
speaker. In forensic cases, the professional ,exam. 
i ncr normal l\' ma \' clc\'()[e all the necessary tIIl1C to 

reach a conclusiOl~, He is ,m'are of thc consequences 
lhat a wrong decision could mean to his profes. 
sional status as well as the cOllsequences to the 
speaker whom he might erroneously icl~nt~[y .. I; 
,eellls re;l';onable 10 conclude that the cliffelentJa 
characleristic'i hetwccn experimental and prole"~ 
.,ional examiners might help to improve the acm 
ran' of the professional examiners. 

i:. T)'/)(' of d{'(isiolls ('xlI171illl'l'S 111'1' Ilrged It 

Tl'fiCh in (,lIch trilli. In the statistical model the 
(');.:1111 i ners were forced to reach a posi ti ve COllrlU 
sion in each trial, eYC'1l if they were uncertain oj 

t he correct re~pollse. 111 real forensic cascs, the 1'1'(1' 

fessional examiner is permitted to make the follow 
ing alternati\'e decisions: (11 

(a) I'ositin' identification, 
(b) Positive elimim.tion. 

"'TII("" arc (he alternali\'c decisiom that Sgt. ;'\ash. hea_ 
o! the Yoin' ld(')l{ifi(;ttioll sectioll of the :'>lichigan Depal 

ll1{'n! of Stale Polilt'. b pre,elll1\' making-. 

(c) Possibility that the unknown speaker is one 
of the suspected persons, but more evidence is nec
essary in order to reach a positive identification. 

(d) Possibility that the unknown speaker is none 
of tne available suspected persons but more evi
dence is necessary to reach a positive elimillati(llI. 

(e) Unable to reach any conclusion WiLh the 
available voice samples. 

These possibilities of alternative decisions could 
confer an extremely high reliability Lo the positin~ 
identifications or eliminations. The following in
formation released by Sgl. Nash, o[ Lhe \'oice 
Identification Unit of the Michigan Department of 
State Police is cited as an illustration: From a total 
of 673 voice examinations, a positive identification 
was reached in 88 instances. Later on, most of the 
accused persons admitted culpability or were con
victed by evidence other than that produced by 
their voices. In 172 cases, the conclusion wa~: "pos
itive elimination." "Possibility of identification" or 
"elimination" was the conclusion in :n other ex
aminations. Finally, in 382 cases, the examiner COIl

cluded that he was "unable to reach any conclusion 
due to the lack of and/or poor voice samples." 

D. Availability of clues. In the statistical models 
o[ this study, 01111' spectrograms of nine and six due 
words were available to the examiners for visual 
inspection. In real forensic cases the examiner mmt 
necessarily listen first to the unknown and known 

voices while processing the spectrograms for visual 
comparison. The professional examiner is entitled 
to request as many samples as he deems neceSsary 
to reach a positive conclusion. Combi na tion 0'[ 

methods of voice recognition by listening and by 
visual inspection or spectrograrm can cnhance the 
accllracy of his conriw,ion. ,\IoreoH'r, by llsing thi~ 
(ombination the profe'isional examincr can (lbjec
til'el), sllstain in court his opinion, by prc~enting 
the ~pertrographic similarities. 

Tn concImion, it is the opinion qf tite writer
based on his experience obtained through tho per
formann' of the present study and the observation 
of Ihe practical work in the field done in the \'oice 
Idcntification lTnit of the .\lichigan Departmellt of 
Sta te Police-tha t the Federal ])epartlllelll of J ml ice 
should encourage the training of \'oicc Idelltifier 
Experts, who must be properly tcstc'd ;lJld certified 
prior to being- recognilcd by the United States 
Court, as expert \\'itnesse, in the field. 

Qualified personnel, the expert witnesses in the 
fielcl, will continue to provide valuable service 
even if a satisfactory \'flire re(ognilioll machine i; 
deYClopcci in the future. \\'itll a recognition ma
chine available, the traillC'cl personllel would be 
demandcd to prepare the nccessal') ~alllplcs to [eed 
the mac hine, to cyaluate the rc;ults and to (hcck thc 
results of the machine by :tn alternati\'e method. 
for instance the spec trographic one. 
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r. Introduction 

Two experiments were cOl~ducted by the :'!ichi
gan State l'lIiversity School of Criminal Justice. 
.-\ complete account of this work is founl] ill .J;lIne~ 
Hennessy's paper, "An Analysis of \'oiceprint Iden
tification." This is an unpublished :'fastel's Degree 
thesis on file in the Michigan State Vnh'ersity 
Library. 

As a re~ult of this work and in accordance with 
the original project agreement, some guidelines are 
set forth which are belie\'ed to be important for 
law enforcement agencies who may be considering 
use of the voiceprint identification techllique. These 
guidelines arc based on observations of Dr. Tosi's 
experiment and the School of Criminal Jmtice 
experiment. 

Personal iden tification through the use of voire 
spectrograms "'as introduced to the criminal justice 
arena ill 19112 by :'IIr. Lawrence Kersta of the Bell 
Telephone Laboratories. The technique was used 
in limited, experimental fashion by law enforce
ment agencies, and since 1966 the record indicates 
that various courts have been asked to deal wi th 
this technique as an e\"identiary problem. In addi
tion to the legal questions pertaining to admissi
bility of this new kind of e\'iclcnce, critics of the 
techl~ique, primarily those having expertise in 
speech science, challenged the accuracy and validity 
of the method. It is not surprising, therefore, to find 
law enforcement practitioners, attorneys and judge's 
confronted with a familiar problem. The one new 
element. howe\'er, is the rela tive speed with v'hidl 
thi~lechniC]ue has achieved public interest, and, if 
l1'lt carefullv controlled, may hecome a prematlll {' 
tOl' in the administration of justice's collection of 

. sric,ltific techniques. 

The period of less than a decade is a relativelv 

,hon time for the .\nglo.\merican system of jmtil(, 
to ado]>t a technique that, in the final analysis, lila) 

ha\'e an important bearing on the future life or 
liberty of an individual involved in the adjudica
tion of a problem of lall'. The judicial acccptance 
of tlte technique of pcr~onal identification by Illcam 
of fingerprint pattern recognition and (()mparison 
required several decades of testing, challenging. alld 
rcsearch before it acquired its present statu'i. The 
lise of the polygraph in criminal investigation datl's 
back to the carly 1930's. Today the introduct ion of 
tlte results of such examinations are heard in a 
((}urt of law only under the mo~t unusual (()lIdi
tions alld after Illany safeguards have been imposcd. 
Breath testing to determine blooc] alcohol Icn'b, 
a technique which also came on the scene in tlte 
middle 19:10's, was quickly adopted by b\\' en
forcement agencies. The appelate record' is again 
replete wi til accoll 11 t s chalJengi ng the valid i t y 01 

t hi, method. There arc also numerous {'xalllples of 
groS'i mismanagelllent of this technique, resulting ill 
miscarriages of iustice in favor of both tile guilt)' 
and the innocellt. 

These brief references to the evolution of tech
nical methods used in law enforcement procedures 
and the subsequent introduction of the result., in 
a court of law should clearly indicate the pa th 
"'hich law enforcement practitjoner~ must follow 
if the new technique of voiceprint identification 
is to become a useful method, serving the highest 
goals of the justice system. To this end the ;\Iichi
gan State University School of Crim:nal Jmtice has 
attempted to set forth some prelimillary guidelines 
for cl)mideration by law enforcement ag('ncie~ con
templating the lise of the voiceprint identification 
techniqul'. These guidelines are based on availalJle 
{'vidence at this time. 

II. Procedure 

Two projects were conducted bv :'Iichigan State 
l.'niversity during the period 1968-70. Both were 

supported by a grant [rom the Law Enforcement 
\s,istanc(' Administration to the ;\Iichigan State 
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Police, who, ill !Urn, contr<!<:~\.d with (a) the De
partment of :\lI<liolo)?;) ancl Speed! Scicnce and 
(Il) the School or Criminal Justice. The major 
project was carried Ollt uncleI' the direction of Dr. 
Oscar Tmi or the ~p("ech science program at :\lichi
gan Statc University. The results of that work, 

hereinafter rcCcrrcd to as the Tosi Report (and 
inclwkd ill the :\1 ich igan Slate Police comprehen. 
sive report), provide the basis [or some o[ the 
I eCOlllll1elHlaliolls made in this report. Conclusions 
drawll rrom "'ork done by the School o( Criminal 
.I ustke <Ire abo included in this report. 

ment started. Sv~ctrograms usecl for tl"flining were 
not used during the experiment." 

III. Training 

It is noted that Tosi holds doctorate degrees in 
both physics and speech sciencc. Nash is an expcri
enced fll1g~'!"print identificalion cxpert. Tosi's sec
ond generation trainees included women ranging in 
age [rom 17 to GO ancl a group of malc undcrgradu
ate students. In one closed trial test involving 972 
trials, 0.9(;; crrors wererejJortcd. This r';sult is sim
ilar to that obtained by Kersta aml is mentioned 
merely to indicate that Tosi was able to replicate 
Kersta's early work. 

The Schoo! of Criminal Justice project used two 
male idcntifiers. One was a senior in the 5rhool 
of Criminal Justice ancl a criminalist major: the 
other "'as a general law enforcement major. The 
first identifier chosen had already received training 
and had 1\'orked in the Audiology and Speech Sci
cncCs Department's yoiceprint project. The second 
had received no training. He had seven years' expe
rience in law enforcement·1 and was introduced to 
the voiceprint identification technique by attend
itlg some of Dr. Tosi's lectures and le;ll'ning "match
ing teclll1iques" from his colleagues. It has becn said earlier that tbis report is to 

qlggest SOIllC practical guidelines for law enforce
ment agencics mntemplating the lise of voiceprint 
identificalioll tcchniques. 11 la\\' enforcement prac
titioners m"e willing to acknowledge e)Tors of the 
past, willt particular reference to polygraph ancl 
breath testing techniques, and if they are seriously 
intercsted in amidillg" a repetition of these errors, 
(ine observation hecoll1cs "hundanlly clear from the 
:-.richigan State Cniyersit)· work. :\ proper training 
program is essential to the successful usc of this 
tC'chnique. J[ this seems.obvious or nnim;lgillati\'e 
to the reader, let him be remincleclthat the appelatc 
cOllrt record is replete with far too many examples 
of scientifir t(,chniques being performed by law en
fOl'rement empl()\'ees with inac1eC{uate training and 
education. Given the currenl image or the criminal 
jmlicc "ystel1l in the LJnitecl States, responsible prac
titiOller'i must insure the t('"rhnical excellence and 
capabilities of those entrusted with the interpreta

tion or thi, kind or evidence. 
The original Kersta experiment 1- utilized high 

school students in large scale spectrogram identi
fication problems. They were subjectcd to a train
in o' I)roo-ram devised by Kersta. Each of the eight 

M f-, 

identifiers, J 6 to 17 year old high school girls, was 
given one week of training in voiceprint reading 
'and detection oE unique ch~es to be found in voice
prints. Kersta's work reports a total error of 1 % 
in words taken (rom contcxL2 Tosi, and his col
league- Nash, o[ the Michigan State Police, received 
training in \'oice spectrogram recognition and iden
tification (rom Kersta and are identified ([or this 
report) as first generation trainees. Tosi, in his 
experiment, trained his group of identifiers in a 
manner similar to Kersw; however, there were 

rerta in modifications. 

t l.awrellce: C. Kersla, "\'oiccprint It\cnlifiralion,'' XII/III I', 

lUG (Dec. 29, 19(2) , 1253--57. 

'Kersta, "Voice Print Identification," oli. cil., 125357. 
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Dr. Tosi's training consisted of: 3 

"(a) Lectures on phonetics, spectrography and a 
discussion oE the variables to be tested in the 

cxperiment; 
(b) Performance on closed trials of identification 

of one speaker among ten, by using words in isola· 
tion, contemporary matching spectrograms. These 
trials were first performed under direct supervision 
of the researcher; after a few days the examiner 
was left on his own, He was informed of his mis· 
takes and allowed to compare the right matches" 
\\'ith the wrong ones that he had selected. The 
examiner was instructed to make mainly subjective 
decisions, similar to those made when comparing 
photographs or handwritings. In the event that 
he felt uncertain about this judgment of spectro
grams which appeared to be subjectively very sim
ilar, the examiner was instructed to consider the 
following objective points of similarity: (1) similar 
mean freclllcncies of vowel formants; (2) formants 
band-widths; (3) ga ps and type of vertical stria· 
tions; (4) slopes of formants; (5) characteristic 
patterns of fricatives and interformant energies. 
These similarities are often present in pairs of 
spectrograms of the same words produced by the· 
same speaker at different times. 

IV. Sunlmary of Experiment 

(c) After each examiner performed these closed 
trials, including contemporary matching spectro
grams and words in isolation, with a success better 
than 9670, he was given other types of tasks that 
were increasingly more difficult. These "advanced" 
tasks included: open trials, non-contemporary 
matching spectrograms, and words in fixed and 

random contexts. 
After one month of training the actual experi· 

Follo,\'ing is a summary of U\"O experiments con
ducted by the School of Criminal] llSlicc. :\ (ull 
account is found in "An Analysis 0[ Voiceprint 
Identification" by James J. Hennessy." (1) Tape 
recordings 1rere made in a dormitory reading 1'00111 

and lobby using portable equipment. The speakcrs 
included J 2 male and 8 female graduate students. 
Six of the original speakers \\-ere rerecorded a week 
later. Spectrograms were prepared using the same 
instrument employed in the Tost experiment. The 
identification trials were arranged to include thirty 
tasks. An analysis of the results showed' that thc 
two identifiers had an average of 70~ accuracy 111 

their identifications. 
(2) A teller's window in the C;,shier's Office of 

~{jchigan State University served as the site of the 
field recordings. Three ta pc recorders, two 'Wollen
saks and one Uher, were placed in the teller's 
booth. The microphones were placed on a lard
board stand in the middle of the top of the counter 
area, facing direcLly outward at an upward angle 
of 45 degrees. The positions of the microphones 
were randomly changed four times to prevent any 
one microphone from bcing on one side or in the 
exact middle all the time. The recorders were run 
at a speed of 7Y2 inches per second. The recording 
levels were kept at a constant level. 

The Uher was taken to a stand in an alcove of 

I Hcnne~sy, James .J. ",\ll Analysis of Voiceprint J-jcntifica· 

• A 11 Ex//erime'lt 011 Voice IdeTltificlltioll by l'isl/a/ lTlsfJcc·, tion:' t'llpllblhllcd \Iaster's Degree thesis. Michigan Slale 

tioll of SfJerlmgJ"llIllS. Paper read by Dr. Tosi at meeting of' l'lli\cr,it\ Libran-. 19/0. 

,'\COllS"ll'C'lt SOCI'Ct)' of ,\11IC\'I'ca, HOllstOll, Tex'as, Novcmber, , 'Ic \ \ , . . , . • r !lncss\. H, nina \'~is of ,'oircpnllt Identificatton," op. 
1970. cil. ' 

the Cashicr's Office. The Uher recorded the labora
tory type samples of the known spectrograms. 

There was a considerable amount of noise from 
l)'pcwriters, change machines, adding machines, and 
othcr people talking, enter:ng, and leaving the Cash
ier's Office, 

A Brucl and Kjaer Precision Sound Level Meter 
was utilized to measure the cxact sound le\'els at 
the teller's window and in the a1cove.G Readings 
"'ere taken at two different times. The ranges of 
lhe sound levels [or the teller's window were 64 to 
80 db's (C scale) - for the stand in the alcove, the 
Ll11ge was 51 to 68 db's (C scale) . Thirty-four db's 
is the sound level in a library; 5-1 db's is the sound 
lc\e! in a lypical business office; G5 db's is the sound 
le\'el of average convcrsational speech; 7'1 db's is 
the sound !e"cl of average street traffic; 88 db's is 
the sound le\'el of the inside of a bus; ancl 9'1 db's 
is the average SOllnd le"el inside a ?\'ew York sub
way train.' As can be seen [rom these figures, the 
sOllnd level o[ the alcove was substantially lower 
than the rather noisy level of the teller's window. 

Standard Scotch Brand, 5 inch reel, magnetic 
ta pe (190 series) was used to _ ecorcl the speech of 
the volunteers. 

It had been decided that an equal number of 
males and females, plus a random number of extra 
speakers, in case a reCl'l ·.ling was not good, should 
he obtaincd. III addition, permission had been 
ohtained from the director of the Audiology and 

"lllliructlrms lIlId Ifill/ira/ion oJ the l'rl'cisirJII SO/lilt! 
L.eT'!'i MI'II'I" (~aerl1lJl, Denmark: Brl1cl and Kjacr, 190;")). 

1 Ibid .. p .. , 
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SrKl?ch Sciences Department's research project to 
stalP that the i\udiology and Speech Sciences 
Department was the department conducting the 

research. A sign was posted on the stand in the 
alcove and 01l the side o[ the teller'..; window being 
llsed, stating that this wac; the voiceprint research 

project. 
The two sentences used were: 

Pk<l~(, gi\t' llle my llIone'Y; [ \\'anl il, 
Sfy money j<; un the counter; please ~jve it 

to me. 
The procedures for the recordings were as [01-

l()w~: Olle terllldl ian was statiollcd in the teller's 

willdow. Another tcchnician wa, stationed ncar the 
door of (he Ca~hier's Olke. :\5 a pmsih1c speakcr 
eillH'r came ill or wellt Ollt, the technician ar
proach('cl him and ;l',ke(\ if he would like 10 par
ticipate' ill a rc~('arrh project. H the persoll accepted, 
a brief ~tatl'!I1l'l1t of the research goals and proce
dures W<I, made. I Ie wa<; then led to the tener's 
window wher(' Iht' tl,tl1Ili( i;1I\ there recorded his 
na1l1!', agc', natio]l;tlity and ~tal(' ;111<1 local address, 
i r he were or weTC not an American citi/{~ll. The 

technician also recorded the sex of the speaker and 
ga\'l' him a speaker number. The speaker's instruc
lions were given to him. He was to read, t">vice, 
the two sentences. Xo attempt \'las made to position 
him in front of the microphon~s. The speaker stated 
hi, ~pl'akcr number and tlll f: the two sentences. 
\\Then this was done, he was lee: to the (ileove 
where he again stated his speaker number and reo 
peated the two sentences twice. At this station, how 
ever, the speaker himself held the microphone 
approximately eight to twelve inches [rom his lip~. 
The range of the distance of the speaker from the 
microphones in the teller'& window was approxi. 
mately 16 to 28 inches. Some speakers leaned on 

the counter, others stood back from it. 
Eighty-four speakers in all were recorded, 42 

males and 4~ females. "[ost of the speakers were 
nath'es of lower Michigan. Almost all were under· 

graduates of 18 to 20 years of age. 
The spectrograms used were open, contemporary. 

fixed context, and from one sex at a time. The 
average accuracy of identification by the two identi· 

fiers in this experiment was 59%. 

v. Interpretation of Results 

An intPrprl't:1tiLd of the abovc described re~tl1t5 
~lIgg('\t a l1('g,ltiYL' l'xpt'rinH'l1t, dearlY nol compal
ibll' ",ith thml' repOl tt'd bv KC1'ta alld 'I'mi. The 
original gO,11, hOW('WI, 0\ the '.dlOOI o[ Criminal 
.1 mtin' invoh('Il1l'l1t in the over-all v(Jin'print cx
pt'l ill1('llt ,\',l'i \0 prodtln', il po,sib1e, ~()IIl(' guide
lill('\ which might l>l' lI~eftll to law Cll/OI'Cemcnt 

,lgl'IH ies. \'ie\\l'd in thi~ (011t('xt, the experiment 
has produced sn111l' rl"a\lts wltidl are quitc impor

tant at this stage ol dewlopmenl in the use of 
voiceprint identification techniques hI' criminal 
justice ilgcnril·'. Rl'fel't'llrc l1a, been made earlier 
to the t1i!ficllltil'~ that haw plagued the widespread 
and ready arlept:mn' 01 polygraph and breath 
testillg techniques. While early users of these tech· 
niqlles were warned 01 the danger~ of premature 

usc of the method 'without adequate testing and 
preparation, ~cldom have negative results been inter· 
preted in a positive fashion to forestall avoidable 

errors. 

While there may be some exceptions to the fol· 

lowing general pattern, history and experience indi
cate that many foremic experts have acquired their 
expertise by the apprenticeship method. Fortu· 
nately, the majority of these learning methods have 
turned out favorably for the criminal justice system, 
The unfortunate experiences, however, constitute 
a blemish on the record which cannot be tolerated 

by a society whose foundation is based on a rule 

of law. It is (or these reasons that the experiP1en! 

should I~c viewed in a positive fashion. 

VI. Conclusions and Guidelines 

1n an drort to provide SOJ1ll' gt\ideline~ [or an 
int(,l'pn'Wlioll of the Jll'l'~el\l status o( vo:ceprint 

l.l8 

.idelltification as it may be used in the crimini 

jll~tice \) .,tem, the following observations are made 

1. Voiceprint identification techniques as they 

n.lay be used .by law enforcement agencies are rela
tIVely ne\~. EIght years is a very shon timc to move 
from the 1I1troduction of a tec!lnI'C!Lle t . · ., < 0 expectll1g 
JudICIal acceptance of results obtained by th i~ 
method. 

2. The. ~osi experiment, which is acknowledged 
t~ be a c<u.duUy controlled and important replica
tIOn expenment, indicates the following results: 

(a) Ina closed trial experimen t the percell tarre 
of error was 0.51 %. Other experiments pr()cluc~d 
errors LIp to 29.1 % depending on the conditions 
of the trials. 

(b) In his "Extension of Results from Forensic 
i\.Ioc1rls to Real Cases," Tosi states that given the 
CIrCUl1lstances uncler which an actual case is investi
gate~, a properly trained voice spectrogram identi
ficatIOn expert can expect to achieve thc same level 
of accuracy, i.e., I % error. 

3. TI~e Tosi experiment indicates that: second 
gen:ratIOn trainees can produce an acceptable level 
(1 ~o error) of accuracy in their work. 

4, The Criminal J usticc experiment indicates 
that ~econcl generation trainees following an ap
prentlceshil' nethod of study, doing wO;'k under 
uncoll_trolled conditions, and not llsitlg equipment 

.(othel than the spectrograph) such as "'as used ll: t~e Tosi experiment, did not achicve acceptable 
(,0,0 and 59% accuracy) results. 
· 5. Proper training of idelllifiers is of utmost 
Importance to th" SllC ' .[' 1 [ .. · " .... , cess l! usc 0 the vOIcepnnt 
IClenuficatlOll technique. . 

G T I' J. 0 t liS end, the following recommendations 
are made with regard to training and education 
reguisites: 

(a) Ideally, the yoiceprint identification expert 
sh.oulcl hold a l~ac('ala urea tt· degree in d ther speech 
s('lt:ncc or phYSIcal science. Forensic science labora
tones t.oc:ay generally require haccalaureate clegTees 
as a ll1IJlnnLlm educational prerequisite_ 

(b) While it has been demonstrated that accept-
able second g'enerat' .. , (IOn tJ all1ces can be recruited 
from a ()enenl })( l' t' 1 . .. ".' lpl! "Ion, aw enforcement tech-
IlI.Clans With comparative identification expertise 
m'l)' be the preferred source of recruit'ing trainees. 

(c) f11 the absence of a lmccalaureate def:{re-r as 
suggested above, the following college le\'c1 ~ourses 
arc strongly urged as it prercquisite to eventual 

use 0[_ the \'oi~eprin~ identification technique: 

phc~l~etlc~, acollS~rcs (wIth the accompanying basic 
ph)~ICS Inst.rUCtIon), speech science, linguistics, 
audro\og}' and hasic elpctronics. 

(d) Thorough traiLL,lg in the preparation of 
.t<:pe rcco.rdings and voice spectrograms is essential. 
.r he Tosl exp~riment demonstrates that proficiency 
tn these techntques can be trammitted to trainees. 

. .(~) A carefully ~lIpervised training program in 
\OlCe spect.rogram Identification until the trainee 
re<lch.es a 99(';, le\'el of accuracy in closed trials 
\\'orkIl1g with .spectrograms made from a homoge
neous populatton is the ultimate goa1. 

. (?. 1..1 P(~11 . sa tis('actory completion or a training 
plogldn~ SIlndar to what has been outlined above, 

~h(' . tra~l1e(' s~lOuld then undergo apprenticeship 
Insll ucllon With an ~xpel'iencecl slIj)el'visor TIl' • . • IS 

traIIlll1g period will utili/e actual case evidence and 
the 5uper\'i~or will indicate when he [eels the stu
dent is qualified to render opinions based on his 
own observalions. 
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I. Introduction 

In 19(i(), the Department of Michigan State Police 
became aware of a new identification technique 
that could be an aiel to law enforcement. The com
munications media related work being performed 
by La\lTence Kersta using a sound spectrograph to 

identify recorded voices. 
\'oice spectrography was deYCloped at Bell Com

pan)' Laboratories by Poller, Kopp and Green. Mr. 
La\lTenCe Kersta, a former memher or the Bell 
Telephone COIllpany research staff, dealt fOt' many 
years with voice spectrograms. He became interestcd 
in finding out whethcr speaker idcntificati 1I1 "'as 
jlossible and reliable on the basis of this "pc of 
~pectrogram .. \Ir. Kersta rcportcd in a cOll\cntion 
or lhe .\coust ic'al Society of Amcrica, i n 19()~, tha t 
after performing controlled experimentation, he 
(onrluded tha t voire ~pe( trograms could 1)(' med as 
a reliable means of identification. 

:'II r. Kersta cla imed tha t hc accu mula ted evidence 
to support his conclusions hy using a panel or 
tll'('h'e high school girls, whom he trained in voice
print matching. They idcntificd speakers among 
different si/ed speaker-utterance matrices taken [rolll 

a popu latioll or 123 speakC'rs. According to Kersta, 

this panel made 99.7;') percent correct identification 
of the speakers. 

In I %G ~Ir. Lawrence Kersta was cOl1lactel[ by 
the :'Ilichigan Department of State Police conccrn
ing the crreni\'eness of his system. Subsequently 
their Latent Fingerprint Technici;'ll1, Detective 
Ernest 0.'a~h, met with i\Ir. Kersta at Voiceprint 
Laboratories to discuss the feasibility and adapta
bility or \'oicc Identification as an aid to law 
('n r OlTCIll en t. 

.\s a resllit of this meeting, Del. Ernest 0.'ash and 
Det. Lewis \\'ilson received training :~t \'oiceprint 
LaiJoratorics in 19fi7. Both officers were experienced 
atld expert Latent Identification technicians. Be
came of a desire ror impartial consultation, Dr. 
Oscar Tosi or ~Iichigan State University, who 
has as credential> a Doctorate in both Physi('~ and 
Speech Science, was contractell to ;'Iccompany the 
Technicians. :\t the collcll.sioll of the training
camse, Dr. Tosi submitted a rcport which indicated 
the Kcrsta sy<;tem to be signinficanl. He suggested, 
hO\\'e\ er, that there was a nced [or further scientific 
study to rcplicate :'Ill'. Kersta's \\'()"k. to further es
tablish \'oite Idcntiflcation as a ~cienti(jc method. 

II. Methods 

. \~ a re~ult of this study, and to further imple
ment the practical application of voice identification 
lIsing' a ~ound spectrograph, the Department of 
:'11 ichigan Sl<1te Pol ice took the following action: 

I. I'urcha~ecl equipment. 

2. Initiated a program to educate regional law 
l'nfor(ement officers in the collection, preservation 
and applications of ,"oice identification evidence. 

3. Instituted a centrali;.::ed Voice Identification file 

b> collecting voice recordings of known individuals . 
.\. I n(Teased the experietlce und extended the 

l'xperti~e of technicians 0:ash and Wilson by actual 
lase work ;111([ through continued ;tlisociation with 
Tosi ant! Kersta. 

.\fte\' three years of concentrated experience in 
the application of \'oice Identification in crimi!l:.tl 
cases, of which t\\'O years were a part of this fec L 

erally funded program, the following results <Ire 
reported .. 
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III. Results 

A. Equipment recommendations 

The equipment needed for the collection, preser 
'alion and preparation of voice identification e"i
idence i~ no! eXleIl,>ive. However, expericnce gained 
durillg- lhi~ re,>earch supplies some guidelines that. 
~holild he helprul to any agenc}' contemplating a 
voice itlCIll i [Icatiol\ progT<un. 

The JJ1mt illlport:1Il1 piece of equipment is a sound 
~pectrogTaph. ,'\lthough there are other makes avail
able, the \'oicepriJ1t Sound Spectrograph was spe
cifically developed (or voice identification and in 
our cxpC'rieIlle provides the most satisfactory resulLs. 
There i, more than one model voiceprint Spectro
gra ph. All models pcrrorm equa I1y well for voice 
identification, including some models developed to 
analyze sounds other than voice and used princi
pally [or medical research. 

[t is also nece,sary to haw a device capable of 
recording speaker utterances. Such a recorder should 
be of the magnetic tape type. alLIHlugh experience 
indicates that recordillf!:s made on dictaphone belt~ 
can he lISed. The quality of the recording device 
is not usually critical. but must have the capacity 
to record the frequencies necessary for intelligible 
speech. Ho\\'eycr. evidence tapes arc often made 
under less t han ideal conditions and it seems rea
,>onable to conclude that good reliable instrumenta
tion \l'ill incr('ase the likelihoocl of ohtaining usable 
recordings. The tape llsed should be polyester 
backcd an(l at least 1.0 mil thick. If a cassette re
coreier is employed. the mer is cautioned against a 
cassette that records one hOllr on each side. This 
[;IpC is so thin that it is too likely to break, loul 
the "'inding mechanism and fail to record the ('c
sired information. 

l\{ost of the criminal cases ilwolying voice iden
tification arc the result of telephone conycrsations. 
Therefore it is of prime importance to have the 
ability to Illake quality recordings from the 
telephone. 

The telephone pickup should be of the inductive 
type devised in such a manner that the recorcling 
\l'ill be made from the back of the ear piece. One 
model fits over the ear piece and thus eliminates 
Ihe po~sihility or dislodging the p;ckup while han
dling the phone. :\n important advantage of the 
inductive type is that il cloes not require the 111;1-
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nipuJation of the telephone wires or re('')rding 

equipment. 
A variety o[ patch cords and other connectors are 

necessary so that recordings can be made from f .. 

variolls model recorders and [or making duplicate 

record i ngs. 
.\ well equipped laboratory will have a banclpass 

filtC'r. Some recotdings have extraneous noise that 
interferes with the analysis. In many instances, this 
ulH"anted noise can be filtered out with a bandpass 
filter wilhollt damaging the information available 
from the ~peech signa1. Although not critical to the 
operation, this equipment will make it possible 
\0 render a definite opinion in a greater percentage 

of cases. 
:\. better service is rendered by a laboratory that 

has at its disposal several makes and models of tape 
recorders. This is especially important if examina
tions are heing conducted [or many different agen
cies where there is no control over the types of 
recorders used [or obtaining the evidence recordings. 
;\!any ~mall police agencies do not have recording 
(ljuipment ;1nd it is important [or them to be able 
to obtain such equipment on a temporary basis 
whell confronted with an investigation requiring 

this ability. 
.\ sound proof room should be available for mak

ing reconling'i in the laboratory and for listening 
to the sounds being analyzed Because of the nature 
of some cases. obscene language has been recorded. 
.\ sound proof room will allow the study of these 
tapes without subjecting- other employees to the 
(ontent. 

B. Educational programs for law enforcement 

Before law enforcement agencies could be ex· 
pecled to suhmit evidence for \'oice identification, 
it was necessary to inform them as to how such 
e\'ic!cnce Illight be meful, what evidence was neces
,ary in order to conduct an examination, and how 
hest to obtain known and unknown tape recordings. 
It is estimated that over 4600 police officers received 
direct inrormation in a classroom setting [rom tech· 
nicians l'\ash and \\Tilson. At the same time, other 
(itilens were familiarized with the voiceprint tech
niquc through service club appearances, radio and 
tele,·ision. 

As this type of information was completely new, 
some \'ery basic procedures were disseminated. The 
following investigative hints were found to be 

practical: 
1. Tbe questioned and known voices should he 

recorded on the same tape, utilizing the same re
corder, whenever possible. 

2. Any instrument that will record on Vi" tape 
can be used. However, a poor quality recording may 
interfere with identification or elimination . 

3. The tape should be JA" with at least 1.0 mil 
of polyester or mylar backing. Tape with acetate 
backing should not be used. 

'1. A new or bulk erased tape shOl.t1d be employed 

for each case. 
S. Tapes recorded at speeds slower than 1% i.p.G. 

do not usually contain sufficient frequency response 
for positive identification by \'oiceprints. 

G. Enougtl tape should be ;J\'ailablc to record all 
anticipated colH'ersation. 

7. At the heginning of the e\'idence taDC, perti
nem data such as the elate, time. locat ion, telephone 
l1umhel-, case number should be recorded. 

R. If the victim is to record the incoming call, 
instructions should be gi\'en on recon1cr operation 
and elimination of background noise. 

9. Telephone companie'i can he helpful in iden
tif)ing the telephone number of the anonymous 
caller. In most instances, they can be prepared to 
identify the next incoming cal1 "'ithin fiye minutes 

~fter heing caned to assist. 
10. \\'11en recording the known voice, usc a pre

pared text that contains the samc "orcls and phrases 
as the questionecl recording. 

I L On several occasions, officers obtajned good 
recordings of the unknown \'oice but made poor 
recordings of thc known voices. This was caused by 
the improper placement of the microphone and the 
failure to eliminate background noise. 

As part of a program of instrucliol1'l given at the 
Second Annual Criminal Aclvocacy Institute, tech
nician Nash participated in a teaching program 
\\'ith Practising Law Institute o[ New York City. 
Instructions were held in New lork City, N.Y_; 
Las Vegas, T\evada; i\! iami Beach, Florida and 
Dallas, Texas. The Institute was attended by prose
rutors, trial lawyers and judges from throughout 
the United States The style of presentation ol "oice 
identification information was through a 11100t trial 
conducted by experienced lawyers and judges, 

Forensic scientists were infonned abollt voice 
identification through speaking cngagements at the 

annual meeting of the American ;'Vademy of Foren
~i\ Sciences and the semi-annual meeting o[ Law 
Enforcement, Science and Technology. In addition, 
ll1an~' pcople traveled to East Lansing to view 
fir\t hand the \\'ork being performcc: in voice 

identin.ation. 

C. Central voice identification flle 

As experiencc was gained in the exahlination of 
voiceprints, it became apparent that plans to clas
~i[y and file actual voiceprints 'were not practical. 
The \'oiceprint did not adapt readily tv a classifica
tion system. A more practical method at this early 
stap;e of devclopment was to ~torc samples of the 
voice offenders on master tapes. The speaker is 
identified by name on the recording. The location 
of the "oice on the recording is noted on the name 
carel. At this \\Tiling, there has been little reference 
maele to this file of voices. However, it will become 
morc useful as the file grows. It is anticipated that 
the computer will eventually solve the problem of 
storing- and retrieving voice identification informa
tion. Part of the research by Stanford Research 
J nstitll te will he concerned wi th this possibility. 

D. Application of the voiceprint technique in real 

cases 

Since the inception of a voice identification pro
gram by the Department of ;"Iichigan State Police 
in 1%7. ~91 ca;cs have been submitled to the \'oice 
Identification Unit, mO~ll)' from Micl~ig'an police 
and fire departments. However, reqlle~ts [rom all 
departmclIts were hOllored and examinations werc 
conducted (or agencies in Indiana polis, Indiana; 
Riverside, California; Orlando, Florida; Los An
geles, California; St. Paul, ;"!inncsota; Ladue, Mis
wuri; Erie. Penmylvania; Chicago, Illinois; Dade 
COli n ty, Florida; Astoria, Oregon; a nd SOli th I\'fi
ami. Florida. To indicate the wiele variety of 
crimes thm voice identification can hecome a part 
of, the 27 tvpes of complaints received during this 

time are listed below: 

TV/Ie of Crime Xllmber of case, 

Obscene telephone calls ... , ... , ........... ,.. 94 
false fire alaI Ins ................... .... .... 46 
Bomb Scares ................................ 28 

Threats .... , ...•................•.......... 2G 
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Type of Crime Number of casel 

~ui~alJcc leleph(Jne raUs ..................... 2::i 
Extortion and blackmail ...................... IS 
:-'!urder ........•........................... 11 
Breaking- ,!nil Entering ....... . . . . . . . . . H 
Ki(lnappin~ ....... ,. ...................... 5 
Robhery , .............. ........ :J 
Rape . . . . .. ..................... 3 

,\ilortioll ...... , .... - ................ . 2 
2 ;\ltemptcd murder ........ . 

,\ r~()n ........ . .• •..••.••..•.. ., ••.. 2 
Llril)cry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 

2 Accostillg :1I1t! Soliciting ...............•...... 

l.arcenl' .......... . 
Fraud .................. . 
\\'capon yjol:ltion .......................... . 

Harrassing ................................. . 
Radical aCl ................................ . 

ImpeT~onatinf! a Polin Officer .. ' 

J'alse Report o[ a crime' .. , 

Anno\'ing ...... . 
.\bduction ..... . 
Gross indt'fPIKY 
Intdligcllce Informant Tdcntirtratioll 

073 voices were examined hy the study of 42;132 
spectrograms. l05 persons were identi fled as Lhe 

unknown or questioned voice on tape recordings. 
172 persons were eliminated as the unknown .or 
questioned voice on tape recordings. For various 
reasons, a defini te opinion could not be rendered 

concerning the other 396 persons. 
It was not always possible to obtain information 

from the investJ..?,:,ting officers that would refute 
or substantiate the opinions of the voice identifica
tion examiners. However, it was reported that in 
thirty cases, those pe:rsons identified by voice identi
r[cation techniques later made confessions or ad· 
missions correlating voice identification opinions, 
:\0 information was found to prove the wrong per
son had been identified by voice identification 

techniques. 
From these experiences, it is concluded that 

Voice Identification by spectrographic analysis has 
a definite ltse[ulness in the investigation of crime. 

Given a sufficient quantity and quality of known 
and unknown voice recordings to work with, a 
qualified identification examiner can arrive at opin
ions that have an accuracy leyel comparable to 
other types of subjective examinations now made 

in Forensic Laboratories. 

IV. Training of Voiceprint Examiners 

The application of ,"oice identification techniques 
in aeLUal cases pre-supposes the use of (':-:a111il1e1's 
who are educated, well trained and experienced. 

1t is important that thp education include an 
understanding of the speech and hearing process. 
AlLhough it docs liOt bea" directly on the visual 
comparison of spectrograms, it docs provide the 
examiner wiLh a beLter understanding of dirIer
ences that occur within separate utterances of 
the same word by one speaker. This will hrlp him 
understand and explain when slight diITercnce~ 

exist. 

Listening to the recordings is also an important 
part of the identilication process because the ex
aminer must be assured that he is comparing the 
same sounds. In a training or research project 
",here Lbe examiner is presented with Lwo prepared 
spectrograms to compare, bOLh could ue labeled 
"the". However, if in actuality one spectrogram 
was made [rom the sound "thee" and the other 
spectrogram was made from the SOllnd ''thuh'', 

identification would be impossible. Knowledge of 
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Lhe various sounds of the spoken word, 'what sounds 
are germane to the identification process and ho\l' 
to listen to these sounds is necessary ill the proper 
labeling of the spectrograms to be compared. 

Basic training in Lheory of voice identification, 
the production of spectrograms ancl the comparison 
process are necessary in the early development oE 
the voice idenLification examiner. However, this 
1'0r111al schooling does not sufficiently prepare an 
incli\'iclual to undertake the re~ponsibility of exam
ining voice identification evidence and to give 
:>pinions in forensic cases. As in other forensic 
sciences that are subjective in nature, there must 
he experience and testing in the comparison of 
spectrograms until the examiner can demonstrate 
his ability to unerringly resolve the problems sub· 
ll!.itled to him. This does not preclude the fact 
that in some cases he may not be able to arrive 

at a defl11ite opinion. 
I t has been demonstrated in the research by the 

Audiology and Speech Sciences Department of 
l\fichigan StaLe University that voice identification 
by the visual comparison of spectrograms is possible. ; 

The sLlccessful llse of this method in forensic cases 
and in court, therefore, will ultimately depend on 

the reliability of the trained and experienced 
examiner. 

V. A Look to the Future 

There are other research projects that should 
be initiated LO extend the eITectiveness of the voice 
spectrogragh in criminal investigation. This would 
include experimentation with the identification of 
disguised voices and non-contemporary recordings. 
However, this should not deter its use by forensic 
laboratories or interfere with efforts to present 
voice identification Lestimony in courl. J n this 
respect, voice identification is no dirIerent than 
other forensic sciences in that there are always new 
questions to be answered. 

Research is planned for speaker recognItIon by 
machine. This met!-,od could ';ery well become an 
effective pron~ss to ~ubstantiate, extend or replace 
opinions now rendered by voice ielen tification 
examiners using spectrog-raphic t.echniques. 

The possibility of .Ising the spectrograph to 
identify sounds other thall the human voice should 
not be o'vcrlookect. As an example, let us imagine 

Lhat an anonymous bomb threat is received and 
recorded. The sound of a motor can be distin
guisbed as part of the background noise. If the 
motor noise, through sound spectrography, can be 
identified as to type, it might help investigators 
locate the source of the call. Again let us imagine 
that a woman calls the police and says she is about 
to be shot. An explosive sound ends the conver
sation. The sound spectrograph in this case may 
be effective in identifying the explosive noise as 
a firearm, perhaps a rifle rather than a pbtol, and 
of large caliber. 

As time passes, investigators and examiners alike 
will discover new applications of the sound spec
trograph as it relates to criminal investigations. It 
remains now for more agencies and individuals to 
become involved in developing expertise and gain
ing experience in order that this relatively new 
technique can reach its full potential for solving 
crime. 
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APPENDIX A 

Master Tables of Results from Trials 
The \l'ord "sel" IIscd ill lhe.se lahles leil'!'s lo OJ (,Olllpl';l:! 

iCqUCIlCC or .Ji'lfi (,()lIliJillaliolls of diflerelll In ('I, \l'lIich defille 

cadl llpe of lask ill' speaher idcllliflCltioll. Th(' lrials COlli. 

plelilll{ Ih(' fOlll' scls 01 ('adl (Ide 01 Ihl' e"p('lilll('11[ lIl'l'l' 
1"'llo),)lled in all IlIl"sl(,lllalic llIanller. 
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I .... 

I 

'" t· 
I 

CONTEMPORARY 
10 SPEAKE~S 20 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 
51 (){) 1 1 ., J. 

a 52 1 1 1 1 1 1 
53 1 1 1 1 1 

(3 
51 1 1 1 1 1 1 

I 52 1 1 1 1 1 1 
53 1 1 1 1 1 1 
51 1 1 1 1 1 1 

Y 52 1 1 1 1 1 1 
53 1 1 1 1 1 1 
51 1 1 1 1 00 1 

a 52 1 1 1 1 1 1 
53 1 1 1 1 1 00 
:51 1 1 1 1 1 

II (3 S2 1 1 1 1 1 i. 
:53 1 1 1 1 1 1 
51 1 1 1 1 1 -'~ 

Y 52 1 1 1 1 1 _1 
53 1 1 1 1 1 1 
51 00 1 1 1 00 1 

a 52 1 1 1 1 00 1 
53 1 1 1 1 1 1 
51 1 1 1 1 1 1 

III (3 52 1 1 1 1._ -+--1-_1 
53 1 1 1 1 1 1 
51 1 1 1 1 1 .J. r 52 1 

53 1 1 1 1 1 1 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 
51 1 1 1 1 

a 52 1 1 1 1 1 1 
S3 1 1 Ou 1 1 1 

r 51 1 1 1 1 1 1 
(3 52 1 1 1 1 1 1 

53 1 1 1 I 1 1 
5: 1 1 1 1 DB Oil y 52 1 1 1 1 .1 ~ 
53 1 1 1 1 1 1 
51 1 1 1 OU 1 1 

a 52 1 1 1 1 1 1 
53 I 1 1 DB 1 1 

II 
51 l 1 1 

(3 52 1 1 1 1 1 1 
53 1 .1 .. .1 
51 1 1 1 1 1 1 

Y 52 .1. 1 1 1 1 
53 1 1 1 1 1 ., 
51 1 r 1 1 OA I. a 52 1 1 1 1 DB 1 
53 1 1 OB 1 1 

III (3 
5' 1 DB DB 1 

:S' 1 1 1 1 DB DB 
7~' 53 1 1 1 1 1 1 

51 1 DB 1 1 1 1 
Y 52 OA 1 1 1 1 DB 

53 1 1 DB DB 1 1 

• CLOSEO o OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P1 P2 P3 P 1 P2 P3 PI P2 P3 P1 P2 P3 
.1. l 1 L L .~- .. + . ~ .~ ~ 1 1 
1 1 1 1 1 1 1 1 1 00 1 1 
1 1 1 1 1 1 1 1 1 1 00 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 00 1 1 00 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 I. 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
00 1 1 1 1 1 1 1 1 1 1 1 
1 ...:1 1 on 1 ~ 1 00 1 L 00 1 
1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 00 1 1 . 1 1 1 
1 1 1 1 1 1 1 1 .1- 1 1 1 
1 ...l 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 00 1 1 00 00 00 1 
1 1 1 1 1 1 00 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 00 1 00 
00 1 1 1 - 1 1 1 00 1 1 
1 1 1 1 1 1 00 00 00 1 OD t 
1 1 1 1 1 .J. 00 .J. .JlIL 00 1 00 
00 00 1 1 .-L... ...:l ~ f---;-OD 00 1 1 1 1 1 1 .1 I 
1 1 1 1 .J. ...:l .J. ...:l .1 ...:l 1 1 I 

...\l.0 ...:l .~ .J. ..l ...:l 1 1 

1 1 1 .00 l 1 

OD Oil 1 ...:l. .J. 1 00 1 I 1 1 1 

:;n I 

o CLOSED • OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P1 P2 P3 P1 P2 P3 P f P2 P3 Pl P2 P3 

1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 DB DB 1 1 1 1 1 1 
1 1 1 1 1 _J.l.1I ~ ...:l . .1 1 1 

1 1 1 1 1 1 1 ...:l _.1 1 m 
OA 06 1 1 1 1 1 1 1 0" 

.1 .1 illl 1 .1 l ~ .1. 1 "" .2 ~ ~ ...:l ~ ~ ~ ~ 

...:l ~ ~ ...:l ~ ...:l ..illi. ...:l 1 1 I I 
1 1 1 1 1 1 1 1 Oh 1 1 1 
1 1 1 DB DB DB 1 1 1 1 
1 1 1 DB DB 1 1 1 1 01'. 01, 
1 1 1 DB 1 1 1 1 1 1 O~ 0" 
1 1 1 1 1 1 1 .JJ..~ DB 
1 1 1 1 1 1 1 1 1 1 DB 1 
1 1 1. 1 .1. 01\ f\~ np. 
1 1 1 DB 1 1 1 1 1 J {)Il 1 
1 1 1 DB DB 1 1 1 1 1 1 nH 
1 1 1 1 1 DB 1 i 1 i 1 1 

.1 .~ ~ .1 ...:l ~ ~ 1 

_Oll.. ~ ~ ...:l ...:l ...:l Jl. 1 1 

1 ~. .J n 1 1 

.1 ...:l ...D.Ji ~ ~ ~ 1 DB DB DB 
1 1 1 1 1 1 1 no 1 
1 1 1 1 1 1 1 1 n~ 

1 DB OA OA ..l ..llA. ..l ~ ...:l L- OR 1 

0\ DB DB Oil OA 1 nn flO 

1 1 OIl 1 .J. ...:l ~ ...:l ..1 \ 01\ . OR 

SET I 
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D 
I 

~ ,-
'" I 

° OPEN /MATCH ° OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 

a 

I $~~+-~~~~4-~~~~~~~~~~~~~~~~ 

r~+-~~~~+-~~~~1-~r-~~~~~-+~+-~~~~1-~r-~~4 

a 

II $~~~4-~~~~~4-~~~~~~-~~r~~~Yr~ 

r ~~~~~+-~~~~~+-~~~r-~~~~-4~-4~-+~~~-+--'-+-~+-~+-~ 
a 

III $ I-*-+--'-+--=-+--'-+-'-I---'---+---,--+-l-+--"-+-"--#----I---+--"--+--'--+-''-+---'--I---"--+--'-+--'--+-'--I 

r~+-~~~~~~~~~~+-~~~~~~~~~~~~~_+_~~ 
1 00 

SFT T IT 

WORDS 0306.9 UTTERANCESII , 0 20 3 ° CLOSED • OPEN/MATCH ° OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P 1 P2 P3 P 1 P2 P3 

a 

I $ 
51 

2 1 1 1 DB 
53 1 1 1 

I 1 1 1 1 r 52 1 1 1 1 
53 1 1 1 1 
51 1 1 1 1 

a 52 1 1 1 1 
53 1 1 1 1 

II $ 
I 1 J 1 

52 1 1 1 
53 
5 I r S2 
S3 
51 

a S2 
S3 

III (3 
SI 
52 
53 

r I 

53 Q 

SET Tn 
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::' ,': _ .. , ,~' -_-- "~--------:~-~----,~;--;---~--!J:'.-.~ --~-

VOIGT.I DENTI\FI CATION "RESEARCH 

" /~NON 

.NCJ.ori4)j f.'lr' 
14.70 , . , 



o OPEN/MATCH 

CONTEMPORARY NON-CONTEMPORARY 

10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P' P2 P3 P1 P2 P3 P1 P2 P3 Pi P2 P3 PI P2 P3 PI P2 P3 

SI 1 1 1 1 
-, , -, nn , 1 

a 52 -; , , , 1 , -, , , nn 1 , , , , 
·53 1 --, , , , , -, , 1 1 , 1 , 1 

-,-

I {3 
51 --, -, , , 1 1 1 1 1 1 1 1 I I 1 , 
52 1 , , , 1 1 1 1 1 1 1 1 1 1 1 1 1 , 
53 , , , 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

51 -! -, Qfl 1 1 1 1 1 , 1 , 00 1 

r 52 1 1 1 1 1 1 1 1 1 1 1 
,- , 1 nn , 

53 , 1 1 1 
, 1 , 1 

51 , , 1 --, 1 1 on i 1 1 

a 52 1 
-, , 1 1 , 1 1 1 1 00 1 1 , 

5;3 1 
-, , 1 1 1 - on 1 1 1 1 00 1 l' 1 

51 1 1 1 1 1 1 1 1 , 1 

II {3 S2 1 1 1 1 1 1 1 1 1 , 1 , nn nn , 1 , 
53 1 1 

, 1 , ,- , -on , 1 

S I -, 1 -, 1 ~ 1 
-,- 1 

-, , 1 1 1 1 i 

\r 52 -1 I 1 1 1 
-, -,- 1 1 1 1 1 i 

53 -1 1 1 1 1 1 1 1 
, 

1 1 1 1 1 1 

5 I -1 I. 1 i i 1 i 

a S2 1 1 1 1 nn 1 1 1 1 1 
-1 1 1 1 

--, 
S3 1 , nn nn 1 , , 1 1 

-, 1 1 

III {3 
SI , 

1 1 1 1 1 1 , 1 , 1 

52 , on , , I , 1 1 , , 1 , 1 1 1 I 

53 , 1 1 1 nn 1 1 J 
--, 1 1 

51 1 1 , 1 1 1 -11" I1n 1 1 

r 52 1 , , nn , nn , , r.r nn 1 1 1 , 

53 1 1 1 1 1 1 00 1 1 1 1 1 00 1 1 1 1 1 

o CLOSED • OPEN/MATCH 

PANELS 

I 

\;: 
o 
I 

I 

II 

III 

86 

a 

{3 

r 
a 

{3 

Y 

a 

(3 

r 

5 I 
52 

15! 
51 

! 52 
53 
51 
52 
53 
51 
52 
53 

151 
52 
53 
51 
52 
53 
51 
52 
53 
51 
52 
53 
51 
S2 
53 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

pt P2 P3 P1 P2 P3 , , 1 1 --, 1 1 1 
-1 1 

1 1 1 1 ' 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 _1 1 1 1 1 
1 1 1 1 1 1 

1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 I. 1 
1 1 1 1 1 1 

1 

1 1 1 1 1 DB 
1 1 1 1 1 

1 1 1 1 1 1 

OB 1 DB 1 1 DB 

1 1 DB 1 1 DB 
OR 1 OR 

1 OR 01\ 

1 1 1 DB DB OB 

1 1 Ill'. 1 1 

1 OR 1 OR OR nR 
1 1 1 1 1 --, 1 1 DB 

40 SPEAKERS 

PI P2 P3 
1 1 

,1 1 1 
1 , 
1 I 

DB 1 1 

1 
1 
1 1 I 
1 1 1 

DB 1 1 
1 1 1 
1 1 1 
1 B 
1 1 1 

1 1 

1 1 1 
1 1 1 
1 1 1 

DB 
DB 1 DlI 
nO. 1 110. 

1 0. 
IlA nil OR 
I1R 1 OR 

rm I1R 
flO OR I 

1 nR 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PI P2 P3 PI P2 P3 PI P2 P3 
, 1 , , 111\ 1 , , 
1 1 1 1 1 , nR 1 , 
1 , nB nR n. 

--, 1 
-, 1 1 , M -, , 1 , 1 DB DB 

-1 

-, 1 -, 1 1 1 

DlI t 1 1 11 

DB 1 nn 1 1 , , 1 

lH , 'I1R , 1 1 1 

1 1 Oil nR OIl , , 
1 1 1 nIl OR OA OR nR , 
1 1 1 DB ,OB nA 0 , OR 

1. ,- 1 1 
1 1 1 1 1 1 1 

1 I 1 I , , 1 -OR 1 Ill'. 
--, 1 Ill'. 1 

DB 1 -on 1 nR --nR OR , -, 
1 1 I 1 flR 1 Ill'. .1 

1 nA , n 1 1 1 

1 1 1 I no. -, 
-nR 1 , , 1 

-, 
, , nn , nR no nn -, 1 1 n. til'. , 
1 1 , on n. ;" n' nR -me 

1 1 1 , no 

-n" 1 
-, , , nn '" 

1 1 1 1 , ". nR f 

o CLOSED o OPEN/MATCH • OPEN/NO MATCH 

CONTEMPORARY NON CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 Pl P2 P3 Pi P2 P3 
51 1 1 J 1 , 

a 52 1 1 1 
1 , n(' , 1 1 . 1 

1 1 1 1 --, , , 

53 1 1 
1 , 1 1 1 , 

1 , , 1 
51 , 1 1 1 

1 1 , 1 1 , 

I ~ 
1 1 1 ,- I 

52 1 1 1 
, 1 1 

53 1 1 
1 1 1 1 1. 1 1 1 1 

1 1 1 1 1 ' 1 
--, 

51 1 1 1 
1 1 1 1 , 1 -, 

~ 1 r 52 1 1 -1 
, , 1 _1 , 

1 1 1 1 -) 

I S3 1 , 1 1 1 1 1 
1 I , , 

,. 5 I 1 
, , , or. 1 , , 

1 1 1 1 _1 1 --, 
I a 52 

1 , , 1 1 1 1 
1 1 1 1 1 _1 1 i I 1 

, 
1 1 , -,-

53 1 1 1 1 1 , 
51 

1 1 1 1 1 1 1 1 1 1 l 

II {3 
1 1 1 1 1 1 

1 1 

52 1 1 1 1 
1 1 1 1 1 DC 1 1 1 

1 1 1 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 

1 1 1 1 DC 

SI 1 1 1 1 
1 1 1 1 1 1 1 or. 

1 1 1 DC 1 r S2 1 1 1 DC 
1 1 1 1 1 DC 1 1 1 

1 1 1 1 i 
5::; 

1 1 1 1 1 
1 1 I 1 -i 1 1 1 1 

1 1 1 1 1 1 
SI 1 1 1 1 

1 1 1 _L , 
a 52 

1 1 1 1 1 1 1 1 1 1 1 
1 OC 1 1 1 1 1 1 1 1 1 

53 1 
1 1 1 1 1 1 1 , 1 _1 

51 1 1 1 
DC 1 1 1 -, -1 

III f3 
1 1 -, 

52 DC 1 1 1 1 1 -or;- 1 1 
1 

53 1 
·1 , 1 1 -, 

1 1 
nr. 1 DC 

, 
1 1 1 

51 1 
, 1 , _1 -1-

r 1 1 1 1 1 1 
52 , 1 -r;;;- _1 

, 1 1 I 

S3 1 - i Or. , 1 , , 1 1 Of' Or. 11(' 

1 I 1 1 
., 

1 1 --, 1 1 1 1 J 1 

SET ITI 

E CLOSED o OPEN/MATCH o OPEN/NO MATCH 
..---

CONTEMPORARY NON CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 P1 P2 P3 Pi P2 P3 P1 P2 P3 P1 P2 P3 
51 1 1 1 1 1 1 1 1 1 f" 1 1 1 I 1 I 1 1 a 52 1 1 1 1 1 

53 
1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 I , , 1 1 
51 1 1 

I {3 
1 1 1 1 1 1 1 1 1 1 I1n 1 

52 1 1 1 1 1 1 1 1 1 1 00 
53 1 1 1 1 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 

51 00 1 1 1 1 1 1 1 1 1 1 1. r 52 1 1 1 1 1 
1 I 1 1 

1 1 1 1 1 1 1 1 
I 5:3 1 1 1 1 1 

1 1 1 I 1 
1. 1 1 1 1 1 1 1 1 I 1 1 

SI 
.-

00 1 1 1 1 1 1 1 1 1 1 0 1 1 
a 52 1 1 1 DO 1 

J 1 

53 
1 1 1 1 1 1 1 1. 1 1 1 1 .L 

1 1 1 1 1 1 1 1 1 1 
51 

1 1 1 1 1 1 1 
1 1 1 1 1 1 

!-

II {3 
1 1 1 1 1 1 1 1 

S2 1 1 1 1 1 
1 --t-1 oD 1 1 1 1 1 no 1 1 1 

5:3 1 1 1 1 
1 

1 1 1 I 1 

::'1 1 1 1 1 1 1 1 1 1 00 1 1 
Y 5Z 

1 1 OD 1 1 1 
L 1 1 1 1 1 1 1 1 1 1 1 00 1 1 00 1 1 

53 1 t 1 1 1 1 1 1 1 1 1 1 1 00 1 1 1 1 
51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

! 
I 

a 52 1 1 1 1 1 1 1 00 1 1 
53 1 1 1 

1 1 1 I 1 1 1 
1 1 1 1 1 1 1 1 _1 -, 

III {3 
51 1 1 1 1 1 1 1 1 1 nn nn nn nn 
52 1 1 1 1 1 1 1 

-1-
1 1 

-,- 1 , nn 1 

nn (,,1 1 
53 , 1 1 1 On 1 1 1 1 1 1 -,- nn nil 
51 1 1 1 1 1 1 1 , 

r 1 , 1 on 
52 1 1 , 1 1 , J 1 --, , _1 1 nn 1 1 1 rm 
53 1 1 1 1 1 1 1 _1 , 1 , 1 , , lin 

SET 1\' 

87 



-, 
• OPEN/MATCH o OPEN/NO MATCH 

NON CON TEMPORARY 
L __ ~ __ ~~C;O~N~T~E~M~P~O~R~A~R~Y:G~~4Ki~~os~~~Tiis~~Bi~~~~~ r RS 10 SPEAKERS 20 SPEAKERS 40 SPEA'KERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKE 

PANELS P1 P2 P3 P1 P2 P3 P1 P2 P3 ~1 ~2 ~3 P1 P12 P,3 P11 
5 I 1 1 1 ~ ~ 1 ,i 1 1 1 Oil 1 1 1 

a 52 1 1 1 ~ 1 1 1 " 1 1 1 
5 3 1 1 1 1 1 1 OR 1 

t5~ltt=t='t=1t:~1~~~~~~'~~'Li=~'~'~~;~±J'==tj:~=t=t='t=~t=t=t=1t=t='~1~~l~ 

II f3 52 1 1 1 1 1 rm _1 1 np 1 

t5t3tt=t'=t~~:1~~'~~~~1=i~_i-~1~t=ftjO~Rt~M=ti==t=t=t=~OBt=t='t=J~ 1 1 51 1 1 1 1 1 1 011 0, ~ 1 1 1 
Y 52 1 1. OR 1 DB OR OA 1 ~ 1 

53 1 0\\ } 1 nit OR DB DB J £1", ~R ~~ 

y 52 1 OA I 1 11 :CO
[BI:IUC10J.,1 ..Jl_IL-LIL.lJILL.11-l.-i1--l.~0'iL\ ..I-..!.l~---=-l--l---!o..l ...I >_, L--L __ ~5~3~~1~~1~~1~ __ 1_____ 1, 

88 

I {3 

iIII f3 
y 5 

5 

SET TV 

SET IV 

WORDS 0 30 6 8 9 UTTERANCESO,8203 II CLOSED ° OPEN/MATCH ° OPEN/NO MATCH 
-----------------r----------------------------------, 

CONTEMPORARY NON-CONTEMPORARY 
L-----+-10-S-P-E-A-K·E-R-S,-r20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAK~RS 

PANELS P' P2 P3 p, P2 P3 PI P2 P3 Pi P2 P3 PI P2 P3 PI P2 P31 
51 

a 52 
53 51 

1 1 1 1 1 1 1 1 1 1 .21 1 ~ ~ ~ 1 .L.J 1111111111 1 ~ 111 1 

I f3 52 53 
1 1 1 1 1 1 1 I' _.L __ ~__ I 1 1 1 , , 
1111111 l' 111' 1 

1 1 1 1 1 1 1 1_ 1 1. 1 1 1 J 1 
1 II! 1 1 1 I 1 1 1 1 1 11 _1 1 

51 r 52 53 
1 1 ILL 1 1 1 1 h_. _1,. 1 1 _1 : ill 
iii t i -}- -i t iiI i ~, , =f$J 
~ ~ t i ~+-+ i 1 t iii·, ~ ~ ; ~, ;: ;--[-f-- -!;-{ .. 5 I 

IIi 1 I 1 I 1 1'1- -'1· I 1 ' .J.. 1 1 1 '1 1 ~LLJ 
1 1 1 1 : I 1 " , , n- " L' fl" I , t ' I 

" J ," I 1 I 7--t--:--+~-1-""~--!--:--, ~ .. i -(~ -:- r', --,-:;;;-.- , , n·. p +t--- --:y-
1 I'.. ,. I .~_t-.A-4_----+...L.- r---' -7·"'··-1-'--· ~-;....-'--r-.""" . "-:- -,- • 

f, I a 52 
I 53 
, SI III f3 ;~ 
! .51 

1 I 1 '! ~ "I + 1 I 1 J ·1 j.L 1 "1 r, _1 _ n· ()' ---=- ' . ! 1 ( 

; 1, 1 I ~: 1 • .===!=L-+_I . --I !...-l-L- !--1-' __ ' . ....i......Lm i ; I 
I r 52 53 1 1 1 1 1 1. _ 1 : -l-J.- !--.l--~ r· 1 1 _ • 1 n" ~1.....L 

I 1 1 1 1 1 1 ' 1: l 1, ',I 1 l' 1 

1 1 t 1 1 1. 1 __ QU T ~ 

1 I 1 1 1 1 '1m) , 1 1 J 1 fl.' 1 '1 

51 
a 52 

$3 11 1 .J. 1 l' 1 1 1 'nn "" 
51 1 1 1 1 1 7 1 1 1 1 L _1 1 

III f3 52 53 1 J 1 1 OD 1 _~L-lj.....L---ll-.L-l+.L-l---1-L-.+---L-+--L-+-...L-+-...L-+-..l....-+-.l-j 

5 I 
y 52 53 

1 1 1 .1., .ill> 1 1 1 ' 
1 , 1 1 1 

1 1 , "" 1 1 Ill> 1 ~1 ; 
1 1 1 1 1 I i 1 ~ 1 1 

"F! 1 

• OPEN/MATCH o OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 Pi P2 P3 P1 P2 P3 PI P2 P3 PI P(._~ 
51 1 1 1 1 1 1 1 1 1 ILL 1 1 I 1 1 

a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
S;3 1 1 1 1 1. 1 1 1 1 • 1 I 1 

5 I 1 1 1 1 1 1 1 1 1 1 III 1 1 DB -M 1 
I {3 ~f-' 1 1 1 1 1 1 1 1 1 OIl 1 1 1 1 1 Oil 1 

53 1 1 1 1 1 1 01\ 1 1 1 1 1 1 1 1 OIl 1 
$1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r 5 2 1 1 1 1 1 1 lIOn 1 1 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
5 J 1 1 1 1 1 1 1 1 1 1 1 1 1 Oil 1 1 1 

a S 2 0.\ 1 0" 1 1 1 1 1 1 1 1 1 1 1 1 on 1 53 1 1 0.\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

I I (3 S 2 1 1 1 1 1 1 1 lIon OB OB 1 1 .L ..1 OA 
5:3 1 1 1 1 1 1 1 1 1 Oil DB Oil 1 1 £1.\ 

5 I 1 1. OA 1 1 1 1 DB DB 1 1 ).\ 

5 I OL or; 01;' 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 

1 

1 
1 

OJ; 
OJ, 

y S 2 1 OJ; 1 1 1 01; 1 1 1 1 1 1 OA 1 1 
t--g3-f-~!; 1 1 1 1 1 1 1 1 1 1 1 DB DB 1 01\ nJ> 

1 

5 J 0); 1 1 0,\ 1 1 1 1 0,\ 1 1 ~ 1 

a 52 01; DB OB 1 1 1 OA On 1 1 1 1 ,1 .J. ~L .llll. Of< 
53 1 ali Oil 1 1. 1 . DB flA or. 1 1 1 

III f3 
5 I 1 1 1 1 DB or, TIl 1 ~M 
5 2 1 1 1 1 DB 1 0'\ 1 1 01; 1 on ~ ~ .1., 53 1 1 1 1 1 all . on nn on 1 1 OR OR 
5 I 1 1 1 DB 1 1 I1R 1 OR 0\ 0, 1 . on r 5 2 t _1 ,,;' 1 1 no no ,Ot\, . 1 no. 
S 3 1 1 1 all O~ 0\) 1 1 1 Oil 1 00. J _[lll 

1 

.,J, 

,JlJl 

~ 
1 

£1. 
1 

_fill, 

SET r 

nI' 

1 

11' 

" " 
(\I. , 

1 
1 

11" 
Iln 

n I 
n, I 
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.... 

, . 
'. : 





~~ 
.CLOSED o OPEN/MATCH o OPENINO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 PI P2 P3 Pi P2 P3 PI P2 P3 PI P2 P3 
51 1 1 1 1 1 1 1 1 1. 1 1 1 1 1 1 1 1. 1 

a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
51 1 1 1 1 1 1 1 1- 1 1. 1 1 1 1 J 1 1 1 

I {3 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 OD 1 

51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Y 52 1 1 1 1 1 1 1 1 1 1 1 1. 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 1 1. 1 1 1 1 1 1 1 
51 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

a S2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 1 

51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

II {3 52 1 1 1 1 1 1 1 1 1 1 1 1 1 Oil 1 1 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 --1 1 1 

51 1 1 1 1 1 1 1 1 1 1 1 00 1 1 1 1 1. 1. 

Y S2 1 1 1 1 1 1. 1 1 1 1 1 1 00 1 1 oD 1 1 
S3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 

~ 1 OD 1 1 1 1 00 1 00 1 1 00 1 1 1 1: 
a S2 f- oD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 

S3 1 1 1 1 1 1 OD 1 1 1 1 1 1 1 '+ 51 1 1 1 1 1 1 1 1 00 1 1 ! 

III {3 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 1 1 1 1. ...l 1 1 

51 1 1 Oil 1 1 1 1 1 1 1 1 1 nn 1 1 

Y 52 1 1 1 1 on I 00 oD ~ nn 1 , 1m 

53 1 1 1 1 1 1 1 1 L 1 1 1 1 L 1 1 1 

~l:r TIl 

• OPEN/MATCH o OPEN/NO MATCH o CLOSED 

r---' 
CONTEMPORARY NON-CONTEMPORARY 

10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 P1 P2 P3 Pi P2 P3 PI P2 P3 P' P2 P3 
51 J 1 1 1 1 1 1 1 1 1 1 1 n, ~ --1 1 

a S2 1 1 1 1 1 1 1 1 1 1 1 1. 1 ~ --1 1 1 

_53 1 1 --1 _1 --1 1 1 1 1 1 _1 _1 1 , 
SI 1 1. -.l. _1 -.l. 1 1 1. 1. 1. _1 ~ 1 nI' 

, , 
I f3 52 1. 1. -.l. _1 -.l. 1 I 1 1. 1 _1 1 1 ~ -.l. 1 , 1 

S3 1. 1. -.l. 1 -.l. 1 1 1 1 1 _1 -~ 1 --'1Ii 1 1 

SI 1 1 -.l. ~ I 1 1 1 Or. 1 1 OJ 1 1 "', 
Y S2 1 I 1 1 1 1 1 OA m 1 1 

-1 1 IS3" - 1 1 1 1 1 1 1 ~ D,\ ~ 1 1 

51 " 1 1 1 1 1 I 1 1 --1 1 i (ir 
a 52 1 1 1 1 -, , 1 I nr. 1 1 1 ~ _1 OA 1 1 

S3 1 1 1. 1. 1 1 1 1 1. 1 1 1 ~ 1 1 nil OR 

5 I 1 --.L m~ 1 OA _1 1 1 OR OR 0, 

II f3 52 1 1 -1 --.L. 1 1 1 1 1 1 0.\ 1 OR m, m 
53 1 1 1 1 1 1 1 n, 1 ~ _1 '" 01 
51 1 1 1 1. 1 -1 1 1 1 1 n~ nn 1 --'Ja 1 1 1 

Y 52 1 1 1 1 1 l' I 1. 1 1 OB 1 i Oi 1 

53 1. J 1 1 1 1 1 1. 1 1 1 on 1. ~ 1 0\ 

51 1 1 _1 --.L -1 1 1 nn 1 1 OJ 1 

a 52 1 1. --.L ~. DB 1 On rlP 1 , 1 1 1 Ile 

S3 1 1 0, 1 nR 1 1 ~ ~ 1 

51 1 _1 1 1 1 on O~ O. OT OR , m, 

III f3 ~i 1 1 _1 .-1 1 1 1 on ~ n, OR On OR OR _rL\_ _1 __ 
~ 53 1 1 1 on nR 0, OR -.nil- OR "" SI 1 1 '" 1 1 1 .1 1 1 1 ", , 

y 52 1 ~ nn "" n "" nn 1 1 1 Oil 1 l' 
S3 1 1 1 1 1 1 1 Oil On 1 _1 1 , 1 1 1 1 1 

SET III 

SET T II 

,1 
U 

~1 0i 

f1 ;'''1 
.~1 

H 
rtJ 
rJ . , , 
f") 
l 
(; ,. 
i· 
I , 
t ... 

'" I '" 
I 

, 
> 
, , , 
}: 
I. 

t; 
):.1 

r~ 
U 
[] 
t j 

Fi 
t1 r 
kl 
fA 
r~l 
F1 
r::'l 
t'.' \ 

U 
1:.1 r :5} 
'~.':! 

t'l 

Ii ,~l 
C) , 
)'1 , 
b1 "' '" H " I 

fd 
H 
"·1 

tl 
lif ,::~ 

d t 1 

tJ 
I! 
H 
~,! ·1 
.il 
F' 
1\:1 
F! ,'I 
F·l :1 

If 

o OPEN/MATCH • OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS /0 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P' P2 P3 P' P2 P3 Pi P2 P3 PI P2 P3 P1 P2 P3 51 1 _1 --.l 1 1 1 I 1 1 , 1 1 1 1 t a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _S3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1. ,- t SI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -.l _.1 1 i I f3 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53 1 1 1 1 1 1 1 1 1 1 1 1 , 
1 1 L 

51 1 1 1 1 1 1 1 1 1 1 1 oc r 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _1 1 1 53 1 1 1 1 1 1 1 1 1 1 1 1 DC I 5 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 a S2 1 1 1 1 1 1 1 1 1 1 1 1 1 -.l _1 oc 1 1 53 1 1 1 1 1 1 1 1 1 1 1 1 1. --.l. _1 1 1 

II {3 
. SI 1 1 1 1 1 1 1 1 1 1 1 
52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1-
53 1 1 1 1 1. 1 1 1 DC 1 1 1 1 
51 1 1 1 1 1. 1 1 1 1 DC DC DC 1 1 1 1 , r 52 1 1 1 1 1 1 1 1. 1 1 1 DC 1 1 1 1 1 -, 
53 1 1 1 1 1 1 1 1 1 1 DC DC 1 _1 1 1 51 ~ 1 1 1 1 1 1 1 1 1 ~ or ,,-,.-

a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -.llC. Or 
S3 1 1 1 1 1. 1 1 1 1 1 1 ~ 

-,-

III f3 
51 1 1 1 1 1 1 1 DC 1 1 or 1 1 , 
52 1 1 1 1 1 1 ' 1 1 1 DC 1 1 , 1 
S3 1 1 1. 1 1. 1 1 1 Of' ~ 1_ nr 1 
51 1 1 1 1 1 1 1 or 1 , r 52 1 1 1 1 1 1 , 

I I , 
53 1 1 1 1 1 1 1 1 1 1 1 1 _ 1 f1(' 1 

o OPEN/MATCH o OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 p, P2 P3 P' P2 P3 P1 P2 P3 Pt P2 P3 P1 P2 P3 
SI 1 1 1 I 1 I 1 _1 , .1 1 

a 52 1 1 1 00 1 1 , 1 1 .1 , 
,S3 1 1 1 1 1 1 1 1 1 1 i 
51 ~ _1 -.l.. -.l.. -.l.. 1 I -1 1 1 1 1 1 

I {3 52 1 _1 1 1 1 00 1 1 1 1 1 1 1 1 1 1 t 1 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 OD 
5 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Y 52 1 1 1 1 1 1 1 1 1 00 1 1 1 1 -.1 1 1 1 
S3 1 1 1 1 1 1 1 1 1 1 
51 1 1 1 1 1 1 1 1 1 00 1 00 I nD 

Q S2 1 1 1 1 1 1 1 1 1 1 00 1 1 1 _ 1 t 1 1 
53 1 1 1 1 1 1 1 1 1 1 1 00 1 1 1 J,- 1 1 

II f3 
51 1 t t t 1 1 1 1 1 1 1 
52 1 t t 1 t 1 1 1. 1 t 1 t 1 ~ 00 
53 1 1 1 1 1 I 1 no 
5 I 1 1 1 1 1 1 1 1 1 1 1 on 1 1 

Y 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 
51 t 1 1 1 1. 1 1 1 1 1 1 1 1 DO a 52 1 1 1 t 1 1 1 00 1 1 1 1 1 1 1 on 1 1 
53 1 1 1 1 1 1 1 

III {3 
51 1 DO I I 1 I I 
52 1 1 1 1 1 1 00 1 00 1 1 1 00 1 1 
53 t t 1 1 1 1 1 I ..1 I 
51 1 1 t t OD 1 on on r 52 1 ~ 1 i 1 1 1 -.00 ~ _on 1 

53 1 1 1 .1 . .-1 1 1 1 1 1 1 1 _1 _1 1. 1 
-, 

Sr.T lV 

~;l 
;t 
:~ 

92 

i '.;j 

':1 ~: 

~' 9S 



• 
V> 
en 
• 

PANELS 
51 

a 52 
$3 
51 

I {3 52 
53 
51 

y 52 
53 
51 

a 52 
53 
51 

II {3 52 
53 
5 I 

Y 52 
53 
51 

a 52 
53 
SI 

III f3 52 
53 

y 51 
52 
53 

PANELS 
51 

a 52 
$3 
51 

I {3 52 
53 
51 

Y S2 
53 
51 

a 52 
53 

II 
5 I 

{3 52 
53 
51 

Y 52 
53 
51 

a 52 
53 
51 

III {3 52 
53 
51 r 52 
53 

94 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

P1 P2 P3 P1 P2 P3 
1 1 01\ 1 1 

1 1 1 , --, 1 
1 1 

1 1 1 .1 
1 1 1 1 01\ 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
L 1 1 1 1 1 
1 1 DB 1 1 1 
1 1 1 1 1 1 
1 1 I 1 1 1 
1 1 1 1 1 1 
1 DB 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 , 1 
1 1 Oil 

-, .. , 
_1 

1 -1 l' 1 , - ,,;, 
1 ,,\\ 
1 1 1 1 1 1 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

P1 P2 P3 P1 P2 P3 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 -1 1 

1 1 1 1 1 1 
1 1 1 1 1 1 
! ! ! 1 1 
l ! l '1 T 1 

l 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 
1 1 -1 1 1 

1 1 1 , 1 
1 1 1 1 "" 1 

1 1 1 1 , 1 

1 1 1 1 1 1 

OCLOSEO • OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 P1 P2 P3 PI P2 P3 P1 P2 P3 

1 1 1 -01' 1 DB OU 1 1 1 1 1 

1 1 01\ rill 01' 1 I , fll! I I 

1 OB Oil 1 1 1 1 

1 1 1 I 1 1 , 1 1 1 

1 1 1 01\ 1 1 1 Oil nil 1 1 J 

1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 Oil 0'\ 1 I . all 1 

1 1 1 1 1 1 DB 1 Oil Oil Oil Oll 

1 1 1 1 1 DB 011 1 OJl Oil 

1 1 1 1 1 1 1 1 1 1 DB DB 
1 1 1 1 1 1 1 1 1 0'" 01{ 1 

1 1 1 1 1 1 1 1 1 1 01\ DB 
1 1 1 1 1 1 1 1 1 1 DB Oil 

1 1 1 01: 1 1 1 1 1 Oil Oil 1 

1 1 1 1 1 1 1 -Oi\ 1 DB Oil 

1 1 1 1 1 1 1 1 1 1 01\ DB 
1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 Oil 1 1 1 1 1 Oil 1 

on 1 1 1 1 on 1 fI'; OA 

Oil Oil Oil Oil 1 OIl Oil , --, 01\ ~ 1 

0:\ Of 01' 1 I' I 

1 , M O. OB 
" ',," 111\ on 

1 01 1 01\ on Oil 1 , 1 1 

1 1 "" "I! 1 "It nit ,- 1 , nil , , 1 '" 1 , 1 n\\ 1 

n, n. n 1 
, 

"" 1 

1 1 1 1 "n 1 ", 
SFr H' 

o CLOSED o OPEN/MATCH • OPEN/NO MATCH 

NON-CONTEMPORARY 
40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 P1 P2 P3 PI P2 P31 PI P2 P3 
1 1 -, , Dc 

-1 

~~ 
1 

1 1 , -I 

"" 1 1 

1 1 -1 1 1 

1 1 1 1 1 1 1 1 JC 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
! L 1 1 1 1 0<: 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 
.. 

1 ac 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 DC 1 1 1 

1 t OC 1 1 1 1 1 DC 1 1 1 

1 DC 1 1 1 1 OC 1 1 1 1 1 

1 1 1 1 1 1 ·Oc 1 1 OC 1 1 

1 1 1 1 1 0: 1 -1 1 

1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 DC 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 Or 1 1 

1 1 DC DC 1 1 --, -, OC 1 
oe or 1 

-, -1 , 
" 

or 1 1 , 1 1 

1 1 , 1 1 1 -, -; 1 1 

1 
, , 1 1 1 

1 1 --, , , I -I 1 , 1 

1 1 1 1 1 ., l 

1 1 1 1 1 1 1 1 , 1 t 

SF r fI' 

• CLOSED o OPEN/MATCH o OPEN/NO MATCH 

CON T,E M PO R A R Y NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 PI P2 P3 P1 P2 P3 PI 
, 

P2 P3 PI P2 P3 
51 I 1 I 1 1 1 --L I 1 1 1 .L. _L 1 _ .1, _ ~9L a 52 1 

... -. ._L _L 
1 1 1 1 1 1 I 1 1 I 1 I I ·f~ .. +- .+- -+ $3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

, , 

I {3 
5 I L 1 1 1 1 1 1 L 1 1 1 1 1 1 1 (l~ _1_ r-L-S2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I . 1 I 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -r-. I 1 
51 1 1 1 1 1 1 1 I 1 1 1 1 I 1 I I---.L .. .1..._ t-+-Y 52 1 1 1 1 I 1 1 1 1 1 L 1 1 1 -I- I I 1 
53 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 

-
• 

(l11 1 
51 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 . __ 1_., r-+-

I 
a 52 1 1 1 1 1 1 1 1 1 1 1 I' 1 I 1 ·C 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I -..s..1 1 1 1 1 I 1 1 1 1 I 1 OIl 1 I I 

II /3 
I t--~ S2 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 I 1 I 

53 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 i-- I 1 
51 1 1 1 1 1 1 1 1 1 OIJ 1 1 I I 1 1 I 1111 

r S2 1 1 1 1 1 1 1 1 I 1 1 1 I 1 Oil I f---l-.. t-+-53 1 1 t 1 1 1 1 1 1 1 011 1 
. 

,--, o. 1 1 1 1 I 1 
51 1 1 1 I 01) 1 1 Oil 1 1 1 1 1 +- 1 OJ) 

a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 IIIl ~, ~-S3 1 1 1 1 1 1 1 1 Oil , 1 ' OJ' 

III /3 
51 1 1 1 1 1 .1 1 1 1 1 'I 1 --L... ~. _.-1lL~_ t---L 52 1 1 1 1 1 1 1 1 , 

_;Ill ._'jU. t-;;-S3 1 1 1 1 1 1 

Y 
51 1 1 1 -1 -, 1 1 I III i 1 I I , , -, , ,-
52 ,,, 
53 1 1 1 1 1 , .1 -~ 1 I I 1 

-
I , 

"I r 

o CLOSED • OPEN/MATCH o OPE/II/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS ;~O SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3- Pt~ P2 P3! P1 P'2 P3 P1 P2 P3 PI P2 P3 PI P2 P3 
51 1 1 1 1 1 1 0'\ 1 1 1 1 1 1 1 1 1 a 52 1 1 1 1 1 1 1 1 1 

-,- 1 , 
];3 , 1 1 1 1 1: 1 1 1 

I /3 
51 1 1 , , 1 1 1 1 , --, 1 1 
52 1 1 , 1 1 1 1 1 1 Oil , on ; Oil 1 
53 1 1 , I :; 1 1 I -I M Oil 1 
51 1 1 , 1 -, 1 1 1 -, --, 1 1 

l' 52 1 1 -, 1 1 1 01\ 1 1 1 1 1 1 1 

-, 53 1 1 , --, 1 1 1 1 1 1 1 1 I 

" ,.>~ I 1 1 1 -; 1 1 1 " 1 1 c 1 a ,52 1 1 1 On 1 1 1 1 i ''- 1 1 1 1 1 1 1 
53 , 1 1 1 1 1 1 1 1 1 -, 1 1 1 1 -, 1 1 

II {3 
.SI 1 1 1 --, n , i ,- 1 fiR OR DB 
52 1 1 I'm , 1 1 , "n 1 

S3 1 --, J 1 1 1 1 1 

5 I 1 1 1 1 1 1 1 01\ on 1 1 1 1 1 1 1 1 DB 
Y 52 , 1 1 1 1 1 1 1 1 DB 1 1 1 1 1 1 

53 , , 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
5 I 1 OR DB 1 1 DB 1 1 1 1 1 OA 1 r-+-a 52 1 1 1 i 1 1 1 1 1 1 1 1 1 1 Oil DB DB 1 
53 , 1 1 1 l' 1 ..l DB 1 1 DB 1 1 1 1 1 DB 1 

III f3 
51 OB 1 I'm 1 -i 1 1 DB 1 1 01\ DB Oil 01\ 1 
$2 OA ' OB ()R 1 1 1 1 1 DB 1 DB 1 on 1 1 DB 1 
53 liB on 1 1 1 DB 1 1 1 1 DB 1 
51 1 n, 1 1 _1. DB DB -1 OB DB 1 1 DB Oll DB 1 1 

Y l52 1 1 fI~ 1 01\ , 01\ DB 1 1 1 DB 
IS3 1 1 , 1 --,- 1 1 1 1 1 1 1 1 DB 1 DB 1 DB 

Sf.T I 
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, 
.... 
V> 

'" J 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 
51 or. 1 1 1 

a 52 I- I 1 , ., 
1 

-~3 1 , , 1 

51 , 1 1 1 

I f3 52 -, 1 1 r;:;- 1 

53 1 I 1 1 -, 1 

51 -1 1 1 

Y 52 1 1 I 1 1 1 

53 I 1 1 I 

51 -1 1 , 1 1 

a 52 1 1 , -1 1 

53 1 1 1 1 1 
-SI OC 

II f3 52 1: 1 1 1 1 
S3 1 1 1 -1 

SI 1 1 1 1 1 

y S2 1 1 1 1 1 

53 1 1 1 1 1 1 

~ ~ 1 1 1 
a 52 1 1 1 1 1 1 

53 1 1 1 1 1 

51 i i , -1 1 

III f3 S2 1 t 1 1 
S3 -, I 1 

-, , 
SI 1 1 1 1 1 1 

Y S2 1 1 oc DC 

S3 1 1 1 1 1 DC 

CONTEMPORARY 
10 SPEAKERS' 20 SPEAKERS 

, 
;;; 
o , 

96 

PANELS 
SI 

a 52 
-53 
SI 

I f3 52 
53 
51 

Y 52 
S3 
S I 

a 52 
53 

SI 
II f3 S2 

53 
51 y 52 
53 
51 

a 52 
S3 
51 

III f3 52 
53 
51 y 52 
53 

P1 P2 

1 1 
1 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1-
1 1 
1 1 
1 1 

Il 
1 1 

P3 P1 P2 P3 
1 1 1 

1 1 1 1 
1 1 1 

1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 'I 1 
1 1 1 1 
t 00 
1 1 1 1 

I 
i 
on 1 _1 

1 1 
L 1 1 1 

1 

1 1 1 1 

40 SPEAKERS 

P' P2 P3 
1 1 

1 1 -,-
1 1 1 

1 '-
1 1 1 
1 , 1 

1 1 

1 1 I 

1 
-, 
, 

1 1 
I 1 

or. 1 
1 1 , 1 -1 

1 1 1 
1 -1 1 
1 1 1 

t 1 -, 1 

1 1 , 1 1 , 1 

1 1 1 

1 1 1 

40 SPEAKERS 

PI P2 P3 
1 1 

1 
1 i 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 , 1 
1 1 1 
1 1 1 
1 1 1 -, -, 
1 , 
1 -,-
i on , --, 
1 --, -1 

1 1 1 

1 1 1 

o OPEN/MATCH • OPENINO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

Pi P2 P3 PI P2 P3 P1 P2 P3 
Dc I-r_ 1 , 1 

1 1 1 1 , 1 1 , 1 

1 1 nr , , 1 1 

1 --, 1 
, 1 1 

1 1 1 I 1 ; , 1 

1 1 1 1 1 -, 1 • 1 

1 1 , 1 1 , 1 I 

I 1 1 1 1 1 
, 

, , 1 I 1 , 
nr nr i 1 1 

1 I nr 1 
-1 1 1 1 

ric 1 nr 1 1 1 1 1 , , 1 1 
.. , 

1 , 
1 

., 
1 , . 1 1 I 

-,- I 1 

1 , 1 
, nr 

1 1 -1 or. nr nr I 

1 f 1 1 
-j- 1 

1 
,- 1 i 

1 , 1 1 1 1 1 

1 1 1 1 , , 
1 , 1 1 1 t , 1 

-, 1 1 tv' , , 
, 1 IX: 1 nr --, 1 

1 t 1 1 1 DC 
1 1. , 1 or. 
1 1 1 1 1 1 I Dc 1 

SET I 

o OPEN/MATCH o OPENINO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

Pi P2 P3 PI P2 P3 PI P2 P3 
1 

., 
1 \ 1 1 1 

• 1 1 1 1 I 1 1 

on , 1 1 1 

1 1 , 1 1 , 
1 1 1 1 1 1 1 

-1 

1 1 1 
-1 

1 1 1 -1 

1 1 i 1 1 1 1 1 
1 1 1 1 ! 

1 I I 1 on on nn 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 00 1 1 

1 00 1 00 1 

1 1 1 1 I t -1 1 1 

I 
, 1 1 

1 00 1 00 1 1 +-.~ 1 -1 1 00 nn nn -, 
1 1 OD nn , 
1 I , 1 00 

I 1 on 1 , 1 , , on 1 1 1 1 

1 1 1 1 1 1 , , , 00 on on 1 1 , 1 1 00 00 1 

. 1 1 1 00 , on i on. 
1 1 1 1 1 1 

1 
-,-

OD , T nn nn 

SET [T 

, 
I 

I ... 
'" '" , 

PANELS 
51 

a 52 
53 

I f3 
51 
52 
53 
51 

Y 52 
53. 
51 

a 52 
S3 

II f3 
51 
52 
53 
SI 

Y 52 
53 
S I 

a 52 
53 

In (3 
51 
52 
53 

r 51 
S2 
53! 

PANELS 
5 I 

a 52 
53 

I f3 
51 
52 
53 
51 

Y 52 
53 
51 

a 52 
53 

,II f3 
"I 
S2 
53 
51 r 52 
53 
51 

a S2 
53 

III f3 
51 
52 
53 

Y 
51 
52 
53 

CONIEMPORARY 
10 SPEAKERS 20 SPEAKERS 

P1 P2 P3 I P1 P2 P3 
OR 1 1 1 1 

1 1 1 1 1 1 
1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 _1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 
1 1 1 1 1- 1 , 1 , 

1 
1 1 1 1 , 1 1 

1 1 1 1 
1 1 1 

1 1 1 Oil , 1 
1 1 , 

1 I 1 , 1 --, 1 1 1 --, 1 ,- 1 1 -, 
1 

1 1 OR 1 1 1 
1 1 on 1 DB 1 
1 1 1 1 1 1 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

P1 P2 P3 P1 P2 P3 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 

1 1 1 1 
1 1 1 

1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 

1 1 1 1 
1 -, 1 1 1 

"1 1 
i 1 1 1 OC 1 ,- 1 1 1 1 
1 1 1 1 1 1 
i "1 1 1 ac 
1 1 1 1 DC 

1 1 

1 "1 , or 1 
1 

. ,-
1 1 

1 ,- 1 , 1 i I 
1 

,- 1 1 
1 1 1 1 1 1 

o CLOSED 

40 SPEAKERS 

P1 P2 P3 
1 1 

1 1 1 

1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 T 1 
1 1 i 
1 1 1 
1 1 DB , ., 
I -, 1 , -1 --, 
1 1 I 

1 , 1 
1 1 
1 1 

1 
-,. -1-

, "n 1 
1 , 
1 nil 1 

1 , -,-
1 1 0'\ 

1 on 1 

o CLOSED 

40 SPEAKERS 

P1 P2 P3 
1 1 1 
1 1 1 , , 
1 1 

1 1 

1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 ,-
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
DC 
1 1 DC 
1 1 1 

1 1 
i 1 

1 1 1 

• OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 PI P2 P3 PI P2 P3 
1 1 

., 
1 1 1 1 

1 1 1 1 1 1 1 , 
1 i 1 1 1 
DB 1 1 1 1 1 1 
1 DB 1 DB DB 1 1 on 1 
1 1 1 1 1 1 
OIl 1 DB 1 1 , 1 

DB OB 0'\ 1 1 -,- , 1 

1 1 T 1 1 1 'n 1 1 

1 Oll oil .1 1 1 1 T 
1 1 I ~ 

, DB 1 
1 1 1 _1 1 1 J ,I 1 
1 0\ on OR 1 1 nn On , 
OR OR l-

OR nil OR flR 1 1 

1 nH 1 , _1. -, 
l' I nA 1 , , 1 -,- 1 

1 1 1 1 nR 1 1 
OR , 

1 1 1 , nn nil 
nR 1 1 OJ 1 1 ·0-" nR , 

1 -Of' , nil nu 

1 m , , 1 , 
1 OJ< on 1 , 1 

1 
., , 1 1 1 1 

1 1 1 1 , On 
OA DB 1 -1 1 OR 

1 1 1 1 1 1 1 1 1 

SET 11 

o OPEN/MATCH • OPEN/NO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS I 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 P 1 P2 P3 PI P2 P3 . 
1 1 1 1 1 1 

1 1 1 1 1 

1 1 T • 1 1 

1 1 Or. T I 1 1 1 
1 1 , 1 1 , 1 1 , -; 

1 1 , 1 i -:1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 ~ 
1 1 1 1 1 1 1 1 1 

" 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 DC 1 1 
1 1 1 1 ~ 1 1 1 1 
1 1 1 1 1 '1 OC 1 1 

1 1 1 1 1 1 DC 1 
1 1 1 1 1 1 1 1 OC 
1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 r+-, 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

SF.T T [ 
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3 6 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 
1 1 1 51 1 

a S2 1 1 OR 1 1 

_$3 1 

1 1 1 1 1 51 1 

I f3 t 1 1 1 1 1 S2 
5~ 1 1 1 1 1 1 
51 1 1 1 1 1 1 

r 52 1 1 1 1 1 L 
53 L 1 1 1 1 1 
51 1 1 1 1 1 1 

a 52 1 1 1 1 1 1 
53 1 1 1 1 1 1 
SI 1 1 1 1 1 1 

II f3 1 1 1 1 1 1 52 
53 1 1 1 1 1 1 
51 1 J 1 J 1 

r 52 08 1 Oll 1 

53 1 1 1 1 1 

51 1 1 1 1 1 1 

a 52 1 1 nl< 1 OR 
53 1 1 1 1 1 1 
51 1 1 1 1 1 1 

III f3 1 52 1 1 1 1 
53 1 1 1 1 1 1 
51 Oil 1 1 1 1 1 

r OR 

I 52 1 1 1 
53 1 1 1 1 1 1 

CONTEMFORARY 
10 SPEAKERS 20 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 
51 .1 1 1 1 1 

a 52 1 1 1 1 ·1 1 
53 1 1 ·1 1 

] 1 1 51 1 1 1 

I f3 52. 1 1 1 1 1 1 
53 1 1 1 1 1 1 
51 1 1 1 1 1 1 

r 52 1 i 1 1 1 1 
53 1 1 1 1 1 1 r-- 5 I ' 1 1 1 1 1 1 

a 52 1 1 1 1 1 1 
53 1 1 1 DC 1 i 
51 1 'DC 1 1 1 1 

II {3 52 1 1 1 1 1 1 
53 1 1 , 1 

51 1 nr. 1 1- 1 1 y 52 1 1 1 1 
53 1 1 1 1 1. 1 

51 or. 1 1 

a 52 1 1 1. 1 1 

53 1 1 1 1 1 1 
51 1 1 1 1 1 1 

III f3 52 1 1 1 1 1 1 
1 1 53 1 1 1 1 

51 1 1 1 1 1 1 r 52 1 1 1 1 1 
53 1 1 1 1 1 1 

100 

o CLOSED 

40 SPEAKERS 

P1 P2 P3 
1 1 ~ 
OR 1 ~ 

1 1 

1 1 
1 1 1 
1 1 1 
1 1 DB 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 I 

1 1 
1 ~ 

1 1 0'\ 
OA 1 

1 1 L 
1 1 

1 Ilo 

1 1 
Oil Oll 1 
1 1 

1 1 1 

o CLOSED 

40 SPEAKERS 

P1 P2 P3 
1 OC 1 

1 1 1 

1 1 1 

.1 1 
1 1 
1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 

1 1 ) 

1 1 1 
1 
1 

1 

1 1 
1 1 

~ 1 

1 nr. 
' 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 

• OPEN/MATCH o OPEN/NO MATCH 

NON CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

Pi P2 P3 P1 P2 P3 P1 P2 P3 ,. 
1 1 1 1 I1R n .. 

1 1 1 1 no nn 
,. , 
1 , 1 1 1 1 

1 1 IlR 1 OB IlR -m; n'; -, (In 1 1 1 no 1 1 1 
OR 1 nit nR 1 1 1 

M 1 DB DB OR 1 OR "0 no OA DB OR 1 nR 1 DB 
1 1 nl> (W nn 

1 Oil -1 J 1 1 1 

1 1 1 1 1 1 
1 1 1 1 1 1 1 

1 1 1 I 1 

1 1 1 1 1 1 1 1 

1 1 1 

1 , nR OR 1 OR nit nR 

nn OR nit nl< 1 1 fm 1.., 
1 1 1 no nO nR ", no flR-

1 1 nl< 1 1 1 
1 1 '" nit 1 

1 1 Oil 1 
1 OR 

., 
III OR nl< OB 1 

1 n. -, 1 nn 1 nR nn 

~1 nl Ill< OR 1 1 all 
OR 1 

nit , OB 1 1 1 

1 1 1 n" 

SET IV 

o OPEN/MATCH • OPEN INa MATCH 

-
NON-CONTEMPORARY 

10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P' P2 P3 PI P2 P3 P1 P2 P3 
1 1 1 1 1 1 1 ·1 I 
1 1 1 1 1 1 1 

1 1 1 1 ,- 1 1 1 1 1 1 

-1 1 1 I 1 1 1 

1 1 1 1 1 

1 1 1 1 1 1 

1 ., 
1 1 1 1 1 

"1 1 1 1 1 1 
fir 1 1 1 1 -, 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 
1 1 1 , i 

1 ,- 1 1 1 1 

1 , , 
1 1 , 1 1 • 1 IV' , 
1 1 1 1 1 n~ , 1 1 J , 
1 1 1 1 , , 

- 1 
1 1 1 1 1" 1 

1 1 1 DC 
, 

1 I ,-
1 1 . i 1 1 

1 1 1 '~Il 1 1 

1 1 ~ -;. 1 
1 1 i 1 1 -,- 1 1 1 1 

1 I 1 1 1 1 1 1 

SET IV 

I 

I 

I ... .... 
o 
I 

• CLOSED o OPENIMATCH o OPENINO MATCH 

CONTEMPORARY NON - C.O N T E M P 0 R A R Y 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 Pl P2 P3 PI P2 P3 P1 P2 P3 PI P2 P3 PI P2 P3 
51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 {)1) n" n" a S2 1 1 1 1 1 1 1 1 i 1 1 J 1 1 nn 
5.3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 1 1 

I {3 S2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 on 
51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Y 52 ~i 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 00 -,- 1 
51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 a S2 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 1 00 1 1 1 1 1 1 1 
51 1 1 1 1 1 1 1 1 1 1 00 1 : 1 1 1 1 1 

II {3 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 1 1 
53 1 1 1 1 1 1 00 1 -1 

51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Y S2 1 1 1 1 1 1 1 1 1 1 1 1 1 00 1 1 1 1 

53 1 1 1 1 1 1 1 1 1 00 1 1 1 1 00 1 1 1 
51 1 1 1 1 1 1 1 00 1 00 1 1 1 00 1 1 00 1 a 52 1 I 1 1 1 L 1 1 1 1 1 1 1 00 00 1 1 00 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Oil 
51 1 1 1 OD 1 00 J 1 1 I 1 1 1 1 1 1 

III (3 52 1 1 1 00 00 1 1 1 1 1 1 00 1 1 00 1 1 1 
53 1 1 1 00 00 00 00 00 1 1 1 1 1 
51 I 1 1 1 1 00 00 00 1 1 I 1 01) .1 on 1 r S2 on nn 1 11 1 1 1 1 

53 1 1 1 OD OD 1 aD 1 1 1 1 1 1 1 1 1 I I 

sn r 

o CLOSED • OPEN/MATCH o OPENINO MATCh 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 PI P2 P3 P1 P2 P3 P1 P2 P3 PI P2 P3 PI P2 P3 
51 1 1 1 1 OB 1 1 1 1 011 Oil OB 1 1 1 1 1 1 

a 52 1 1 1 1 1 1 1 1 1 DB 1 1 1 1 1 1 Oil 1 
53 1 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
51 OB 1 1 1 1 1 1 1 1 1 1 1 1 all 1 1 Oil 1 

I {3 52 1 1 1 1 1 1 1 DA 1 1 DB 1 1 DB I' DB 1 1 ' 
53 L l 1 L 1 1 1 1 1 1 DB 1 1 1 1 1 1 1 
SI 1 1 1 1 1 1 1 1 1 1 1 1 1 OA Oil "1 

r 52 1 1 1 1 all DB 1 1 1 1 1 1 1 1 1 01 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 OA 
51 1 01 1 1 1 1 1 1 n n" nR 1 1 1 1 , 

a 52 1 1 1 1 1 1 1 1 1 on OB DB 1 1 1 1 OB 1 
53 1 1 OB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
51 I 1 1 1 1 1 1 DB 1 1 1 1 1 DB 1 OA 1 1 

II {3 52 1 1 1 1 1 1 1 1 1 1 1 1 1 Oil 1 Oil 011 OB 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
5 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i i 

Y 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Oil 1 . I -1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
51 1 1 1 1 Oil 1 1 DA 1 1 on 1 Oll OR DA , 

a 52 1 1 1 1 1 1 1 1 t 1 1 1 1 Oil Oll 1 1 M 
53 1 1 1 1 1 1 1 1 i I1R nR 1 1 .1 1 1 
51 1 1 1 1 1 1 OB 1 1 1 1 1 1 

III f3 52 1 1 1 1 1 1 1 08 1 1 1 OR J 1 1 0. 
53 1 1 1 1 1 1 1 1 1 -, 1 1 1 1 1 1 1 
SI DB DB Oil -61l OB 1 1 1 1 1 1 OB Oil nil all r 52 1 Oil 08 08 OB DB 1 1 Oil 1 1 1 1 1 OB I on 
S3 1 1 1 1 1 1 1 1 1 1 1 Oil 1 1 1 OA all 1 

Sf.T T 

10) 



I .... 
~ 
I 

I ,... 
'" co 
I 

3 

PANELS 
51 

0 52 
S3 
51 

I f3 52 
53 

_SI 

Y 52 
53 
5 I 

0 52 
53 
51 

II f3 52 
53 
51 

Y 52 
53 
51 

0 52 ' 
53 
51 

III f3 52 
53 
51 

Y S2 
53 

PANELS 
51 

0 52 
"3 
51 

I f3 52 
53 
51 

Y S2 
53 
S I· 

,0 52 
S~ 
S I 

II {3 52 
53 
5 I 

Y 52 
5~ 
51 

0 52 
5~ 
51 

III (3 52 
53 
51 

Y 52 
S3 

100 

6 9 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

P1 P2 P3 P1 P2 P3 
1 1 1 1 

nn 1 1 1 1 

1 1 .1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 i- 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 

1 
-, , 1 1 1 

DB -, 1 Oil , 
1 1 1 1 , 
1 1 1 1 1 1 
1 1 

-{ on nn 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 1 
DB 1 1 1 1 1 
1 1 1 nn 1 

1 1 1 1 1 1 

CONTEMPORARY 
I 0 SPEAKERS 20 SPEAKERS 

P1 P2 P3 P1 P2 P3 
1 1 1 1 

1 1 1 , 1 ) 

1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 DC 1 1 
1 DC 1 1 1 1 
1 1 1 1 1 1 
l 1 -, 1 

1 OC 1 1 

1 1 1 

1 1 1 
o~ 1 

1 1 -1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
t 1 1 1 1 
1 1 1 1 1 1 

OCLOSED 

40 SPEAKERS 

P1 P2 P3 
1 l 

nil 1 1 , 1 

1 1 
1 1 1 
1 1 1 
1 1 Dll 
1 1 1 
1 1 1 
1 L 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
I 1 
] 1 

1 1 
1 1 _1 
1 1 0.\ 

0" 1 

1 1 
1 
1 1 on 
1 1 
OB 01\ 
1 1 

1 1 1 

DCLOSED 

40 SPEAKERS 

P1 P2 P3 
1 or. 1 
) 1 1 

1 , 
1 '1 1 

1 1 
1 1 1 
1 1 
1 1 1 
1 1 
1 1 1 
1 1 1 
1 1 1 

1 
1 1 

1 
1 1 1 

1 1 1 

1 l 
1 or 1 

1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 

1 1 1 

• OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 PI P2 P3 P' P2 P3 
1 , nn ~" 1 

, , 1 no M, , 
, , 1 i 
1 nil OR 1 nR nit nit 

1 1 1 1 1 nR nR 
1 OR nR nR 1 1 1 

nR 1 1 Oil 1 OR DB DB m, n-R 0/\ OR DB 1 Olt 1 DB ml OR -, 1 1 OR 

1 1 ) 1 ,- 1 1 OR 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 t , , 
1 , 1 1 1 

1 , nn DB nR OR OR , , nl1 OR L. nl1 flO OR 

, , n. flO nn "" 
,,, n. 

1 1 nR 
, 1 1 '" nn 1 

1 1 1 1 DB 1 
nn 1 nl1 nl1 OR DB 1 
, nl1 nl1 nn , n. 
1 1 OJ OR nn 1 DB 

l' , , nil 1 1 
1 1 , 

"" DB 1 1 
1 1 1 nit 1 

SET TV 

o OPEN/MATCH • OPEN/NO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 PI P2 P3 P1 P2 P3 -, 
1 1 1 1 1 1 1" 1 -, 
1 1 1 1 1 1 , , 1 

1 1 1 , 1 

1 1 1 1 1 1 1 
-, 

1 
1 1 1 1 1" 1 

1 1 --, 1 

1 1 -, 1 1 1 1 1 1 

i 1 1 1 1 -1 
-or. 1 , , 1 , 1 

1 1 1 , 1 1 1 ,- 1 

1 1 , 1 1 1" T ,- I 1 1 1 , 1 ,-
1 1 1 1 1 1 1 1 

1" -, 1 1 1 

i 1 1 1 1 1 fir' 

i 1 1 1 1 1 nr 
1 1 1 1 , --; 
, , , 1 , 
1 1 1 1 1 1 1 i ,-
1 1 1 Or. -:, 
1 1 _1 ' 1 ,- i 
1 1 1 1 1 ~ 1 1 

1 1: 1 1 1 1 , 1 1 1 , 1 
1 1 , 1 , , .; , 

1 1 1 1 1 l , 1 1 

SET IV 

I 

I ... 
" o 
I 

• CLOSED o OPEN/MATCH o OPENINO MATCH 
.-

CONTEMPORARY NON - C.O N T E M P 0 R A R Y 
to SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P' P2 P3 p, P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 

i51 1 1 1 1 1 1 1 1 1 1 1 1 1 , nl) nn -nn 
o '52 1 1 1 1 1 1 1 1 1 1" 1 , 1 on 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
51 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 00 t 1 I {3 S2 1 1 1 1 1 1 1 1 1 1 1 1 1 .1 1 1 1 00 
S3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 nn 
$1 1 1 1 1 1 1 1 1 1 1 1 1 _1 1 1 1 r 52 1 1 1 1 1 1 1 1 1 1 1 1 i 
53 1 1 1 1 1 t 1 1 1 1" 1 1 1 1 on 1 1 

SI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 S2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

53 1 1 1 1 1 1 1 1 1 1 00 1 1 1 1 1 1 1 
_5_1 1 1 1 1 1 1 1 1. 1 1 00 1 1 1 1 1 1 1 

II (3 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 1 1 
53 1 1 1 1 1 1 1 1 on 1 1 _1 
5 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Y 52 1 1 1 1 1 1 1 1 1 1 1 1 1 OJ) 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 00 1 1 1 1 00 . 1 1 1 
51 1 1 1 1 1 1 1 OD 1 OD 1 1 1 00 1 1 00 1 

0 52 1 1 1 1 1 1 1 1 1 1 1 1 1 00 OD 1 1 00 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 -iii) 

(3 
51 1 1 1 DD 1 DD 1 1 1 1 1 III 52 1 1 1 00 00 1 1 1 1 1 1 00 1 1 00 1 1 1 
53 1 1 1 00 on OD 00 00 I 1 1 1 1 --, 
51 1 1 1 1 1 00 00 00 1 00 fln y 52 1 nn nn ~ 1 

,-,-
I 

53 1 1 1 OD on 1 00 1 1 1 1 1 1 1 _1 1 1 1 

SET 1 

o CLOSED • OPEN/MATCH o OPEN/NO MATCH 

CON T E M P 0 R A R.Y NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P' P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 
51 1 1 1 1 OB 1 1 1 1 DB DB DB 1 1 1 1 1 1 

0 52 1 1 1 1 1 1 1 1 1 DB 1 1 1 1 1 1 DB 1 
53 1 1 ). 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
SI DB 1 1 1 1 1 1 1 1 1 1 1 1 DB 1 1 OS 1 

I f3 52 1 1 1 1 1 1 1 OA 1 1 DB 1 1 DB 1 DB 1 1 
53 1 1 1 1 1 1 1 1 1 DB 1 1 1 1 1 1 1 
51 1 1 1 1 1 1 1 1 1 1 1 1 1 OA DB 

Y 52 1 1 1 1 DB DB 1 1 1 1 1 1 1 1 1 1 ill! 1" 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 -1 -1 

51 1 nn 1 1 1 1 1 1 fl. nu nn , , -.; 
0 52 1 1 1 1 1 1 1 1 1 DB DB DB 1 1 1 1 DB 1 

53 1 1 DB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
51 1 1 1 1 1 1 1 Oil 1 1 1 1 1 DB 1 0/\ 1 

II f3 S2 1 1 1 1 1 1 1 1 1 1 1 1 1 DB 1 DB DB DB 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 n. -1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 51 

Y S2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 DB 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
5 I 1 1 1 1 DB 1 1 DA 1 1 DB 1 DB DB OA 

0 52 1 1 1 1 1 1 1 1 1 1 1 1 1 DB DB 1 1 nn 
53 1 1 1 1 1 1 OR Oil 1 
51 1 1 1 1 1 on 1 1" -1 -1 1 1 _1 1 1 III f3 ~ t 1 t 1 1 1 1 DB 1 , nR 1 nA -,-

I 

53 1 1 1 1 1 1 1 1 1 1 

SI Oil DB DB on OR 1 1 1 1 1 1 1 01\ DB DB n1\ y 52 1 Oil DB DB DB DB 1 1 DB 1 1 1 1 1 DB 1 1m 
S3 1 1 1 1 1 1 1 1 1 1 1 on 1 1 1 0/\ on 1 





-':i, 

I 
::; 
'" I 

, 
t; 
'" 1 

PANELS 
51 

a 52 
53 
51 

I /3 52 
53 

i5 I 
r 52 

53 
51 

a 52 
S3 
SI 

II /3 S2 
S3 
51 

r 52 
53 
S I 

a 52 
53 
51 

III f3 52 
53 
51 r 52 
53 

PANELS 
lfl 

a 52 
S3 

I f3 
51 
52 
53 
SI r 52 
53 
51 

a 52 
53 

II f3 
51 
52 
53 
5 I r 52 
53 
51 

a 52 
53 

III {3 
51 
52 
53 

r 51 
52 
53 

104 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

P1 P2 P3 P1 P2 P3 
1 1 1 1 1 1 
1 1 1 1 1 1 

1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 
1 1 1 1 1 1 
00 I. 1 1 1 

1 1 1 1 
I. J 00 1 
1 1 1 1 1 1 

1 1 00 1 
1 1 1 1 1 

1 1 1 1 1 1 
1 1 1 00 00 1 
1 00 1 1 00 1 
1 00 1 1 1 1 
1 00 1 1 00 1 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

P1 P2 P3 P1 P2 P3 
1 1 1 '1 1 1 
1 1 1 OR 1 m, 

1 1 1 1 1 

1 1 1 1 , 
1 1 1 , OB 
1 1 1 1 

1 1 DB 
1 1 1 ·1 

1 ."p' ·i· 

1 1 1 1 

1 1 1 1 OA 
t .1 1 t 

1 1 1 OR 
1 1 1 

1 1 OR 1 
1 1 -i -1 -1 
1 1 , 1 1 

_Q/i OR OR 1 OR 
1 1 -1 -1 

DB 1 DB 1 

1 1 OR OR 
1 1 -OR OR 
~l 1 -nn 
1 1 1 1 1 
1 , nn -, no , 

.1 ~ 1 1 
---,-

• CLOSED 

40 SPEAKERS 
P1 P2 P3 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
00 1 1 

1 1 

1 On 1 

em nn on 
00 00 00 
1 OD 00 
1 
1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 00 1 
00 00 1 
1 1 1 
1 1 1 
00 
1 1 1 

o CLOSED 

40 SPEAKERS 
P1 P2 P3 
1 1 
1 1 1 
~ 1 

1 1 1 

1 1 

1 1 
1 1 

1 

1 
OB 1 OB 
1 1 DB 

1 
1 1 
1 1 

1 1 1 
1 1 
1 1 1 

OA 
.. 08 OR 1 

1 
1 

t OR 
1 1 

_1 nR OR 
OR OR OR 
t OR 1 

o OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 P' P2 P3 P1 P2 P3 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 00 nn 00 --1 J 
1 1 1 , , -, , , ,- , , , , ~ 

"" , 1 , 1 1 1 1 f'" , 1 

1 1 1 1 
,- , 1 

1 1 1 1 1 1 ,- -, 
~ 

1 1 em -, 1 1 1 
, 

1 1 1 1 1 1 1 
1 00 1 1 1 1 1 OD 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 ~ 

1 1 1 1 1 
., 

1 
1 1 1 . on ., On 
1 1 1 1 1 ,- -, 1 
1 1 1 1 '1 ·1 ·1 

1 1 00 00 nn 
1 1 on on ·1 

1 1 1 00 1 1 1 , 1 

SET Tn 

• OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 P1 P2 P3 P1 P2 P3 
1 1 DB DB 1 OR lR OB 
1 1 1 DB Oil i OR OB 

1 1 Oil 1 OR 
1 1 _1 t 1 OR 1 

1 1 OB 1 1 1 1 1 1 
1 1 1 1 _OB 

t OB DB 1 1 1 OB OB OB 
OB OB OB L 1 1 OB 1 
1 

., 
OB 1 j 1 1 

OR , DB DB OR nB 1 B 
1 1 1 DB DB DB DB 08 

1 1 t DB DB 1 DB DB 011 
1 1 1 DB 1 

1 I"" : 1 " OB OB 
,~ 

1 
1 1 OR 1 1 1 ..1 
OR OR 1 DB 1 1 DB B 08 
1 

. -OR OB 1 DB ..QB 

1 1 OA DB i i 1 1 
OR OB OR OR 

1 1 1 DB OB 1 1 1 
1 1 OR OB OR 1 

·oR -OR 1 1 
OR OR 1 1 OR , 1 
OR "1 OR 1 08 ·nR 1 1 

·no ., 
1 OR 1 , 1 "' 1 

1 1 1 1 1 1 1 i 
1 1 1 1 1 1 ,- 1 .DB. 

SET III 

I. 
j 

I 
l-

" to 
I 

PANELS 
51 

a 52 
53 

I f3 
51 
52 
53 
51 r 52 
53 
51 

a 52 
53 

II f3 
51 
52 
53 
51 r 52 
53 
5 I 

a 52 
53 

III f3 
51 
52 
53 

r 51 
52 
53 

PANELS 
51 

a 52 
153 

I /3 
51 
52 
53 
51 

r 52 
53 
51 

a 52 
53 

II /3 
.5.1 
52 
53 
51 

r 52 
53 
5 I 

a 52 
53 

III {3 
51 
52 
53 

r 51 
52 
S3 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 
P1 P2 P3 P1 P2 P3 

1 I I 1 I 1 
1 1 1 1 I 1 
1 1 1 

., -, 
1 

1 I 1 1 I 1 
I 1 1 1 1 1 
1 1 I I 1 1 
I I 1 I 1 1 
1 1 I 1 I 1 
I 1 1 1 I 1 
1 1 1 1 1 I 
1 1 1 1 1 1 
I 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 I 1 1 
1 1 I I I 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 ex: 1 
1 1 1 1 "1 _1 
1 1 , i 1 
1 1 , 1 1 

, 

1 1 -, , 1 
1 1 1 -, 1 

1 1 , 1 1 
1 1 1 1 1 1 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 
P1 P2 P3 P1 P2 P3 

1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 I 
1 1 1 1 I 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 I I I 1 1 
I 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 I 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 I 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 I 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 , 

"1 1 

1 1 1 1 1 .1 

OCLOSED 

40 SPEAKERS 
P1 P2 P3 
1 I 1 
1 1 1· 
1 1 1 
I 1 1 
1 1 I 
1 I 1 
1 1 1 
I 1 1 
I 1 1 
1 1 1 
OC 1 OC 
1 1 I 
1 1 1 
1 I 1 
1 1 1 
1 1 1 
1 I 1 
1 1 1 
1 1 1 
1 1 I 
1 1 1 
1 1 1 

1 1 -, 
1 1 1 , 1 1 

1 1 1 

1 1 1 

• CLOSED 
," 

40 SPEAKERS 
P1 P2 P3 
1 1 1 
I I 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
I 1 1 
I I 1 
1 I I 
1 1 1 
I 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
I 00 I 
1 1 00 

1 1 
1 

1 nn , 

o OPEN/MATCH • OPEN/NO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS' 20 SPEAKERS 40 SPEAKERS 
Pi P2 P3 PI P2 P3 P1 P2 P3 
1 I 1 1 1 1 
I 1 1 1 i --, 1 Or. 

1 1 OC i 1 1 
DC 1 1 I 1 i ,- 1 OC 
I I 1 1 1 I I I 1 
I 1 DC I I 1 i DC 1 
1 I I 1 DC 1 1 1 I 
1 1 1 I 1 1 1 1 1 
1 1 1 1 1 1 1 I 1 
1 1 1 1 1 1 1 1 1 
1 1 1 I 1 1 1 I 1 
1 1 1 1 I 1 1 1 OC 
1 1 1 1 I 1 1 r DC 
1 1 1 1 1 1 1 1 1 
1 1 I 1 "1 1 1 
1 1 DC 1 1 1 1 1 1 
1 1 1 I 1 1 1 1 1 
1 1 1 I 1 1 I 1 1 
1 I I 1 1 1 1 
1 1 I OC 1 1 -, 1 1 

1 1 ..1 nr 1 -or. -, 1 1 
1 1 nr 1 , nr ,- , 1 1 -, -, "1 1 1 ,- .1 ~ 01' ,- -.; . 1 1 , 

1 , 1 "" 
; , 

, 1 , or .,.1-
1 1 1 1 1 1 1 1 1 

Sl-:T III 

o OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
to SPEAKERS 20 SPEAKERS 40 SPEAKERS 
Pi P2 P3 PI P2 P3 PI P2 P3 
1 1 1 1 1 1 1 1 1 
1 1 1 I 1 1 1 1 1 
1 1 1 1 1 I 1 1 1 
I 1 1 1 1 1 1 I 1 
1 1 1 1 1 1 1 1 1 
1 1 " 1 1 I 1 1 1 1 
1 1 .1 1 1 1 1 I 1 
1 1 1 1 1 1 I 1 1 
1 1 I 1 1 1 I I I 
1 I 1 00 00 1 1 1 I 
1 1 I I 1 00 1 I 1 
1 1 I I 00 I I I 1 
00 00 00 1 1 1 00 1 1 
00 1 00 1 1 1 1 1 I 
1 I 00 1 1 1 1 1 . 7 1 I 1 1 1 1 1 1 
1 1 1 1 I 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 DD 00 1 1 1 00 
1 1 1 1 1 1 1 00 00 
1 1 1 I 00 00 00 
I 00 1 on -, 1 00 lID 

1 1 1 m , 00 o.n. I g~ 00 1 00 00 , ~t,·, 

\ 
," 

00 10 ~~ 
, 

,- 1 , , , 1 
1 1 on ,- 1 1 

swr IV 

105 



I 
':::; 
'" I 

OCLOSED .OPEN/MATCH o OPENINO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 P1 P2 P3 Pi P2 P3 P1 H P3 P1 P2 P3 
SI ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 OA OB 1 

a 52 1 1 1 1 OA 1 1 1 1 1 1 1 1 1. 1 1 DB OA 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 OB 1 1 
51 1 1 1 1 1 1 1 1 1 1 1 1 OA 1 1 1 1 DB 

I f3 S2 1 1 1 1 1 1 1 1 1 1 DB 1 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ T 
51 01\ 1 1 1 1 1 1 1 1 1 DB DB OA -~ ~ 'T ·<rB 

r 52 1 1 1 .1 1 1 1 1 1 1 1 llB .1 .1 1 1 1 1 
53 ~ ,1 -.l. ~ 1 1 1 1 1 1 1 1 1 1 1 1 -5 I ~ 1 ~ ~ 1 1 1 T OR 1 DB DB 1 1 1. 1 1 

a 52 l 1 -.l. -.l 1 1. 1 1 1 DB 1 1 1 1 1 1 
53 ,l .l -.l -.l 1 1 T 1 1 1 1 1 1 1 1 1 1 
51 1 1 1 1 1 1 1 1 1 DB OB 1 1 

II (3 52 1 1 1 1 T .) 
1 1 1 1 1 DB ...l OB 1 1 1 

53 . .1 ,1 -.l. -.l. T 
, 

1 T 1 1 01\ fill 1 1 T 

51 1 . 1 .1lB ,l 1 1 1 1 T 1 OA 1 1 1 1 1 

r 52 1 ,1 ..l -.l. 1 1 1 1 1 1 OR 1 1 1 1 1 
53 .1 ,1 -.l 1 1 1 1 1 1 1 OR 1 1 1 1 A 
5 I 1 1 OR 1 1 nR on OA DB OA OB .JlB 1 OR 

a 52 nR 1 01\ 1 1 1 1 1 1 DB 1 1 .Jlll .Jlll.. DB 1 1 
53 1 .1 ~ .1 1 1 1 1 1 nR On on OR DB 1 1 1 

51 nn nn 1 1 1 1 , nn Oil 1 On .1 .Oll 1 OR OR 
III {3 52 1 1 1 , , 1 1 nn nn nR 0\\ 1 ~ .1 1 OA 

53 , 1 ,,1. 1 ·1 1 1 OJ .DA nn 1 1 1 1 

51 1, .1. -.l. _L n, 1 1 nn nn , , 1 1 1 , nR 1 
y 52 1 1 nl 1 nn 1 nR 1 1 1 -.l. , 1 1 

53 ,1. , " 1 nR 1 1 1 1 1 1 1 1 1 

SET IV 

WORDS °3 - 6°9 UTTERANCES_, 0 20 3 0 CLOSED 

CONTEMPORARY 

o OPEN/MATCH • OPENINO MATCH 

NON-CONTEMPORARY 
~~~~~~~~~~~~~~~~~~~~~~~ 

10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 P1 P2 P3 Pi P2 P3 P1 P2 P3 P1 P2 P3 

a 52 1 1 .11 1 1 1 1 1 1 1 1 1 1 1 ·1 '1 
53 1 .1 ...l -.l 1 1 1,1 1 .1 1 1 .JlC. -.l 1 ·1 ·1 

I (3 5
52111 .1 ...l .J. 1 1 1 1 1 1 ,lOCI ...l -.l 1 1 

.1 DC 1 1 1 1 1 1 1 OC 1 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 1 1 11 ...l -.l 1 '" 1 
~ 1 1 1 1 1 1 1 1 t I DC 1 .1 1JQ.J.. .J..·l 1 

Y sz 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 

~~-+ __ ~5~34-~~.~I4-~+-4-.~1~~1~~1 __ ~·i __ ~1~~~i~~I-+'~1-4~I-4_~I1-~11-~1-r~1-r~1-+~1~ 
~ 5 I 11 1 1 1 1 .0(; 1 1 1 1 1 1 1 0(' 
I a 52 1 1 1 1 1 1 1 1 1 1 OC 1 11 1 • or~ 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 DC 1 1 
5 I 1 1 1 1 1 I·' 1 1 ,1 ...l 1 ~ 1 DC '1 '1 

5 I 1 1 1 1 1 1 1 1 DC 1 1 1 DC 1 OC J 1 
y 52 1 1 1 1 1 1 1 1 1 1 1 1 1 .1 ,oc.. 11. i 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 .J.. ~ i 1 
51 1 1 1 DC 1 1 1 1 I 1 1 DC l' 1 

a 52 1 1 1 1-+~I~+-~l~~l-+~I-+~I __ ~l~~I~~l~~~l~~I~~l~~o~r+-~~~l 
53 1 1 1 1 1 OC' 11 1 . 1 .1 ...l 

SET IV 
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I 

I 

I .... 
ex> .... 
I 

PANELS 
51 

a 52 
S3 
51 

I f3 52 
53 

--.S.I 
Y 52 

S3 
51 

a 52 
53 
51 

II f3 52 
53 
51 

y 52 
53 
51 

a 52 
53 
51 

III (3 52 
53 
51 

Y 52 
53 

PANELS 
51 

a S2 
S3 
51 

I {3 S2 
53 
~I r 52 
53 
51 

a 52 
53 
~I II (3 52 
53 

r 5 I 
52 
53 
51 

a 52 
53 

III f3 
51 
S2 
53 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 
P1 P2 P3 P1 P2 P3 

1 1 1 1 1 1 1 1 1 1 ., 1 I 
I I 1 1 1 I 
I 1 1 1 1 1 
I I 1 1 1 i 
1 1 1 1 1 1 
I ~ 

.J.. .1 1 

1 1 1 ~ 
1 1 1 1 1 I 
I 1 1 1 1 I 
I 1 I 1 1 1 
1 1 I I 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 I 1 1 1 1 
1 t t 1 1 I 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 I I 1 
1 1 1 I 00 1 
1 1 1 1 1 1 
1 1 1 I 1 
1 1 1 1 Of) 
1 I .QJJ. 
I 1 1 I I I 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 
P1 P2 P3 P1 P2 P3 
1 .l ...l 1 t 
I ,L -.l I 1 
1 ,1 I 
1 ,1 ,1 1 
Oll 1 .1 1 1 
I .1 1 1 1 
1 I 1 1 I 
1 1 1 1 1 1 

,I 1 .1 1 
,I Oil I 1 I 

I I I 1 1 1 
1 1 1 1 1 1 ' , 1 1 1 1 
1 1 1 1 1 1 

·1 
1 1 I 1 1 1 
DB 1 1 1 1 1 
1 1 1 1 1 1 
1 _1 1 
Oil 1 I 1 1 1 

OR ,0, 1 
Oil OA .JlIl. ) 
1 .11ll ,1 ,1 1 

on .1 

y 51 .1 011 1 
52 nR nit ..J 1 S3 1 01\ .Oll 1 1 

.CLOSED o OPEN/MATCH o OPEN/NO MATCH 

NON ~ONTEMPORARY 
40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P1 P2 P3 P1 p ',~ P3 ,., P1 P2 P3 P1 P2 P3 1 1 1 1 I I I I L I on 1 1 1 1 I I 1 1 .QlJ 1 1 '1 1 1 1 .J.. . on -.l. 1 '1 1 00 1 1 1 I 1 1 1 ., 
1 1 1 1 1 I I I I 1 1 , 
1 1 1 1 1 I I I 1 I 

1 1 ,m 
I 1 

nn 

- ~ 1 , 
J nn ·1 , 

1 
1 "n nn 
I 1 

1 nn 1 1 1 1 I 1 I I 1 1 1 I 1 1 1 1 1 I 1 1 1 ' l' 1 1 1 1 I 1 1 OD 1 1 l' I I 1 1 1 1 1 I .1 1 1 I I I 1 , 
-.l 

" I 1 : I I I 1 1 1 .1- I 
" 

1 t 1 1 1 t 1 1 t -.l 1 
" 

I 1 1 1 1 1 1 1 .1 1 1 1 1 Of) 1 1 ,1 
I I 1 I I I 1 I .1 1 I I I I I 
1 1 1 1 .1 1 1 OD 1 1 1 .J1J), 1 ~ ) 1 1 1 ,I 

1 . Q/) 

"" 
1 I , _1 nn 

I 1 ,I ~ I ,1 1 
" 

SET 1 

o CLOSED • OPEN/MATCH o OPEN/NO MATCH 

NON --, 
CONTEMPORARY 

40 ~WEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P1 P2 P3 Pi P2 P3 P2 P1 P3 P 1 P2 P3 1 , .1 I 1 .J.. , , 

1 I I .!-- I 1 1 ..1 1 1 1 ,., 
1 1 1 1 1 1 1 1 1 1 ' OA 1 1 1 I 1 1 DB 1 1 I 1 1 1 

1 OB I J 1 1 1 1 I I DB '1 1 1 1 l 1 1 I' 0,\ OA OB 1 1 1 1 1 1 1 
1 

1 Oll 1 ,OB 1 1 1 1 1 1 1 on on R I· 1 1 1 Oil Oil all Oil DB I I 1 1 I 1 1 Oil On OR 1 1 1 1 1 1 DB 1 
DB OA DB OA DB 1 1 1 1 1 1 1 OB 

011 

1 1 1 1 
.l 1 

1 I 1 I I 1 1 1 

1 1 1 
1 I' 

011 DB Oi\ Oil OR 1 1 1 I 1 1 1 DB 1 Oil 1 1 DB I 1 1 1 1 1 all Oil 1 0.1 Oil 1 1 1 1 I 1 DB )6 011 'I 1 1 1 1 1 1 1 1 OA 1 I 1 

1 1 nil 
1 011 1 

OJ I ..Dn 1 III 1 1 1 I -.OA ..1 DB 01\ 
1 0/. ..l nn nil " " nn nn nl\ Olt .1 1 "" nn nit 

nil 1 1 [HI on 1 .1 1 1 n.l 

SET I 
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' .. 
.:0" . 

I .... 
<» 
w 
I 

PANELS 
51 

a 52· 
_5.3 
5·' 

I {3 52 
53 

-.SJ y. 52 
53. 
51 

a 52 
53 
51 

II {3 52 
53 
5 I 

Y S2 
53 
S I 

a 52 
53 
51 

III f3 52 

, ... 
<Xl 

" I 

108 

53 

r 51 
52 
53 

PANELS 
SI 

a S2 
~3 
51 

I f3 52 
53 
51 

Y 52 
53 
5 I 

a 52 
53 
SI 

II f3 52 
53 
51 r 52 
53 
51 

a 52 
53 
51 

III {3 52 
53 
51 r 52 
53 

o CLOSED o OPEN/MATCH • OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
to SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

.P' P2 P3 P1 P2 P3 P' P2 P3 P' P2 P3 P1 P2 P3 P' P2 P3 
.~ ~ 1 1 1 .-l .-l ~ 1 .-l .-l -1 .-l 1 1 
.~ ...1 .-l 1 1 1 .-l .-l ..J. 1 .-l .-l .-l .-l 1 .1 ., 

1 1 1 1 1 1 

n" 1 or. 1 , 1 1 1 1 

.l -L 1 .l. 1 1 ..1 ..1 ..J. 1 ..l. .l. -L 1 .L 
1 1 1 , 1 nr. ne 
1 1 .1 1 , 1 
1 .~ , 1 -L .1 ..l 1 1 

. .1 .1 ..J. 1 1 1 ..1 ..l 1 ..1 ..l ..l ..l 1 .l 
1 ..J. .1 ..l ..l 1 1 1 ..1 ..l 1 1 .-l ..l ..J. ..l 1 ..J. 
I .1 1 ..J. ..1 1 1 1 ..1 ..l I 1 ..l ..J. ..l ..l 1 l 
1 .. 1 1 ..J. ...l. 1 1 1 1 ..1 ...l. 1 ..l ...l. ..l ...l. 1 .l 

1 1 , -1 DC .or. 1 1 
1 1 1 1 1 ..J. DC .oc. .or~ ..1 , 1 

-1 ..J. 1 .1 ..J. -1 .1 .llC • ..IJf.. ..IJf.. .1 ..J. 
1 .1 1 . .1 ..1 1 DC 1 .-l ..J. ..J. 1 ..l ..J. ..l ..J. DC ..IJf.. 
1 .J1C .1 ..J. .-l 1 1 . _1 .-l ~ 1 1 ..l ..J. .-l DC .1 ..J. 

.1. ..J. .-l ..J. .1 1 1 ..J. .1 ~ ..J. ..l .1 ..J. .1 .1 ..1 
1 1 1 -1 -1 1 or. .1 .oc 1 

1 1 _1 .1 1 1 .1 .1 .-l or. 1 
1 1 ~ J. ..l ..J. . 1 ...1 . ..J. ..J. ..J. J. ..J. 

1 ..J. ..J. nr. nr 1 1 .1 1 1 ..ill'_ 1 

1 .l 1 1 1 1 1 1 or.. 1 
1 1 I. .J ...1 1 1 ..J. 1 ..J. , .Dr. .J.. ..IlC. ..J. 1 .oc _1 ..J. ..J. ~ 1 .l 
1 nr .. 1 , 1 .J.. L t 

.J.. .l ., ~ fir ..J. 1 1 Or , 
SET I 

o OPEN/MATCH o OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS! 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P·i P2 P3 P' P2 P3 P1 P2 P3 P1 P2 P3 PI P2 P3 PI P2 P3 

1 ..l .l 1 1 1 1 1 1 1 1 1 1 1 1 00 00 1 

1. .1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

.1. I 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 00 1 1 1 1 1 1 1 t 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 

.1. ~ 1 1 1 l .l 1 1 1 1 1 1 1 1 

.J.. ~ 1 ..l ..J. 1 1 1 1 1 1 1 1 
1 ...l ~ 1 ..J. l ...l 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 -.l 1 1 1 1 1 1 
1 1 1 1 l1P 1 1 1 1 1 1 l 
1 1 .1 1 1 .1 OP 1 1 1 1 1 1 1 1 

1 1 .1 .1 ..J. 1 1 I 1 1 1 1 1 1 1 1 1 1 
1 .,. .J.. -L 1 l l 1 1 1 00 00 00 
1. .1. ..J. I .1 . .1 ..1 .l 1 1 00 00 1 1 00 00 
1 .J.. 1 .1. ..l ...1 • I 1 00 , 1 1 ..l 1 1 1 00 1 1 1 1 1 
1 .1 ..J. 1 1 1 1 1 1 1 1 1 1 
1 ..J. I l 1 ..1 1 1 1 1 1 1 1 1 1 

1 ..J. ~ ..J. ..J. ..1 1 00 1 ·1 1 
1 1 1 .1 ..J. ..l .1 .1 .1 1 1 1 1 1 1 1 

...l I ..J. 1 1 1 ..J. 1 
...1 ...l ..illl -1 .1 ..J. .1 ..ill!. 00 .1 
...1 ..1. 1 ..J. _00 ..J. ..1 ! ..1 1 ..1llL .1 ...l ...l 1 1 

'. _1 . .1 , L .. 1 1 1 00 1 . .1 
I ., ...l ..illl I 1 -1 .---<JD. 1 , -'ll1 ..1l11 

1 , nn , , 1 ...1 1 .1 
.. 1 ...l ...l 1 ...l . .1 ~ .1 1 ..1 ...1 ..J. 1 .1 ..ill!. 

SET II 

, 

, ... 
'" '" I 

... 
'" '" I 

PANELS 
51 

a 52 
:S3 

I {3 
51 
52 
S3 
51 

r 52 
53 
51 

a 52 
53 

II {3 
SI 
52 
53 

r 5 I 
52 
53 
51 

a 52 
53 

III {3 
51 
52 
S3 

r .5 I 
52 
53 

PANELS 
51 

a 52 
~3 

I {3 
51 
S2 
53 

Y 
~I 
S2 
S3 
5 I 

a S2 
S3 

II {3 
~I 
S2 
53 
51 r 52 

r--r--. 53 
.51 

a 52 
53 

III {3 
51 
52 
53 

r '-51 
52 
53 

o CLOSED • OPEN/MATCH o OPHUNO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P1 P2 P3 P1 P2 P3 P1 P2 P3 P'I P2 P3 P~ P2 P3 Pt P2 P3 1 1 1 .1 ..Q.B OB 1 _1 1 .1 1 1 1 1 1 1 1 1 1 1 DB 08 1 _1 1 ...1 I ~ -.l .1 .1 1 1 .Oll ..1 ..J. .-l ...l J. 1 ..1 .1 1 1 ..J. ..1 1 .OB 1 ...l. ...l. ..J. .08 ..J. l 1 1 1 1 DB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 DB 1 1 OA I .illl 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 DB DB 1 1 DB 1 1 1 t 1 1 1 1 1 1 I I 06 1 1 1 1 DB ...l. 1 1 1 1 1 1 I .OB I ..l 1 1 1 1 1 1 06 DB .Q!l .illI 1 1 DB 1 1 1 1 1 1 1 DB 1 I DB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 OA DB 1 1 1 1 1 1 1 i OA 1 1 OA 1 1 1 1 1 1 1 B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 .1 -.l .1 1 .1 .. OA 1 1 ..llIl. ..l 1 1 1 1 DB 1 1 1 1 1 1 1 DB 1 1 DB .DB 0.8 1 1 1 1 1 1 1 1 1 1 1 1 1 DB 1 1 1 ..Q.B 1 1 1 1 1 1 1 1 1 1 1 1 1 DB 1 1 OR 1 OB OB 1 DB 1 1 1 1 1 1 1 1 1 1 1 1 1 --.!LB 1 1 1 1 1 .1 DB 1 .l .1 1 -L , -L .OB ..J. ~ 1 Jlli 1 Oll ..1. OR nR .OB .1 ..l Jlli JlB l 1 ..l . 

1 .1. ..Jlll.. 1 1 -L .1 OR ..J. ..1 ...L .0Il. 1 ..J. ..J. ~ -Il!l.. 1 n" .J 1 1 n. , 
.J.. _I . I ~ .J. .l ...1 .1 .1 1 ..1 1 .08 I 

SET IT 

o CLOSED o OPEN/MATCH • OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P1 P2 P3 P' P2 P3 P1 P2 P3 Pi P2 P3 Pf P2 P3 Pt P2 P3 

1 1 .1 ..l I 1 1 1 1 1 ..1 .l i ..l 1 1 1 1 1 1 1 1 1 I 1 1 1 ..l ..1 .1 ..1. 1 .1 1 .l 1 ..J. 1 
1 1 .1 1 ...1 Ole .1 .1 1 OC 
1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 DC 1 1 1 1 1 1 1 1 1 I 1 I 1 I 1 1 1 1 1 1 1 1 1 1 DC 1 1 1 I 1 .1. DC I 1 1 1 I DC 1 1 1 1 1 1 I 1 1 .-l .1 

I I 1 1 _QC. 1 .1 ..1 .1 I 
1 1 1 1 1 ..l ...l .1 I .1 I I 1 I 1 1 1 1 1 I 1 1 1 1 1 _1 1 ..l. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I DC I I 1 1 1 1 1 1 1 1 1 1 1 1 1 --.l1C. .l ..Dc. I 1 1 1 1 1 1 1 1 1 1 I I 1 ..1 .l l 1 .1 1 1 1 1 -L nle .1 

1 1 .1 1 1 1 .1 .l ..J. ..1 .-l ..1 1 ..Ill;. DC DC 1 1 1 1 .1 1 1 1 ~ DC .1 ..1 1 DC 1 1 .1 1 1 1 1 L 1 . ..l. ..l. 1 1 .l 1 .1 1 ...l. ..J. ..1 1 1 .1 1 1 Ole 
1 1 .1 ..l 1 ..1 ..J. ..J. 1 DC 1 .Jl.c. ..J. 

1 1 1 1 .1 , 
.1 1 1 .. _ 

~ 1 ..J. ..J. 1 1 .1 .1 1 1 -1 -1 .1 I -.l -.l ..J. 1 .1 .1 .1 I J 1 -1 ..IJf.. 

~ 
1 1 .-l 1 ..l -ill: I .. 1 .1 nle 

.1 .1 1 _1 1 .-l 1 -1 .1 1 .1. 1 .-l ...1 I ...l . .1. I ...1 1 
1 .-l ...1 ...1 .1 -.Dc. 1 1 Or ...l -1 1 . .1. 

SET II 

109 







OCLOSED o OPEN/MATCH • OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 

10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P' P2 P3 P1 P2 P3 P1 P2 P3 PI P2 P3 PI P2 P3 

51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
-, , 

a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
-, 1 , 

53 1 1 1 1 1 1 1 1 1 -or. 1 1 or -, 1 1 

51 1 1 1 1 1 1 1 1 1 1 1 1 
,- , , 1 1 1 

I f3 52 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

53 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 DC ~C; 1 

51 1 -r 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 " 1 1 1 1 1 1 1 OC 1 1 1 

r 52 1 1 UC 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , -, 1 

a 52 1 1 1 1 1 1 1 1 1 OC 1. 1 1 1 or 1 1 

53 1 1 1 1 1 1 1 1 1 1 DC 1 1 1 1 1 , 1 • 

51 1 1 1 1 1 1 1 1 1 1 1 1 , , 1 i 1 ] 

II f3 52 1 1 1 1 1 1 1 1 1 1 1 1 ~i I , or 1 nr 

1 1 1 1 1 1 1 l , 1 1 -; , 
53 1 1 1 

51 1 1 1 DC DC 1 1 1 1 1 1 
-, 1 1 1 

r S2 1 1 1 DC DC OC 1 1 1 1 , -1 1 1 1 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , or , 
5 I 1 1 1 1 1 1 1 1 1 1 1 _1 1 1 1 1 

a 52 1 1 1 1 1 1 1 1 1 1 1 1 
-1- , 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 f)(' 

III f3 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
53 1 1 1 t 

51 1 1 1 1 1 1 1 1 1 1 1 1 1 

r 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 

SET 1 

.CLOSED o OPEN/MATCH o OPEN/NO MATCH 

PANELS 

I 
>
'" '" 1 

I 

II 

III 

114 

a 

f3 
Y 

a 

f3 
Y 

a 

f3 
r 

51 
52 
S3 
51 
52 
53 
51 
S2 
53 
51 
52 
53 
51 
52 
53 
51 
52 
53 
51 
52 
53 
51 
52 
53 
51 
52 
S! 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

PI P2 P3 P1 P2 P3 
1 1 1 1 1 1 

1 1 1 I 1 1 , 1 I , I 1 

t 1 1 1 1 I 

1 1 1 I 1 

1 1 1 1 1 

1 t , I 1 t 

I 1 1 1 t 
1 1 1 

1 I 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

I 1 I 1 1 1 

1 1 1 I 1 I 
1 1 

1 1 I 1 1 1 

1 1 I 1 I 1 

1 I 1 1 \ 1 
1 1 -,- -I 1 1 

-I t 
, 1 

1 
-1 1 -, , 1 t 1 , 1 1 -, 

1 1 I 

40 SPEAKERS 

PI P2 P3 
I 1 I 

1 1 1 
1 1 1 , 1 t 
1 \ I 
1 1 1 
1 1 1 

1 
-I 

1 1 \ 

I 1 I 

1 1 1 
1 I 1 
1 1 

-]-

1 1 1 
I 1 1 
1 1 1 

1 1 

1 1 

I 1 t 
1 

1 1 

1 , 
1 , 

1 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEA KERS 

P1 P2 P3 PI P2 P3 Pl P2 P3 

1 !.- - 1 f-L 1 1 , I I 

1 1 
-C-- 1 I 1 011 00 I 

1 I I J 1 1 OD 00 I 

1 I I I 1 , I t 1 

1 I I t t 1 1 1 1 

I \ \ 1 
I 1 1 1- , 1 

I 1 1 1 on on 1 

1 1 1 1 1 nn , 
1 1 1 I -1 1 

1 1 1 1 I --; 1 

I 1 1 1 1 1 , , -00 

._1 i 1 

\ I no t I I 

1 1 , 
1 1 , 1 1 , 1 

nil -I 1 1 L , 1 I 

-1 1 1 1 I 1 1 

1 -1 , 1 \ t 

I 1 , , , 1 OD 1m 

, -, -, , -, 
1 

1 nIl (1) 1 , 1 1 

1 
-, 1 , I 1 

, 1 m 

1 1 1 

SET II 

I .... 
'" -..J 
I 

I 
I-' 

'" co 
I 

PANELS 
51 

a 52 
$3 
51 

I f3 52 
5! 
51 r 52 
53 
51 

a 52 
53 
51 

II f3 52 
53 
51 r 52 
53 
51 

a 52 
53 

III f3 
51 
52 
53 

r 51 
52 
53 

PANELS 
51 

a 52 
.s3 

I f3 
51 
52 
53 
51 

Y 52 
53 
51 

a 52 
53 
51 

II f3 52 
53 
51 

Y S2 
53 
51 

a 52 
53 

III f3 
51 
52 
53 

Y 
51 
52 
53 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

PI P2 P3 P1 P2 P3 
nn , 1 
1 1 
1 , , , -, 

1 1 1 1 , -,-
1 

-, 1 
1 -1 I 1 

I I 1 1 I 
1 1 1 1 Oil 1 
1 I 1 1 

1 1 1 I 
1 1 , 1 I 1 
\ I I 1 I I 

1 1 1 
I 1 1 1 1 1 

1 I 
1 I 1 1 1 

1 all OB , , 
nR OR 
nR I I 011 01\ I 
1 -OR _1 1 1 

OlL n" nn , n" nil , 
-1- t nn , A , , riil (Ill , 1 

1 Oil Oil I 1 1 

CONTEMPORARY 
I 0 SPEAKERS 20 SPEAKERS 

PI P2 P3 P1 P2 P3 , 1 

I -,- I 1 1 

1 1 1 1 1 \ 

1 1 1 1 ,- I 
1 1 I 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 I I 1 I I 
1 1 i 
I 1 1 -I 1 \ 
[ 1 1 \ I 1 
1 I \ 1 1 1 

1 I 1 
1 I 1 I 1 1 

1 ~ 
-1 1 1 

1 1 1 1 1 DC 
1 , 1 

1 , 
I 

1 1 1 I I I 
1 1 

1 , , 1 
1 , 1. _. , , _1 

1 

1 

1 1 I 1 , , 

o CLOSED 

40 SPEAKERS 

P1 P2 P3 
I 1 , 
OR I \ 

1 1 1 

1 I 1 , 011 all 
I I I 
1 1 \ 
1 I 1 
1 1 1 
1 I I 
1 1 1 
I 1 1 
I I 1 

-1 
~ 1 

1 _Oll Oil 
1 , 1 

1 
1 

1 01\ 1 
I I 

1 , -, I 
1 
{\II 

1 1 1 

o CLOSED 

40 SPEAKERS 

P1 P2 P3 

1 1 1 
1 1 
1 1 
1 , 1 
1 1 1 
1 1 1 
1 1 1 

1 I 
\ , 1 
1 I 1 

1 , 
1 I 

1 1 
1 

I OC 
1 

1 , I 
I 1 1 

1 

1 , 
1 

I· 

• OPEN/MATCH o OPEN/NO MATCH 

NON -.C 0 N T E M PO R A R Y 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P1 P2 P3 PI P2 P3 PI P2 P3 
nil 1 mL_ 1 I nil Oil Oil 
Oil OJ\ riiI 

I 
011 \ I 1 , 1 

~- 011 1 1 1 on 
.L I 011 Oil nR all -I 

I 1 1 I Oil 1 01\ OB 01\ 
1 1 , 1 Oil 1 , 1 Oil 
I I I 1 I 1 1 Oil I 
1 I I 1 1 1 1 1 1 
1 1 I I , I all all 1. 
1 1 1 1 1 , I Oil I 
1 1 I 01\ 1 Oil 1 Oil OR 
1 1 1 OB 1 I I J I 
1 1 I I Oil I 1 1 1 
1 I I 1 1 1 1 t 1 

1 ~ 1 -I 1 1 1 
1 1 1 1 1 1 1 all OA 
1 I Oil 1 1 , on 011 I 
011 I I 011 1 1 nJ\ 
nl 011 , 1 nr< 
I Oil on 1 1 OR 1 I 

-I-

-, .l 1 1 011 OR , -,-
Oil , nR , 

-nil I , 1 OR 1 
,-

1 _I . till 1 1 1 
1 , I 1 -~" 1 1 M 1 i on 

I I 1 I 1 , 1 I 1 

SET II 

o OPEN/MATCH .• OPEN/NO MATCH 

NON CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 PI P2 P3 PI P2 P3 

1 
L_, t- -f' 1 1 .i i i 
1 1 , 1 1 ,- 1 1 1 

1 1 1 1 1 I I 1 , 
1 1 I 1 1 1 -1 -I 
DC 1 1 I 1 [ 1 1 1 
1 OC 1 , 1 [ 1 OC 
n~ 1 1 1 00 -,-

I \ -1 I 1- DC -I-
1 1 1 1 L I I I 1 
1 I 1 I I 1 I 1 1 

1 nr or 
1 1 1 1 1 1 1 1 -1 

i , 1 , nr 
OC l Or 1 , , 1-

I , 1 1 1 1 1 -1 

1. M 1 i ,- i 
I 1 , 1 , 1 1 1 

1 nr , I , 
1 ,- _1 --;-

1 

1 

\ 1 1 

L _I , n" 
1 1 1 I , 

SET II 

115 
~ 



• CLOSED o OPEN/MATCH o OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 

to SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 PI P2 P3 Pi P2 P3 PI P2 P3 PI P2 P3 

51 1 1 1 1 1 1 1 1 1 1 00 --~- .1 1 1 1 1 1 

a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 1 

-lf3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 00 

I f3 
51 , 1 1 1 1 1 1 1 1 1 1 1 1 00 1 1 00 1 

52 1 1 1 1 1 1 1 1 1 1 1 1 1 00 1 1 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Y 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

53 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 t 

51 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 

a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 OD 00 1 

53 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

II f3 
51 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 

52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

S3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

51 1 1 1 1 1 1 1 1 1 1 1 1 00 1 1 1 00 i 

Y 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

S3 1 1 . 1 1 1 1 1 1 1 1 1 1 1 00 00 1 1 1 

SI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

a 52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

S3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 OD 1 

III f3 
51 -I , , I 1 1 1 

52 1 1 1 1 , +- 1 
-, -, nD 1 1 1 1 

53 1 , , , , 1 1 , , -, -,- , 1 -+-51 1 1 nn 
" 

1 1 I 
" 

1 , nn -on 
y 52 1 , I 1 1 , t , 1 , 1 , L 

53 '1 1 1 1 1 1. 1 
" -, , 1 1 1 I- I 1 1 I 

SET TIT 

o CLOSED • OPEN/MATCH o OPEN/NO MATCH 

CONTEMPORARY NON-CONTEMPORARY 

10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

PANELS P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 PI P2 P3 PI P2 P3 

51 , , 1 1 1 1 1 1 1 1 I 1 1 OA 1 1 OB DB 

a S2 1 1 
, 1 1 1 , 1 nR .DB OB 

53 1 
1 1 1 nR "R- OA OR 

I f3 
51 1 1 

, 1 (\n 1 , 1 1 , OA nR riR 

S2 , 1 -1 1 , 1 , , nA nil Oil 

53 , nn 1 1 1 1 1 , , , 1 1 1 1 , 
51 1 1 , 1 1 1 1 , " , 1 , I 

,-

Y S2 , , , , -, OR 1 , 1 1 1 OB , 
53 , 1 

, 1 1 on 1 on M J , 1 1 

51 1 1 
, , , ., 

1 OR OJ' nR 1 

a S2 1 , L- 1 , 1 , 1 nn --, 
nR On 1 

53 1 , 1 1 1 (lR 1 , 1 OR -, , (lR OR 

II f3 
51 -, , , , , ., i 1 --, 1 

S2 nn nn 1 , , 1 1 1 1 1 

53 M 1 no 1 ,- 1 
, , , , 

SI 1 1 1 1 1 1 "v. on nR 

y S2 1 nn 1 1 1 
, 1 1 nR , nl> n. J 

53 1 1 1 1 1 (11\ 1 1 1 1 1 , 1 ilA 1 

5 I , 1 _. I 1 on , 1 
, i 1 1 -nR 

a 52 On 01 
, 1 1 

, , 1 nR 1 1 

53 '" (11\ , , 1 
, , (\n no 

III f3 
51 1 1 "" 1 rm , , nn 

52 , -l-- f--l- . , 1 "" "" 
, 1 , , 

53 , , nn t\n "" 
, , 1 no 1 , 

r 51 nn fIR i 1 ill> "t 1 1 1 
., M 1 1 

S2 11" 1 on m. 1 1 
, -, '"" 

L 
53 1 on 1 nn ,_ on (lR 1 

-, 1 1 1 1 nB 1 1 1 

SET III 
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, ,.., 
o ... 
I 

I ,.., 
o 

" I 

PANELS 
51 

a 52 
-53 

I fj 
51 
52 
53 
51 

r 52 
53 
51 

a 52 
S3 
51 

II fj 52 
53 
S I 

y 52 
S3 
51 

a 52 
53 

III f3 
51 
52 
S3 

Y 
51 
S2 
S3 

PANELS 
SI 

a 52 
S3 
SI 

I fj 52 
53 
SI 

Y 52 
53 
5 I 

a 52 
S3 
jfl 

II f3 52 
53, 
51 r 52 
S3 
51 

a 52 
53 
51 

III fj 52 
53 
51 r S2 
53 

OCLOSED 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 
P1 P2 P3 P1 P2 P3 PI P2 P3 
1 1 1 1 1 1 1 1 I 
1 1 , 1 1 1 1 
1 1 1 1 

1 , 1 1- 1 1 1 
; 1 , ; 1 

1 1 1 1 1 , , 
1 1 , 1 1 , 1 

1 1 , :; 
, , 1 , 1 ,-

1 , , 1 1 1 1 , 1 1 
1 ,- , 

1 1 1 , ,- -, , , 1 , 1 1 1 , ,- 1 I' 

1 , 1 1 ., 
1 

-, 
1 , , 

1 1 --,- 1 1 1 
I- I 

-, 
1 

-, 
1 

., 
,- ,- , ,- 1 1 , 
, , 1 I _1 I 
1 1 or , 
, , 1 , 

, , 1 , 
, , 
1 1 1 

1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

.CLOSED 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 P1 P2 P3 PI P2 P3 -,-
I 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 , 1 1 
1 1 1 1 1 
1 1. 1 1 1 I I 

1 1 1 1 1 1 1 I I 
; 1 , J 1 

1 1 1 1 1 1 1 I 
1 1 

., 
1 00 1 1 1 1 

1 I 1 1 00 1 1 1 1 
1 1 1 1 1 1 1 1 1 
I I 1 1 1 1 1 I 1 
1 I 1 I 1 1 1 1 1 
I 1 1 I 1 1 I I I 

i -,- 1 1 1 1 
-1 1 1 1 1 1 1 1 00 
1 1 1 I 1 1 I I I 
1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 
I 1 1 1 1 1 I 1 I 

t -1 1 1 1 
1 1 1m 1 
1 1 1 

-, " 

1 1 I 
1 'on i L 1 1 

1 1 i 1 , 
1 1 ., 1 --, 

1 1 , 1 1 , ,. 

o OPEN/MATCH • OPEN/NO MATCH 

NON C.O N T E M P 0 R A R Y 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS-

Pi P2 P3 PI P2 P3 P1 P2 P3 
1 1 1 1 1 1 1 1 1 

" 

I 1 , 1 1 1 
1 , -, nr 1 1 
1 1 1 1 1 n" 1 -,-
I I I 1 1 1 , 1 1 

1 1 1 1 
1 (\r 1 nr 
1 1 , 1 t 1 1 , ,- 1 -, ., 

1 , 1 
., 

I 1 1 , 1 1 
., 

1 
,. 

1 , 1 1 1 1 
., 

1 1 1 .1 , 1 :; 
1 , ,. ,-, -,- , , , 

1 
--;-

" 
-;- 1 

1 , , 1 1 1 
, 

, 1 , 
1 , -, 1 , 1 1 , -,-

I - 1 
t , , 1 1 , , , 1 

I , , , 
, 1 1 1 

1 1 
1 , , 1 

1 ~ 1 , , 
I I 1 OC 1 1 1 1 1 
\.IC OC 1 1 1 1 1 1 i 

SET III 

o OPEN/MATCH o OPEN/NO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

Pi P2 P3 PI P2 P3 PI P2 P3 
I 1. __ 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 I I 1 1 1 1 00 
1 I 1 1 1 1 1 1 I 
I I 1 I 1 I 1 1 00 

1 -, 1 1 1 1 1 

I 1 I 1 00 1 I I 1 
1 1 1 1 1 00 1 1 1 
1 1 1 1 I 1 00 1 1 
1 1 1 I 1 1 1 I 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 00 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 00 1 00 1 
I 1 1 00 1 1 1 1 1 
1 1 I 1 00 1 1 1 1 
1 1 1 1 1 00 1 00 1 
I i I I I 1 1 I 00 

1 1 1 
-1 -1 00 1 
1 I 1 I 1 , 1 

1 1 (m , nn 
1 1 1 1 nn 1 , 1 

-,- -;-

1 t 1 1 00 1 1 

SET IV 

Il'7 



I 

'" o 
w 
I 

PANELS 
SI 

a 52 
<::3 

I (3 
SI 
52 
53 
51 r 52, 
53 
51 

a 52 
53 

II P 
51 
52 
53 
51 r 52 
53 
51 

a 52 
53 

III 13 
51 
52 
53 
51 r 52 
53 

~ANELS 

, ,0 
o .. 
I 

I 

II 

III 
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a 

f3 
r 
a 

f3 
r 
a 

f3 
r 

51 
52 
~3 
51 
52 
53 
51 
52 
53 
51 
52 
53 
51 
52 
S3 
5 I 
52 
53 
51 
52 
S3 
51 
52 
53 
51 
52 
53 

CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 

P1 P2 P3 P1 P2 P3 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 t 1 1 1 1 
1 1 1 1 1 1 

1 1 .L ...1 
1 1 

1 1 1 

I .1 , ., , 
1 .1 J 1 

1 .1 ., J Oll 

.1 1 1 I 
1 1 1 nl>. 1 

1 1 1 

1 _I _1 

1 1 1 1 1 1 
t t 1 1 1 1 
1 t 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 

1 .1 .1 ~ 
DB Oll Oll 1 OR 
OR DB DB I J 
.DB DB DB DB 1 .OB 
1 nR _1 .1 
1 , 1 

I nR 1 

CONTEMPORARY 
'--' 

10 SPEAKERS 20 SPEAKERS' 

P1 r· 2 P3 P1 P2 P3 
1 1 J .1 1 

1 1 1 1 1 1 
1 1 

1 1 I 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 t 1 1 1 1 
1 1 1 1 1 1 

1 1 1 

1 I 
1 1 1 
1 1 

...1 ..1 1 1 

1 1 

I L 
1 DC 1 1 I 1 
1 1 1 1 1 1 
1 I 1 1 
1 1 1 1 1 1 

_l 1 1 
1 

I 1 1 1 1 
1 1 1 

1 1 
1 

1 1 1 _I 

40 SPEAKERS 

P1 P2 P3 
1 1 1 
1 1 1 

_t I 

1 1 1 
1 1 1 
1 1 1 

1 

1 nR 
t , 
1 

1 I 

.1 
1 

nl>. 
.L 

1 1 1 
1 1 1 
1 1 1 

DB DB 

1 1 OB 
.Jl.ll. ...1. _Oll. 

OR 
()Il OR 

DB DB .1 
~ . 1 _OR . 

T 1 

OR nO. 

40 SPEAKERS 

P1 P2 P3 
1 

1 1 1 
1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
t t 1 
1 1 1 

1 

1 
1 1 L 

1 

Of' 
r 1 

1 ..1 i 
1 1 1 
1 I 1 
1 
I I 1 

1 1 

.1 ...1 1 
1 

.1. 

~ OPEN/MATCH o OPENINO MATCH 

~ NON-CONTEMPORARY 
,10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

Pi P2 P3 Pt P2 P3 P1 P2 P3 
OB OB 1 1 1 1 1 OA I 
1 1 1 1 t 1 1 1 DB 
DB 011 , 31S. 1. 1 
1. .1. .QA ~ 1. 1 .O.H L VA 
1 1 1 1 1 1 1 1 OB 

"o. 1 .1lIl L .llli 

1 no. 1 , , .1lR 
1 1 1 no. no. 
1 1 , .1 01>. nl>. no 

.1 .1 I 01>. OR 1 no. 
{)J 1 "" {)R . I ~R .1 1 {)Il {)R {)R 

1 no. 1 "" 
, . 1 . 

1 1 no. 1 1 1 

1 .1 .. , .L nlL .. 1 . nR /\Il. no. 
1 1 1 1 1 1 OB i DB 
1 1 1 1 1 1 Oil 1 1 
1 _QS .1 1 1. t Oll .Oll. 1 
1 DB OA ! OR 
1 I DB J I , , OR 
I .1 .Oll. 1. 1 1 L , OR , 1 nO. 

OR I 1 no. 1 

1 1 ., t 

Oll. _Oll. .1. .1 1 .. 1. 

1 1 1 M , 
nO. 1 

SET IV 

o OPEN/MATCH • OPENINO MATCH 

NON-CONTEMPORARY 
10 SPEAKERS 20 SPEAKERS 40 SPEAKERS 

P1 P2 P3 PI P2 P3 P1 P2 P3 
DC 1 1 1 1 I I 1 1 
OC OC 1 1 I 1 1 1 1 
I 1 1 1 1 1 1 I I 
1 1 1 DC 1 1 DC 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 DC 1 
1 1 t 1 1 1 1 DC 1 
1 1 1 1 1 I 1 1 DC 

..1 ..1 1 1 

.1 ...1 1 1 I ) 

.1 nr or. 1 1 .1 
1 1 • ...1 1 1 

.1 1 .1 1 

1 1 

1 1 1 1 1 ...1 
1 1 I 1 I 1 1 1 1 
1 1 1 1 1 1 1 1 1 

.1 I ...1 
1 1 1 1 OC I I 1 .1 

.1 ...1 1 1 i 
i _DC. ~ 

1 1 [ 1 .1 1 .1 
1 ..1 1 1 1 1 

1 1 1 _1 .1. 
Or. _L 1 1 1 

1 J 1 11 . .1. OC' 

SET IV 

APPENDIX B 

An Examination of C d" I on ItlOna Variations for Voice Identification Trials 

Statistical Report No. 

By 

'William B. Lashbrook, Ph.D. 
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Introduction 

The purpose of this report is to examine from 
the statistical point of view the nature of the dif
ferences produced in terms of the number of cor
rect speaker identifications that can be attributed 
to variations in conditions under which data were 
obtained. Data from the project were scores rang
ing from zero to nine and representing the correct 
responses of nine subpanels of examiners, under 
each condition of the experiment. There were six 
conditional variables under examination for the 
voice identification project: 
A. Identification Trials Involving Variations in 

Transmission-Three Levels: 
a) Spectrograms taken from speakers recorded 

directly from a microphone. 
{3) Spectrograms taken from speakers recorded 

from a telephone line through a micro
phone. 

y) Spectrograms taken from speakers recorded 
from a telephone line through a micro
phone with background noise in the 
transmission. 

B. Identification Trials Involving Variations in 
Context-Three Levels: 

I) Spectrograms of clue words spoken in 
isolation. 

II) Spectrograms of clue words spoken in a 
fixed context. 

III) Spectrograms of due words spoken in a 
random context. 

C. Number of "Known" Speakers Involved in an 
Identification Trial-Three Levels: 

1) Identification Trials involving 10 speakers. 
2) Identification Trials involving 20 speakers. 
3) Identification Trials involving 40 speakers. 

D. Identification Trials Involving System Aware
ness/Non-Awareness of a Match-Three Levels: 

1) An identification trial in which there was 
always a match and the identifiers were 
aware of the fact. (Closed-Match). 

2) An identification trial in which there was 
a match and the identifiers were unaware 
of the fact. (Open-Match). 

3) An identification trial in which there was 
no match and the identifiers were unaware 
of the fact. (Open-No Match). 

E. Identification Trials Involving Time-Elapsed 
Varia tions-Two Levels: 

1) Contemporary "matching" spectrograms 
assumed to correspond to "unknown" 
speakers, taken at the same recording ses
sion that the "known" speakers' spectro
grams were obtained. 

2) Non-contemporary "matching" spectro
grams assumed to correspond to "un
known" speakers, taken at a second record
ing session one month after the first, in 
which the "known" speakers' spectrograms 
were obtained. 

F. Identification Trials Involving Variations in the 
Number of Utterances or Examples of the Same 
CLue Words-Three Levels: 

1) One utterance of the same words. 
2) Two utterances of the same words. 
3) Three utterances of the same words. 

G. Replication of All Identification Trials.-There 
were four replications (G) of the project identi
fica tion trials. 

It should be recalled that conditions A, B, and C 
constitute the Latin matrix aspectoS of tl,le. design 
under which data for the project ) .... ere collected. 
That is, it took each of the nine s~bpati~ls (classed 
by tYp'e and size) 27 identification trials in order 
to complete a matrix. Eighteen matrices were then 
completed under condition.s D. E, and F, producing 
a total of 486 different types of trials. This entire 
procedure was replicated (G) four times. Thus. 
the total number of trials that composed each of 
the two cycles of the project was 17,496. The dif· 
ferent types of trials were performed randomly. 
Again data of the project were scores from zero to 
nine representing the correct responses for all nine 
examiners subpanels under each combination of 
the given conditions of the project. For the purpose 
of the statistical analysis that follows, differences 
within examiners subpanels were cancelled in favor 
of a more direct test of the effects of conditions on 
the identification trials themselves. On page 14 I 
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of this statistical study a detailed analysis of pos
sible differences between examiners sub panels is 
reported. 

Statistical design 

The basic approach to the statistical analysis 
involved in the project was to define the replica
tion fattor as the number of observations (four) 
of the nine subpanels under each of the combina
tions of conditional variables A through F. Thus, 
it shov.1d be readily apparent that the model would 
have to account for the fact that conditional vari
ables D, E, and F involved repeated measures. In 
general, the model used for analysis approximated 
six-way analysis of variance with repeated measures 
on the last three variables. Variations of condi
tional variables A, B, and C constituted the param
eters of the Latin matrix used in the statistical 
design of the project. Each of the nine subpanels 
performed 27 identification trials to complete all 
possible combinations of these three variable levels. 
The over-all error effect was divided into eight 
components, from El to Eg. That is, a test of the 
main effects of conditional variables A, B, and C 
and their interactions would have one unique error 
factor (E1). The interaction of these variables with 
D, E, and F (the repeated measure factors) as well 
as the main effects of D, E, and F would each have 
a unique error factor (E2). Finally all two and 
three way interactions of D, E, and F with A, B, 
and C would each have appropriate error factors 
(E3' E4 , E5, Ea, Er, and Es) depending upon the 
number of repeated measures involved. Table I 
represents the statistical design used to analyze the 
data statistically. 

TABLE I.-Statistical Design {or the Analysis of Voice 
Identification Data 

Source of variance 

A ..................... .. 
B ....................... . 

C 
AB 
AC ..................... . 
nc ,., .................. . 
ABC .................... . 
E, = Error, = AG+BG+ 

CG+ABG+ 
ACG+BCG+ 
ABCG+G 
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Degree 
of 

freedom 
Calculated 

DF 

a-I 
b-I 
c-) .....•.......... 

(a-I) (b-I) ...... .. 
(a-I) (c-l) ....... . 
(b-I) (c-I) ....... . 
(a-I) (b-I) (c-I) .. . 
abc (g-I) ......... . 

2 
2 
2 
4 
4 
-1 
8 

BJ 

Table I-Continued 

Source of variance 

D ....................... . 
AD ..................... . 
!lD .....................• 
CD ..................... . 
ABD .................... . 
ACD ........••........... 
BCD .................... . 
ABCD .................. . 

E. = Error. = DG+ADG+ 
BDG+CDG+ 
ABDG+ 
ACDG+ 
BCDG+ 
ABCDG 

E ....................... . 
AE .................... .. 
BE ..................... . 
CE ..................... . 
ABE .................... . 
ACE .................... . 
BCE .................... . 
ABCE ................... . 

E3 = Error. = EG+AEG+ 
BEG+CEG+ 
ABEC+ 
ACEG+ 
BCEG+ 
ABCEG 

F ..................... .. 
AF ..................... . 
BF ..................... . 
CF ...................... . 
ABF .................... . 
ACF .................... . 
BCF .................... . 
ABCF ................... . 

E, = Error, = FG+AFG+ 
BFG+CFG+ 
ABFG+ 
ACFG+ 
BCFG+ 
ABCFG 

DE 
ADE 
BDE ... , ................ . 
CDE .................... . 
ABDE .................. . 

ACDE 

BCDE 

Degree 
of Calculated 

freedom DF 

d-I ............... 2 
(a-I) (d-I) I •• , •••• 4 

(b-I) (d-I) 4 
(c-I) (d-I) 4 

(a-I) (b-I) (d-I) .. 8 
(a-I) (c-I) (d-I) 8 

(b-I) (c-I) (d-I) .. 8 

(a-I) (b-I) (c-I) 16 

(d-I) 
abc (d-I) (g-l) .... 162 

e-I ............... I 
(a-I) (e-l) ........ 2 
(b-l) (e-I) ........ 2 

(c-I) (e-I) ........ 2 

(a-I) (b-I) (e-I) 4 
(a-I) (c-I) (e-I) .. 4 

(b-I) (c-I) (e-I) .. 4 
(a-I) (b-I) (c-I) R 

(e-J) 
abc (c-I) (g-l) .... fil 

£-1 ................ 2 
(a-I) (f-1) 4 

(b-I) (f-1) ........ 4 

(c-I) (H) ........ 4 

(a-I) (b-I) (f-1) · . S 

(a-I)' (c-I) (f-1) · . 8 

(b-I) (c-I) (f-1) · . 8 

(a-I) (b-I) (c-I) 16 

(f-1) 
abc (£-1) (g-I) .... ll6 

(d-I) (e-J) . ....... 2 
(a-I) (d-l) (e-l) .. 4 

(b-I) ,d-I) (e-I) · . 4 

(c-I) (d-I) (e-I) 4 
(a-I) (b-I) (d-I) 8 

(e-I) 
(a-I) (c-I) (d-I) B 

(e-l) 
(b-I) (c-I) (d-I) 8 

(e-I) 

l 

Table I-Continued 

Source of variance 

ABCDE ................. . 

E, ::: Error. = DEG+ 
ADEG+ 
BDEG+ 
CDEG+ 
ABDEG+ 
ACDEG+ 
BCDEG+ 
ABCDEG 

DF ..................... . 
ADF 
BDF ................... . 
CDF .................... . 
ABDF .................. . 

ACDF 

BCDF 

ABCI'lF ................. . 

E. = Error. ::: DFG+ 
ADFG+ 
BDFG+ 
CDFG+ 
ABDFG+ 
ACDFG+ 
BCDFG+ 
ABCDFG 

EF ..................... . 
AEF 
BEF .................... . 
CEF .................... . 
ABEF ................... . 

ACEF 

BeEF 

ABCEF ................. . 

E, ::: Error, = EFG+ 
AEFG+ 
BEFG+ 
CEfC+ 
ABEFG+ 
ACEFG+ 
BCEFG+ 
ABCEFG 

DEF .................... . 
ADEF 

BDEF 

Degree 
of 

freedom 
Calculated 

DF 

(a-I) (b-I) (c-I) 
(d-I) (e-I) 

abc (d-I) (e-I) (g-I) 

(d-I) (f-1) ...... , . 
(a-I) (d-I) (H) · . 
(b-I) (d-I) (H) · . 
(c-I) (d-I) (£-1) · . 
(a-I) (b-I) (d-I) 

(f-l) 
(a-I) (c-I) (d-I) 

(H) 
(b-I) (c-I) (d-I) 

(H) 
(a-I) (b-I) (c-1) 

(d-I) (f-1) 
abc (d-I) (£-1) (g-I) 

(e-I) (H) 
(a-I) (e-I) (f-1) 
(b-I) (e-I) (f-1) 
(c-I) (e-I) (H) 
(a-I) (b-J) (e-I) 

(H) 
(a-I) (c-l) (e-I) 

(H) 
(b-I) (c-I) (e-l) 

(£-1) 
(a-I) (b-I) (c-I) 

(e-I) (£-1) 
abc (e-I) (£-1) (g-I) 

(d-I) (e-I) 
(a-I) (d-I) 

(H) 
(b-I) (d-I) 

(H) 

(£-1) .. 
(e-I) 

(e-I) 

16 

162 

-t 
B 
8 

16 

16 

16 

16 

32 

324 

2 
4 
4 

4 
8 

B 

16 

162 

4 
8 

8 

Table I-Continued 
---~---.-.-----------------

Source of variance 

CDE!' 

AEDEf' 

ACDEF 

BCDEF 

ABCDEF ................ . 

Ea = Error. = DEFG+ 
ADEFG+ 
BDEFG+ 
CDEFG+ 
ABDEFG+ 
ACDEFG+ 
BCDEFG+ 
ABCDEFG 

Degree 
of 

freedom 
Calculated 

DF 

(c-I) (d-I) (e-J) 
(f-1) 

(a-I) (b-I) (d-I) 
(e-l) (£-1) 

(a-I) (c-I) (d-I) 
(e-I) (f-1) 

(b-I) (c-I) (d-l) 
(e-I) (£-1) 

(a-'I) (b-I) (c-I) 
(d-I) (e-1) (f-1) 

abc (d-I) (e-I) (H) 
(g-I) 

8 

16 

16 

16 

112 

324 

Total . . . . . . . . . . . . .. abcdefg-I .......... 1,943 

It will be noted that the between observation 
(G) effect is relegated to the first of the eight error 
terms. This procedure is consistent with repeated 
measure designs. It does not, however, represent a 
direct test of whether or not there was a significant 
difference between observations. In order to accom
plish the later step the mean sum effects of (G) 
should be compared with the total sum of squares 
for (G) interactions with all the remaining con
ditional variables combinations. 

Results 

Table 2 represents the results of the statistical 
design described in the preceding section, from 
data of the first cycle of the project. Data used in 
the analysis was transformed via the square root 
transformation recommended by "Viner (1962) for 
this type of statistical design: 

Xl ::::: vx+ -yX+T 
where xl=trans£ormed score 

x = score 
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TABLE 2.-Analysis of Variance for Voice Identification 
Da.ta from the First Cycle 

Source of variance 

A-Transmission .... . 
B--Context ......... . 
C-No. of Speakers .,. 
AB ............... . 
AC ............... . 
BC ............... . 
ABC ............. . 
EnoT, ............ . 
D-System Awareness .. 
AD ............... . 
BD ............... . 
CD ............... . 
ABO ............. . 
ACO ............. . 
BCD ............. ,. 
ABCD ............ . 
Error •.............. 
E-Time-Elapsed .... . 
AE .............. .. 
BE ............... . 
CE ............... . 
ABE .............. . 
ACE ., ............ . 
BCE ." .......... ,. 
ABCE ............. . 
Error, ............. . 
F-No. of Utterances . 
AF ............... . 
BF ............... . 
CF ................ . 
ABF .............. . 
ACF .............. . 
BCF .............. . 
ABCF ............. . 

df Mean square F-ratio Sig. 

2 

2 
2 
4 
4 
4 
8 

81 

2 
4 
4 
4 
8 
8 
8 

16 
162 

1 
2 
2 
2 
4 
4 
4 
8 

81 
2 
4 
4 
4 
8 
8 
8 

16 

0.53474 
16.05957 
2.46235 
0.('4041 
0.30651 
0.58995 
0.15984 
0.24336 

34.13054 
0.67458 
2.75975 
0.54314 
0.05684 
0.27265 
0.07094 
0.29506 
0.29859 

2.1973 
65.9898 
10.n80 
0.1661 
1.2595 
2.4242 
0.6568 

114.3056 
2.2592 
9.2426 
1.8190 
0.1904 
0.9131 
0.2376 
0.9882 

115.4176 
3.5145 
5.0180 
0.3199 
1.5574 
0.5909 
0.0931 
0.3042 

2.2303 
1.1991 
1.7131 
2.7586 
1.1297 
1.5512 
1.7127 
1.5263 

•• 
•• 

•• 
... 

... 
• 
•• 

• 

Error •.............. 162 
2 
,j 

31.96546 
0.97337 
1.38976 
0.08860 
0.15437 
0.16366 
0.02578 
0.08424 
0.27695 
0.53388 
0.28702 
0.41008 
0.66034 
0.27043 
0.37140 
0.40998 
0.36536 
0.23938 
7.48119 
0.38760 
0.46482 
0.06748 
0.09163 
0.14154 
0.26667 
0.11377 
0.27645 
0.60533 
0.14450 
0.31999 
0.20000 
0.16333 
0.23981 
0.19119 
0.22085 
0.25045 
1.72674 
0.30705 
0.4742·1 

27.0616 
1.4021 
1.6814 
0.2441 
0.3315 
0.5120 
0.9646 
0.4115 

•• 
DE ............... . 
ADE .............. . 
BDE ............. . 
CDE .............. . 
ABDE ............ . 
ACOE ............ . 
BCDE ............. . 
ABCOE ........... . 
Error •.............. 
DF ............... . 
ADF .............. . 
BDl' .............. . 
CDF .............. . 
ABOF ............. . 
ACDF ., .. , ...... . 
BeDF ............. . 
ABCDF ........... . 
Error, ............. . 
EF ............... . 
AEF ........ . 

BEl' 

124 

4 
4 
8 
8 
R 

16 
162 

4 
8 
8 
F-

16 
16 
}(l 

32 
324 

2 
4 
4 

2.4170 
0.5770 
1.2777 
0.7896 
0.6522 
0.9575 
0.7634 
0.8818 

6.3654 
1.1319 
1.7482 

•• 

Table 2-Continued 

Source of variance df Mean square F ·ratio 

CEF .............. . 
ABEF ............. . 
ACEF ............. . 
BeEF ............. . 
ABCEI' ............ . 
Error, ............. . 
DEF .............. . 
ADEF ............ . 
BDEF ............. . 
COEF ............. . 
ABOEF 
ACDEl' ........... . 
BCOEF ........... . 
ABCDEF .......... . 
Error •.............. 

Tc~al ........ . 

.p. ~ 0.05. 
..p. ~ 0.01. 

4 
8 
8 
8 

16 
162 

,t 

8 
8 
8 

Hi 
16 
16 
32" 

324 

1943 

Results of the main effects 

0.21082 
0.33509 
0.29169 
0.44239 
0.29.522 
0.27127 
0.67292 
0.36589 
0.22376 
0.22201 
0.28403 
0.22861 
0.35122 
0.32425 
0.26011 

0.7772 
1.2353 
1.0753 
1.6308 
1.0883 

2.5871 
1.4067 
0.8603 
0.8535 
1.0920 
0.8789 
1.3503 
1.2504 

Sig. 

• 

From the results cited in Table 2 it can be seen 
that the conditional variable "type of transmission" 
had no significant effect (p. > 0.05) on the ability 
of the voice identification panelists to make correct 
identification. In actuality, there was a slight in
crease in the number of correct identifications for 
spectrograms made directly from a microphone 
(92.42 percent) as compared to spectrograms in-
volving the telephone (91.31 percent) and those 
involving a telephone with background noise 
(91.02 percent) but these' differences were not 
found to be statistically significant. 

TABLE !I.-Differences Between Number of Correct Re
sponses for Voice Identification oE Clue Words in 
Specified Contexts 

Context 

Isolation 
Fixed ......... . 
Random ....... . 

Up. ~ 0.01 

Isolation Fixed Random 

Means 1 6.0246 5.9059 5.7127 

6.0246 
5.9059 
5.7127 

•• 
•• 

•• •• 
•• .. 

1 The means in Table 3 are for the transformed raw data: 
{he same data lIsed in the analysis of variance reported in 
Table 2. 

The results indicate a significant difference 
(p. < 0.01) in terms of correct responses when the 
numbers of speakers involved in the identification 
trials were varied. When the identification trials 
involved matching the spectrograms of 10 speak
ers the percentage of conect responses was 93.03 
percent. When the trials involved 20 speakers the 
success ratio was 91.87 precem. For trials involving 
40 speakers the percentage correct was 89.58 per
cent. Further analysis revealed that the 40 speaker 
trials were signficantly more difficult (p. LO.OI) 
than trials involving the spectrograms of 10 or 20 
speakers. There was, however, no signficant differ
ence (p. > 0.05) between the 10 and 20 speaker 
trials. (See Table 4). 

TABLE 4.-DiH~rences Between Number o[ Correct Re
sponses (or Tasks Involving 10, 20 and 40 Speakers 

Number of 
Speakers Means 1 

10 

5.9367 

20 40 

5.8916 5.8148 

Table 2 does reveal a significant difference 
(p. < 0.01) between variations of the "context" 
variable. The results show that when the spectro
grams were o[ words spoken in isolation the correct 
percentage of identification was 95.77 percent. For 
words spoken in a fixed context the percentage 
dropped to 92.39 percent and for words spoken in 

10 
Ii 20 

5.9367 
5.8916 
5.81411 

.. 
•• 

a random context the percentage correct dipped to 
86.59 percent. Using Duncan's :Multiple Range 
technique for making individual comparisons it 1 
was found that the random context was significantly 1 
lower (p. L. 0.01) than either the fixed or isolated i 
contexts. Further that words spoken in isolation .I! 

have a significantly higher (p. L. 0.01) number of 
correct responses than words spoken in either a 1 
fixed or random context. (See Table 3) . 1 

I 

110 ............ . •• •• 

"p.,,;; 0.01 

1 The means in Table 4 are for the transformed raw data: 
the same data lIsed in the analysis for variance reponed in 
Table 2. 

It will be noted from Table 2 that a significant 
difference (p. < 0.01) was found to be attributable 
to the system a'wareness variable. That is, if the 
trials involved a match and the examiners were 
aware that a match was there (94.48 percent cor
rect) ; or if the trials involved a match but the ex
aminers were unaware that the match existed (84.23 

percent correct); or if the task did not involve a 
match but the examiners were unaware of this 
fact (96.04 percent correct). Further analysis re
vealed that the system (open-match) where there 
was a match but the identifiers had no knowledge 
of the fact resulted in significantly lower numbers 
of correct responses (p. ~ 0.01) than the remain
ing two systems (dosed-match and open-no match) 
which did not differ (p. > 0.05). (See Table 5) . 

TABLE 5.-Differences Between Number of Correct Re
sponses for System-t.wareness Conditions 

System-Awareness Means 1 

Open-Match .... 
Closed-Match '" 
Open-No Match 

"p. ~ 0.01 

5.9865 
5.6178 
6.0389 

Open
Match 

5.9865 

... 

Closed-' Open-No 
Match Match 

5.6178 6.0389 

•• 
•• 

•• 

1 The means in Table 5 are for the transformed raw data: 
the same data lIsed in the analysis of variance reported in 
Table 2. 

Analysis revealed a significant difference (p. < 
0.01) in success ratios for spectrograms made at the 
two recording sessions. Here it should be recalled 
that time-elapsed differences involved whether or 
not the spectrogram was contemporary with the 
spectrogram in the identification task or non
contemporary (made at a second recording session) . 
"Vhen the spectrogram to be matched was contem
porary to the spectrograms used in the identifica
tion tasks the percentage correct was 95.21 percent. 
When the spectrogram to be matched was non
contemporary to the spectrograms used in the iden
tification task the percentage of correct responses 
was 87.95 percent. 

No significant difference (p. > 0.05) was found 
that could be attributed to the number of utter
ances of the same words as used in the identification 
trials. In actuality the percentage of correct re
sponses for only one utterance of the words was 
91.29 percent, for two utterances 90.96 percent and 
for three utterances 92.49 percent. 

Results of the two-way interactions 

Table 2 reveals a significant interaction effect 
(p. < 0.01) between the conditional variables "con-
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;(, 

TABLE 2.-Analysis o[ Variance {or Voice Identification 
Data {rom the First Cycle 

Source o[ variance 

A-Transmission .... . 
B-Context ......... . 
C-No. of Speakers .. . 
AB ............... . 

AC ................ 
BC ............... ' 
ABC . , ........... . 
Errort ............ . 
D-System Awareness .. 
AD ............... . 

BD ............... . 
CD ............... . 

ABO ......... , .... 
ACD ............. , 

BCD ............... 
ABCD .... , ....... . 

Error, ............. . 
E-Time-Elapsed .... . 
AE ............... . 
BE ............... . 
CE ............... . 

ABE 

ACE 
BCE 

.. , .... , ...... . 

..... , ........ . 

............... 
ABCE. ............ " 
Error •.... _ ........ . 
F-No. of Utterances , 
AF ............... . 

BF ............... . 
CF ................ . 
ABF .............. . 
ACF .............. . 
BCF .............. . 
ABCF ., _ .......... . 

df Mean square F·ratio Sig. 

2 
2 
2 
4 

4 
4 
8 

81 
2 
4 
4 
4. 
8 
8 
8 

16 

162 

1 

2 
2 
2 
4 

4 

8 
BI 
2 
4 
4 

4 
8 
8 
8 

16 

0.53474 

16.05957 

2.46235 
0.04041 

0.30651 

0.58995 
0.15984 

0.24336 

34.13054 
0.67458 

2.75975 
0.54314 

0.05684 

0.27265 
0.07094 

0.29506 

0.29859 

~.I973 

65.9898 

10.1180 
0.1661 

1.2595 
2.4242 

0.6568 

114.301J6 
2.2592 

9.2426 
1.8190 
0.1904 

0.9131 

0.2376 
0.9882 

115.4176 
3.5145 
5.0180 
0.3199 

1.5574 
0.5909 

0.0931 

0.3042 

2.2303 
1.19\H 

1.7131 

2.7586 
1.l297 

1.5512 

1.7127 

1.5263 

•• 
•• 

•• 

•• 

•• 
• 
•• 

• 

En·or •.............. 162 

2 
<I 

4 
4 
R 
8 
8 

31.96546 
0.97337 
1.38976 

0.08860 
0.15437 

0.16366 

0.02578 

0.08424 

0.27695 

0.53388 

0.2870~ 

0.41008 

0.66034 
0.27043 

0.37140 

0.40998 
0.36536 

0.23938 

7.48119 
0.38760 

0.46482 

0.06748 

0.09163 
0.14154 

0.26667 

0.11377 

0.27645 

0.60533 
0.14450 

0.31999 

0.20000 
0.16333 

0.23981 
0.191 H) 

0.22085 

0.25045 

1.72674 

0.30705 

0.47424 

27.0616 
1.4021 

1.6814 

0.2441 
0.3315 

0.5120 
0.9646 

0.4115 

•• 
DE ............. , .. 
AD£. .......... ' ... . 
HOE .............. . 
CDE ..... , ......... . 
AIlDE .......... , .. 
,\CDE ... , ..... , .. . 
nCDE ............. . 

ABCDE ........... . 
EtTor •............. , 
OF ............... . 
ADF ...... , ..... , ,. 
BDF .............. . 
CDF .............. . 

ABOI' ............. . 
ACDF ..... , ...... . 
BCDI' ............. . 
ABCDF .......... . 
Error •.. , .......... . 
EF .. , ............ . 

AEF 
nEt' 

........... .... 

]6 
162 

-1 
8 
8 
8 

16 
16 

16 

H2 
324 

2 
·1 
4 

2.4170 

0.5770 

1.2777 
0.7896 
0.6522 

0.9575 

0.7634 

0.8B18 

6.3654 

1.1319 

\.7482 

• 

.. 

Table 2-Continued 

Source of variance d[ Mean square F-ratio Sig. 

CEI' ..... ',., ..... , 
ABEY ., ....... , ... . 

ACEF , ........ , ... ' 
BCEF , ... , , .. ", .. , 
A BCEF . , ... , , .... , , 

Error, .. , .. , .... "'. 
DEF . ,." ...... , .. . 
ADEV .. " ..... ,. ,. 
BDF.l' ... , ......... . 

CDEF .,. , ... "', .. . 
ABDEF ., ........ ,. 

ACDEF ... , ....... , 

BCDEF ., ........ " 
ABCDEF .......... . 
Error •.. , .... , ..... . 

4 
8 
8 
8 

16 

162 
4 
8 
8 
8 

16 

16 

16 

32 

324 

Total ......... 1943 

.p. ~ 0.05. 

"p. ,,:; 0.01. 

Results of the main effects 

0.21082 

0.33509 
0.29169 
0.44239 

0.29522 

0.27127 
0.67292 

0.36589 

0.22376 

0.22201 
0.28403 

0.22861 

0.35122 

0.32425 

0.26011 

0.7772 

1.2353 

1.0753 
1.6308 

1.0883 

2.587l 
1.4067 

0.8603 

0.8535 
1.0920 

0.8789 
1.3503 

1.2504 

• 

From the results cited in Table 2 it can be seen 
that the conditional variable "type of transmission" 
had no significant effect (p. > 0.05) on the ability 
of the voice identification panelists to make correct 
identification. In actuality, there was a slight in
crease in the number of ~orrect identifications for 
spectrograms made directly from a microphone 
(92.42 percent) as compared 'to spectrograms in-
volving the telephone (91.31 percent) and those 
involving a telephone with background noise 
(91.02 percent) but these' differences were not 
found to be statistically significant. 

Table 2 does reveal a significant difference 
(p. < 0.01) between variations oE the "context" 
variable. The results show tha'_ when the spectro
grams were of words spoken in isolation the correct 
percentage oE identification was 95.77 percent. For 
words spoken in a fixed context the percentage 
dropped to 92.39 percent and for words spoken in 
a random context the percentage correct dipped to I 
R6.59 I)ercent. Using Duncan's IVlultiple Range '; 
technique [or making individual comparisons it 1 
was found that the random context was significantlYl 
lower (p. L 0,01) than either the fixed or isolated 
contexts. Further that words spoken in isolation 
have a significantly higher (p. L 0.01) number of 
correct responses. than words spoken in either a 
.fixed or random context. (See Table 3) . 

TABLE a.-Differences Between Number of Correct Re
sponses {or Voice Identification o{ Clue Words in 
Specified Contexts 

Context 

Isolation 
Fixed ......... , 
Random ..... , .. 

"p. ~ 0.01 

Means 1 

6.0246 

5.9059 

5.7127 

Isolation Fixed Random 

6.0246 5.9059 5.7127 

•• • • 
•• . .. 
.O' .O' 

1 The means in Table 3 are for the transformed raw data; 
the same data used in the analysis of variance reported in 
Table 2. 

The results indicate a significant difference 
(p. < 0.01) in terms of correct responses when the 
numbers of speakers involved in the identification 
trials were varied. When the identification trials 
involved matching the spectrograms of 10 speak
ers the percentage of correct responses was 93.03 
percent. When the trials involved 20 speakers the 
success ratio was 91.87 precent. For trials involving 
40 speakers the percentage correct was 89.58 per
cent. Further analysis revealed that the 40 speaker 
trials were signficantly more difficult (p. ~O.O 1) 
than trials involving the spectrograms of 10 or 20 
speakers. There was, however, no signficant differ
ence (p. > 0.05) between the 10 and 20 speaker 
trials. (See Table 4). 

TABLE 4.-Differences Between Number o{ Correct Re· 
sponses (or Tasks Involving 10, 20 and 40 Speakers 

Number of 
Speakers 

10 ............ . 
20 
30 

"p. ~ 0.01 

Means t 

5.9367 
5.8916 

5.8148 

10 

5.9367 

.O' 

20 40 

5.8916 5.8148 

•• 
•• 

.O' 

1 The means in Table 4 are for the transformed raw data; 
the same data IISed in the analysis for variance reported in 
Table 2. 

It will be noted from Table 2 that a significant 
difference (p. < O.O1) was found to be attributable 
to the system awareness variable. That is, if the 
trials involved a match and the examiners were 
aware that a match was there (94.48 percent cor
rect) ; or if the trials involved a match but the ex
aminers were unaware that the match existed (84.23 

percent correct); or if the task did not involve a 
match but the examiners were unaware of this 
fact (96.04 percent correct). Further analysis re
vealed that the system (open-match) where there 
was a match but the identifiers had no knowledge 
of the fact resulted in significantly lower numbers 
of correct responses (p. L 0.01) than the remain
ing two systems (closed-match and open-no match) 
which did not differ (p. > 0.05). (See Table 5) . 

TABLE 5.-Differences Between Number o{ Correct Re· 
sponses (or System-Awareness Conditions 

System-A wareness Means 1 

Open-Match ' ... 
Closed-Match .,. 
Open-No Match 

"p. ,,:; 0.01 

5.9865 

5.6178 

6.0389 

Open
Match 

5.9865 

•• 

Closed-' Open-No 
Match Match 

5.6178 6.0389 

•• 
.O' 

.O' 

1 The means in Table 5 are for the transformed raw data; 
the same data used in the analysis of variance reported in 
Table 2. 

Analysis revealed a significant difference (p. < 
0.01) in success ratios for spectrograms made at the 
two recording sessions. Here it should be recalled 
that time-elapsed differences involved whether or 
not the spectrogram was contemporary with the 
spectrogram in the identification task or non
contemporary (made at a second recording session) . 
When the spectrogram to be matched was contem
porary to the spectrograms used in the identifica
tion tasks the percentage correct was 95.21 percent. 
When the spectrogram to be matched was non
contemporary to the spectrograms used in the iden
tification task the percentage of correct responses 
was 87.95 percent. 

No significant difference (p. > 0.05) was found 
that could be attributed to the number of utter
ances of the same words as used in the identification 
trials. In actuality the percentage of correct rt;
sponses for only one utterance of the words was 
91.29 percent, for two utterances 90.96 percent and 
for three utterances 92.49 percent. 

Results of the two-way interactions 

Table 2 reveals a significant interaction effect 
(p. < 0.01) between the conditional variables "con-
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text" and "system-awareness" (BD) _ Table 6 repre
sents the percentage of correct responses made by 
the identifiers under all combinations of these two 
variables. 

TABLE 6.-Percentage of Correct Identifications Under 
Conditions of Context and Speaker-Awareness 

Context 

Isolation ......... . 
Fixed ............ . 
Random ......... . 

Open· 
Match 

98.46 
94.65 
90.33 

System 
Awareness 

Closed
Match 

90.79 
86.47 
75.41 

Closed-No 
l\Iatch 

98.05 
96.04 

94.03 

The results cited in Table 6 conform to 
expectations. 

At all con text levels the closed-match system 
resulted in a lower number of correct identifica-

tions. At all levels of system-awareness the isolated 
words resulted in a higher number of correct identi· 
fications (p. L 0.05) followed in turn by the fixed 
and random contexts. Employing the Duncan Mul
tiple Range Technique on the transformed raw 
data it was found that under the random context 
the Open-Match system had a significantly lower 
(p. L 0.01) number of correct responses than the 
combination "random context o,pen-no match." 
This was the only context level where such a sig
nificant difference was found, In addition it was 
found that for the open-no match system the fixed 
context did not differ significantly (p. > 0.05) from 
the random context where as iR all our systems 
such a pattern was signHicant (p. ==:; 0.05). (See 

Table 7). 
A significant interzction (p. < 0.05) was also 

found between combinations involving "Type of 
Transmission." and "Time-elapsed" variations in the 
spectrograms to be matched in a particular identi-

TABLE 7.-Differences Between Number of Correct Responses Under CondititNli of c.ntext by System Awareness 

Contex t/Sy~teJn 

1/1 
1/2 
1/3 
2/1 
2/2 
2/3 
3/1 
3/2 
3/3 

.p. ~ 0.05. 

"p. G 0.01. 

Means 1 

6.1155 
5.8564 
6.1019 
5.9919 
5.6881 
6.0376 
5.8521 
5.3089 
5.9771 

1/1 

6.1I55 

•• 

• 
•• 

•• 
•• .. 

1/2 

5.8564 

•• 

•• 
• 
•• 
•• 

•• 
• 

1/3 2/1 

6.1019 5.9919 

• 
•• • 

• 
• • •• 

•• • 
•• • • 

2/2 2/3 3/1 3/2 3/3 

5.6881 6.0376 5.8521 5.3089 5.9i71 

•• •• ... • 
•• •• •• • 
•• •• •• • ... • •• 

•• •• •• •• 
•• •• •• 
•• •• • 
•• •• 

_ . 
•• - •• 

1 The means in Table 7 are for the transferred raw data; the same data used in the analysis of variance reported in Table 2. 

fication task. Table 8 represents the percentage of 
con-ect repsonses made by the examiners under all 
combinations of these two variables. 

As expected under all levels of transmission, tasks 
involving matching a non-contemporary spectro
gram had a lower number of correct responses than 
tasks involving a contemporary match. The Duncan 
test [ound all these differences to be significant 
(p. L 0.05). What is interesting to note is that 
under the microphone only transmission level there 
was a higher number of correct responses on non-
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contemporary tasks than for the same tasks at the 
other two transmission levels. This difference was 
found to be significant (p. L 0.05). (See Table 9) . 

Table 2 reveals a significant interaction of the 
conditional variables of "context" and "time
elapsed" variations. Table 10 represents the per
centage of correct responses made by the examiners 
under aU combinations of these variables. 

It can be seen from Table 10 that at all three con
texts a greater number of correct responses were 
attained for contemporary t.asks than for non-

TABLE S.-Percentage of Correct Identifications Under 
Conditions of Transmission and Time·Elapsed 

Type of Trailsmission 

Non· 
Con

Contemporary tcmporar), 

(/1) Microphone Only ......... . 94.86 89.99 

R6.93 

86.93 

(fJ) Telephone-Microphone .... . 95.68 

(1') Telephone-Microphone.Noise 95.10 

contemporary tasks. These differences were . found 
via the Duncan technique for individual compari
sons to be statistically significant (p. ==:; 0.01) . Also, 
for both the conten~porary and non-contemporary 
tasks the results indicate that the isolated context 
was superior to the fixed context which in turn was 
superior to the random context (p. L 0.05). How
ever, in the case of the contemporary tasks the 
difference between the isolated and fixed con
text was not found to be statistically significant 
(p. L 0.05). (See Table 11). 

TABLE 9.-Difference~ :Between Number of Correct Responses Under Conditions of Transmission and Ti.rle-elapsed 

Transmission/ 
Time·elapsed 

)/1 
1/2 
2/1 
2/2 
3/1 
3/2 

.p. ~ 0.05. 

Means I 

5.9981 
5.8301 
6.0232 
5.7111 
6.0066 
5.7173 

]/1 

5.9981 

• 

• 

• 

1/2 

5.8301 

• 

;0 

• 
;0 

• 

2/1 

6.0232 

• 

• 

• 

2/2 3/1 3/2 

5.7111 6.0066 5.7173 

• • 
• • 
• • 

• • 
• 

I The means in Table 9 are for the transformed raw data; the same data used in the analysis of variance reported in Table 2. 

TABLE IO.-Percentage of Correct Identifications Under 
Conditions of Context and Time·Elapsed 

Context Con tern pora ry 

Isolation 
Fixed ....................... . 
Random ..................... . 

98.77 
97.56 
89.30 

Non· 
Con· 

temporary 

92.76 
87.21 
S3.Sf! 

A significant interaction (p. < 0.05) was found 
between "number of speakers involved in the iden
tification task" and the number of "utterances" of 
the words used in the identification task. Table 12 
represents the percentage of correct responses made 
by the identifiers under all combinations of these 
variables. 

It would appear that only when 10 speakers are 
involved in the identification trials does the num-

TABLE ll.-Differences Between Number of Correct Responses for Context and Time-Elapsed Conditions 

Context/Time-elapsed Means 1 

Isolation/Contemporaq' ................ 6.1249 
Isolation/Non-Contemporary ............ 5.9243 
Fixed/Contemporary .................. 6.0876 
Fixed/Non·Contemporary .. :........... 5.7242 
Random/Contemporary ................ 5.8155 
Random/Non.Contemporary ............ 5.6099 

.p. ~ 0.05. 

•• p. ~ 0.01. 

Iso/C 

6.1249 

•• 

•• 
•• 
•• 

Iso/NC Fixed/C 

5.9243 6.0876 

•• 
•• 

•• ... •• 
• •• 
•• •• 

Fixed/;\'C 

5.7242 

•• 

•• 
• 

•• 

Random/C Random/N 

5.8155 

• • 
• 
•• 
• 

•• 

5.6099 

•• 
• • 
•• 
•• 
•• 

_I The means in Table II are for the transformed raw data; the same data used in the anal)'sis of variance reported in Table 2. 
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TABLE 12.-Percentage of Correct Identification Under 
Conditions of Number o[ Speakers/Utterances 

Number of 
Speakers 1 Utterance 2 Utterances 3 Utterances 

10 94.29 91.56 9'1.03 

20 ....... . 90.12 92.95 92.54 

40 89.46 88.37 90.89 

her of utterances have an effect Q~ the number of 
correct identifications. Even here the effect is diffi
cult to explan since two utterances of ten speakers 
differs significantly (p. ~ 0.05) (See Table 13) 
from one and three utterances of ten speakers. but 
the effect is to reduce rather than increase accuracy. 
At the 20 and 40 speaker levels the effects of num· 
ber of utterances was not significant (p. > 0.05). 

TABLE I3.-Differences Between Number of Correct Responses for Trials Involving Varying Number of Speakers/Number 
of Utterances 

10/1 10/2 Hi/3 20/1 20/2 20/3 40/1 40/2 40/3 

No. Speakers/ 
No. Utterances Means I 5.9765 5.8671 5.9666 5.829B 5.9320 5.9131 5.8181 5.7689 5.8574 

10/1 5.9765 • • • • • ........... 
10/2 ......... " 5.8671 • 
10/3 5.9666 • • • • .......... . 
20/1 5.8298 • • ......... " 
20/2 5.9320 • • ........... 
20/3 5.9131 • ........... 
40/1 5.8181 • • • ...... , .... 
40/2 5.7689 • • • • ..... , ..... 
40/3 5.8574 • • ..... , ..... 

~ 0.05 .p. 
1 The means in Table 13 are for the transformed raw data; the same data used in the analysis of variance reported in Table 2. 

The data show generally that as the number of 
speakers involved in the identification trials in
creases accuracy decreases. However. the difference 
at the one utterance level is not always significant 
and at the two utterance level the only difference 
is between tasks involvin~ 40 speakers and 10 
speakers. It would appear that the conditional 
variables. "number of speakers" and "number of 
utterances" tend to confound one another. Prob
ably. the logistics of such tasks contribute as much 
to the variance of correct responses as any combina
tion of conditional effects. 

A significant interaction (p. < 0_01) between 
the conditional variables "system-awareness" and 
"time-elapsed" variations was also reflected in Table 
2. Table 14 represents the percentage of correct re
sponses made by the examiners under all combina
tions of these variables. 

Further analysis using the Duncan Technique on 
the transformed raw scores (See Table 15). found 
that for all conditions of system-awareness the trials 
involving matching contemporary spectrograms 
yielded a significantly higher (p. L. 0.05) number 
of correct responses than for tasks involving non-
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TABLE H.-Percentage of Correct Identifications Under 
Conditions of System-Awareness and Time-Elapsed 

System-Awareness 

Closed·Match ......... . 
Open· Match .......... . 
Open·:\'o Match ...... . 

Contemporary Non-Contemporary 

96.95 
91.02 
97.67 

92.01 
77.44 
94.41 

contemporary spectrograms. It was also found that 
for both contemporary and non-contemporary tasks 
the open-match conditions yielded a significantly 
lower (p. L. 0.01) number of correct responses than 
the other conditions of system-awareness which did 
not differ significantly. One point is quite apparent, 
however. when the examiners were in an open-match 
system trying to make match non-contemporary 
spectrograms the percentage of correct responses 
was disproportionately low. 

Table 2 shows a significant interaction (p. < 
0.05) between conditions of "System-awareness" and 
"Number of utterances." Table 16 represents the 
percentage of correct responses made by the exam
iners under all the conditions of these variables. 

TABLE IS.-Differences Between Number of Correct Responses for Conditions of System-Awareness and Time-Elapsed 

clje 

Awareness/Time·elapsed Means I 6.0674 

Closed/Contemporary ................. 6.0674 
Closed/Non·Contemporary .............. 5.9056 .. 
Open/Match-Contemporary ............. 5.8690 •• 
Open/Match·:"\on-Contemporary ......... 5.3666 •• 
Open/NO Match-Contemporary ......... 6.0914 
Open/i'o l\iatch·:"\on-Contemporary ..... 5.9863 • 

.p. ~ 0.05. 

"p. ~ 0.01. 

CI/NC Op/M·C 

5.9056 5.8690 

•• •• 

•• •• 
•• •• 

•• 

Op/M-NC Op/:\,M·C Op/NM-NC 

5.3666 6.0914 5.9863 

•• • 
•• • • 
•• •• •• 

•• •• 
•• • 
•• • 

I The means in Table 15 are for the transformed raw data; the same data used in the analysis of variance reported in Table 2. 

TABLE 16.-Percentage o{ Correct Identifications Under 
Varying Conditions of System-Awareness and Number of 
Utterances 

System-
Awareness 1 Utterance 2 Utterances 3 Utterances 

Closed·Match 93.26 95.68 94.50 
Open-Match .,. o' ,. 84.47 82.25 85.96 
Open-No Match ... 96.14 94.95 97.02 

The results cited in Table 16 when coupled with 
the individual comparisons contained in Table 17 
show that only at the open-match level was there a 
significant difference (p. L. 0.05) between number 
of utterances. Two utterances yielded significantly 
lower (p. L. 0.05) responses than the open-match 
system at three utterances. The results also indicate 
that. as was the case with previous interactions 
involving systems. the open-match condition yielded 

TABLE 17.-DifTerences Between Nnmber of Correct Responses for Conditlons of System-Awareness and Number of 
Utterances 

1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

System/Utterances Means I 5.9·181 6.0269 5.98,17 5.6323 5.5382 5.6828 6.0441 6.0029 6.0696 

1/1 ••• '0 .••••.••• • ••• ·•••• •. 5.9481 • • • • 
1/2 ." , ..................... 6.0269 • • • 
1/3 .... , .................... 5.9847 • • • 
2/1 5.6323 • • • • • • ......................... 
2/2 5.538~ • • • • • • • ........................ , 
2/3 5.6828 • • ., • • • .. ' .......... , ........... 
3/1 ......................... 6.0441 • • • 
3/2 6.0029 • • • . , ............ , .......... 
3/3 6.0696 • • • ......................... 

.p. ~ 0.05. 

1 The means in Table 17 are for the transformed raw data; the same data used in the analysis of variance reported in Table 2. 

a significantly lower (p. L. 0.05) number of correct 
responses than the other two systems (which did 
not differ p. > 0.05) regardless of the number 
of utterances involved in the identification tasks. 

The last significant two-way interaction reported 

in Table 2 was between the conditional variables 
of "Time-elapsed" and "Number of utterances." 
Table 18 represents the percentage of correct iden
tifications under the combination of these two con
ditional variables. 
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TABLE 18.-Percentage of Correct Responses for Conditions 
o{ Time·Elapsed and Number o( Utterances 

Time·Elapsed 

Contemporary 
Non·Contemporary . 

Utterance 2 Utterances 3 Utterances 

93.28 
89.30 

95.92 
86.00 

96.43 
8855 

When individual comparisons were made on the 
transformed raw data it was found that regardless 
of the number of utterances involved in a trial, 
when the spectrogram to the matched was non-

contemporary to remaining prints, there were sig
nificantly lower scores (p. L. 0.01) than when the 
matching print was contemporary. With respect to 
the number of utterances, individual comparisons 
revealed a significantly lower (p. L. 0.05) number 
of correct responses for identification involving one 
utterance than those involving two and three utter· 
ances for trials involving a contemporary match, 
whereas for trials involving a non-contemporary 
match, identifications involving two utterances 
yielded significantly lower (p. ~ 0.05) scores. (See 
Table 19). 

TABLE 19.-Dillerences Between Number of Correct Responses {or Time·Elapsed Conditions and Number of Utterances 

Time·elapsed/ 
Utterances 

Contemporary/I 
Contemporary /2 
Contemporary /3 
Non-Contemporary/I 
Non-Contemporary/2 
Non-Contemporary/3 

.p. ~ 0.05. 

•• p. ~ 0.01. 

Means 1 

5.94(]9 
6.0296 
6.0514 
5.8028 
5.6821 
5.7733 

Cont/I 

5.9469 

• 
• 
•• ... 
•• 

Conl/2 

6.0296 

• 

•• 
•• 
•• 

Cont/3 N-Cont/I N-Cont/2 N-Conl/3 

6.0514 5.8028 5.6824 5.7733 

• •• •• ... 
•• •• ... 
•• •• •• 

•• •• •• 
•• • 
•• • .. 

I The means in Table 19 are for the transfc)rmed r;tw data; the same data t1Sed in the ,lI1alysis of variance reported in Table 2. 

Trends toward two-way interactions 

There were two two-way interactions that ap
proached significance (0.05 < p. < 0.10) which 
deserve mention. The first involved the conditional 
variables of "context" and "number of speakers." 
Table 20 represents the percentage of correct iden
tifications under the combinations of these two 
variables. 

While the results are not statistically significant, 
it does appt~ar that the most important differen
tial and detrimental effects of "number of speakers" 
appear in the random context. 

The second two-way interaction that approaches 
significant (0.05 < p. < 0.10) involved the con· 
ditions of "transmission" and "system-awareness." 
Table 21 represents the percentage of correct iden
tifications under the combination of these two 
vari:lbles. 

The results seem to indicate clearly that type of 
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TABLE 20.-Percentage of Correct Responses Under Con· 
ditions o( Context and Number of Speakers 

Context 

(I) Isolation ...... . 
(II) Fixed ....... .. 
(Ill) Random ... . 

10 

96.40 
93.31 
90.IB 

Number of Speakers 

20 

95.9'! 
92.64 
87.04 

40 

94.96 
91.20 
82.56 

TABLE 2J.-Percentage of Correct Responses Under Con
ditions of Transmission and System.A wareness 

System-Awareness 

Transmission 

Closed Open- Open-No 
Match Match Match 

(ex) Microphone .............. 94.24 
(fJ) Telephone-Microphone.... 94.60 
h) Telephone-Microphone-Noise 94.60 

86.99 
83.44 
82.25 

96.04 
95.89 
96.19 

transmIssIOn does little to deter spectrogram iden· 
tification except in the open-match system. 

All other two-way interactions reported in Table 
2 had a probability of occurrence by chance of more 
than 10 percent and thus were not considered 
indicative of trends in the data. 

Significant three-way interactions 

Only one three-way interaction was found to be 
significant (p. < 0.05) as a result of the analysis 
reported in Table 2. That one involved the con
ditional variables "System-Awareness," "Time
Elapsed" and "Number of Utterances" (DEF). 
Table 22 represents the percentage of correct 
identifications under the combinations of these 
variables. 

The results indicate that for the contemporary 
identification trials the most significant variable 
operating was that of system-awareness. The only 
deviation from this encompassing statement was the 
fact that for contemporary spectrograms under the 
open-match system, three utterances yielded signif
icantly higher (p. ~ 0.05) scores than one utter
ance. For the non-contemporary spectrograms the 
results are less clear. An emerging pattern shows 

TABLE 22.-Percentage of Correct Respomes Under Con
ditions of System-Awareness, Time·Elapsed, and Number 
of Utterances 

Contemporary "'on-Contemporary 

System-Awareness 2 3 2 3 

Closed-Match .... 95.17 98.05 97.63 91.36 93.31 91.36 
Open-Match ..... 8·j.86 91.26 93.93 81.07 73.25 77.98 
Open-No Match ., 96.81 98.46 97.74 95.47 9l.16 96.30 

that the open-match system yielded lower scores, 
however, increasing the number of utterances in
volved in a task seemed to compound the problem. 
It was also the case that the open-no match system 
yielded higher scores at three utterances than both 
the closed-match and the open-match systems. The 
pattern is clear that for tasks involving non
contemporary matches, regardless of the system or 
the number of utterances, the scores were signifi
cantly lower (p. L. 0.05) than for trials involving 
c:ontemporary matches. The only exception to this 
statement is that under the open-no match system 
with three utterances there was no significant dif
ference (p. > 0.05) between contemporary and non
contemporary trials. (See Table 23) . 

TABLE 23.-Differences Between Number of Correct Responses for System-Awarenes.~, Time-Elapsfd and Number of 
Utterances Conditions 

1/1/1 

System/ 
Time

Elapsed/ 
Utterances Means 1 6.0102 

1/1/1 
1/1/2 
1/1/3 
1/2/1 
1/2/2 
1/2/3 
2/1/1 
2/1/2 
2/1/3 
2/2/1 
2/2/2 
2/2/3 
3/1/1 
3/1/2 
3/1/2 
3/2/1 
3/2/2 
3/2/3 

........... 

6.0102 
6.1020 
6.0902 
5.8860 
5.9518 
5.8792 
5.7652 
5.8710 
5.9707 
5A:994 
5.2053 
5.3949 
6.0653 
6.1157 
6.0933 
6.0229 
5.8900 
6.0459 

• 

• 
• 
• 

1/1/2 

6.1020 

• 

• 
• 
• 

• 
• 
• 

• 

1/1/3 1/2/1 

6.0902 5.8860 

• 
• 

• 

• 
• 
• 

• • 
• • 
• • 

• 
• 
• 

• 
• 

1/2/2 1/2/3 2/1/1 2/1/3 

5.9518 5.8792 5.7652 5.8710 5.9707 

• 
• • • 
• • • 

• 

• 

• 
• • • • .. 
• • • • • 
• • • .. • 

• .. • 
• • • • 

• • • 
• 

• • • 
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TABLE 23.-Continued 

System/ 
Time

Elapsed/ 
Utterances 

1/1/1 
1/1/2 
1/1/3 
1/2/1 
1/2/2 
1/2/3 
2/1/1 
2/1/2 
2/1/3 
2/2/1 
2/2/2 
2/2/3 
3/1/1 
3/1/2 
3/1/3 
3/2/1 
3/2/2 
3/2/3 

2/2/1 

Means I 5.4994 

6.0102 
6.1020 
6.0902 
5.8860 
5.9518 
5.8792 
5.7652 
5.8710 
5.9707 
5.4494 
5.2053 
5.3949 
6.0653 
6.1157 
6.0933 
6.0229 
5.8900 
6.0459 

• 
• 
• 
• 
• 
• 

• 
• 

• 

• 
• 
• 
• 

2/2/2 

5.2053 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
\' 

• 

• 

2/2/3 

5.3949 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

• 
• 
• 
• 
• 

3/1/1 

6.0653 

• 

• 
• 
• 

• 
• 

• 

3/1/2 

6.1157 

• 
• 
• 
• 
• 

• 
• 
• 

• 

3/1/3 

6.0933 

• 

• 
• 
• 

• 
• 
• 

• 

3/2/1 

6.0229 

• 

• 
• 
• 

• 

3/2/2 

5.8900 

• 
• 

• 
• 
• 
• 

• 

3/2/3 

6.0459 

• 

• 
• 
• 

• 
• 
• 

• 

.p. "'" 0.05. 
I The means in Table 23 are for the transformed raw data; the same data lIsed in the analysis of variance reported in Table 2. 

Trends toward three-way interactions 

There was one three-way interaction that ap
proached significance (0.05 < p. < 0.10) which 
appears to deserve mention. It involved the con
ditional variables "Context," "Number of Speak
ers" and "Number of Utterances." Table 24 
represents the percentages of correct identifications 
under the combinations of the£c \ ariables. 

The magnitude of the percentages contained in 
Table 2t1 shows rather clearly the effects of the 
"Colllext" variable. For every combination, the 
words spoken in isolation yielded the largest per
centage or correct identifications; there was a mod
erate drop in terms of correct responses for words 
spoken in a fixed context; and a substantial lower
ing of the number of correct responses for words 

spoken in a random context. Table 24 also shows 
that for the "Isolation" context there appears very 
little variance across the combinations of number 
of speakers and number of utterances. For the 
"Fixed" and "Random" contexts there is a con
siderable amount of variance in terms of the cells. 

Less clear are the effects of the variable number 
of speakers in interaction with context and number 
of utterances. A trend supports the general conclu
sion that the examiners were not as accurate for 
trials involving forty speakers as they were when 
the tasks involved ten or twenty speakers. This 
statement seems particularly true for words spoken 
in the "Fixed" and "Random" context. 

As has been previously observed, there appears 
to be no consistent pattern for the effects of the 
variable number of utterances. 

TABLE 24.-Percentage of Correct Responses Under Conditions of Context, Number of Speakers and Number of Utterances 

Context 

(I) Isolation ............. . 
(II) Fixed ., ........•..... 
(III) Random ............ . 

I utt 

!J6.61 
95.06 
91.20 

10 Speakers 

2 utt 

!J6.7(j 
90.59 
87.35 

3 utt 

95.83 
94.29 
91.98 

IItt 

95.99 
91.51 
82.87 

20 Speakers 

2 IItt 

95.06 
94.60 
89.20 

3 lItt 

96.76 
91.82 
89.04 

1 utt 

94.91 
91.82 
81.64 

40 Speakers 

2 lilt 

95.99 
87.50 
81.64 

3 utl 

93.98 
94.29 
84.41 

----------------, .. _----------------------
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Trends toward four-way interactions 

No significant four-way interactions were found; 
however, there was one that approached significance 
(0.05 < p. < 0.1 0). It involved the conditional 

variables: "Transmission," "Context," "Number of 
Speakers" and "Number of Utterances." Tables 25, 
26, and 27 represent the percentages of correct iden
tifications under all combinations of these variables. 

TABLE 25.-Percentage of Correct Responses (a) Transmission, Context, Number of Speakers and Utterances 

Context 

(I) Isolation ., ........... . 
(II) Fixed ............... . 
(1Il) Random .. , ......... . 

I lItt 

96.30 
95.37 
87.04 

10 Speakers 

2 lilt 

94.91 
91.67 
88.43 

3 utt 

94.44 
93.52 
95.37 

I \Itt 

96.76 
89.82 
82.87 

20 Speakers 

2 lilt 

95.83 
96.30 
94.44 

3 utt 

98.61 
96.76 
93.06 

I Ult 

97.22 
89.82 
87.04 

40 Speakers 

2 utt 

98.J5 
88.89 
77.78 

3 utt 

95,83 
95.83 
83.33 

TABLE 26.-Percentage of Correct Responses ({3) Transmission, Context, Number of Speakers and Utterances 

Con text I lilt 

(I) Isolation .............. 99.07 
(II) Fixed ................ 100.00 
(III) Random ............. 94.91 

JO Speakers 

2 lilt 

97.69 
90.28 

84.72 

3 lItt 

97.22 
93.52 
90.28 

I tltt 

96.30 
92.13 
83.33 

20 Speakers 

2 lilt 

96.30 
91.67 
'88.89 

3 utt 

94.44 
91.20 
82.87 

1 tilt 

91.67 
93.52 

.78.24 

40 Speakers 

2 tilt 

94.91 
83.80 
83.33 

3 utt 

92.59 
95.83 
86.57 

TABLE 27.-Percentage of Correct Responses (')') Transmission, Context, Number of Speakers and Utterances 

Context 

(1) Isolation ............. . 
(ll) Fixed ............... . 
(1II) Random ............ . 

I lilt 

94044 
89.82 
91.67 

IO Speakers 

2 lItt 

97,69 
89.82 
88.89 

3 utt 

95.83 
95.83 
90.28 

The tables cited above do not reflect a consist
ent pattern that can be associated with differing 
levels of transmission represented in the project. 

Tables 25, 26, and 27 again support the point 
that the random context, regardless of the associ
ated variables, yielded lower numbers of correct 
responses than did the fixed and isolation con
texts. It is true, also, that the "Isolation" context 
represents the least amount of variations for the con
ditions represented by the other three conditional 
variables. 

The impeding effects of 40 speakers, as opposed 
to 10 or 20, seems most marked when words were 
~poken in the random context regard.Iess of the 

1 ult 

94.91 
92.59 
82.41 

20 Speakers 

2 ult 

93.06 
95.83 
84.26 

3 utt 

97.22 
87.50 
91.20 

I lilt 

95.83 
92.13 
79.63 

40 Speakers 

2 utt 

94.91 
89.82 
83.30 

3 utt 

93.52 
91.20 . 
83.33, 

transmission level or the number of utterances 
involved in the tasks. 

The variables "Number oE Speakers" and "Num
ber of Utterances" tend to confound each other 
in such a manner as to distribute their effects in 

.interaction with "Transmission" and "Context" 
in a chaotic fashion making interpretation diffi
cult. The !nteraction of these two variables for com
binations above their minimum levels (10 for num
ber of speakers and I for number of utterances) 
probably represents as much a logistical problem 
for the examiners as a problem of identification. 

This section of the report has been confined to 
an examination of the significant results of the 



basic statistical analysis of the spectrogram data. 
Percentages have been used to describe the results 
in a readable manner; however, it should again be 
emphasized that all statistical procedures were per
formed on the transformed raw data. Many checks 
were made on the distribution of the raw and 
transformed data in order to determine if the 
assumptions of the statistical design were met. These 
tests allowed for the results herein contained. 

Conclusions 

The conclusions of this report will reference those 
questions asked in the original voice identification 
project proposal which are relevant to this phase of 
Lhe total project. 

I. Arc the spectrograms of the same words ut
tered by a stlea/wr on different occasions similar 
enough to ue identified? 

By referencing those conditions of the voice iden
tification experiment which involved matching a 
specified spectrogram which was non-contemporary 
to the spectrogram to be matched of the same 
speak.er speaking the same words, it was found that 
the identifiers made correct responses 84.72 percent 
of the time. These results combine with conditions 
of system-awareness which involved a match (92.01 
percent for the closed-match; 77.'1'1 percent for the 
open-match). The answer to question one would 
appear to be yes, however, it should be noted that 
when the spectrogram to be matched was contem
porary to the matching spectrogram the percentage 
correct was 93.98 percent (96.95 percent for the 
dosed-match and 91.02 percent [or the open
match). These differences were all found to be 
significant. 

2. Is there (l limitation in the time-elapsed among 
sjJectrograms ta/wn of the same spealwr at different 
ocrnsiolls but sjJeahing the same words? 

There was a significant difference in the ability of 
the identifiers when engaging in tasks involving 
contemporary spectrograms (95.21 percent correct) 
\IS. trials involving non-contemporary spectrograms 
(87.95 percent correct) . The time span represented 
in the project represented the lapse of one month 
bet,,;'cen contemporary and non-contemporary 
~pectrograms. 

This variable was held constant for the entire 
project. The most reasonable conclusion would ap
pear to be that: a one month time lapse among 
spectrograms taken of the same speaker speaking 
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the same words will produce significant differences. 
Further, that these differences will tend to im
pede voice identification. The determination of 
limitations on the differences in time lapses must 
await further research. 

3. Are the spectrograms of the same speaker of 
the same 'Words spoken on different occasions suffi
ciently different from the spectrograms yielded by 
(lll)' other speaker? 

This question can only be answered indirectly 
and by examining the number of errors made by 
the identifiers under certain conditions of the ex
perimen t. If we allow the similarity of spectrograms 
among two or more speakers would produce more 
incorrect identifications than dissimilarity, then we 
can examine at least one aspect of the question. In 
the closed-match system the percentage of false 
identification for trials involving contemporary 
spectrograms was 3.05 percent. For tasks in the 
closed-match system the percentage of false 
identifications was 7.99 percent. In the open-match 
~ystem the percentage of error for trials involving 
contemporary spectrograms was 8.99 percent 'while 
for non-contemporary spectrograms the percentage 
was 22.57 percent. In the open-no match system; 
[or contemporary trials the percentage of error 
was 2.33 percent and for the non-contemporary 
trials 5.59 percent. At all system levels the non
contemporary trials produced significantly more 
incorrect identifications than the contemporary 
trials. Part of the explanation of these differences 
may lie in varying degrees of similarity among the 
spectrograms. 

4. Does the number of uttemnces of the same 
word used for voice identification alter the pro
floTtion of correct identifications? If so, in what 
j)roportion? 

For the over all project there appeared no signifi
cant differences among the percentages of correct 
identification that could be solely attributed to 
trials involving one, two or three utterances of the 
same words. The actual percentages were as £ol1ows: 
one utterance 91.29 percent; two utterances 90.96 
percent; three utterances 92.49 percent. There were 
some significant interactions between the variable 
"Number of Utterances" and other conditions of 
the project, however, there emerged no significant 
pattern to the differences. A slight trend was ob
served among the interactions for two utterances 
of the same words to produce lower numbers of 
correct identifications than one or three utterances. 
The best that can be said for the variance in 

number of utterances is that it exhibits many of 
the characteristics of a confounding variable when 
associated with voice identification. 

5. Does the number of speakers to be compared 
with the unknown one alter the proportion of 
C01Tect identifications? If so, in what proportion? 

The results indicated a significant difference in 
terms of correct identifications when the number 
of speakers involved in the trials were varied from 
10, to 20 to 40. In general, as the number increased 
the percentage of errors also inert-dee!. I twas
observed that for 10 speaker trials the percentage 
of identifications was 93.30 percent; for 20 speaker 
trials 91.87 percent and for 40 speaker trials 89.58 
percent. 

The analysis of variance revealed that the only 
significant difference was between the ] 0 and 40 
speaker trials. In terms of significant interactions 
between number of speakers ane! other variables 
under examination in the project this same general 
pattern was observee!. 

6. Does the percentage of cm'1'ect ~'esponses of the 
identifiers change if the spectrograms of the speaker 
to b.: identified are among the spectrograms of the 
known 01' not? 

The best answer to this question comes from e;-:
amining the nature of the difference in terms of 
correct identification for trials conducted under the 
open-match system vs. those under the open-no 
match system. In these two instances the identifiers 
had no knowledge as to whether or not the spectr
gram of the speaker to be identified was amOl'b 
those spectrograms involved in the trial or not. 
Analysis revealed a signHicant difference between 
these two systems. Then a match could be made, 
the examiners were correct only 84.23 percent of 
the time. \"'hen a match could not be made, the 
examiners were correct 96.0'1 percent o[ the time. 
It is important to note that for the open-match 
system a correct response involved making a match 
while for the open-no match system a correct 
response was represented by a claim that no 
match existed. In all instances of significant 
interaction this difference was maintained. It 
IS interesting to examine the effect that aware
ness could produce on examiners. Under this 
system (closed-match) the percentage correct was 
~H.48 percent which differed from the open-match 
condition, but was not significant when compared 
to the open-no match system. 

The conclusion for this particular aspect of the 
s.tudy is that if no awareness of the possibility of 

a match exists 'within a trial (on the part of the 
examiners) it makes a great deal of difference. 

7. Does the percentage of correct responses ob
tained from tmined examiners change with changes 
in environmental conditions and contexts of the 
1/ t tcreel elite words for identifications? 

This question had to be answered in two parts. 
For the project overall environmental conditions 
were equated to the three types of transmission 
under which the spectrograms were made. Analysis 
reyealed no significant effect directly attributable 
to variations in transmission. The actual percent
ages COITect were as follows: directly.into a tape 
recorder (0: transmission): only 92.42 percent; 
through a telephone line in a quiet environment 
(f3 transmission) : 91.31 percent and through a tele
phone line in a noisy environment (1 transmis
sion): 91.02 percent. 

The second part of question seven refers to the 
three con text levels represented in the project 
(I-clue words spoken in isolation, II-clue words 

spoken in a fixed context, III-clue words spoken 
ina ranclom context) . A significant main effect was 
observed for cont~xt. '''hen the spectrograms were 
of words spoken in isolation the percentage of 
correct responses was 95.77 percent. For spectro
grams of words spoken in a fixed context the 
percentage correct dropped to 92.39 percent. For 
spectrograms of words spoken at random the correct 
percen tage was 86.59 percent. All these differences 
were found to be significant. 

No significant interactions were found involving 
both levels of transmission and those of context. 
Nor did these two variables (in combinations) in
teract to any significant degree with the others 
under investigation. 

The conclusion for question seven is that there 
is no reason to believe that variations in the en
vironmental conditions und(.r which spectrograms 
are made will alter to any significant degree the per
centage of correct responses for trained examiners. 
However, variations in the contexts in which the 
words used for identification purposes appear will 
havc a significant effect on the percentage of re
sponses yielded by trained examiners. 

8. Is a trained person able to 'recognize whether 
or not s/l('Clrograms of the same word were pro
duced by the same speaker? 

This is, of course, the major question posed by 
thc original voice identification project. The ques
tion in its most limited sense asks if examiners are 
able to make correct matches under varying con-
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ditions. It will be recalled that the project involved 
both identification trials (where match did exist) 
and elimination trials (where matches did not 
exist). For identification trials trained examiners 
were found to make a correct match 89.35 percent 
of the time. The trained examiners made a false 
match for the identification trials 4.13 percent of 
the time and said that no match could be found 
6.52 percent of the time. It is interesting to note 
that when no match could be made (non-identifi-
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cation trials) the rate of false identification was 
3.96 percent which was found not to be significantly 
different from the rate of false matching for the 

identification trials. 
In general, the evidence is clear in favor of a 

trained examiner being able to recognize spectro
grams of the same words produced by the same 
speakers. Further, that when errors are committed, 
a trained examiner is more apt to claim elimination 
than to say that a match involves the wrong speaker. 

, .... ~ .... ~ . 
...... ~ ~. 
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Introduction 

The purpose of this report is to examine a sub
set of data stemming from the Michigan State Uni
versity voice identification project. The chief area 
of concern will be possible differences that may 
occur among the voice identification examiners that 
can bf;; explained in tenns of two variables: panel 
type and subpanel size. Panel type refers to three 
nom .nal classification populations from which the 
projt": ,:t examiners were drawn. Subpanel size refers 
to th ree nominal conditions (number of persons 
invoh cd in a particular identification task) under 
which data were collected for each panel type. This. 
report ~3 concerned only with iden tification tasks 
involving the nine clue words: it, is, on, you, and, 
the, I, to, me. 

The selection of voice identification examiners 

The parameters of t~:'; project required that the 
persons used as examiners of spectrograms be drawn 
from three populations. These populations were as 
follows: 

1.0 Females with at least a high school education. 

2.0 Male (non-police administration majors) MSU 
students. 

3.0 MSU students with majors in the Police Admin
istration Department. 

Initially 18 persons wer'e hired for the project 
from each of the three populations. All persons 
received u-aining in voice identification prior to 
the collection of project data. Data from the first 
cycle of .the project were collected over an ap· 
proximate 8 month period. ''''hile there was an 
attrition rate, examination indicated that it was 
unsystematic and that there was no significant dif
ference (p. > 0.05) between panel types with 
respect to it. The logistics of the project allowed 
three periods of data collection to be considered 
in the first cycle. These periods involved the com
pletion of all identification traces for one, two, 
a_nd three utterances of nine clue words. The attri· 

tion rate was defined as the number of identifiers 
of a given type dropping out of the project within 
a particular data collecting period. 

Table 1 represents the attrition rates for the 
project. 

, 
TABLE l.-Panel Attrition Rate Cor the Voice Identification 

Project-First Cyde* 

Data collection 
period 

2 ................... .. 
3 

"Exact probability = 0.3030. 

.2 
o 
o 

Panel Type 

II III 

0 
2 I 
3 2 

The placement of voice identification examiners 
into subpanels 

For the purpose of the project a sub panel of 
examiners was defined in tenns of the interaction 
of the three panel (population) types with the 
size of the panel completing a matrix. The three 
panel types were arranged into subpanels composed 
of one, two, and three examiners each. Assignment 
to subpanels was done in an unsystematic manner 
from one identification task set to another. It was 
assumed with respect to the placement of the voice 
identification examiners into subpanels that, within 
a particular panel type the examiners were inter· 
changeable. In order to check this assumption an 
attempt was made to determine the reIiabilities 
of the identifiers by type for each data collection 
period of the project. The fact that there' was an 
attrition rate as noted in Table 1 made it reason· 
able to determine the reliabiIities for each data 
collection period rather than to combine all the 
project data in order to .detennine panel reliability. 
Table 2 represents the reliability estimates obtained, 
using an analysis of variance approach to reliability 
determination (Winer, 1962) , for the examiners by 
panel type for each different number of utterances. 
The data for the determination of the reliability 
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esimates involved a transformation of the scores for 
each of examiner panels for each of 72 replications 
of the Greco-Latin Square matrix used in the sta-

tistical design. 

TABLE 2.-Reliability Estimates (or Voice Identification 
Panels Uy Type 

Data Collection Panel Type 

Period (Number 
of Utterances) 

-
1.0 2.0 3.0 

1 ........ ~ ...... 0.566· 0.557 0.601 

2 ............... 0.784 0.790 0.837 

3 ......... , ..... 0.674 0.793 0.748 

er = 0.05, :z:: 0.286. 

Table 3 represents the reliability estimates ob
tained for the identification panels by size for each 
data collection period. 

TABLE 3.-Reliability Estimates {or Voice Identification 
subpanels Uy Size'" 

Data Collection Subpanel Size 

Period (Number 
of Utterances) 0.1 member 0.2 members 0.3 members 

...... ~ ........ 0.528- 0.628 0.555 

2 ............... 0.827 0.739 0.812 

3 ., ••••• , ••••• o. 0.676 0.767 0.759 

-r == 0.05, :z:: 0.268. 

For the most part, the reliability estimates re
ported in Tables 2 and 3 support the assumption 
of interchangeability o[ raters. There is no evidence 
to suggest that this assumption was violated by 
the fact that there was attrition with respect to the 

examiners. 

Statistical analysis 

The data pertaining to the panels were analyzed 
via the use of 3 x 3 x 3 analysis of variance model 
with repeated measures on two of the three factors. 
Factor A was equated to the panel types. This fac
tor did not involve repeated measures. Factors Band 
D were equated to subpanel size and data collection 
period respectively and did involve repeated meas
ures. Factor C was a replication factor: 72 replica-
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tions of the Greco-Latin matrix under which panel 
data was collected for each of the three data collec· 
tion periods related to number of utterances. This 
yielded a total of 216 scores (0-9) for each of the 
9 panels under study. The scores were transformed 
using a square root transformation (see footnote I) . 
Table 4 represents the basic model under which 
the data was analyzed (Winer, 1966). 

TABLE 4.-3 x 3 x 3 ANOV A Design with Repeated Measures 
on Facton Band D* 

Source of Variation 

Between Subjects .......... . 
A-Type of panel ..... . 
Subj. w. groups ........ . 

Within Subjects .......... . 
B-Size subpanel ...... . 
AB .................. . 
B x subj. w. groups .... . 

D-l, 2, !, utterances ... . 
AD .................. . 
D x subj .............. . 

BD .................. . 
ABD ................. . 
BD x subj. w. groups .,. 

df 

na-l 
a-I 
a (n-I) 

No (bd-l) 
b-I 
(a-I) (b-l) 

a (n-I) (b-I) 

d-l 
(a-I) (d-I) 
a (n-1) (d-I) 

(b-I) (d-l) 
(b-I) (d-I) 
(a-I) (b-I) (d-I) 
a (n-I) (b-I) (d-l) 

e Assumes A, B, and D as fixed facton. 

It is important to note that the "subjects within 
groups" notation referred to in Table 4. represents 
the three subpane1 sizes within the three panel types. 
In combination these variables define the nine iden
tification subpanels (N) used in the Voice Identifi

cation Project. 

Results 

The study herein reported represents data stem
ming from nine subpanels attempting 17.496 voice
print identifications under many conditions. Over 
all the examiners were correct 16,023 times for a 
percentage of 91.58. The stated purpose of this 
study was to examine the differences among the 
examiners that could be explained in terms of 
panel type and subpanel size. It is important to 
note that the variables under consideration pertain 
to the examiners and not to the conditions under 

which the identifications were made. This latter 
analysis constitutes another aspect of the total Voice 
Identification Project. 

. Table 5 represents the percentages correct for the 
mne subpanels classified by type over the three data 
collection periods (Number of Utterances) . 

TABLE 5.-Percentage of Corred Identifications for Panels 
by Type 

Number of Utterances Panel Type 

Used 1.0 2.0 3.0 

............... 90.12 92.80 90.95 
2 •••••••• 1- •••••• 90.74 92.13 90.02 
3 ............... 93.06 91.46 92.95 

. Table 6 represents the percentages correct for the 
mne subpanels classified by size over the three data 
collection periods. 

TABLE 6.-Percentage of Correct Identifications for Sub
panels by Size 

Numher of Utterances Subpancl Size 

Used -:---:------------
member 2 members 3 members 

I ............... 91.20 90.07 92.59 
2 ............... 90.84 90.07 91.98 
3 ............... 91.l5 90.95 95.37 

91.06 90.36 93.31 

. Table 7 represents the percentages c<?rrect for the 
nme subpanels classified by type and size. It should 
h.e remembered that the 3 x 3 panel-size combina
tion define the nine subpanels used in the study. 

In order to determine possible differences in the 
panels attributable to either type or size a 3 x 3 x 3 
repeated measures analysis of variance was run. 
This analysis was in accord with that discussed in 

TABLE 7.-Percentage o( Correct Identifications (or Panels U1' Type and Size 

Number of 
Utterances I-I 1-2 1-3 

I ~ . ~ .. ~ .................. 91.36 87.65 91.36 

2 ....................... , 92.44 85.65 94.14 

3 ....... ~ ................ 92.44 90.74 95.99 

TABLE 8.-3 x 3 x 3 ANOV A Results with Repeated Meas
ures on Factors U and D 

Source of Variation df 

Between Subjects: 
A-Panel Type 2 
Subj. w. groups 213 

Within Subjects: 
B-Subpancl Size .. 2 
AB .............. ·1 
B x subj. w. groups . 426 

D-Number of 2 

Utterances 
AD .............. -I 
D x subj. w. groups 426 

BD ............... 4 
ABD ...... ....... 8 
BD x subj. w. groups 352 

.p. F~0.05. 
- "p. F~O,OI. 

Mean Square f ratio 

0.12597 
0.56786 

Uil03() 
0.67308 
0.08472 

0.40i39 

0.3690·\ 
0.13149 

0.18245 
0.36500 
0.06844 

0.2218 

"19.0070 
"7.9447 

-3.0883 

-2.6659 
--5.7331 

2-1 2-2 2-3 3-1 3-2 3-3 

91.20 90.28 96.91 91.05 92.28 89.51 
91.98 93.21 91.20 88.12 91.36 90.59 
89.82 90.43 94.14 91.20 91.67 95.98 

an earlier section of this report. Data used for this 
analysis were the transformed raw score for each 
panel for the 72 replications of the matr~x for each 
of three different numbers of utterances used. 

The results summarized in Tables 5 through' 8 
tend to support the following conclusion: 

(1) No significant differences could be found 
between the examiners panel types attributable to 
the populations from which the examiners were 
drawn. 

(2) There was a significant difference between 
the, subpa~el types. Further analysis (using Dun
can s MultIple Range technique) revealed that the 
three member subpanels had a significantly more 
(p. < 0.0 I) correct identifications than the single 
or two member subpanels. See Table 9. 

(3) The nine subpanels involved in the project 
were not equal with respect to the number of cor
rect identifications. While this finding would be 
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expected, given the fact that the three member 
panels did better than the one and twO member 
panels. further analysis revealed that subpanel 1.2 
with two members had significantly less (p. < 0.05) 
correct identifications than any other combination 
of identifiers. Further analysis also revealed that 
while the subpanel 3.3 with three members did 
better than one and two member subpancls of the 
same type it did not do as well as the other three 
memher panels. See Table 10. 

(4) There was a significant difference (p. < 0.05) 
in terms of the number of correct identifications 
between the number of utterances examiners used. 
Analysis revealed that the number of correct identi
fications for one utterance (91.29 percent) and two 
(90.96 percent) were le:;s than for three utterances 
(92.'19 percent). but that the only significant dif
ference (p. < 0.05) was between utterances three 

and two. 

TABLE 9.-Differences Between subpancJ Sizes via MuHiplc 
Range Technique 

member 2 members 3 members 

Panel She Mcans I 5.8835 5.8581 5. 9543 

1 memher !i.8H3!i •• .. 
2 members :;.8581 

11 mcmbcrs 5.9:;43 •• •• 

"p. == 0.01. 

1 The means in Table 9 arc for thc transformed raw data; 
I hc samc data IIsed ill the analysis of variance reported in 

Table H. 

(5) Significant instructions were found (p. < 
0.05) between subpanels by type and size for the 
three different numbers of utterances used. Further 
examination of these findings revealed that: 

(a) Pand Types 1 and 3 did not achieve the 
same degree of accuracy as panel Type 2 until the 
two and three utterances respectively were used. 
Once obtained, however, there was no significant 
difference between panels by type. 

(b) The two member subpanels consistently 
across the three different number of utterances used 
were not as accurate as the three member subpanels. 
The one member sub panels were not as consistently 
different from the three member subpanels as the 

I.WO member subpanels. 
(c) As was indicated previously there was a 

significant difference among the identification pan-

142 

els and this finding extended across the different 
numbers of utterances used. This variation between 
panels was to be expected, however, further analysis 
revealed that there was no consistent pattern to the 
variations and that result number (3) remains 
the most cogent thing to be asserted about the 

individual panels. 

Discussion 

The purpose of this section of the report is to 
address some of the questions posed in the original 

Voice Identification proposal. 
Question 1: After examiners have been trained, 

i.e., their learning curves have 1'eached a ceiling, or 
a relative plateau, what is the percentage of correct 
responses that can be obtained? 

The evidence indicates that a trained Voice Iden
tification examiner can be expected to make correct 
identification about 92 percent of the time. While 
this rate will ,'ary between conditions under which 

. data arc gathered, a strong case (t ::: 165.32, p. < 
0.0001) can be made for trained personnel being 
able to, with a high degree of accuracy, make voice 

identifIcations. 
Question 2: What category of persons is most suit-

able for training as a Voice Identification examiner 
according to sex, age and background? 

This question cannot be answered in its entirety. 
Based on the three populations from which the 
Voice Identification examiner were drawn, there 
were no significant differences between examiners. 

Question 3: Do Voice I de~tification examiners 
perform !Jetter w01'king alone 0)' in a team? 

In general, the examiners, when placed in teams 
(subpanels of two and three members) did slightly 
better (91.84) than examiners working individually 
(91.07). This finding, though consistent. was not 
statistically significant. It was found. however, that 
a subpanel of three members was significantly 
better (93.31) than sub panels of two members 
(90.37) or individuals working singly (91.07). 

Probability less than 0.05. 
Question 4: What would be the most efficient 

size of examiners team? 
The term efficiency makes this question difficult 

to answer. If accuracy is really the issue, then thr'i!e 
examiner teams should be recommended. If avail. 
ability is the issue then one examiner working alone 
would appear to be as accurate as two-member 

learns. 
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TABLE )) .-Differences Between Number of Utterances 
Examined via Multiple Range Technique 

Data Collection 
Period (Number 

of Utterances) 1 utterance 2 utterances 3 utterances 

Means 1 5.8916 5.8779 5.9265 

I ............ 5.8916 
2 ............ 5.8779 
3 ............ 5.9265 

• 
• • 

.p. ~ 0.05. 

I The means in Tahle 11 are for the transformed raw data; 
the same data used in the analysis of variance reported in 

Table 8. 
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An Examination of the Types of Errors Made by Examiners 

By 

William B. Lashbrook, Ph.D. 

Statistical Report No. 3 

The purpose of this report is to present a detailed 
analysis of the type of errors committed by the 
examirtcr panels involved in the project. The data 
for this report are frequencies of errors of a par
ticular type. It is important to note that the classi
fication of errors by type is nominal and that it does 
not represent the same level of measurement as 
data referring to the number of correct responses. 
There were four types of error considered: 
Type A-A match existed, but the examiners made 

an incorrect match. Open tasks. 
Type B-A match existed, but the examiners failed 

to make a match. Open tasks. 
Type C-No match existed, but the examiners said 

that a match existed. Open tasks. 
Type D-A match existed, but the examiners made 

an incorrect match. Closed tasks. 
The difference between Type A and D errors 

depended upon the knowledge of the task processed 
by examiners. For Type A errors the examincrs had 
no knowledge as to whether or not the task in
volved a match. For Type D errors the examiners 
knew that possible match did exist within the task. 

The distribution of errors 

Because of the nature of the data (frequency) a 
decision was made to use the total errors of a par
ticular type as a basis for examining differences 
between examiners attributable to panel type, sub
panel size and number of utterances. The total was 
assumed to represent an ordinal level of measure
ment (identification panels could be ranked 
acco!ding to the frequency with which they com
mitted errors of a particular type) . Statistical analy
sis invoived a three way, distributiol\ (ree analysis 

of variance technique. A separate analysis was run 
for data from each of the error types. 

Table 1 represents the total number of errors 
for each voice examiner panel by type, sub panel 
size and number of utterances. It will be recalled 
that the total number of errors for the examiners 
(9 wds.) was 1473 Ollt of a possible 17,496. This 

ratio reduces itself to a percentage of error of 8.42. 
Additional analySis revealed that of the total num-
ber of errors committed: 

I. 8.96% were of Type A 
2. 51.60% were of Type B 
3. 15.68% were of Type C 
4. 23.76% were of Type D 

TABLE I.-Frequency o[ Errors by Type 

Number Panels 
Error of 
Type lJ ttera nees I-I 1-2 1-3 2-1 2-2 2-3 3-1 3-2 3-3 

........ [ R 2 ·1 !) 2 9 5 5 

A 2 l{ 15 .! Ii () 12 7 10 
3 " .! 0 0 II 4 0 

........ ·1 
28 3! 'J~ 35 21 12 26 'J" 36 -I _:l 

R 2 23 31' ::!2 33 30 26 26 33 33 
,\ 21'1 36 13 ,to ·17 25 26 25 15 

......... 1. 
r; 13 14 i 10 3 12 4 7 

C 2 II 16 7 !l 11 17 17 6 IO 
13 H 2 7 I.q r; I H 10 4 

....... ·1 22 28 13 II 23 3 II 16 20 
D 2 7 2·1 5 ., fl 8 22 10 8 

3 II 18 6 13 9 Il 17 15 7 

Table 2 represents an analysis of variance for the 
total frcq uCllcies of Type A errors. 
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TABLE 2.-Three Way AOV {or frequency of Type A Errors 

Source of Variation df x' Sig. 

. 
2 4.14205 A-Panel Type , ........... n.s. 

n-Subpand Size .', ...... :2 2.30114 n.s. 

C-Numher of UUcfaoces 2 5.98295 n.s. 

AIl ...... , ~ ... ~ ...... ~ ~ ... oj 3.22159 n.s. 

I\C .. , ................. 4 4.14205 n.s. 

AC .... ~ ............... 4 2.30114 n.s. 

AnC ,., >. '>" ........... II 13.80682 n.s. 

The results indicate no significant difference 
between examiners attributable to panel type, sub· 
panel size or number of utterances used. The effect 
due to a number of utterances approaches signifi. 
cant (p. = 0.0502) and is explainable in terms of 
a smaller number of Type A errors committed in 
I.he three utterance tasks. 

Analysis of type B errors 

Table 3 represents an analysis of variance for the 
total frequencies of Type B errors. 

TAIlLE 3.-Three Way AOV for frequency !l{ Type 11 Errors 

',';;lIrcc nf\'arial ion elf x, Sig. 

A-Panel Type • t. t ••••• • 
2 2.22527 n.s . 

n-Suhpanel Site . . . . . . . ~ 2 2.22527 n.s . 

e-Numher of lluerances !! 0,44505 n.s. 

All .. , ................. " 9.34615 n.s. 

nc j •••••• I ••••• '. 'I I" 
.\ 5.78571 II.S. 

AC , •••••• 0 ............. 
4 5.78571 11.5. 

/\nC 8 22.25275 •• 
•• , •••••••• II. II ••• 

The results indicate no significant difference at
trihnlablc to direct variations oC panel type, size 
or number of utterances. There was a significant 
interaction (ABC) which merely supports the posi. 
tion that the 9 subpanels differed among them
selves as to the rate of commitment of Type B 
t'l'I'01'5 over t.he three utterances, but that there was 
no consistcnt patterns to these differences. 

The interaction between panel type and sub· 
p:md size approached significance (I" = 0.0534). 
Most o[ this difference seems to be accountable in 
terms of the fact that with respect to Type B errors 
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panels of one, two, and three members showed more 
variations within panel Types 1 and 2 than did 
panels of the Type 3_ 

Analysis of type C errors 

Table 4 represents an analysis of variance for 
the total frequencies of Type C errors. 

TAIlLE 4.-Three Way AOV for Frequency o( Type C Errors 

Source of Variation df x' Sig. 

A-Panel Type .......... 2 0.44505 n.s. 

n-SlIbpancl Size ....... . 2 4.00549 n.s . 

C-~umber o[ Utterances 2 1.33516 n.s. 

AB . ................... 4 1.33516 n.s. 

BC • 0" 0 o. 0 ••••• 0 ••••• 0 
4 5.78571 n.s . 

AC 
•• 0 •••• •••••••••••• • 

4 1.33516 n.s. 

ABC 8 21.36264 •• 
•••••••••••• 0 •••••• 

•• p. 6 .01. 

The results indicate no significant difference 
attributable to direct variation of panel type, sub
panel size or number of utterances. There was a 
significant interaction (ABC) which supports the 
assertion that the individual subpanels differed 
among themselves as to the rate of commitment 
of Type C errors over the three utterances. 

Analysis of type D errors 

Table 5 represents an analysis of variance for 
the total frequencies of Type D errors. 

TABLE 5.-Three Way AOV (or Frequency o( Type D Errors 

Source of \'ariation df 

A-Panel Type .......... 2 
B-Pane1 Size ........... 2 
C-Number of Utterances. 2 

AB .................... 4 

BG ...............•.... 4 
AC .................... 4 
ABC ................... 8 

1.35000 
4.05000 
8.55000 
2.25000 
0.45000 
0.45000 

12.6000 

Sig. 

n.s. 
n.s . 
• 

n.s. 
n.s. 
n.s. 
n.s. 

The result indicate a significant difference be
tween utterances for Type D errors. The result can 
be best explained by the fact that there were sig· 
nificantly more Type D errors for one utterance 
than for two utterances, (T = 8, p. ~ .05). 

Discussion 

The analysis of the type of errors' committed by 
the Voice Identification panels was performed as 
a further check on the nature of possible differences 
between panels due to their type or size. In no 
case were such differences found. Variations between 
panels and between number of utterances were to 
be expected. Possible explanations of the variations 
when found to be significant appear to be an arti
(act of the project. 
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