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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 uselul tocl 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-
iing. The theory has been propounded and sup-
ported that a person can be identified through his
voice. Many people can identify associates aurally,
but this is not sufficiently reliable for forensic pur-
poses. There is evidence that positive voice identi-
fication by other means is possible and sufficiently
reliable for use in our courts. There have becen
outspoken dissenters to this hypothesis, particularly
in acoustical societies. ‘

Much of the dispute centers around claims made
by Mr, Lawrence Kersta. Voice spectrography was
developed at Bell Telephone Laboratories Dby
Potter, Kopp and Green. An instrument called the
Sound Spectrograph was developed, and was pro-
duced commercially as the Kay Sonograph. Mr.
Kersta, a former member of the Bell Telephone
rescarch staff, dealt for many years with voice spec-
trograms. He made instrumental refinements on the
sound spectrograph so that it would be more adapt-
able to personal identification.

In 1962, Kersta reported that voice spectrograms
could provide a reliable means of identification.
His methods were appliced in several criminal inves-
tigations and subsequently voice identification testi-
mony was presented in court. It became apparent
from court decisions and resistance from the scien-
tific field that there was a need for further study
to replicate Kersta's work il voice identification
was to be cstablished as a scientific method.

Consequently, the Department of Michigan State
Police developed a program with the [ollowing
goals:

(1) To establish Voice Identification as an aid
to Law Enforcement.

(2) To validate the Kersta method of Voice
Identification.

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

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

The program was supported by a grant from the
U.S. Department of Justice. The Department of
Michigan State Police is indebted to the following
organizations for their exceptional assistance in
carrying out the proposed research.

The Sensory Sciences Rescarch Center, Stanford
Rescarch Institute, Menlo Park, California, made
an interpretive survey of the litcraiure concerning
methods for measuring speaker recognition. Initial
rescarch and experimentation in new areas of talker
identification was praposed. Their survey relates
the state of the art as it appeared at the outset of
this project, and it provides the intoductory inlor-
mation [or this report.

The Audiology and Speech Sciences Department,
Michigan State University, Last Lansing, Michigan
conducted research to identify speakers through
voiceprints. (Voiceprints is a copyright term used
by the firm established by Kersta, Voiceprint Lab-
oratories, Inc., Somerville, N.J., to describe a par-
ticuliw graphic display made by an instrument thirt
gives continuous display in time of the cnergy
present in frequency bands)) This research is really
the core ol the first two years of the project.

The School of Criminal Justice, Michigan State
University, East Lansing, Michigan, made a [easi-
bility study of talker identification to determine ity
practical application to Law Enforcement.

The Department of Michigan State Police, East
Lansing, Michigan, coordinated these elloves and
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also perused the practical application of voiceprint
identification to criminal investigation,
Department of Michigan State Police personnel
for this project were:
Captain Raymond H. McConnell, Project Di-
rector, September 1968-February 1969,
Captain Wallace VanStratt, Ass’t. Project Di-
rector, September 1968-February 1969; Proj-

ect Director, February 1969-December 1970

Lieut. Robert Earhart, Assistant Project Di-
rector, February 1969-December 1970.

Det. Sgt. Lrnest Nash, Voice Identification
Technician.

Detective Lewis Wilson, Voice Identification
Technician.

Ylzora Conley, Secretary.
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1. Review of Procedures for Speaker Recognition

A. Introduction

When a person speaks he produces a complex
acoustic signal that contains various kinds ol infor-
mazion. This signal serves primarily to convey a
linguistic message. Listencrs 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.

There are three general methods of speaker recog-
nition. These are speaker recognition by listening,
speaker recognition by visual comparison ol spectro-
grams, and speaker recognition by machine. Speaker
recognition by listening is, ol course, the method
used in everyday life. A pessible limitation of this
method is that it is entirely subjective. No matter
how accurate and reliable listeners may be they are
usually unable to describe the criteria upon which
their decisions are based and thus they are unable
to justify their conclusions in a court of law.

Speaker recognition by visual comparison of
speetrograms is considered to be a more objective
method. Spectrograms are visual displays of the
speech signal. They exhibit graphic features that
can be discussed in a fairly objective manner. These
[eatures are also interpreted subjectively in arriving
at_an overall decision. For this rveason there has
been much interest in a third method, namely,
speaker recognition by machine. Atthough machine
decisions are inherently objective, they are, as of
now, olten less accurate for speaker recognition pur-
poses than comparable human decisions. Current
research cfforts in speaker recognition by machine
are specifically directed  toward overcoming this
limitation.

All methods of speaker recognition are based on
the fact that a given word or phrase tends to be
uttered differently by different speakers. There is
much variability in the speech signal and some of
this variability is undoubtedly related to particular
speaker dillerences. The nature of speaker variabil-

ity is discussed as background material to provide
the reader with an understanding of principles of
speaker recognition.

B. Interspeaker and intraspeaker variability

It is well-known that the pronunciation of a
given word or phrase tends to vary from speaker to
speaker. Acoustical analyses of utterances of sev-
eral speakers typically reveal many dissimilarities.
This elfect 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 differences in the use of the
vocal mechanism during speech production. Organic
d:iferences 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 same way, even when the utterances are pro-
duced in succession. This is referred to as intra-
speaker (within-speaker) variability. In generating
an atterance a speaker strives to produce appropri-
ale respiratory, laryngeal, and articulatory activity
that will lead to understandable speech. But many
details of the resulting waveform will change from
urterance 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 recognition
depends on the degree to which interspeaker vari-
ability is greater than intraspeaker variability. Both
forms of speaker variability are extremely difficult
to quantily, because speaker variability is a reflec-
tion of many differences in speech production. It
cannot be meaninglully 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 understanding is not
yet available.




C. Speaker recognition by listening

several kinds of tests have been devised to study
dilferent aspects of speaker recognition by listening.
All tests employ the same basic procedure. Speakers
drawn from a prescribed population are recorded,
while reading selected speech material. The record-
ings are edited and presented to listeners, and the
listeners carry out a recognition task. Each step in
this procedure introduces variables that can in-
fluence the resulting performance.

The objective of most studies on s; caker recogni-
tion by listening is, ol course, tv appraise the likeli-
hood that a listener's judgment might be in error.

McGehee  (1937) studied the reliability with
which listeners can recognize unfamiliar voices.
Groups of listeners participated in two experimen-
tal sessions that were separated in time, [rom one
day to five months. The results indicate that the
reliability of recognition decreases rapidly as the
time interval between sessions is extended beyond
two weeks.

The cffect of increasing the number of speakers
heard during the first sessions was also investigated.
When one of two speakers heard during the first
session spoke again during a second session two
days later, 77 percent ol the listeners recognized his
voice. When five speakers participated in the first
sessions, only 46 percent of the listeners could rec-
ognize one of their voices two days later. Vocal dis-
guise was also found to be effective in lowering
recognition scores. ’

These results are illustrative of many of the re-
sults reported in the scientific literature. They
illustrate the important fact that the speech wave-
form carries information relevant for distinguishing

among talkers, However, the ability ol listencers to
identify speakers by their voice alone falls far short
ol 100 percent reliability. The quest for a more re-
liable means of identifying speakers on the basis of
their voices has led to the study of speaker recog-
nition by visual comparison of spectrograms and
speaker recognition by machine. These (wo ap-
proaches will be briefly described in the following
sections.

D. Speaker recognition by visual comparison of
spectrograms

This method of speaker recognition makes use
of an instrument that converts the speech signal
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into a visual display. The instrument is called a
sound spectrograph and the display it provides is
a spectrogram. Spectrograms of different utterances
ol a given word or phrase are presented to a trained
observer who attempts to determine whether some
utterances were produced by a common speaker.
The sound spectrograph consists of four basic parts:
(1) a magnetic recording device, (2) a variable
clectronic filter, (3) a paper-carrying drum that
is coupled to the magnetic recording device, and
(h an clectric stylus that marks the paper as the
drum rotates. The magnetic recording device is
used to record a short sample of speech. The dura-
tion of the speech sample corresponds to the time
required for one revolution of the drum. Then
the speech sample is played repeatedly in order to
analyze its spectral contents. For each revolution
of the drum, the variable clectronic filter passes
only a certain band of frequencics, and the energy
in the frequency band activates the electric stylus
so that a straight line of varying darkness is pro-
duced across the paper. The degree of darkness rep-
resents the varving amplitude of the speech signal
at the specified time within the given frequency
band. As the drum revolves, the variable electronic
Qlter moves to higher and higher frequencies, and
the electric stylus moves parallel to the axis of the
drum. Thus a pattern of closely-spaced lines is gen-
cratedd on the paper. This pattern, which is the
spectrogram, has the dimensions of frequency, time,
and amplitude.

The spectrogram provides a permanent visual rec-
ord of a speech signal. Such records may be studied
in detail, point for point comparisons may be made
among spectrograms, and judgments of similarity
may be expressed in quantitative terms. Thus, the
spectrogram has obvious appeal in legal applica-
tions. It is likely that the iull potential of the spec-
trogram as a tool for achieving speuaker recognition
has not yet been reached.

The general procedure used in experiments em-
ploying the spectrogram as a means of speaker rec-
ognition is as [ollows: speakers are recorded while
reading selected words or phrases. Spectrograms arce
prepared from the recordings. Two or more spectro-
grams of different utterances of the same words or
phrases are presented to trained observers, and the
observers carry out a recognition task. As is the case
with speaker recognition by listening, cach step in
this procedure introduces variables that can affect
performance, that is, the ability ol the observer to

match correctly spectrograms that represent the
same speaker.

The fallibility of the observer is a crucial issuf:
in the legal use of this method of speal;er recogni-
tion (Borders, 1966; Ladefoged and Vanderslice,
1967; McDade, 1968; Bolt et al., 1970). Although
a machine (the sound spectrograph) is used to
prepare spectrograms, the intcrprcm.tion 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 how much weight this evidence should be
given (McDade, 1968). The conviction of Edward
Lee King was reversed by a Court of Appeals be-
cause “The Voiceprint identification process ‘hﬂS
not reached a sufficient level of scientific certainty
to be accepted as identification evidence.”

Claims by Kersta and others of the reliabili?y. of
the Voiceprint for achieving soeaker recognition
are based largely on the results »f unpublished ex-
periments, thus the scientific com.munity cannot
appraise the design of these experiments anq the
validity of the conclusions reached (Ladefoged
and Vénderslice, 1967) . The published results of
one series of experiments (Kersta, 1962b) could
not be duplicated by other investigators. 'Yf)ung
and Campbell (1967), and also Stevens, Williams,
Carbonell, and Woods (1968), obtained much
higher error scores than those reported by Kersta
(1962a, 1962b) . Such disagreements make the pub'-
lication of detailed descriptions of future experi-
ments extremely desirable and necessary.

In the first experiments concerned with th.c ques-
tion of Voiceprint, the observers were required L()
sort spectrograms into groups that represented dl%-A
ferent speakers (Kersta, 1962a, 1962.b) .‘Latex: experi-
ments employed the multiple-choice identification
test (Kersta, 1962c; Young and Campbell, 1967;
Stevens, Williams, Carbonell, and Woods, 196?).
There have been no reports of experiments dealing
directly with the type of identiﬁcati‘on ta.sk com-
monly encountered in criminal investigations.
Ladefoged and Vanderslice (1967) ‘argu-ed that 'the
reliability of Voiceprint identification in practical
cases cannot be predicted from the results of the
published studies. -

It has been claimed that spectrogram recognition
performance is essentially unaffected by the loss of
teeth, tonsils, or adenoids, the aging process, and
attempts to disguise the voice, such as c.ha.ngfng the
fundamental frequency, whispering, mimicking an-

other® voice, and ventriloquism (Kersta, 1962c,
Anon., 1965) . However, in the absence of support-
ing experimental data, these claims cannot be con-
sidered cstablished facts.

According to Kersta (1962b), the prolability
that two speakers have similar enough vocal-tract
dimensions and articulation patterns to produce
indistinguishable spectrograms is extremely .smal%.
This Lelief, which appears to underlic many expert-
ments, has not been formally translated into a
hypothesis that can be tested with a finite populz%-
tion of speakers. There is evidence that two arbi-
trarily selected speakers can occasionally produce
very similar spectrograms (Ladeloged and Vander-
slice, 1967). '

Stevens, Williams, Carbonell, and Woods (1968)

examined the ability of observers to distinguish
between familiar and unfamiliar speakers in a 32-
item identification-discrimination test. The observer
was given eight reference spectrograms that repre-
sented cight “familiar” spcakers. There were two
experimental conditions; either [our or .IG,OE the
39 test spectrograms represented “unlamiliar’ speak-
ers who were not represented by the reference
spectrograms. Most of the familiar speakers were
recognized as such, and they were 5L1}3§ethel1t1y
correctly identified, Many of the unfamiliar spea-k-l
ers, however, were erroncously recognized as farr.ul-
jar speakers. As a point of comparison, listening
tests were conducted using the same speakers and
the samie test format. Spectrograms were not cm-
ployed in these tests. A comparison of the two sets
of data reveals that there were considerably more
acceptances of unfamiliar speakers in the visual
tests than in the oral tests. When only four of
the 82 test items represented unfamiliar speakers,
there were also more false rejections of familiar
speakers in the visual tests. Thus, §peakel' recog-
nition by listening was found, in this study, to be
the more accurate method. It must be pointed out
that the observers employed by Stevens et al. had
very little training. One would expect better per-
formance from highly-trained obscrvers, but.t.hxs
study does demonstrate that speaker recognition
by spectrogram matching is neither obvious nor
casily 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
must be studied further (Bolt et al., 1970). Future
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experiments should be carefully designed so as to
avoid possible artifacts in the results. A detailed
description 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
from proven lacts. The spectrographic method for
speaker identification has obvious potential in vari-
ous investigative and forensic applications.

E. Speaker recognition by machine

Two approaches have been used to study- the
feasibility of speaker recognition by machine. One
approach is to have the machine generate and
examine amplitude-frequency-time matrices of spe-
cilic speech samples. The other approach is to have
the machine extract speaker-dependent parameters
from the speech signal and subject them to a sta-
tistical analysis. Each approach has led to 2 num-
ber of recognition techniques.

In the first case, the utterances of specific speech
samples are usually processed by a spectrum an-
alyzer that consists of a bank of bandpass filters,
rectifiers, and smoothing circuits. The outputs of
the analyzer arc periodically sampled, and the
amplitudes are quantized for further processing by
computer, Each utterance is represented in the com-
puter by a data matrix. The rows of the matrix
correspond to the frequency bands of the spectrum
analyzer, the columns correspond to the temporal
Jocations of the sample spectra, and each matrix
cell contains the measured amplitude level. Such
4 muirix may be thought ol 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 ma-
trix is thus constructed for cach speaker partici-
pating 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
one of the reference matrices. The degree of sim-
ilarity between the test martrix 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

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
represented by the test matrix. In the discrimina-
tion task only one reference matrix is used and the
speaker represented by the test matrix may or may
not be represented by this reference matrix. Deci-
sion rules are selected to specify when the test and
reference matrices are similar enough to represent
the same speaker. A summary of 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 differentiating among
speakers, and (2) the application of decision rules
to combinations of paramecter 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 wavelorm analyses and spectro-
analyses of the speech signal. Studies conducted
by Clarke and Becker (1969), Hargraves and Stark-
weather (1963), Smith (1962), Ramishvili (1966),
Edic and Schestyen (1962), and Floyd (1964) have
considered many specch parameters and several
decision techniques. In general, results have been
promising but it is clear that much work remains
to be done before automatic recognition techniques
artain high reliability.

F. Future developments in speaker recognition

The previous material describes in general terms
the current status of speaker recognition by listen-
ers, by visual examination ol spectrograms, and by
machine. Here we will comment bricfly on the
potential of each of these methods.

(1) Speaker recognition by listeners

There is little likelihood that much can be done,
or should be done, to improve the average indi-
vidual's ability to recognize speakers by voice.
ldentification 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 wvisual 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.
Whereas the speech spectrograph should prove to
be an increasingly valuable tool for investigative
purposes it is unlikely that it will ever, under all
circumstances, permit positive identification by
VOICE.

(3) Speaker recognition by 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 wavelorms, Various parameters may be ab-
stracted from the speech waveform and analyzed to
determine those features most useful for distinguish-
ing among talkers. Freedom to choose these optimal
parameters may enable machine performance to ex-
ceed that of listeners or of trained observers using
spectrograms as these two latter methods sufler from
strict and arbitrary limitations upon processing
equipment. To achieve improved or perfect per-
formance the relevant speech parameters must be
properly identified and incorporated into the anal-
ysis and decision processes of the machine,

II. Research of Speaker Identification by the Spectrographic Method

A. Introduction

The method of speaker recognition researched
by the Audiology and Speech Sciences Department
at Michigan State University is based upon the vis-
ual examination and comparison of spectrograms.
Speech spectrography was developed at Bell Re-
search Laboratories by Potter et al. (1947). 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-
cters of speech: time (horizontal axis), [requencies
(vertical axis) and relative amplitude (degree ol
darkness of the different spectrographic regions).
Each phoneme, word or phrase is correlated with a
characteristic spectrographic pattern. The general
aspect of patterns corresponding to different utter-
ances of the same word are similar, in such a way
that a person specially trained in “reading” spectro-
grams, could determine 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
spectrographic patterns. In fact, the spectrograms ol
different utterances of the same word or phrase by
the same or by different speakers are never exactly
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
those produced by diflerent speakers. Kersta con-
cluded, therefore, that speaker identification by vis-
ual examination of spectrograms, has to be reliable.
According to Kersta, speaker recognition by visual
inspection of spectrograms consists ol subjectively
matching similarities found in pairs ol spectro-
grams [rom the same person, that are not found in
pairs of spectrograms {rom different persons. The
dissimilarities presented by the matched spectro-
grams are disregarded; they are assumed to be a
result of intraspeaker variability. To back his claim,
Kersta published the results ol experiments he per-
formed at Bell Research Laboratories. In these
experiments he observed fewer than 1 percent of
wrong identification.

Matching similarities through the combination
eye-brain is essentially a subjective method, but the
examiner can display objectively these similarities
in a court of law to support his subjective con-
clusions. The possibility of objective displuys for
legal application has perhaps made this method of
speaker recognition quite appealing. [t should not
be assumed that Kersta's method precludes listening
to the known and unknown voices. On the con-
trary, the examiner who selects samples of the voices
to be spectrally compared must listen to the sam-
ples in addition to examining the spectrograms vis-
ually. The spectrograph commercialized by Kersta
under the trade name of “Voiceprint” (Presti, 1967)
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has a special  playback mechanism, that allows
proper selection and continuous listening of sam-
ples prior to their being fed into the processing
circuits. Since 1962 Kersta has been producing legal
testimony on speaker identification by using his
method, as well as offering training in this “art” (o
law enforcement officers,

Several speech scientists (Bolt et al., 1970y have
expressed their concern for the legal application ol
Cvoiceprinting,” prior to proving its accuracy and
reliability through controlled experimentation.

Tosi (1967, 1968) evaluated the “voiceprinting”
method by analyzing the data derived from 936 ex-
perimental wrials of identification performed by nine
of Kersta's wrainees, as well as by participating him-
sell in the training courses given by Kersta at the
Voiceprint Laboratories, These trials of identifica-
tion ol one speaker among 50, using five clue words,
vielded an error of 6.3 percent. In his report to the
Michigan Department of State Police, Tosi could
only conclude that the “Kersta method shows prom-
ise,” suggesting the need for an independent study,
one that would include variables not considered by
Kersta in his experiments and that would further
test “soiceprinting.”

Such a study, “Michigan State University Voice
[dentification Project,” was conducted ar the De-
partment of Audiology and Speech Sciences ol
Michigan 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.

To prepare for the experimentation, 250 speakers
were randomly drafted from a population ol ap-
proximately 25,000 male students at Michigan State
University, The speakers rvecorded 9 clue words
spoken in isolation, in a fixed context and in a
random context, and repeated six times in each
session. "Three diflerent types of wransmissions were
used.

These  recordings  were processed  through a
“Voiceprint” spectrograph using an expanded scale
of ('1‘cqucncics‘ from 50Hz to 4,000H7z Hall the
spectrograms from the first recording session were
considered “known” spectrograms and half were
considered as produced by “unknown” speakers,
All the spectrograms yielded [rom the second re-
cording session were assumed to correspond to “un-
known” speakers.

Newspaper advertisements were used to announce
the opening of examiner positions. Applicants werce
screened prior to their selection as examiners and
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only those who performed successfully on the screen-
ing tests were considered (or participation in the
study. The 29 persons accepted received approxi-
mately one month of training prior to the starting
ol the experimental trials,

As part of the training, each examiner was in-
structed 1o consider the following objective points
ol spectrograms:  (a) mean frequencies of vowel
formants, (b) Tormants band-widths, (9] gaps and
types of vertical striations, (d) slopes ol formants,
(e} durations, (f) characteristic patterns of [rica-
tives and interformant cnergics. As the examiner
progressed, he was given increasingly more difficult
tasks to perform.

Spectrograms  ised during the training period
were not used during the experiment. Listening to
the known and unknown voices was excluded from
this study.

The examiners were grouped into three panels
according to sex and background. The first panel
consisted of women ranging from 17 to 60 years
ol age, with various levels of education, from high
school to four years of college. The second panel
included male undergraduates from several depart-
ments ol Michigan State University. The third
panel was formed exclusively from the Criminal
Justice Department of the University. Further, cach
panel was divided into three sub-panels, one of 3
examiners, one ol 2 examiners, and one of a single
individual. These nine sub-panels performed the
same experimental tasks, vielding 9 answers for
each different type of trial. Examiners were rotated
within the three different sub-panels.

B. Experimental procedure

The experitment was divided into two cycles. In
the first cycle, the examiner had 9 clue words to
examine and compare. In the second cycle, he had
6 words. There were 486 diflerent types of tasks
involving every possible combination of the vari-
ables tested. Each combination was reiterated four
times by nine-sub-panels ol examiners, using differ-
ent spectrograms in each reiteration, Therelore, the
total number of wrials in this experiment was 34,992,

The tasks of the examiners in the open Irials
consisted of deciding whether the “matching” spec-
trograms were or were not produced hy one of the
“known” speakers, and if so, which “known” speaker
produced them. Three kinds of errors were possible:

(D Lrror A: A match did exist but the exam-

iner selected the wrong one. (falsc identification)

(2) Error B: A match did exist but the exam-
iner failed to recognize it.

(8) Error C: A march 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 match always 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: 1 = almost uncer-
1ain; 2 = fairly uncertain; 3 = fairly certain;
4 = almost certain.

The result of cach trial was finally quantified
with twn expressions, conveying the right or wrong
response and the averaged sell confidence gmde‘ on
such a response. All answer sheets were filed in a
room protected with an electric alarm system con-
nectedt with the University Police Headquarters.

Examiners usually followed the samc procedure
to complete each wial of speaker identiﬁcatifm.
The steps in this procedure were: (1) comparing
the spectrograms of the unknown and known voices
by a rather fast scan; (2) discarding those known
voices spectrograms  that appeared subjectivel.y to
the examiner as containing no significant similari-
tics with the unknown voice spectrograms. Usually
these steps reduced to a very few the known \'o.ices
spectrograms to be further examined;. 3 continu-
ing the scanning by folding and superimposing each
ol the remaining known spectrograms on the match-
ing spectrograms. This procedure provided 'the ex-
aminers with a better technique in searching for
similarities and reduced even more the number of
suspected known spectrograms; () ‘I.f the previous
steps did not produce a positive decision, the exam-

iners counted the number of similarities they found

between cach of the suspected known spectrograms
and the matching spectrograms. The known spec-
trogrant which presented more points of simi!m'iu.es
was supposed to be chosen as a correct response in
the case of closed trials. ¥For open trials the pro-
cedure was essentially the same, but Complicnte(l.by
the circumstance that the examiners had to decide

hetween twn possible alternatives: “there is not a

match,” or “there is a match, being speaker n the

same as the unknown speaker.” (5) Subpanel mem-
bers arrived at a common  decision for cach trial
through discussion. (6) After the decision was

reached, each subpanel member assessed this deci-
sion by registering his personal rate of confidence
on the common decision. He used the grading 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 error 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 under each
of the main conditions tested in the project during
this first cycle.

No significant statistical difference 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.l?
Gther Tevels of the variables tested showed statisti-
cally significant differences. -

Another analysis of variance was performed to
test the differences in the performance of panels
and sub-pancels of examiners. No significant difR.zr-
ence was detected between panel types, but a sig-
nificant difference was detected between sub-panel
sizes: Sub-panels ol three members performed
slightly better than the other sub-panels. However,
composition as well as size may have been a con-
wibuting [actor. The stall observed that the best
examiners often exerted positive influence on those
less motivated.

The grand mean percentage of errors from the
17,496 trials of speaker identification performed
during the first cycle of the project was 8.9 per-
cent. This grand mean was composed of 4.3 percent
errors of wrong matching or false identification

(errors A+C+D), and 4.6 percent of failures to
recognize a match when it actually cisted (error B).

In order to construct models relevant to the
forensic point ol view, trials were grouped accord-
ing to the {ollowing characteristics:
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has a special playhack mechanism, that allows
proper sclection and continuous listening of sam-
ples prior to teir being fed into the processing
circuits. Since 1962 Kersta has been producing legal
testimony on speaker identification by using his
method, as well as offering training in this “art” (o
law enforcement officers,

Several speech scientists (Bolt et al., 1970) huve
expressed their concern for the legal application of
“volceprinting,” prior 1o proving its accuracy and
reliability through controtled experimentation,

Tosi (1967, 1968) evaluated the “voiceprintiig”
method by analysing the data devived from 236G ex-
perimental trials of ideutification performed by nine
of Kersta's trainees, as well as by participating him-
sell in the waining courses given by Kersta at the
Voiceprint Laboratorics. These trials of identifica-
tion ol one speaker among 50, using five clue words,
yvielded an error of 6.3 percent. In his report to the
Michigan Department of State Police, Tosi could
only conclude that the “Kersta method shows prom-
ise,” suggesting the need for an independent study,
one that would include variables not considered 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 ol Audiology and Speech Sciences of
Michigan State University from 1968 to 1970, under
@ contract with the Michigan Department of State
Police, through a grant from the United States
Department of Justice.

To prepare [or the experimentation, 250 speakers
were randomly dralted from a population of ap-
proximately 25,000 male students at Michigan State
University. The speakers recorded 9 clue words
spoken in isolation, in a fixed context und in a
tandom contevt, and repeated six times in each
session. Three diflerent types of transmissions were
used.

These recordings  were processed  through a
“Voiceprint” spectrograph using an expanded scale
of fl'cqucm'ies Irom 50H7 to 1,000H,. Hall the
spectrograms from the first recording session were
considered “known” spectrograms and hall were
considered as produced by “unknown” speakers.
All the spectrograms yielded [rom the second re-
cording session were assumed to correspond to “un-
known™ speakers.

Newspaper advertisements were used to announce
the opening of examiner positions. Applicants were
sereened prior 1o their selection as examiners and
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only those who performed successfully on the screen-
ing tests were considered for participation in the
study. The 29 persons accepted received approxi-
mately one month of training prior to the starting
of the experimental trials.

As part of the training, each examiner was in-
structed to consider the tollowing objective points
ol spectrograms:  (a) mean frequencies of vowel
lormants, (b) formants band-widths, (c) gaps and
types of vertical striations, (d) slopes of formants,
(¢) durations, (f) characteristic patterns ol [rica-
tives and interformant energies. As the examiner
progressed, he was given incrcnsingly more difficuls
tiasks to perform.

Spectrograms  used during the (raining period
were not used during the experiment, Listening to
the known and unknown voices was excluded from
this study.

The examiners were grouped into three panels
according to sex and background. The first panel
consisted of women ranging from 17 to 60 years
of age, with various levels of education, from high
school 1o four years of college. The second panel
included male undergraduates from several depart-
ments of Michigan State University. The third
panel was formed exclusively from the Criminal
Justice Department of the University. Turther, each
panel was divided into three sub-panels, one of $
examiners, one of 2 examiners, and one of a single
individual. These nine sub-pancls performed the
same - experimental tasks, yielding 9 answers for
cach different type ol trial. Examiners were rotated
within the three different sub-panels.

B. Experimental procedure

The experiment was divided into two cycles. In
the first cycle, the examiner had 9 clue words Lo
exumine and compare. In the second cycle, he had
6 words. There were 486 dilferent tvpes ol tasks
involving every possible combination of the vari-
ables tested. Each combination was reiterated four
times by ninesub-panels of examiners, using dilfer-
entspectrograms in each reiteration. Therefore, the
total number of trials in this experiment was 34,999.

The tasks of the examiners in the open trials
consisted ol 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:

(1) Error A: A 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.

(8) Error C: A match did not exist although the
examiner selected one (false identification)

In the closed irials, the examiners had to decide
which “known” speaker produced the matching
spectrograms. Since a match always 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: 1 = almost uncer-
tain; 2 = fairly uncertain; 3 = fairly certain;
4 = almost certain.

The result of each (rial was finally quantified
with two expressions, conveying the right or wrong
response and the averaged sell confidence gradc' on
such a response. All answer sheets were filed in a
room protected with an electric alarm system con-
nected with the University Police Headquarters.

Examiners usually followed the same procedure
to complete each trial of speaker idemiﬁcau’fm.
The steps in this procedure were: (1) comparing
the spectrograms of the unknown and known voices
by a rather fast scan; (2) discarding those known
voices spectrograms that appeared subjectivel.y to
the examiner as containing no significant similari-
tics with the unknown voice spectrograms. Usually
these steps reduced to a very few the known \'qi('es
spectrograms to be {urther examined;. (3) §0mmu-
ing the scanning by folding and superimposing each
of the remaining known spectrograms on the match-
ing spectrograms. This precedure provided .the ex-
aminers with a better technique in searching for
similarities and reduced even more the number of
suspected known spectrograms; (4) ‘I‘f the previous
steps did ot produce a positive dC(‘ISI‘OX‘l, the exam-

iners counted the number of similarities theyv found

hetwveen cach of the suspected known spectrograms
and the matching spectrograms. The k11fn\"n spec-
trogram which presented more points of Slﬂ’lllﬂl'itl.es
was supposcd to be chosen as a correct response in
the case ol closed trials. For open trials the pro-
cedure was essentially the same, but complicated'by
the circumstance that the examiners had to decide

between two possible alternatives: *‘there is not a

match,” or “there is a match, being speaker n the

same as the unknown speaker.” (5) Subpanel mem-
bers arrived at a common decision for each trial
through discussion. (6) Alter the decision was

rcached, each subpanel member assessed this deci-
sion by registering his personal rate of confidence
on the common decision. He used the grading 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.l-
culate error percentages and perform an analysis
ol 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 under each
of the main conditions tested in the project during
this first cycle.

No significant statistical difference 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‘l}
Other levels of the variables tested showed statisti-
cally significant differences.

Another analysis of variance was performed to
test the differences in the performance of panels
and sub-pancls of examiners, No significant differ-
ence was detected between panel types, but a sig-
nificant difference was detected between sub-panel
sizes:  Sub-pancls of three. members performed
slightly better than the other sub-panels. However,
composition as well as size may have heen a con-
tributing factor. The stafl observed that the best
examiners often exerted positive influence on those
less motivated.

The grand mean percentage of errors from the
17,496 trials of speaker identification performed
during the first cycle of the project was 8.9 per-
cent. This grand mean was composed of 4.3 percent
crrors of wrong matching or false identification

(errors A+C+D), and 4.6 percent of failures to
recognize a match when it actually eisted (error B).

In order to construct- models relevant to the
forensic point of view, trials were grouped accord-
ing to the [ollowing characteristics:
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TABLE 1.—Fi — i i
irst Cycle—Results of an Analysis of Variance of the Correct Responses: Produced Under Each of the Main

Conditions Tested

Condition

Probability of the
difference between
levels, less than:

Pooled percentage
of correct responses

Number of utterances of the same clue word:
I utterance
2 utterances
3 utterances

Different types of recording transmission:
(a) directly into tape recorder

(B) through a telephone line in quiet environment |, ..

(y) through a telephone line in noisy environment

Context of the clue words spoken:
(I) in isolation
(IT) in a fixed context
(IIT) in 2 random context

Diflerent number of “known” speakers:
10 speakers
20. speakers
40 speakers

Time-celapsed between recordings:
Contemporary matching spectrograms
Non-contemporary matching spectrograms

................ 95.21

Awareness of examiners:
Closed trials
Open trinls |

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

(2) Time-elapsed (contemporary or non-
contemporary matching spectrograms) .

(8) Context (clue words spoken in isolation,
fixed context or random context) .

Two groups of trials are especially pertinent to
the forensic point of view: Open trials determined
by the use of non-contemporary spectrograms and
clue words spoken in a fixed or in a 1‘a;1dom con-
l?xt. In fact, all real cases of forensic speaker iden-
tification would include these particular variables.
Total error percentages yielded by these two groups
were 14.85 percent and 18.26 percent respectively.
Approximately one-third of these errors were errors
of false identification (errors A+ C) and two-thirds
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were failures to recognize a match when it actually
ex1st.ed (error B). The percentages of false identi-
fications observed in these forensic models were
4.229% and 6.439, for clue words in fixed and in
random context, respectively. Percentages of fail-
ures to recognize a match when it actually existed
were 10.13 percent and 11.83 percent respectively.
Another group of trials—closed trials, contem-
porary matching spectograms and clue words spoken
in isolation—produced findings germane to the
goals of the study. Since these were essentially the
variables tested by Kersta in 1962 and examined
again by Tosi in 1968, their importance to the
present study can be seen. The error percentage
for 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

fit any type of forensic model and has no direct
application.

The upper limit of the range of arors Was found
in another group of trials characteriz'd by: open-
match types exclusively, non-contemporaty match-
ing spectrograms, and clue words spoken in a
1andom context. This group, which also does not
fit any type of forensic model, yictded 29.01 per-
cent error. This extreme error percentage was com-
posed of 5.85 percent of false identifications (error
A) and 23.66 percent of [ailures to recognize an
existing match (error B).

D. Results from the second cycle of the project

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

Comments concerning the performance of the
examiners is relevant. Only the more motivated
persons remained with the project long enough to
complete the second cycle; some of those who quit
considered the task extremely boring. Many of the
less motivated examiners did not perform well.
These examiners tended to take an excessive
number of rest periods and showed little concern
for reaching the best possible decision in cach
trial, behavior which was viewed as hampering
performances.

In overall conditions no significant difference
was found between the two cycles. The examiners
were correct 91.589; during the nine clue word
cycle vs 91.249; during the six clue word cycle.

The improvement observed in the second cycle for
the particular group ol open trials which used non-
contemporary spectrograms of clue words spoken
in a random context could be explained on the
hasis ol the learning process the examiners experi-
enced during the first cycle. They assessed the open
trials with non-contemporary spectograms of clue
words spoken in a random context as the most
difficult tasks that produced the largest percentage
of errors. The staflf was aware that during the sec-
ond cycle most of the examiners considered this
particular type of trial as a challenge, devoting
more time and special attention in the search for
the correct answers.

The [act that results of the second cycle did not
differ substantially from those of the first cvcle must

not be interpreted as meaning that decreasing the
number of available clue words from nine to six
is not generally significant. The learning process the
examiners experienced during the previous eight
months devoted to the completion of the first cycle
possibly interacted with these results, thus com-
pensating for the fewer number of clue words
available,

E. Discussion and conclusions

The results from the “Michigan State University
Voice Identification Project” suggest that experi-
enced examiners can identify or eliminate one un-
known speaker from among as many as 40 known
speakers, with little difference in accuracy being
evidence in the use of nine or six clue words. The
expected percentage of crrors made by examiners
who are forced to reach a positive decision in every
trial of speaker identification they perform, (using
exclusively visual examination of spectrograms) ,
varies according to the conditions involved in each
type of trial.

Closed trials, involving contemporary spectro-
grams of clue words spoken in isolation, yielded
fewer than 1 percent error ol false identifications.
Since these conditions were essentially the one em-
ployed by Kersta, it can be concluded that the pres-
ent study has confirmed the figures reported by
Kersta in 1962, In the 1968 Tosi's evaluation of
“Voiceprinting,” the ervor percentage reported for
similar type of wials was approximately six percent.
This discrepancy can be explained on the basis of
individual differences among examiners. In fact,
considering the performance of cach examiner sep-
arately in that evaluation, the range of error per-
centage was 14 to 0 percent.

The second goal of the present 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”) ;

(b) non-contemporary  spectrograms (spectro-
grams ol 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 inclu(ling the same clue words, “random
context.”)

The error observed was approximately 15 percent
for fixed context, of which approximately five per-
cent were crrors of false identifications (errors
A + C) and approximately 10 percent were failures
of recognizing a match when it actually existed
(error B) . For models including “random context,”
the total error was approximately 18 percent. This
pereentage was composed of approximately six per-
cent of errors of [alse identifications and approxi-
mately 12 percent of failures of recognizing a match
when it existed,

These findings suggest that if an experienced
examiner, using only Visual Inspection of Spectro-
grams for legal purposes of identification 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 14-18 percent. The
probability that his wrong decisions will eliminate
a guilty person is 75 percent of the total expected
error. The probability that when in crror this
examiner will accuse an innocent person is 25 per-
cent of the total expected ervor.

Under the specified conditions, the expected
range of false identification is 5-6°, and the
expected range of the elimination of a guilty person
is 10-1207,

Analysis of the ratings in the scale of self conlfi-
dence used by the examiners in this project showed
that approximately 609, of their wrong decisions
were graded as “uncertain”. This finding suggests
that the examiners errors could have been reduced
to approximately 4097 of the obseived figure, were
these examiners not forced to reach a positive deci-
sion for the trials in which they [elt uncertain.

Clearly, the repeated errors apply to experimental
trials in which the examiners used visual inspection
ol 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 ol spectrograms the
examiners would not have been forced to reach
a decision when uncertain, and allowed to listen
to the unknown and known voices, the crrors might
have been further reduced. The experiment per-
formed by Stevens et al. (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 spectrograis,
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seem to confirm this hypothesis. A further study
including lorensic models, similar to the ones used
in the present experiment might result in important
additional information il trained examiners could
both listen and make visual compa: :sons of spectro-
grams. Also, the present study should be comple-
mented by the testing of disguised voices and
non-contemporary  spectrograms  obtained  from
spuans ol time longer than onc month,

F. Extension of results from forensic models to
real cases

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

Main differences of conditions that could exist
between models and real cases are as follows:

1. Population of known voices. In the models
ol the present study the number of known voices
varied [rom 10 to 40, dralted from a closed catalog
ol 250 speakers, representing a statistical sample ol
@ homogencous population of 25,000 persons, In
forensic cases, the catalog of known voices could
theoretically include millions of samples, if the
voice spectrogram of the criminal would be com-
pared with filed voice spectrograms of the popula-
tion of the world, or even the United States of
America. Obviously, conclusions derived from an
experimental study of a small peoulation 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
voices is open, true, but limited (o a few suspected
persons. It seems reasonable to assume that the
intra and interspeaker variabilities within such a
reduced group ol suspected persons would not dif-
fer substantially from the variabilities that existed
within the highly homogencous group of experi-
mental speakers utilized in the present study. There-

fore, it seems acvisable to disregard si?e of the
population of known voices as a dlf{el:enual characf-
teristic that could hamper extrapolation of experi-
mental results from the present study.

9. Availability of time and responsibility of the
examiners. In the present study the examiners. fle-
voted an average of 15 minutes to reach a 1)()51L'1\-'C
conclusion in each trial, Whether 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 examiner nor-
mally may devote all the time necessary to reach a
conclusion. He is aware of the consequences that a
wrong decision could mean to his professional status
as well as the consequences to the speaker whom he
might erroneously identify. It seems reaso'nz'iblc to
conclude that the differential characterlsucs. be-
tween experimental and professional examiners
might help to improve the accuracy of the profes-
sional examiners.

3. Type of decisions examiners are urged to r'ea(‘h
in each trial. In the statistical model the examiners
were forced to reach a positive conclusion in each
trial, even if they were uncertain of Lhc. correct re-
sponse. In real forensic cases, the pro['essmnal exam-
iner is permitted to make the following alternative
decisions: *

a. Positive identification.

b. Positive elimination.

c. Possibility that the unknown speaker is.one of
the suspected persons, but more evidence is neces-
sary in order to reach a definite conclusion.

d. Possibility that the unknown speaker is none

of the available suspected persons but more evi-
dence is necessary to reach a definite conclusion.

c. Unable to reach any conclusion with the avail-
able voice samples.

4. Awvailability of clues. In the statistical x.no(lels
of this study, (m'ly spectrograms of nine and SIX.(‘,IUC
words were available to the examiners l;m~ visual
inspection. In real forensic cases the examiner must
necessarily listen first to the unknown and kn.nwn
voices while processing the spectrograms .for vx.sual
comparison. The professional examiner 1s L*nut.le‘(l'
to request as many samples as he (lecm? necessary
to reach a positive conclusion, Combination of
methods of voice recognition by listening and by
visual inspection ol spectrograms can enhrm'ce the
accuracy of his conclusion. Listening also insures
the Con‘lparison of the same sounds: ;\Im'eovcr,. 1))i
using this combination the 1)1‘0(‘(’55101.12{1 examinel
can objectively sustain in court his’().pmlon, by pre-
senting the spectrographic similarities. '

5. Research panelist vs forensic examiner. A
common problem of both the Kersta and Tosl exX-
periments was that of maintaining cnth}xsmém on
the part of the panelist. Incel1li\"c was high in the
beginning. However, after convincing themselves
that reliable determinations could be made, some
panelists lost interest. The challenge was gone.
There was no punishment or consequence con-
nected with mistakes,

The forensic examiner, on the other hand, is
aware of his responsibility to he unbiased, the con-
scquences of a mistake to both in(h'vxduals and his
own professicn. The very nature of the work pro-
vides incentives to excel.

III. Practical Application of Voice identification to Criminal Investigation

A. Preparation

To determine the usefulness of Voice Identi.ﬁca-
tion to Criminal Investigation, certain preparations
were necessary. Two men with exemplary-reco.rds
as State Police Officers and Latent Idex?tlﬁcatlf)n
Technicians were given Voice Identification train-

*These are the alternative decisions that §gt: Nash, ,h'ead
of the Voice Identification Unit of the Michigan Depart-
ment of State Police is presently making.

ing with Mr, Lawrence Kersta at Voiceprint Lab-
oratories in New Jersey. Equipment was Rurchased.
A laboratory space was provided. Experience was
gained through continued work and communica-
tion with Kersta and Tosi. Police investigators
were informed as to how Voice Identification might
be useful, what evidence was necessary to conduct
an examination, and how best to obtain known
and unknown tape recordings. Over 4600 officers
received such training with many more reached
through radio and television.
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B. Execution

Since the inception of a voice identification serv-
ice, in 1967, 291 cases have been submitted to the
Voice ldentification Unit, mostly from Michigan
Police and Fire Departments. However, requests
from all departments were honored and assistance
was rendered o such places as Indianapolis, Indi-
ana; Riverside, California; Orlando, Florida; Los
Angeles, California; 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

678 voices were examined by the study of 42,432
spectrograms. 105 persons were identified as the
unknown or questioned voice on tape recordings.
172 persons were climinated as the unknown or
questioned voice on tape recerdings. For various

reasons, a definite opinion could not be rendered
concerning the other 396 persons.

It was not always possible to obtain information
[rom 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-
tification techniques later made confessions or ad-
missions correlating voice identification opinions.
No 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 and quality of known
and unknown voice recordings to work with, a
qualified voice identification examiner, can arrive
at opinions that 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 spcech and hearing process.
Although it does not bear directly on the visual
comparison ol 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-
stand 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
examiner is presented with two prepared spectro-
grams to compare, both could be labeled “the”.
However, if in actuality one spectrogram was made
[rom the sound “thee” and the other spectrogram
wis 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 nccessary 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-
ining voice identification evidence and to give opin-
ions in [orensic cases. As in other forensic sciences
that are subjective in nature, there must be expe-
rience and testing in the comparison of spectro-
grams until the examiner can demonstrate his
ability to unerringly resolve the problems submitted
to him. This does not preclude the fact that in
some cases he may nct 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 identi.ﬁcatim}
by the visual comparison of spectrograms is possi-
ble. 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:.utmf)st
importance to the successful use of the voiceprint
identification technique. To this end, the Michigan
State University School of Criminal Justice makes
the following recommendations with regard to
training and educational requisites: .

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

9. While it has been demonstrated that accept-
able second generation trainees can be recruited
from a general population, law enfm:cement tec.h-
nicians with comparative identification expertise
are the recommended trainees.

V. A Look

There are other research projects that should be
initiated to extend the effectiveness of the voice
spectrograph in criminal investigation. ’Fhls ?vould
include experimentation with the identlﬁcatxo.n of
disguised voices and non-conteirporary recordmgs.
However, this should not deter its use by forensic
laboratories or interfere with efforts to present
voice identification testimony in court. In this re-
spect, voice identification is no different than other
forensic sciences in that there are always new quces-
tions to be answered.

Research is planned for speaker recognition by
machine. This method could very well become an
effective process to substantiate, exten‘d or‘repl:ace
opinions now rendered by voice .1dent1ﬁcatlon
examiners using spectrographic techniques.

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

N

3. In the abscnce of a baccalaureate degree as
suggested above, the following college level courses
are strongly urged as a prerequisite to eventual
usc of the voiceprint identification technique:
Phonetics, acoustics (with the accompanying basic
physics), speech science, linguistics, audiology and
basic electronics,

4. Thorough training in the preparation of tape
recordings and voice speclrogranis.

5. A carefully supervised training program in
voice spectrogram identification until the trainee
reaches a 999, 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 has been outlined .abov.c,
the trainee should then undergo apprenticeship
instruction with an experienced supervisor.

to the Future

an anonymous bomb threat is received and re-
corded. The sound of a motor can be distinguisl}ed
as part of the background noise. If the Tnoto%' 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 conversation. Tl}e
sound spectrograph in this case may bg effective in
identifying the explosive noise as a fircarm, 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 invcstiga‘tlons. It
remains now [or more agencies and individuals to
become involved in developing expertise and gain-
ing experience in order that this }'elatively new
technique can reach its full potential for solving
crime.
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I. Introduction

When a person speaks he produces a complex
acoustic signal that contains various kinds of infor-
nation. This signal serves primarily to convey 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 diree general methods of  speaker
recognition. These are speaker recognition by listen-
ing, speaker 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 used in every-
day life. It has been studied for a longer period
ol time and appears to be more accurate and relia-
ble than either of the other methods as they are
now practiced, A possible limitation of this method
is that it is entirely subjective. No matter how
accurate and reliable listeners may be they are

usually unable to describe the criteria upon which
their decisions are based and thus they are unable
to justify their conclusions in a court of law.

Speaker recognition by visual comparison of spec-
trograms 1is considered to be a more objective
method. Spectrograms are visual displays of the
speech signal. They exhibit graphic features that
can be discussed in a lairly 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 ol now, often less accurate for speaker recogni-
tion purposes than comparable human decisions.
Current research cfforts in speaker recognition by
machine are specifically directed toward overcom-
ing this limitation.

All methods of speaker recognition are based on
the fact that a given word or phrase tends to be
uttered differently by different speakers. There is
much variability in the speech signal and some
ol this variability is undoubtedly related 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,

Il. Interspeaker and Intraspeaker Variability

It is wellkknown that the pronunciation of a
given word or phrase tends to vary from speaker
to speaker. Acoustical analyses of uttcrances of sev-
eral speakers typically reveal many dissimilarities.
This effect 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 differences in the use of

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 same 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 intraspeaker variability.
Both forms of speaker vuriability are extremely dif-
ficult to quantily, because speaker variability is a
reflection of many di’terences in speech production.
It cannot be meaningfully 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 understanding s
not yet available.

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 prescribed population 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 homogeniety of the
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 thesc
classes of variables is discussed in some detail by
Hecker (1970).

The objective of most studies on speaker recog-
nition by listening is, of course, to appraise the
likelihood that a listener’s judgment might be in
ervor. In fact one of the first studies of this kind
was motivated by a legal question of [allibility that
arose in the Lindbergh case of 1935 (McGehee,
1937) . Lindbergh claimed that he recognized the
voice of the defendant as the voice of his son’s
kidnapper, heard almost three years earlier. Al-
though Lindbergh’s testimony was accepted by the
court, the defense argued that such recognition
was not entitled to much weight as evidence,

McGehee studied the reliability with which listen-
ers can recognize unfamiliar voices. Groups of
listeners participate-l in two experimental sessions
that were separated in time, from one day to five
months. During the first session they heard an un-
familiar speaker read a pavagraph of text. During
the second session they heard the same paragraph
read successively by five speakers, including the
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speaker [rom the first session. The ability of the
listeners to recognize the speaker whom they heard
in the first scssion was investigated as a function
of the time interval between the two sessions. The
results, which are shown in Table I indicacte that
the reliability of recognition decreases rapidly as the
time interval between sessions is extended beyond
two weeks,

TABLE [.—Percent Correct Recognition of Unfamiliar Male
Speakers After Various Intervals of Time (After Me

Weels Months

The effect of increasing the number of speakers
heard during the first sessions was also investigated.
When one of two speakers heard during the first
sesston spoke again during asecond session two days
later, 77 percent of the Hsteners recognized his voice,
When five speakers participated in the first sessions,
only 16 percent of the listeners could recognize one
ol their voices two days later. Vocal disguise was
abo found to be effective in lowering recognition
scores. I this experiment only one speaker was
heard during the first session. He disguised his
voice by changing its fundamental {tequency. Dur-
ing the second session he used his normal veice.
With w time intetval of only one day, correct rec-
ognition was reduced by 13 pereentage points.

These yesualts e iustiative of many of the
results reported in the scientific Herature. They

illustrate the important fact that the speech wave-
form carries information relevant for distinguishing
among talkers. However, the ability of listeners
to identily 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 led to the study of speaker
recognition by visual comparison of spectrograms
and speaker recognition 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 presented 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
¢ msists of four basic parts: (1) a magnetic record-
ing device, (2) a variable clectronic filter, (3) a
paper-carrying drum that is coupled to the mag-
netic recording device, and (4) 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 speech sample is
played repeatedly in order to analyze its spectral
contents. For each revolution 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 varying darkness is produced across the
paper. The darkness of the line at any point on
the paper indicates how much energy is present
in the speech signal at the specified time within
the given frequency band. As the drum revolves,
the passband of the variable electronic filter moves
to higher and higher frequencies, and the elec-
ric stylus moves parallel to the axis of the drum,.
Thus a pattern of closely-spaced lines is generated
on the paper. This pattern, which is the spectro-
gram, has the dimension of frequency, time, and
amplitude,

Figure 1 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-
tures appears to be somewhat greater between the
two speakers (interspeaker variability) than be-
tween the two utterances by the same speaker (intra-
speaker variability) .

The spectrogram provides a permanent visual
record ol 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. 1t was not a purpose of the
design to reveul differences between talkers, Thus,
no attempt was made to have the device extract
parameters from the speech waveform that might
optimize speaker recognition perlormance. 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 [requency differences and temporal events
is determined primarily by the bandwidth of its
analyzing bandpass filter. Although the sound
spectrograph contains two bandpass flters with
different bandwidths (45 Hz and 300 Hz), the
choice of ecither filter represents a compromise.
Those features that might eventually prove to be
the most useful ones for differentiating among
speakers are not necessarily revealed in either the
narrow-band or the wideband spectrogram.,
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Figure 1.—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
sound spectrograph, it s possible that spectro-
grams prepared {rom slightly different utterances
of the saume word cannot be differentiated by hu-
man observers. While the differences among the
utterances would be evident in oscillographic re-
cordings (which describe the utterances most com-
pletely) these differences may be obscured in the
sound spectrogram. Therefore, when two spectro-
grams appear to be identical in all respects, it
cannot be concluded that they necessarily represent
the same speech signal, This limitation can be par-
ticularly severe in cases where the speech signals
under analvsis are distorted, or embedded in noise.

The general procedure used in experiments em-
ploving the spectrogram as a means ol speaker rec-
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ognition is as [ollows: 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 are presented to trained observers, and the
observers carry out a recognition task. As is the case
with speaker recognition by listening, each step in
this procedure introduces variables that can affect
performance; that is, the ability of the observer to
match correctly spectrograms that represent the
same speaker, The most important variables are
described in detail by Hecker (1970), and will
not be discussed in this report.

The fallibility of the observer is a crucial issue
in the legal use of this method of speaker recog-
nition (Borders, 1966; Ladeloged and Vanderslice,

1967; McDade, 1968; Bolt et al, 1970) . Although a
machine (the sound spectrograph) is used to pre-
pare spectrograms, the interpretation ol spectro-
grams is an art rather than a science. When this
fact is pointed out to members of a jury they may
be unable to evaluate the reliability of this means
of identification. In the first trial in which spec-
trograms were allowed as evidence, the jury could
not reach an agreement as to how much weight this
evidence should be given (McDade, 1968). The
conviction of Edward Lee King was reversed by a
Court of Appeals because “The Voiceprint identifi-
cation process has not reached a sufficient level 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 Voiceprints and
fingerprints has been emphasized (Kersta, 1962a,
1962b; Anon., 1965; McDade, 1968) are rather un-
fortunate. There is an important difference 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 ridges on a particular
person’s fingers is essentially zero (Ladefoged and
Vanderslice, 1967; Bolt et al, 1970) . Any difficulty
in matching fingerprints is caused by the fact that
fingerprints may be incomplete or smearcd. As a
means of identification, fingerprints must be 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 based 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, 1967). The published results of one
series of experiments (Kersta, 1962b) could not
be duplicated by other investigators. Young and
Campbell (1967), and also Stevens, Williams, Car-
bonell, and Woods (1968), obtained much higher
crror scores than those reported by Kersta (19624,
1962b) . Such disagreements make the publication
ol detailed descriptions of future experiments cx-
tremely desirable and necessary.

In the first experiments concerned with the ques-
tion of Voiceprint, the observers were required to
sort spectrograms into groups that represented dil-

a

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
commonly encountered in criminal investigations.
Ladefoged and Vanderslice (1967) argued that the
reliability of Voiceprint identification in practical
cases cannot be predicted from the results of the
published studies.

It has been claimed that spectrogram recognition
performance is essentially unaffected by the loss of
tecth, tonsils, or adenoids, the aging process, and
attempts to disguise the voice, such as changing
the fundamental frequency, whispering, mimicking

wther voice; and ventriloquism (Kersta, 1962¢,
Anon., 1965) . However, in the absence of support-
ing experimental data, these claims cannot be con-
sidered established facts. Furthermore, when the
speech signal is degraded, as it may well be when
transmitted by a typical telephone system, many
of the above-mentioned factors can be expected to
reduce the reliability of this method.

According to Kersta (1962b), the probability that
two speakers have similar enough vocal-tract dimen-
sions 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 be tested with a finite popula-
tion of speakers. There is evidence that two arbi-
wrarily selected s;ieakers can occasionally produce
very similar spectrograms (Ladefoged and Vander-
slice, 1967). This situation is illustrated in Tig. 2
for the word “you.” Findings of this kind suggest
that the range of one speaker’s pronunciations of
a given word (intraspeaker variability) may par-
tially overlap the range of another speaker’s pro-
nunciations of the same word, and argue for the
use of a large number of different words in making
an identification. There is also evidence of consid-
erable similarity among spectrograms representing
different members of a family (Ketsta, 19652), and
this suggests another source of observer [allibility.

Stevens, Williams, Carbonell, and Woods (1968)
examined the ability of observers to distinguish be-
tween familiar and unfamiliar speakers in a 32-item
identification-discrimination test. The observer was
given eight reference spectrograms that represented
cight “familiar” speakers. There were two experi-
mental conditions; either four or 16 of the 32 test
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spectrograms represented “‘unfamiliar” speakers who
were not represented by the reflerence spectro-
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and Vanderslice, 1967.)

Figure 2.—Similar Spectrograms of the word “YOU” uttered
by two arbitrarily selected speakers (after Ladefoged

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. Many of the unfamiliar speakers,
however, were erroneously recognized as familiar
speakers, especially when they appeared as olten as
the familiar speakers. As a point of comparison,
listening tests were conducted using the same speak-
ers and the same test format. Spectrograms were
not employed in these tests. These data are shown
in Table J1I. A comparison of the two sets of data
reveals that there were considerably more accept-
ances of unfamiliar speakers in the visual tests than
in the oral tests, When 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 recognition by listening
was found, in this study, to be the more accurate
method. It must be pointed out that the observers
employed by Stevens et al had very little wraining.
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.

Data based upon carefully controlled experiment

TABLE 1L.—Percent Correct Recognition of Familiar and Unfamiliar Male Speakers by Visual
Comparison of Spectrograms. (Data are shown for two experimental conditions. After

Stevens, et al., 1968.)

4 of 32 test items by unfamiliar speakers
B Recognized as
Speaker ) Familiar Unfamiliar
Familiar 20
Unfumiliar - 69
16 of 32 test items by unfamiliar spcakers
W Recognized as
Speaker Familiar Unfamiliar
Familiar o 10
Unfamiliar ] 53
B I

B

TABLE IIl.—Percent Correct Eecognition of Familiar and Unfamiliar Male Speakers by
Listening. (Data are shown for two experiment conditions. After Stevens et al,, 1968.)

1 of 92 Le;t;l:m: h\ unfamiliar speakers
- b N Recognized as
Speaker B Wﬂ”ﬂl‘n n-*niil;n‘m B Unfamiliar
Familiar N 1 o 88 - . 12 o
Unfamiliar - G 94 :
S 16 of 32 ;:L itcm.:rl)\' unl’amilimj‘speakcrq
o o . . Recognized as
Speaker Tamiliar Unfamiliar
R Familiar 92 R N
B V‘V_ml'n[:lmili:‘ R 8 .‘)2‘ o

using well-trained observers will soon be available.
In a program sponsored by the National Institute
of Law Enforcement and Criminal Justice, U.S.
Department of Justice, through the Michigan State
Police, scientists at Michigan State University have
been examining speaker recognition by visual com-
parison of spectrograms as a function ol several
variables including: quality of recordings, context
ol words used in the identilication tavk, number of
speakers in the comparison population, number of
words used [or identification purposes, and number
of samples of each word (Tosi, 1970). These data,
which should soon be published, will provide a
good determination of the reliability ol sp saker rec-
ognition by the current technique of making visual
comparisons ol speech spectrograms.

The above discussion may be summarized as fol-

lows: In view of the use of the visual comparison of
spectrograms for speaker identification as evidence
in courts of law, the [allibility of the observer must
he studicd further (Bole et al,, 1970). TFuture ex-
periments should be carefully designed so as to
avoid possible artifacts in the results. A detailed
deseription of the experimental procedure, accom-
panied by the obtained data, should be published
or otherwise be made available to the scientilic com-
munity. Claims should be clearly differentiated from
proven lacts, and statements establishing an anal-
ogy hetween Voiceprints and fingerprints should he
avoided. Although the spectrographic method for
speaker identification has obvious potential in var-
jous investigative and  lovensic applications, 1S
reliability as a means of identification has not yet
been established.

V. Speaker Recognition by Machine

Two approaches have been used to study the
[easibility of speaker recognition by machine. One
approach is to have the machine generate and

examine amplitude-frequency-time matrices of spe-
cilie speech samples, The other approach is to have
the machine extract speaker-dependent parameters
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from the speech signal and subject them to a sta-
tistical analysis. Each approach has led to a number
ol recognition techniques,

In the firse case, the utterances of specific speech
samples are usually processed by a spectrum ana-
Iyzer that consists of a bank of bandpass filters,
rectifiers, and smoothing circuits. The outputs of
the analyzer are periodically sampled, and the am-
plitudes are quantized for further processing by
cormputer. Each utterance is represented in the
computer by a data matrix. The rows of the matrix
correspond to the frequency bands of the spectrum
analyzer, the columns correspond 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
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, identi-
fication and discrimination. In the identification
task, scveral reference matrices are used and it is
assumed that the speaker represented by the test
matrix is also represented by onc of the reference
matices; thus, the reference matrix that is most
similar to the test matrix is expected to identify

VI. Future Developments

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

A. Speaker recognition by listeners

There is little likelihood that much can be
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the speaker represented by the test matrix.. In the
discrimination task only one reference matrix is
used and the speaker represented by the test matrix
may or may not be rcpresented 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 presented in Table IV. For
each experimental study this table gives the speech
materials used, the configuration of 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 from the speech signal of parameters
thought to be useful for differentiating among
speakers, and (2) the application of decision rules
to combinations of 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 wavelorm analyses and spectro-
analyses 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 (1964)
have considered many speech parameters and sev-
cral decision techniques. In general, results have
been promising but is clear that much work re-
mains to be done before automatic recognition
techniques attain high reliability.

in Speaker Recognition

done, or should be done, to improve the average
individual’s ability to recognize speakers by voice.
Identification based on the average individual's
recognition of voice will undoubtedly remain un-
veliable although in some cases it may be admitted
as evidence. Trained linguists, on the other hand,
are reported to be very good at recognizing various
dialects and the geographical region of origin of
speakers. They are sometimes employed in the in-
vestigation phase ol law enforcement and have been.

TABLE IV.—~Summary Description of Six Recognition Technigques Using Specific Cue Material
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used as expert witnesses in legal proceedings. It
is very possible that some linguists are [ar superior
to the untrained individual in achieving reliable
speaker recognition. However, we know of no
studies that have directly investigated this possi-
hility, 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.

B. 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. While
the current performance of analyzing machines can
undoubtedly be improved upon, the [act remains
that the spectrograph was not designed to empha-
size featuves useful for distinguishing among talk-
ers and it discards much inlormation that may be
ol value for this purpose. Whereas the spcech
spectrograph should prove to be an increasingly
valuable tool for investigative purposes it is unlikely
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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 of performing fast and accurate analyses of
speech wavelorms. Various parameters may be ab.
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 scientifically
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
must be properly identified and incorporated into
the analy.is and decision processes of the machine.
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I. 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 @z the most commonly used methods ot
identification. In some instances mapping the con-
tours of teeth and nasal cavities and/or mapping
labial impressions have also proved to he uselul
means of identification.

In the present era of widely used telephoune, radio
and tape recorder communication, the voice ol 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-
decd, the voice of an individual is far from being
invariant as are his fingerprints. Usually no person
utters the same word twice with all characteristics
being exartly 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 been
quantified or correlated with specific acoustical pa-
rameters of the speech signal.

In contrast, differences between the same words
uttered by different speakers are quite apparent to
any listener; such differences are labeled “inter-
speaker variability.” This variability stems mainly
[rom anatomical differences in vocal tracts and [rom
learned differences in the use of the speech mech-
anism. “Interspeaker variability’--like “intraspeaker
variability”—has not, as yet, been quantified or
correlated with specific acoustical parameters of
the speech signal. Nevertheless, observers—although
they 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 (o
the point of identifying a person through these
clues. Tt is to be noted that handwritings and pho-

tographs as well as speech involve “intraperson”
and “interperson’ variability.

Hecker (1970), in a critical study ol the meth-
ods presently avatlable for speaker identification,
classifies these methods into three general areas:
a) speaker identilication by listening; b) speaker
identification by machine; and ¢) speaker identifi-
cation by visual examination of spectrogranms. In
essence all three procedures are based on the as-
sumption that “interspeaker variability” is always
greater than “intraspeaker variability,” regardless
of the parameters involved in ' ese variabilities. As
yet this assumption . has not been proved. Since
the parameters responsible for variabilities are not
well determined and quantified, at the present time
the only way to prove scientifically that “inter-
speaker variability” is greater than “intraspeaker
variability” is by inference. Such an inference can
be produced by proper evaluation of empirical data
obtained through experiments of speaker identifi-
cation. An inference thus derived might be aftected
by data which could he confounded by both effects
from speakers and from the method of identifica-
tion used,

Review of the literature concerning the three
methods ol identiflication deseribed by Hecker, re-
veals certain deficiencies in each method. Speaker
identification by listening, one of the methods dis-
cussed, i far from being 100 percent accurate. It is
an entirely subjective method; an expert witness
using only this method would be unable to justily
his conclusions in a court of law. Besides, the task
of comparing voices purely by listening becomes a
difficult one when several speakers are involved. In
this case the method necessitates that the examiner
relies a great deal on auditory memory since listen-
ing dichotically to the known and unknown voices
is most inconvenient.

Speaker identification by machine, a sccond
method available, is presently less accurate than any
method involving human examiners. Questions re-
garding the most appropriate speech parameters for
machine recognition, as well as questions regarding
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optimal decision rules are still far from being an-
swered. This situation is comparable to that of other
ficlds of recognition, handwriting and fingerprint-
ing, for which no recognition machines are pres-
ently available. In the future, hard rescarch might
bring knowledge to overcome the present limita-
tions ol speaker identification by machine. It is
difhcult to predict just when “totally”™ reliable ma-
chines will become available. But even if a speaker
recognition machine werc available, the human
expert, trained in phonetics, spectrography and re-
lated areas, would be required to select the proper
samples from the unknown and known voices to
feed the machine, to evaluate the machine output,
and possibly to check the results by using an alter-
native method.

The third method of speaker recognition is based
upon the visual examination and. comparison of
spectrograms. Speech spectrography was developed
at Bell Rescarch Laboratories by Potter et al
(1947) . This type of spectrography is accomplished
by the use ol an instrument called a sound spectro-
graph, which wansforms speech into a visual dis-
play, a spectrogram. The spectrogram portrays three
main parameters of speech: time (horizontal axis),
[requencies  (vertical axis) and relative amplitude
(degree of darkness of the different spectrographic
vegions) . Each phoneme, word or phrase is corre-
lated with a characteristic spectrographic pattern.
The general aspect of patterns corresponding to
difterent utterances of the same word are similar,
in such a way that a person specially trained in
“reading” spectrograms, could determine with more
or less accuracy which words or phrases were por-
trayed by a particular pattern, However, “inter-
speaker” and “intraspeaker” variabilities are also
portrayed by the spectrographic patterns. In fact,
the spectrograms of different utterances of the same
word or phrase by the same or by different speakers
are never exactly 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
those produced by different speakers. Kersta con-
cluded, therefore, that speaker identification by
visual examination of spectrograms, has to be re-
liable. According to Kersta, speaker recognition by
visual inspection of spectrograms consists of sub-
jectively matching similarities found in pairs of
spectrograms [vom the same person, that are not
found in pairs of spectrograms [rom different per-
sons. The dissimilarities presented by the matched
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spectrograms are cisregarded; they are assumed to
be a result of intraspeaker variability. To back his
claim, Kersta published the results of experiments
he performed at Bell Research Laboratories. In
these experiments he observed fewer than 1 percent
ol wrong identifications.

Matching similarities through the combination
eye-brain is essentially a subjective method, but the
examiner can display objectively these similarities
in a court of law to support his subjective con-
clusions. The possibility of objective displays for
legal application has perhaps made this method of
speaker recognition quite appealing. Unfortunately
this characteristic has led to its being labeled
“voiceprinting.” This word conveys the erroneous
impression that speaker recognition by visual ex-
amination of spectrograms can be equated with
fingerprinting. Nor should it be assumed that Ker-
sta’s method precludes listening to the known and
unknown 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-
graph commercialized by Kersta under the trade
name of “Voiceprint” (Presti, 1967) has a special
playback mechanism, that allows proper selection
aned continuous listening of samples prior to their
being fed into the processing circuits. Since 1962
Kersta has been producing legal testimony on
speaker identification by using his method, as well
as offering training in this “art” to law enforce-
ment ofhcers.

Several speech scientists (Bolt et al., 1970) have
expressed their concern for the legal application of
“voiceprinting,” prior to proving its accuracy and
reliability through controlled experimentation.

Tosi (1967, 1968) evaluated the “voiceprinting”
method by analyzing the data derived from 236
experimental trials of identification performed by
nine of Kersta's trainees, as well as by participating
himself in the training courses given by Kersta at
the Voiceprint Laboratories. These trials of identi-
fication of one speaker among 50, using five clue
words, yielded an error of 6.3 percent. In his report
to the Michigan Department of State Police, Tosi
could only conclude that the “Kersta method shows
promise,” suggesting the need 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
Michigan State University from 1968 to 1970, under
a contract with the Michigan Department of State
Police, through a grant from the United States
Department ol 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; (8) through a tele-
phone line in a quiet environment, and (y) through
a telephone line in a noisy environment (50 dBL,
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 speuaker: 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 two 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-
gram.” 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, Spectrograms
obtained from the sccond recording session 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” ones, and b) open
trials: in which the examiners were not aware
whether or not the “unknown” speaker was among
the “known” oncs. Although the examiners were
given only “open trials,” the researcher presented
randomly to them two different types of open trials:
open trials 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 wvisual
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 ecach speaker in each recording session. The
recordings were obtained by using three different




Figure I.—Organization of the experimental design. For ¢
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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 have 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 were considered s
produced by “unknown” speakers. They were des-
ignated “contemporary matching spectrograms;” the
corresponding speaker number was therefore coded
in these spectrograms. All the spectrograms yielded
by the 250 spcakers during the second recording
session were assumed to correspond to “unknown’
speakers. They were designated “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 examiners.

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 produced 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
produced 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:

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

2. perlormance of closed trials of identification
of one speaker among ten, by using words in iso-
lation, contemporary matching spectrograms. These
trials were first performed under direct supervision
of the researcher; after a few days the examiner
was lelt on his own, He was informed of his mis-
takes and allowed to compare the right matches
with the wrong ones that he had selected. The
examiner was instructed to make mainly subjective
decisions similar to those made when comparing
different photographs of faces or different hand-
writings. In the event that he felt uncertain about
his judgment of matching several spectrograms of
known voices which appeared to be subjectively
very similar to the spectrogram of the unknown
voice, the examiner was instructed to consider
the following objective points of similarity between
spectrograms of the unknown and known voices:
(1) similar mean frequencies of vowel formants,
() formants band-widths, (¢) gaps and type of
vertical striations, (d) slopes of formants, (e) du-
rations, (f) characteristic patterns of fricatives and
interformant energies. According to Kersta these
similariti  are often present and more numerous
in pairs o1 spectrograms of the same words produced
by the same speaker at different times, than in pairs
of spectrograms of the same words produced by
different speakers.

3. Alter each examiner performed these closed
trials including contemporary matching spectro-
grams and words in isolation, with a success better
than 96 percent, he was given other types of tasks
that were ‘increasingly more diffcuit. These “ad-
vanced” tasks included: open trials, non-contempo-
rary matching spectrograms, and words in fxed
and random contexts,

Alter 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
study.

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,
[rom high school up to four years of college. The
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second panel included male undergraduate student_s
from several departments of Michigan State Uni-
versity. The third panel was [ormed exclusively by‘
students from the Criminal Justice Department of
this University. Further, each panel was divided
into three subpanels: one formed by a team of
three examiners, one by a team of two, and the
third subpanel consisted of a single individua%.
These nine subpanels performed the same experi-
mentnl 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
performances 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

Figure 2.—Pancls and Subpancls of Examiners

MSU Voice ldentification Project

1. Panel of Women

Ages: 18 to 60

Educat: High Sch. to
College

2. Panel. of College
Students
Ages 19 to 26

3. Pane!l of Criminol
Justice Students
Ages: 20 to 35

.0 Subpanels of 2.0 Subpanels of 3.0 Suppqnels of .

ho Won?en college students Criminal Justice

1.1 One examiner 2.1 One examiner students -

1.2 Team of two 2.2 Team of two 3.1 One examiner
Examiners Examiners 3.2 Eeom.oérstwo

. eam of three 2.3 Team of three xamin

b Exominers Examiners K 3.3 Team of three

Examiners K

Cycle of 9 Clue Words

No. of diff. types of tasks 486
No. of reiterations 4
No. of subpanels answitask 9

Total No. of trials 17, 496
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Cycle of 6 Clue Words

No. of diff. types of tasks 486

No. of reiterations 4

No. of subpanels answ/task 9
Total No. of trials 17, 496

* for this cycle the subpanels of 3 menbers
were replaced by subpanels of 2 members

completing the nine subpanels utilized, as well as
compensating for the rate of attrition due to resig-
tions. All examiners received the same screening
and training as described above. They were paid
a flat rate per hour. Toward the end of the first
cycle of the project, in which nine clue words were
used for the identilication trials, the rate of ex-
aminers’ attrition increased, reducing the crew to
only 15 examiners. Since less than four months re-
mained for the termination of the contract, hiring
and training new examiners seemed inconvenient
at that point. This opinion was reinflorced by the
ohservation that the examiners who quit were the
less motivated of the group, often complaining of
boredom and fatigue. Decision was made to com-
plete the second cycle of the project, using only
these 15 more motivated and reliable examiners.
Although teams ol three members had to be re-
duced to teams of two members, no significant effect
from this alteration was expected.

E. Experimental procedure

The experiment was divided into two cycles, the
first using nine clue words and the second, six clue
words. There were 486 diflerent types of tasks in-
volving every possible combination of the variables
tested. Each combination was reiterated four times
in an unsystematic manner by nine subpanels of
examiners, using different spectrograms’in each re-
iteration. Consequently there were 36 answers for
cach of the 486 different tasks, yielding a total of
17496 trials per cycle. Therefore, the total number
ol trials involved in this experiment was 3,999,
One-third ol the trials were the “closed” type;
two-thirds were “open” trials ol which 50 percent
were “open-match” and 50 percent were “open-no
match,” randomly presented to the examiners,

The examiners worked three hours daily, com-
pleting as many tasks as possible. Examiners were
encouraged to wake rest periods as needed to avoid
[atigue, a condition that might hamper examiner
performance.

To perform identification trials the examiners
were provided with a set of spectrograms assumecd
to correspond with known speakers (“known” spec-
trograms) and spectrograms assumed to correspond
0 an “unknown” speaker (“matching” spectro-
grams) . These spectrograms were arranged on 27
specially designed tables and shelves. Each table
was used for a specific task, and was supplied daily

with different spectrograms. The matching spectro-
grams (unknown voices spectrograms) were secured
on the tables with masking tape covering the coded
numbers. The known voices spectrograms  were
placed on the shelves uttached to each table.

Examiners of cach subpanel were provided with
answer sheets specifying the type of trial arranged
on cach table. (See Figure 3). Judgments from
cach trial were recorded by the examiners on these
answer sheets. After the completion of each answer
sheet, the members of the respective subpanel were
informed of their mistakes and given an oppor-
tunity to inspect the correct mu\u'hing‘ spectro-
grams. This  procedure encouraged continuous
learning on the part of the examiners.

The tasks of the cexaminers in the open trials
consisted of deciding whether the “matching” spec-
trograms were or were not produced by one of
the “known” speakers; and if they were, which
“known” speaker produced them. In these open
trials three kinds of errors were possible: (See
Figure ).

1) Lrror «: a match did exist but the examiner
selected the wrong one.  (False Identification)

2) Error B: a match did exist but the examiner
failed to recognize it,

3) Lrror C: a match did not exist although the
examiner sclected one. (False Identification)
Errors A and C can be together labeled “errors of
wrong matching” or “false identifications.”

In the closed trials the examiners had to decide
which “known" speaker produced the matching
spectrograms. Iu these closed trials, since a match
always existed, only ¢ne kind of error was possible.
This error was labeled Ervor 1. (False Identifica-
tion or Wrong Matching)

Each subpanel was forced to reach a common
positive decision in each trial; the decision was
arrived at through discussion. In addition each
member of the subpancl had to indicate his con-
fidence—or lack of confidence—in this common
positive decision. The following scale of self con-
fidence was used for grading: 1 = almost uncertain;
2 = fairly uncertain; 8 = fairly certain; 4 = al-
most certain. Figure 3 is a copy of the answer
sheets used to record decisions and confidence
ratings.

Each subpanel used a different answer sheet,
upon which up to 27 trials could be recorded. After
completion of these 27 trials, the members of cach
subpanel submitted their answer sheet to the re-
scarch assistant. She unalyzed the recorded answers
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Figure 4.—Classification of Errors

MSt Voice ldentification Project

TYPES OF ERRORS

OPEN TRIALS

Error A

Wrong Match
A naotch existed but the
exon.ner selected the
wrong one

- i - p—

L

Ly

Error B

Error C

Faiture to Recoynize
¢ Match

A match existed although

the examiner failed to

recognize it

Wrong Mmatch
No match existed, although
the examiner selected one

A+C = wrong matches

V——————a-——-_——_

b

133HS HIMSNV

CLOSED TRIALS

Error D

wrong Mmatch
A match existed olthough
the exaniner selected the
wrony one
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and graded the right responses with the numeral
one (1); she graded wrong responses with the
numeral zero (0). The numeral zero was followed
by the letter A, B, C or D according to the type
of error made. The numbers cxpressing the self
confidence of each member of the subpanel on each
common response were averaged; so the result of
each trial was finally quantified with two expres-
sions, conveying the right or wrong responsc and
the averaged sclf confidence grade on such a
response.

The results [rom trials, randomly presented to the
subpanels, were transcribed and grouped in master
tables to facilitate subsequent analysis. (See Appen-
dix A). These master tables 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
of the transcriptions were made daily, and all an-
swer sheets were filed in a room protected with an
electronic alarm system connected with the Univer-
sity Police Headquarters.

Examiners usually followed the same procedure
to complete each trial of speaker identification. The
steps in this procedure were: 1) comparing the
spectrograms of the unknown and known voices by
a rather fast scan; 2) discarding those known voices
spectrograms that appeared subjectively to the ex-
aminer as containing no significant similarities with
the unknown voice spectrograms. Usually these steps
reduced to a very few the known voices spectro-
grams to be further examined; 3) continuing the
scanning by folding and 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; 4y 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
cimilavities were listed on page 45. The known
spectrogram which presented more points of simi-
laritics was supposed to be chosen as a correct
response in the case of closed trials. For open trials
the procedure was essentially the same, but compli-
cated by the circumstance thet the examiners had
(o decide between two possible alternatives: “there
is not a match,” or “there is a match, being speaker
n the same as the unknown speaker.” 5) Subpanel
members arrived at a common decision for each
trial through discussion. 6) After the decision was
reached, each subpanel member assessed this deci-
sion by registering his personal rate of confidence
on the common decision. He used the grading scale
described earlier and recorded his judgment on the
subpanel answer sheet, which were given to the re-
search 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 cal-
culate 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.

I1. Results From the First Cycle of the Project

During the first cycle of the present study, nine
clue words were used in all experimental trials of
speaker identification, This cycle was completed
in approximately eight months. As described earl-
jer, there were 486 different types of trials involving
cach possible combination ol the variables tested.
Each combination was reitevated four times by nine
subpanels of examiners, using different spectro-
grams in each reiteration. Therelore, there were 36
arswers for each of these 486 different tasks, vield-
ing a total of 17,496 trials of speaker identification.
One-third of these trials were the “closed” type;
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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 from this first cycle were processed
through a CDC 3600 Computer. Table 1 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
(he nine examiner subpanels obtained in each of

the four reiterations of the 486 different types of
rasks. A detailed report of the analysis of variance
performed with the subpanels’ responses is included
in Appendix B. The results of this analysis of vari-
ance are also shown in Table I. No significant
statistical difference was detected between the fol-
lowing levels:

1. one, twa or three utterances or examples ol
the same clue word, Percentage of correct responses
from all trials using one utterance of each of the
nine clue words, was 91,29 percent; using twao utter-
ances, 90.96 percent; and using three utterances,
92.49 percent,

2, @, B, and y types of recording transmissions.
Percentage of correct responses [rom all trials using
« recording transmissions was 92.42 percent; using
g recording transmission, 91.31 percent; and usiné
v recording transmission, 91.02 percent. ‘

Other levels of the variables tested showed sta-
tistically significant differences. Another analysis of
variance was performed to test the differences in
the performance of pancls and subpanels of exam-
iners (Appendix C). Table 2 shows the results of
this analysis, as well as the percentages of correct
reponses {rom each panel and subpanel, pooled
over all the common trials of speaker identification
they performed. No significant difference was de-
tected between panel types, but a significant differ-
ence was detected between subpanel sizes: subpanels
of three members performed slightly better than
the other subpanels. However, it must be pointed
out that size alone may not be responsible for this
dillerence in performance. It is believed that com-
position of the subpanel may also have been a
contributing factor. Examiners rotated frecly among
the subpanels of their assigned panel. It is quite

TABLE 1.—First Cycle—Re: an Analysi aris
yele—Results of an Analysis of Variance of the Correct Responses Produced under Each of the Main
Conditions Tested

Condition

Number of utterances of the same clue word:
I utterance | .
2 ulterances
3 utterances

e -
Pooled perecentage
ol correct responses

Probability of the difference
between levels, less than:

091.29
90.96
92,49

Different tvpes of recording transmissions:
(a) directly into a tape recorder
(8) through a telephone line in quict environment
{) through a telephone line in noisy envivonment

Context of the clie words spoken:
(I} in isolation
(II) in a fixed context
(I} in a random context

Different number of “known" speakers:
10 speakers
20 speakers
40 speakers

Time-elapsed between recordings:
contemparary matching spectrograms . ........
non-conttemporary natching spectrograms

Awareness of examiners:
closed trials
open  trials

02,42
91.31
91.02

95.77
92,39
86.50

o
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TABLE 2.~First Cycle—Results ol the Analysis of Variance of the Percentages of Correct Responses Produced by Pancls
and Subpanels of Examiners

Panel 1.0 Women
Panel 2.0 College students
Pavel 3.0 Criminal Justice students

Pancl Type

Subpanels of 1 member
Subpaunsls ot 2 members
Subpanels of 3 members

Subpanet Size . Subpanels of 1onember o

possible, therefore, that cach three-member sub-
pancl had among its members one high quality
examiner; there would be less chance of this occur-
ring in the other two subpanels. The stafl observed
that the best examiners often exerted positive influ-
ence on those less motivated.

The grand mean percentage of errors Irom the
17,496 trials of speaker identification performed
during the first cycle of the project, including nine
clue words was 8.9 percent. This grand mean was
composed of 4.3 percent errors of wrong matching
or false identifications (crrors A 4+ C + D), and
1.6 percent of failures to recognize a match when it
actually existed (error B). These percentages do
not offer any kind of specific information because
they were pooled from trials involving many dif-
ferent conditions. In order to construct models
yelevant to the lorensic point of view, trials were
grouped according to the following characteristios:

1. awareness of the examiners (closed or open
trialsy.

2. uime-elapsed
porary matching spectrograms) .

3. context (clue words spoken in isolation, in a
fixed context or in a random context) .

There were 972 closed trials and 1944 open trials
(match and no-match) for each of the six possible
combinations ol time-elapsed and context levels.
Errors from ecach group were counted and per-
centages were computed with respect to the total
number of trials of each group (972 or 1911
vespectively) . Table 3 shows these 12 percentages.
Figure 5 displays graphically the figures from Table
3. The consistent patterns of this graph might con-
stitute an indicator of the examiners’ reliability,
considering that each point of the graph represents

(contemporary ol non-contem-
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Percentage of Probability of the difference
correct  responses hetween levels
............ ?}).30 s,
............ 92.13 s
91.31
........ 091.06
00.56 n.s.
o 0.01
03.31 <
S DU O

grouped data obtained from trials examiners per-
[ormed in an almost random sequence.

Two groups ol trials are especially pertinent to
the forensic point of view: open trials determined
by the use of non-contemporary spectrograms and
clue words spoken in a fixed or in a random con-
text. In fact, all real cases of [orensic speaker
identification would include these particular vari-
ables, regardless of the number of known speakers
and examiners involved. The total ervor percent
ages yielded by these two groups were 14.55 per-
cent and 18.26 percent respectively.

A Dbreak-down of these total percentages shows
that approximately onc-third of the errors of false
identifications (errors A + C) and two-thirds were
failures to recognize a match when it actually ex-
isted (crror B). In summary, the percentages of
false identificalions observed in these forensic mod-
els were 4.22 percent and 6.43 percent for clue
words in fixed and in random contexts, respectively.
Percentages of failures lo recognize a malch when
it actually existed were 10.13 percent and 11.83
percent respectively.

Another group of trials—closed trials, contem-
porary matching spectrograms and clue words
spoken in isolation—produced findings germane to
the goals of the study. Since these were essentially
the variables tested by Kersta in 1962 and exam-
ined again by Tosi in 1968, their importance to
the present study can be seen. The error percentage
for this group was 0.51 percent, the minimum/
lowest error percentage observed in the project,
as expected, However, this group ol trials does not
fit any type of forensic model and has no direct
application.

The upper limit of the range of errors was found
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ntages of Six Groups of 972 Closed Trials and Six Groups of 1944 Open Trials

TARLE $.~First Cydle~Pooled Error Perce . i
. of Speaker Identification

S

Closed Trials Open Trials

e e

Non-
Contemporiny fcontemporary
Matching Matching
Spectiogranms [Speclrograms

Contest Non-contemporars

\atching
Spectrograms

Contemporary
AMatching
Spectrograns

o 135 (AFB4+0 9,62 (ALB4LO
7 iy 0.36 (A0 937 (A4+Q)
119 (B 795 (D)

1y Clue words spahen it solaion
0,51 an

1435 (A+B+O)
122 (ALY

1013 (Y

311 (A4B40)
140 (ARC)
163 (1)

(dly Clue words spoken in a hised contest . S
103 In .67

1826 (A4-B+C)
643 (A4C)
P85 (B)

1220 (A4B4O)
101 (A0
828 (B)

(il Clue wonds spnl\vn in a randonm contest

Note—A, B, C. Dyefers w the tupe ol errors s described on page 13

error. ‘This extreme error percentage was composed
of 5.35 pereent of false identifications (error A) and
93,66 percent ol failures to recognize an existing

in another group of trials characterized byt open-
match types exchusively, NON-CONEEMpPOTary mfﬂch»
ing spectrograimns, and clue words spoken i @
Landom context. ‘Thiy gronp, which also does not fit match (error B).
any type ol forensic model, yielded 29.01 percent

[1I. Results From the Second Cycle of the Project

.. U ved
’ '0]eC sing six > i rraining that all examiners Tecewve
The sccond eycle of the project, using SIx clue tion to the tre g thd

words instead ol nine, was undertaken after all
17.496 wials of identification tav the first cycle were
completed, The purpose ol this replication was o
obtain information tongerning the eltect a reduc-
tion in the number of clue words would/or would
not have on the accuracy ol the examiners. [t
should be pointed out that the major findings c).I
the Voice Identification Project were those associ-
ated with the fist eycle, The single purpose of the
second evele replication wis Lo Conpare eflects from

prior to the start of the study.

Comment concerning the performance of the ex
aminers is relevant. Only the more motivated per
wons remained with the project long enough 0
complete the second cycle; some of those who quit
comsidered the task extremely boring. The staff
observed that many of the less motivated examiners
did not perform well. These examiners tended
lo take an excessive number of rest periods and
howed litde cancern for reaching the best possible

haotl ] decision in each trial, behavior which was viewed
yath cveles.

due words over the entire duration of the proj-
ject—was not feasible. Such a design would have
presented two logistical problems. First, the simul-
raneous use ol segmiented 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 con-
texts. Second, predicting the time necessary for the
completion of both cycles was hazardous. There-
fore, since the nine clue words were considered morc
relevant to forensic models than the six clue words,
an effort was made to secure first the complete per-
formance of all trials using nine clue words, and
to leave the six clue words trials as a replication.
Main conditions tested in the second cycle which
produced significant d:fferences between their vari-
ous levels were: context, siumber of speakers, aware-
ness of the examiners (closed and open trials) and
time-elapsed (contemporary and noun-contemporary
spectrograms) . These significant differences paral-
leled the results found for the first cycle in terms
of comparisons within each main condition. Table

4 presents the results ol an analysis of variance of
the percentage ervors yielded by each level within
cach of the main conditions that involved signifi-
cant dillerences.

Table 5 presents the perceniage of correct re-
sponses for the six main conditions tested in both
first and second cycles, as well as the results ol a
statistical test ol the dilferences. The test revealed
significant dilferences between the two cycles, with
p <.5 pereent, in the following instances: context
(words spoken in isolation, 93.77 percent vs 93.83
percent) s number ol utterances (one utterance,
91.29 percent vs 89.71 percent), yielding the nine
clue words cycle a larger percentage ol correct
responscs. In overall conditions no significant difter-
ence was found between the two eyeles. The exam-
iners were correct 91.58 percent during the nine
clue words cycle vs 9E21 percent during the six
clue words cycle.

As was done with trials of the first cycle, trials
of the second cycle were grouped according to the
lollowing characteristics:

TABLE 4.—Second Cycle—=Results of un Analysis of Variance of the Correct Responses Produced under Each of the Main
Conditions Tested

Condition

Number of utterances of the same due word:
1 uttervance
2 utie ances

3outerinces

Diffcrent tvpes of recording transutissions:
ras dieatdv into a ape tecorder .

;3 through a telephone line in quict cuvivonment
45 thiough a telephone Tine in noisv envitonment

Content of the due words spoken
Jiin isolation
A1)y in a fixed context
A1y noa random contest

Dilerent numbar of “koown™ spuakers
16 <peakers
20 speahers
0 speakers

Lime-clapsed between recordings:
contempotary watching spectrogtans
noncontempotas matching spraiomans

Second evele resutts may be somewhat biased since
exaniners 'guinu(l experience during the preceding
cight months, the time required to complete th.e
first evele. This experience or learning was in addi-

as hampering performance.
A procedure that would have eliminated the ef:

lect of an increasing experience of the examiners

on the second cycle—testing randomly nine and si¥

\wareness of examiners:
dased tfals
upen uials

Bl et

Probability of the dilference
betvween tevels, dess than:

Pooled  percentage

al cattect tesponses

89,71
a1.6u

02,30
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TABLE 5.—=Summary of a Seatistical Test of the Difference between Percentages of Correct Responses from Both First
and Second Cycles, under the Main Conditions Tested
Probability of
the diff. + + +
Difierence | between lst & w S_ S_ <
1st Gycle- 2nd cycle, w g a
Condition Ist Cycle 2nd Cycle 2nd Cycle less thao: . - -~ oy =
I 3 Zr0 90X M N
] ~
Nuwmnber of utterauces of the same clue word: L&J) 2 =
! - - . g ws Z
! utterance A R . 91.20 89.71 1.58 0.05 g wWos O
O ntterances . B AP 90.96 91.62 —0.66 n.s. : f—- e o E Owv 42}
9 oudlerances .. o R 92449 92.39 0.10 ns. 3 () &LIJ | = -
S e - : B R S : i o oz 1Z2gq <«
Different types of yecording tansimisions: ¢ L) Ox -~ N
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that produced the largest percentage of errors, The
stall was aware that during the second cycle most
of the examiners considered this particular type of
trial as a challenge, devoting more time and special
attention in the search for the correct answers,
Besides, at this point of their training, the exam-
iners were able to consider the exica clues offered
by common phonemes included in the non-cluce
words which completed the random contexts,

In summary, the fact that results of the second

IV. Discussion

The results from the “Michigan State University
Voice Identification Project” suggest that experi-
enced examiners can identily or eliminate one un-
known speaker from among as many as 40 known
speakers, with little difference in accuracy being
evidence in the use of nine or six clue words, The
expected percentage of errors made by examiners
who are lorced to reach a positive decision in every
trial of speaker identification they perform, (using
exclustvely visual examination of spectrograms) ,
varies according o the conditions involved in each
tvpe of trial.

Closed trials, involving contemporary  spectro-
grams of clue words spoken in isolation, vielded
fewer than 1 percent error of false identifications,
Since these conditions were essentially the ones
employed by Kersta, it can be concluded that the
Present siudy has confirmed the figures reported
by Kersta in 1962, In the 1968 "T'osi's evaluation
ol “\'oi('cprinLing," the error percentage reported
for similar type of triuls was approximately six per-
cent. This discrepancy can be explained on the
basis ol individual differences among  examiners.
In fact, considering the performance ol cach exam-
iner separately in that evaluation, the range ol
error percentage was 14 1o 0 percent.

The second goal of the present study was (o
test forensic models that included the following
variables:

(W) random chance that the unknown speaker
is or is not among the known ones (“open trials”) ;

(b non-contemporary spectrograms  (spectro-
grams of the unknown speaker obtained at a dif-
ferent time from the spectrograms of the known
speakers) ;

(¢) same sentences uttered by known and un-
known speakers (“fixed context” or different sen-

cycle did not differ substantially from those of the
first cycle must not be solely interpreted as mean-
ing that decreasing the number of available clue
words [rom nine to six is not generally significant,
The learning process the examiners experienced
during the previous eight months devoted to the
completion of the first cycle possibly interacted with
the results of the second cycle, thus compensating
for the fewer number of clue words available.

and Conclusions

tences including the same clue words “random
context.”)

The error observed was approximately 15 per-
cent for fixed context, of which approximately five
pereent were errors ol false identifications (errors
A+ C) and approximately 10 percent were fail-
ures of recognizing a mat.h when it actually existed
(error B) . For models including “random context,”
the total error was approximately 18 percent. This
pereentage was composed of approximately six per-
cent of errors of false identifications and apProxi-
mately 12 percent of failures of recognizing a match
when it existed.

These findings suggest that il an experienced
examiner, using only Visual Inspection ot Spectro-
grams lor legal purposes ol identification and ex-
cluding any kind of listening, is forced to reach a
positive dedision in cach case (devoting approxi-
mately 15 minutes o complete the task), his
expected error range would be 14-18 percent. The
probability that his wrong decisions will eliminate

a guilty person is 75 percent of the total expected
error. The probability that when in error this ex-
aminer will accuse an innocent person is 25 percent
of the total expected error.

he summary: under the specified conditions the
expected range of false identifications is 5-6 per-
cent and the expected range of elimination of a
guilty person is 10-12 percent.

Analysis of the ratings in the scale of self confi-
dence used by the examiners in this project showec
that approximatcly 60 percent of theix wrong deci-
sions were graded as “uncertain,” with. numbers
I'and 2. This finding suggests that the examiners'
errors could have been reduced to approximately
40 percent of the observed figures, were these ex-
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aniners not forced to reach a positive decision for
the trials in which they felt uncertain.

Clearly, the reported errors apply to experi-
mental wrials in which the examiners used visual
inspection of spectrograms exclusively, devoling an
average of 15 minutes per wrial in reaching a lorced
positive decision. It could be hypothesized that if
in addition to visual comparisons of spectrograms
the examiners would not have been f{orced o reach
a decision when uncertain, and allowed to listen
to the unknown and known voices, the errors might
have been further reduced. The experiment per-

formed by Stevens et al. (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 spectro-
grams, seem o confirm this hypothesis. A further
study including forensic models, similar to the ones
used in the present experiment might result in im:
vortant additional information if trained examiners
could both listen and make visual comparisons of
spectrograms.  Also, the present study should he
complemented by the testing of disguised voices
and non-contemporary spectrograms obtained [rom
spans of time longar than one month.

V. Extension of Results From Forensic Models to Real Cases

A group ol speech scientists (Bolt et al., 1970)
have expressed concern about the use of spectro-
graphic evidence in court, belore this method has
heen validated by controlled experimentation. The
question arises: assuming that the results from the
statistical forensic models studied in the present
experiment could be applied toward such a valida-
tion, how would the conditions in practical legal
cases difler from the conditions in the statistic .
models? In what way would these real conditions
possibly alter the crror expectancy disclosed by the
models?

AMain differences of conditions that eould exist
between models and real cases ave as follows:

Ao Population of known voices. In the models
of the present study the number of known voices
viried from 10 to 10, dralted Trom a closed catalog
ol 230 speakers, representing i statistical sample of
4 homogencous population of 25,000 persons. In
forensic cases, the datalog ol known voices could
theoretically include millions ol samples, il the
voice spectrogriun ol the aiminal would be com-
pared with filed voice spectrograms ol the popula-
tion of the world, or cven the United . States ol

Anerica. Obviowshy, conclusions derived lrom an
experimental study ol @ small population of speik-
ety 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
voices 1y ofien, true, but limited o a few suspected
persons. 1t seems reasonable to assume that the
intra and interspeaker variabilities within such
reduced group ol suspected persons would not difler
the variabilities that existed

substantiaily from
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within the highly homogeneous group of experi-
mental speakers utilized in the present study.
Therelore, it seems advisable to disregard size of
the population of known voices as a differential
characteristic that could hamper extrapolation of
experimental results from the present study.

B. Awailability of time and responsibility of the
examiners. In the present study the examiners de
voted an average of 15 minutes to reach a positive
conclusion in each trial. Whether 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-
iner normally may devote all the necessary timc to
reach a conclusion. He is aware of the consequences
that a wrong decision could mean to his profes
sional status as well as the consequences to the
speaker whom he might erroneously identify. It
seems reasonable to conclude that the differential
characteristics between  experimental and  profes
sional examiners might help to improve the accw
racy ol the professional examiners.

C. Type of decisions examiners are wged t
reach in each trial. In the statistical model the
waminers were forced to reach a positive concle
sion in each trial, even if they were uncertain o
the correct response. In real forensic cases, the pre
fessional examiner is permitted to make the follow
ing alternative decisions:

() Positive identification.

(h) Positive elimination.

5 These are the alternative decisions that Sgt. Nash, he.
of the Voice Identification section of the Michigan Depar
ment of State Police, is presently making.

(¢) 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 the available suspected persons but more evi-
dence is necessary to reach a positive elimination.

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

These possibilities of alternative decisions could
confer an extremely high reliability to the positive
identifications or eliminations. The following in-
formation released by Sgt. Nash, of the \L'oi(:e
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 was: “pos-
itive elimination.” “Possibility of identification” or
“elimination” was the conclusion in 31 other cx-
aminations. Finally, in $82 cases, the examiner con-
cluded that he was “unable to reach any conclusion
due to the lack of and/or poor voice samples.”

D. Awailability of clues. In the statistical models
of this study, only spectrograms of nine and six clue
fNords were available to the examiners for visual
inspection. In real forensic cases the examiner must
necessarily listen first to the unknown and known

A s e e

voices while processing the spectrograms for visus
comparison. The pr()l‘cssi()null cxmﬁinersiimen\tlii;laﬁ
to request as many samples as he deems necessary
to. reach a positive conclusion. Combination of
n'lclh()(?s ol voice recognition by listening and by
visual inspection of spectrograms can enhance the
accuracy of his conclusion, Morcover, by usine this
combination the professional examiner can :bjcc-
tively sustain in court his opinion,
the spectrographic similarities.

In conclusion, it is the opinnion of the writer—
l\)ZlSC(l on his experience obtained through th per-
formance of the present study and the ;)bscrvali(m
ol the practical work in the field done in the Voice
ldentification Unit of the Michigan Department of
State Police—that the Federal Department of Justice
should encourage the training of Voice Identifier
sz.pcrts, who must be properly tested and certified
prior to heing recognized by the United States
Courts as expert witnesses in the field.

Qualified personnel, the expert witnesses in the
field, will continue to provide valuable service
even il a satislactory voice recognition machine is
developed in the future. With a recognition  ma-
chine avuailable, the trained personnel would be
demanded to prepare the necessary samples 1o leed
the machine, to evaluate the results and 1o heck the
results of the machine by an alternative method,
for instance the spectrographic one,

by presenting
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I. Introduction

Two experiments were conducted by the Michi-
gan State University School of Criminal Justice.
A complete account of this work is found in James
Hennessy’s paper, “An Analysis of Voiceprint Iden-
tification.” This is an unpublished Master's Degree
thesis on file in the Michigan State University
Library.

As a result of this work and in accordance with
the original project agreement, some guidelines are
set forth which are believed to be important for
law enlorcement agencies who may be considering
use of the voiceprint identification technique. These
guidelines are based on observations of Dr. Tosi’s
experiment and the School of Criminal Justice
experiment.

Personal identification through the use of voice
spectrograms was introduced to the criminal justice
arena in 1962 by Mr. 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 with
this technique as an evidentiary problem. In addi-
tion to the legal questions pertaining to admissi-
bility of this new kind of evidence, critics of the
technique, 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 judges
confronted with a familiar problem. The one new
clement, however, is the relative speed with vhich
this'lechnique has acliieved public interest, and, il
mt carefully controlled, may become a premature
toc! in the administration of justice’s collection of
scientific techniques. '

The period of less than a decade is a relatively

Two projects were conducted by Michigan State
University during the period 1968-70. Both were

short time for the AngloAmerican system ol justice
to adopt a technique that, in the final analysis, may
have an important bearing on the future life or
liberty of an individual involved in the adjudica-
tion of a problem of law, The Judicial acceptance
ol the technique of personal identification by means
of fingerprint pattern recognition and compavison
required several decades of testing, challenging, and
rescarch before it acquired its present status, The
use of the polygraph in criminal investigation dates
back to the carly 1950, Today the introduction of
the results of such examinations are heard in il
court of law only under the most unusual condi-
tions and after many saleguards have been imposed.
Breath testing to determine blood alcohol levels,
a technique which also came on the scene in the
middle 19350%, was quickly adopted by law en-
forcement agencies. The appelate record is again
replete with accounts challenging the validity of
this method. There are also numerous examples ol
gross mismanagement of this LC('hnique, resulting in
miscarriages of justice in favor of both the guilty
and the innocent.

These brief references to the evolution of tech-
nical methods used in law enforcement procedures
and the subsequent introduction of the results in
a court of law should clearly indicate the path
which law enforcement practitioners must [ollow
il the new technique of voiceprint ideniification
15 to become a uscful method, serving the highest
goals of the justice system, To this end the Michi-
gan State University School of Criminal Justice has
attempted to set forth some preliminary guidelines
for consideration by law enforcement agencies con-
templating the use of the voiceprint identification
technique. These guidelines are based on available
evidence at this time.

I1. Procedure

supportedd by a grant from the Law Enforcement
Assistance Administration to the Michigan State
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Police, who, in turn, contracicd with {a) the De-
partment of Audiology and Speech Science and
(b) the School ol Criminal Justice. The major
project was carried out under the direction of Dr.
Oscar "Tosi of the speech science program at Michi-
gan State University, The results of that work,

ey T bt B AR e e

hereinafter referred to as the Tosi Report (and
included in the Michigan State Police comprehen-
sive report), provide the basis for some of the
recommendations made in this report, Conclusions
drawn from work done by the School of Criminal
Justice are also included in this report.

III. Training

[t has been said carlier that this report is to

suggest some practical guidehines for law cnforce-
ment agencies contemplating the use of voiceprint
identification techniques. 1I law enforcement prac-
titioners are willing to acknowledge ervors ol the
past, with particular reference to polygraph and
hreath testing techniques, and if they are seriously
interested in avoiding a repetition of these crrors,
one observation hecomes abundantly clear from the
Michigan State University work. A proper training
program is essential to the successful usc of this
technique. I this seems.obvious or unimaginative
to the reader, let him be reminded that the appelate
court record is replete with far too many examples
of scientific techniques being performed by law en-
forcement emplovees with inadequate training and
education. Given the current image of the criminal
justice system in the United States, responsible prac-
titioners must insure the technical excellence and
capabilities of those entrusted with the interpreta-
tion of this kind ol evidence.

The original Kersta experiment? utilized high
school students in large scale spectrogram identi-
fication problems. They were subjected to a train-
ing program devised by Kersta. Each of the eight
identifiers, 16 to 17 year old high school girls, was
given onc week of training in voiceprint reading
and detection of unique clues to be found in voice-
prints. Kersta's work reports a total error of 1%
in words taken {rom context:? T osi, and his col-
league Nash, ol the Michigan State Police, received
rraining in voice spectrogram recognition and iden-
tfication [rom Kersta and are identified (for this
report) as first generation trainees. Tosi, in his
experiment, trained his group ol identifiers in a
manner similar. to Kersta; however, therc were
certain modifications.

t]awrence G. Kersta, “Voiceprint Tdentification,” Naliae,
196 (Dec. 29, 1962), 1253-57.

*Rersta, “Voice Print Identification,” op. cit., 125857,
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Dr. Tosi's training consisted of: 2

“(a) Lectures on phonetics, spectrography and a
discussion of the variables to be tested in the
experiment;

(by 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-

tukes and allowed to compare the right matches.

with 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
{ollowing objective points of similarity: (1) similar
mean [requencies of vowel formants; (2) formants
band-widths; (3) gaps and type of vertical stria-
tions; (4) slopes ol formants; (5) characteristit
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.

(c) After each examiner performed these closed
trials, including contemporary matching spectro
grams and words in isolation, with a success better
than 969, 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.

Alter one month of training the actual expert

8 An Experiment on Voice Identification by Visual Inspec .
tion of Spectrograms. Paper read by Dr. Tosi at meeting o

Acoustical Society of America, Houston, Texas, Novembet
1970.

ol

ment started, Sprctrograms used for training were
not used during the experiment.”

It is noted that Tosi holds doctorate degrees in
both physics and speech science. Nash is an experi-
enced fingerprint identification expert. Tosi's scc-
ond generation trainees included women ranging in
age from 17 to 60 and a group of male undergradu-
ate students. In one closed trial test involving 972
wials, 0.99; errors were reported. This result is sim-
ilar to that obtained by Kersta and is mentioned
merely to indicate that Tosi was able to replicate
Kersta’s early work.

IV. Summary

Following is a summary ol two experiments con-
ducted by the School of Criminal Justice. A full
account is found in “An Analysis of Voiceprint

- Identification” by James ]. Hennessy.® (1) "lape

recordings were made in a dormitory reading room
and lobby using portable equipment. The speakers
included 12 male and 8 [emale graduate students.
Six of the original speakers were rerecorded a week
later. Spectrograms were prepared using the same
instrument employed in the Tosi experiment. The
identification trials were arranged to include thirty
tasks. An analysis of the results showed that the
two identifiers had an average of 707, accuracy in
their identifications.

(2) A teller’'s window in the Cashier’s Office of
Michigan State University served as the site of the
field recordings. Three tape recorders, two Wollen-
saks and one Uher, were placed in the teller’s
booth. The microphones were placed on a card-
board stand in the middle of the top of the counter
area, facing directly outward at an upward angle
of 45 degrees. The positions ol the microphones
were randomly changed four times to prevent any
one microphone {rom being on onc side or in the
exact middle all the time. The recorders were run
at a speed of 714 inches per second. The recording
levels were kept at a constant level.

The Uher was taken to a stand in an alcove of

tH > 934 ” o 7] - v . . -
. Hennessy, James ]. “An Analysis of Voiceprint Identifica-
ton” Unpublished  Master's Degree thesis. Michigan State

. l'ni\'cl‘sily Library, 1970,

s 0 . '.- * -+ .
Hennessy, “An Analysis of Voiceprint ldentification,” op.
,

BT T T

The School of Criminal Justice project used two
male identifiers, One was a senior in the School
of Criminal Justice and a criminalist major; the
other was a general law enforcement major. The
first identifier chosen had already received training
and had worked in the Audiology and Speech Sci-
ences Department’s voiceprint project. The second
had received no training. Fle had seven years’ expe-
rience in law enforcement* and was introduced to
the voiceprint identification technique by attend-
ing some of Dr. Tosi’s lectures and learning “match-
ing techniques” from his colleagues.

of Experiment

the Cashier’s Office. The Uher recorded the labora-
tory type samples of the known spectrograms.

There was a considerable amount of noise from
typewriters, change machines, adding machines, and
other people talking, entering, and leaving the Cash-
ier’s Office,

A Bruel and Kjaer Precision Sound Level Meter
was utilized to measure the exact sound levels at
the teller’s window and in the alcove.® Readings
were taken at two different times, The ranges of
the sound levels [or the teller’s window were G4 to
80 db's (C scale) - for the stand in the alcove, the
range was 51 to 68 db’s (C scale) . Thirty-four db’s
is the sound level in a library; 54 db's is the sound
level in a typical business office; 65 db’s is the sound
level of average conversational speech; 74 db’s is
the sound level of average street traffic; 88 db's is
the sound level of the inside of a bus; and 94 db’s
is the average sound level inside a New York sub-
way train” As can be seen [rom these figures, the
sound level of the alcove was substantially lower
than the rather noisy level of the teller’s window.

Standard Scotch Brand, & inch reel, magnetic
tape (190 series) was used to .zcord 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 recctling was not good, should
be obtained. In addition, permission had been
obtained from the divector of the Audiology and

o Instructions and . Application of the Precision Sound
Level Meter (Naerum, Denmark: Bruel and Kijaer, 1963) .

"Ibid.. p.

i




Speech Sciences Department’s rescarch project to
state that the Audiology and Speech  Sciences
Department was the department conducting the
rescarch, A sign was posted on the stand in the
alcove and on the side of the teller’s window being
used, stating that this was the voiceprint rescarch

project,

The two sentences used were:
Please give me my maoney; [ want it,
My money is on the counter; please give it
1o me.
The procedures for the recordings were as [ol-

Jows: Omne technidian was stationed in the teller's

window. Another technician was stationed near the
door of the Cashier's Office. As a possible speaker
either came in or went out, the technician ap-
l)]‘()?l(‘h(,’(l him and asked if he would like to par-
ticipate in a research project. 10 the person accepted,
A briel statement of the research goals and proce-
dures was made. e was then led to the tellet's
window where the wechnician there recorded his
pame, age, nationality and state and local address,
il he were or were ot an American citizen. The

technician also recorded the sex of the speaker and
gave him a speaker number. The speaker’s instruc-
tions were given to him. He was to read, twice,
the two sentences. No attempt was made to position
him in front of the microphones. The speaker stated
his speaker number and thun the two $ENTENCEs,
When this was done, he was le¢. toc the alcove
where he again stated his speaker number and re-
peated the two sentences twice. At this station, how
ever, the speaker himsell held the microphone
approximately eight to twelve inches from his lips
“The range of the distance of the speaker from the
microphones in the teller’s 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 42 females. Most of the speakers were
natives of lower Michigan. Almost all were under-
graduates of 18 to 20 years of age.

"The spectrograms used were open, contemporary,
fixed context, and {rom one sex at a time. The
average accuracy of {dentification by the two ident
fiers in this experiment was 59%.

V. Interpretation of Results

An interpretatica of the above described results
cuggest @ negative experiment, clearly not compat-
ible with those reported by Kensta and Tosi. The
original goal, however, of the School of Criminal
Justice involvement in the over-all voiceprint ex-
periment was 1o produce, il possible, some guide-
Jines which might be useful to law enlorcement
apencies. Viewed in this context, the experiment
has produced some results which ave quite impor-
tant at this stage of development in the usc of
voiceprint identification  techniques by criminal
justice agencies. Reference has been made carlier
(o the dificulties that have plagued the widespread
and ready acteptance of polygraph and breath
testing techniques, While carly users of these tech-
niques were warned ol the dangers of premature

use of the method without adequate testing and
preparation, seldom have negative results been inter
preted in a positive fashion to forestall avoidabl
eITOTS.

While there may be some exceptions to the fob
lowing general pattern, history and experience indi
cate that many forensic experts have acquired their
expertise by the apprenticeship method. Fortw
nately, the majority of these learning methods havt
rurned out favorably for the criminal justice system
The unfortunate experiences, however, constitut
2 blemish on the record which cannot be tolerates
by a society whose foundation is based on a rult
of law. It is for these reasons that the experimen
should be viewed in a positive fashion.

VI. Conclusions and Guidelines

In an cffort to provide some guidelines for an

terpretation of the present status ol voiceprint
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identification as it may be used in the crimin

justice system, the following observations are made.

N M.ﬁ‘,’

1. Voiceprint identification techniques as they
may be used by law enforcement agencies are rela-
tively new. Eight years is a very short time to move
from the introduction of a technique to expecting
judicial acceptance of results obtained by thiz
method.

2, The Tosi experiment, which is acknowledged
to be a carcfully controlled and important rcpl‘icn~
tion experiment, indicates the following results:

(@) In a closed trial experiment the percentage
of error was 0.5197. Other experiments pmducgd
errors up to 29.1%; depending on the conditions
of the urials.

(b) In his "“Extension of Results from Torensic
x\lfodcls to Real Cases,” Tosi states that given the
circumstances under which an actual case is investi-
gateq, a properly trained voice spectrogram identi-
fication expert can expect to achieve the same level
of accuracy, i.e., 19 error.

2 .

3. The Tosi experiment indicates that second
generation trainces can produce an acceptable level
(19, ervor) ol accuracy in their work.

4. The Criminal Justice experiment indicates
that sccond generation trainees [ollowing an ap-
prenticeshiy, nethod of study, doing work under
uncontrolled conditions, and not using equipment
.(other than the spectrograph) such as was used
in the Tosi experiment, did not achieve acceptable
(70% and 599 accuracy) rvesults,

‘ 5. Proper training of identificrs is of utmast
importance to the successful use of the voiceprint
identification technique. ‘

6. To this end, the following recommendations

are 1}1fmtlc with regard to training and cducation
requisites:

(a) Ideally, the voiceprint identification expert
511})111(1 hold a l?ﬂ('c'ulnurcau' degree in either speech
science or physical science. Forensic science labora-
tories t‘ocll:ly generally require baccalaureate degrees
as a minimum educational prerequisite.

(b) While it has been demonstrated that accept-
able second generation trainees can be recruited
[r.m.n a general population, law enforcement tech-
nicians with comparative identification expertise
may be the preferred source of recruiting trainees.

() In the absence of a baccalaurcate degree as
suggested above, the following college level ;OUI'SCS
are strongly urged as a prercquisite to eventual
use of the voiceprint identification technique:
phonetics, acoustics (with the accompanying basic
physics instruction), speech science, ]ing:uistics
audiology and basic electronics, \ ’

(d) Thorough traii.ag in the preparation of
Vtz}pc recordings and voice spectrograms is essential,
'I he Tost experiment demonstrates that proficiency
in these techniques can be transmitted to trainees.

‘(e) A carelully supervised training program in
voice spectrogram identification until thck trainee
reaches a 999, level of accuracy in closed trials
working with spectrograms made from a homoge-
ncous population is the ultimate goal,

(fy Upon satislactory completion of a training
program similar to what has been outlined abové,
fhc wainee should then undergo apprenticeship
!HS%!‘L.l(‘Li()ll with ‘an experienced supervisor. This
training period will utilize actual case evidence and
the supervisor will indicate when he feels the stu-
dent is qualified to render opinions based on. his
own observations,
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I. Introduction

In 1966, the Department of Michigan State Police
became aware of a new identification technique
that could be an aid o law enforcement. The com-
munications media related work being performed
by Lawrence Kersta using a sound spectrograph to
identily recorded voices.

Voice spectrography was developed at Bell Com-
pany Laboratories by Potter, Kopp and Green. Mr.
Lawrence Kersta, a former member of the Bell
Telephone Company research staff, dealt for many
vears with voice spectrograms. He became interested
in finding out whether speaker identificatim was
possible and reliable on the basis of this vpe of
spectrogram. Mr. Kersta reported in a comention
of the Acoustical Society of America, in 1962, that
after performing controlled  experimentation, he
concluded that voice spectrograms could be used as
a reliable means of identification.

Mr., Kersta claimed that he accumulated evidence
to support his conclusions by using a panel of
twelve high school girls, whom he trained in voice-
print matching. They identified speakers among
different sized speaker-utterance matrices taken from
a population of 128 speakers. According to Kersta,

this panel made 99.75 percent correct identification
ol the speakers.

In 1966 Mr. Lawrence Kersta was contacted by
the Michigan Department of State Police concern-
ing the cflectiveness of his system. Subsequently
their Latent Tingerprint Technician, Detective
Ernest Nash, met with Mr. Kersta at Voiceprint
Laboratories to discuss the [easibility and adapta-
bility of Voice Identification as an aid to law
enforcement.

As a result of this meeting, Det. Ernest Nash and
Det. Lewis Wilson received training 2t Voicepring
Laboratories in 1967. Both officers were expericnced
and expert Latent Identification technicians. Be-
cause of a desire for impartial consultation, Dr.
Oscar Tosi of Michigan State University, who
has as credentials a Doctorate in both Physics and
Speech Science, was contracted to accompany the
Technicians. At the condusion of the training
course, Dr, Tosi submitted a report which indicated
the Kersta system to be signinficant. He suggested,
however, that there was a need for further scientific
study o replicate Mr, Kersta's work o {urther es-
tablish Voice Identification as a scientific method.

II. Methods

As a result of this study, and to further imple-
ment the practical application of voice identification
using a sound spectrograph, the Deparument of
Michigan State Police took the following action:

. Purchased equipment.

2. Injtiated a program to educate regional law
enforcement olfhicers in the collection, preservation
and applications of voice identification evidence.

3. Instituted a centralized Voice Identification file

by collecting voice recordings of known individuals,

4. Increased the experience and extended the
expertise of technicians Nash and Wilson by actual
case work and through continued association with
Tosi and Kersta.

After three years of concentrated experience in
the application of Voice Identilication in criminal
cases, ol which two years were a part ol this fed-
erally funded program, the following results are

reported.
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I1I. Results

A. Equipment recommendations

The cquipment needed for the collection, preser
vation and preparation of voice identification evi-
idence is not extensive. However, expericnee gained
during this research supplies some guidelines that
should be helplul to any agency contemplating a
voice identification program.

The most important piece of equipment is a sound
spectrograph. Although there are other makes avail-
able, the Voiceprint Sound Spectrograph was spe-
cifically developed for voice identification and in
our experience provides the most satisfactory results,
There is more than one model voiceprint Spectro-
graph. All models perform cqually well for veice
identification, including some modecls developed to
analyze sounds other than voice and used princi-
pally for medical research.

It is also necessary to have a device capable of
recording speaker utterances. Such a recorder should
be of the magnetic tape type, although experience
indicates that recordings made on dictaphone belts
can be used. The quality of the recording device
is not usually critical, but must have the capacity
to record the [requencies necessary for intelligible
speech. However, evidence tapes are olten made
under less than ideal conditions and it secems rea-
sonable to conclude that good reliable instrumenta-
tion will increase the likelihood of obtaining usable
recordings. The tape used should be polyester
backed and at least 1.0 mil thick, IT a cassette re-
corder is cmploved, the user is cautioned against a
cassette that records one hour on each side. This
tape is so thin thay it is too likely to break, joul
the winding mechanism and fail to record the ce-
sired information.

Most of the criminal cases involving voice iden-
tification are the result of telephone conversations.
Therefore it is of prime importance to have the
ability to make quality recordings from the
telephone.

The telephone pickup should be of the inductive
type devised in such a manner that the recording
will be made [rom the back of the ear piece. One
moadel fits over the car piece and thus eliminates
the possibility of dislodging the pickup while han-
dling the phone, An important advantage of the
inductive type is that it does not require the ma-
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nipulation of the telephone wires or recording
cquipment.
A variety of patch cords and other connectors are

recordings.
A well equipped laboratory will have a bandpass

[

3
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b
necessary so that recordings can be made from g
various model recorders and for making duplicate

filter. Some recordings have extraneous noise that -

interferes with the analysis. In many instances, this
unwanted noise can he filtered out with a bandpass
filter without damaging the information available
from the speech signal. Although not critical to the

operation, this equipment will make it possible

1o render a definite opinion in a greater percentage ;

of cases.

A better service is rendered by a laboratory that |

has at its disposal several makes and models of tape

recorders. This is especiaily important if examina-
tions are being conducted for many different agen-
cies where there is no control aver the types of |
recorders used for obtaining the evidence recordings.
Many small police agencies do not have recording

cquipment and it is important for them to be able

to obtain such cquipment on a temporary basis |
when confronted with an investigation requiring

this ability.

A sound proof room should be available for mak- 5
ing recordings in the laboratory and for listening :
to the sounds being analyzed Because of the nature :
of some cases, obscene language has been recorded. .

A sound proof room will allow the study of these ;-

tapes without subjecting other employees to the .

content.

B. Educational programs for law enforcement

Before law enforcement agencies could be ex-
pected to submit evidence for voice identification,
it was nccessary to inform them as to how such

evidence might be useful, what evidence was neces- :

sary in order to conduct an examination, and how
best to obtain known and unknown tape recordings.
It is estimated that over 4600 police officers received
direct information in a classroom setting from tech-
nicians Nash and Wilson. At the same time, other
citizens were familiarized with the voiceprint tech-
nique through service club appearances, radic and
television,

RO

As this type of information was completely new,
some very basic procedures were disseminated. The
following investigative hints were found to be
practical:

1. The questioned and known voices should be
recorded on the same tape, utilizing the same re-
corder, whenever possible,

2. Any instrument that will record on 14" tape
can be used. However, a poor quality recording may
interfere with identification or elimination.

8. The tape should be 14” with at least 1.0 mil
of polyester or mylar backing. Tape with acetate
backing should not be used.

4. A new or bulk crased tape should be employed
for each case.

5. Tapes recorded at speeds slower than 174 i.p.s.
do not usually contain sufficient {requency response

Tor positive identification by voiceprints.

6. Enougn tape should be available to record all
anticipated conversation.

7. At the beginning of the evidence tane, perti-
nent data such as the date, time, location, telephone
number, case number should be recorded.

8. If the victim is to record the incoming call,
instructions should be given on recorder operation
and elimination of background noise.

9. Telephone companies can be helpful in iden-
tifying the telephone number of the anonymous
caller. In most instances, they can be prepared to
identify the next incoming call within five minutes
after being called to assist,

10. When recording the known voice, use a pre-
pared text that contains the same words and phrases
as the questioned recording.

11, On several occasions, officers obtained good
recordings of the unknown voice but made poor
recordings of the 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 instructions given at the
Second Annual Criminal Advocacy Institute, tech-
nician Nash participated in a teaching program
with Practising Law Institute of New York City.
Instructions were held in New York City, NY.;
Las Vegas, Nevada; Miami Beach, Florida and
Dallas, Texas. The Institute was attended by prose-
cutors, trial lawyers and judges [rom throughout
the United States The style of presentation ol voice
identification information was through a moot trial
conducted by experienced lawyers and judges.

Forensic scientists were informed about voice
identification through speaking engagements at the

.

annual meeting of the American Arademy of Foren-
sic Sciences and the semi-innual meeting of Law
Enforcement, Science and Technology. In addition,
manv people traveled to East Lansing to view
first hand the work being performed in voice
identification.

C. Central voice identification file

As experience was gained in the examination of
voiceprints, it became apparent that plans to clas-
sify and file actual voiceprints were not practical.
The voiceprint did not adapt readily to a classifica-
tion system, A more practical method at this early
stage ol development was to store samples of the
voice offenders on master tapes. The speaker is
identificd by name on the recording. The location
of the voice on the recording is noted on the name
card. At this writing, there has been little reference
macdle to this file of voices. However, it will become
more useful as the Gle grows. Tt is anticipated that
the computer will eventually solve the problem of
storing and retrieving voice identification informa-
ton. Part of the research by Stanford Research
Institute will be concerned with this possibility.

D. Application of the voiceprint technique in real
cases

Since the inception of a voice identification pro-
gram by the Department of Michigan State Police
in 1967, 291 cases have been submitted to the Voice
Identification Unit, mostly from Michigan police
and fire departments. However, requests [rom all
departments were honored and examinations were
conducted for agencies in Indianapolis, Indiana;
Riverside, California; Orlando, Florida; Los An-
geles, Calilornia: St. Paul, Minnesota; Ladue, Mis-
souri; Frie, Pennsylvania; Chicago, IHinois; Dade
County, Florida; Astoria, Oregon; and South Mi-
ami, Florida. To indicate the wide varjety of
crimes that voice identification can become a part
of, the 27 types of complaints reccived during this
time are listed below:

Type of Grime Number of cases

Obscence telephone calls ... ... v et 94
False fire alarins . ..., .o.overnerennn ver .. 4B
BOMD SCATES L. ivrree e veee s innnannennanan 28
Threats ........ e 26




o P FEDRRT £

P
I

Type of Crime Number of cases

Nuisance telephone calls .o 23
Extortion and blackmail ... ... oo ool 18
Murder ... B 11
Breaking and Entering ... R 8
Kidnapping ..o oo 5
RobBDENY Lo e 3
RAPE oo 4
ABOrtion ... e 2
Attempted nuder _Loo oo 2
ATSOD Lottt e e 2

"

]

Bribery ...
Accosting and Soliciting ...
LATCOMY Lot a e e
Framd ..o ovvie e
Weapon violation ...
FIArTassing .. ..venoivrearnannnrnn e onns
Radical aCt .. .o
fmpersonating a Polirc Officer ..., evin
False Report ol a crime ...
ARNOVING o
Abduction ... s
Gross Tndecency ..o
Intetligence Informant Tdentification .. ........

et ot e m mm e e e |

678 voices were examined by the study of 42,432
spectrograms. 105 persons were identifted as the

unknown or questioned voice on tape recordings,
172 persons were eliminated as the unknown or
questioned voice on tape recordings. For various
reasons, a definite opinion could not be rendered
concerning the other 396 persons.

Tt was not always possible to obtain information
from the investizoting officers that would refute
or substantiate the opinions of the voice identifica-
tion examincrs. However, it was reported that in
thirty cases, those persons identified by voice identi-
fication techniques later made confessions or ad-
missjons corrclating voice identification opinions,
No 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 usefulness in the investigation of crime.

Given a sulficient quantity and quality of known
and unknown voice recordings to werk with, a
qualified identification examiner can arrive at opin-
ions that have an accuracy level comparable to
other types of subjective examinations now made
in Forensic Laboratories .

IV. Training of Voiceprint Examiners

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

It is important that the education include an
understanding of the speech and hearing process.
Although it does uot bea~ directly on the visual
comparison of spectrograms, it does provide the
examiner with a better understanding of differ-
ences that occur within separate utterances of
the same word by onc speaker. This will help him
understand ‘and explain when slight difterences
exist,

Listening to the recordings is also an important
part of the identification process because the ex-
aminer must be assured that he is comparing the
same sounds. In a training or research project
where the examiner js presented with two prepared
spectrograms to compare, both could be labeled
“the. However, if in actuality one spectrogram
was made [rom the sound “thee” and the other
spectrogram was made from the sound “‘thuh”,
identification would be impossible. Knowledge of

~J
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the various sounds of the spoken word, what sounds
are germanc to the identification process and how
(o 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-
ining voice identification evidence and to give
opinions in forensic cases. As in other forensic
sciences that are subjective in nature, there must
be experience and testing in the comparison of
spectrograms until the examiner can demonstrate
his ability to unerringly resolve the problems sub-
mitted 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 possible.

!
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The successful use of this method in forensic cases
and in court, therefore, will ultimately depend on

V. A Look

There are other research projects that should
be initiated to extend the effectiveness 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 testimony in court. In this
respect, voice identification is no different than
other forensic sciences in that there are always new
questions to be answered.

Research is planned for speaker recognition by
machine. This methiod 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 uasing the spectrograph to
identily sounds other than the human voice should
not be overlooked. As an example, let us imagine

the reliability of the trained and experienced
examiner,

to the Future

that an anonymous bomb threat is received and
recorded. The sound of a motor can be distin-
guished 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 cffective in identifying the explosive noise as
a fircarm, perhaps a rifle rather than a pistol, 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 cxperience 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 word “set” used in these tables relers (o i compleéte
sequence of 486 combinations of diffe

pleting the four sets of each avele of
cach type of task of speaker ide

l)(‘l[()l'lll('(l in an unsystenkatic manner,

the experiment were

rent fevels which define
ntilication. The trials com-
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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.

B) 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.
Spectrograms of clue 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.

8) Identification Trials involving 40 speakers.

D. Identification Trials Involving System Auware-
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).

111)

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
Variations—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 utterdnces 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-
fication trials,

It should be recalled that conditions A, B, and C
constitute the Latin matrix aspects of the. desigh
under which data for the project were collected.
That is, it took each of the nine subpanels (classed
by type and size) 27 identification trials in order
to complete a matrix, Eighteen matrices were then
completed under conditions 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
ninc 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 141
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of this statistical study a detailed analysis of pos-
sible differences between examiners subpanels is
reported.

Statistical design

The basic approach to the statistical analysis
involved in the project was to define the replica-
tion factor as the number of observations (four)
of the nine subpanels under each of the combina-
tions of conditional variables A through F. Thus,
it should 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 E, to E,. That is, a test of the
main effects of conditional variables A, B, and C
and their interactions would have one unique error
factor (E,). The interaction of these variables with
D, E, and ¥ (the repeated measure factors) as well
as the main effects of D, E, and F would each have
a unique error factor (E;). Finally all two and
three way interactions of D, E, and F with A, B,
and C would each have appropriate error factors
(E;, E,, E;, Es, E;, and E;) depending upon the
number of repeated measures involved. Table 1
represents the statistical design used to analyze the
data statistically.

TABLE 1.—Statistical Design for the Analysis of Voice
Identification Data

Degree
of Calculated
Source of variance freedom DF

A e a-l o 2
B i b-1 ... 2
C e oL 2
AB . (@a-1) (b-1) ........ 4
& (a1) (b ........ 4
BC ....... e b-1) (b ........ 4
ABC ... ... ... ..ol (a1 (b-1) (1) ... 8
E, = Error, = AG4+BG4- abe (g-1) .......... 81

CG4ABG+

ACG4BCG 4

ABCG4-G
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Table 1-Continued

Degree
of Calculated
Source of variance freedom DF
D 0 N d-1 ... 2
AD .. @1 @) ........ 4
41 1 (b-1) @n ....... 4
CD ... () (@d-1) ....... 4
ABD ... ...l (a-) (b-1) @-1n .. 8
ACD ... i (@-1) (¢ (@1 .. 8
BCD ... (b-1) (c-1) (d-1) .. 8
ABCD ... ................ @1 (b-1) (1) 16
(d-1)
Ey = Error, = DG4+ADG4 abc (d-1) (g-1) .... 162
BDG+CDG+
ABDG4
ACDG+
BCDG4-
ABCDG
E o e~l L 1
AE ...l @l (1) ........ 2
BE ... oy @D 2
CE ..., () (e ... 2
ABE ... ...l (a-1) (b-1) (e-]) 4
ACE .. ................... (a-1) (1) (eD) 4
BCE .........cciiiiii... (b-1y (1) (e-1) .. 4
ABCE .................... (@a-1) (b-1) (c-1) 8

E; = Ervor, = EG+AEG+-

BEG-CEG 4
ABEC +
ACEG4+
BCEG+
ABCEG
F o
AF
BFE oot
CF i
ABF ...l
ACF ... ... iiiiiiiiii..
BCF ....iieeeiiann,
ABCF

E, = Error, = FG4-AFG-

BFG4-CFG+4
ABFGL
ACFG4
BCFG+4
ABCFG
DE . ........... i
ADE ... .....oiiiiiiiiin,
BDE .......ooviiiinnnn.
CDE ... ....cooviiininnnn.
ABDE ...................
ACDE ..........cccooo..
BCDE

{e-1)

abc (c-1) (g-1) 81
=1 2
(@1 @ ... 4
-1y (1) ... 4
€1 @1 L 4
@-1) (b-1) (E-1) 8
@1y (1) (1) 8
b1y (e-1) (1) 8
@1 (b-1) (c-1) 16
(1)
abe (-1 (g-1) .... 118
@n () ........ 2
(a-1) (d-1) (e1) 4
(b-1) -1y (e1) .. 4
(1) (d-1) (e1) 4
a1y (b-1) (-1 8
(e-1)
@1 (1) (d-1) 8
)
(b-1) (c-1) (d~1) 8
(e-1)

Table 1—-Continued

Degree
of Calculated
Source of variance freedom DF
ABCDE ... ................ (a-1) (b-1) (c-1) 16
(@d1) (e
Es = Errory = DEG4- abc (d-1y (e-1) (g-1) 162
ADEG
EDEG4
CDEG4-
ABDEG 4
ACDEG4-
BCDEG4-
ABCDEG
DF a1y 1) ........ 4
ADF ... ... .. e, (a-1) (@d-1) (1) 8
BDF ... .. ... (b-1) @d-1) (1) .. 8
CDF ..................... (1) (d-1) (£-1) 16
ABDF .. ... ............ (a-1) (b-1) (d-1) 16
(-1)
ACDF .. ................ (@1 (c-1) (d-1) 16
&)
BCDF .. ... ................ (b-1) (c-1) (d-1) 16
(E-1)
ABCDF ... ... ............ (a-1) (b-1) (c-1) 32
d-1 (=1
E, = Error, = DFG+ abc (d-1) (f-1) (g-1) 324
ADFG+-
BDFG4
CDFG+-
ABDFG--
ACDFG-
BCDFG+
ABCDFG
EF (e-1) (1) ........ 2.
AEF . .. (a-1) (e-1) (F-1) 4
BEF ... .................. (b-1) (e-1) (F-1) 4
CEF ... ..., (c-) (e1) (f-1) .. 4
ABEF ... .. ................ (a~1y (b-1) (e-1) 8
(E-1)
ACEF .................... (a-1) (1) (e1) 8
(1)
BCEF .................... (b~1) (c-1) (e-1) 8
@1
ABCEF .................. (a-1) (b-1) (c-1) 16
(1) (E-1)
E; = Error, = EFG4 abc {(e-1) (f-1) (g-1) = 162
AEFG4
BEFG4-
CEFG4
ABEFG+4
ACEFG4-
BCEFG+4
ABCEFG
DEF .. .................... S (d-1) (e-1) (1) .. 4
ADEF .. ............... (a~1) (d-1) (e1) 8
(&1
BDEF ... ... .............. (b-1) (d-1) (e-1) 8
(£-1)

Table 1—-Continued

Degree
of Calculated
Source of variance freedom DF
CDEF ... ... ... ......... (e-ly (d-1) (e-]) 8
(1)
ABDEF ... ... . ........... (a-1) (b-1) (d-1) 16
(e-) (-1
ACDEF . ... ............ (a-1) (c-1) (d-1) 16
(e-1) (f-1)
BCDEF ... ............... (b-1) (c1) (d-1) 16
(e-1) (f-1)
ABCDEF ... ............... (a-1) (b~1) {c-1) 32

(d-1) (e-1) (f~1)
E; = Errory = DEFG4 abe (d-1) (e-1) (1) 324
ADEFG+ (g-1)

ABDEFG4
ACDEFG.}-
BCDEFG4
ABCDEFG

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 Winer (1962) for
this type of statistical design:

X=Vx+ V x+1
where x!=transformed score

X==scorec
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: Table 2--Continued | TABLE 3.-Differences Between Number of Correct Re-  percent correct); or if the task did not involve a
Analysis of Variance for Voice Identification sponses for Voice Identification of Clue Words in . : i
TABLE 2.—Ana l;/s e Birst, Cycle _— Fratio Sig Specified Contexts match but the examiners were unaware of this
ata 110 k. H ean sguare I -I« - »
Source of variance d q fact (96.04 percent correct). Further analysis re-
variance 4t Mean square F-ratio  Sig: . 021082 R Isolation  Fixed Random vealed that the system (open-match) where there
Source o o CEF e e 033500 19353 Context Meanst GO0 . 53050 B7IT was a match but the identifiers had no knowledge
.. » * B . .4 . a .
A-Transmission 2 0.53474 2.1973 /:gill: """""" 8 0.29169 1.0753 of the fact resulted in significantly lower numbers
B-COnLEXt ..o ornn s g 1605957 659898 *% TS T g 044289 16308 Isolation . ...... 60246 ... .- . of correct responses (p. = 0.01) than the remain-
C-No. of Speakers ... 2 2ao 13’1@23 “ ABCEF . ooveeee 16 029522 1.0883 Fi’“'g """"" e - " ing two systems (vlosed-match and open-no match)
. ADGWLLE ... R *s e - - »
AB .ot : gggg‘;: 2505 EITOTs eooneneenens 102 gg;;g; s . Random ........ 57127 which did not differ (p. > 0.05). (See Table 5).
AC .o : DEF i 4 g : .
BC ............... 4 0-58995 24242 ADEF ........... 8 0,36589 14067 ..P' - 001
ABG  ovreenenns 8 0.15984 0.6568 BDEF o N ) 0.22376 0.8603 t The means in Table 3 are for the transformed raw data; .
Ereots o 81 024336  ...... CDEF . oo 8 0.22201 0.8535 the same data used in the analysis of variance reported’ in TABLE 5.-Differences Between Number of Correct Re-
1 vanewereeeees T L aner e CGDREE oo 0ol 4 cet
D-System Awareness . . 2 3413054 llzgggg * ABDEF oo 16 0.28403 1.0920 Table 2. sponses for System-Awareness Conditions
AD oo 4 g‘;’;‘;;z og406 ®»  ACDEF ... 16 o.2gsg; (;-gggg Open-  Closed-' Open-No
BD .o ¢ & 1’8190 BCDEF ............ 15 0351 oo o . . Match  Match  Match
CD e 4 0.54314 : ABCDEF ....ovo. .. 32 0.32425 1.2504 The results indicate a significant difference
ABD ... 8 0.05684 g;?gi ETTOFg o ovenenrnoes 924 026011 ... (p- < 0.01) in terms of correct responses when the System-Awareness Means?! 5.9865 56178  6.0389
ACD. oovernneenes Z gf,;ﬁgi 0'2376 Teal ......... 1943 ... e numbers of speakers involved in the identification Ooen-Mateh Py o
D oo / : ; : identification tri pen-Matc :
IZ(I:BCD 16 0.29506 0.9882 .mals were varlf:d. When the identification trials Closed-Match 5.6178 .- -
Frror U ye2 020889 ... :E: 540'[?31 involved matching the spectrograms of 10 speak-  Qpen-NoMatch . 6.0389 .
E-Ti:né-iilébéed 1 8196546 1154176 ** p- =" ers the percentage of correct responses was 93.03
..... . . - con v
....... 2 0.97387 3.5145 ercent, When the trials involved 20 speakers the p. = 0.01
AE e 2 1.38976 5.0180 i P p 1 The means in Table 5 are for the transformed raw data;
............... : ‘ 3 success ratio was 91.87 precent. For trials involvin at
I:;E ...... 2 0.08860 0.5199 Results of the main effects 10 K 0 b f: as 89.58 g the same data used in the analysis of variance reported in
e s 0.15437 1.5574 speakers the percentage correct was 89.58 per- . o
ACE oooirerienn 4 016368 g'ggg? From the results cited in Table 2 it can be seen cent. Fur ther‘ a“ﬁalyml revealeddt.lf;iat ;he 40 Egd;‘fr
BCE ....ocoveiirons 4 0-025:/;3 C 5042 that the conditional variable “type of transmission” trials were signficantly more difficult (p. =0.01) Analvsis revealed a sienificant differenc
ABCE ........coovce 8 008424 ) ‘ ienificant effect (p. > 0.05) on the ability than trials involving the spectrograms of 10 or 20 1y L a sign e (p <
EITOTy o \vveeeennenn 8L 02769 ..... had no significant eftect (p. 1.' ke correct speakers. There was, however, no signficant differ- 0.01) in success ratios for spectrograms made at the
o, of Utterances 9 053388  2.2303 of the voice identification panelists to ma two recording sessions, Here it should be recalled
F-No. o ‘ ' 4 028702 11991 . P Yity. there was a slight in- ence (p. > 0.05) between the 10 and 20 speaker ! g Ts. i
AF e : A ol identification. In actuality, th e.d e for trials. (See Table 4) that time-elapsed differences involved whether or
] . . i . . .
BE e 4 066034 27586  *° crease in the number ,Of correct 1dentiicatio h not the spectrogram was contemporary with the
?;F" """""""""" 8 0.27048 1.1297 spectrograms made directly from a mlcror[;1 Oinne - spectrogram in the identification task or non-
............... L . ams = ~Difte - : s
ACF 8 0.87140 1.5512 (92.42 per cent) as compared to SpeCtrofrl;d ome TABSLEnS:S :)lﬁ’;::k?s] ‘llle::::nmN;gﬂ:\; :([) S(](:l:l:zec:s Re contemporary (made at a second recording session) .
............... : or nvo
BCF .....ccoooeen 8 04099 12;?{; volving the telephone (91.:9>lh p;rceft)oun 4 noise | po = P When the spectrogram to be matched was contem-
ABCF oo 113; (())32(;;2(; D involving a telephone wit . ac gzs ere not 10 20 40 porary to the spectrograms used in the identifica-
EITOT, .. oovnrvnenis - 148118 070616 ** (91.02 percent) -b}lt thes'e ; Fxl erinc Numb:r of N x p o oo tion tasks the percentage correct was 95.21 percent.
?EE """""""" 4 038760 14021 found to be statistically 51gm.caflﬁ. diderence | Speakers Means® . 59367 5. : When the spectrogram to be matched was non-
lnmz 4 046482  1.6814 Table 2 does reveal a signi fca:;te e TS 50567 o contemporary to the spectrograms used in the iden-
CDE ...vvviviiinns 4 006748 0244l (p- < 0.01) between variations o 20 58916 ..., »e tification task the percentage of correct responses
ABDE .ovovvnennn 8 009163 03315 variable. The results show that when the spectro- 41 g 7 " 5.8148 v D was 87.95 percent
"""" 14154 05120 . . in isolation the correct i ieni i
ACDE v : 826667 0.9646 grams were ol words spoken in 1sor - For || “een = No significant difference (p. > 0.05) was found
i BEDE ..o ) ' 04115 percentage of identification was 9577 percent. ot 1 p. == 001 that could be attributed to the number of utter-
s ABCDE ...........t 16 0.11377 ) i fixed context the percentage | * The nieans in Table 4 are for the transformed raw data; =
: 27645 words spoken In a hxed ¢ i . . ances of the same words as used in the identification
BITOTy . ovevvvvnneres 162 0.2 o a1 . 99.99 percent and for words spoken in {i the same data used in the analysis for variance reported in ! S O same J in the 1de
DE s 4 060533 ~~‘f;78 dropped to 92.: P} tage correct dipped to " Table 2. trials. In actuality the percentage of correct re-
o ADF o 8 0.14450 0577 a random context the percen ag o Ranee sponses for only one utterance of the words was
% 1175) DU B 031999 12777 86.50 percent. Using Duncan’s Multiple &1 91.29 percent, for two utterances 90.96 percent and
3 CDF ., veiiieeenns g 0.20000 oggg technique for making individual comparisons 1t It will be noted from Table 2 that a significant fox.' three u[te’rances 92‘49 ercent i
% ' ABDF ovovvvreee }2 8}2?;22? 8‘957; was found that the random context was 51gm'ﬁcantly difference (p. < 0.01) was found to be attributable AP »
ACDE - \vveenneees 16 0.;9119 0.7634 lower (p. = 0.01) than either the fixed or isolated to the system awareness variable. That is, if the
iglé};l{ """"""" 32 0.22085 0.8818 contexts. Further that words spoken in isolation trials involved a match and the examiners were Results of the two-way interactions
Errors s e 324 p25045. ... have a significantly higher (p. = 0.01) number of § aware that a match was there (94.48 percent cor-
LTTOTg v e vvnenvsan o - ¢ . \ . . R . . . . .
EF e 2 1.72674 63654 * correct responses than words spoken in either a rect) ; or if the trials involved a match but the ex- Table 2 reveals a significant interaction effect
AEF .. e 4 0.80705 1.1319 m context. (See Table 8). aminers were unaware that the match existed (84.23 . < 0.01) between the conditional variables “con-
4 0.47424 1.7482 fixed or rando
BEF .. .. . o..-s . s .
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Voice Identification Table 2—Continued TABLE 3.—Differences Between Number of Correct Re-  percent correct); or if the task did not involve a
. . ce . r e . . :
TABLE 2.—Analysis ‘;[ V“'{:‘“‘:itgtcyc‘;; Fato Sig ;P‘“;_sgzdf‘an:"“;e Identification of Clue Words in  maech but the examiners were unaware of this
] (] . d '¢ N #: . ex! .
Data from Source of variance df  Mean square pe fact (96.04 percent correct). Further analysis re-
Source of variance df Meansquare F-ratio  Sig. EF 4 0.21082 07712 Isolation  Fixed ~Random vealed thatht};e sY;:‘en_ld (O}?gn-m;t(:;l) W:ere lth(;re
D8 S was a mat
y ABEF .o 8 0.33509 1.2353 Context Means!®  6.0246 59059  5.7127 S ac ut t e.l e.nu‘ ers flad no knowledge
s 3474 2.197% ADBE e 9 1.0753 of the fact resulted in significantly lower numbers
A-Transmission . .... 2 0.5 - . ACEF e 8 0.2916 : ‘
B-Context 2 1605057 659898 BCEF 8 044239 1.6308 Isolation ....... 6.0246 e e of correct responses (p. = 0.01) than the remain-
.......... . ) X ¢
C-No. of Speakers ... 2 24628 lg’iég? ABCEF ............. 16 029522  1.0883 Fixed .......... 5.9059 b e . ing two systems (closed-match and open-no match)
. e LX 3 . . -
AB e 4 0-040‘31 orar EMTOT: . ooovarnncnen 162 0.27127 e . Random ........ 5.7127 which did not differ (p. > 0.05). (See Table 5).
ot 4 030631 12595 DEF 4 067202 25871 e
............. 4942 0.
BC .ot 4 058095 242 ADEF 8§ 036580 14067 P '
ABG  oooeeeeeeens 8 0.15984 0.6568 BDEF oo 8 0.22376 0.8603 The means in Table 3 are for the transformed raw data; TABLE -
BITOfy oo 81 024336  ...... CDE‘F """" 8 0.22201 0.8535 the same data used in the analysis of variance reported in 5—Differences Between Number of .Con'ect Re-
D—Sys:[en‘]./&‘.\;a‘r;ﬂ:l;zss 2 34,13054 - 114.3056 i \BDEI’. """"""" 16 0.28403 1.0920 Table 2. sponses for Systemn-Awareness Conditions
) . 29592 ADDEY .o 0w ]
AD i b 0.67458 e we  ACDEF ........... 16 022861 08789 Open- Clowed." Open-No
.. ¢ 275975 9242 - 16 085122 13503
BD .......iien 0 BCDEF ............ . . . . ) Match Match Matich
CD 4 054314 1819 ABCDEF . oovorn .. 32 032425  1.2504 The results indicate a significant difference
ABD ... 8 0.05684 0-;?(;‘: EFTOTy cvvveenneiens 324 026011 ... (p- < 0.01) in terms of correct responses when the System-Awareness Means® = 5.9865 5.6178 - 6.0389
ACD ... 8 0.27265 0 otal L1948 L. s numbers of speakers involved in the identification
Py 8 007094 02876 Total ... X : e X Open-Match 59865 ... o
B e 16 020506 09882 .mals were van‘ed. When the identification trials o o\ 5.6178 . .
ABED o g 029890 ... b= 0 involved matching the spectrograms of 10 speak-  open-NoMatch . 60389 ...  **
E-Time-Elapsed 1 3196546 1154176 ** p. = == ers the percentage of correct responses was 93.03
-Elapsed ..... . - con o,
AE e 2 097387 3.522 s percent, When the trials involved 20 speakers the p. = 001
...... 92 1.38976 5.0 . success ratio was 91.87 precent. For trials involvin 1 The means in Table 5 are for the transformed raw data;
BE ooooehen 9 0.08860 0.3199 Results of the main effects S 0 oL ’ $ 8 the same data used in the analysis of variance reported in
CE e 4 015487 1.5574 40 speakers the percentage correct was 89.58 per- 1 .. o
ABE ... ... .....e : : . . .
ACE ... 4 0.16366 0.5909 From the results cited in Table 2 it can be seen ce.nt. Further. analysis revealed t.hat the 40 speaker
BCE ...oovoneennnns 4 002578 00931 ditional variable “type of transmission” trials were signficantly more difficult (p. =0.01) ) o _
PO 3 0.08424 0.3042 that the con ﬁltlorlaeﬁ o > 0.05) on the ability than trials involving the spectrograms of 10 or 20 Analysis revealed a significant difference (p. <
e s eC . . . . i 1 4
EITOTq L .ovnvvrnvnnne 81 0.27695 s hgd no signik cant -t P liats to make correct speakers. There was, however, no signficant differ- 0.01) in success ratios for spectrograms made at the
F-No. of Utterances 2 0.53388 2.2303 of the voice identification panelists to - k two recording sessions. Here it should be recalled
No. 028702 11993 : - YO lity, there was a slight in- ence (p. > 0.05) between the 10 and 20 speaker : ! )
AT ) 041008 17131 identification. In actuality, there f‘1 o trials, (See Table 4) that time-elapsed differences involved whether or
BF e 1 066034 27586 ° crease in the number of correct identi c?txon;cm . not the spectrogram was contemporary with the
..... - : . i TO . . . .
ﬁf}r ........... 8 0.27043 1.1297 spectrograms made - directly frpm a mic ‘ 11;5 e ' spectrogram in the identification task or non-
AGE 8 0.37140 1.5512 (92.42 percent) as compared to SPeCtrog;d hose TABSLE“ s:;—-fblﬂ;rcl;cesl :&eltw:eenwr{;;n:e; :({) SC(:::::S Re- contemporary (made at a second recording session) .
............... ‘ : A or Tasks Involving 10, n
7o) R 8 0.40998 ig;ﬁ; . volving the telephone (91.31 p:;rcelz\t) ;d noise i ¢ P When the spectrogram to be matched was contem-
ABCF .. ........ont 1(; %.E;ZZ?;’GS 1 involving 4 telephone with " ackgro e e ot ” p " porary to the spectrograms used in the identifica-
ERORL e " 748119 270616  ** (91.02 percent) but thes'e' Fh erences Number of tion tasks the percentage correct was 95.21 percent.
DE oooerirereee : 0.38760 "L4021 found to be statistically significant. . Speakers Means® 59367 58916 58148 When the spectrogram to be matched was non-
ADE ... e 4 . o B 214 Table 2 does reveal a signiﬁcant difference & " ;
BDE ..iivirerennnns q 0.46482 1.6 i 2 ‘ations of the “context” 10 ............. 5.9367 .. contemporary to the spectrograms used in the iden-
CDE ..0ovvaiennn 4 006748 02441 (p- < 0.01) between variatlo 20 ... 5.8916 oo tification task the percentage of correct responses
8 0.00163 0.3315 -ariable. The results show tha. when the spectro- 30 5.8148 e v
ABDE .o 0.14154 0.5120 vartabie. iy isolation the correct 7T was 87.95 percent.
: : rere of w isola : L .
ACDE v : 096627 0.9646 grams were of “Ord§ SPO?(en 1 1505 ) For e No significant difference (p. > 0.05) was found
BEDE -.ooovrrreee 5 W 0Als percentage of identification was 9577 percent. *o7 p. = 001 that could be attributed to the number of utter-
ABCDE ..oneennen 0 01T . d ken in a fixed context the percentage | 1 The means in Table 4 are for the transformed raw data: . .. . . .
o 162 027645 ... words Spo N . : ; o i ances of the same words as used in the identification
Errors ......oveeenen . 02.39 percent and for words spoken 1n | the same data used in the analysis for variance reported in . .
1) 4 0.60533 2.:1170 dropped to 92.39 perc 2 wage correct dipped to °  Table 2. trials. In actuality the percentage of correct re-
ADF .. ocvieinin s 8 014150 05770 a random context the percentag iple Range |: sponses for only one utterance of the words was
¥ 8 031999 12777 86.59 percent. Using Duncan's Multiple Range ¢ v
. BDF ........coonees 0.7896 86.59 1 Lo : it i . — 91.29 percent, for two utterances 90.96 percent and
E To10) 8 0.20000 i technique for making individual comparisons 1t | It will be noted from Table 2 that a significant for three utterances 92.49 percent
i ABDE e o g;ggi? 3.857; was found that the random context was significantly i difference (p. < 0.01) was found to be attributable v i )
ACDF .. ........... :2 0'1()110 0:’7634 lower (p. =< 0,01) than ecither the fixed or isolated ; to the system awareness variable. That is, if the
K%Iérn B 32 0,22085 0.8818 contexts. Further that words spoken in isolation trials involved a match and the examiners were Results of the two-way interactions
ETTOTe e eerennes 324 D2B045 ..., have a significantly higher (p. = 0.01) number of I aware that a match was there (94.48 percent cor-
52 2 1792674 6.3654  *" correct responses than words spoken in either a | rect) ; or if the trials involved a match but the ex- Table 2 reveals a significant interaction effect
ARF o ; gi(;l;gz 111731:33 fixed or random context. (See Table 3). aminers were unaware that the match existed (84.23 (p. < 0.01) between the conditional variables “con-
113 0F P AT : .
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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

System
Awarerness
Open- Closed- Closed-No
Context Match Match Match
Isolation .......... 98.46 90.79 98.05
Fixed ............. 94.65 86.47 96.0¢4
Random .......... 90.33 7541 94.03

The results cited in Table 6 conform to
expectations.
At all context 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. = 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- = 0.01) number of correct responses than the
combination “random context open-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 in all our systems
such a pattern was significant (p. = 0.05). (See
Table 7).

A significant interaction (p. < 0.05) was also
found between combinations involving “Type of
Transmission” and “Time-elapsed” variations in the
spectrograms to be matched in 2 particular identi-

TABLE 7.—Differences Between Number of Correct Responses Under Conditions of Centext by System Awareness

/1 172 1/38 2/1 2/2 2/3 - 8/1 3,2 3/3

Context/System Means! 6.1155 5.8564 6.1019 5.9919 5.6881 6.0376 5.8521 5.3089 5.9771
/L i 6.11535 i . *e s *e .
/2 i 5.8564 o s ¢ i i b .
|77 6.1019 .o . se »e i bl
2/1 e 5.9919 ¢ ¢ * M * bl ..
272 e 5.6881 hd b b L A4 »e e (1] 'Yy
2/3 e 6.0376 it .. i hid e
8/1 i 5.8521 s b * b i it .
3/2 e 5.8089 bl .. i »e "o b Pl G
3/%F i 59771 . i ¢ i R * it

*p. = 0.05,

S = 0.01.

1 The means in Table 7 are for the transferred raw dats; the same data used in the analysis of variance reported in Table 2.

fication task. Table 8 represents the percentage of
correct 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 found all these differences to be significant
(p- = 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-

126

contemporary tasks than for the same tasks at the
other two transmission levels. This difference was
found to be significant (p. == 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 all 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 tasks than for non-
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TABLE 8.—Percentage of Correct Identifications Under
Conditions of Transmission and Time-Elapsed

Non-
Con-

Type of Traasmission Contemporary temporary
(z) Microphone Only ..., ...... 94.86 89.99
(B) Telephone-Microphone. . ..., 95.68 86.93
(v) Telephone-Microphone-Noise 95.10 86.93

.

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 contemporary 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. = 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. = 0.05). (See Table 11).

TABLE 9.—Differences Between Number of Correct Responses Under Conditions of Transmission and Time-clapsed

1/1 1/2 2/1

Transmission/ / / 2/2 81 3/2
Time-elapsed Means ! 5.9981 5.8301 6.0232 5.7111 6.0066 5.7178
7 5.9981 . . °
12 5.8301 . . - . .
2/b 6.0232 . - . .
2/2 . 5.7111 . . . .. .

/1 6.0066 . , . . .
3/2 5.7173 . * . .

*p. = 0.05.

1 3 .
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 10.—Percentage of Correct Identifications Under
Conditions of Context and Time-Elapsed

Nan-

. Con-
Context Contemporary temporary
Isolation . .................... 98.77 92.76
Fixed ... ... . i i, 97.56 87.21
Random ...................... 89.30 8388

A significant interaction (p. < 0.05) was found
between “‘numbeér 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 11.—-Differences Between Number of Correct Responses for Context and Time-Elapsed Conditions

Iso/C Iso/NC Fixed/C Fixed/NC Random/C Random/N -

Context/Time-elapsed Means'  6.1249 5.9243 6.0876 5.7242 5.8155 5.6099
Isolation/Contemporary .,.............. 6.1249 ... s e el i et
Isolation/Non-Contemporary ............ 5.9243 .o e se ¢ . o
Fixed/Contemporary ., ................. 6.0876 RS it e e i i
Fixed/Non-Contemporary .............. 5.7242 b A b . hd rone
Random/Contemporary ................ 5.8155 il M i R . b
Random/Non-Contemporary .., ......... 56099 i g b A e

*p. = 0.05.

**p, = 0.01. .

! The means in Table 11 are for the transformed raw data; the same data used in the analysis of variance reported in Table 2.
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TABLE 12.—Percentage of Correct Identification Under
Conditions of Number of Speakers/Utierances

Number of

Speakers 1 Utterance 2 Utterances 3 Utterances

91.56 94.03
92.95 92.54
88.37 90.89

ber of utterances have an effect o 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 13.—Differences Between Number of Correct Responses for Trials Involving Varying Number of Speakers/Number
of Utterances

10/1 10/2 10/3
No. Speakers/

20/ 20,2 20,3 401 40/2 40/3

No. Utterances Means!' 5.9765 5.8671 5.9666

5.8298 5.9320 59131 5.8181 5.7689 5.8574

» *

*p. = 005

* 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 involving 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. = 0.05) number
of correct responses than for tasks involving non-
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TABLE 14.—Percentage of Correct ldentifications Under
Conditions of System-Awareness and Time-Elapsed

Systemn-Awareness Contemporary Non-Contemporary

Closed-Match .9 92.01
Open-Match 02 77.44
Open-No Match X 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. == 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 15.—Differences Between

.

Number of Correct Responses for Conditions of System-Awareness and Time-Elapsed

clc

CI/NG  Op/M-C Op/M-NC Op/NM-C Op/NM-NC

Awareness/Time-elapsed Means' 6.0674

5.9056 5.8690 . 5.3666 6.0914 5.9863

Closed/Contemporary

Closed/Non-Contemporary
Open/Match-Contemporary
Open/Match-Non-Contemporary .. ....... 5.3666
Open/No Match-Contemporary

Open/No Match-Non-Contemporary

*p. = 0.05.
*op. = 0.01.

3

! 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 of Correct Identifications Under
Varying Conditions of System-Awareness and Number of
Utterances

System-

Awareness 1 Utterance 2 Utterances 38 Utterances

Closed-Match . 95.68 94.50
Open-Match . 82.25 85.96
Open-No Match ... . 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 therea
significant difference (p. = 0.05) between number
of utterances, Two utterances yielded significantly
lower (p. = 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.—Differences Between Number of Correct Responses for Conditions of System-Awareness and Number of
Utterances

1,1 1/2

1/3 2/1 2/2 2/3 3,1 3,2 8/3

System/Utterances Means! 5.9481 6.0269

59847  5.6323 55382  5.6828 - 6.0441 60029  6.0696

. Y } » - L3
. .

1 *T'he 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. = 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-clapsed” 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
of Time-Elapsed and Number of Utterances

‘Time-Elapsed 1 Utterance 2 Utterances 3 Utterances

Contemporary . .... 93.28 95.92 96.43
Non-Contemporary . 89.30 86.00 88.55

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. = 0.01) than when the
matching print was contemporary. With respect to
the number of utterances, individual comparisons
revealed a significantly lower (p. = 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.—Differences Between Number of Correct Responses for Time-Elapsed Conditions and Number of Utterances

Cont/1 Cont/2 Cont/3 N-Cont/1 N-Cont/2 N-Cont/3
Time-elapsed/

Utterances Means® 5.9469 6.0296 6.0514 5.8028 5.6824 5.7733
Contemporary/l .., .. 5.946G9 e . . s .. .
Contemporary/2 ..... 6.0296 . .o .. .
Contemporary/3 ..... 6.0514 . o o o» e .
Non-Contemporary/l . 5.8028 g . s .. .
Non-Contemporary/2 . 5.6821 *e i .. R R *
Non-Contemporary/3 . 57738 *e .. L34 . .

*p, = 0.05.
sep. = 0.0l

! The means in Table 19 are for the transfurmed raw data; the same data used in the analysis of variance reported in Table 2.

Trends toward two-way interactions

There were two two-way interactions that ap-
proached significance (0.06 < 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 appear 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
variables.

The results seem to indicate clearly that type of
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TABLE 20.—Percentage of Correct Responses Under Con-
ditions of Context and Number of Speakers

Number of Speakers

Context 10 20 40
(Iy Isolation ....... 96.40 95.94 94.96
{11y Fixed ......... 93.31 92.64 91.20
(It Random ... 90.18 87.04 82.56

TABLE 21.—Percentage of Correct Responses Under Con-
ditions of Transmission and System-Awareness

System-Awareness

Closed Open- Open-No

Transnission Match Match Match
(a) Microphone .............. 9424 8699  96.04
(g) Telephone-Microphone . ... 94.60 8344  95.89

{(v) Telephone-Microphone-Noise 94.60 8225 96.19

transmission does little to deter spectrogram iden-
tification except in the open-anatch 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 Responses Under Con-
ditions of System-Awareness, Time-Elapsed, and Number
of Utterances

Contemporary  Non-Coutemporary

System-Awareness i 2 3 1 2 3

Closed-Match 95.17 98.05 97.63 91,36 93.31 91.36
Open-Match ..... 87.86 91.26 93.93 8107 7325 77.98
Open-No Match .. 9681 9846 97.74 0547 N.46 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. = 0.05) than for trials involving
contemporary 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-Awareness, Time-Elapsed and Number of
Utterances Conditions

System/
Time- 1711 1/1/2 1/1/3 2/1 1/2/2 1/2/3 2/ 22 2/1/3

Elapsed/

Utterances ~ Means' 60102 61020 60902 58360 59518 58792 57652 58710 59707
| V2 V2 S 6.0102 *
V12 6.1020 . .
Y1/3 .. 6.0902 . . .
2/ oo 5.8860 * . .
1/2/2 .......... 59518 .
1/2/3 ... 58792 . . -
2/1/1 57652 ¢ . . .
2/1/2 ... 5.8710 . . . .
2/1/3 ...l 5.9707 .
2/2/1 ... 5.4994 . . . . . . . »
2/2/2 ...l 5.2053 . . . . . . . .
2/2/3 ....oii.. 5.3949 . . . . . . . . .
8L 6.0653 . . . . .
312 .......... 6.1157 . . . . .
3/1/2 ... 6.0933 . . . .
3/2/1 .. ........ 6.0229 .
3/2/2 ... 5.8900 . . .
3/2/8 .......... 6.0459 ¢ . . .
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TABLE 23.—Continued

System/
Time- oo 22 gays AL /AR 3S 32/ 322 323
Elapsed
UncI:anc{:s Mcans! 54994 52058 53049  6.0653 61157  6.0933 60220 58900  6.0459
19277 B 6.0102 . s , N
Y12 o 6.1020 . . . R
/173 . oviienes 6.0902 . . . .
21 58860  * . . . . . .
1/2/2 o oeie. 5.9518 . . . .
1/2/3 .o 5.8792 . . . . . . -
2/1/1 oo, 5.7652 . . . . . . .
2/172 (oo 5.8710 * . . . . .
2/1/8 ... ... 5.9707 . . . o
2/2/1 ..., 5.4494 . . . . .
2/2/2 ... 5.2053 . . . . . o
2/2/3 .. 0 0. 5.3949 . . . s -
/170 ... 6.0653 » . .
3/1/2 .. ....... 6.1157 . . . .
8/1/8 .. .o..... 6.0933 . . . .
3/2/1 . ........ 6.0229 . . . o
37272 ..., 5.8900 .. L] . . . - » °
3/2/8 .......... 6.0459 . . .
*p. = 0.05.

' The means in Table 23 are for the transformed raw data; the same data used 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 perceniages of correct identifications
under the combinations of thesc variables.

The magnitude of the percentages contained in
Table 24 shows rather clearly the effects of the
“Context” variable. For every combination, the
words spoken in isolation yielded the largest per-
centage of correct identifications; there was a mod-
erate drop in terms of correct responses for words
spoken in a fixed context; and a substantial Jower-
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 spcakers. 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

10 Speakers

20 Speakers 40 Speakers

Context 1 utt 2 utt 3 utt 1 utt 2 utt 3 utt 1 utt 2 utt 3 utt
() Isolation ... ,.......... 96.61 96.76 95.83 95.99 95.06 96.76 9491 95.99 93.98
(1) Fixed .. ............. 95.06 90.59 94.29 91.51 94.60 91.82 91.82 87.50 94,29
(1) Random ..., ........ 91.20 87.35 91.98 82.87 89.20 89.04 81.64 81.64 8441

132

Trends toward four-way interactions

No significant four-way interactions were found;
however, there was one that approached significance
(0.05 < p. < 0.10). It involved the conditional

a

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

10 Speakers 20 Speakers 40 Speakers
Context I utt 2 ntt 3 utt 1 utt 2 utt 3 utt I utt 2 utt 3 utt
{1y Isolation .. ............ 96.30 94 91 94,44 96.76 95.83 98.61 97.22 98.15 95.83
(1) Fixed ... ............ 95.87 91.67 93.52 89.82 96.30 96.76 89.82 88.89 95.83
(IIy Random ............. 87.04 8843 95.37 82.87 9444 93.06 87.04 77.78 83.33

TABLE 26.—Percentage of Correct Responses (g) Transmission, Context, Number of Speakers and Utterances

10 Speakers

20 Speakers 40 Speakers

Context T utt 2 utt 3 utt 1 utt 2 utt 3 utt 1 utt 2 utt 3 utt
(I) Isolation .. ............ 99.07 97.69 97.22 96.30 96.30 94.44 91.67 9491 92.59
(Iy Fixed ................ 100.00 50.28 93.52 92.13 91.67 9120 93.52 83.80 95.83
(11I) Random .,........... 94.91 84.72 90.28 33.33 -88.89 82.87 78.24 83.33 86.57

TABLE 27.—Percentage of Correct Responses () Transmission, Context, Number of Speakers and Utterances

10 Speakers

20 Speakers 40 Speakers

Context 1 utt 2 utt 3 utt 1 utt 2 utt 3 utt 1 utt 2utt 3 utt
(Iy Isolation .. ........... 9444 97.69 95.83 94 91 93.06 97.22 9583 . 9491 93.52
(i) Fixed ... ............. 89.82 89.82 95.83 92.59 95.83 87.50 92.1% 89.82 91.20 -
(1IT) Random ............. 91.67 88.89 90.28 82.41 84.26 91.20 79.63 83.30 83.33

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
spoken in the random context regardless of the

transmission level or the number of utterances
involved in the tasks,

The variables “Number of 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 interaction of these two variables for com-
binations above their minimum levels (10 for num-
ber of speakers and 1 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
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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 ir 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
the total project.

1. Ave the spectrograms of the same words wut-
tered by a speaker on different occasions similar
enough to be 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
speaker 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; 77.44 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 maiched was contem-
porary to the matching spectrogram the percentage
correct was 93.98 percent (96.95 percent for the
closed-match and 91.02 percent for the open-
match) . These differences were all found to be
significant.

2. Is there a limilation in the time-clapsed among
spectrograms taken of the same speaker at different
occasions but speaking 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)
vs. trials involving non-contemporary spectrograms
(87.95 percent correct) . The time span represented
in the project represented the lapse of one month
between contemporary and npon-contemporary
spectrograms.

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.

8. Are the spectrograms of the same speaker of
the same words spoken on different occasions suffi-
ciently different from the spectrograms yielded by
any olher 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-
periment. 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
system 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;
for contemporary trials the percentage of error
was 2.838 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 utterances of the same
word used for voice identification alter the pro-
portion of correct identifications? If so, in what
proportion?

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 follows:
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
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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
correct 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 increwsed. It was™
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 10 and 40
speaker trials. In terms of significant interactions
between number of speakers and other variables
under examination in the project this same general
pattern was observed,

6. Does the percentage of correct responses of the
identifiers change if the spectrograms of the speaker
to be identified are among the spectrograms of the
known or not?

The best answer to this question comes from ex-
amining the nature of the difference in terms of
correct- identification for trials conducted under the
open-match system vs. those under the open-nc
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 amoy,
those spectrograms involved in the trial or not.
Analysis revealed a significant dilference between
these two systems. Then a match could be made,
the examiners were correct only 84.28 percent of
the time. When a match could not be made, the
examiners were correct 96.04 percent of the time.
It is important to note that for thc 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
94.48 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
study 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 trained examiners change with changes
in environmental conditions and contexts of the
utteved clue 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
revealed no significant effect directly attributable
to variations in transmission. The actual percent-
ages correct were as [ollows: directly into a tape
recorder (e transmission): only 92.42 percent;
through a telephone line in a quiet environment
(B transmission) : 91.31 percent and through a tele-
phone line in a noisy environment (y transmis-
sion) : 91.02 percent.

The seconid part of question seven refers to the
three context levels represented in the project
(I-clue words spoken in isolation, Il-clue words
spoken in a fixed context, III-clue words spoken
in a random context) . A significant main effect was
abserved for context. When the spectrograms were
of words spoken in isolation the percentage of
correct responses was 935.77 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
percentage 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 under 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
have a significant effect on the percentage of re-
sponses yiclded by trained examiners.

8. Is « trained person able to recognize whether
or nol spectrograms of the same word were pro-
duced by the same speaker?

This is, of course, the major question posed by
the 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-

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 bz explained in terms of two variables: panel
type and subpanel size. Panel type refers to three
nom nal classification populations from which the
proje.t examiners were drawn. Subpanel size refers
to three nominal conditions (number of persons
involied in a particular identification task) under

which data were collected for each panel type. This.

report is concerned only with identification tasks
involving the nine clue words: it, is, on, you, and,
the, I, to, me.

The selection of voice identification examiners

The parameters of the project required that the
persons used as examiners of spectrograms be drawn
from three populations. These populations were as
foilows:

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 were hired for the project
from each of the three populations. All persons
received training 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. While 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,
and 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 1.—Panel Attrition Rate for the Voic‘e Identification
Project-First Cycle*

Data collection Panel Type

period 1 I I
| .2 0 1
2 0 9 1
2 0 3 2

*Exact probability = 0.3030.

The placement of voice identification examiners
into subpanels

For the purpose of the project a subpanel of
examiners was defined in terms 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 reliabilities
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 reliabilities for each data
collection period rather than to combine all the
project data in order to determine 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 for Voice Identification
Panels By Type

Data Collection Panel Type
Period (Number -
of Utterances) 1.0 20 30
R 0.566" 0.557 0.601
2 e 0.784 0.790 0.837
R 0.674 0.793 0.748

sy — 0.05, = 0.286.

Table 3 represents the reliability estimates ob-
taired for the identification panels by size for each
data collection period.

TABLE 3.—Reliability Estimates for Voice Identification
Subpancls By 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 e 0.827 0.739 0.812
A 0.676 0.767 0.759

For the most part, the reliability estimates e
ported in Tables 2 and 3 support the assurx.lpnon
of interchangeability of 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 3x 8 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 B and
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-

140

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
g panels under study. The scores were transformed
using a square root transformation (see footnote .l) .
Table 4 represents the basic model under which
the data was analyzed (Winer, 1966).

TABLE 4.-3x 3x 3 ANOVA Design with Repeated Measures
on Factors B and D*

Source of Variation df
Between Subjects ... ... ..., na-l
A—Type of panel ...... a-l1
Subj. w. groups ......... a(n-1)
Within Subjects ........... Na (bd-1)
B—-Size Subpanel ....... b~1
AB e (a~1) (b-1)
B x subj. w. groups ..... a(n-1) (b-1)
D—1, 2, 3, utterances . ... d-1
AD e a-1) (d-1)
Dxsubl. .......co0a.nn a(n-n (d-1)
111 + ST ®-1) (@1
ABD ... ...l (1) (@1
BD x subj. w. groups ... @1 (-1 (@)
a(n-1) (b-1) (d-1)

*Assumes A, B, and D as fixed factors.

It is important to note that the “subjects within
groups” notation referred to in Table 4 represents
the three subpanel 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
nine subpanels classified by type over the three data
collection periods (Number of Utterances).

TABLE 5.—Percentage of Correct Identifications for Panels

by Type
Number of Utterances Panel Type
Used 10 2.0 3.0
oo 90.12 92.80 90.95
2 ... AN 90.74 92.13 90.02
3 93.06 91.46 92.95

Table 6 represents the percentages correct for the
nine subpanels classified by size over the three data
collection periods.

TABLE 6.—Percentage of Correct Identifications for Sub-
panels by Size

Number of Utterances Subpanel Size

Used

1 member 2 members 3 members
b 91.20 90.07 92.59
2 90.84 90.07 91.98
3 91.15 90.95 95.87
91.06 90.36 93.31

Table 7 represents the percentages correct for the
nine subpanels classified by type and size. It should
be 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 sizea 3x 3 x 3
repeated measures analysis of variance was run.
This analysis was in accord with that discussed in

TABLE 7.—Percentage of Correct Identifications for Panels By Type and Size

Number of .

Utterances -1 1-2 1-3 2-1 2-2 2-3 3-1 3-2 3-3
91.36 87.65 91.36 91.20 90.28 96.91 91.05 92.28 89,51
2 i e 92.44 85.65 94.14 91.98 93.21 91.20 88.12 91.36 90.59
< T 92.44 90.74 95.99 89.82 90.43 94.14 91,20 91.67 95.98

TABLE 8.—3x3x3 ANOVA Results with Repeated Meas-
ures on Factors B and D

Source of Variation df Mean Square  F ratio
Between Subjects: T
A—Panel Type .... 2 0.12597 0.2218
Subj. w. groups ..,. 213 0.56786
Within Subjects:
B—Subpanel Size ., 2 1.61030 *¥19.0070
AB . 4 0.67308 **7.9447
B x subj. w. groups , 426 0.08472
D-~Number of 2 0.40739 *3.0883
Utterances
AD ..ol + 0.36904 *2.8066
D x subj. w. groups 426 0.13149
BD ,.............. 4 0.18245 *2.6659
ABD ............. 8 0.36500 *+5.7331
BD x subj. w. groups 852 0.06844
*p. F=0.05.
- **n, F=001I.

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 matrix 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 subpanel types. Further analysis (using Dun-
can’s Multiple Range technique) revealed that the
three member subpanels had a significantly more
(p. < 0.01) 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 subpanels of the
same type it did not do as well as the other three
member 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 less than for three utterances
(92.49 percent), but that the only significant dif-
ference (p. < 0.05) was between utterances three

and two.

TABLE 9.—-Differences Between Subpanel Sizes via Multiple
Range Technique

2 members 3 members

1 member
Panel Size Means ! 5.8835 5.8581 5. 9543
1 member .. 5.8835 bl
9 members .. 5.8581 s . b
% members ;. 59543 " L4
s*p. = 0.01.

1 The means in Table 9 are for the transformed raw data;
the same data used in the analysis of variance reported in

Table &,

(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) Panel 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
acrass the three different number of utterances used
were not as accurate as the three member subpanels.
The one member subpanels were not as consistently
different from the three member subpanels as the

g two member subpanels.
; (¢) As was indicated previously there was a
X i significant difference among the identification pan-
i

o
RS
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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.c., their learning curves have reached 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 vary between conditions under which

.data are gathered, a strong case (t = 165.32, p. <
0.0001) cap 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 Identification examiners
perform better working alone or 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 subpanels of two members
(90.87) 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. I accuracy is really the issue, then three
examiner teams should be recommended. 1 avail-
ability is the issue then one examiner working alone
would appear to be as accurate as two-member

teams.

TABLE 10.—Di "
Diffcrences Between Panels by Type and By Size via Multiple Raixge Technique

Type 3

Type 2

Type 1

Panels

2 member me crs 1 member 2 embrers m be m ber members
CTS 3 mbers mbe membcrs 3 m ) & 1 ember 2 emoers 3

I member

5. 7 5
7805 5.9720 5.8765 5.8902 5.9775 5.8562 5.9038 59134

59177

Meuns !

Subpanel Size

Panel Type 1:

*e

*%

-

*¥

%

5.9177
5.7805

I member _ . . ...

&

2 members ... ..

LA

e

3 members ... ... ..

Panel Type 2:

¥

L2

I member |, ..., ..
2 members .

LE ]

e

*e

*%
EX

*

5.8902
. 59775

*E

3 members .., ., ..

" Panel Type 3:

LR 2

e

5.8562
59038
59134

Pt e e e

1 member

¥

2 members ...,

e

3 members ..., ..

**p. = 001

Means i able 10 a M
e i L
V n Tabl 0 are for the transformed raw (Ll[a, the sume data ue ed in the analysis of variance TCPOT[Ed le B
S = 5€ S8 Var 2 in Table 8.
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TABLE 11.—Differences Between Number of Ultterances
Examined via Multipie Range Technique

Data Collection
Period (Number

of Utterances) 1 utterance 2 utterances 3 utterances

Means'  5.8916 5.8779 5.9265
Ui 5.8916
2 i, BBTTY .
B o £.9265 . .

*p. = 0.05.

| The means in Table 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

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
examiner 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 examiners 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 ordinai level of measure-
ment (identification panels could be ranked
according to the frequency with which they com-
mitted errors of a particular type) . Statistical analy-
sis involved a three way, distribution free 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, subpanel
size and number of utterances. It will be recalled
that the total number of errors for the examiners
(9 wds.) was 1473 out 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:

1. 8.969%, were of Type A
2. 51.609%, were of Type B
3. 15.689, were of Type C
4. 23.769, were of Type D

TABLE 1.—Frequency of Errors by Type

Number Panels
Ervor of
Type Utterances 1~1 1-2 1-8 2~ 2-2 2-3 3-1 3-2 3-3
, 1 1 8 2 4 9 2 9 5 5
A 2 813 4 6 1 612 7 10
3 2 4 0 0 1 I 6 4 90
28 31 27 85 21 12 26 25 36
B ......... 2 23 38 22 33 30 26 26 33 33
3 28 86 13 40 47 25 26 25 14
1 5 13 14 7 10 8 12 4 7
C..... e b4 (1w 7 9 5 17 17 6 10
: 3 8 2 7 183 5 1 8 10 4
1 29 28 13 11 23 3 11 16 20
Do 2 7 24 5 4 8 22 10 8
3 I m| 6 135 9 1L 17 15 7

Table 2 represents an analysis of variance for the
total frequencies of Type A errors.
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TABLE 2.~Threec Way AOV for Frequency of Type A Errors

Source of Variation af x? Sig.
A—Panet Type . ....... 2 4.14205 ns.
B—Subpanel Size ,....... 2 230114 n.s.
C—Number of Utterances | 2 5.98295 ns.
AB o e i 3.22159 n.s.
BC ............ P .. 4 4.14208 n.s.
AC ., .. 4 2.30114 ns.
ABC ., ... ....... Ceraaes 8 18.80682 n.s.

The results indicate no significant difference
between examiners attributable to panel type, sub-
pancl 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
the three utterance tasks.

Analysis of type B errors

Table 3 represents an analysis of variance for the
total frequencies of Type B errors.

TABLE 3.—Threc Way ADV for Frequency of Type B Errors

Source of Variation df x? Sig.
A=Panel Type ..., ..., 2 2.22527 n.s.
B—Subpancel Size ..., L.o2 2.22527 ns.
C~Number of Utterances |, 2 0.44505 ns.
AB e 4 9.34615 nas.
BC ... e e 4 5.78571 n.s.
AC .. e .4 578571 ns.

ABC . ... Ceeeen 8 2225275 ..

The results indicate no significant difference at-
tributable to direct variations of 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
errors over the three utterances, but that there was
no consistent patterns to these differences.

The interaction between panel type and sub-
panel size approached significance (p. = 0.0534) .
Most of 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.

TABLE 4.—Three Way AQV for Frequency of Type C Errors

Source of Variation dE x? Sig.
A—Panel Type .......... 2 0.44505 ns.
B—Subpanel Size ........ 2 4.00549 ns.
C—Number of Utterances . 2 1.38516 ns.
AB 4 1.33516 ns.
BC ...t 4 5.78571 ns.
AC .o 4 1.33516 ns.
ABC .......... ... 8 21.36264 L

sep, = (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 for Frequency of Type D Errors

Source of Variation at x? Sig.
A—Panel Type .......... 2 1.35000 ns.
B—Panel Size . .......... 2 4.05000 n.s.
C—Number of Utterances . 2 8.55000 hd
AB e 4 2.25000 n.s.
BC ...... e , 4 0.45000 ns.
AC ... et e 4 0.45000 n.s.
ABC ... 8 12.6000 n.s.

AR

o Ao

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-
fact of the project.
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