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Preface

The Federal Bureau of Investigation (FBI) in March 1976
requested the National Academy of Sciences to undertake an
evaluation of the use of sound spectrograms for identifying
speakers from the sounds of their voices. The FBI observed
that the preceding 15 years had brought about an expanding
use of voice identification technology and that several
kinds of related scientific experiments had been under-
taken. Further, courts of law at various levels had
ruled both for and against admitting evidence based on
sound spectrograms, and persons who offered services in
analyzing and testifying on speaker identification had
established a professional organization of such practi-
tioners. These developments had been paralleled by a
widening controversy about the reliability of the tech-
nology and the admissibility of the resulting testimony.

The National Research Council in July 1976 appointed
the Committee on Evaluation of Sound Spectrograms and
charged it with conducting a study responsive to the re-
quest from the FBI. The Committee was organized under
the Assembly of Behavioral and Social Sciences of the
National Research Council. The Committee's activity to a
large extent has consisted of informal, candid discussions
among the Committee members, the study director, consul-
tants, and several score persons who met with the Com-
mittee in open meetings. Further details about the
Committee's activity and biographical information about
the members appear in Appendix E.

The Committee during its first meeting discussed
technical implications of the FBI request and agreed that

vii
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viii PREFACE

it would attempt to fulfill its responsibility by under-
taking five tasks: .

1. Examine talker-related characteristics of speech,
their representation by sound spectrograms, and their
use in the task of identifying voices.

2. Consider error rates involved in identifying voices
by the use of information contained in speech sounds and
study the factors that influence the error rates.

3. Suggest new or improved methods for identifying
voices by the use of information contained in their speech
sounds.

4. Describe the training of voice identification
examiners and seek improved methods of training and test-
ing the examiners.

5. Search the relevant scientific and legal literature,
describe existing data bases for evaluating techniques of
voice identification, and prepare a review paper and
bibliography.

The Committee decided not to examine certain related
topics that are important in their own right but are not
essential to the Committee's task (see Appendix D). The
excluded topics relate to such questions as: whether a
tape recording is authentic or has been tampered with;
what information a tape recording contains and how the in-
formation might be recovered; whether invasion of privacy
has occurred in making a recording; and how to determine
from a recording whether the speaker was under stress and
whether the speaker was lying or telling the truth.

In making the study reported here, the Committee has
attempted to maintain consistently the distinction between
concepts about facts and concepts about values and to
express the distinction unambiguously through the precise
use of words we adopt to denote the concepts. We use the
words accuracy and error to designate facts, usually of a
statistical nature, that can be measured or estimated ob-
jectively. We use the words reliability and acceptability
to designate value judgments as to whether information of
a given accuracy or error rate is satisfactory for a par-
ticular application.

The accuracy or error rate that is judged acceptable
in voice identification can vary greatly depending on the
consequences of correct and incorrect identification deci-
sions. The judgments concerning reliability and accept-
ability should be made by the judicial or legislative body
that carries the responsibility and authority to determine
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Summary

This report presents a unified discussion of technological,
legal, and scientific aspects of voice identification as
practiced at present and as might be improved in the future.
In today's practice an examiner listens to recorded voice
sounds and looks at voicegrams, which graphically represent
certain features of voice sounds, in an effort to match
voice samples from an unidentified person with voice samples
from one or more identified persons. The technology used
in transmitting, recording, reproducing, and analyzing the
sounds was developed for purposes other than voice identi-
fication. The present practice is based on limited knowl-
edge about properties of voice sounds and is conducted
largely as an empirical art in which the examiner acquires
skill through extensive training and experience. For a
given pair of samples, the examiner typically gives one of
several alternative reports, indicating either no decision
or that the samples do or do not match each other with

some stated level of confidence in the decision.

Courtroom cases in which witnesses have offered testi-
mony on voice identification by this aural-visual method
appeared first in 1966 and had numbered more than one
hundred by the time this report was written. The judicial
responses have varied widely, with rulings both admitting
and rejecting voice identification evidence. To some
extent, the various legal viewpoints have reflected various
technical viewpoints regarding the relative accuracy to be
expected of voice identification under various forensic
and experimental conditions.

Scientific research in phonetics and acoustics has

1
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produced considerable information about speech sounds as
related to the speech message but relatively little infor-
mation about the sounds as related to the identity of the
speaker. The practice of voice identification rests on

the assumption that intraspeaker variability is less than
or different from interspeaker variability. However, at
present the assumption is not adequately supported by scien-—
tific theory and data. Viewpoints about probable errors in
identification decisions at present result mainly from
various professional judgments and fragmentary experimental
results rather than from objective data representative of
results in forensic applications.

The Committee concludes that the technical uncertainties
concerning the present practice of voice identification are
so great as to require that forensic applications be
approached with great caution. The Committee takes no
position for or against the forensic use of the aural-
visual method of voice identification, but recommends that
if it is used in testimony, then the limitations of the
method should be clearly and thoroughly explained to the
fact finder, whether judge or jury.

Because the method is likely to continue being used to
some extent in forensic applications, the Committee recom-
mends the application of certain knowledge and techniques
that are available now and could improve the method in
the near future. For the same reason, the Committee points
out that further improvement of the method in the more
distant future could result from the use of new knowledge
gained through research along lines suggested in the
report.
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The Technology and
1 Practice of

Voice

Identification

As early as 1660 a witness identified a defendant by his
voice,!

Not until 1937 did voice identification receive scien-
tific study.2

Telephony introduced the possibility of voice identifi-
cation at any distance.

Sound recording provided the possibility of voice
identification at any time.

A new instrument, the sound spectrograph, in the 1940s
added the sensory capabilities of vision to those of hear-
ing in performing voice identification.3

In 1966, for the first time, a court of law admitted
voice identification testimony based on spectrograms of
speech sounds."

BACKGROUND

Figure 1 shows three samples of speech sound spectrograms
made by a commercially available sound spectrograph. This
device performs a frequency analysis of a signal and dis-
plays the frequency spectrum of that signal as a time-
varying pictorial representation. In these samples the
horizontal axis represents time; these samples show a
segment of speech lasting about two seconds. The vertical
axis represents frequency; these samples show a range of
about 100 to 4000 Hz (hertz or cycles per second). The
relative darkness at any point represents the relative
sound level at that frequency at that time; in these

3


http://www.nap.edu/catalog.php?record_id=19814

H“

TH L, 08 18 AL & Vo 00 ND EER L C RO R S m

Speaker A: Day 1

ey )

4. I]i b l | Hk!lf

l”‘m( HML B ILH i

THVLaS {s:A SISO ROESPEICT IRGGTREA

Speaker A: Day 4


http://www.nap.edu/catalog.php?record_id=19814

Speaker B: Day 1

FIGURE 1 Three samples of speech sound spectrograms.
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spectrogram samples the relative darkness of the markings
represents a range of about 24 decibels of sound level.

The three samples come from male speakers saying, "This
is a sound spectrogram." The spectrograms on page 4 come
from Speaker A; that on page 5 comes from Speaker B.

These samples show that two utterances of the same speech
material spoken by the same person can produce distinct
differences in the spectrograms and that larger differ-
ences can appear when the same material is spoken by a
different person. In some cases, the opposite can be
true: the spectrogram samples obtained from two different
persons can look more alike than two samples obtained
from the same person. How to measure the differences and
how to deal statistically with same-person and different-
person spectrograms are basic questions raised in this
report.

Visual displays such as the speech sound spectrograms
shown here permit examination in a manner different from
that afforded by listening to the sound. The eye can
wander around the picture and across the time and frequency
dimensions in an unconstrained way, and thereby can seek
and examine small details in the physical features of the
speech sounds represented graphically. In a different way,
listening to the speech offers a natural and long-practiced
ability to assimilate information about the meaning,
nuances, dialect, and identity of the speaker. Of course
neither the spectrogram examined nor the sound heard con-
tains any voice information that was not present in the
original speech signal.

When used forensically, speech spectrograms often have
been called voiceprints, a term that implies that they are
like fingerprints. Actually the two are fundamentally
different from each other. A fingerprint is a direct
graphical representation of anatomical features, the ridges
in skin. The pattern of ridges for a given person remains
essentially unaltered throughout that person's lifetime, and
never has a case of duplication of two different fingers
been discovered.?®

In contrast to fingerprints, a speech spectrogram is
an indirect representation of a complex process that pro-
duces voice sounds.® The process of speaking involves
anatomical relationships and physiological and psychological
influences that can vary from utterance to utterance spoken
by the same person and can change markedly with age. More-
over, the physical system that detects, transmits, records,
and prints the voice information can affect the final
graphical picture in major ways. In view of these


http://www.nap.edu/catalog.php?record_id=19814

Technology and Practice 7

fundamental differences between the two kinds of evidence,
this report refers to spectrograms of speech sounds as
voicegrams rather than voiceprints.

Further, the Committee has chosen to call the subject
of this report voice identification rather than speaker
identification. In principle, two different persons could
have voices that are not distinguishable from each other
within the limits of measurement precision available.
Acoustical analysis, whether performed by listening to
speech sounds or by looking at voicegrams, gives direct
information about a voice but only indirect, inferential
information about the identity of the person talking. The
probability of correct identification of a speaker depends
both upon the probability of a match between a specified
voice and the voicegram it produces, and upon the prob-
ability of a match between that voice and the person to
whom it is attributed.

Voice identification aided by voicegrams is a technical
specialty that has become widely known in legal and investi-
gative professions. During the past two decades the prac-
tice of voice identification has emerged as a new
professional activity involving visual examination by
looking at voicegrams and aural examination by listening
to recorded speech sounds. The practice and technology
have been applied to laboratory investigations and court
proceedings concerning a variety of crimes, including kid-
napping, murder, extortion, and the sale of narcotics.
Courts have disagreed about whether testimony based on
voicegrams should be admissible and if so under what cir-
cumstances. These and other legal aspects are discussed
in Chapter 3.

EQUIPMENT AND PROCEDURES

The following description of present practice briefly
describes the procedures currently recommended by the
International Association of Voice Identification (IAVI),
which is the only formally organized association for per-
sons now practicing voice identification. A more detailed
description of its recommended procedures is contained in
Appendix A. IAVI is engaged in a continuing process of
upgrading its recommended training and professional pro-
cedures in voice identification.

The present practice of voice identification as usually
performed involves aural and visual comparisons of one or
more known voices with an unknown voice. The aural
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examination consists of listening to recordings of known
and unknown voices in order to observe general similarities
and differences, to screen out less useful samples, and to
index the recordings that are useful for further study.

The visual examination consists of analyzing and comparing
the acoustic patterns of the voices as portrayed in their
voicegrams. The examiner attempts to compare the acoustic
patterns of identical speech elements only, such as the
same phonemes, syllables, or words in each of the different
voicegrams., Further, the examiner attempts to compare the
speech elements within the same speech context, as is the
case when the elements being compared were spoken within
the same sentence or phrase, or when the elements were
spoken in isolation, without any other speech sounds
closely preceding or following the elements.

The equipment typically used in present practice includes
tape recording and playback equipment and a sound spectro-
graph for making the voicegrams. Samples of known voices
are recorded for use as exemplars to compare with the un-
known voice sample. Sometimes the examiner uses special
playback equipment that permits rapid shifting back and
forth between two samples of speech for detailed compari-
son. Sometimes special filters are used to block out an
extraneous tone, such as hum from electrical lines, or to
eliminate noise in frequency ranges that do not contribute
usefully to the speech sound analysis.

Either the examiner or another qualified person records
the exemplars of the known voices, using procedures that
have been evolved to obtain speech samples that are reason-
able representatives of the known voice. The examiner or
other qualified person should attempt to duplicate the
physical circumstances associated with the unknown call.

As soon as the voice exemplars have been recorded, they are
carefully labeled and safeguarded to ensure that each exem-
plar is correctly identified with the voices that produced it.

Next the examiner uses the sound spectrograph to prepare
the voicegrams for visual analysis. The known and unknown
voice samples are played back into the spectrograph instru-
ment. The examiners use their experience and general prin-
ciples concerning contrast, darkness, and shading of the
graphical images to adjust the spectrograph to yield voice-
grams of "satisfactory"” quality. Attempt is made to sup-
press extraneous noise and to enhance high-frequency
information, which is believed to be of special value for
voice identification. Each voicegram is labeled with the
identification of the known voice or with the word "un-
known." Also marked on the voicegram is the name of the
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case, the date on which the print was made, and a serial
number.

The examiner prepares a voicegram for examination by
writing each syllable and word in the speech directly below
the associated graphical marks in the voicegram. This in-
formation may be shown in normal spelling of the words, or
in phonetic symbols, or both. A professional examiner is
expected to perform this task with precision, because
reliable voice identification requires correct association
of each speech word and syllable with its corresponding
pattern in the voicegram.

The actual examination usually starts with simultaneocus
looking at the voicegram and listening to the speech sound.
The examiner concentrates on a particular segment of the
speech that appears in both the unknown and the known voice
sample, and switches back and forth as often as need be to
arrive at a decision. If more than one known voice is in-
volved, the procedure is repeated to compare each of the
known voices with the unknown one. Sometimes comparisons
among several unknown voices are made to determine whether
they are likely to belong to the same person.

In carrying out the procedure, the examiner looks for
unusual patterns that might be particularly important clues
for identification. Especially, the examiner attempts to
determine which dissimilarities in the voicegrams arise
from interspeaker variability, indicating voices of dif-
ferent persons, and which dissimilarities arise from
intraspeaker variability, indicating different utterances
of a word spoken by the same person. In analyzing these
clues and reaching a decision about voice identification,
the examiner uses both the aural and the visual informa-
tion but does not as a rule report guantitatively the
relative weights given to the aural and visual parts of
the examination.

Examiners are allowed to use as many samples of the
voices as are available. Usually the examiners may take
as much time to reach a decision as they consider neces-
sary. After an examination is completed on a direct
comparison of two voices, the examiner reports one of the
following decisions:

Positive identification
Probable identification
No decision

Probable elimination
Positive elimination
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Procedures for training voice identification examiners
are defined only loosely at present, and they allow con-
siderable latitude as to the trainee's background, previous
training, and interaction with a mentor during the training
period. Two introductory training courses are currently
available. Persons taking these courses are expected to
augment them by taking certain courses in speech science,
by working in voice identification analysis under an appro-
priate mentor, and by engaging in traineeship for a period
of at least two years (see Appendix A). The professional
community of voice identification examiners considers a
person suitably qualified to join their ranks when the
person completes the training activities listed above,
receives a mentor's recommendation as being proficient
in voice identification, and passes an examination.

PRESENT STATUS

At the present time, the technique of voice identification
is a practical methodology that is rather widely used,

but that lacks a solid theoretical basis of answers to
scientific questions concerning the foundations of voice
identification. This disparity between practice and
theory appears to be recognized by practitioners and sci-
entists involved in the field of voice identification.

A crucial scientific question is that of speaker vari-
ability. Even though acoustical measurements can show that
a person rarely if ever speaks the same word in exactly
the same way twice, not much is known about the statis-
tical description of the variability in a person's speech.
Apparently even less is known about the variability of the
sounds produced by different persons when they speak the
same word. Without knowledge of the sources of variability,
its effects on voice identification cannot be predicted or
controlled with assurance. These unanswered questions about
statistically valid representations of voice populations
amount to a crucial shortcoming, because the very foundation
of voice identification is the assumption that intraspeaker
variability is less than interspeaker variability. Indeed,
variability underlies essentially all aspects of the theory
and use of voice identification.

The Committee recognizes that the problem of variability
could be dealt with in a purely statistical manner, without
consideration for the physical sources of speech sounds
and their variability. The statistical approach would in-
volve the accumulation of data from a representative sample
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of speakers, words, speech sounds, biological and cultural
influences, speaking environments, and other statistically
significant variables. Such variables would be determined
from the body of data itself, through the use of such
techniques as multivariate analysis. The Committee be-
lieves, however, that a direct study of the anatomical,
physiological, and cultural influences on the speech sounds
and their variability would lead more efficiently to an
adequate understanding of voice identification, and prob-
ably would provide a level of confidence and practical
guidance that could not be reached by the statistical
approach alone.

Notwithstanding the gaps in fundamental knowledge,
practitioners of voice identification during a period of
some 15 years have accumulated a considerable body of
knowledge based on practical experience gained in forensic
investigations and courtroom proceedings. Some of the
practitioners have documented their experiences in voice-
gram analysis and testimony, and some members of the legal
profession have published case histories of voice identifi-
cation from the point of view of the law.’ Several prac-
titioners and scientists have reported laboratory studies
of procedures and problems suggested by the practical
applications of voice identification. The expanding
literature has provided some guidance for empirical
improvements in voice identification and also has served
as a forum for discussion of legal aspects, including ques-
tions concerning admissibility, weight of evidence, and
definition of expert, as related to voice identification
based on the use of voicegrams.

This disparity between the state of development of the
theory of voice identification and the state of development
of the practice of voice identification is not uncommon in
the evolution of a new technology. Voice identification,
with its empirical advancement and its inadequacy of basic
knowledge, is now at the stage of an empirical art and is
moving toward the stage of an engineering practice. The
final stage would be that of a fully developed technology
based on science.

The development of an empirical art often starts with
the emergence of a new device that suggests a new way to
solve an existing problem. In this case the invention of
a device for making sound spectrograms prompted their
application to voice identification, even though this use
was not the one for which the device originally had been
designed (see note 3). As with any art, the forensic use
of voicegrams has evolved mainly by trial and error. The
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voicegram examiner has engaged in long periods of training,
using voicegrams from known sources, and thereby has devel-~
oped skill at detecting similarities and differences among
speech samples that were known to come from the same
speaker or from different speakers.

A practical problem for any art is that of assessing
the performance that the new device or a method involving
that device can deliver when used by the "very best"
examiner, under the most favorable set of realistic cir-
cumstances. The result can be used, at least temporarily,
as a measure of the greatest accuracy that the device or
method itself can yield. A related problem is that of
measuring the relative performance of other examiners.

In voice identification, the sound spectrograph and the
visual examination of voicegrams represent a device and

a method that are used to augment the familiar method of
listening to recorded samples of voices. However, the re-
sults reported to date do not appear to contain indepen-
dently verifiable, empirical measures of the accuracy with
which voicegram-aided identification can determine whether
two samples of speech were uttered by the same person or
different persons.

The engineering practice of voice identification may
evolve as objective measures for assessing performance are
developed empirically and as the methods of training and
practice are improved. The third stage, that of a tech-
nology with a solid scientific basis, requires the parallel
evolution of the science underlying voice identification.
Although beginnings in this evolution have been made and
several major scientific problems have been identified,
the relevant information now available does not provide an
adequate basis for the Committee to predict whether, and if
so, when, the aural-visual process of voice identification
will become a fully developed technology based solidly on
science.

NOTES

1. Hulet's trial, 5 Howell's St. Trials 1185, 1187 (1660)
(one of the trials of 29 men for high treason in the
death of Charles I).

2. McGehee, F. (1937) The reliability of the identifica-
tion of the human voice. Journal of General Psychology
17:249-271.

3. Potter, R. K. (1945) vVisible Patterns of Sound. Bell
System Monograph #1368 102:463-470, Potter, R. K.,
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Kopp, G. A., and Green, H. C. (1947) Visible Speech.
New York: D. van Nostrand (reprinted by Dover).
People v. Straehle, No. 9323/64 (Sup. Ct. Westchester
County, 1966), noted in 12 NEW YORK L. F. 501 (1966).
Cummins, H., and Midlo, C. (1976) Finger Prints,
Palms and Soles: An Introduction to Dermatoglyphics.
South Berlin, Mass.: Research Publishing Co. (first
published by Blakiston Co. in 1943).

In this report the word voice is used in its common
meaning to include all the sounds of speech. In the
science of phonetics the word voice is used tech-
nically to mean the sounds produced by vibration of
the vocal cords, and does not include the sounds
produced purely by airflow and friction.

For example, Jones, W. R. Danger--Voiceprints Ahead.
11 AMERICAN CRIMINAL LAW REVIEW 549 (1973). Greene,
H. F. Voiceprint Identification: The Case in Favor
of Admissibility. 13 AMERICAN CRIMINAL IAW REVIEW
171 (1975).
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Scientific

2 Aspects of
Voice
Identification

The practice of voice identification, as described in the
preceding chapter, depends for its accuracy on the skill
and judgment of the voicegram examiner. The skill and
judgment, in turn, are developed mainly through extensive
experience in comparing voicegrams. Clearly, so much
experience would not be needed if explicit and objective
criteria were available for making "match" versus "no-
match" decisions. No amount of experience would suffice,
however, if implicit criteria did not exist, that is, if
voices did not somehow represent their speakers. The
nature of these underlying relationships between voice and
speaker must be discovered to provide a scientific basis
for voice identification. In order to get at these rela-
tionships, we shall look again and more closely at what
voicegram examiners are really doing when they use voice-
grams in making a voice identification.

THE TASK OF IDENTIFYING VOICES

Listening is the initial task. Indeed, it might be the

only task if the voices of the known and the unknown persons
obviously differ from each other as to the sex of the speaker,
dialect, or other gross characteristics, in which case, the
voice identification examiner might not be called in at all.
Therefore, the examiner is more likely to be called in when
close similarities exist between the two voice samples,
suggesting a single speaker, or perhaps when attempts at
voice disquise are suspected. Thus, in real-life situations,
the examiner is likely to get more "difficult" cases than
"easy” cases.

14
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What is the examiner listening for, when comparing re-
cordings of a known and an unknown voice? The samples,
taken overall, can give both general impressions and
specific information about dialect, speech defects if any,
and speech habits such as pauses, hesitation sounds,
phrasing, inflections, and the like. For closer compari-
sons, using brief voice samples that are matched as to
the words spoken, the examiner can listen for phonetic
detail as well as for peculiarities of pronunciation.

It is for these closer comparisons that voicegrams are
also used. Voicegrams provide a permanent record for scru-
tiny. The record shows an analysis representing the com-
ponent frequencies and intensities in the time-flow of
speech, patterns that the ear cannot record as such. But
looking at a voicegram prompts the same questions as
listening to the speech: what features characterize the
speaker, what features characterize the words that were
spoken, and how can these different kinds of information
be separated?

For both looking and listening, much more is known
about the features that characterize speech than about
the features that characterize the speaker. Moreover,
the inherent advantages of voicegrams are offset in large
part by the fact that scientific knowledge about what to
look for in the voicegram is scantier than knowledge about
what to listen for in the speech sounds. This shortcoming
is hardly surprising, because phonetics and dialectology
were mature disciplines long before the sound spectrograph
was invented. What might seem surprising is the lack of
a mature scientific discipline for analyzing speech in terms
that characterize the speaker, analogous to the science of
phonetics for analyzing the speech sounds.

Clearly, then, one of the crucial problems--if voice
identification is to progress from an art to a science-
based technology--is to discover what aspects of voices
point most directly and accurately to the identity of the
speaker. Answers are needed for the listening task and
even more so for the looking task.

Some progress is being made (see Appendix B), but the
difficulty of the problem, especially with voicegrams, can
be appreciated by comparing it with the related problem
of discovering what aspects of speech serve to identify
the phonetic elements of the message. After 30 years of
research on this problem, acoustic phonetics has barely
reached the stage at which it can tell a computer how to
decipher a spoken message by reading the corresponding
voicegram.
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However, knowledge about the acoustic cues for recogniz-
ing the words of a message is very helpful, albeit in-
directly, in identifying voices. Such knowledge tells the
examiner what similarities to ignore when comparing two
voicegrams of the same word. One of the initial chores is,
of course, to find and label those patterns in the voice-~
gram that are similar because the word spoken was the same.
Can the examiner then expect two patterns of the same word
to be identical if, in fact, they were spoken by the same
person? Actually, the two patterns are never exactly the
same since even the same speaker will say the same thing
variously on various occasions, but the patterns will be
generally similar since the words are the same.

The examiner's task, then, is not to look for identical
elements, but rather to look for similarities that would
not be expected simply because the words are the same.
Also, the examiner must find no differences that are
greater than would be expected from a single speaker.

Only then can the examiner conclude: "same voice."

Variability

The fact that voicegram patterns will differ even for the
same speaker repeating the same word is crucial to voice
identification. If the range of variability for a single
speaker overlaps that for a different speaker who may
happen to sound rather like the first, then decisions
about voice identification become difficult if not highly
uncertain. Thus, as already noted in the first chapter,
the very foundation of voice identification is the assump-
tion that intraspeaker variability is less than inter-
speaker variability. Moreover, variability per se underlies
essentially all aspects of the theory and practice of voice
identification.

Interspeaker variability of the kind just considered
sets voice identification far apart from fingerprinting
and may make voice identification more closely analogous
to the identification of handwriting. The fact of vari-
ability raises questions about its sources. The sources
of variability need to be known if the inevitable differ-
ences in voicegrams are to be explained away in attributing
two non-identical patterns to the same speaker. Sources
of variability certainly exist within individual speakers
themselves, as already noted, but many other sources can
also contribute to differences in the voicegrams.

The coexistence of interspeaker and intraspeaker
variabilities raises further questions about how examiners
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cope with inherently contradictory aspects of the voicegram
matching task. With what expectations do they approach the
task? Will they be influenced more by points of similarity
than by points of difference?

After the examiner has reached a decision that is as
careful and free of bias as he can make it, what are the
chances that the decision may be incorrect? It can be in-
correct in two ways. The decision that two voicegrams
match when they do not is called an error of false identifi-
cation, and the decision that two voicegrams do not match
when they do is called an error of false elimination.

What are the chances of false identification and false
elimination? How well can the chances of error be esti-
mated? How easily or effectively can the chances of error
be reduced?

All these questions bear on the accuracy of voice iden-
tification when practiced as an art by examiners whose main
qualification is experience. The same questions serve also
to define domains in which science now has, or could have,
a significant role in improving voice identification. The
following sections of this chapter will deal in turn with
what is known, and also what needs to be known, about each
of these questions.

Sources of Variability

The Speaker? We can improve our understanding of speaker
variability by making a brief digression into the nature
of spoken language. Since the primary aim of speech is
communication, the speakers of a given language use a common
set of words and a common set of speech sounds to identify
the words. Thus, when a person speaks a word or phrase,

he or she tries to produce sound patterns like those of
other speakers of the dialect. But only certain aspects
of these sounds need to meet this social norm and to remain
the same when the same word is spoken on different occa-
sions.

For several reasons, certain aspects of the sound pat-
tern for any particular word may be different on different
occasions. For different speakers, the vocal anatomy may
be different. Regardless of the speaker, some aspects of
the sounds are nonessential in that they are not used to
identify words, so speakers are free to produce them in
various ways. Different speakers may well develop char-
acteristically different habits in using these nonessen-
tial aspects, or a single speaker may show considerable
variation in their use from one utterance to another. This
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freedom allows a speaker substantial latitude in fitting
speech to a situation, to a mood, to the interpersonal
relationship of the speaker and the listener, and even to
a temporary emotional state and to health.

All these submessages about the speaker, including the
message about identity, are merged into the complex sound
stream called speech, but they do not fall neatly into
separate sets of acoustic features that correspond to the
various submessages. Yet recovering one of these sub-
messages is the essence of voice identification: the
task is to tease out from the tangle of sound patterns
those features that correspond to the speaker's vocal
anatomy and habits of forming speech sounds, since these
may serve to characterize him as the speaker.

In forensic situations, the difficulty in recording
suitable exemplars of a suspect's voice has already been
noted; this difficulty is but one example of the ways in
which circumstances, emotional states, and formal versus
informal modes of speech can introduce variations that
must somehow be taken into account in comparing two voices
and their voicegrams.

A special class of variations occurs in a person's
speech when he is attempting to disguise his voice or to
mimic another speaker. Several studies have been made of
mimicry.3 They show, in general, that mimics differ in
how, and how well, they impersonate voices. These studies
also show that the deception is usually less easily detected
by listening than by looking at voicegrams.

The alternative to recognizing and making allowance for
a wide range of intraspeaker variabilities is, of course,
to isolate aspects of speech that reflect most directly
those things about the speaker that are distinctive and
unchanging. The best candidates are those physical char-
acteristics of vocal tract over which the speaker has
least control, such as the resonant characteristics of the
nasal passages, and those articulatory gestures that are
so deeply ingrained as habits or are so rapid that they
are no longer under voluntary control. Some of the research
in these areas is discussed in this chapter in connection
with automatic speaker recognition and verification and
also in Appendix B.

The Message Path In the usual forensic situation, samples
of the unknown voice are obtained from recordings of tele-
phone calls. There are numerous ways in which the speaker’'s
voice can be affected, or distorted, or contaminated by
noise before it reaches the voicegram examiner for
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comparison with recordings of known voices. Even the known
voices are subject to some of these changes. The effect,
of course, is to introduce variations into the voice
samples in addition to those due to the speakers themselves,

Figure 2 shows where sources of variation are to be
expected, not only in the speaker but also in the trans-
mission path and the instrumentation through which the
speech passes on its way from speaker to examiner. Also,
the figure points to other problem areas that will be dis-
cussed in later sections of this chapter.

Some of the things that can affect the speech message
along its path from speaker to sound recorded are the
acoustics of the enclosure within which the sounds were
spoken, such as room noise, echoes, and the like; the
telephone or microphone that converted the signal from
acoustic to electrical form; the electrical transmission
path, usually telephone lines and exchanges or a radio
link; and any receiving equipment preceding the sound
recorded. The effects of these path elements are well
understood in general, but in certain situations the ef-
fects may be understood only in part or not at all because
essential information is missing. For example, the presence
of an echo may be recognized as an interference, but its
specific effect on voice identification may not be deter-
minable because of a lack of information about the room
in which the voice sounds were uttered. In some cases,
the properties of the telephone transmission line may be
unknown. In any case, the distortions, added noise, and
loss of higher frequencies are often severe and can add
substantially to the difficulties of making voice compari-
sons by ear or by voicegram.

Much the same can be said about the changes caused by
recording and analyzing equipment, especially if these
devices are not suited to the task or are not properly main-
tained and used. As a practical matter, the sound recorder
is often the component that does most damage to the speech,
as for example when a threatening call to a police station
is recorded on a "logging" recorder at low tape speed and
with correspondingly low quality. At the next stage,
spectrographic analysis of the recording allows a substan-
tial range of instrumental adjustments that affect the
appearance of the voicegram. These adjustments are avail-
able to help the examiner make the best possible use of
the available speech recordings, but improper use of the
adjustments can further degrade the sample or even influence
voicegram comparisons.

Appendix B contains further discussion of these sources
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of the variability in the message path and the instruments.
In one of the experiments described in Appendix B, Clarke
et al." obtained a result that deserves mention here. The
experiment, which involved listening only, measured the
decrements in speaker identification and also in speech
intelligibility that occurred when noise was added to the
speech or when the higher frequencies of the speech were
removed. Degradation of the speech signals both by noise
contamination and by frequency restriction produced greater
changes in speech intelligibility than in voice identifica-
tion. For high-quality conditions of only slight degrada-
tion, the intelligibility score was higher than the
identification score; for large amounts of degradation,

the percent intelligibility was lower than the percent
identification. These results suggest that the intelligi-
bility rating of degraded speech is not a reliable indicator
of its usefulness for voice identification; also, that the
sound features and perceptual processes involved in the two
listening tasks are probably quite different.

In general, the effect of the various sources of vari-
ability on the examiner's task is to make it substantially
harder. In most cases, the cause of the speech degradations
lies not in the lack of adequate technical capabilities but
in the realities of practical situations.

The Examiner In the examiner's task of deciding about
matches, as in the speaker's performance, we are dealing
chiefly with human variability. Hence, the sources are
harder to identify and the ranges of variation are harder
to measure, than for the technological sources we have
just been considering. Another way to put this general
point about the examiner is to observe that the decisions
are "subjective" and therefore likely to be variable,
even though such "objective" aids as a spectrograph and
voicegrams are used. This emphasizes an obvious point but
an important one, namely, that the decision about a match
between two voicegrams is made by the examiner and not by
the spectrograph. Moreover, the decision involves a care-
ful weighing of data that have conflicting implications and
so it is not surprising that two examiners may reach dif-
ferent decisions by giving different weights to the simi-
larities and differences they find in the same voice samples.
There are several factors that might lead different
examiners to different conclusions about the same set of
recordings. Some of the factors arise from differences in
training and experience. For example, we might expect an
examiner who is especially familiar with dialects and
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phonetic transcription to give particular attention to
the voice recordings, whereas the examiner who knows more
about acoustic phonetics may concentrate on the similari-
ties and differences in the voicegrams. Likewise, dif-
ferences in familiarity with sound recording and
communications technology would make some examiners more
skillful than others in interpreting instrumental dis-
tortions of the speech samples. In general, overall
experience with real-life cases will differ from examiner
to examiner. All these factors, specific to the voice
identification task, are of course imposed on the usual
differences to be found within any group of persons as

to intelligence, integrity, and good judgment.

In addition to these evident differences among
examiners considered as a group, personal characteristics
affect the decisions each would make. For example, differ-—
ences exist in the self-assurance with which an examiner
approaches various tasks. The differences reflect both
personality and assumptions or knowledge about the specific
case. Thus, some examiners may be more conservative in
making a positive identification when the charge is a
serious crime than when it is a minor crime. Also, in
many cases, voice identification is only one part of the
total evidence, and knowledge about the other evidence
might influence, even if subconsciously, the examiner's
view of the similarities and differences found in the
voice samples.

Dealing with so many ill-defined sources of variability
might seem to be impossible. Yet the problem of estimat-
ing the performance of a human decision maker in tasks some-
what similar to the matching of voicegrams has been defined
scientificially and studied in depth. The underlying
principles are often referred to, collectively, as statis-
tical decision theory. Because it offers a promising
alternative to the approaches used thus far in studying
the accuracy of voice identification, the methods of
decision theory in general, and the method known as the
Receiver Operating Characteristic (ROC) S in particular,
are presented in this report. A general description of
the ROC approach appears later in this chapter and details
are given in Appendix B.

THE RELATIONSHIP OF VARIABILITY TO ERROR RATES

The overall effect of variability is to increase the
probability of error in the final voice identification
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decision. The effect is a complex one because the differ-
ent sources of variability have different quantitative
effects and they differ also in the kinds of error they
are most likely to cause. Speaker variability may result
in speech samples that differ so much as to be judged "no
match” even though they come from the same speaker. Vari-
ability in the message path or in the processing instru-
mentation can simply degrade the speech samples in such

a way as to decrease the accuracy of matching, or the
variability may distort the speech in ways that could

lead directly to an erroneous decision. These kinds of
variability all affect the data on which an examiner bases
decisions, and further variability is introduced by the
decision-making process itself. The errors resulting

from variability can be of either type, errors of false
identification or errors of false elimination.

The examiner's task is to detect and discount these
kinds of variability as well as to find and interpret
correctly the real similarities and differences between
samples. Variability in the examiner's performance is
bound tc increase the chances of some kind of error. But
errors in the decision process can go either way: the
examiner can fail to detect a match between voice samples
from the same speaker or can decide, incorrectly, that a
match exists between samples from different speakers.

In the practical uses of voice identification, and
especially in its legal uses, the crucial questions are
how large the errors are iikely to be in the given circum-
stance, how they can be estimated, and how accurately they
can be estimated. Such questions will tend to resolve
themselves when voice identification moves from an art
toward a technology solidly based on knowledge of the
features that characterize a speaker regardless of varia-
tions in voice production or transmission. At present,
dependable voice features are not known and the examiner's
task remains largely an empirical art. How, then, can one
estimate the probabilities that a reported decision is
correct or incorrect?

The usual approach has been to conduct experiments
aimed at evaluating the voicegram method, either alone or
by comparison with simple listening. With one exception,
most of the studies were of small scale and so different
from each other in experimental design as to make their
results difficult to compare.

A major study using examiners and voicegrams was the
Michigan State University Study (MsU) .® This study, which
attempted to simulate forensic applications, involved
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variations in several source conditions: words in isola-
tion or in the same and different contexts;’ words recorded
at the same time or with a one-month interval. A fixed
path condition was used, one which approximated telephone
quality. Variations that affected the receivers included
the use of closed and op%n sets of known voices;® the use
of six or nine words for comparison; and variation in the
size of sets of knowns from 10 to 40.

Error rates for the recognition task ranged from 1 per-
cent false identification errors in a closed-set test to
18 percent false identification and false elimination errors
combined, depending on the conditions of the task. Smallest
error rates occurred for matching contemporary spectrograms
in small closed sets, using words spoken in isolation.
Largest error rates occurred for identification of noncon-
temporary spectrograms in large open sets, using clue words
excerpted from random context. These rates are averaged
over observers.

In a study by Hazen? an attempt was made to determine
how error rates are affected by the context in which the
words were spoken. In this experiment, error rates for the
two kinds of errors combined were as high as 52 percent
when the samples came from different contexts. Direct
comparisons between the MSU study and the Hazen study are
almost impossible to make because the set sizes were dif-
ferent, the Hazen study used spontaneous speech whereas in
the MSU study the subjects read or repeated speech, training
was not identical, and not all the procedures were the same.

In another study, by Stevens et al.,10 examination
solely by listening produced results comparable with
those reported in the MSU study, while examination solely
by the use of voicegrams gave lower scores for correct
identification. The results for the examination of voice-
grams alone are not directly comparable with those of the
MSU study, however, inasmuch as the subjects in the Stevens
et al. study did not undergo an initial training experience.

The differences in the results of the three experiments
cited above indicate that very little is really known
about how well human observers perform in tasks of this
kind. Moreover, only the MSU study attempted to duplicate
forensic conditions.

Because forensic and laboratory conditions are so dif-
ferent from each other, the obvious way to get an estimate
of error rates applicable to real~life conditions might
seem to be to look at what has happened in court cases.
However, dependable generalizations from such data are
difficult to obtain, because the conditions can vary
greatly from case to case and because the actual facts
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about the correctness or incorrectness of voice identifica-
tions can often remain uncertain or unknown. Nevertheless,
a few studies have been made (see Appendix B); the one by
smrkovskill offers persuasive evidence that experience and
training in the use of voicegrams significantly reduces
errors in voice identification.

The scientific information summarized here and reviewed
in Appendix B indicates that the combined use of listening
and visual examination of voicegrams as a means of dis-
criminating between two talkers can result in far greater
than chance performance. However, listening alone also
can under some conditions result in greater than chance
performance, and the scientific results reported to date
do not provide quantitative information about the improve-
ment in accuracy, if any, associated with the use of voice-
grams, (For a discussion of the relevant scientific
research, see Appendix B, p. 117-118.)

In laboratory experiments, persons with little or no
initial training in voice identification have performed
with false identification error rates as low as 2 percent.
However, in every reported study the error rates of both
false identification and false elimination have increased
as the experimental conditions were changed in ways that
introduced greater opportunities for variability in a
person's speech signal from one recording session to the
next. Further, error rates have increased when the trans-
mission path has degraded the speech signal. Effects of
degradation by introducing noise and by decreasing the fre-
quency bandwidth were measured by Clarke et al. (see note 4)
in the listening-only experiment mentioned earlier in this
chapter and described in greater detail in Appendix B.

Nonetheless, experiments competently performed in the
laboratory do not necessarily provide accurate estimates
of error rates obtained in the forensic use of voice iden-
tification. Accurate predictions are obtainable only if
the laboratory measurements and analysis correctly take
into account all the factors that significantly influence
the accuracy in the practical applications. A major
influence is the decision process and its set of decision
alternatives.

In the present practice, examiners usually report no
decision when they cannot reach a match or no-match deci-
sion with confidence greater than the examiner's criterion
threshold. By contrast, persons performing matching tasks
in laboratory studies of voice identification usually have
been required to report a decision of some kind, whether
binary or scaled to more than two alternatives, on every
task. The probability of deciding that two voicegrams
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match when they do not match can be made smaller when the
no-decision choice is allowed than when some decision must
be made every time, if the examiner uses the no-decision
option as an opportunity to apply a more stringent criterion.
Attempts to compare laboratory results from forced-choice
decisions with field results involving the no-decision op-
tion have led to some of the controversy found in the
literature.l2

As the preceding paragraph implies, a discussion of
errors in voice identification is incomplete unless it
includes consideration of both kinds of errors: false
identification and false elimination. If an examiner tries
never to report that two voicegrams match when in fact
they do not, then the examiner is using the no-decision
option in an attempt to minimize errors of false identifi-
cation. These are the errors that the examiner will make
less often than will laboratory subjects making forced-
choice decisions as discussed above. But by suppressing
false identification errors through the use of the no-
decision option, the examiner is increasing the probability
of failing to report a match when in fact a match exists
The relationship of the two types of error as influenced
by the human decision process is discussed below in the
section on decision theory.

DECISION THEORY AND THE RECEIVER OPERATING CHARACTERISTIC
IN VOICE IDENTIFICATION

The discussion thus far has dealt with the nature of the
task of identifying voices and with the role of various
factors, including ubiquitous variability, in influencing
the probabilities of errors in an examiner's decisions.
For the investigator who is working on a real-life case,
or for the judge who must decide about the admissibility
of evidence or consider the weight to be given to an
examiner's decision, the central question is one of whether,
or how much, to rely on the evidence. But the decision to
rely on evidence includes value judgments that lie outside
the domain of scientific method. 1In principle, science
could provide an estimate of the probable errors involved
in making a voice identification decision, but the judge,
or investigator, or other user of the decision is the one
who appropriately must decide how the reported degree of
uncertainty would relate to the consequences of relying
on the decision.

Determining whether to rely on evidence involves two
distinctly different steps: first, obtaining a quantitative
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estimate of the probability of error inherent in making

the reported decision; second, judging whether the decision
with that probability of error is acceptable for use in the
particular situation involved.l3 For example, an error rate
that is judged acceptable for use in resolving a dispute
over a contract or will might be judged much too large to
accept for use in deciding who committed a serious crime.

Improvement in the practice of voice identification will
depend to a large extent on the reduction of error rates
and the increase in accuracy with which the rates can be
quantified. The types and probabilities of errors are
influenced by both physical factors and human factors
involved in the making of decisions on the basis of technical
data representing the known and unknown voices in question.
A unified method for analyzing error rates in relation to
the influencing factors has been developed in the field
of statistical decision theory.

Decision theory provides a well-established procedure,
which rests upon a data plot called the Receiver Operating
Characteristic (ROC), for decomposing the performance in a
decision task into two independent components. The ROC
curve is a graphical representation of the "power of a
test" in the statistical literature. One of the components
of the ROC can be thought of as a measure of the objectively
determined skill of the decision maker and quality of the
empirical aids and data used in making the decision. The
other component can be thought of as a measure of the sub-
jectively determined criterion by which the decision maker
takes into account expectations and consequences concerning
the decision. The ROC analysis is a particular application
of the relation between Type I and Type II errors as com-
monly defined in the field of statistics.!

Basically, the ROC curve describes the error trade-offs
that are available to a particular decision maker. Per-
formance is characterized by various combinations of the
probability of an incorrect identification and the prob-
ability of an incorrect rejection. Any decision maker can
decrease the probability of one kind of error at the ex-
pense of increasing the other kind of error. 1In order to
decrease both at once, the decision maker must improve
performance by means of additional training, or more
powerful aids and data, or both. Obviously, one decision
maker may be better than another in the sense that for any
level of incorrect identifications one has a lower rate of
incorrect rejections.

For historical reasons, it is customary in the psycho-
logical literature not to plot the error trade-off itself
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(probability of incorrect rejections versus probability of
incorrect identifications) but an equivalent plot of prob-
ability of correct identifications versus probability of
incorrect identifications. The nature of this plot is shown
in Figure 3. Three curves are shown. Decision maker B is
everywhere performing better than decision maker A because
for each level of incorrect identification, B's probability
of correct identification is higher than is A's. As the
curve moves toward the upper left corner, objective per-
formance is better. As the curve moves down and to the
right toward the diagonal line D, the performance is worse.
The diagonal line is the limiting case of purely chance
performance: correct and incorrect identifications are
equally probable. The region below and to the right of the
diagonal line represents decisions that are more likely to
be incorrect than if they were made by pure chance.

Curves A and B are examples of operating characteristics,
functional relations that show all possible combinations of
correct and incorrect decisions, on the average, that a
decision maker of fixed skill using data of fixed quality
can make. For more convenient use in quantitative analysis,
each curve is expressed numerically by a single measure of
objective performance, a measure that is proportional to
the area that lies below and to the right of the curve, as
shown by the shaded region in Figure 3b.

In applying the ROC process to voice identification,
the objective component reflects the system producing the
underlying information, the measuring instrument, and any
other physical technology involved in producing the aural
or visual representations of the voice samples as well as
the skill of the examiner in using this information to
arrive at decisions. But ultimately the examiner must
make a decision as to whether two samples represent the
same voice or different voices. At this point the subjec-
tive element arises. The result can be thought of as a
criterion for affirming a match.

Consider the decision maker represented by the operating
characteristic shown in Figure 3c. If he chooses a response
criterion such that his behavior is at point a, then we
say he has established a conservative criterion. His prob-
ability of an incorrect identification is low and as a
result his probability of an incorrect rejection is neces-
sarily high. If he chooses to respond at point b, then we
say his criterion is lax, for while his probability of an
incorrect rejection is low, that of an incorrect identifica-
tion is high.

Factors that are known to affect a decision maker's
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FIGURE 3a The receiver
operating characteristic
(ROC curve): possible
performance of two dif-
ferent decision makers,
A and B.

FIGURE 3b The receiver
operating characteristic
(ROC curve): area under
the curve is a measure of
how well a decision maker
performs.

FIGURE 3c The receiver
operating characteristic
(ROC curve): two deci-
sion points on the same
ROC curve.
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criterion include his estimate of the prior probability
that a match is correct and his estimate of the "payoff"
matrix, which reflects the relative costs and benefits

of the various correct and incorrect decisions that might
be made. The choice of criterion also can be influenced
by instructions to the decision maker to be more or less
conservative, and quite possibly by the personality of the
decision maker.

If an examiner were to work with a fixed criterion,
only one point on an ROC curve would be obtained for that
combination of examiner, data, and methodology. If
examiners can be caused to vary their criteria by use of
instructions that encourage such variation, then the form
and location of the curve can be plotted quantitatively,
as is illustrated in Appendix B.

For a given examiner/method/evidence situation, a vari-
ation of criterion represents movement along the charac—
teristic curve. Thus, false identification can be greatly
decreased at the expense of missing true identifications.
Such a criterion variation is equivalent to placing a large
penalty on false identification and giving a relatively
small benefit for a correct identification.

Controlled experiments designed and analyzed in accord-
ance with the ROC method can yield separate measures for
the quality of voice identification data in aural or visual
form, for the skill of the observer, and for the effective-
ness of the rules and protocol used in arriving at decisions.
Therefore the ROC method could be used also for rating
methods of training voice identification examiners and for
testing examiners themselves.

A more detailed discussion of statistical decision
theory and the ROC appears in Appendix B.

STEPS TO STRENGTHEN THE SCIENTIFIC BASE OF VOICE
IDENTIFICATION

Examining the task of identifying voices reveals the

extent of what is still unknown in the science of voice
identification. If this technique is to progress from its
present status as an empirical art to a science-based
technology, much more needs to be known about those aspects
of speech that can be used to identify voices. Increments
in scientific knowledge as well as improvements in methodol-
ogy might lead to the development of voice identification

as a science-based technology. Careful planning for the
research would be needed in order to obtain the best
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possible results with reasonable investments of time and
other resources.

Here we consider some broad strategies for research
on voice identification, some premises that are the founda-
tion of voice identification but still require careful
scrutiny, and some specific problem areas that are sug-
gested by an examination of the sources of variability in
voice identification.

Research strategies will, of course, be influenced by
the intended forensic uses of the research results. Even
though research on improving voice identification methods
will go on regardless of the particular impetus provided
by forensic needs, it would not be prudent simply to wait
for such developments to occur. Voice identification in
the forensic situation poses its own problems, and solu-
tions developed for other applications may not be optimal;
for example, techniques for improving a fully automated
voice verification system for use with cooperative speakers
are almost certainly not optimal when the intended use is
in an interactive (human examiner + machine) analysis for
use with uncooperative speakers. Nonetheless, work in
voice verification may have more relevance than might be
expected at first glance. For example, mimicry is a prob-
lem common to both voice verification systems and forensic
applications of voice identification.

Most of the research that has been done thus far on
voice identification has been aimed at an overall estimate
of how well voice identification can be performed by looking
at voicegrams, by listening to the speech, or both. The
parameters that were manipulated in these experimental
studies were mainly those that were most manageable and
that seemed reasonably likely to make a difference. A
major difficulty in these experiments on the methodology
of voice identification is that the number of significant
parameters is unmanageably large. Even the Michigan State
University studies, massive as they are, had to cut many
corners and did not truly approach real-life situations.
Indeed, the inherent complexity of the problem probably
precludes a "grand experiment" to determine once and for
all the simultaneous effects of source, path, and examiner
variability as all of these parameters vary over their
reasonable ranges.

An alternative research approach is to conduct a series
of smaller studies so planned that the experimental results
will be mutually supportive and will lead to an overall
understanding of the combined effects of all the parameters
that are likely to be present in actual situations. Such
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a strategy depends for its success on cooperation in plan-
ning experiments, in exchanging results, and in using a
common data base of voice recordings so that this aspect,
at least, of the total situation can be held constant
across the studies. Also, some preliminary experimenta-
tion may be needed to determine which parameters are most
important in avoiding errors.

The basic premises underlying a technology for voice
identification likewise deserve further direct scrutiny
While it is important to know how such factors as voice
excitationl® and articulatory dynamics16 contribute to
source variability, research on these topics does not go
directly to the central assumption about identification by
voice: that voice differences from person to person are
greater than differences for any one person from time to
time. Some part of the study of source variability should
therefore be aimed at a direct assessment of interspeaker
versus intraspeaker variations.

A second assumption implicit in present methodology is
that examining voicegrams, as distinct from only listening
to the voice, contributes materially to the quality of the
judgment as to whether two voice samples were spoken by the
same person. A related question, whether inspecting voice-
grams or listening to voice sounds provides the more trust-
worthy information, has been studied experimentally but
with inconclusive results. Perhaps the underlying question
to which attention should be given is whether, or to what
extent, the two procedures yield different and independent
information about speaker identity.

Speaker variability could be investigated in ways that
would yield information relevant to the basic aspects of
speech production, to the nature of voice variability, and
to the design of improved displays of information about
speech sounds. For example, a set of experiments could be
designed to analyze separately the contributions that the
vocal tract and the vocal excitation make to aural-visual
determination of identity. Such experiments could be
carried out by synthesizing speech with vocal tract informa-
tion copied from one person and with vocal excitation
information copied from another person. This research
could use resynthesis of speech samples with differing
excitations and tract characteristics and could evaluate
the effects of each combination on the identification
performance.17

Other projects could investigate special aspects of
speech, such as the influence of the articulatory dynamics
of the motion of the jaw, tongue, and other parts of the
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anatomy that affect the vocal tract. Relevant influences
would include the physiology of speech and the speaking
habits of different people. Mimicry also merits consider-
able research of a detailed acoustic, physiological, and
anatomical sort, because a better understanding of how
mimics perform might elucidate features that are resistant
to control and therefore would be consistent indicators of
speaker identity.

The variability of the message path is reasonably well
understood, but more research is needed to determine quan-
titatively the variability introduced by each element in
the path, such as a recording room, a telephone, a recording
instrument, and so on (see the preceding section in this
chapter on the message path). New information, combined
with recently developed techniques in signal processing,
might lead to significant advances. For example, work is
now being done on methods of reducing noise in recorded
signals and in compensating for some forms of spectral
distortion. Such compensation would be especially helpful
to automated methods of voice identification.

Other possible improvements might result from research
involving the application of principles already well
understood. For example, when the recording of samples
can be controlled by an examiner, efforts can be made to
use recording equipment of high quality that is well main-
tained and properly adjusted. Research programs as well
as the forensic practice of voice identification would
benefit from a specially prepared handbook that provides
expert guidance in the selection, maintenance, and adjust-
ment of recording and analyzing instruments used in the
study and practice of voice identification.

Research on examiner variability may lead to several
opportunities for refining and improving voice identifica-
tior. The opportunities could relate both to aiding the
human examiner and to developing new instruments and
automated methods. For example, using applications of
the decision theory methodology discussed in this chapter
might lead to improved methods for training and evaluating
examiners, and it also might guide the development of new
instruments designed specifically for use in making voice
identifications alone or in collaboration with a human
observer.

Methods for classifying voices will arise out of multi-
dimensional analysis and clustering methods. This work
can draw on both the standard mathematical methods and on
work that has been done in determining subjective dis-

tances along many dimensions of voice characterization.!8
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Automated methods of voice identification are being
developed and are yielding information of benefit to the
strengthening of the aural-visual method.l® For practical
reasons, much of the effort on automated systems has been
directed to the verification of voices, for example, the
voices of employees seeking entrance to a controlled-
access area. Verification involves only two voice samples,
one of a reference sample on file and the other of a
claimant to that standard, whereas identification can
involve any number of voices. In general, voice verifica-
tion is the simpler task because the recording conditions
are controlled, the spoken words are pre-selected, the
speaker generally is cooperative, and repeated trials are
easy to obtain.

The engineering methods that are being developed for
voice verification mostly use computer algorithms that
are based partially on an understanding of underlying
principles and partially on pragmatic experimentation.

The processing and analysis of the voice samples has

focused largely on parameters for which analytical tech-
niques are well developed and for which the acoustical
theory of speech production is most advanced. Thus, most
use has been made of pitch contours, formant frequencies

and their relative amplitudes and bandwidths, and the
analysis of vowels and nasal consonants. The precision

with which comparisons along such dimensions can be made

by automated techniques exceeds that of the human listener,
although this improvement in precision is undercut to a
considerable extent by the inherent variability introduced
by the speaker. Nevertheless, some preliminary experiments
on attempted mimicry (to circumvent a verification system)
have shown that a human judge can be misled even when a com-
puter decision process can give the correct answer. Often,
however, automated processing and decision techniques have
been unduly sensitive to irrelevant information (e.g., tele-
phone channel characteristics) that a human listener can
easily ignore.

Experimental work on voice verification is gaining
momentum and demonstrating adequate accuracy for some uses.
A recent experimental effort20 using automated methods is
the Semi-Automatic Speaker Identification System (sas1s) .2!
Experimenters used only the steady-state portion of ten
phonemes. The phonemes are selected by an operator with
computer assistance; however, the matching and decision
processes are fully automatic. Using data from 250 talkers
comprising over 35,000 phonetic events, identification
scores that were 97 percent correct were produced when the
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10 phonemes were used for comparison. This result held
across some linguistic classes, though not all were inves-
tigated. However, additional experiments using telephone-
quality speech showed that the SASIS method was very sensi-
tive to telephone channel variation.

The results with SASIS and other experiments on voice
verification (see Appendix B) indicate that automated
methods have practical promise. Such methods are attrac-
tive for several reasons: they promise to be fast and
cost-effective, results are reproducible, and the methods
are explicit and objective even when the theoretical
basis is insecure.

Contributions from the engineering development of auto-
mated methods to voice identification for forensic uses are
likely to come in several ways. One example is that re-
liable algorithms will make it possible to classify voices
in much the same way that fingerprints are now classified,
so that a recording of an unknown voice could be compared
expeditiously with other voices that are on file. More-
over, computer matching would provide an added element of
objectivity into voice identification decisions. Another
contribution will come from what is learned pragmatically
about features that are useful in identifying voices.

This should be useful in guiding basic research; also,
the speed of computer methods will be helpful in testing
research results across many voice samples.
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Forensic

3 Aspects of
Voice
Identification

INTRODUCTION

From the forensic point of view voicegram comparison is
considered to be a scientific approach to voice identifica-
tion, even though from a scientific point of view the
underlying principles and the degree of accuracy of the
technique of voicegram examination are not convincingly
established. The use of voicegram evidence in court is
governed by the standards that govern all types of expert
testimony and scientific evidence. This chapter summarizes
the different legal standards that various state and federal
courts have adopted in deciding whether to admit voicegram
evidence and, for comparison, the treatment of nonscientific
voice identification evidence. The chapter considers the
extent to which aural-visual voice identification may
satisfy these legal standards. !

Forensic Voice Identification in General

Although visual comparison of voicegrams is the first
scientific approach to voice identification to be used

in the courts, aural identification of voices has long
played a part in legal proceedings.2 Voice identification
is a possibility when words are spoken in connection with
some matter that turns out to have legal importance, when
the identity of the speaker is important and unknown, and
when the words were heard by a witness or recorded. When
an unknown speaker has committed a crime and other evidence
of identity is sparse, then voice identification may seem

38
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particularly important.3 Prosecutors have attempted, not
always successfully, to introduce evidence of voice identi-
fication in prosecutions for a variety of crimes, including
extortion,* bomb threats,® kidnapping,6 robbery,7 murder, 8
and the sale of narcotics.

Typically, in cases involving aural voice identification,
the witness compares the suspect's voice with his memory
of the voice of the criminal, often heard only briefly at
the scene of the crime. If a tape recording is available,
the voices of the suspect and the criminal may be heard
in rapid succession and the comparison can be based on
short-term rather than long-term memory. Sometimes the
tape is treated electronically in an attempt to improve
clarity.10 The witness may have prior familiarity with
the voice of the criminal, but this is not required.

No special rules have been developed to help judges and
juries evaluate the testimony of someone who makes a voice
identification based on his own listening. The fact
finder, that is, either the judge or the jury, is gener-
ally entitled to consider the testimony, notwithstanding
objections based on such factors as the uncertainty of the
identification, unfavorable listening conditions (noise,
stress, or shock), and other challenges to the likely ac-
curacy of the identification. Such factors are to be
considered by the fact finder in determining the wei?ht
of the evidence and do not affect its admissibility. 1
Special rules govern the use of tape recordings in court,
but they relate only to the problem of ensuring that the
tape accurately reproduces the sounds heard by the witness
and not to the problem of making a comparative judgment.12

Aural-Visual Voice Identification in the Courts

Unlike the technique of voice identification based on
listening, the use of voicegrams has been treated by courts
as a new scientific technique that must satisfy certain
conditions before it can be used as the basis of courtroom
testimony. Scientific evidence is subject to special
screening before it can be presented to the fact finder,
because juries and judges are thought to have limited com-
petence to evaluate such evidence and might therefore tend
to give it more weight than it deserves. Testimony based
on voicegrams falls in this category because the technique
is unfamiliar to the juries and judges who serve as fact
finders in trials and not easily understood by them.
Testimony based on voicegrams was first admitted into
evidence in 1966 in People v. Straehle, a perjury
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prosecution that resulted in a hung jury.13 The expert was
Lawrence Kersta, whose testimony was based on spectrographic
methods he had developed in previous voice identification
experiments.

Between 1966 and 1971 several courts refused to admit
testimony based on voicegrams,15 perhaps because of
criticism of the design of the Kersta studies. Only one
appellate court ruled favorably on voicegram evidence during
that period.16

In 1971, the results of a larger study conducted at
Michigan State University became available.!” This study
corrected two major design defects of the Kersta study
and attempted to study the effect of some of the variables
encountered in field applications. The results of the
study were quite favorable, and many courts subsequently
authorized the use of voicegram testimony.18 Several
subsequent studies and publications, however, expressed
reservations about the Michigan State study and its con-
clusions about the validity of the voicegram technique
in the forensic context,19 and court approval has been
less than unanimous since 1974.20

AURAL-VISUAL VOICE IDENTIFICATION: STANDARDS FOR
ADMISSION

The rules governing admissibility of scientific expert
testimony are similar, but not identical, in the various
state and federal courts. In every state some rule
operates to prevent court use of scientific evidence that
is likely to seem more impressive than it should to a lay
fact finder. The function of the legal rule is not only,
or even primarily, to screen out worthless evidence based
on bad science. The rule also serves to screen out evi-
dence that has some scientific basis and persuasive force,
on the theory that the strengths and weaknesses of the
evidence are difficult for a lay fact finder to assess,
that the risk is great that the evidence will be overvalued,
and that the evidence is not sufficiently valuable to jus-
tify taking that risk. The judge makes the threshold
decision to admit or exclude a particular item of scien-
tific evidence. If the judge admits the evidence, then

it can be considered by the fact finder, who in a jury
trial is the jury, and who otherwise is a judge.21
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The Frye Test

The rule that most jurisdictions continue to acknowledge
was stated in Frye v. United States?? by the United States
Court of Appeals for the District of Columbia. That court
in 1923 excluded the results of an early form of lie
detector test, stating that while scientific expertise
should generally be admitted if it is based on "a well-
recognized scientific principle or discovery, the thing
from which the deduction is made must be sufficiently
established to have gained general acceptance in the par-
ticular field in which it belongs."

When confronted with voicegram evidence, the courts
have often, though not always, applied Frye but have dif-
fered in what they believe the test requires. This di-
vergence of opinion is partly due to the ambiguity inherent

in the three elements of the test: "particular field in
which it belongs," "the thing from which the deduction is
made," and “general acceptance." The divergence also may

be due to the efforts of some courts to strain the inter-
pretation of one or more of the three elements in order to
preserve the appearance of applying Frye while actually
applying a more liberal standard that admits a greater
amount of scientific evidence.

Particular Field Some courts have stated that the field
in which acceptance is required is defined by scientists
with broad theoretical knowledge;z“ others have stated that
“the requirement of the Frye rule of general acceptability
is satisfied...if the principle is generally accepted by
those who would be expected to be familiar with its use."25
The language of Frye seems to require acceptance of the
underlying theory and not just of the technique itself.
It seems to follow, then, that only those knowledgeable
about theory should be qualified to testify as to accept-
ance. It is less clear in whose domain theoretical knowl-
edge lies. A technician is not necessarily barred from
being an expert on theoretical matters, but many courts
stress the need for an advanced degree, a position at a
university, or membership in scientific associations.
For example, although one police officer had taken courses
in speech science and examined over 180,000 voicegrams, the
California Supreme Court expressed "[s]ubstantial doubt...
whether [he] possessed the necessary academic qualifica-
tions which would have enabled him to express a competent
opinion on the issue of [general acceptancel.... This
area may be one in which only another scientist, in
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regular communication with other colleagues in the field,
is competent to express such an opinion."26

A California appellate court held the testimony of an
engineer who had worked on voicegrams at the Bell Tele-
phone Laboratories to be inadequate support for admissi-
bility, saying in part that "engineering abilities must
not be confused with or made a substitute for learning and
training in the fields of anatomy, medicine, physiology,
psychology, phonetics, or linguistics."27

The Pennsylvania Supreme Court took a different posi-
tion, accepting the qualifications of an experienced
police officer as an expert witness. That court, however,
rejected the voicegram testimony on the ground that there
was disagreement in the scientific community, saying that:

[wle do not question the sincerity of Lieutenant
Nash's testimony and we respect his considerable
expertise in the area of spectrography. But his
opinion, alone, will not suffice to permit the
introduction of such scientific evidence into a
court of law. Admissibility of the evidence de-
pends upon the general acceptance of its validity
by those scientists active in the field to which
the evidence belongs....28

Perhaps the most demanding position on the qualification
of experts has been taken by the Supreme Court of Michigan,
requiring not only education and expertise but also im-
partiality with respect to the type of evidence in ques-
tion.2% The court rejected the testimony of one witness
who was "an experienced police officer but not a scientist"”
and held that both the police officer and the scientist who
directed the Michigan State study (another witness) lacked
the necessary impartiality because their "reputations and
careers have been built on their voiceprint work...."

Principle from Which the Deduction Is Made 1f Frye re-
quires general acceptance of an underlying scientific
principle or explanatory theory, then the voicegram tech-
nique probably fails the test. As noted in Chapter 2, the
theoretical principles underlying voice identification
have yet to be formulated and tested. Courts have not

in general confronted this problem. Instead, some courts
have referred to general acceptance of the procedure. For
example, one court held that the burden of the proponent
is to demonstrate "that the scientific principles...were
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beyond the experimental...stage or that the procedure was
sufficiently established to have gained general acceptance
in the particular scientific field in which it belongs™
[emphasis added].31 Under this test, the specification of
the procedure becomes critical: how much extrapolation to
untested situations should be permitted? If the case in-
volves variables untested by experiment, the Frye test may
not be satisfied. Alternatively, perhaps in such a situa-
tion Frye is satisfied, and the voicegram evidence should
be presented to the fact finder along with an explanation
that the case involves untested variables that cast doubt
on the voicegram evidence.

General Acceptance The concept of acceptance involves two
components. First, one may accept that under certain con-
ditions, a forensic technique will have a certain quantifi-
able level of empirically established accuracy. Second,
one may accept that at a given level of accuracy the tech-
nique is suitable for introduction as evidence.

Courts have in the past treated the requirement of
general acceptance as a unitary matter and have paid con-
siderable attention to the degree of consensus that
exists in the scientific community. Disagreement within
that community has generally been regarded as an obstacle
to the admission of scientific evidence, though courts
have not required absolute unanimity of scientific opinion,
and indeed some courts have admitted scientific evidence in
the face of substantial scientific controversy. Some courts
have implied that general acceptance can be established by
the testimony of a single witness,3“ while others have
required a larger number.

The Committee believes that consensus in the scientific
community is obtainable and should be sought in establishing
the expected level of accuracy in the use of voicegram
evidence. Moreover, it is important to assess the expected
accuracy of the technique in the forensic context in which
the technique will be used.

One study has claimed that the technique of aural-visual
voice identification is more accurate under forensic condi-
tions than under experimental conditions.3® The argument
is that examiners can reduce their rate of false identifica-
tion from 6 percent to 2 percent if they are allowed to
offer no opinion, as they are under forensic conditions.
Several courts have invoked this 2-percent error figure,37
and several courts have cited testimony that the technique
is more reliable in the field than in the laboratory.38

33
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Other courts have suspected that forensic results would
be less accurate than the results of a controlled ex-
periment.39

These opposite conclusions by courts have resulted from
a resolvable disagreement within the scientific and tech-
nical communities. We believe that a consensus resolution
of the issue is provided by the following pair of state-
ments. (1) If in moving from experimental to forensic
conditions, the decision rule is changed from not allowing
to allowing a "no decision® response, and if all other
conditions are held constant, then a lower rate of false
identification is to be expected. (2) Conversely, if in
moving from laboratory to forensic conditions the decision
rule is held constant and if the voice identification
process is made more complex, as by changing from closed to
open sets of suspects, from contemporary to noncontemporary
exemplars, from no disguise to disguise possibility, and
so on, then a higher error rate is to be expected. However,
the amounts by which the error rates would change and the
degree to which opposite errors would compensate each other
are not determinable on the basis of scientific data avail-
able at present.“0

Even after the expected level of accuracy has been es-
tablished, the question will remain whether the technique
is acceptable for courtroom use. The Committee believes
that answering this question does not lie within the realm
of science, and that therefore the Frye test should not be
read to call for a scientific consensus on acceptability.
That judgment should be made by the courts, taking into
account not only the expected accuracy of the technique but
also the feasibility of explaining to the fact finder the
strengths and limitations of the technique and of present
knowledge about it.

Other Formulations

Several courts have admitted voicegram testimony in circum-
stances that seem to provide special safeguards in addition
to whatever protection may be afforded by some variant of
the Frye test. For example, some courts have emphasized
that extensive expert cross-examination or rebuttal may
have reduced the risk of overvaluation by the jury.“1
Others have emphasized that voicegram evidence was used
to corroborate other kinds of identification evidence.42
Another court has admitted the testimony with special
cautionary instructions to the jury.‘+3

Some courts have admitted voicegram testimony in informal
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proceedings not involving the issue of guilt or innocence.
Examples include a probation revocation hearing““ and a
petition for habeas corpus.ks

None of these supplementary factors-~rebuttal testimony,
corroboration, cautionary instructions, or use in collateral
proceedings~-has been made a prerequisite for admission by
courts considering voicegrams, but of course any combination
of the above, in addition to or in place of the Frye test,
could be made mandatory.

The Trend

Whether a trend is developing, either toward or away from
admission of voicegram evidence, is difficult to discern.
Many courts admitted voicegrams in the early 1970s as a
result of the Michigan State University study. Once a
technique has been admitted by a large number of courts,
new evidence of lack of general acceptance seems to have
less impact.L+6 In fact, some courts seem to adopt an
approach to the Frye test that emphasizes previous court
decisions, considering general acceptance not only by
scientists but also by courts.

Nevertheless, the clear trend of the early 1970s favoring
admission is no longer in effect. The highest courts of
California, Maryland, Michigan, and Pennsylvania have re-
cently ruled against admitting voicegr:z:xms,i*8 while the
United States Court of Appeals for the Second Circuit and
the Maine Supreme Court have ruled in favor of admitting
them. 49

The Federal Rules of Evidence, adopted in 1975, may
have an effect on admission, but this possibility remains
unclear. Recently, decisions in the Sixth Circuit and the
Ninth Circuit involving other forms of scientific evidence
have held that general acceptance of an "underlying ex-
planatory theory" is still required in criminal cases,
despite the fact that Rule 702 of the Federal Rules requires
only that the evidence be relevant and that it "assist the
trier of fact.">? Hence Frye appears to have continuing
vitality in federal as well as state courts.

An examination of the reported decisions to date sug-
gests that some courts, applying the Frye test strictly,
have found that voicegram evidence fails to satisfy that
test. Other courts have either construed the Frye test more
freely or have abandoned Frye, and have found evidence based
on voicegrams admissible. There are alternatives to the
strict Frye test besides straining to construe it expan-
sively. Some of these are considered below.
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FORENSIC TECHNIQUES FOR DEALING WITH EVIDENCE OF A
CONTROVERSIAL CHARACTER

The principal argument against the use at trial of voice-
gram evidence is that such evidence will be overvalued by
the fact finder. While one way to deal with that danger
is to exclude the evidence, other techniques are available
for dealing with problematic evidence. The section that
follows outlines some of these techniques.

Exclude Voicegram Evidence from Jury Trials but Admit
It in Nonjury Trials

Rules of evidence are frequently relaxed in cases that are
tried without a jury.51 It has been proposed, for example,
that the rule excluding hearsay evidence be abolished in
nonjury trials and the question of hearsay reliability be
left to the judge.52 About one-third of the trials at
which voicegram evidence was admitted were nonjury trials,
and perhaps this reasoning was part of the basis for the
decision to admit.

A rule admitting voicegram evidence in nonjury trials
would make sense only if a judge were less likely than a
jury to believe that scientific evidence is infallible or
if, through education and experience, a judge were more
likely than a jury to understand the arguments made by
experts and hence more likely to assign the proper weight
to the evidence. As a practical matter, this difference
in competence between judges and juries may not exist.>3

Moreover, a rule limiting voicegram evidence to non-
jury trials might provide a strong inducement for a defen-
dant to insist on his right to a jury trial. 1In practice,
such a rule would be similar to a rule requiring consent
of both parties to the use of the voicegram evidence,
because a nonjury trial requires the consent of the de-
fendant and sometimes of the prosecutor.S“ The alternative
of a simple consent requirement, without regard to the
choice between a jury or a nonjury trial, is discussed
below.

Admit Voicegram Evidence Only with a Cautionary
Instruction to the Jury

Several courts that have admitted voicegram evidence have
based the decision in part on the fact that an instruction
was read to the jury to correct possible prejudicial
effects.®> The cautionary instructions used in the cases
reported to date have been very general. In one case, for
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example, the jurors were told (as summarized by the Court
of Appeals) that "the spectrograms were only a basis for
Lt. Nash's opinion and that they could disregard his
testimony if they decided that his opinion was not based

on adequate education or experience or that his 'professed
science of voice-print identification' was not sufficiently
reliable, accurate, and dependable. The court [further
said] that they need not accept his opinion if they believed
the reasons supporting it were unsound or if contradictory
evidence cast doubt on it."5® This type of instruction does
not comment on specific evidence but rather leaves the job
of evaluating both the qualifications of the voicegram
examiner and the reliability of the technique entirely

to the jury. Such an instruction may serve to prevent the
jury from regarding the evidence as conclusive, but it

does not help them to identify particular shortcomings.
This type of instruction leaves to cross-examination and
rebuttal witnesses the task of calling attention to the
reduced accuracy associated with such conditions as random
context and non—contemporaneity,57 spontaneous vs. read
speech,58 female voices,59 and voice disguise.60

Another possibility would be to give a more precise
cautionary instruction. 1In one case involving aural voice
identification, the judge refused to instruct the jury
about the findings of a study to the effect that the
accuracy of aural voice identification decreases rapidly
as a function of the time interval between the perception
of the criminal's voice and the perception of the suspect's
voice.®! But standard cautionary instructions might be
made mandatory, if it were possible to develop generally
acceptable language. Given the present uncertainty about
the accuracy of voicegram identification, however, it is
doubtful that adequate standard instructions could be
drafted.

Finally, a third possibility would be to avoid particu-
larity but to strengthen the cautionary language. A court
could instruct a jury that the technique of aural-visual
voice identification is highly controversial, and that they
should be particularly careful in deciding whether to
accept it. Again, such an instruction fails to assist the
jurors in their task, but attempts to impress on them its
importance.

The use of cautionary instructions may be ineffective
for at least two reasons. First, it may be impossible to
develop standard instructions that are appropriate for every
case and unrealistic to expect judges to develop suitable
instructions for particular cases. 2 gecond, a jury may be
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unable or unwilling to understand and apply a complicated
cautionary instruction, either general or specific.63

Admit Voicegram Evidence If and Only If Both Parties Have
Agreed in Advance

Polygraph evidence, which is inadmissible in most courts,
is being admitted more and more frequently if the parties
have entered into a formal, written stipulation to admit
the results.®" This practice is based in large part on
the theory that the parties involved are best situated to
know their own interests. The method of stipulation seems
reasonably well suited to deal with the possibility of
biased witnesses. The method seems less suitable, however,
to deal with the possibility that competent and impartial
witnesses will leave the fact finder confused.

Admit Voicegram Evidence If and Only If Other Evidence
Corroborates the Identification

At common law a corroborating witness was required for
conviction of perjury.65 Several states require corrobora-
tive evidence of various kinds to sustain some or all
convictions for rape.66 A requirement of corroboration
could take various forms. It could demand aural voice
identification by someone familiar with the defendant, or
simply other evidence tending to establish the defendant’'s
guilt. Corroboration could be required in all cases, or
only in serious crimes, or whenever the voice in question
has features for which voicegram evidence has not been
validated, such as the voice of a female or a disguised
voice.®7

However, to the extent that other evidence has influenced
the voice identification examiner in reaching his decision,
the other evidence cannot be considered to provide indepen-
dent corroboration. Moreover, a requirement of corrobora-
tion has only limited utility in dealing with the danger
that voicegram evidence may tend to be greatly overvalued
by the fact finder. For if the corroborative evidence is
not itself strong, the voicegram evidence still may be
determinative for the jury and the danger of overvaluation
still will be great.
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Admit Voicegram Evidence If and Only If Opposing Experts
are Scheduled to Testify, or If Some Other Method is Used
to Promote Ventilation of the Issues

A striking fact about the trials involving voicegram evi-
dence to date is the very large proportion in which the
only experts testifying were those called by the state.b8
Commentators have underscored the imbalance between the
state and largely indigent defendants in the area of
expert testimony and investigation.69 One way to reduce
the danger that a jury will overvalue the evidence is to
ensure that they hear the testimony of an expert who
disputes the validity of the technique itself, and who

can call attention to particular limitations of the tech-
nigque in the case at hand.70 In this manner, reducing

the danger of overvaluation might be accomplished by the
testimony of several expert witnesses with different views
of the technique, or perhaps by a neutral expert, other
than the person presenting the voicegram evidence, who is
able to present the full range of relevant information.
Unfortunately, the pool of available experts is still rela-
tively small. And of course doubts will still exist about
whether a battle of experts can successfully eliminate
potential overvaluation of the evidence. Nevertheless,

a rule requiring the testimony of adverse experts as a
prerequisite to admissibility seems like a promising,
though costly, approach to the problem.

NOTES

1. Comparison of voicegrams is just one possible scien-
tific approach to voice identification. Other scien-
tific techniques may be expected to appear with
increasing frequency in court as expertise increases.

2. Such aural identification is usually a matter for
testimony by lay witnesses and not by scientific
experts. Courts have seldom confronted the question
whether the comparison of voices by ear alone can be
the subject of expert voice identification testimony.
For a case allowing such expert testimony, by a person
who had never met the defendant or spoken with him but
made a comparison between disputed tapes and a taped
voice exemplar, see United States v. Armedo-Sarmiento,
545 F.2d 785 (2nd Cir. 1976), cert. denied, 430 U.S.
917 (1977).

3. This is not to minimize the utility of voice identifi-
cation in civil proceedings. See, e.g., LeRoy V.
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Sabena Belgian World Airlines, 344 F.2d4 266, 274 (24
Cir.), cert. denied, 382 U.S. 878 (1965) (voice
recording authenticated as evidence of liability for
plane crash); in re Roth's Estate, 15 Ohio Op. 2d 234,
170 N.E.2d 313 (1960) (voice recording authenticated
as evidence of gifts made by decedent prior to death).
People v. Kelly, 17 Cal. 3d 24, 549 P.2d 1240, 130
Cal. Rptr. 144 (1976); Reed v. State, __Ma. _ , 391
A.2d 364 (1978); State v. Andretta, 61 N.J. 544, 296
A.2d 644 (1972) (requiring defendants to submit to
voicegram test but refusing to determine admissibility,
which was left to discretion of trial judge).

United States v. Otero-Hernandez, 418 F. Supp. 572
(M.D. Fla. 1976) (aural lineup of five voices).
Commonwealth v. Lykus, 367 Mass. 191, 327 N.E.2d4

671 (1975)

State v. Herbert, 63 Kan. 516, 66 P. 235 (1901);
People v. Sullivan, 290 Mich. 414, 287 N.W. 567
(1939).

Commonwealth v. Topa, 471 Pa. 223, 369 A.2d 1277
(1977) (voicegram evidence held inadmissible).
Typically in these cases an informer makes a purchase
while an agent listens to or records the transaction
by means of a wiretap or a concealed radio transmitter.
The state's case generally consists of the testimony
of the informer, often an individual whose previous
convictions impair his credibility, corroborated by
the testimony of the agent and perhaps a tape record-
ing. The agent asserts that, upon arresting the
defendant, he recognized his voice to be that of the
unknown speaker in the radio transmission. See, e.g.,
United States v. Walker, 320 F.24 472 (6th Cir.),
cert. denied, 375 U.S. 934 (1963); United States v.
Sanscne, 231 F.2d4 887 (24 Cir.), cert. denied, 351
U.S. 987 (1956); see also United States v. Williams,
583 F.2d 1194 (24 Cir. 1978) (voicegram evidence
admitted); People v. Tobey, 401 Mich. 141, 257 N.W.

2d 537 (1977) (voicegram evidence admitted at trial,
but held reversible error on appeal).

United States v. Madda, 345 F.2d 400, 402-03 (7th Cir.
1965).

E.g., Massey v. State, 160 Tex. Crim. 49, 53-54, 266
S.Ww.2d 880, 883 (1954).

E.g., United States v. Biggins, 551 F.2d 64 (5th Cir.
1977); United States v. McMillan, 508 F.2d 101 (8th
Cir. 1974), cert. denied, 421 U.S. 916 (1975). See
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generally Conrad, Magnetic Recordings in the Courts,
40 VA. L. REV. 23, 28-35 (1954).

No. 9323/64 (Sup. Ct. Westchester County, 1966), noted
in 12 NEW YORK L.F. 501 (1966). The hung jury is
reported at New York Times, April 17, 1966, at 77,
col. 3.

His testimony is discussed in 12 NEW YORK L.F. 501,
510-17 (1966). It was based on his article, "Voice-
print Identification,” Nature 196:1253 (1962).

See, e.g., State v. Cary, 56 N.J. 16, 264 A.2d

209 (1970).

United States v. Wright, 17 C.M.A. 183, 187-89,

37 C.M.R. 447, 441-53 (1967).

Tosi, I., Oyer, H., Lashbrook, W., Pedrey, C., Nicol,
J., and Nash, E., "Experiment on Voice Identification,
Journal of the Acoustical Society of America 51:

2030 (1972).

See cases cited in Greene, Voiceprint Identification:
The Case in Favor of Admissibility, 13 AM. CRIM. L.
REV. 171, 184-185 & nn. 66-67 (1975). Greene reports
that up to 1975, voicegram evidence had been admitted
by 14 of the 15 federal trial judges that had ruled
on the issue, and 35 of the 37 state courts that had
ruled on it Id.

Bolt, R. H., Cooper, F. S., David, E. E., Jr., Denes,
P. B., Pickett, J. M., and Stevens, K. N., "Speaker
Identification by Speech Spectrograms: Some Further
Observations, " Journal of the Acoustical Society of
America 54:531-534 (1973); Black, J. W., Lashbrook, W.,
Nash, E., Oyer, H. J., Pedrey, C., Tosi, 0. I., and
Truby, H., "Reply to 'Speaker Identification by Speech
Spectrograms: Some Further Observations,'" Journal

of the Acoustical Society of America 54:535-537 (1973);
Hazen, B. M., "Effects of Differing Phonetic Contexts
on Spectrographic Speaker Identification,” Journal of
the Acoustical Society of America 54:650-660 (1973);
Hollien, H., "The Peculiar Case of 'Voiceprints,'”
Journal of the Acoustical Society of America 56:210-
213 (1974); Reich, A. R., Moll, K. L., and Curtis, J. F.
"Effects of Selected Vocal Disguises on Spectrographic
Speaker Identification," Journal of the Acoustical
Society of America 60:919 (1976).

Admitting voicegram evidence: United States v.
Williams, 583 F.2d 1194 (24 Cir. 1978); United States
v. Baller, 519 F.2d 463 (4th Cir.), cert. denied,

423 U.S. 1019 (1973); United States v. Franks, 511

F.2d 25, 32-34 (6th Cir.), cert. denied, 422 U.S.
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21.

22.
23.
24.

25.
26.

27.

28.

29.

30.
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1042, 1048 (1975); State v. Williams, 388 A.2d4 500
(Me. 1978); Commonwealth v. Lykus, 367 Mass. 191, 327
N.E.2d 671 (1975); cf. People v. Rogers, 86 Misc. 24
868, 385 N.Y.S.2d 228 (Sup. Ct. 1976) (ordering defen-
dant to furnish voice exemplar for voicegram analysis);
State v. Olderman, 44 Ohio App.2d 130, 336 N.E.2d 442
(Ct. App. 1975) (same).

Rejecting voicegram evidence: United States v.
McDaniel, 538 F.2d 408, 412-14 (D.C. Cir. 1976);
United States v. Addison, 498 F.2d 741 (D.C. Cir.
1974); People v. Kelly, 17 Cal. 34 24, 549 P.2d4 1240,
130 Cal. Rptr. 144 (1976); Reed v. State, __  Md. __ ,
391 A.24 364 (1978); People v. Tobey, 401 Mich. 141,
257 N.W.2d 537 (1977); Commonwealth v. Topa, 471 Pa.
223, 369 A.2d 1277 (1977).

In a nonjury trial, the judge wears two hats in this
matter: he decides whether to admit the evidence, and,
if it is admitted, he considers it along with other
evidence in an effort to decide the case. In effect,
he must decide whether to trust himself with the evi-
dence. Some critics have questioned whether this bi-
furcation of roles is sensible, suggesting that the
screening function should operate only in jury trials.
See TAN (text accompanying notes) 50-51 infra.

54 App. D.C. 46, 293 F. 1013 (1923).

Id. at 47, 293 F. at 1014.

United States v. Addison, 498 F.2d4 741, 743-45 (D.C.
Cir. 1974); People v. Kelly, 17 Cal. 34 24, 30-32,
38-40, 549 P.2d 1240, 1244-45, 1249-50, 130 Cal. Rptr.
144, 148-49, 153-55 (1976); People v. Tobey, 401 Mich.
141, 145-48, 257 N.W. 24 537, 538-40 (1977) (disinter-
ested scientists).

Commonwealth v. Lykus, 367 Mass. 191, 203, 327 N.E.2d
671, 677 (1975).

People v. Kelly, 17 Cal. 34 24, 38-39, 549 P.2d 1240,
1249-50, 130 Cal. Rptr. 144, 153-54 (1976).

People v. King, 266 Cal. App. 24 437, 458, 72 Cal.
Rptr. 478, 491 (1968), quoted with approval in People
v. Kelly, 17 Cal. 3d at 39-40, 549 P.24 at 1250, 130
Cal. Rptr. at 154.

Commonwealth v. Topa, 471 Pa. 223, 231, 369 A.2d4 1277,
1281 (1977).

People v. Tobey, 401 Mich. 141, 257 N.W.2d 537 (1977),
citing People v. Barbara, 400 Mich. 352, 358, 376, 255
N.Ww.2d 171, 172-173, 180 (1977) (polygraph case reaf-
firming Frye).

Id. at 146, 257 N.W.24 at 539.
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People v. Law, 40 Cal. App. 34 69, 84, 114 Cal. Rptr.
708, 718 (1974) (emphasis added). It should be noted,
however, that the California Supreme Court in its sub-
sequent discussion of voicegrams focused on the need
for acceptance of underlying principles rather than
procedures. People v. Kelly, 17 Cal. 34 24, 549

P.2d 1240, 130 Cal. Rptr. 144 (1976).

See Commonwealth v. Topa, 471 Pa. 223, 231, 369 A.24
1277, 1281 (1977).

United States v. Stifel, 433 F.2d 431, 438 (6th Cir.
1970), cert. denied, 401 U.S. 994 (1971) (neutron
activation analysis); Commonwealth v. Lykus, 367 Mass.
191, 198, 327 N.E. 24 671, 675 (1975).

E.g., People v. Rogers, 86 Misc. 24 868, 873-74,

385 N.Y.S.2d 228, 232 (Sup. Ct. 1976).

People v. Kelly, 17 Cal. 34 24, 37-38, 549 P.2d 1240,
1248-49, 130 Cal. Rptr. 144, 152-53 (1976).

Tosi et al. (1972) 5 pp. 2041-42 (see note 17) and
Black et al. (1973) (see note 19). The Tosi experi-
ment tested only the technique of visual comparison
without aural comparison. The claim of the Tosi et al.
study, then, was that the error rate could be improved
in several ways: by adding aural comparisons, by
allowing no-decision responses, and by several other
devices as well.

People v. Rogers, 86 Misc. 24 868, 880, 385 N.Y.S. 24
228, 236 (Sup. Ct. 1976); Commonwealth v. Lykus, 367
Mass. 191, 201-02, 327 N.E.2d4 671, 676-77 (1975).

Hode v. Superior Ct., 30 Cal. App. 3d 778, 782-83,

106 Cal. Rptr. 547, 548-49 (1973) (voicegram testimony
ultimately not admitted); Commonwealth v. Lykus, 367
Mass. 191, 201-02, 327 N.E.2d 671, 676-77 (1975).
People v. Kelly, 17 Cal. 34 24, 35-36, 549 P.2d 1240,
1247-48, 130 Cal. Rptr. 144, 151-52 (1976) (citing
comments by Tosi).

Bolt et al. (1973) and Black et al. (1973) (see note
19).

United States v. Baller, 519 F.24 463, 466-67 (4th
Cir.), cert. denied, 423 U.S. 1019 (1975); United
States v. Franks, 511 F.2d 24, 33 (6th Cir.), cert.
denied, 422 U.S. 1042, 1048 (1975).

Alea v. State, 265 So. 24 96, 98 (Fla. Dist. Ct. App.
1972); Worley v. State, 263 So. 24 613 (Fla. Dist.

Ct. App. 1972) (expressly refusing to decide whether
"voiceprint identification, standing alone, would be
sufficient to sustain the identification and convic-
tion of the defendant," id. at 615); State ex rel.
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43.

44 .

45.

46.
47.

48.

49.

50.

Trimble v. Hedman, 291 Minn. 442, 457, 192 N.W.2d 432,
441 (1972) (admissible to corroborate identification
by means of ear); see also, Commonwealth v. Lykus,

367 Mass. 191, 327 N.E.2d 671 (1975) (court did not
explicitly limit voicegram to use for corroboration).
United States v. Baller, 519 F.2d 463, 467 (4th Cir.),
cert. denied, 423 U.S. 1019 (1975).

United States v. Sample, 378 F. Supp. 44, 51-54 (E.D.
Pa. 1974).

State ex rel. Trimble v. Hedman, 291 Minn. 442, 192
N.w.2d 432 (1972).

See note 19.

See, e.g., Reed v. State, 35 Md. App. 472, 483, 372
A.2d 243, 251 (Ct. Spec. App. 1977), rev'd, Md.
., 391 A.2d 364 (1978): T

An examination of the cases...will reveal that

spectrographic analysis evidence is sanctioned

in five States,...two federal circuits,...and

by the United States District Court for the

Eastern District of Pennsylvania. We believe,

in the light of the decisions from those juris-

dictions, that the Frye test has been met....

See, e.g., People v. Kelly, 17 Cal. 34 24, 549 P.2d
1240, 130 Cal. Rptr. 144 (1976); Reed v. State,
__Ma. __ , 391 A.2d 364 (1978); People v. Tobey,

401 Mich. 141, 257 N.w.2d 537 (1977); and Commonwealth
v. Topa, 471 Pa. 223, 369 A.24 1277 (1977).

United States v. Williams, 583 F.2d 1194 (24 Cir. 1978);
State v. Williams, 388 A.24 500, 504 (Me. 1978) (ex~
pressly holding Frye rule to be inapplicable but
requiring "a showing...which satisfies the [trial
judge] that the proffered evidence is sufficiently
reliable to be relevant." [citation omitted]).

See United States v. Kilgus, 571 F.2d 508 (9th Cir.
1978) (Forward Looking Infrared System does not meet
the Frye requirements when used to distinguish among
night-flying planes of the same model); United States
v. Brown, 557 F.2d 541, 554-59 (6th Cir. 1977) (Ion
Microprobic Analysis for comparison of hair samples
does not meet the requirements of Frye).

In the federal courts, the use of scientific evi-
dence is governed by several provisions of the
Federal Rules of Evidence. Rule 707 provides that
“[i]f scientific, technical, or other specialized
knowledge will assist the trier of fact to understand
the evidence or to determine a fact in issue, a witness
qualified as an expert by knowledge, skill, experience,
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training, or education, may testify thereto in the
form of an opinion or otherwise."

Rule 703 provides that "[t]he facts or data in the
particular case upon which an expert bases an opinion
or inference may be those perceived by or made known
to him at or before the hearing. If of a type rea-
sonably relied upon by experts in the particular field
informing opinions or inferences upon the subject,
the facts or data need not be admissible in evidence."

Rule 403 provides that "evidence may be excluded
if its probative value is substantially outweighed by
the danger of unfair prejudice, confusion of the
issues, or misleading the jury, or by considerations
of undue delay, waste of time, or needless presentation
of cumulative evidence."

COMMITTEE ON RULES OF PRACTICE AND PROCEDURE, JUDICIAL
CONFERENCE OF THE UNITED STATES, RULES OF EVIDENCE: A
PRELIMINARY REPORT ON THE ADVISABILITY AND FEASIBILITY
OF DEVELOPING UNIFORM RULES OF EVIDENCE FOR THE UNITED
STATES DISTRICT COURTS, p. 4. Washington, D.C.: U.S.
Government Printing Office (1962).

Davis, Hearsay in Nonjury Cases, 83 HARV. L. REV. 1362
(1970). See also lLevin & Cohen, The Exclusionary Rules
in Nonjury Criminal Cases, 119 U. PA. L. REV. 905,
925-31 (1971). But see Note, Improper Evidence in
Nonjury Trials: Basis for Reversal?, 79 HARV. L. REV.
407 (1965) (suggesting that jury rules should apply

to all trials unless rules for nonjury trials are
drafted) .

Note, The Emergence of the Polygraph at Trial, 73

COL. L. REV. 1120, 1131 (1973) (citing case arguing
that jury is capable of sophisticated analysis).

In federal trials, a defendant can waive the right to
jury trial only with the approval of the court and the
consent of the prosecutor. Fed. R. Crim. P. 23(a),
upheld against constitutional attack in Singer v.
United States, 380 U.S. 24 (1965). Some states do not
allow waivers; some limit waivers to crimes less
severe than felonies. A large number of states allow
a defendant to waive a jury trial without any approval;
some require only the approval of the court; some only
the consent of the prosecutor; some require both.

See 51 CORNELL L.Q. 339, 342-43 & nn. 19-26 (1966).
E.g., United States v. Baller, 519 F.2d 463, 467

(4th Cir.), cert. denied, 423 U.S. 1019 (1975); cf.
People v. Rogers, 86 Misc. 24 868, 881-882, 385 N.Y.S.
24 228, 237 (1976) (requirement imposed in ruling on
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future admissibility of voicegram evidence).
56. United States v. Baller, 519 F.2d 463, 467 (4th
Cir.), cert. denied, 423 U.S. 1019 (1975). See
1 E. DEVITT AND C. BLACKMAR, FEDERAL JURY PRACTICE
AND INSTRUCTIONS § 15.22 (34 ed. 1977).
57. See Tosi et al. (1972), pp. 2037-41 (see note 17).
58. See Hazen (1973), p. 659 (see note 19).
59. State ex rel. Trimble v. Hedman, 291 Minn. 442, 456,
192 N.W.2d4 432, 440 (1971) (testimony of Ladefoged).
Contra, id. (testimony of Tosi).
60. Reich et al. (see note 19).
6l. United States v. Moia, 251 F.2d 255, 258 (24 Cir.
1958) :
Since the request was not for the admission
of evidence, but for a mandatory instruction
that such was the fact, the judge would need
to find that it could not fairly be disputed
before giving such an instruction.

citing 9 J. WIGMORE, EVIDENCE § 2568a (34 E4d. 1940).

62. It is perhaps unrealistic to expect judges to be
able to discern, unassisted, errors in reasoning
or informational lacunae when an expert testifies on
only one side.

63. The available empirical studies are inconclusive on
the question of the extent to which jurors are in-
fluenced by cautionary instructions. Compare R.
SIMON, THE JURY AND THE DEFENSE OF INSANITY 213-20
(1967) (instructions affect outcome) with Broeder,
The University of Chicago Jury Project, 38 NEB. L.
REV. 744, 753-755 (1959) (some instructions do not
affect outcome) and L.S.E. Jury Project, Juries and
the Rules of Evidence, 1973 CRIM. L. REV. 208, 221-22
(mixed results).

64. See cases collected in Annot., 53 A.L.R.3d 1005 (1973).

65. 7 J. WIGMORE, EVIDENCE § 2040 at 359-60 (Chadbourn .
rev. 1978). See also Harnon, The Need for Corrobora-
tion of Accomplice Testimony, 6 ISRAEL L. REV. 81
(1971).

66. See Note, The Rape Corroboration Requirement: Repeal
Not Reform, 81 YALE L. J. 1365, 1367-68 & nn. 13-18
(1972).

67. Arguably, such a feature could always be found, e.g.,
the defendant was under severe stress.

68. In 25 to 30 cases around the country from 1971 to
1975, two prosecution witnesses were accepted as
experts on aural-visual voice identification, and
"[i]ln approximately 80 percent of these cases, their
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testimony was unchallenged and/or uncontradicted by
other experts." Thomas, K., Voiceprint--Myth or
Miracle, in SCIENTIFIC AND EXPERT EVIDENCE IN CRIM-
INAL ADVOCACY 273, 321 (J. Cederbaums & S. Arnold

eds. 1975).

See, e.g., Note, The Indigent's Right to an Adequate
Defense: Expert and Investigational Assistance in
Criminal Proceedings, 55 CORNELL L. REV. 632 (1970).
Rule 706 of the Federal Rules of Evidence allows for
court-appointed expert witnesses. See Travis, Impartial
Expert Testimony under the Federal Rules of Evidence:

A French Perspective, 8 INT'L LAW. 492 (1974) (suggest-
ing modifications of procedure under Rule 706). It
might be argued that the jury should hear from a panel
of impartial experts instead of, or in addition to,
hearing from several different experts with conflicting
points of view. See Martin, The Proposed "Science
Court”, 75 MICH. L. REV. 1058 (1977) (debate surround-
ing idea of "science court"). However, when there is
no real scientific consensus, it may be difficult to
find an impartial expert who can effectively present
all sides of the controversy to the jury. For that
reason, it is usually necessary to rely on several
different experts despite- the more cumbersome nature

of that method.
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Findings,

4 Conclusions,
and
Recommendations

That persons sometimes can identify each other by listening
to the sounds of their voices is a common experience, not
a matter of doubt. What is in doubt is the degree of
accuracy with which identifications can be made under all
sorts of conditions, especially in forensic situations,

and the relative usefulness of voicegrams as a supplement
to careful listening.

Review of the theory and practice of voice identification
has made the Committee aware both of present limitations
and of future possibilities. The Committee has seen
experimental evidence that voice identification by aural-
visual methods can be made under laboratory conditions
with quite high accuracy, with error rates as low as 1 or
2 percent in a controlled nonforensic experiment. This
observation and other evidence suggest that the practice
of voice identification could develop into a mature endea-
vor built on scientific understanding.

At the same time, the Committee has seen a substantial
lack of agreement among speech scientists concerning
estimates of accuracy for voice identifications made under
forensic conditions. The presently available experimental
evidence about error rates consists of results from a
relatively small number of separate, uncoordinated experi-
ments. These results alone cannot provide estimates of
error rates that are valid over the range of conditions
usually met in practice.

The science and the practice of voice identification
are presently in an ambiguous state, as are their relation-
ships with the law. In the evolving science of voice
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identification, much remains unknown: the basic character-—
istics that distinguish one voice from another, the distri-
bution of these characteristics within large populations,
the susceptibility of voices to voluntary control, as in
mimicry, and much more. Likewise the present practice of
voice identification lacks a solid basis for its operating
procedures, for its training methods, and for its assertions
of accuracy. Not surprisingly, courts and investigative
agencies have had mixed experiences with voice identifi-
cation and have not yet found clearly established principles
to guide their evaluation and their acceptance or rejection
of voice identification evidence. Because both the science
and the current practice are relatively immature, early
application to forensic problems has led to some confusion
and controversy.

The Committee has sought to reduce the uncertainty and
confusion by making an objective assessment of voice
identification as it is practiced now and as it might be
performed in the future. The Committee found that it could
go only part way in this endeavor. Assessing the present
status was relatively straightforward, and the results are
given in this report. As to the future, however, we could
make only a general judgment; a specific appraisal must
await the generation of new information through further
research and development.

FINDINGS

The following paragraphs summarize the principal findings
of the Committee.

Human observers, of course, can obtain some information
about the identity of a person both by listening to the
sounds of the person's speech and by looking at sound
spectrograms (voicegrams) of the speech. The aural and
visual observations apparently do not provide identical
information, but the degree of difference has not been
established.

Voicegrams differ from fingerprints in a fundamental
way, in that different utterances of a given word by a
given speaker are not acoustically invariant whereas the
anatomical ridges in the skin are topologically invariant.
The variability among different utterances of a given word
by a given speaker, at least for most speakers, seems to
be less than the variability among the utterances of a
given word by different speakers, but the statistical
relations between the intraspeaker variability and the
interspeaker variability have not been established.
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The degree of accuracy, and the corresponding error
rates, of aural-visual voice identification vary widely
from case to case, depending upon several conditions
including the properties of the voices involved, the con-
ditions under which the voice samples were made, the
characteristics of the equipment used, the skill of the
examiner making the judgments, and the examiner's knowledge
about the case. Estimates of error rates now available
pertain to only a few of the many combinations of conditions
encountered in real-life situations. These estimates do
not constitute a generally adequate basis for a judicial
or legislative body to use in making judgments concerning
the reliability and acceptability of aural-visual voice
identification in forensic applications.

Regarding the classification of voices, no usable method
appears to exist at present. However, if an effective
method of classifying voices were to be developed, it would
assist greatly in identifying voices. The continuing
development of automated methods for matching voices as
discussed in Chapter 2 might lead eventually to a usable
way of classifying voices.

Finally, the Committee finds sufficient interest in the
potential forensic value of a more accurate process of
aural-visual voice identification to justify further efforts
toward its improvement.

CONCLUSIONS

Practice

The Committee concludes that some improvement in the prac-
tice of aural-visual voice identification could be achieved
in the near term by applying knowledge and techniques that
are available now.

Research

The Committee concludes that the full development of voice
identification by both aural-visual and automated methods
can be attained only through a longer-term program of
research and development leading to a science-based techno-
logy of voice identification. The concluding section of
Chapter 2 gives a general characterization of the kinds of
research that should be included in a long-term program of
research.

A broad range of research is needed to gain understanding
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of those basic dimensions of speech sounds that character-
ize individual persons and thereby lead to the identifi-
cation of voices. The research should be conducted in a
coordinated program of selective experiments designed so
that the results can be integrated into a unified body of
scientific information to provide an overall understanding
of voice identification. Selective experimentation sharply
pointed at the relevant dimensions will serve better than
a "grand experiment” that attempts to cover all the
variables. Some preliminary experimentation may be needed
in order to explore the relative effects that different
variables have on the accuracy and error rates of voice
identification, and thereby to determine which dimensions
are most relevant.

The four main categories of topics for research should
be: the origins and characteristics of variability; the
relations between intraspeaker and interspeaker variability;
the relations between aural and visual examination; and
the potential of developments in automated methods of voice
identification to make contributions to the understanding
and improvement of identification performed by humans.
Topics concerning variability correspond to the parts of
the voice identification system in which the variability
originates: the main parts are the speaker, the message
path, and the examiner (see Chapter 2 for further detail).

Automated methods, now developing at an accelerating
pace, build on and contribute to the basic science. They
must, therefore, be considered in any broad research plan.
Automated methods offer promising possibilities for a
cost-effective method of voice classification. Data
ocbtained from experiments on automated methods can provide
new information to assist in developing a fuller under-
standing of features that contribute to voice identification.

An important initial step in developing research plans
will be the development of a standard data base of voice
samples that are representative of the relevant populations
and of the characteristics encountered in voice identifi-~
cation. While building the data base would be started
early in any research program, the data base would continue
to grow in a way that phases each new acquisition of data
with the need for those data.

A standard data base will be an essential element in
the overall coordination of research programs, because it
will make possible a useful degree of internal consistency
across various projects as to the statistical properties
of the data each project uses. The same data base will
have continuing value as an adjunct to the training,
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evaluation, and work of voice identification examiners in
the future.

Forensic Use

The decision about whether to use the aural-visual method
of voice identification for forensic purposes depends on
the answers to several subsidiary questions. First, it

is necessary to have some measure of the error rate associ-
ated with the technique. Second, it is necessary to decide
whether in principle that error rate is acceptably low

for use in the particular case or type of case. Third,

it is necessary to decide whether, in practice, the nature
of the error rate and the possible sources of error can

be explained adequately to the lay fact finder, whether
judge or jury, who will decide the case.

As to the first question, determining statistically
valid error rates for aural-visual voice identification
is possible at the present time only for controlled labora-
tory conditions. The laboratory results may provide some
guidance as to the likely error rates for similar examina-
tion tasks in the forensic setting, but objectively justi-
fied error rates are virtually impossible to determine
for most of the forensic experiences reported to date.

An important step toward clarifying the nature of the
error rates in voice identification will be taken by
applying statistical decision theory as suggested in
recommendation 3. In the long run, results of future
research should provide a basis for obtaining realistic
estimates of error rates expected in field applications.

As to the second question, determining the acceptability
of a particular error rate for a particular forensic
application is a value question and not a question of
scientific or technical fact. It can be answered properly
not by this Committee and not by the technical examiner,
but only by the judicial or legislative body charged with
regulating the proceeding in question. One and the same
error rate can be judged very differently as to acceptab-
ility in different situations. For example, evidence that
might be judged acceptable for use in a civil dispute might
be judged unacceptable for use in adjudicating a serious
crime.

The third question is whether the error rate and the
possible sources of error can be understandably explained
to the fact finder, who may be a judge or a jury. The fact
finder must decide, in the end, whether to rely on the
identification decision reported by the technical examiner.
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In resolving that question, the fact finder can intelli-
gently use the expert's advice only if he understands the
inherent limitations of that advice in the case at hand.
Therefore any presentation of voicegram evidence should
be accompanied by a clear and thorough explanation of the
limits of present knowledge about the accuracy of the
technique. Such an explanation under present circumstances
may be impossible to achieve or at least unwieldy, or it
may be very costly. Here too, then, is a value judgment
about whether the benefits of presenting voicegram
evidence justify the costs associated with an adequate
presentation. This value judgment, like the one discussed
above, is properly made by the judicial or legislative
body charged with the regulation and administration of the
judicial system, and not by an examiner or this Committee.

RECOMMENDATIONS

The findings and conclusions reported on the preceding
pages have led the Committee to make four recommendations.
The first recommendation relates to the long-range acquisi-
tion of a basic and comprehensive understanding of the
scientific aspects of voice identification. The other
recommendations call for actions that could lead promptly
to improvements in the present practice of voice identifi-
cation and its use in forensic applications.

Recommendation 1:
Scientific Understanding of Voice Identification

We recommend that a mechanism be established to stimu-
late, guide, and coordinate a broad national program
of scientific research on the processes of speech
generation, transmission, and analysis as they pertain
to the practice of voice identification.

The concluding section of Chapter 2 in this report
discusses several steps required to strengthen the
scientific base of voice identification. The steps include
research performed in controlled laboratory experiments,
in case studies of forensic experiences, and in theoretical
analyses of hypotheses and objective data.

The tasks undertaken by the Committee were intended to
yield an assessment of the present practice and a general
discussion of potential improvements, but not to specify
in detail the research and other steps toward strengthening
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the scientific base of voice identification. Specifying
the needed steps in detail is the task for the mechanism
recommended here. The mechanism might take the form of

a working group together with institutional connections,
review processes, and staff as appropriate to the perform-
ance of this task.

Such a working group could oversee the implementation of
the recommendations that follow, serve as a communication
center, and guide the long-term development of voice
identification. The Committee believes that translating
these tasks into specific programs, projects, and budgets
can best be undertaken by a full-time working group of
modest size with appropriate personnel and support. The
working group should be given general guidance by a small
advisory committee of persons representing the legal,
scientific, technological, and professional practice aspects
of voice identification.

The Committee believes that the working group might
appropriately receive support from agencies that have
operational activities in voice identification. Such
agencies have a natural interest in keeping informed about
the developments in voice identification methodology and
in having those developments guided in forensically useful,
scientifically sound, and technologically feasible ways.

In addition to providing leadership toward carrying
out this first recommendation, including the role of
fostering implementation of recommendations that follow,
the working group or other mechanism set up for this pur-
pose could perform an urgently needed communication function.
The Committee believes that further development of voice
identification into a widely useful and acceptable process
will require close interaction and interchange of informa-
tion among people involved in legal, investigative,
scientific, and technological aspects of voice identification.
No one profession or discipline alone can provide the kind
of common meeting ground that is required to foster candid,
balanced consideration of all facets of the subject. The
kind of meeting ground needed could be developed and
fostered in the form of symposia or discussion groups
organized and administered by the working group.

Recommendation 2:

Certification of Voice Identification Examiners

We recommend that a national mechanism be established
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to develop objective standards and methods for testing
the performance of voice identification examiners and
to certify their competence as examiners.

Certification is a concept that is gaining attention
in technologically based disciplines, including several
that pertain to forensic applications. A certifying board
is organized as an independent, not-for-profit corporation.
It usually includes public interest members as well as
professional specialists in the subjects involved. An
important characteristic of a certification board is its
national scope, so that there are uniform standards across
the country as opposed to state or local licensing. We
are not suggesting that certification of examiners could
resolve the question whether voicegram evidence should be
used for any particular purpose. Rather, the suggestion
is that if voicegram evidence is on other criteria found
suitable for use, then it should be developed and presented
by examiners whose competence is certified to meet national
standards.

The Committee sees a need for a national certification
procedure that will command the confidence of the courts,
the scientific community, and the public. We believe that
the need can be met through (a) the mechanism of a certi-
fying board or other organization with broad representation,
including voice identification practitioners, scientists,
lawyers, and public members; (b) the development and use
of testing procedures to ensure acceptable levels of skill
and training as the basis for certification; and (c) recer-
tification at regular intervals.

An existing organization, the International Association
of Voice Identification (IAVI), was established to perform
some of these functions. However, the Committee believes
that IAVI as presently constituted does not possess the
broad base of representation usually considered appropriate
and perhaps essential for a national certifying board.

The goals of a certifying board in voice identification,
as in other evolving technologies and practices, would be
to establish a profile of a qualified specialist and to
design certification requirements that match the profile.
As the technology and practice evolve, the profile may be
expected to change.

The certification board should keep itself informed
about continuing advances in the practice and training of
voice identification examiners and should be available to
offer advice on these matters as appropriate. The activi-
ties of the certification board should be reviewed from
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time to time by advisory groups and sponsoring organiza-
tions, with a view to ensuring that the board does not
acquire unduly concentrated power in determining directions
of research, education, and procedures in voice identifi-
cation.

Certification of examiners could contribute to making
the present practice of voice identification more generally
acceptable for forensic uses. A primary need for accept-
ability is a reasonable degree of accuracy in real-life
situations and dependable knowledge about the accuracy
to be expected. Certification of the skill and judgment
of practitioners might improve both accuracy and knowledge
about it.

Recommendation 3:

Improvements in Methods and Training

We recommend that practitioners of aural-visual voice
identification make full use of certain available
knowledge and techniques that could improve the voice
identification method.

The application of relevant scientific and engineering
techniques could yield improvements in the equipment and
procedures used in recording speech sounds for identifi-
cation purposes, in making exemplars of known speakers'
voices, in training voice identification examiners, in
performing identification tasks, and in evaluating
identification results. The improvements could increase
the amount of information obtained from voice samples,
lower the error rates encountered in forensic applications,
and lessen the confusion and controversy regarding the
methods and results of aural-visual voice identification.

The recording and playback equipment used for voice
identification purposes should be of high engineering
quality closer to the quality of professional sound
recording systems than to the quality of lower-priced audio
equipment available in consumer markets. Increased errors
in voice identification, including both false identification
and false elimination, can result from restricted frequency
bandwidth, background noise, inferior acoustics in the
recording space, and other degraders of sound system
quality.

Training in the performance of voice identification
should include more extensive instruction in related
scientific disciplines than is usually included at present.
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The courses usually offered in speech sciences provide
useful introductory material but should be broadened.

For example, a knowledge of dialectology would show how
shifts in vowel color could produce important differences
between voices being examined by listening. Detailed
knowledge of phonetics and practical skill in making
phonetic transcriptions could provide important guidance
for marking voicegram elements correctly. Examiners would
be helped directly by a knowledge of acoustic phonetics,
which deals with relations between phonemes and the
voicegram patterns that serve mainly to carry phonetic
information about the words spoken.

Principles and techniques of statistics should be
applied more thoroughly to the voice identification process,
especially in order to protect against incorrect interpre-
tation of resulting decisions. An identification reportedly
based on aural-visual information should be influenced as
little as possible by information of other kinds, such as
information that an examiner might receive through direct
contact with suspects. A qualified person other than the
examiner should make the exemplars, and the examination
should involve several known voices, not just a single one,
for comparison with the unknown voice in the manner of the
traditional "lineup" of suspects.

Examiners should divide the voicegram patterns into as
many distinguishable elements as possible, should rate
corresponding elements in different voicegrams as being
similar or different, and should take into account the
number of similar and different elements per unit of
duration of the speech samples. This procedure could
increase the amount of information extracted from the
sample and would point explicitly to contradictory impli-
cations that call for interpretation. Further, the results
might help the examiner explain that uncertainty is inherent
in all human decisions about the matching of complex data
and that each decision should be qualified as to the degree
of confidence with which the decision is reached.

Particularly important improvements could result from
the use of statistical decision theory in the form of the
Receiver Operating Characteristic (ROC). As now practiced,
voice identification is largely an art in which long periods
of training and practice lead an examiner to develop skill
in matching voices. A practical problem that such an art
faces is that of determining how well it is performing
and how well it could perform under the best set of con-
ditions attainable. An objective measure of the art's
basic ability to discriminate between matches and
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non-matches is needed, a measure that is independent of
any particular examiner's criteria and biases in making
decisions. The ROC provides such a measure, and also
provides a means for assessing the relative competence of
individual practitioners and the effects of training and
experience.

Recommendation 4:

Forensic Testimony on Voice Identification

We recommend that if evidence on voice identification
is admitted in court--and we take no position on
admissibility--then the inherent limitations in the
method and in the performance of examiners should be
explained to the fact finder, whether the judge or the
jury, in order to protect against overvaluation of such
evidence.

The Committee puts great importance on communicating
exactly what it means and does not mean by the words
inherent limitations. We do not mean that examiners
using the present practice cannot correctly identify
voices. We do not mean that the errors are "too great"
or that the reliability is "too low."

What we do mean by inherent limitations relates to the
probabilities of error in a given situation and to the
degree of confidence with which the probabilities of error
can be estimated. All human decisions based on complex
data of the sort encountered in voice identification
involve some amount of error on a statistical basis. 1In
voice identification, a given decision can incorrectly
match two voices that in fact are different, and can
incorrectly reject a match of two voices that in fact are
the same. The probabilities of making errors of the two
kinds depend on the quality of the technique and the data,
on the objective skill of the examiner, and on the subjec-
tive expectations and consequences of any given decision
as judged by the examiner. Voice identification testimony
should include information about both kinds of errors,
and should remind the fact finder that both kinds of error
are inherent in voice identification decisions.

Further, the testimony should explain that up to the
present time, error rates for voice identification have
been measured for only a limited number of experimental
conditions. All the scientific results and forensic
experiences to date, taken together, do not constitute an
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adequate objective basis for determining the error rates
to be expected for voice identification testimony given

in forensic cases generally. Error rates reported in
specific cases cannot be much more than informed guesses
based on practical experience combined with fragmentary
results from scientific experiments. Therefore the
inherent limitations basically are limitations in informa-
tion and understanding.

These limitations bear directly upon the problem of
overvaluation of technical evidence. The equipment and
procedures used in preparing and analyzing voicegrams
involve specialized technology that can appear mysterious
and overly impressive to the usual fact finder. So
voicegram evidence, in common with other kinds of technical
evidence, incurs a risk of being thought more powerful and
less fallible than it really is. 1In addition, voicegram
evidence, unlike some other kinds of technical evidence,
does not at this stage of its development stand on a
thorough foundation of quantitative information describing
its capabilities in forensic practice.

This added aspect, the shortage of information, makes
the protection against overvaluation especially important
yet very difficult to achieve. The Committee concludes
that this protection can best be achieved through the
testimony of opposing experts, or perhaps through the tes-
timony of an expert appointed by the court to explain the
limitations of voicegram evidence. The Committee cannot
make the judgment whether the cost of providing elaborate
explanations is worth the benefit of admitting the evidence.
Therefore the Committee takes no position for or against
admissibility; the Committee recommends only that if
voicegram testimony is to be admitted in a given case, the
court should be assured that the capabilities and
limitations of the method will be explained thoroughly.

Implementation of Recommendations

The successful implementation of the Committee's recommen-—
dations will require the cooperation of all who are
involved in one way or another in voice identification.
Those involved in the practice, law, and science must all
share in this task, and it is to them that our recommenda-
tions are principally addressed. Operationally, we are
calling upon the law enforcement community, the legal and
judicial community, and the scientific and technological
community to participate. We note that members of the
International Association of Voice Identification are
found in both the first and third communities.
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The Committee believes that agencies involved in law
enforcement might appropriately take leadership in initiat-
ing the working group or other mechanism proposed in our
first recommendation. Such a mechanism could encourage
both the development of a mature technology of voice iden-
tification and the long-term research required to give that
technology its needed scientific foundation.
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Current
Procedures in
A Voice

Identification

This appendix describes the procedures that the Interna-
tional Association of Voice Identification (IAVI) currently
recommends for use in voice identification tasks. The de-
scription is based on discussions with members of IAVI,
which at present uses only the method of voice identifica-
tion described, even though other methods are possible.

DESCRIPTION OF THE VOICE IDENTIFICATION TASK

Voice identification, as performed by members of IAVI, con-
sists of the aural and visual comparison of one or more
known voices with a questioned or unknown voice. One of
five alternative decisions may be reached after each exami-
nation is completed. The aural evaluation consists of
listening to recordings of known and unknown voices to
determine similarities and differences. Such factors as
pitch, rate of speech, accent, articulation, and patholo-
gies are evaluated. Listening also may reveal speaking
styles that are deliberately stilted and inconsistent,
characteristics that imply attempts at disguise. The vi-
sual evaluation consists of examining and comparing the
acoustic patterns of the speakers' voices as portrayed in
their voicegrams. The examiner must compare the spectro-
graphic patterns of similar or like phonetic elements only.
Some of the features considered by the examiner in the
evaluation of the spectrographic patterns displayed include:
mean frequency of vowel formants, formant bandwidths, gaps,
vertical striations, durations, contours and intensity of
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the formants, inter-formant energy, and patterns related
to consonants and transitional energy between sounds.

The aural and visual aspects of the comparison are of
equal importance. Percentage figures that represent the
weight each contributes to the decision-making process
cannot be assigned.

The voicegram examiner reaches one of the following
conclusions:

Positive identification: an unknown voice is the same
as a known voice.

Probable identification: an unknown voice and a known
voice are probably the same. A gualitative estimate of
the probability may be offered.

Positive elimination: an unknown voice is different
from the known voices analyzed.

Probable elimination: an unknown voice and the known
voices analyzed are probably different. A qualitative
estimate of the probability may be offered.

No identification or elimination decision rendered: For
a variety of reasons, including too noisy or distorted sam-
ples, no opinion on identification or elimination decisions
can be rendered. The reason for this conclusion may be an
insufficient number of samples or the samples may be of
too poor a quality to be usable.

The examiner may request as many samples as he feels
necessary before arriving at a conclusion and he may take
as much time as he desires in arriving at a conclusion.

OBTAINING RECORDED MATERIAL

Recording Equipment

IAVI recommends that a good quality cassette or open reel
tape recorder be used for recording voices. Circumstances
surrounding the investigation may dictate AC or DC opera-
tion. Although 110 volt-AC operation is recommended,
batteries also can be used. The investigator should be
sure the batteries are fresh and periodic battery checks
should be made to ensure continuous dependable operation.
Mini-cassette recorders are not recommended.

Good quality recording tape should be used. Cassette
tapes come in different lengths, yielding durations that
range from fifteen minutes to two hours. Cassette tapes,
capable of recording more than ninety minutes (C-90),


http://www.nap.edu/catalog.php?record_id=19814

Current Procedures 73

should not be used since the tape is very thin and often
breaks or becomes tangled in the recorder.

Recording Techniques

While several methods can be used to record telephone
calls, the use of inductive pickups is recommended. There
are several types of inductive transducers on the market;
however, the donut-shaped coil, which fits tightly over
the earpiece of the receiver, appears to give the best re-
sults. The suction cup pickup is also capable of produc-
ing good quality recordings if attached properly. Telephone
conversations have been recorded by holding a microphone
close to the earpiece; this method is not recommended.
Another method of recording phone calls, which may cause
problems, is the direct-wire hookup to the telephone sys-
tem. Telephone company assistance should be obtained when
using this method.

Recording Unknown Voices Frequently in recording unknown
voices, an experienced recording technician is not avail-
able because incriminating recordings must be made at un-
expected times by a likely recipient of an incriminating
call; therefore, the investigator should instruct the
recipient carefully in the operation of the recording de-
vice. The recipient need record only the pertinent calls
and should be requested to eliminate as much background
noise as possible, e.g., radio, television, air condi-
tioners, fans, or other noise-generating devices. Placing
a recorder too close to a fluorescent light may also cause
problems.

The unknown call is also often made to a police station.
Many police stations record all incoming calls on 24-hour
tape recorders. In that case the call in question should
be copied using patch cords from the 24-hour recorder to
a good quality cassette or open reel tape recorder. The
quality of 24~hour tape recordings is often poor but if
the machine has been properly maintained they are usable
for purposes of identification.

The investigating officer should index and label the
tape at the time the recording equipment is set up, record-
ing name, the time, the date, the location, and the phone
number of that location. Several calls can be recorded on
the same tape. Using a new tape for each conversation is
not necessary. After the recording has been made, the
investigator should mark and identify it. The tape should
then be placed in its original container and preserved un-
til it can be submitted for analysis.
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Recording Known Voices Ideally in recording known voices
the investigator should attempt to duplicate the physical
circumstances associated with the unknown call. These
efforts should include recording the known voice with the
same recording device used to record the unknown voice.
Similarly, if the questioned conversation was recorded
over a telephone, it is desirable to obtain the known
exemplar over the telephone system using the same pickup
device. If there is space on the questioned recording
tape, the known exemplar can be placed on the same tape.
If the telephone is to be used in obtaining the known
exemplar, a recording directly into a tape recorder should
be obtained simultaneously.

Several methods may be employed to obtain a recording
of the voice of a suspect. The investigator may call on
the phone and record the conversation. The investigator
also may record the suspect's voice during an interview
with the knowledge and consent of the suspect. The inves-
tigator also may record the suspect's voice without his
knowledge by employing a hidden microphone; however, exem-
plars obtained with a hidden microphone often prove to be
of insufficient quality for comparison purposes.

In situations in which the suspect refuses to give a
voice exemplar, a court order may be sought requiring the
defendant to speak for the purpose of voice comparison
analysis. The courts have held that requiring the accused
to submit voice exemplars for the purpose of identification
does not violate constitutional rights.

While being recorded the suspect should be asked to
identify himself and the investigator should give his own
name and other pertinent information. Since the examiner
must make use of the like or similar sounds in the compari-
son process, the suspect should utter the same words or
phrases that exist in the guestioned call. Two or three
repetitions of the same utterances are desirable. This
procedure will expedite the analysis and reduce the number
of problems encountered in the examination. If a conversa-
tion is excessively long, the examiner may decide to use
selected segments for analysis. This procedure will vary
with the quality of the questioned recording.

The investigator should attempt to obtain a clear,
intelligible recording of the suspect's normal conversa-
tional speech. As with the questioned recording, the known
exemplar should be recorded in a quiet atmosphere. Both
the suspect and the investigator should become familiar
with the text before the exemplar is recorded. If it is
obvious to the investigator that the suspect is attempting
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to disquise his voice or alter his speech, the investigator
should require repetitions of the phrase. A better speech
sample is usually obtained if the suspect repeats the ques-
tioned phrases after someone else, than if the suspect
reads from a transcript.

After the known voice exemplar is obtained, the investi-
gator should mark and identify the tape, place it in its
original container, and safequard it until it can be sent
for analysis.

ANALYSIS OF RECORDED MATERIAL

Prior to the preparation of voicegrams or recorded excerpts
for comparison, the examiner should listen carefully to

all of the recordings received from the investigator and
check the transcripts to detect any discrepancies. If the
examiner did not receive a transcript of the unknown voices,
he should prepare one himself.

The recordings received by the examiner should first be
dubbed onto 1.5 mil tape on open reels at 7.5 ips. in full
track format. The recorded material is then ready for
spectrographic analysis. Settings of the spectrograph for
voice identification purposes should be: broad band filter-
ing, linear expanded scale (60-4000 Hz.), and high shaping
(12 dB/octave pre-emphasis). A voicegram of a segment of
the speech to be analyzed should be produced and examined.
If noise is observed in particular bands, attempts can be
made to filter it without losing speech information.* 1In
addition, a voicegram should be produced using the "flat
shaping” setting. This voicegram should be compared with
the previous one to determine if nonstandard equalization

*Filters cannot separate noise components in the same
frequency location as speech components, and if the noise
is not in the location of speech components, the eye can
see and ignore it on the voicegram. The noise may be in
the same location as the speech but different in temporal
structure; the eye can see this and thus separate the noise
and the speech; a filter cannot do this and will remove as
much speech as noise.

These comments relate to conventional passive filters.
Newer techniques using adaptive filtering offer a more
powerful way to separate speech signals from noise under
some conditions.
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should be employed. In the event that both the known and
unknown recordings contain fricatives with high frequency
energy, voicegrams exhibiting frequencies up to 7 KHz.
should be made for those portions of the recordings.

Preparation of Voicegrams

After each voicegram is made it should be labeled with

the name of the speaker or with the word "unknown," as

the case may be. The name of the case, the date, and the
voicegram number should also appear on each voicegram.
Below each voicegram should appear a written representation
of the speech information contained on that voicegram. A
phonetic transcription or normal spelling or both, one
above the other, may be used for this purpose. The symbols
should appear directly below the spectrographic pattern
that corresponds to their oral manifestations. This “tar-
geting"” is crucial and an examiner is expected to carry out
this task correctly.

Preparation of Recorded Material

There are a number of ways to prepare the recordings of
the known and unknown voices so as to allow the examiner
to make, as it were, side-by-side aural comparisons of the
two voices. One may use multitrack tape cartridges or
tape loops, two separate tape recorders, or appropriately
re-recorded segments of each voice. The purpose of this
procedure is to enable the examiner to compare voice sam-
ples by listening to them as closely in time as possible.
Virtually any method that enables the examiner to listen
to the same phrase or sentence spoken by each voice within
a few seconds of each other will accomplish the desired
end. Care should be taken not to degrade the quality of
the original recordings in preparing the aural comparison
material. '

VOICE EXAMINATION

With these materials, comparison tape recordings and voice-
grams from the unknown and known voices, the examiner pro-
ceeds with the examination of voices for purposes of
identification or elimination.

The examiner plays back and listens to each voice alter-
nately, as often and as long as required. The examiner
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exercises critical listening by comparing perceptual fea-
tures from the two voices, such as: melody pattern, pitch,
quality, respiratory grouping of words, and any peculiar
common features. In many cases a difference in pitch is
observed between the unknown voice and the known voice.
Often the incriminating recording appears to present a
different pitch than the known recording exemplars. If
the examiner believes that the difference is due to the
incriminating recording's being at the wrong speed, he

may play it back at a different speed to attempt to compen-
sate. Justifying such speed change is likely to be diffi-
cult.

If there is more than one known voice, the procedure is
repeated, comparing each of the suspected voices with the
unknown one. Sometimes comparisons are made among several
unknown voices to determine whether or not they belong to
the same person. Eventually a panel of listeners also may
be used to judge on similarities or dissimilarities of the
compared voices.

In the visual phase of the examination the examiner
aligns the same phonetic elements from the unknown and
known voicegrams and compares them for similarities and
differences in the following features: mean frequencies
and apparent bandwidths (clarity) of formants, rates of
change of formant frequencies, levels of components between
formants, type of vertical striations and distances between
them, spectral distributions of fricatives and plosives,
gaps of plosives, and voice onset times of vowels follow-
ing plosives. Peculiar spectral patterns are very important
clues if found in the same frequency-time coordinates of
both the unknown and known voicegrams; for example, the
chances that a distinctive spike of energy at the same
coordinates of a word could be produced by different per-
sons seem remote.

Dissimilarities found in both sets of voicegrams can be
attributed to either intraspeaker or interspeaker variation.
The experience and subjective judgment of an examiner are
used to determine whether the differences are due to intra-
speaker or interspeaker variability, thus lending credibil-
ity toward identification or elimination respectively.

Only in cases beyond doubt--subjectively speaking--may the
examiner render a positive decision. In all other instances
a probable identification, elimination, or no opinion
should be given.

In summary, the examiner listens to the voices and
visually examines the voicegrams simultaneously before
yielding a decision. In the later phases of the examination
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he may detect differences in pitch, phonetic variations,
etc. between the compared speakers that may explain some
spectrographic differences. An examination should take
as long as the examiner desires. The examination need not
be completed during a single session, but should be inter-
rupted if in the judgment of the examiner this option is
needed to overcome tiredness or boredom. An examiner may
be advised to request an independent opinion from a col-
league from time to time.

EXAMINER TRAINING

At the present time, the procedures for training examiners
are only loosely defined and they allow for considerable
latitude with regard to a trainee's educational background,
attendance at voice identification training seminars, and
the degree of interaction between the trainee and the men-
tor over the course of the training period. IAVI has
recently formed a committee to study examiner training and
qualification procedures.

In order to become a trainee one should attend a voice
identification training workshop or take equivalent courses.
At the present time two such programs are available. One
is provided by Michigan State University (MSU) and the
other by Voice Identification Incorporated (VII). The
MSU program has lasted four weeks, while that offered by
VII has lasted two weeks.

At the present time, the following additional reguire-
ments must be fulfilled by IAVI trainees:

Have a baccalaureate degree and/or appropriate courses
in the speech sciences. This requirement is important to
elevation to full membership in the IAVI. Courses should
include phonetics, linguistics, speech communications, and
communications electronics.

Become actively engaged in voice identification analysis
tasks.

Report at regular intervals (at least quarterly) on
case work to a full member or committee as designated by
the Board of Directors of IAVI.

Submit testimony from the work supervisor that the
trainee has actively engaged in traineeship for a period
not less than two years.

Be recommended by the appointed IAVI member or committee
as being proficient in voice identification warranting
membership consideration.
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Pass an examination prepared and administered by the
Board of Directors or designated committee. This examina-
tion will test the trainee's knowledge of voice identifica-
tion in the areas of theory and practice.


http://www.nap.edu/catalog.php?record_id=19814

Scientific

B Issues in
Voice
Identification

In this appendix we attempt to give an overall survey of
scientific information that bears on the subject of voice
identification. The appendix begins with a brief discus-
sion of the production of the speech signal, and is fol-
lowed by discussions of: the sources of variability in a
received speech signal; statistical ways to assess the
performance of scientific research in which voicegrams
dand/or listening comparisons were carried out by human
observers; and work in automated techniques. The appendix
concludes with a brief annotation of several major survey
articles and an extensive bibliogravhy.

THE SPEECH SIGNAL!

Speech is a time-varying acoustic signal resulting from one
or more forms of acoustic excitation being dynamically
changed by the articulation or movement of the vocal tract
{(which is comprised of the mouth and nasal cavity). The
principal sources of excitation are puffs of air coming
through the glottis, turbulent air being forced through a
constriction (as in the "s" sound), and puffs of air sud-
denly released from blockages other than the glottis (as

in pressure release from a lip blockage to form a "p*
sound). The glottis--the space between the vocal cords--
tends to vibrate at a controllable frequency when air is
forced through the vocal cords from the lungs. The fre-
quency created is called the pitch or fundamental frequency2
(often Fg in the scientific literature). Sounds caused by

80
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turbulent air are called fricatives; those caused by re-
leased blockage are called plosives.

Glottal excitation (often called voiced excitation be-
cause of the fact that i% consists of puffs or pulses of
air and not a sinusoidal excitation) contains the harmonics
of the fundamental frequency. In the case of voiced exci-
tation, the fundamental frequency and its harmonics are
modified in amplitude by the resonances of the vocal tract.
In voiced sounds, especially vowels, each of the resonances
of the vocal tract can be observed readily by examining
the frequency spectrum of the sounds. The increased ampli-
tude components of the vocal tract resonances are called
formants (often numbered F;, Fp, F3, etc. in the litera-
ture).

The frequency spectrum of a complex acoustic signal
may be examined by means of a display called a voicegram,
which is made by a device called a sound spectrograph. A
spectrograph uses effectively many analyzing filters to
examine the amplitude or the energy present at a given fre-
quency at a given time. Figures B-1 and B-2 are voice-
grams of the phrase "I can see you,” with the word can
emphasized. An uncertainty exists when making a frequency/
time examination of a signal. We may either measure fre-
quency more accurately at the expense of time accuracy--the
result of using a "narrow band" analyzing filter--or we
may measure time more accurately at the expense of fre-
quency accuracy--the result of using a "wide band" filter.
Figure B-1 displays a narrow band analysis and Figure B-2
displays a wide band analysis. Note that in Figure B-1,
during the vowel or voiced sounds, the fundamental frequency
and the harmonics are well displayed. 1In Figure B-2 the
vertical lines or striations that occur during the vowel
sounds represent the time delineation of the individual
puffs of air through the glottis. The broad bands of
energy in the vowel areas represent the formants. Each
formant region tends to contain several pitch harmonics.
Formant behavior is more readily discerned in the wide band
voicegram (Figure B-2).

When fricative or turbulent excitation occurs, vocal
tract cavities behind the excitation act as anti-resonances
(or energy absorbers). Thus, in the "s" sound in Figures
B-1 and B-2 we may observe the effect of an anti-resonance
and a resonance as shown. The excitation for the "s" is
unstructured or "noise like." The "k" sound in can is a
plosive.

Other properties of speech that can be noted in voice-
grams are the prosodic features of stress and intonation.
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FIGURE B-2 Voicegram displaying a wide band analysis.
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These features are manifested by changes in both energy
and pitch. (When we emphasize words, we increase energy
and pitch.)

This brief discussion of speech generation and the
spectrographic representation of speech signals is neces-
sarily simplistic and incomplete. Many other effects,
major and minor, can occur. For example, coupling and
uncoupling of the nasal cavities by movement of the velum
or soft palate affect the acoustic signal. In summary,
as vocal tract articulation takes place, dynamic variation
of the speech signal occurs. No one ever produces two
identical speech signals, even if he or she wants to.

THE TASK OF VOICE IDENTIFICATION

Research relevant to voice identification has been concerned
largely with two areas, called here verification and iden-
tification. The task of verification (sometimes called
recognition) is to make a true-false decision that a per-
son is who he claims to be by comparing an unknown speech
sample with a previously obtained speech sample {(or with
information derived from that sample) and making the de-
cision: same or different voice. The task of identifica-
tion is to examine an unknown sample of speech and then to
compare it with speech samples from a (potentially) large
number of persons and reach one of two conclusions: either
(1) the unknown matches none of the known samples, or (2)
the unknown matches one particular known sample. Although
the verification and identification apvlications are 4if-
ferent from each other, they share much in technique.

In reviewing the work on voice identification by listen-
ing and voice identification by visual examination of
voicegrams, one finds that experimenters have generally
treated them as independent tasks. The only method used
widely as a forensic method of identification, however,
relies on both aural and visual methods. The extent to
which these two kinds of information are independent re-
mains to be determined.

One of the earliest reported experiments in voice iden-
tification3 was motivated by practical questions raised
during a criminal proceeding. Although the forensic
application of voice identification did not motivate re-
search again for about 23 years, many voice identification
experiments have been reported since the first.

In addition to aural and visual methods, automated
voice recognition“ systems have been investigated for about
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17 years, for various reasons, such as: (1) to achieve
some performance level for minimum cost; (2) to utilize
what are believed to be totally algorithmic methods; and
(3) to utilize pattern classification techniques that
attempt separation and classification without an underlying
model of the process by which the patterns are produced.5
The results of these experiments have enhanced under-
standing of the perceptual basis of voice identification
and have increased knowledge about the acoustical character-
istics of speaker identity. This work has also increased
awareness of the enormous complexity of the speech signal.

Sources of Variability

Discriminating among persons by voice involves distinguish-
ing between the inherent differences in one person's voice
and the inherent differences between voices of different
persons: 1i.e., intraspeaker variability and interspeaker
variability. Implicit or explicit assumptions about these
variabilities are being made when two samples are compared
by a voicegram examiner, who decides which similarities
and differences are significant and which are not.

Sources of variability range from factors intrinsic to
the speaker, such as the inherent variability found among
speaker's repetitions of the same text and the effects of
psychological stress, to factors extrinsic to the speaker,
such as room acoustics and distortions in recordings.
These factors bear on judgments made about identity based
on speech samples.

Not all the sources of variability mentioned above are
routinely present in forensic situations involving voice
identification. The influence of any of these factors is
itself inconsistent, making evaluation of the precise con-
tribution of any factor in a varticular situation difficult,
and compensation more so.

The Speaker Psychological stress may affect the acoustical
characteristics of speech. The emotional state of a person
is likely to be different at the time of making an incrimi-
nating communication and at the time of recording an exem-
plar, although some form of stress may be present in both
instances. Other emotional or mental states, such as de-
pression, may also alter voice characteristics. The way
in which an individual is affected by emotion, and the
exact acoustical effects on speech are not necessarily the
same from speaker to speaker.6 A psychogenic voice dis-
order is a more remote example of a psychological factor


http://www.nap.edu/catalog.php?record_id=19814

Scientific Issues 85

that can complicate a problem of forensic voice identifi-
cation,7 for example, a person who apparently can speak
only in a hoarse whisper although no physical cause is
present. Even a cooperative suspect may be unable to
provide an exemplar of a requested type (for example, of
a "natural” production).

Speakers adjust speaking characteristics in relation
to the surrounding noise environment, for example, one
speaks loudly to overcome a noisy phone connection. In-
trinsic sources of variability that are present at the
time an unknown sample is recorded present more serious
problems than those present when a known sample is recorded,
since in the latter case the surrounding circumstances are
known and the person can be observed.

The recording of an exemplar is inherently a formal
situation, in which a person is likely to be self-conscious
about his speech. To produce a voice exemplar, words are
either read or repeated after a spoken example in order to
ensure the linguistic similarity of the exemplar and un-
known sample. The unknown sample may have been spoken in
an informal style with articulatory characteristics not
found in the exemplar. The attempt to obtain the same
spoken words as the unknown sample may introduce stylistic
differences from the person's spontaneous speech.

Research comparing performance of voicegram examiners
with contemporary and noncontemporary samples has shown
that identification error rates are higher for noncontem-
porary samples. As the elapsed time between recordings in-
creases, so does the opportunity for any intrinsic source
of variation to affect the identification.

The time at which a recording is made in relation to
the speaker's cycle of sleep and wakefulness can introduce
variability between utterances. General fatigue and vocal
fatigue from recent lengthy talking both can affect speech
characteristics. These factors have not been formally
studied, however, to determine their acoustical effects.

Endocrine cyclic factors are another possible source
of variability in speech.8 For example, the pitch of the
voice may be altered slightly. Variability in laryngeal
source and vocal resonance due to temporal factors and
health (discussed below) are probably much more common
than articulatory modifications.

The elapsed time between recorded speech samples may be
years, in which case the effects of aging may be a source
of speech variability. The pronunciation of certain words
and the use of grammar may be speaker-distinctive, but
they are subject to change with linguistic exposure and
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education, which of course may have taken place over a
long span of time.

Persons do not produce exact acoustical replications
upon repetition of the same utterance; in fact, an inten-
tional attempt to do so would itself constitute an unnatu-
ral speaking situation. In a complex physiological process
such as speech production, considerable inherent variabil-
ity is unavoidable. Voicegrams of a speaker's repetitions
of the same words will show more variation among themselves
than will duplicated fingerprints. A spectral "match" of
voices is a judgment of a gestalt similarity: a perfect
match, even for isolated features, is not likely.

Allergies and respiratory infections are common sources
of variability in speech characteristics. Some of the
prominent features of speech are manifestations of the
resonances of the vocal tract, including nasal cavity
coupling: upper respiratory infections are thus capable of
directly affecting these characteristics of speech. Fur-
thermore, features of speech that have been used with some
success in discriminating voices, such as nasal consonants,
cannot be considered invariant when such alterations in
the state of health are present.

Other aspects of health may also increase the variabil-
ity of speech characteristics, in ways that are currently
unknown. Speakers do not merely permit speech to be dis-
turbed by physical factors; they may actively (albeit un-
c¢onsciously) try to compensate to sound more natural and
intelligible. 1In this way, not only the state of health
but also the compensatory attempts themselves become
sources of variability. Medication, intoxicants, and drugs
have variable effects on speech that may depend on the
degree of intoxication, addiction, or withdrawal symptoms.

Dental work can induce temporary or long-term speech
alteration, for example, oral anesthesia, bridgework, or
dentures.? Speech compensations may or may not restore
the original speech characteristics.!®

Dialectical differences among speakers are auditorily
striking indices of individual speech characteristics.
Semantic, syntactic, and segmental and suprasegmental as-
pects of speech are all involved in dialectical variation.
These aspects of speech are all also superficially suscep-
tible to mimicry and disguise. Some persons are multi-
lingual and/or multidialectical, characteristics that
imply an ability to shift from one language or dialect to
another at will.

The uninitiated listener may give undue weight to di-
alectical similarities, tending toward the notion that
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speakers of the same dialect "all sound alike." At present
it is not known whether certain dialects make their speakers
appear more homogeneous spectrographically, thus masking
individual identity. BAn examiner who is unfamiliar with

a particular language or dialect may not be easily able

to distinguish personal from dialectical characteristics

of speech. Dialectical similarities are a special example
of a pervasive source of spectral similarity that compli-
cates the voice identification task.

It is important to remember that two voicegrams are
bound to contain substantial gross similarities if the
same words were spoken. A well-trained examiner is aware
that this source of similarity is present, although judges
and juries may be overly impressed with the text-related
rather than the speaker-related details of voicegrams.
Ultimately, a voicegram examiner cannot separate linguistic
(including dialectical) features completely from speaker-
dependent features. This gray area of uncertainty is
fundamental in the voice identification task.

Not all the information relevant to voice identification
in a recording is contained in the message-bearing portions.
Individual mannerisms that are audible may appear to point
rather convincingly to identity:; they are most likely to
be identified by listening rather than by looking at voice-
grams. Examples of such idiosyncratic detail are habitual
coughing and throat clearing, type of laughter, degree and
type of fluency and dysfluencies, oral clicking and gulp-
ing, voice breaks, duration of phrasal groupings and breath-
ing patterns, habitual mispronunciations, and speech defects.
The correspondence of such mannerisms in a pair of voice
samples may be striking and may be given considerable
weight by an examiner since speakers are not usually con-
scious of such mannerisms. However, such mannerisms may
also be products of psychological stress or susceptible
to mimicry.

In the broadest sense, vocal disguise can be attributed
to any of the intrinsic sources of variability already dis-
cussed. Vocal disguise may be inadvertent, in which case
"disguise" becomes essentially synonymous with "spuriously
dissimilar.” Intentional vocal disguises may be present
in a speech sample, such as whispering or speaking in
falsetto. Research on voice identification that included
disguised voices indicates that the task of identification
is substantially more difficult with this added variable.

The perceptions of the person recording the exemplar
are a subtle source of variability introduced in a voice
identification task. If the unknown sample was judged to
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be spoken with an attempt at vocal disguise (or if the
suspect is perceived as attempting to disguise his voice
for the exemplar recording), the suspect may be "coached"
to provide an "acceptable" exemplar similar to the criminal
sample. Since not all vocal disguises may be so obvious
as whispering, the perception that the factor of disguise
is present and the degree of influence exerted to obtain

a specific type of exemplar may not be recognized or ade-
quately communicated to the examiner.

The Message Path The message path from the speaker to the
listener (or the recorder) usually adds noise to the signal
and often produces distortions of the signal. The noises
and distortions modify the speech signal and therefore
modify the sound of the speech and the appearance of the
voicegram.

The message path for most voice identification signals
consists of the speaker, the surrounding acoustic environ-
ment, the telephone microphone, the telephone line (some-
times including sophisticated long~distance signal-
processing equipment), the receiving telephone and its
associated electromagnetic or other telephone pickup, the
tape recorder, the tape, the tape reproducer, and the
analysis system (the sound spectrograph). Any one of
these transmission elements can add noise to the signal
and, in the worst circumstances, completely obscure the
voicegram. Furthermore, any one of these transmission
elements can change the spectrum shape, and can, in the
worst circumstances, almost completely eliminate the fre-
quencies necessary for analyzing a voicegram.

Some of the sources of variability from the receiving
telephone are under the control of a law enforcement agency,
so the variability can be eliminated by a suitable choice
of equipment, operating procedures, and maintenance pro-
cedures. Other sources of variability are not under con-
trol; those performing the task of voice identification
should be aware of their existence.

Sometimes the voicegram examiner can partially correct
distortions by an empirical process of filtering and equal-
izing the signal based on listening to the signal. But
the correction process itself is a source of variability
and is open to the criticism that correction may artifi-
cially increase the similarity between the voicegrams for
the unknown sample and the exemplar.

The quality of the analysis of a speech signal is greatly
influenced by the difference between the speech signal
level and the interfering noise level. Neither the absolute
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speech signal level nor the absolute interfering noise

level is of itself particularly important. Thus, the very
same noise level on a telephone line may produce a poor
signal-to-noise ratioll for a quiet speaker, talking away
from the telephone microphone, and a very good speech-to-
noise ratio for a loud speaker, talking close to the micro-
phone. Each element in the message path presents a new
opportunity for reducing the speech signal level or increas-
ing the noise level or both. Once a speech signal is thus
degraded, it is very difficult to recover what was obscured.
The speaker and the acoustical environment are a major
source of variability of the signal-to-noise level of the
speech signal. The signal level is controlled by the
loudness of the voice and by the distance from the speaker's
mouth to the telephone microphone. The noise level is con-
trolled by the loudness of the noises at the telephone
microphone. Common sources of acoustic noise indoors are
other persons' talking, noisy household appliances, and

the reverberation of the speaker's voice, which may become
severe in an echoey room. Common sources of acoustic noise
outdoors include motor vehicles, construction equipment,
etc. The acoustic noise level ranges from inaudibility

to a level greater than the signal level.

The telephone line is another major source of variabil-
ity of the signal-to-noise level. The signal level is
controlled by the length of the telephone line, which may
range from an interoffice line with a length of tens of
meters, having no appreciable signal attenuation, to a
local line with a length of tens of kilometers, having
substantial attenuation. Iong-distance circuits and some
longer "local" circuits are amplified; their range of
attenuation is similar to the range of local lines. 1In
any given location the line distance between the trans-
mitting and the receiving telephones is variable and de-
pends on the availability of alternative telephone lines
for use by the automatic switching equipment. This situa-
tion is especially applicable for longer "local" calls
that are placed between different telephone exchanges.

Typical electrical noise sources on the telephone line
are hums, clicks and pops, dialing noises, cross-talk with
other telephone lines, and background hiss. Line noise
ranges from inaudibility to a level greater than the sig-
nal level.

12

The Output System A recording of a telephone call that is
a candidate for the voice identification procedure will
typically be made in one of two ways: on a logging


http://www.nap.edu/catalog.php?record_id=19814

90 APPENDIX B

recorder that routinely records all incoming calls (to a
police or fire station, for example) or through a pickup
that is attached to a telephone on which an incriminating
call is expected. Two types of telephone pickup coils are
typically used: the “donut" type and the "suction cup”
type. Neither type, if properly installed, will degrade
the signal-to-noise level. Improper installation of the
"suction cup" pickup coil, however, can pick up powerline
hum from the transformer.

The tape recorder, the tape, and the tape reproducer,
when properly maintained and operated, will not degrade the
signal-to-noise level of the signal at the telephone pick-
up coil. Logging recorders, because of their typically
lower quality, related magnetic head geometry, and narrow
tracks must be especially carefully maintained to minimize
degradation of the signal level and frequency response.
When telephone conversations are recorded without technical
supervision of the tape recorder, a recorder with "auto-
matic level control" should be used to prevent loss of
signal level from underrecording or the introduction of
distortion from overrecording.

Reduced level of the recorded signal--usually accompanied
by a loss in signal-to-noise ratio--also can result from
improper maintenance, low-quality tape, or improper re-
producer gain control setting. The tape recorder, tape,
and reproducer system can introduce noise if the system is
improperly maintained or if low-quality tape is used.
Other noise sources are cross-talk from other tape channels,
incompletely erased tape, and tape squeal from low-quality
tape.

The sources of variability described above can result
in increased error rates in the voice identification task.
Differences between spectrographic patterns being compared
may be attributed erroneously to individual differences
rather than to variability introduced by one of the sources
just described. Conversely, these differences may be dis-
counted on the basis of factors that cause variability
and thereby may not be viewed as evidence against a match.

DECISION THEORY USED IN VOICE IDENTIFICATION

From earlier developments in statistics and decision
theory13 has evolved a well-established method, called

the Receiver Operating Characteristic (ROC), for measuring
the performance in decision tasks involving physical instru-
ments and human observers. The ROC method provides a way
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to exhibit and analyze separately the objective and sub-
jective processes involved in a decision.

In applying the ROC process to voice identification,
the objective component includes the system producing the
underlying information, the measuring instrument(s) and
any other physical technology involved in producing the
aural or visual representation(s) of the voice sample(s),
and the demonstrable skill of the observer. When the task
of an observer is to decide whether two samples represent
the same voice or different voices, the subjective compo-
nent of the decision process includes the examiner's esti-
mate of the prior probability of a match as well as the
examiner's estimate of the "payoff" matrix--that is, the
relative costs and benefits of the correct and incorrect
decisions that might be made.

Decision Criteria and Identification

Any identification process is fundamentally a decision
problem. In considering the statistical nature of the
problem, we realize that the decision criterion is an
important determinant of decision outcomes and that it is
especially important with human examiners.

We consider first the simple binary task, whether a
given unknown sample matches a particular known sample,

a task that we call the "simple discrimination task."

In this simple discrimination task, we have a known
voice sample and a similar sample that is either the same
or a different voice. The decision task can be represented
by a matrix representing the possible states and the pos-
sible decisions that the examiner can make. Figure B-3
shows the states as vertical columns of the matrix and
indicates the two possible states by m, m: the two voices
in fact either match or do not match. The two possible
decisions are the horizontal rows of the matrix and indi-
cate by M, M the two possible decisions: match or no
match.

The entries of the matrix are the conditional probabil-
ities of each decision given the two possible states.
There are two correct decisions: responding "match" when
a match does exist--a correct identification--and respond-
ing "no match" when a match does not exist--a correct re-
jection, or true elimination. There are similarly two
errors.!* These errors have various names; usually we call
the decision "match" when a match does not exist an incor-
rect identification, and we call the decision "no match"
when a match does exist an incorrect rejection or false
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State
m = sample m = sample does
does match not match
M = sample does PiM|m) PiMIm)
match correct incorrect
identification identification
Decision
_ P(M Im) PM im)
M = sample does incorrect correct
not match rejection rejection

FIGURE B-3 Decision matrix of a simple discrimination
task.

elimination. One should note that the quantities of the
matrix satisfy two linear equations, one being

P(M[m) + P(I\-dlm) =1 Equation 1la

This equation simply affirms that if the true state is m,
then some decision is required, either M or M. The second
equation,

p(M|m) + P(M|m) =1 Equation 1b

likewise affirms that if the true state is m, then some
decision is required, either M or M. The fact that the
matrix contains two (not four) independent probabilities
is useful in a manner to be described below. Specifically,
we shall focus on correct and incorrect identifications,
P(Mlm) and P(Mlm) in our analysis.

In general, an examiner wants to make as few errors as
possible and as many correct decisions as possible. Yet
even this goal is an oversimplification, since some errors
are more serious or costly than others. Similarly, one
correct response may be more important than another. 1In
addition, Equations la and 1b remind us that correct and
incorrect responses are related and changing one may affect
the others. -

The two conditional probabilities P(M]m) and P(M]m) are
important in evaluating how well the voicegram examiner can
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perform. A judge or jury is primarily concerned with a
related probability, that is, the conditional probability
of a match given that the examiner has said there is a
match P(m]M). This quantity can be calculated: using
what is often called Bayes's theorem, it is

p(m|m) = P(m) P (4|m) Equation 2

P (M)

where P(m) is the probability that a match exists (the
so-called a priori probability of a match) and P(M) is the
probability of an examiner's deciding in favor of a match.
If one has sufficient data one can estimate P(M): it is
simply the total number of matches called by the examiner
divided by the total number of attempts. Examiners will
presumably differ in the values of P(M), some being more
conservative than others and hence having lower values of
P{(M). One may argue that P(M) cannot be estimated very
accurately for a particular examiner or that P (M) depends
on unknown factors--e.g., the examiner may tend to be very
cautious in certain cases. Similarly, there will be a wide
range of opinion on the correct estimate of P(m)--with the
defense and the prosecution often having widely disparate
opinions.

Note, however, for fixed values of P(m) and P(¥), in-
creasing P(Mlm) does increase P(mIM),

The ROC Curve

In the case of voice identification, we do not yet have a
set of elemental features to determine identification as
comparison of the ridges, delta patterns, and bifurcations
of fingerprints determines identification. Rather, a num-
ber of different considerations influence the decision and,
in many cases, we cannot point to the particular feature
that determines the final decision. We may, however, think
of each examination as resulting in the determination of
the likelihood that a match does exist. We know that this
is a statistical process and we expect the estimated likeli-
hood of a match will tend, on the average, to be higher
when a match does exist than when one does not exist.l5

Figure B-4 is a hypothetical attempt to represent this
situation by assuming that the different factors that in-~
fluence a match are roughly normally distributed with equal
variance, given either true state (match or no match), and
that the estimated likelihood of a match on the average is
greater when the sample is in fact a match than when it is
not.
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Probability of
Each Likelihood

Likelihood of Match

FIGURE B-4 Probability density associated with a match
(m} and a nonmatch (m).

The voicegram examiner must select some criterion value
along the likelihood-of-match continuum and say that a
match exists whenever a particular likelihood exceeds
this criterion. Of course the examiner may choose to re-
port "no decision," a choice that amounts to reporting
that the criterion for a match is not exceeded in that par-
ticular observation. As one varies the criterion value,
one will influence the various probabilities represented
in the matrix of Figure B-3. 1If one varies this criterion
systematically over all values, one can trace a curve like
the solid curve shown in Figure B-5, in which the two key
probabilities we have identified serve as the coordinates
of the unit square. Note that, for any fixed situation,
one can always achieve a higher probability of calling
matches when they do exist--but only by increasing the
incorrect identification rate.l®

Given a certain statistical separation between the dis-
tributions of Figure B-4, one could operate at a number of
different combinations of the basic probabilities, as in
Figure B-5. The general form of the curve in Figure B-5
is commonly called the Receiver Operating Characteristic
(ROC) curve.l?

The importance of the ROC curve is that it provides an
analytic distinction between two different but important
aspects of the identification problem: (1) the discrimi-
nating capacity of the combination of evidence and examiner,
and (2) the decision criterion.

The Discriminating Capacity The first aspect of the de-
cision problem is the separation between the two statisti-
cal distributions. A better signal-to-noise ratio of the
recording, better bandwidth, and even better training or
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skill on the part of the examiner will lead to a higher
probability of correct identification given any probability
of incorrect identification. 1In short, an ROC curve such
as that represented by the broken line in Figure B-5 will
result if the discriminating capacity of the combination

of evidence and examiner is improved. Note that the im-
provement may result from better evidence (better signal-
to-noise ratio) or better ability to interpret evidence.
Improvements of either kind will lead to better identifi-
cation performance. At the other extreme, if the two dis-
tributions overlap completely and identically, no evidence
can be obtained and the ROC curve becomes the dotted line
of Figure B-5. Figure B-5 shows that changes in evidence
may alter the total area under the curve. With better
discriminating capacity for every probability of incorrect
identification, the probability of a correct identification
is increased. This improvement in the discriminating ca-
pacity should be sharply contrasted with movement along a
single curve, as determined by the decision criterion. The
capacity to make discriminations is completely separate
from the particular decision criterion of the examiner.

The Decision Criterion The second aspect of the decision
problem is the decision criterion. Selection of a particu-
lar likelihood of match as the cutoff for a positive re-
sponse (see Figure B-4) is tantamount to the selection from
the ROC curve of a particular pair of probabilities for
correct and incorrect identifications. If one can increase
the capacity of the process to discriminate, then one can
increase the probability of a correct identification P(M|m)
for any value of incorrect identification P(M‘m). If the
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capacity for discrimination is fixed, then one can increase
P(Mlm) only if one is willing to tolerate a higher proba-
bility of incorrect identification, P(MIE). Similarly,
one can always reduce the probability of an incorrect
identification if one is willing to tolerate a lower proba-
bility of calling matches when they do exist. Changing the
decision criterion does not necessarily make for better
decisions~~only for different ones. However, the decision
associated with one decision criterion may be better than
that associated with another, as we shall see shortly,
depending on the a priori probabilities of a match and
on the values and costs of the various decision outcomes.
In summary, the discriminating capacity determines the
area under the curve and the decision criterion determines
the particular point on the curve.

Values and Costs

A major contribution of decision theory analysis is a
quantitative account of how the values and costs (negative
values) associated with the various decision outcomes
should influence the decision criterion. In fact, if one
can assign definite values and costs to the various deci-
sion outcomes and a priori probabilities P(m), then the
theory can specify the optimum decision criterion--the one
that maximizes the total expected value.

To see how the optimum decision criterion is established,
let us begin by defining the values and costs associated
with the four possible outcomes of the decision task.
Figure B~6 shows these quantities defined in the same for-
mat as the stimulus-response matrix of Figure B-3. The
quantity vV} is the value of a correct identification. The
quantity C, represents the cost (negative value) of an in-
correct identification. Similarly, V; is the value of a
correct rejection, and C; is the cost of an incorrect re-
jection. We would like to be able to assign commensurate
values and costs to outcomes--along a single dimension,
for example, money--although admittedly, in practice, these
quantities are often difficult to specify. 1If the various
decision outcomes can be given definite commensurate values
and costs, and one imagines that decisions are made repeti-
tively, always with the same statistical evidence, then
one can show that the optimum decision criterion is given
by the value of B, as defined in the lower part of Figure
B-6.

The criterion is optimum in the sense that it will
maximize the overall expected value of a decision. That is,
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FIGURE B-6 Values and costs of
decision matrix (entries are

values and costs associated with
all possible decision outcomes).

no other decision criterion will, on average, produce a
larger yield, given the values and costs assigned to the
matrix. If one assumes normal distributions of evidence

(as in Figure B-4) the value of B defines a particular
likelihood of match, i.e., a particular decision criterion,
specifically at the point along the axis of Figure B-4 at
which the ratio of the ordinate of the m distribution to

the ordinate of the m distribution is equal to 8. Moreover,
B is equal to the slope of the ROC curve at the point
yielded by that criterion.

Consider for a moment the slope of the ROC curve.
Starting at the lower left the slope is very high, and it
diminishes gradually to a value near zero in the upper
right-hand corner of the unit square. As one example, the
value of B will have a value of one if the probability of
a match, P(m), is equal to the probability of no match,
P(m), and the values and costs are all equal. A slope of
one corresponds to a point near the middle on an ROC curve.
Now suppose that we hold the a priori probabilities fixed
and vary just one of the values or costs. Specifically
suppose that we make the cost of an incorrect identifica-
tion, Cp, much greater than any other value or cost. Then
the value of B becomes very large. This large value will
force the probability of an incorrect identification,
P(Mla), to a very low value in order to obtain a very great
slope at that point on the ROC curve. Similarly, if v;,
the value associated with a correct identification, is very
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high, then B becomes very small and hence the optimum de-
cision criterion is near the upper right on the ROC curve.
In this case one accepts a high probability of an incorrect
identification in order to achieve a high probability of
correct identification. One can see how variations in the
other value and cost, or in the a priori probabilities,
will serve to manipulate the optimum decision criterion.

Alternative Views of the Discrimination and Decision
Processes

It is particularly important to distinguish the two aspects
of decisions--the capacity to discriminate and the decision
criterion--when evaluating some proposal for a change in
the procedure of voice identification. Suppose, for ex-
ample, that some new training technique is proposed, and
it is asserted that trainees in this new technique report
more matches. In evaluating these results we need to know
if the increase in the number of correct identifications,
P(Mlm), is accompanied by an increase in the probability of
an incorrect identification, P(Mlﬁ). If so, depending on
the exact quantities involved, the new technique could
amount to simply moving a point along the same ROC curve,
i.e., without an increase in discrimination capacity. If
not, we have a more interesting and useful result--the
training technique actually increases the area under the
ROC curve, and has accomplished genuine improvement of
performance.

This brings us to an area of potential disagreement.
The issue concerns whether or not one can increase the
probability of a correct identification, P(Mlm), without
increasing the probability of an incorrect identification,
P(Mlﬂ), with an apparently fixed guality of evidence.
According to ROC analysis, if the quality of the evidence
and the skill of the examiner are fixed, then, by defini-
tion, changing the probability of a correct identification
can be achieved only by a change in the probability of an
incorrect identification. This is true because, according
to this analysis, if the quality of the evidence and the
skill of the examiner are fixed then only the decision
criterion can change, and that change influences both
probabilities. The choice moves along the ROC curve that
is fixed for that quality of evidence and for a given
skill.

A plausible counterargument is to maintain that one can
change a different sort of criterion, namely the criterion
for accepting a given voicegram as appropriate for
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examination--the criterion for examining the evidence at
all. Thus, one might impose different standards as to how
great the signal-to-noise ratio must be or how much band-
width must be available or how long the recordings must
be, before one is willing to render a decision concerning
the identity of the voices. This amounts to prescreening
or trying to select only those cases with high quality of
evidence and might well have the effect of increasing the
probability of a correct identification while leaving the
probability of an incorrect identification unchanged.
According to ROC analysis, this prescreening would have
the effect of changing the quality of the evidence, or
the inherent discriminability of the two alternatives.
Although there are no available data on this issue, a
determination of whether or not prescreening is effective
should be comparatively easy. What is needed is an inde-
pendent evaluation (and, hence, an independent determina-
tion of the true state) to ascertain if prescreening
changes the area under the ROC curve--a change in the
quality of the evidence--or simply alters the position of
a point along a single ROC curve.

SCIENTIFIC EXPERIMENTS IN VOICE IDENTIFICATION

Two kinds of experience provide knowledge about the prob-
lems inherent in voice identification as well as some
indication of possible success. The first is the experi-
ence of those who have attempted the task in real-life
situations. The second is that of laboratory experimenters
who have sought both to make controlled experiments in
which the "truth" is known so that the methodology can be
verified and to determine more about the nature of the
underlying problems. This section presents laboratory
experiments (some of which have strong components of real-
life situations), their results, and their implications.

Sample Set

A common voice identification task involves presenting a
subject with a test voicegram and several labeled refer-
ence voicegrams. The subject must decide which, if any,
of the reference samples was produced by the speaker who
broduced the test sample. This task is often referred to
as an open, matching-from-sample task. If the set of
reference samples is known to include a sample produced by
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the speaker who produced the test sample, the task is
referred to as a closed, matching-from-sample task. When
the reference set includes only one sample in an open,
matching-from-sample task, it is called a discrimination
or same-different task. The terms test and reference are
often referred to as unknown and known, respectively.
Similarily, the term subject is often referred to as
examiner.

Professional voicegram examiners do not demand that
voicegrams from a preset number of known speakers be in-
cluded with the voicegrams of the unknown speaker. Al-
though examiners are occasionally presented with a refer-
ence set (a "lineup") of voicegrams from known speakers,
they are more commonly given a recording of only one known
speaker to compare with a recording of the unknown speaker.
Thus, they are typically performing discrimination tasks.

The nature of the two tasks, the discrimination task
and the task of matching from an open or closed reference
set, is different and may affect the examiner's methods.
In addition, the problems inherent in the two tasks are
different and can substantially affect the examiner's a
priori feelings. 1In the closed reference set, for example,
the examiner tries to find the closest match, not one that
meets some perceived criterion of a match.

Size of the Reference Set Smrkovskil® has reported re-
sults for the discrimination task, but he did not investi-
gate the effect of increasing the size of the reference set.
Tosi et al.l® have been the only investigators to treat

the size of the reference set as a variable in a visual voice
identification experiment. Their results show that as the
size of the reference set was increased from 10 to 40
speakers, the false identification error rate increased

by as much as a factor of two (from 4.9 percent to 9.8 per-
cent) for some conditions.

Homogeneity In general, when subjects are asked to perform
a matching-from-sample task, performance is related to the
homogeneity of the reference set. The task of identifica-
tion is more difficult and errors can be expected to be
greater when the reference set consists of voices that are
very similar to the unknown voice.

Under forensic conditions an examiner probably never-
will be presented with recordings of known and unknown
talkers of different sex or presented with a recording of
a child to compare with that of an adult. Nor is it likely
that an examiner would be presented with two voices (if
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apparently undisguised) that are obviously dissimilar.

In effect, an aural prescreening of known (reference)
samples is carried out by the persons requesting the com-
parison. If aural similarity of voices is correlated with
spectrographic similarity, as suggested by Stevens et al.20
then the professional examiner is likely to be confronted
with pairs of voices of much greater than average aural

and spectrographic similarity than would be expected in
voices chosen at random from a population matched for only
factors such as age and broad dialectal background.

The finding of Tosi regarding the size of the reference
set, referred to above, may be the result of increased
speaker homogeneity because of prescreening. Tosi de-
scribed a 5-step procedure that was followed by the exami-
ners in the study. Steps 1 and 2 of their procedure were:
(1) to compare the voicegrams of the unknown and known
voices by a rather fast scan and (2) to discard those known
voicegrams that appeared subjectively to the examiner to
contain no significant similarities with the unknown voice-
grams. These preliminary steps usually reduced the task
to a very few known voicegrams to be examined further.

As the size of the reference set was increased from 10
to 40, it appears that the likelihood of finding better
matches for the unknown among the "very few... known voice-
grams to be further examined" increased. If the examiners'
strategy was to eliminate all but say three or four voice-
grams, by performing Steps 1 and 2, then it is reasocnable
to expect that the homogeneity of the final few voicegrams
would be greater when the size of the reference set was
40 than when it was 10.

Tosi described the 250 male speakers used in their study
as a "highly homogeneous group." Homogeneous, apparently,
because of similarity of age (17-27), current occupation
(students at MSU), and linguistic background (native white
Americans with no marked dialectal differences or speech
defects). Stevens attempted to achieve a high degree of
homogeneity in the reference set by selection of 24 speakers
from an initial population of 59 on the basis of a pre-
screening. They used the approximate vocal tract length--
a rodgh measure of the average spacing of formant
frequencies--and six aural attributes as the basis for
their screening. Although Stevens generally obtained much
higher incorrect identification scores than did Tosi, there
are no conditions sufficiently common to the tasks investi-
gated by the two studies to infer from their results that
differences in the homogeneity of speaker populations was
relevant.
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Sex of Speaker Most of the reported voicegram experiments
have used only male speakers. Some question exists as to
whether experimental findings from these studies can be
extended to the female population. The higher pitch of
female voices often results in a loss of continuity in the
spectrographic display of formant trajectories. 1In general,
the frequency positions of spectral prominences for voiced
sounds may be less accurately displayed on standard wide-
band voicegrams when the speaker's fundamental frequency
exceeds 300 Hz. Furthermore, due to a smaller vocal tract
configuration, female speakers typically exhibit higher
formant frequency positions than do males. 1In situations
in which the speech channel bandwidth is reduced to less
than 3 KHz, this effect could cause performance of visual
identification to be worse for female than for male speakers.

Both male and female speakers were used in two aural-
visual identification experiments reported by Smrkovski.
In the first experiment21 he used three male and three
female speakers. In a later experiment (see note 18) he
used seven male and seven female speakers. Smrkovski re-
ported that no significant difference was found in the
ability of examiners with more than one month of training
to identify either male or female speakers. Houlihan,?22
in visual identification experiments, confirms these re-
sults. In view of the effects of pitch and vocal tract
dimensions on the spectrographic representation of a
speaker's voice, however, it may be premature to dismiss
sex as an irrelevant variable in aural-visual identifica-
tion on the basis of experiments that considered so few
speakers.

Dialect Virtually all voicegram experiments have used
adult male speakers of General American English with no
noticeable speech defects. 1In the forensic situations,
suspects (known voices) are generally also adult males,
but in a significant number of cases, some form of dialect
or accent is involved. No attempt has been made to deter-
mine if visual identification performance is sensitive to
the sometimes stylized speech patterns of speakers of
dialects. Populations of speakers of very similar dialects
may be sufficiently homogeneous to affect visual identifi-
cation performance.

Background and Training of Examiners

For the voicegram experiments reported to date, the amount
of preliminary training of naive examiners has ranged from


http://www.nap.edu/catalog.php?record_id=19814

Scientific Issues 103

several hours to several weeks, but training time has not
been treated as a variable. At present, most professional
examiners are trained and certified as experts in aural-
visual voice identification by the International Associa-
tion of Voice Identification (IAVI). The selection,
training, and certification procedures of these examiners
are described in detail in Appendix A of this report.

Tosi reported in 1972 (see note 19) identification error
rates for each of three groups of examiners: women, male
and female students of criminal justice, and male under-
graduate students. They found no significant differences
in performance among the three groups. Although the effect
of examiner background on aural-visual voice identification
performance has not been investigated (except for the 1972
Tosi et al. study), several experimenters have observed
substantial differences in performance among examiners in
identical tasks. This finding parallels results reported
in aural experiments and may be relevant to the design of
selection procedures for professional examiners. For ex-
ample, certain persons may demonstrate superior abilities
at certain subjective tasks as a result of innate talent
rather than of extended learning programs.

Smrkovski (see note 18) distinguished among 3 groups of
examiners in reporting the performance of 12 examiners
associated with IAVI. For a small number of trials (10
discriminations by each of 12 examiners), Smrkovski found
that examiner performance as measured by percent correct
identifications and eliminations was superior for the
more experienced examiners. The least experienced exami-
ners (four novices with about one month of training) made
one false identification out of 20 actual non-matches.

No false identifications were made by the other examiners

(4 members with more than 2 years of training and 4 trainees
with less than 2 years of training). For the 4 members

and 4 trainees he observed no false eliminations; the 4
novices made a total of 5 false eliminations. These re-
sults provide at least weak evidence that the experience

an examiner brings to the task improves performance.

A variable that may be significant from the standpoint
of examiner training is performance feedback, and no re-
ported study has yet treated this variable. The possibility
of criterion drift over a period of time is ever present
in the performance of a subjective task. This problem may
be especially important in the ongoing training of profes-
sional examiners, who might mistakenly interpret corrobora-
tive evidence or jury decisions as proof of correct matches.
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Speech Material

Context Prior to 1973, a controversy existed over the
legal right of prosecutors to require suspects to repeat,
for purposes of tape recording, the words of an incrimi-
nating message. IAVI examiners thus made aural-visual
identification decisions from available speech samples from
the known and unknown speakers that had at least 10 words
in common. Such speech samples, however, did not have
identical phonetic environments.

A number of laboratory experiments have used the phonetic
environment as an experimental variable. Experimental
results indicate that examiner performance is worst for
sample words taken from varying environments (referred to
as random context); better for sample words taken from
identical environments (referred to as fixed context);
and best for words spoken in isolation (a situation that
is not relevant to forensic applications).

A change in the legal situation brought about a change
in practice: in 1973, the Supreme Court held that there
is no constitutional objection to a grand jury subpoena
directing a suspect to repeat the words of an incriminating
message.zl+ Since 1973, then, it has been possible to ob-
tain speech samples for comparison with at least 10 words
in common from the same phonetic environment. IAVI exam-
iners now require such samples before they will render a
positive identification or elimination. This requirement
does not guarantee, however, that every word in the mes-
sage will be useful for spectrographic comparison. Many
factors in addition to phonetic environment may cause
variations in the spectrographic representation of the
same word by the same speaker from one recording session
to another.

Duration IAVI examiners must be able to find similarities
among at least 10 words shared by the unknown and the known
speech samples before making a response "match." A total
duration or total syllable count requirement is not speci-
fied. Stevens et al. {(see note 20) found that visual
identification performance was almost twice as good for
words of 4-6 syllables as it was for monosyllabic words.
Although Hazen?® and Young and Campbell (see note 23)
attribute increased error rates for words in context versus
words in isolation in part to durational effects, the
effects of the phonetic environment of the sample words
probably outweighed those of duration. The 1972 Tosi et al.
study considered the effect of using 9 monosyllabic words
compared to 6 and found no significant difference in
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examiner performance. This result may have been affected,
however, by learning effects. The 6-word trials were not
performed until the examiners had completed 8 months of
9-word trials.

It may be inappropriate with regard to aural-visual
identification to consider the duration of a stimulus
simply in terms of syllable count or elapsed time. A pro-
fessional voicegram examiner may be presented lengthy
speech samples made by the unknown and known speakers,
each speaking the same message. The examiner must then
determine what portions of the message should be compared.
There are no quantitative guidelines to assist in this
determination. He must decide if the effects of the
speaker's situation (see below) or the message path have
rendered portions or perhaps all of the message useless
for purposes of comparison. The requirement of 10 match-
ing words, independent of the total usable speech informa-
tion, is the only quantitative criterion described by
IAVI.

The Speaker When speech is produced during the commission
of a crime, it may be affected by the psychological state
of the speaker. The speaker may be under the influence

of alcohol or some other drug that might affect speech.

He may be attempting to disguise his voice and he will
probably be speaking spontaneously (i.e., not reading from
a text).

A suspect, the known talker, is compelled either to
read or to repeat phrases and sentences transcribed from
an extemporaneous conversation. The resulting speech is
likely to be articulated more precisely and the prosody
and rate are likely to be different from those of the speech
spoken by the unknown speaker. The physical surroundings,
too, with their attendant noise and reverbatory character-
istics, are likely to be different from those encountered
by the unknown speaker. The noise and spectral character-
istics of the message path used by the unknown speaker
are likely to be different from those of the message path
used by the known speaker. At the time each message is
recorded, then, neither the psychological states of the
two speakers nor the physical recording situations are
likely to be comparable.

In contrast to the forensic situation, speech samples
obtained in experimental settings typically involved
speakers who have volunteered to be recorded. In obtain-
ing both unknown and known samples, talkers are asked to
read from a familiar (though often nonsensical) text.
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All recordings are made in relatively unthreatening
surroundings—--usually the same for both known and unknown
samples--and the speaker is probably not sick or under the
influence of drugs.

Psychological State Reliable experiments that deal
directly with the effect of altered psychological states
on aural-visual voice identification performance await
the develcpment of a reliable method for determining a
person's psychological state or of obtaining a measure of
stress. The work of Hecker et al.?® indicates that a
speaker's spectral patterns are altered by task-induced
stress. Similar findings are reported by Williams and
Stevens (see note 6) in an investigation on the effects
of emotions on speech. These studies indicate that intra-
speaker variability is increased by varying emotional
factors.

Disguise Three recently reported investigations con-
cerning voicegram identifications have examined the effect
of vocal disguise on performance. Hollien and McGlone2”
had 6 speech scientists attempt to match each of 23 dis-
guised speakers to one of a reference set of 22 normal
speakers in a visual identification task. Neither the
nature of the disguises nor the context of the speech was
reported. BAll speakers repeated the same utterance. The
average error rate was 77 percent, and ranged from 68 per-
cent to 84 percent. Because no performance measure was
given for these examiners and speakers under a no-disguise
condition, the effect of these disguises on the performance
of voicegram examiners is difficult to assess.

Reich et al.?® examined the effects of 5 selected dis-
guises on the voicegram identification task. They used 4
speech scientists as examiners. These examiners were given
4 weeks of training, including numerous matching trials for
which the unknown or test items were samples of disguised
speech and for which the reference set was made up entirely
of samples of either undisguised or disguised speech. For
the experimental trials, examiners attempted to match a
test sample of disguised speech to one of 15 undisguised
reference samples in an open trial. The examiners also
matched undisguised test samples to undisgquised references.
The average error rate for false identification and false
elimination combined, for all examiners combined, and for
the condition of undisguised speech, was about 43 percent.
The authors did not report the separate values for the two
different types of error, an omission that restricts the
possibilities for interpreting the data. Although there
were marked differences in the degree to which each disquise
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affected the error rate, all disguises substantially in-
creased the error rate, compared with the undisquised con-
dition. Houlihan (see note 22) investigated the effects
of 4 types of vocal disguise: lowered fundamental fre-
quency, falsetto, whispered speech, and muffled speech.
One of the experiments used 8 male and 8 female speakers,
closed reference sets for each group of speakers, undis-
guised voices and the 4 disguises just listed, and 7 mod-
erately trained phonetics students or examiners. Briefly,
the results indicate poorer performance matching across
disguises and to some extent within disgquises.

Endres et al.,29 in the earliest published paper on
voice disguise, show experimental results in which persons
attempting to disguise their voices shifted the frequencies
of their formants by as much as 10 percent or more, some-
times above and sometimes below the frequency of the cor-
responding formant in their normal, undisguished speech.

Mimicry In this report disguise and mimicry are dis-
cussed separately even though they possess certain features
in common. In both processes a person is speaking in such
a way as to change the voice sounds and to avoid sounding
like the person who is speaking. However, in mimicry a
person tries to sound as much as possible like some other,
particular person, whereas in disguise a person is not
necessarily imitating another person and may be speaking
in so grossly unnatural a way as to sound like nobody who
is speaking normally. Successful disguise can hide only
the identity of the person speaking, whereas mimicry can
do that and at the same time, if “successful," can falsely
identify someone other than the true speaker.

The literature appears to contain only two studies that
are concerned explicitly with the relation of mimicry to
voice identification. The first is a study conducted by
W. Endres and others in Germany and reported in 1971 (see
note 29). The other is an unpublished master's thesis
submitted in 1975 to Michigan State University by Malcolm
E. Hall.30

Endres et al. studied the spectrographic effects of
mimicry by two well-known German mimics who imitated the
voices of five speakers. The study shows that the mimics
produced imitations in which the formant frequencies were
measurably different from those in the mimic's natural voice
and at the same time were measurably different from the
frequencies of the corresponding formants in the voice of
the person being imitated.

For example, the center frequency of the second formant
of vowel /a/ spoken by one of the mimics was about 1280 Hz.
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The frequency shifted to 1550 Hz when the mimic imitated

a certain person, and shifted again to 1480 Hz for the
natural voice of the person being imitated. These and
other sample data from the Endres study are listed in

Table B-1. These numerical data were obtained by measuring
the positions of datum points presented graphically in
Figure 5 in the paper by Endres et al.

In discussing their results, Endres et al. say that
*... the imitator can change the formant positions of his
voice within certain limits." They also state that "...
the formant structure in the speech of the person to be
imitated and in that of the imitator, in general, do not
agree ...." These statements are consistent with the
sample data shown in Table B-1 and with the related data
given in the Endres et al. paper.

Hall, in his master's thesis, reports that he made 69
wide-bandwidth voicegrams of the voice of a professional
mimic, including both the mimic's natural voice and his
voice when imitating six different persons, and also reports
that he made 88 voicegrams of the persons imitated. Hall's
conclusions include the following statements: "The analysis
of the data collected...suggests that interspeaker varia-
bility does exist between a mimicked disguised voice and
the natural voice of the subject being mimicked." The
analysis also suggests that "“... the intraspeaker variabili-
ties are minute and not significant when comparing a mim-
icked voice with the natural voice of the mimic."

Hall's thesis reports no formal voicegram matching ex-—
periments and no objective comparative measurements with
regard to the frequencies and structure of the formants.
However, for the purpose of evaluating the conclusions
given above, we have been able to obtain some relevant
quantitative data by making measurements on some of the
voicegrams reproduced in the Hall thesis. We have measured
the frequencies of the first three formants for a few com-
binations of vowels spoken and persons imitated. The re-
sults are shown in Table B-1 for direct comparison with
some of the results of Endres et al. An exact comparison
is not possible because the two studies do not focus on
the same vowels, and because the Hall study does not pro-
vide sets of data simultaneously covering the mimic's
natural voice, his imitating voice, and the natural voice
of the person imitated, but contains only two of these
three voice types in each set of data. This lack is indi-
cated in the table by the designation n.a. for the data
not available.

Even a casual inspection of the data in Table B-~1 con-
firms Hall's conclusion that interspeaker variability
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exists between a mimicking voice and the voice of the per-
son being mimicked, and this conclusion agrees also with
the results of Endres et al. However, the data in Table
B-1 do not support Hall's conclusion that the variabilities
between a mimic's natural voice and his voice when imitat-
ing someone else are "... minute and not significant...."
Without discussing the value question as to what is signif-
icant, we need only point out that data in the table show
more or less similar differences between intraspeaker

pairs of data and interspeaker pairs of data.

In Table B-1 the intraspeaker differences between the
natural voice and the imitating voice of the mimic range
from 20 to 230 Hz in the data from Hall's voicegrams and
from 5 to 385 Hz in the data from Endres et al. The inter-
speaker differences between the imitating voice of the
mimic and the natural voice of the person imitated range
from 10 to 635 Hz in the Hall data and from 45 to 430 Hz
in the Endres data. For both the Endres and the Hall data
given in the table, the average percentage differences lie
between 10 percent and 20 percent for both the intraspeaker
and the interspeaker data.

Elapsed Time The elapsed time between the recording of an
unknown message and the recording of a known message may,
under forensic conditions, be as hosrt as several hours or
as long as several years. Tosi et al. (see note 19) were
the only investigators to use elapsed time between record-
ings as a variable in a voicegram experiment. Their re-
sults indicate that for certain conditions the error rate
more than doubled when noncontemporary as opposed to con-—
temporary voicegrams were used. This result occurred for
open trials with words in random context and for which the
unknown speaker was not represented in the set of known
speakers. Independent of other conditions, however, ex-
aminer error rates were consistently worse for noncontem-
porary situations than for contemporary ones. The
differences in error rates were especially marked (3 to 9
times as great) for conditions in which words were spoken
in isolation or in a fixed context. For words in random
context the effect was less (no difference to 2.5 times
greater).

smrkovski (see note 18) reported the results of an ex-
periment in which the samples being compared were recorded
15 months apart. In examining the results obtained by 4
trained examiners, 90 percent of the actual matches were
reported as positive identifications; the remaining 10
percent were reported as either probable identifications
or no decision. Of the actual non-matches, 80 percent were
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TABLE B-1 Formant Measurements of Mimics

RESULTS FROM ENDRES ET AL.&

Measured Formant Frequencies in Hertz

Voice of
Mimic Natural
Natural Imitating Voice of
Vowel Voice of Other Other
Spoken Formant Mimic Person Person
Person Hb
/az/ First 835 780 665
Second 1290 1315 1155
Third 2340 2480 2195
/i/ First 305 345 190
Second 2285 1965 2010
.Third 2745 2360 2790
Person Li€
Jaz/ First 835 985 880
Second 1290 1535 1470
Third 2340 2185 2575
/i/ First 305 295 200
Second 2285 2280 2335
Third 2745 2690 2890

RESULTS FROM HALLA

Measured Formant Frequencies in Hertz

Voice of
Mimic Natural
Natural Imitating Voice of
Vowel Voice of Other Other
Spoken Formant Mimic Person Person
Subject 4°
/e/ First 375 280 n.a.
Second 1785 1760 n.a.
Third 2285 2315 n.a.
Subject s5f
/e/ First 375 145 n.a.
Second 1785 2000 n.a.

Third 2285 2420 n.a.
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TABLE B-1 Continued

Vvl First n.a. 615 625
Second n.a. 1355 1385
Third n.a. 2475 2510

Subject 3h

/x/ First n.a. 635 560
Second n.a. 1160 1795
Third n.a. 2000 2405

2Endres, W., Bambach, W., and Flosser, G. (1971)

Voice spectrograms as a function of age, voice disguise,
and voice imitation. Journal of the Acoustical Society
of America 49:1842-1848.

bendres et al. (1971), p. 1845, Figure 5.

“Endres et al. (1971), p. 1845, Figure 5.

Hall, M. E. (1975) Spectrographic Analysis of Inter-
speaker Variabilities of Professional Mimicry. Thesis
submitted to Michigan State University.

€Hall (1975), p- 20, Figure 6.

fyall (1975), p. 20, Figure 6.

9Hall (1975), p. 21, Figure 9.

Hall (1975), p. 25, Figure 18.

reported as positive eliminations; the remaining 20 percent
were reported as either probable eliminations or no deci-
sion. The speech material was a sentence of 9 monosyllabic
cue words recorded by cooperative speakers in their normal
working environment.

Quality The noise and bandwidth characteristics of record-.
ings obtained under forensic conditions vary a great deal.
Speech-to-noise ratios of less than 5 dB are sometimes
encountered. The 1972 Tosi et al. study reported no sig-
nificant difference in performance between examiners using
voicegrams made from quiet telephone recordings and those
using voicegrams made from noisy telephone recordings.
This noise was inserted in the speaker's environment from
loudspeakers; although a noise energy level was measured
at the speaker's head, the conventional speech-to-noise
ratioc in the composite signal was not measured. Nor was
there a way to compute this ratio from the available infor-
mation.

Professional examiners use voicegrams with a frequency
range of 80-4000 Hz. The useful bandwidth of field
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recordings is often less than 3 KHz. The effect of band-
width limitation on visual identification performance re-
mains unreported. Tosi et al. found no significant change
from (1) microphone into tape recorder to (2) telephone
through inductive pickup into tape recorder. The spectral
characteristics of the telephone channel were not reported.

Thus, the effects of noise and spectral characteristics
on visual identification performance remain essentially
unknown. The frequency locations of the fourth and higher
formants are relatively insensitive to message content.
For this reason it has been suggested that the loss of
spectral information in the range of 3-4 KHz may adversely
affect visual identification performance.

Listening-0Only Experiments

Many more experiments have been reported on identification
by listening alone than on identification involving voice-
grams. One of these studies3! is so much larger than the
others that it stands out as does the Tosi et al. study.
There is, however, wider agreement on the ability of humans
to recognize speakers by listening alone than there is on
their ability to recognize speakers by looking at voice-
grams. The Clarke et al. study examined several methods
of administering tests of identification by listening and
considered a wide range of message path conditions with
regard to noise and bandwidth. The results reported by
Clarke et al. can fairly be said to be representative of
the results reported from most recognition-by-listening
experiments to date.

Figures B-7, B-8, and B-9, taken from the Clarke et al.
study, represent a summary of the results most relevant
to the forensic application of voice identification by
listening. Each figure contains an ROC-curve showing ob-
server (examiner) performance for various experimental
conditions. For all the conditions represented by these
curves, the observer was asked to listen to 2 utterances
and decide whether or not they were spoken by the same
talker. He was also asked to indicate one of 3 degrees
of confidence (very sure, quite likely, or not certain).
These responses were then converted into a 6-point scale
of similarity that was used to construct the ROC curves
shown in the figures. The solid points in the inserts in
the lower right of Figures B-7 and B-8 show the mean per-
centage of the observers' actual "same" and "different”
responses that were correct as a function of experimental
condition. The bar through each point shows the range of
scores from the highest scoring observer to the lowest
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FIGURE B-7 Median ROC curves and mean
percentage correct scores as a function
of speech-to-noise ratio. Source: F. R.
Clarke, R. W. Becker, and J. C. Nixon
(1966) Characteristics that Determine
Speaker Recognition. ESD-TR-66-636.
Prepared under contract by Stanford Re-
search Institute, Menlo Park, Cal.
Bedford, Mass.: Electronic Systems Di-
vision, Air Force Systems Command, U.S.
Air Force.

scoring observer. For the best conditions (30 4B
speech-to-noise ratio and 90-4500 Hz bandpass), the error
scores ranged from 5 percent to 15 percent. As the speech
signal was degraded by adding noise or by reducing its
bandwidth, the error rates increased, but even at the ex-
treme conditions (-10 dB speech-to-noise ratio and 90-250
Hz bandpass), the median performance was better than chance
and the best observers achieved scores of about 70 percent
correct.

In Figure B-9, ROC curves are used to illustrate the
range of performance encountered by Clarke et al. for their
16 listeners in a speaker discrimination test. The large
difference in performance between the best and poorest ob-
server has been reported in several other speaker
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FIGURE B-8 Median ROC curves and mean
percentage correct scores as a function
of low-pass filtering. Source: F. R.
Clarke, R. W. Becker, and J. C. Nixon
(1966) Characteristics that Determine
Speaker Recognition. ESD-TR-66-636.
Prepared under contract by Stanford Re-
search Institute, Menlo Park, Cal.
Bedford, Mass.: Electronic Systems Di-
vision, Air Force Systems Command, U.S.
Air Force.

recognition-by-listening studies3? and, as mentioned ear-
lier, is relevant to the question of professional examiner
selection procedures. Also shown on Figure B-9 is the
ROC curve achieved by jointly considering all responses to
each item by all listeners. That is the multiple observer
ROC curve. To obtain that curve, a new similarity index
for each stimulus pair was obtained by summing the similar-
ity index of each listener for that pair. Despite the in-
clusion of even the poorest observer responses in the
multiple observer curve, there is a marked improvement in
performance for the group over the best individual observer.
For the Clarke et al. experiments, all speech samples
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from a given speaker were recorded during the same session,
but the two speech samples presented to the listeners al-
ways consisted of two different 5-syllable sentences. It
may be assumed that listener performance would improve if
the two speech samples were always of the same phrase.

For trials in which signal degradation was present, only
the second (i.e., the B stimulus of the A-B stimulus pair)
of the two speech samples was degraded. This last condi-
tion is representative of the typical forensic situation

in that exemplars from suspects are often recorded under
noise and bandwidth conditions different from the conditions
present at the time of the unknown recording.
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Results reported by Clarke et al. indicate that noise
and bandwidth conditions do not affect voice identifica-
tion in the same way that they affect speech intelligibil-
ity. Figure B-10a illustrates the comparative effects
of noise. The solid curve shows the effect on voice iden~
tification, which in this example extends from about 65
to 85 percent correct identification, measured on the left
scale, as the average level of the speech sound changes
from 10 dB below to 30 dB above the noise level, measured
on the abscissa. Over the same range of speech-to-noise
levels, the dashed curve shows that the speech word intel-
ligibility extends from almost zero to more than 95 per-
cent on the right scale.

Figure B-10b illustrates the effect of reducing the
frequency range. The frequency limit above which the
speech sounds are curtailed extends from 250 to 8000 Hz,
measured along the abscissa. The solid and dashed curves
and their scales have the same meanings as in Figure B-10a.

Figures B-10a and B-10b show that adding noise and re-
ducing the frequency range degrade both the speech message
and the identification clues. However, for both kinds of
transmission impairment, voice identification is relatively
more resistant to degradation than is speech intelligibil-
ity. Even when the noise level exceeds the average speech
level by 10 dB, or when all frequencies above 250 Hz are
cut off, a useful amount of identification information re-
mains, whereas the speech intelligibility is almost elimi-
nated.
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The results described above indicate that although
listening as a method of speaker recognition results in
less than perfect performance, it is an extremely robust
method with regard to certain degradations. Comparison of
the performance scores reported by Clarke et al. directly
with those reported by Tosi et al. is impossible because
the two experiments share no common test formats. Compari-
son of the relative imperviousness to signal degradation
of the listening method with that of the spectrographic
approach is difficult because no experiment in speaker
recognition by visual examination of voicegrams has docu-
mented signal degradation conditions in a way that would
make such a comparison possible. It would appear, however,
that for certain recording conditions (contemporary speech
samples, 30 dB speech-to-noise ratic and 90-4000 Hz), the
performance measures for observers in the Clarke et al.
experiment and in the Tosi et al. experiment were comparable.

Experiments With and Without Listening

The effect of including listening in the voice identifica-
tion task, thus transforming it into an aural-visual iden-
tification task, has not been adequately investigated.
Stevens et al. (see note 20) examined the relative effec-
tiveness of aural and visual identification when done
separately by subjecting the same examiner to equivalent
matching-from-sample tasks using the same speech stimuli
for each set of tasks. They reported average error rates
of 6 percent for aural and 21 percent for visual identifi-
cation. The 6 examiners used in this study were randomly
selected from 8 who had in turn been chosen from 10 volun-
teers on the basis of their ability to become familiar
with an ensemble of 6 previously unfamiliar voices. They
received a minimal amount of training in spectrographic
pattern matching techniques. This lack of training makes
assessment of the significance of the error scores diffi-
cult. It remains to be determined if aural identification
performance is superior to visual identification when
trained visual identification examiners are used.

Since the aural and visual tasks involve different
modalities and mechanisms, it is plausible that an increase
in accuracy can be obtained by using both aural and visual
methods. The amount of possible gain will of course depend
on the amount of independent information that can be pro-
vided by the two judgments. It can be argued that the two
tasks are just two means of displaying the same information;
on the other hand, it is clear that examination of the
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visual display is not subject to the time constraints of
playing back the aural signal. Although in current prac-
tice examiners use a combination of aural and visual
methods, there is no current quantitative data about the
independence of the information obtained from the two
methods. This lack of data clearly suggests a need for
research.

The Stevens et al. study does, however, provide the
only reported performance measure for voice identification
by listening for the test format in which the listener is
able to hear the test item (the unknown) or any of the
comparison items (the knowns) any number of times desired
before making a decision. The visual equivalent of this
format was used by Tosi et al. exclusively in their study.
An error rate of about 6 percent was reported by Tosi et
al. (visual examination of voicegrams only) across all
other conditions, for the condition of 10 voices in the
reference set. Approximately the same error rate was re-
ported by Stevens et al. (listening only) for the condi-
tion of 8 voices in the reference set. These results
would seem to support the idea that listening and wvisual
examination of voicegrams are comparable as single-mode
methods of speaker recognition.

AUTOMATED METHODS OF VOICE IDENTIFICATION

Many of the automated techniques involved in speech pro-
cessing and the extraction of speech signal descriptors
are used for both speaker identification and speaker veri-
fication tasks. 1In the verification task, however, there
is no problem in finding which known sample is to be com-
pared against the unknown sample since the purported iden-
tity is stated. In the identification task a strategy of
some sort is required; the examiner either compares the
unknown voice with all samples in the "library," or com-
pares the unknown voice with a smaller number of samples
that some classification scheme has selected as being
likely to produce matches.

Voice verification normally involves a so-called coop-
erative speaker, one who is willing to provide a sample of
an utterance and to try to make it linguistically the same
as a previously recorded utterance. The cooperative speaker
will attempt to provide "natural" prosodic and phonetic
events in the speech sample. The verification system
generally uses the same message path for the samples of
speech to be compared.
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Voice identification involves either an uncooperative
speaker or a noncooperative speaker. An uncooperative
speaker is one who knows a sample is being made and de-
liberately tries to impede the identification by not speak-
ing in a natural or normal manner. A noncooperative or
naive speaker is one who either is unaware that a voice
sample is being made or is unconcerned with the use to
which the sample is being put. Furthermore, since one
or both of the samples are being taken without full con-
trol of the situation, linguistic, prosodic, phonetic,
and message path variability may be present in the samples
being compared. Further distinctions can be made in the
two tasks as reported in the literature, but most of these
distinctions are application-dependent and not the result
of some fundamental difference between them. Forensic
applications have elements of both identification and veri-
fication. In an investigation it would be useful to com-
pare an unknown against a large set of potential suspects,
with or without a classification scheme. If the investiga-
tion comes to the point of supplying evidence for or against
a specific suspect, the problem is much more like that of
verification, which involves a closed set.

A considerable amount of the work in automatic speaker
recognition has been closely related with ongoing work in
automatic speech recognition (recognition of what has been
said, rather than who said it). The signal processing
techniques have often been the same, although the problems
have been quite different. In automatic speech recognition,
variability among different speakers is critical, whereas
in automatic speaker recognition, variability among dif-
ferent utterances is critical. Both areas involve the
effects of intraspeaker variability.

Research on Automated Techniques

Work has been done using a wide variety of automated tech-
niques, examining various characteristics under both text-
dependent and text-independent conditions. The text-
dependent situation is of course well suited to the speaker
verification task. All of this work has involved making
measurements of some kind from the speech signals and pro-
cessing the measurements to arrive at an estimate of the
probability that the speech did or did not come from a
given speaker. This probability can be used to make de-
cisions regarding speaker identity; the particular decision
made is a function of the payoff matrix for the application
in question.


http://www.nap.edu/catalog.php?record_id=19814

120 APPENDIX B

Pitch One speech characteristic that has often been used
is pitch, under both text-dependent and text-independent
conditions.33 Use of this single variable has been moti-
vated by the fact that pitch variation is known to be a
highly speaker-dependent phenomenon and that pitch can be
measured under conditions of poor signal-to-noise ratio
and a substantial amount of spectral distortion. In the
text-dependent situations the statistics stabilize after
a few seconds of speech, in the text-independent situations
they stabilize after a minute or so of speech. These
experiments, conducted on small populations of talkers
(around 10), have resulted in correct identification of
96-98 percent in the closed-set (forced-choice) situation.
(Note that in the closed-set or forced-choice situation
every missed identification is a false identification.)

Spectral Characteristics Work has been done on other
spectral characteristics of the signal. Long-term spectral
distributions (applied to text-independent material) have
been observed to stabilize at 30 to 60 seconds of contin-
uous speech3“ and correlations of spectral characteristics
produced about 1 percent overlap between intraspeaker and
interspeaker variation for a particular 30-speaker popula-
tion. Much of the work using spectral measurements has
been conducted on specific phoneme samples, generally
vowels and nasals. In some cases the establishment of
phoneme identity has been accomplished manually and the
subsequent analysis has been carried out in a fully auto-
matic way. These manually aided systems have been called
"Semi-Automatic Speaker Identification Systems."35 The
results range from perfect identification on a set of 10
talkers recorded 2 weeks apart (Pfeifer) to 1- or 2-percent
error rates under forced-choice conditions in other situ-
ations. The major study in this area3® was conducted on
a very large speaker population, on a data base intended
to represent the investigative and legal situation. Other
work37 indicates that useful speaker discrimination may be
possible using phoneme nuclei if the phonemes have not
been classified (i.e. text-independent).

A problem with spectral measurements is that they are
sensitive to the effects of the message path; that is,
the decision algorithms will accept message path features
as well as speaker features. Methods have been suggested
that should do a good job of removing message path charac-
teristics.3® These techniques should give good results
and reduce the measurements to those of speaker difference
only.
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Formant Methods Other work has attempted to look at for-
mant frequencies and formant trajectories as a means of
speaker identification. This work has been motivated by
the fact that the formant trajectory (like the pitch con-
tour) appears to be speaker-dependent and tc present an
idiosyncratic feature of the speaker. The work in general
has depended on the available methods for automatic formant
extraction; these are not always well behaved, especially
in noisy signals.

LPC Coefficients Still other work has used linear predic-
tor coefficients in efforts to provide complete yet compact
descriptions of the speech signal. This work, done on
text-dependent material,39 demonstrated that linear pre-
diction processing, followed by s spectrum computation,
permitted very high accuracy and also provided a means of
compensating for message path effects. Another experiment
indicated that linear prediction processing could extend

to text-independent situations at the cost of requiring
more data.

Estimates of Physiological Parameters Automated speech
processing from other applications is also relevant. For
example, Davis*0 tried to determine factors in speech that
relate to pathological conditions of the vocal tract. The
acoustic parameters that Davis used to describe laryngeal
pathologies can also be used as descriptors of individual
voice characteristics. These include pitch and amplitude
perturbations and other measurements that could be extracted
automatically from telephone-quality speech. This work,
adapted to normal speech, provides features that until now
have played only a very small part in methods of automated
speaker identification.

Prospects and Directions

The scientific evidence indicates that the performance of
trained examiners engaged in speaker identification is
about as good for listening alone as it is for visual ex-
amination of voicegrams alone. Furthermore, the large
difference in performance between the best and worst lis-
teners and the marked improvement in listening performance
that resulted from using a multiple (including good and
bad listeners) observer decision criterion (compared to a
single observer) are facts that deserve attention in the
design of speaker identification methods that use human
observers.
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Automatic techniques of speaker recognition have much
to recommend them for investigative and forensic purposes.
They can be made to provide repeatable, objective results.
Also, the effects and potential benefits of various alter-
native designs of the techniques can be evaluated readily
once an adequate data base of speech and speaker samples
becomes available. Relevant data that are available al-
ready are adequate to serve initial needs of a program
for exploring new automatic techniques of voice identifica-
tion.
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GENERAL LITERATURE

Treatises

C.

McCormick, EVIDENCE (24 ed. 1972)
Criticizes Frye test; brief discussion of voicegrams
in chapter on experimental and scientific evidence.

Moenssens, R. Moses, & F. Inbau, SCIENTIFIC EVIDENCE
CRIMINAL CASES (1973)

Separate chapter on spectrographic voice identification;
discussion of technique and early case law.

J. R. Richardson, MODERN SCIENTIFIC EVIDENCE (24 ed. 1974)
Separate chapter on spectrographic voice identification;
discussion of the history of the technique.

J. Weinstein & M. Berger, WEINSTEIN'S EVIDENCE (1977)
Multivolume treatise on the federal rules of evidence;
treatment of case law under each rule.

Periodicals

Beuscher, The Use of Experts by the Courts, 54 HARV. L.
REV. 1105 (1941)

Proposes a greater role for reference of complex factual
issues to experts.

Boyce, Judicial Recognition of Scientific Evidence in
Criminal Cases, 8 UTAH L. REV. 313 (1963)
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Discusses problems with Frye rule and compares radar,
breath intoxication, lie detector, and psychiatric
evidence; argues for rejection of Frye.

Korn, Law, Fact, and Science in the Courts, 66 COLUM. L.
REV. 1080 (1966)
Proposes a general framework for the analysis of the
use of expert evidence by the courts; discusses doctrine
of judicial notice, relative competence of court and
jury.

Martin, The Proposed Science Court, 75 MICH. L. REV. 1058
(1977)

Strong, Questions Affecting the Admissibility of Scientific
Evidence, 1970 U. ILL. L. FOR. 1
Discussion of Frye standard and of the characteristics
of those types of scientific evidence that have been
excluded under Frye.

Note, Did Your Eyes Deceive You? Expert Psychological
Testimony on the Unreliability of Eyewitness Identification,
29 STAN. L. REV. 969 (1977)
Proposes admission of expert psychological testimony
on the unreliability of eyewitness identification;
discusses criteria for admissibility of such evidence,
including conformity to generally accepted explanatory
theory and balancing of probative value and prejudice.

VOICEGRAM IDENTIFICATION

Decker & Handler, Voiceprint Identification Evidence--Out
of the Frye Pan and into Admissibility, 26 AM. U. L. REV.
314 (1977)

Favoring admission.

Greene, Voiceprint Identification: The Case in Favor of
Admissibility, 13 AM. CRIM. L. REV. 171 (1975)
Favoring admission.

Jones, Danger--Voiceprints Ahead, 11 AM. CRIM. L. REV. 549
(1973)
Opposing admission.

Kamine, The Voiceprint Technique: Its Structure and
Reliability, 6 SAN DIEGO L. REV. 213 (1969)
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Identification, 63 J. Crim. L., Criminology & Police
Science 343 (1972)
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- Committee on
Evaluation of

D Sound

Spectrograms

COMMITTEE FORMATION

The Committee on Evaluation of Sound Spectrograms was
established by the National Research Council in 1976 at

the request of the Federal Bureau of Investigation (FBI)

of the United States Department of Justice.* The personnel
in the FBI laboratory noted that there is a continuing
controversy regarding the reliability of speaker identifi-
cation technology and the admissibility of testimony based
on that technology and that courts at various levels have
been ruling both for and against the admissibility of evi-
dence based on application of that technology. Accordingly,
the FBI asked the National Academy of Sciences to form a
committee to review the status of speaker identification
techniques and practices and provide an assessment of that
status and probable future developments.

The National Academy of Sciences accepted this task
through the Assembly of Behavioral and Social Sciences of
the National Research Council. That Assembly sought the
advice of its Committee on Hearing, Bioacoustics, and Bio-
mechanics (CHABA); CHABA convened an ad hoc panel that con-
sidered the task, developed an initial work statement, and
suggested persons for committee membership.

*The name given to the Committee is somewhat misleading on
two counts: (1) the Committee concerned itself with all
forms of voice identification and (2) at present, voicegram
examiners use a combination of aural and visual methods;
they do not examine voicegrams alone.
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Initially, a committee of seven members was formed, with
specialties representing the multiplicity of disciplines
involved in voice identification and its uses. By the
time of the Committee's third meeting, the final membership
of eight was established. Brief biographical sketches of
the Committee members and staff appear in Appendix E.

COMMITTEE TASK

Scope

During its first two meetings, the Committee developed and
refined a set of tasks that it believed were responsive to
the sponsor's interests and the general need and that

could be addressed within a reasonable time span from first
meeting to published report. These tasks are described
below.

1. To examine the characteristics of speech relevant
to talker identification, their representation by voice-
grams, and the use of voicegrams in the task of identify-
ing speakers.

2. To consider error rates in identifying speakers by
the use of information contained in speech sounds and the
factors that influence these rates.

3. To consider new methods of identifying speakers by
the use of information contained in speech sounds.

4. To describe the training of voice identification
examiners and to consider optimal training and testing of
the examiners.

5. To search the relevant scientific and legal litera-
ture. To examine and describe existing data bases for
evaluating techniques of talker identification. To prepare
a review paper and a bibliography.

In addition to addressing the primary questions of the
accuracy of voice identification by the present combination
of aural and visual techniques, the Committee gave consid-
eration to potential new methods and to areas of research,
development, and practice that bear on all methods of voice
identification.

Excluded Issues

The Committee considered several issues that are related
to voice identification, and decided not to address them.
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These issues, and the Committee's reasons for not address-
ing them, are detailed below.

Admissibility Chapters 3 and 4 of this report present the
issue of admissibility of voice identification evidence and
make explicit the Committee's decision to take no position
on the issue of admissibility. The Committee has taken
care throughout the report to separate issues of scientific
facts from issues of values, and the admission of voice
identification evidence is not a question of scientific
fact. For a discussion of this issue, see the body of the
report.

Privacy Issues of privacy can arise in connection with
voice identification of the kind with which the Committee
is concerned. First, the recording of the voice of the
unknown criminal might have been made in a way that vio-—-
lates privacy. Second, the effort to obtain a voice sam-
ple from a suspect also might violate privacy. The
Committee decided not to deal with those issues. Because
it is possible to obtain both original recordings and
suspect samples without violating privacy, the Committee
takes the position that the issue of the accuracy of reach-
ing conclusions from comparisons of speech samples can be
considered separately from the question of the source of
the samples.

Tape Tampering The authenticity of voice recordings is an
important issue raised during the Committee's open meetings
and during its information-gathering phase. Since this

issue does not involve the technical question of voice
identification, the Committee did not address it, except

to note that, in the voice identification situations with
which it was concerned, authenticity can be controlled to
some extent by administrative efforts to safeguard the
tapes.

Other Issues Two other issues were not considered. One
issue is the observation of psychophysiological stress in
speech. Continuing publicity concerning voice stress
analyzers and their implications for lie detection in
speech led the Committee to consider whether they would
address this point. The other issue is the determination
of the linguistic content of an utterance that is difficult
to understand (for reasons of either noise or speaker-
related difficulties). Although both topics bear on voice
identification, the Committee felt they could not address


http://www.nap.edu/catalog.php?record_id=19814

Committee on Evaluation of Sound Spectrograms 153

them. Neither of these topics was in the original request;
both would have required extensive additional time and
effort.

To recapitulate, the Committee operated under the as-
sumption that a speech signal has been recorded, that it
it pertinent to a legal or investigative action, that
samples of speech have been obtained from other persons,
and that all of the samples have been acquired legally
and have been protected from tape tampering. Then the
task is determining whether the unknown speaker is or is
not one of the known speakers. In short, the Committee
confined its work to the question of voice identification
and the degree of accuracy with which it could be accom-
plished.

COMMITTEE OPERATION

In addition to holding closed deliberative sessions, the
Committee interacted with relevant parties through corre-
spondence, invited discussions, open meetings, and reviews
of literature. Over 200 individuals and organizations
were informed of the Committee's existence and purpose.
These covered the scientific, legal, and law enforcement
communities, including all those whose interest in the
subject was known to the Committee.

Five major meetings were held, the first of two days',
the last four of three days' duration. At the first four
of these meetings, selected individuals talked to the Com-

mittee as invited discussants. At the second and third
meetings, open sessions were held to which all interested

persons were invited by public notice.

One open session was held at a meeting in San Diego
and one in Washington, D.C. At the San Diego meeting,
the Committee reached a larg€ number of scientists who
were attending relevant professional meetings at that time
as well as some West Coast members of the legal community.
In Washington, D.C., the open session of the meeting drew
mainly law enforcement and investigative personnel and
members of the press. As a result of these sessions, the
Committee was able to hear the views of and have discussions
with: (1) voice identification practitioners, (2) scien-
tists who were both "pro" and "con," (3) lawyers who were
both "pro" and “con," (4) one judge, and (5) identification
specialists in other technologies. In addition, small sub-
groups of the Committee met from time to time, mainly for
writing sessions.
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In doing its work, the Committee benefited from the assis--
tance of a large number of people from the various constit-
uencies concerned with voice identification. Some of these
people met with the Committee as a whole, some participated
in the Committee's open meetings, others met with members
of the Committee or the staff, and some communicated with
the Committee by mail or telephone. The Committee is grate-—
ful to all of them for providing valuable information;
their names are listed below. Finally, the Committee would
like to thank the project coordinators at the Federal Bureau
of Investigation, who helped us in many ways: William E.
Harward, Steven A. Killion, and Bruce E. Koenig.

Speech Science Community

Joseph G. Agnello, Professor, Speech Pathology/Audiology,
University of Connecticut

James E. Atkinson, Naval Underwater Systems Center, New
London, Connecticut

John Boehm, Department of Defense

Peter D. Bricker. Bell Laboratories, Murray Hill, New
Jersey

David Broad, Speech Communications Research Laboratory,
Inc., Los Angeles

Frank R. Clarke, Consultant, San Diego

Anthony M. Collins, Department of Engineering Physics,
Australian National University

Edith L. R. Corliss, Physicist, National Bureau of Standards,
and Vice-President-Elect, Acoustical Society of America

Joseph de Clerk, Electronic Engineer, Technical Management
Division, SINGARS

Peter B. Denes, Head, Speech and Communications Research
Department, Bell Laboratories

George R. Doddington, Texas Instruments, Inc.

Michael Earle, Sound Research Service, Carpinteria, Cali-
fornia

Benjamin N. Early, Program Manager, Aerospace Corporation

Victoria A. Fromkin, Linguistics Department, University of
California at Los Angeles

John J. Godfrey, University of Texas at Dallas
Barry Hazen, University of North Carolina

Michael H. L. Hecker, Senior Research Engineer, Stanford
Research Institute International

John M. Heinz, Johns Hopkins University School of Medicine

Harry Hollien, Institute for Advanced Study of Communica-
tion Processes, University of Florida
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John N. Holmes, Head, Joint Speech Research Unit, Cheltenham,
Gloustershire, England

Michael Hoshiko, Southern Illinois University

Robert A. Houde, Director, Center for Communications
Research, Rochester

Kathleen Houlihan, Assistant Professor, Department of
Linguistics, University of Minnesota

Arthur S. House, Institute for Defense Analysis, Prince-
ton, New Jersey

Wiktor Jassem, Head, Acoustic Phonetics Laboratory, Polish
Academy of Sciences

Robert Kennel, Aerospace Corporation

Dennis H. Klatt, Research Laboratory of Electronics, Massa-
chusetts Institute of Technology

Peter N. Ladefoged, Linguistics Department, University of
California at Los Angeles

Norman J. Lass, Department of Speech Pathology and Audiology,
West Virginia University

Wayne A. Lea, Speech Communications Research Laboratory,
Inc., Los Angeles

Wojciech Majewski, Institute of Telecommunication and
Acoustics, Technical University of Wroclaw

John D. Markel, Signal Technology, Inc., Santa Barbara

Robert E. McGlone, University of Nebraska

W. F. Meeker, Radio Corporation of America

Kenneth H. Mill, Associate Dean of Faculties, University
of Iowa

Edward P. Neuberg, Department of Defense

A. Michael Noll, American Telephone and Telegraph

John Ohala, Department of Linguistics, University of
California at Berkeley

George Papcun, Phonetics Laboratory, University of
California at Los Angeles

Larry L. Pfeifer, Signal Technology, Inc., Santa Barbara

L. C. W. Pols, Institute for Perception TNO, Netherlands

Sandra Pruzansky, Bell Laboratories, Murray Hill, New

Jersey

Herbert Reitboeck, Westinghouse Research Laboratory,
Pittsburgh

Aaron Rosenberg, Acoustics Research Department, Bell
Laboratories

Howard B. Rothman, Institute for Advanced Study of Communi-
cation Processes, University of Florida

Edgar A. G. Shaw, Head, Acoustics Section, Division of
Physics, National Research Council, Ottawa, Canada

Lowell K. Smith, U.S. Government

Connie A. Supal, Michigan State University
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Henry M. Truby, Board of Directors, International Associa-
tion of Voice Identification

Visvaldis A. Vitols, Rockwell International

Hisaski Wakita, Research Engineer, Speech Communications
Research Laboratory, Inc., Los Angeles

Clifford A. Wood, Department of Defense

Legal and Judicial Community

John E. Ackerman, Dean, National College of Criminal Defense
Lawyers and Public Defenders, Bates College of Law
John Carney, Deputy Attorney General, State of California
Raymond P. Flynn, Attorney, Washington, D.C.
Carroll L. Gilliam, Attorney, Grove, Jaskiewicz, Gilliam
and Cobert, Washington, D.C.
Henry F. Greene, Assistant United States Attorney, Washing-

ton, D.C.

Stephen Heiser, Attorney, Singer and Osterhoudt, San
Francisco

William R. Jones, Center for the Study of Law, Nova
University

Gene C. Lange, Attorney, Ragan and Mason, Washington, D.C.

Thomas D. Luchetti, Attorney, Miller & Hickey, Rockford,
Illinois

W. Brown Morton, Jr., Attorney, Irons and Sears, Washington,
D.C.

Tim Murphy, Judge, Superior Court of the District of
Columbia

James M. Russ, Attorney, Law Offices of James M. Russ,
Orlando, Florida

Kenneth R. Thomas, Attorney, Los Angeles

William A. Thomas, Research Attorney, American Bar Founda-
tion

William F. Urich, Attorney, Law Offices of Robert L. Moran,
San Francisco

Edwin Williams, Attorney, Kellog, Williams and Lyons,
Washington, D.C.

Forensic Community

George J. Bonebrake, Supervisory Fingerprint Specialist,
Federal Bureau of Investigation

Linda Chiari, Voice Identification, Inc.

Owen Greenspan, Detective, Police Department, City of
New York

Malcolm C. Hall, Principal Research Officer, Commonwealth
Police, Canberra City, Australia
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Malcolm E. Hall, Detective Sargeant, Michigan State Police

Fred Lundgren, Bureau of Alcohol, Tobacco and Firearms,
U.S. Department of the Treasury

David Paige, Trooper, Forensic Laboratory, Connectcicut
State Police

Joseph L. Peterson, Executive Director, Forensic Sciences
Foundation

Eyal shy, Criminal Identification Division, Israel Police
H.Q.

Lonnie L. Smrkovski, Detective-Lieutenant, Michigan State
Police

Charles T. Spitzer, Special Agent, Laboratory Division,
Document Section, Federal Bureau of Investigation
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Richard H. Bolt is chairman of the board emeritus of Bolt
Beranek and Newman, Inc. With a BA in architecture and a
PhD in physics from the University of California, he went
in 1939 to the Massachusetts Institute of Technology as

a National Research Council fellow in physics. During the
next 30 years at the Massachusetts Institute of Technology,
he held several positions including professor of acoustics,
director of the acoustics laboratory, and lecturer in po-
litical science. He has been associate director of the
National Science Foundation, principal consultant in bio-
physics for the National Institutes of Health, a fellow

of the Center for Advanced Study in the Behavioral Sciences,
and president of the International Commission on Acoustics
and of the Acoustical Society of America, from which he
received its biennial award for research contributions.

He served as first chairman of the Committee on Hearing,
Acoustics, and Biomechanics of the National Research
Council, chairman of the U.S. District Court's Advisory
Panel on White House Tapes, and visiting scientist of the
Massachusetts legislature. He is a fellow of the American
Academy of Arts and Sciences and the Institute of Electri-
cal and Electronic Engineers and a member of the Institute
of Noise Control Engineering, the National Academy of
Engineering, and the American Bar Association-American
Association for the Advancement of Science joint committee
on science and law.

Franklin S. Cooper, an associate director of research for
Haskins Laboratories, was one of its founders and president
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from 1955 to 1975. He did undergraduate and graduate work
at the University of Illinois and received a PhD in physics
from the Massachusetts Institute of Technology. He began
work at Haskins Laboratories after three years at the
General Electric Research Laboratories. His other profes-
sional experience includes wartime service as head of the
Liaison Office of the Office of Scientific Research and
Development; postwar work with the United Nation's Atomic
Energy Commission Group; advisory services to the National
Research Council, the National Institutes of Health, and
various agencies in the Department of Defense; and adjunct
affiliations with Columbia University, Yale University,
and the University of Connecticut. He was a fellow of the
Center for Advanced Study in the Behavioral Sciences in
1964-1965; he was a member of the U.S. District Court's
Advisory Panel on White House Tapes in 1973-1974; he is a
fellow of the Acoustical Society of America and of the
Institute of Electrical and Electronic Engineers, and a
member of the Council on Foreign Relations and the Cosmos
Club in Washington.

David M. Green is professor of psychophysics at Harvard
University and chairman of the Department of Psychology
and Social Relations. He received degrees from the Uni-
versity of Chicago and the University of Michigan and has
served on the faculties of the Massachusetts Institute of
Technology, the University of Pennsylvania, and the Uni-
versity of California at San Diego, before coming to
Harvard in 1974. A recipient of a Guggenheim fellowship

in 1973, he spent that year at St. John's College in
Cambridge, England as an overseas fellow. Green is a
former editor of the Journal of the Acoustical Society of
America and the author of Signal Detection Theory and
Psychophysics with John A. Swets (1966, 1974) and An Intro-
duction to Hearing (1976) as well as many journal articles.
He was elected to the National Academy of Sciences in 1978.

Sandra L. Hamlet is associate professor in the Department

of Hearing and Speech Sciences at the University of Maryland.
She received a BA from the University of Wisconsin in lin-
guistics and the MA and PhD degrees from the University of
Washington, in speech pathology and speech science, re-
spectively. She is an associate member of the Acoustical
Society of America, and a member of the American Associa-
tion of Phonetic Sciences.
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John G. (Jay) McKnight is president of Magnetic Reference
Laboratory Inc. in Mountain View, California. He is
president-elect of the Audio Engineering Society and
president for the year 1978-1979. He received a BS in
electrical engineering from Stanford University in 1952.
In 1973-1974 he was a member of the U.S. District Court's
Advisory Panel on White House Tapes. From 1972 to 1974 he
was a consultant on audio systems and magnetic recording
and engineering vice president of Magnetic Reference Labo-
ratory Inc. From 1952 through 1972 he worked for Ampex
Corporation, serving in the magnetic recording research
group, the stereo tape division, and the professional audio
division. He has published more than 40 technical papers
on magnetic recording and audio engineering. He is a fel-
low of the Audio Engineering Society, and recipient of the
Audio Engineering Society Award; a member of its review
board; and has been a governor three times and chairman

of the Standards Committee and of the Publications Policy
Committee. He is a senior member of the Institute of
Electrical and Electronic Engineers.

James M. Pickett is professor of speech communication re-
search and, since 1964, director of the Sensory Communica-
tion Research Laboratory at Gallaudet College. He received
a BA from Oberlin College and a PhD in.experimental psy-
chology from Brown University. He has served the National
Research Council through his work on the Committee on Hear-
ing, Bioacoustics, and Biomechanics. He is a fellow of

the Acoustical Society of America and a member of the
American Association for the Advancement of Science and the
Psychonomic Society. 1In 1961 he was awarded a National
Institutes of Health Special Research fellowship for re-
search and study at the Speech Transmission Laboratory of
the Royal Institute of Technology, in Stockholm. He has
been chairman of the Technical Committee on Speech Communi-
cation of the Acoustical Society of America; of the Sub-
committee on Speech Processing Aids for the Handicapped of
the Insitute of Electrical and Electronic Engineering; of

a writing group on a standard for calculating a speech
interference index for noises of the American National
Standards Institute and has served on other committees con-—
cerned with speech communication. He is currently a mem-
ber of the Communicative Sciences Study Section of the
National Institutes of Health and the Research Advisory
Committee of the Boys Town Institute for Communicative
Disorders in Children. Since 1952 he has published numer-
ous research works in speech science and its applications.
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Oscar Tosi is professor of audiology and speech sciences,
and director of the Speech and Hearing Research Laboratory
and the Institute of Voice Identification at Michigan State
University. He received the ScD degree in engineering and
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