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ABSTRACT: The noncontemporariness of speech isimportant to
both of the two general approaches to speaker identification. Ear-
witness identification is one of them; in that instance, the time at
which the identification is made is noncontemporary. A substantial
amount of research has been carried out on this relationship and it
now iswell established that an auditor’s memory for avoice decays
sharply over time. It isthe second approach to speaker identification
which is of present interest. In this case, samples of a speaker’s ut-
terances are obtained at different points in time. For example, a
threat call will be recorded and then sometime later (often very
much later), asuspect’s exemplar recording will be obtained. In this
instance, it isthe speech samplesthat are noncontemporary and they
are the materials that are subjected to some form of speaker identi-
fication. Prevailing opinion is that noncontemporary speech itself
poses just as difficult a challenge to the identification process as
does the listener’s memory decay in earwitness identification. Ac-
cordingly, series of aural-perceptual speaker identification projects
were carried out on noncontemporary speech: first, two with laten-
cies of 4 and 8 weeks followed by 4 and 32 weeks plus two more
with the pairs separated by 6 and 20 years. Mean correct noncon-
temporary identification initially dropped to 75-80% at week 4 and
this general level was sustained for up to six years. It was only after
20 years had elapsed that a significant drop (to 33%) was noted. It
can be concluded that a listener’s competency in identifying non-
contemporary speech samples will show only modest decay over
rather substantial periods of time and, hence, thisfactor should have
only aminimal negative effect on the speaker identification process.
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Identifying speakers from their voice is becoming increasingly
important within many facets of our society. While it sometimesis
of material valuein civil, social and related areas, it can be of fun-
damental importance to the forensic sciences.

Most forensic approaches to speaker identification take one or
the other of two forms. In one instance, avictim or witnessis asked
to identify the voice of another person; one who is suspected of
having committed a crime. A good example here would be the case
wherethewitnessisfemale, has been raped but did not actually see
the rapist—only heard his speech and voice. The witness is asked
to make an identification at some time after (often long after) hear-
ing the perpetrator. The task presented her often is structured in a
manner similar to eyewitness lineups. Thus, the question can be
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asked: how effective are these earwitness lineups and what is
known about them? First, it must be pointed out that a rather sub-
stantial amount of research has been carried out on issues that un-
derliethese questions; it isrelated to aural-perceptual speaker iden-
tification in general. Most of these enquires have been basic in
nature (1-12); only some of them have addressed problemsdirectly
related to earwitness identification itself. Nevertheless, it is known
aready that, due to anumber of circumstances, thereliability of lay
witnesses can be somewhat variable (13-19) and that a person’s
memory for a voice decays as a function of time (2,20-30). Some
deviation among the observed patterns and decay slopes has been
reported but these shifts appear to be related to differences among:
(a) the nature of memory, (b) the specific tasks being carried out,
and/or (c) the procedures employed by the investigators. Y et, even
with these limitations extant, earwitness lineups (sometimes re-
ferred to as “voice parades’) are commonly employed by law en-
forcement agencies; they are carried out al over theworld. Thisap-
proach has been reviewed first smply because the basic problem
associated with it (i.e,, memory decay for voices) had led to an
enigmawith the type of speaker identification which isthe focus of
this report (i.e., when the samples are noncontemporary). As will
be seen, this second problem actually is quite different from the one
discussed above.

The Present I ssue: Noncontemporary Speech

As stated, the thrust of the present project is one where a voice
has been recorded (examples: death threats, bombs threats, and
sexual harassment) and attempts are made later to determine the
identity of the speaker, often from a pool of suspects. Here, sam-
ples of both the “unknown” speaker (evidence tapes) and various
other talkers (knowns) are available; the tapes of the suspects or
“knowns’ are collected later (often much later than the evidence
tapes) in the form of exemplars. Since the samples to be compared
are acquired at different pointsin time, their noncontemporariness
can be rather substantial even though processed at a single session.
Inany event, itisat thislater stage that some form of speaker iden-
tification is applied (i.e., aural-perceptual assessments by special-
ists, machine/computer processing or hybrid techniques) in an
effort to determine if the two speakers (i.e., the unknown and
a known) are a single person or two different individuals (4,
6,8,9,31-33). The prevailing opinion is that samples made at dif-
fering times and under different conditions create just as difficult a
challenge to the speaker identification process as does the decay in
listeners memory when earwitness lineups are employed (i.e.,
where no evidence recordings are available).

Surprisingly, very little research has been carried out on this
problem. The only known study in which an author directly inves-
tigated it was one published in 1977 by Rothman (34). He reported
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on anumber of procedures; among the groups studied were 24 talk-
erswho were recorded reading a passage and, then, reading it again
aweek later. Subsequently, he paired short samplesof each talker’s
speech: (a) with other samples of that same person, and (b) with
samples spoken by other people. He then had a large cohort of
young adults attempt to identify the pairsthat were produced by the
same individual and those by different people. In some instances
his sets were contemporary and, in others, they were noncontem-
porary. His results appeared to support the generally held opinion
relative to noncontemporary speech. Specifically, while his listen-
ers exhibited the expected level of about 94% correct identification
for the contemporary pairs, their performance dropped sharply (to
only 42%) in their noncontemporary judgments. Admittedly, Roth-
man'’s scores might have been reduced somewhat because some of
his speakers were related to each other and sounded similar when
they spoke. Nevertheless, he concludes that when speech istext in-
dependent “and noncontemporary, the ability to identify individu-
asissharply reduced.” Moreover, it can be noted that at |east some
tangential data are provided by Endress et a. (35) and Suzuki et al.
(36) both of whom identified changesin the speech of normal indi-
viduals as they aged. However, neither of these groups reported
shifts that were robust and/or universal; moreover, their compar-
isons were made over rather long periods of time. Finaly, little
challenge to this position (i.e., that noncontemporary samples de-
grade the efficiency of the speaker identification process) occurred
for many years; in some cases, the postulate even crept into the
writings of forensic phoneticians (6).

Ultimately, Schwartz (37) carried out a pilot study that tested
Rothman’s findings, at least on alimited basis. Her research was
quite similar to his, yet she obtained results that were, on average,
35% higher. This marked disparity led to a reconsideration of the
logic upon which the cited position was based. Not surprisingly, it
now appears inappropriate to believe that an individual’s
speech/voice can change dramatically over very short periods of
time or that auditors cannot recognize a single speaker when he or
she produces speech samples only afew weeks apart. Thus, if lis-
teners are capable of making reasonably accurate identifications
over time, the use of noncontemporary speech would hardly be as
devastating to the recognition process as was previously thought.

Method

As should be clear by now, research designed to study noncon-
temporary speech samples will differ sharply from that where ear-
witness lineups are investigated (Fig. 1). The basic procedure used
inthisresearch parallelsthat seen in the top box; the process of ear-
witness identification is found in the bottom one. Thus, it can be
noted that, while both memory and alistener’s ability to remember
auditory events can play large roles in the success of earwitness
lineups, such variableswill havelittleto no effect on the present re-
search. That is, even though the pairs of speech samples employed
were noncontemporary, i.e., recorded weeks, months, or years
apart, the present auditors are required to respond to the two sam-
ples in a paired comparison design. The question: Are the voices
heard in both parts of the sample pair produced by the same or dif-
ferent individuals? Hence, judgments are made almost instantly
with the entire task taking but 1015 s. Accordingly, the encoding-
storage-retrieval process (38,39) occurred so quickly that even
short-term memory (40,41) was not afactor.

Secondly, and as was stated, this project sharply expanded the
Schwartz (37) pilot study. Her data did not support Rothmans but
rather suggested that noncontemporary speech sampleswould have
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FIG. 1—A graphic portrayal of the differences between the present ex-
periment (top box) and the way in which research on “ voice parades’ is
carried out (bottom box). In the current instance, a processor (P is an au-
ditor or computer operator) attempts to determine whether or not the
speakers heard in samples (A) and (B) are the same person. Note that the
recordings here are made at different times. In earwitness identification,
there is no recording of the perpetrator (C). Rather the listener (L) at-
tempts to pick him out of a lineup (D to H).

but a minor effect on the robustness of the speaker identification
task. The controversy cited was addressed by means of four paral-
lel experiments. In the first, contemporary speech samples for a
number of male talkers were compared with matched samples (of
their speech) obtained after latencies of four and eight weeks; inthe
second, the spacing was four and 32 weeks. Thethird procedure in-
volved yet other speakers; in this case, the time differences be-
tween production of the first and the second samples was six years
(312 weeks). Finally, afourth study was carried out with asample-
set latency of 20 years (1040 weeks).

Subjects

All speakerswere male; they were randomly drawn from several
sources. Those for the first two experiments (i.e., those for 4-8,
4-32 weeks) were drawn from alarge population of healthy adult
males working or studying at the University of Florida. None ex-
hibited any observable medical problems or a history of speech or
hearing disorders. They were recorded and then rerecorded at
plus/minus one day of the target dates. That is, ten of the talkers
were recorded a second time after four and then eight weeks,
whereas a second group of 11 were run again at four and 32 weeks.
Finally, it should be noted that three of these men were talkersin
both of the studies; however, their performance could not bias the
data as none of the listeners were common to both thefirst and sec-
ond of the experiments.

Asisobvious, the speakers for the third and fourth experiments
had to be obtained in a different manner. Specificaly, their first
recording was obtained from the | ASCP database which contains
over 15,000 controlled talker-samples. Only high fidelity samples
were considered and they had to have been produced by individ-
uals who were currently available for a second recording. More-
over, to be initially recorded, speakers had to have met the basic
selection criteria of good health, plus appropriate reading/speak-
ing ability and have exhibited no speech/hearing disorders. To be
included in the present research, they had to again demonstrate
these same characteristics (i.e., good health, speaking ability, etc).
Ten appropriate subjects were found for a six-year comparison
(i.e., 1989 to 1995) plus an additional 11 for a 20-year latency
(1975 to 1995).



Speech Samples

Overall, the speech materials employed were constant within
each of thefour experiments. That is, they consisted of 6t0 8 s sen-
tences (mean = 6.8 s) drawn from the Fisher-Logemann (42) artic-
ulation test for thefirst two studies, and 7 to 9 s sentences (mean =
7.6 s) extracted from standard reading passages for the research
with greater latencies. Sample sentences were drawn from the
“Rainbow Passage” for the six-year comparisons (third study) and
similar excerpts from “An Apology for Idlers’ for the fourth (i.e.,
the 20-year latency).

Listeners

Inall, atotal of 149 listeners (both men and women) were used;
those that could meet the selection criteria were randomly dis-
tributed into four cohorts which varied in size from 3141 individ-
ualseach (see Table 1). All wereyoung, healthy university students
drawn from Linguistics or Speech courses (and given course credit
for their participation). While not highly experienced, al had re-
ceived at least minimal training in speech and language. Further,
they first were required to pass a hearing test (>92% correct SRT)
and, subsequently, demonstrate that they could recognizeif pairs of
contemporary speech samples were produced by the same or dif-
ferent talkers at an 85% or better level of correct identification. Ac-
tualy these “selection criterid’ sets were mixed with the experi-
mental materials on the basis of roughly 18 to 20% (same) and 30
to 35% (different) proportions, respectively. They (i.e., the “test”
samples) were assessed before subjects’ responses to the experi-
mental material were scored; if a subject did not exceed the 85%
correct identification criterion for both the known * same” and “ dif-
ferent” speaker pairs, his or her responses to the target samples
were discarded. Actualy, all of the auditors met these (and the
hearing) criteria; their overall means were 95.1% (range 90 to
100%) for the“same” judgments and 94.9% (range 87 to 100%) for
the “differents’ respectively. The correct identification means ex-
hibited by each of the four cohorts may be found in the selection
criteria columns of Table 1.

Procedure

An ABX or paired comparison technique (i.e., hear A, hear B,
make decision X) was employed with from 64—78 pairs presented
in each of the sub-experiments. The structural patterns for each of
the four were roughly the same, depending upon whether only one
set of noncontemporary contrasts (example: 06 years) or two (ex-

TABLE 1—Summary table of listeners responses to same-different
speech samples uttered by male talkers. All scores, except number of
subjects, are in percent correct.

Subjects Selection Criteria
Experiment Speakers  Listeners Same* Different
Study 1 (4, 8 wks.) 10 36 91.2 96.3
Study 2 (4, 32 wks.) 11 31 94.0 93.9
Study 3 (6 yrs.) 10 41 96.6 96.2
Study 4 (20 yrs.) 11 41 97.9 93.7
Mean 95.1 94.9
Range 90-100 87-100
Total 42 149

* These scores (i.e., the “same” selection criteria judgments) also were
used as the baseline (or contemporary) values.
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ample: 0-4; 0-8 weeks) were evaluated. To illustrate, the pattern
for the first experiment involved 78 sample pairs structured as fol-
lows: (a) sametaker = 14 samples, (b) different talkers = 24 sam-
ples, (c) first latency comparison (04 week pairs) = 20 samples,
and (d) second latency (0-8 week pairs) = 20 samples. All samples
were randomized within the tape and the internal order (i.e., which
of apair camefirst) was counterbalanced. As stated, listeners heard
the pair of utterances and immediately marked their decision asto
whether they were produced by one or two people.

Results and Discussion

The overall results may be best understood by consideration of
Table 2. Asmay be seen, these data appear to form arather specific
set of patterns. First, please consider the contemporary (or base-
line) scores found in the first column; they are drawn from the
“same speaker” selection criteria data (next-to-last column, Table
1). It was not considered necessary to replicate this process since:
(a) the procedure would have been identical, (b) group size was
very large (N = 149) and (c) the very high level of correct identifi-
cation clearly demonstrated listener ability. Moreover, the overall
group mean of 95.1% equals or exceeds those found in other stud-
ies; included are those of 95.6% reported by Schwartz (37) and
Rothman’s (34) 94.0%.

Second, reductions in correct identification were found for the
noncontemporary comparisons even after as short a period as four
weeks. However, the decay was only around 15 to 20% rather than
that of the over 50% reported by Rothman (34). Moreover, the pre-
sent scores did not fall very much out of the range noted for a pe-
riod of up to, at least, six years. It is not until a 20-year break oc-
curred that the identification levels began to fall markedly. For
convenience, these data, plus a second order polynomial curve,
may be seen plotted in Fig. 2.

Certain other relationships also are apparent. Note that a four-
week procedure was included in both of the first two experiments
and the level of correct identification was 72.5% in the first and
79.6% in the second. When they were combined for all 67 subjects,
the overall mean was 75.8%. As it turns out, these two values are
not only reasonably consistent with each other, but roughly outline
the band that can be seen to exist for latencies of up to severd
years. Further, while the subjects in the first experiment scored
slightly higher on the eight-week task than they did for the four-
week pairs, thereverse was true for the four and 32 week contrasts.
It should be remembered that there can be no order effects among
these data as all sample pairs were randomized.

The somewhat higher scores found for the six-year comparisons
(Experiment 3) were not expected. However these data appear
fairly stable. For one thing, since a large cohort of listeners could

TABLE 2—Summary table of the correct percent of listeners responses
to contemporary and noncontemporary speech samples uttered by male
talkers. Times are in weeks.

Noncontemporary
Experiment  Contemporary* 4 8 32 312 1040
Study 1 91.2 725 812
Study 2 94.0 79.6 735
Study 3 96.6 85.1
Study 4 97.9 33.0

* The “contemporary” values are drawn from Table 1.
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FIG. 2—Group mean scores when subjects responded to noncontempo-
rary samples as a function of delays of from four weeks to 20 years. The
contemporary baseline is the mean (95.1%) for all 149 listeners. The fitted
curve is a second-order polynomial.

not be obtained at one time (i.e., to permit the entire procedure to
be completed in one sitting), these materials had to be presented
twice, first to a group of 20 subjects, then to a second of 21. The
means for these two Experiment 3 “subgroups’ were found to be
84.0 and 85.7; hence, good reliability is suggested. In any event,
since the data from these two subgroups could be legitimately
pooled (as was intended in the first place), only a single mean
(85.1%) isreported.

Asstated, Fig. 2 provides avisual representation of the datagen-
erated. Note that a band of scores, falling roughly between 70 and
85%, isestablished early and appearsto be sustained, at least up un-
til the time the noncontemporary pairings are separated by more
that six years. Moreover, the dataare consistent with those from the
Schwartz pilot study (37) which roughly paralleled Rothman's, as
shereported two week and four week correct identifications of 79.3
and 81.6% (respectively). Indeed, even though limited, her dataare
quite consistent with those generated by this project; they also are
useful in confirming that the level of identification is close to 80%
(that is, until the 20-year latency is considered).

The devel oping hypothesisthat noncontemporary speech haslit-
tle effect on speaker identification efficiency was further tested by
application of alinear regression statistic. As would be expected,
significance was found (F = 111.21; df 5, 190; F .01 = 3.11).
However, testing the relationships aong the curve found in Fig. 2
appeared to be of yet greater importance. This task was accom-
plished by means of a Tukey’s HSD test for which aminimum sig-
nificant difference of 8.74 was obtained. As will be seen, the pri-
mary differences in the curve occurred at the extremes; that is the
contemporary judgmentswere found to exhibit significantly higher
scores whereas the 20-year noncontemporary judgments were sig-
nificantly lower. Excepting for the small positive reversal for the
six-year data, the rest of the noncontemporary scores were statisti-
cally similar to each other. The dight upward shift found in Exper-
iment 3 may be due (in part, at least) to the fact that a higher pro-
portion of the speakers in this group had received some sort of
professional training. Thereisat least a possibility that voice train-
ing and sustained vocal health may prevent the type of changes that
could lead to listener confusions (43).

Finally, a sharply reduced level of correct identification for the
contemporary versus the 20-year noncontemporary contrast was

expected and, indeed, just such a reduction was found. However,
the particularly high levels observed for the earlier latencies would
suggest that the original prediction might have been alittle severe.
First, the reduction could have resulted simply from the fact that
many of the speakers voices actually had changed significantly
over the 20-year period; the Endress et a. (35) and Suzuki et al.
(36) findings would suggest this as a possibility. However, the
identification levels for the other latencies (and especialy for the
Six-year separation) cannot beignored. In any event, the proportion
of correct identifications after 1040 weeksis not much poorer than
is Rothman's after just afew days.

Conclusions

First, it can be concluded, that the predicted severe reduction in
the ability of listeners to identify individuals from noncontempo-
rary speech samples over long periods of time was not substanti-
ated. Second, it appears that noncontemporary speech samples can
be expected to show only minimal decay, especially relative to au-
ral-perceptual speaker identification, for periods of up to six years,
and perhaps even longer. Whileit is possiblethat problems may oc-
cur if degrading factors of an external nature are present (i.e., sound
alike speakers, talker illness, and channel distortions, etc.), these
findings suggest that noncontemporary utterances probably will
have but aminimal effect on the accuracy of speaker identification
procedures of any type.
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