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Courts in Poland, as well as in most countries in the world, allow for the identification of a person on the basis
of his/her voice using the so-called voice presentation method, i.e., the auditory method. This method is used in
situations where there is no sound recording and the perpetrator of the criminal act was masked and the victim
heard only his or her voice. However, psychologists, forensic acousticians, as well as researchers in the field of
auditory perception and forensic science more broadly describe many cases in which such testimony resulted in
misjudgement. This paper presents the results of an experiment designed to investigate, in a Polish language
setting, the extent to which the passage of time impairs the correct identification of a person. The study showed
that 31 days after the speaker’s voice was first heard, the correct identification for a female voice was 30% and

for a male voice 40%.
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1. Introduction

Most courts around the world allow auditory iden-
tification of a person, i.e., testimony in which the wit-
ness is able to identify the speaker or other auditory
impression. Auditory identification is one of the old-
est methods of identifying a speaker from the voice.
It was the first method accepted by courts of various
countries, e.g., in the USA, in the state of Florida it has
been used since 1907 (HOLLIEN, 1990; 2002). Auditory
identification is a complex technique due, among other
things, to the temporal fluctuation of speech features
and parameters caused by the psychophysical state of
people involved in an event, as well as external acous-
tic conditions (HOLLIEN, 1990; 2002; HOLLIEN et al.,
2016). In Poland, this method is used when there is
no sound recording and the identification of a per-
son can only be made on the basis of an auditory
assessment by the injured person or by witnesses to
the event (The Code of Criminal Procedure [Kodeks
Postepowania Karnego|, 2016). Auditory assessment
is also used in linguistic-measurement (BLASIKIEWICZ,

1971; DOLECKI, RZESZOTARSKI, 2002) and auditory-
spectral (ALEXANDER et al., 2005; BEGAULT, P0zA,
2005; McDERMOTT, OWEN, 1996; ROSE, 2002) meth-
ods. In these methods, at the auditory assessment
stage, attention is paid, among other things, to the
sound of voices being compared, the manner of ac-
centuation, the rate of speech, pronunciation defects
and the manner of utterance are analysed. Psychol-
ogists, phonoscopy specialists, and researchers in the
field of auditory perception and forensic science more
broadly describe many cases where this testimony
has resulted in a wrongful conviction (ELMORE, 2020;
POSSLEY, 2018).

Humans are able to recognise speakers based on
their voice with varying degrees of effectiveness. Many
factors affect the reliability of this method, namely
familiarity with the speaker, duration of the speech
sample, context, emotion, pronunciation defects, etc.
(DEFFENBACHER, 1989; HOLLIEN, SCHWARTZ, 2000;
YARMEY et al., 2001). Professor Frances McGehee,
through the events of 1935 (Conviction of Bruno
Hauptmann in the case of the kidnapping and mur-
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der of Charles Lindbergh Junior (HOLLIEN, 1990;
The State of New Jersey v. Bruno Richard Haupt-
mann, 1935; VAN WYK, 1953)), conducted an exper-
iment in which she wanted to prove the thesis that
a person is unable to recognise an unfamiliar voice af-
ter a considerable lapse of time from its first hearing.

To this day, there are still expert claims that af-
ter 29 months, as in the case of Charles Lindbergh’s
identification of Hauptmann, auditory identification of
the other person is impossible. McGehee, with her re-
search, showed that the speaker’s voice identification
on the next day was quite high (83%), but that the ef-
fectiveness of the identification gradually declines over
time, reaching only 13% after five months. Many peo-
ple including Harry Hollien point out that Frances
McGehee in her experiment did not take into account
several important aspects such as the fact that the
accuracy of identification can be affected by the ap-
pearance of an additional stimulus when hearing the
speaker — emotional involvement or the ability of dif-
ferent people to remember the voice (ELMORE, 2020;
HOLLIEN, 1990; 2002).

Later studies (BRICKER, PRUZANSKY 1966; HOL-
LIEN, 2002; PRUZANSKY, 1963) confirmed the conclu-
sions of McGehee’s research. However, these studies
did not faithfully reproduce the experiment performed
by McGehee.

The aim of the experiment presented in this paper
was to investigate, under the Polish language condi-
tions, how the passage of time affects the correct iden-
tification of men and women when the recogniser does
not know the speaker’s voice and when the speaker’s
voice is well known.

2. Study by Frances McGehee

The conviction of Bruno Hauptmann for the kid-
napping and murder of little Charles Lindbergh Ju-
nior, and more specifically the fact that it was based
on evidence of voice identification, initiated a series
of experiments aimed at confirming the ability of hu-
mans to remember the voice of a speaker over the long
term. One of the most famous experiments was an
experiment performed by Frances McGehee in 1937
(McGEHEE, 1937; HOLLIEN, 1990). The study in-
volved 740 students (554 men, 186 women), while there
were 49 speakers (31 men, 18 women). The study par-
ticipants were divided into 15 groups. Each group was
assigned a number of days until the next listening day,
i.e., a lapse of time from 1 day to 5 months. The lis-
teners’ task was to recognise and indicate which of the
five voices they had heard previously. The speakers pre-
sented to the listeners were selected from 49 people.

The thesis she put forward in her research can be
formulated as follows: “Humans are unable to recog-
nise an unfamiliar voice after a significant lapse of
time from when they first hear it”. To confirm this

thesis, McGehee performed an experiment consisting
of two parts. In the first part of the experiment, lis-
teners heard a 56-word text read by a single speaker
sitting behind an opaque screen. After a set amount of
time, the group members heard the same sequence read
in random order by five speakers (one identified and
four whom the listeners had never heard). The listen-
ers’ task was to write down the number of the speaker
they thought they had originally heard. McGehee re-
peated this experiment with the difference that the
speakers presented to the listeners were prerecorded
on tape. In both experiments, the results were very
similar, with the effectiveness of identification decreas-
ing as time passed. The correct identification after 1
and 2 days was 83% and after 7 days 81%. A notice-
able decrease was found after 2 weeks, when the correct
identification was 69%, dropping to 51% after 3 weeks
and 35% after 3 months. The last period studied was
after 5 months when the correct identification dropped
to 13% (McGEHEE, 1937; HOLLIEN, 1990).
McGehee’s research showed that the correct speaker
identification depends on the time which elapsed be-
tween hearing the voice of the person being identified
and attempting to recognise the speaker, as well as the
listener’s ability to remember the voice pattern.

3. Experiment I — Recognition
of an unknown speaker

The test material was a passage from the book
“Norse Mythology” by Neil GAlMAN (2017) read by
five female and five male speakers. The speakers were
selected based on a subjective assessment of the simi-
larity of the voice tone, as well as the value of the laryn-
geal tone and the first four formants. The utterances
were recorded on a digital recorder at the sampling
rate of 44.100 samples/s and a resolution of 16 bits
in PCM (wav) format. Before recording, each speaker
practised reading the text to ensure fluency. The text
was read out in an even, calm voice. The recordings
were made in a home environment, in a quiet room
isolated from external distractions. The utterances,
i.e., the text being read out, were recorded five times.
From all the recordings, one with the best-sounding
utterances, without stammers, repetitions or uncon-
trolled artefacts, was selected for each reader (Hus,
2022).

Due to the state of epidemic emergency prevail-
ing both nationally and internationally caused by the
COVID-19 coronavirus (SARS-CoV-2 virus), the en-
tire research process took place online from sending
the message about the start of listening to sharing the
evidence and comparison recording and receiving feed-
back with the listener’s response.

The female voice recognition study involved 100
participants (65 male, 35 female) who were randomly
divided into 11 smaller study groups. In contrast,
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150 participants (88 male, 62 female) took part in the
male voice recognition study, who were randomly di-
vided into 11 smaller study groups of 10 participants
each. The ages of the study participants ranged from 21
to 26 years for the female voice identification and 20—
30 years for the male voice identification. The speaker
identification group was formed from the candidates
who passed the so-called zero test. This consisted of
each candidate being presented with the statements of
all five speakers (the male voice to the candidates in the
male identification group and the female voice to the
female identification group) 30 seconds after hearing
the speech of the person being identified. Each candi-
date had to correctly identify the speaker being recog-
nised. If the speaker identification was not correct then
the candidate was not included in the study group.
The recording of the identified speaker was pre-
sented on the same day and at the same time to all
study participants, with a female and a male identifica-
tion group separately. After listening to the recording,
it was deleted from the folder provided to the listen-
ers. The participants in the experiment were therefore
not given the opportunity to listen again to the record-
ing read by the identified speaker. After the time set
for the group had elapsed, the group members were
informed that the listening window had been opened
and the speaker’s identification should be made. Each
group member listened to a prerecorded text read by
five speakers. After listening to all the voices, he or she
indicated the number of the speaker whose voice, in
his or her opinion, corresponded to the voice heard for
the first time. In addition, each listener provided a de-

gree of confidence in the identification. The informa-
tion provided by the listener was automatically entered
into the measurement form. All the information en-
tered automatically updated the results table, which
included:

— information about the correct identification of the
suspect for a given listener;

— the total number of listeners who correctly iden-
tified the suspect;

— the number of people who correctly identified the
suspect after a certain time;

— information about which speaker the people tested
pointed to most often;

— information specifying the number of people not
tested.

The recognition of the female voice was performed
after: 1, 2, 3, and 7 days, 2 and 3 weeks, and 1 month
after the first hearing of the recording of the recognised
speaker’s utterances, and the male voice additionally
after 2, 3, and 4 months.

Figure 1 presents the results obtained from the ex-
periment presented and reported by McGehee. The
recognition performance of the female voice is more
dependent on the passage of time than that of the male
voice. After one day of hearing the female voice, 90% of
the listeners made the correct identification, whereas
for the male voice, all the listeners correctly recognised
the person being identified. As the time passed, the
recognition success rate decreased, so that after seven
days the female voice was 60% and the male voice 90%;
McGehee’s figures were 81%. On the other hand, after
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Fig. 1. Effectiveness of identifying an unknown person as a function of the passage of time.
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one month, the recognition rate decreased very signifi-
cantly, with the female voice at 30% and the male voice
at 40%. The speaker recognition performance 1 month
after the first hearing of the male voice was similar to
McGehee’s result (40% and 47%, respectively).

Analysing the summary results of the speaker iden-
tification by all the listeners, it was found that the cor-
rect identification of the male speaker was marginally
better than that of the female speaker (Fig. 2). The
correct identification of the female was 58% and that
of the male was 62%, a difference of 4% in favour of
the male voice.

».

mCorrect identification of female m Correct identification of male
Blncorrect recognition of female B Incorrect recognition of male

Fig. 2. Percentage of correct and incorrect identifications
of female (a) and male (b) voices.

The results were analysed to see what effect the gen-
der of the person identifying the speaker has on the cor-
rect identification. As a result of this analysis, it was
found that there is no significant difference whether the
speaker is recognised by a woman or a man (Fig. 3).
A difference of 2% in the effectiveness of the per-
son identification is within the statistical error range.

') 61%

m Correct identification by female mCorrect identification by male
& Incorrect recognition by female BSlncorrect recognition by male

Fig. 3. Percentage of correct and incorrect voice identifica-
tions by female (a) and male (b).

4. Experiment IT — Recognition
of a known speaker

The second part of the experiment concerned the re-
cognition of a speaker whose voice was previously
known to the listeners. Hundred participants (54 men,
46 women), the age range 15 to 55 years, took part in the
recognition of the female voice. Each person in this group
had contact with an identified female at least once ev-
ery fortnight. Ninety people (63 men, 27 women) par-
ticipated in the male recognition, the age range 20 to
45 years. As in the female recognition group, also in
this case each person in this group had contact with
the male suspect at least once every fortnight.

This part of the experiment used the same test ma-
terial as in the first part of the study, i.e., the recogni-
tion of the unknown speaker. The speaker recognition
procedure was the same as in experiment I.

The results of this part were statistically analysed
and the results are shown in Fig. 4. This part of the
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Fig. 4. Effectiveness of identifying a known person as a function of the passage of time.
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experiment showed that if the voice of a well-known
speaker is identified, even after 1 month it is possible
to correctly identify both male and female speakers.
It is only after 2 months that the identification effi-
ciency of the familiar speaker drops to 80%. Analysing
the results of the speaker identification carried out by
all the listeners, it was found that the correct identi-
fication is not influenced by the gender of the person
being identified (Fig. 5). When the speaker is known,
the difference between female and male identification
is only 1%, which is within the statistical error range.

=
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Fig. 4. Percentage of correct and incorrect identifications
of voice female (a) and male (b).

In experiment II, taking into account the results
of experiment I, the results were not analysed for the
effect of the gender of the person identifying the known
speaker on the correctness of the identification.

5. Conclusions

The research confirmed the conclusions of McGe-
hee’s experiment that as the time passes after hearing
a speaker’s voice, the speaker’s recognition efficiency
decreases rapidly. Comparing the results obtained in
experiment [ with those of Frances McGehee’s study, it
can be concluded that under the Polish language con-
ditions the identification efficiency of the female voice
decreases faster, while that of the male voice at a com-
parable rate. In the first three days, the correct identi-
fication of both female and male voices exceeded 80%.
The very high efficiency of male voice identification
persisted for one week (90%), but after two weeks there
was a decrease to 60% (69% in McGehee’s study), and
after one month it decreased to 50% (47% in the McGe-
hee study).

The resulting convergence of the results was expec-
ted in the light of Ebbinghaus’ research on memory.
In his classic work, he presented quantitative data on
the decay of stored material over time (EBBINGHAUS,
1885). The conclusion that the number of remembered
items decreases with time has been confirmed by other
researchers (FALKOWSKI, 2004; IWANICKA, 2020). Ac-
cording to the Ebbinghaus curve, also known as the
forgetting curve, which shows the relationship between
the amount of information stored in memory and the

time elapsed since hearing it, a person is able to re-
construct a limited number of units heard, e.g., after
5 days only 25% of the units heard, and after 30 days
20% (EBBINGHAUS, 1885). Stressful circumstances can
affect learning and memory processes. However, the
nature of the effect of stress on memory is not fully
understood, as both memory-enhancing and memory-
impairing effects have been reported (SCHWABE et al.,
2012). The memory curve is language-independent and
can be adapted to many branches of learning related
to perception (EBBINGHAUS, 1885; FALKOWSKI, 2004).
Thus, it can be assumed that the Ebbinghaus curve
also applies to the ability to remember the sound of
the voice, including the auditory identification of the
speaker. It should be noted, however, that in the case
of remembering the sound of the voice, the curve falls
much more slowly than the Ebbinghaus curve. Humans
are able to remember the artefacts of the speaker’s
voice for longer than learned speech units, and espe-
cially in situations of emotional involvement. It can be
assumed that auditory identification of a speaker does
not depend on a language when it is made by speakers
of the same language as the person being identified.

The results of experiment II showed that if the
recognised voice was previously known to the identi-
fier then 100% correct identification of the female voice
was maintained over a period of 1 month. The high
value of correct identification was still maintained after
3 months and was 80% for both female and male voices.

The results obtained in both experiments I and IT
presented here, as well as in the McGehee study, cast
considerable doubt on the validity of identifying a per-
son solely on the basis of a voice two years after hear-
ing the voice for the first time (as in the case of
Charles Lindbergh). However, retention, i.e., the ability
to remember, especially under conditions of threat or
personal involvement, cannot be overlooked. In Lind-
bergh’s case, the production of a significant dose of
adrenaline, which sharpened the hearing and also en-
hanced the ability to remember the voice for a long
time, may have played an indiscernible role in remem-
bering the voice of the abductor. Hollien’s research
shows that in a stressful situation, a person can remem-
ber the sound of a voice for a very long time. Therefore,
it cannot be ruled out that in individual cases it is pos-
sible to recognise a voice even after 2 years, as was the
case with Lindbergh.

In the process of auditory speaker identification,
the technique of remembering the speaker’s voice is
also important. In the experiment in question, one
listener used the technique of associating the voice he
heard with the voice of a person he knew well. When
listening to recordings of five people, including the
identified person, the listener looked for the speaker
whose voice best reproduced that of the person close to
him. This listener correctly identified the suspect after
40 days and rated his confidence of identification at 10.
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In summary, it can be said that speaker identifi-
cation deteriorates very quickly when it is made by
people who do not know the speaker and are not emo-
tionally involved in the event, whereas it persists for
a longer period of time in people who know the speaker.

In addition to further research into the effect of the
passage of time on the effectiveness of speaker recog-
nition by listeners, future work will focus on factors
studied so far for automatic methods. These are fac-
tors masking the personal parameters of the speaker’s
voice, such as the influence of the speech coding and
transmission techniques used (JARINA et al., 2017),
voice disguise techniques or the speaker’s state or con-
dition (STARONIEWICZ, 2021).
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