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Abstract

Voice lineup is a possible form of an identification parade conducted during an investigation. It could occur in cases where the
perpetrator’s appearance was not observed by the victim or witness, and only the voice was heard. Some of the factors that could
impact the accuracy of voice recognition, such as age of the witness, retention interval and whether the voice was heard live (at
crime scene) or through a mobile phone, have already been the subject of some studies.

The aim of the study was to examine the impact of the following factors: music education, retention interval and gender. The
experiment was conducted with a total of 129 participants, both musically and non-musically educated. The participants were
asked to listen to a short voice recording simulating a true event and then (after the retention interval of 1 week or 2 weeks)
to listen to a recorded lineup of 6 female voices. Following that, they were asked to try to identify the perpetrator’s voice. The
results revealed no statistically significant difference between musically educated and non-musically educated participants, and
similarly, no significant difference was found based on gender or confidence rating. A nearly significant decrease in accuracy
was observed among the participants with a longer retention interval. Nevertheless, the maximum level of accuracy was only
55% which implies low reliability of voice recognition evidence. There results must be taken into consideration by authorities

if a voice lineup is used, especially to treat voice recognition evidence with caution.
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1. Introduction

A voice parade is a forensic method of identify-
ing persons, with different variants. In Polish law, the
voice parade is regulated by Article 173 of the Code of
Criminal Procedure (CCP), among other regulations,
which expressis verbis indicates the identification of
a person, likeness or object. This forms the legal basis
for conducting a voice parade [1-4]. The possibility
to identify a person based on their voice is support-
ed by the individuality and uniqueness of the human
voice [5], resulting from differences in the anatomical
structures involved in speech production and speech
patterns [6]. Speech recognition systems can accurate-
ly identify a speaker even with their attempt to mimic

another person [5]. However, such identification is, in
fact, performed based on speech rather than voice, be-
cause the term voice refers to the individual’s timbre,
tone, and pitch, whereas speech also refers to the per-
son’s overall manner of speaking, including any artic-
ulatory difficulties [7].

The literature underlines that a voice parade is both
rare [6, 8, 9] and problematic to conduct. Problems
may arise from procedural issues, such as the lack of
a uniform voice parade methodology (as is the case in
Poland, where the executive legal acts provide for the
performance of a speech parade, at most, as an auxil-
iary tool to a standard identity parade [10]). Nonethe-
less, attempts have been made to develop this method-
ology [e.g., 6, 8,9, 11]. In the UK, there are guidelines
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providing a set of good practices for investigators
conducting a voice parade [12], but the procedure is
rarely used there as well [13]. Another important con-
sideration is the factors with an overall effect on one’s
voice memory, which is relatively weak in most per-
sons [14]. These factors include: the circumstances of
hearing a voice for the first time, duration of speech,
variability of the voice parameters, a witness’s prepa-
ration or voice memory, and the time between an event
and the voice parade [8], as well as whether a witness
was asked beforehand to memorise a voice in order to
recall it later [15]. Other studies have also observed
difficulties in remembering a voice, specifically noting
that familiarising oneself with a voice enough to iden-
tify the speaker later takes more time than recognising
the faces of new people [16, 17]. However, some re-
searchers have indicated that even in the case of eye-
witnesses, the auditory stimulus may dominate over
the visual stimulus when attempting to identify some-
one [11, 18]. On the other hand, the memory imprint of
the voice was observed to degrade faster than that of
another person’s face [19]. Most of the research results
obtained to date have also indicated a relatively low
accuracy of the voice-based identification of persons
that rarely exceeds the chance of randomly choos-
ing the correct speaker (or correctly stating that the
speaker is not present) [20—24]. These findings clearly
demonstrate the low reliability of a voice parade as ev-
idence, which is lower than that of a standard identity
parade [25, 26].

The factors potentially affecting the accuracy of
a voice parade that have been assessed to date are
the witness’s age, including children and teenagers
[23, 27], and elderly people [28, 29], visual disabil-
ity [30, 31], and the voice recorded using a mobile
phone [24], among others. Results concerning the re-
lationships between being certain of having identified
someone correctly and the identification accuracy are
ambiguous and are referred to as unreliable [22, 23]
or as having a low diagnostic value [32]; but on the
other hand, they are sometimes referred to as signif-
icant [33]. The results related to the witness’s or the
perpetrator’s sex are also unclear. To date, studies
have observed no difference in the accuracy depend-
ing on the perpetrator’s sex [34], but other studies
have also found that male voices were identified more
accurately than female voices [35, 36]. Furthermore, it
was found that a female voice was identified with bet-
ter accuracy by female participants [31]. Participants
of the same sex as the perpetrator identified the voice
more accurately [35]. Research has also shown that
women are better at recognising familiar voices than
men [37].

The effect of musical education on the accuracy of
voice identification has not been researched in great
detail. Musical education has been shown to benefit
verbal memory [38, 39], pitch recognition [40], in-
cluding in spoken language [41], tone recognition in
tonal languages [42], linguistic abilities [43—45] and
speech perception in noisy surroundings [46].

These findings led to the hypothesis that individu-
als undergoing musical education and musicians can
recognise other people based on their voice more ac-
curately than individuals without musical experience.
However, research did not find a statistically signifi-
cant difference between musicians and non-musicians
who were asked to identify the voices of speakers of
a language they knew [47]. In both groups, the identi-
fication accuracy amounted to 70-75%. On the other
hand, musicians recognised the speakers of a language
they did not know more accurately than non-musicians.

Even so, the results of those studies cannot be con-
sidered reliable for the accuracy of a voice parade, be-
cause their participants familiarised themselves with
the speakers’ voices and identified them on the same
day, which is nearly impossible to achieve in judicial
practice. Witnesses asked to identify a voice hear the
perpetrator for the first time in natural circumstances,
typically under stress. Selecting the suspects and or-
ganising a voice parade with the accompanying per-
sons is a long-term process that requires the presence
of an expert in phonoscopy, profiling the perpetra-
tor’s and the suspects’ voices, and preparing record-
ings [12, 48]. As a result, performing a voice parade
takes place a long time after an event and after the wit-
ness has heard the perpetrator’s voice for the first time.

The literature underlines that a voice parade should
be prepared and conducted no later than 4-6 weeks
after a memory imprint of the perpetrator’s voice is
created [12, 48]. In order for a voice parade to be con-
sidered ecologically viable, this period should be no
shorter than 24 hours [24]. The research has so far
yielded mixed results with respect to the effect of the
length of time between a witness familiarising them-
self with the perpetrator’s voice and their participation
in a voice parade on the identification accuracy. Some
studies did not observe any difference in the identi-
fication accuracy even after eight weeks, compared
to an experimental group that was asked to identify
a voice after three weeks [22, 49]. Other studies noted
a significant decrease in accuracy between a parade
performed after two weeks and one performed after
three weeks [28, 50], as well as a significant increase
in false positives after just a week when a voice parade
not including the perpetrator was performed [51].
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Due to the above results and other factors, it be-
came necessary to conduct a new study on the effects
of musician education as a variable of the identifica-
tion accuracy in a voice parade. The author of this
study also decided to compare the results obtained by
persons undergoing and not undergoing musical edu-
cation at one-week and two-week intervals between
the participants familiarising themselves with the
perpetrator’s voice and attempting to recognise it in
a voice parade.

Taking into account the results of earlier investiga-
tions addressing the positive effect of musical educa-
tion on a set of properties and weak voice memory, the
following research hypotheses were formulated:

1. Persons undergoing musical education recognise
other people based on their voices better than per-
sons not undergoing musical education, a week af-
ter familiarising themselves with the perpetrator’s
voice.

2. Persons undergoing musical education recognise
other people based on their voices better than per-
sons not undergoing musical education, two weeks
after familiarising themselves with the perpetra-
tor’s voice.

3. Persons attempting to identify the perpetrator’s
voice two weeks after familiarising themselves
with it are less accurate than persons attempting to
identify it after one week.

Furthermore, despite the ambiguous results, the au-
thor of this study decided to investigate the participants’
sex and certainty of having provided the correct answer
as additional factors.

2. Methods of selecting the voices and
participants for a voice parade — methods
of assessment and results

This study was constructed according to recom-
mendations provided by forensic researchers, the
Polish legal system and the voice parade practices fol-
lowed in Poland [6, 18, 52, 53]. Thus, the following
were included in the analysis: 20 voice samples, voice
samples in the form of recordings (indirect parade),
selection of voices through elimination assessments,
recording duration of about 20 seconds, five fillers
(persons other than the perpetrator) in a parade, voice
samples containing quotes from the crime scene or the
place where the memory imprint was created, texts
read aloud and other aspects [27]. At the same time, in
order to create conditions resembling those in which
the memory imprint of the voice was created as closely
as possible, the participants in this study familiarised

themselves with the perpetrator’s voice by listening to
a recording that imitated the course of the event.

2.1. Voice parade selection

2.1.1. General information and selection of voice
samples

Voice samples from 20 women aged 22-26 years
were collected in the form of recordings with a length
of 19-21 seconds. The participants were selected
based on the following criteria:

— Age,

— Sex,

— Native speaker of Polish,

— No noticeable speech impediments, such as prob-
lems pronouncing the letter /r/ (rhotacism), lisping
or stuttering,

— No interference from a regional dialect, such as
the alveolar-dental /¥/ (in Poland called the Eastern
Borderland /V/),

— Similar socioeconomic environment and educa-
tion, i.e., a student of Law or Psychology at the
Jagiellonian University in Krakow and living in
Krakow.

All samples were recorded using the same device
(a built-in recorder in a Google Pixel 6). The record-
ings were adjusted technically using Audacity 3.5.1
(trimming, cutting out excessive pauses or adding
pauses, noise reduction, volume equalisation and nor-
malisation), which did not alter the sound of the voices
in any way. Lastly, the recordings were exported as
.wav files with a 3072 kb/s bitrate.

A script consisting of the ‘perpetrator’s’ utterances
from the crime scene was prepared (Appendix 1).

The twenty participants were asked to read some of
the perpetrator’s utterances. The participants were in-
formed about the criminal nature of the event and were
asked to read the utterances in an emotionally-loaded
manner. Next, samples of their voices were recorded
consisting of seven utterances from the crime scene
(Appendix 2) and a fragment of a civil law textbook
(Appendix 3).

After the elimination assessments, Six voices were
selected for the voice parade and one person was se-
lected to play the role of the perpetrator. The latter was
asked to read out the perpetrator’s utterances from the
crime scene, as realistically as possible.

2.2. Elimination assessments

Three elimination assessments were conducted, in
order to select similar voices for the voice parade, with
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a total of 47 participants. The participants listened to v v XVI X1
the voice samples twice. Vil v Vil N
2.2.1. Elimination assessment | X VI XIX X1
XI VIL XX XIvV

During the first elimination assessment, five partic-
ipants aged 21-23 years were instructed to listen to all
20 recordings and choose the voices that in their opin-
ion were clearly different from the others. The partici-
pants could choose as many voices as they wanted. Six
of the twenty voices, which were chosen at least three
times, were eliminated (Fig. 1).

2.2.2. Elimination assessment II

In the second elimination assessment, 25 partic-
ipants aged 15-17 years were instructed to choose
the voices that were clearly different from the others
with no limit, as with the first assessment. However,
this time, the participants chose the voices from the
remaining 14 recordings. The voices were ordered by
giving them new numbers (Table 1).

Table 1
Voice numbers in Elimination Tests
Voice Voice ' Voice Voice )
number in number in number in number in
Eliminati Elimination L Elimination
1mination Tests IT and Elimination Tests 1T and
Test I ests 1l an Test I ests 1l an
111 111
1 1 XII VIII
II 1I XIII IX
IV I1I XIV X
6
5

Number of participants
o w

—_

S

LOSSE TS

Voice number

As a result of the assessment, six more voices were
eliminated, which left eight voices (Fig. 2).

2.2.3. Elimination assessment III

In the third elimination assessment, 17 participants
aged 16—17 years, who were different from those in
the previous assessment, listened to the voices num-
bered I, 111, TV, VIII, IX, X, XI, and XIII twice. This
time, the participants were instructed to choose only
one voice out of the eight that was clearly different
from the others and to evaluate the similarity of each
voice on the following scale:

e +2 —very similar,

e +1 — similar,

* 0 —neither noticeably similar nor different,
o —1 — different,

* -2 —very different

by comparing all the voices to one another.

Due to being chosen the most and their similarity
to other voices deviating from O (neither noticeably
similar nor different), the voices numbered X and IV
(XIII and V in the first elimination assessment) were
excluded from the parade. The person with the voice
numbered XIII was selected to play the role of the
perpetrator due to her voice being rarely chosen as
clearly different from the others (Fig. 3) and with a
low deviation from 0 (which meant that her voice was

Sl F

Fig 1. Elimination
Test I. Significantly dif-
ferent voices
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not markedly distinct; Fig. 4). Because the voice num-
bered III was chosen more often than XIII in the first
part of the third elimination assessment (voice III —
4 times; voice XIII — 1 time), this person was not se-
lected for the role of the perpetrator in order not to
make identifying it in the voice parade overly easy.
After the elimination assessments, the person with the
voice numbered XIII was asked to record lines ‘from
the crime scene’, which were then played back to the
participants in the first assessment proper, i.e., when
the participants familiarised themselves with the voice
of the perpetrator.

20
18
16
£ 14
<
R=3
.2 12
=
g
10
o
_cg 8
s 6
Z
4
2
0
v Vv VII VIII
Voice number
5
4
§=
L2 3
h=1
<
2,
G
o
g 2
g
=]
| I

Vil

Voice number

2.3. Participants

A total of 129 persons aged 15-22 years partici-
pated in the study (mean age 17.35 years, ¢ = 1.087).
All the participants declared not having any auditory
disorders. The participants were selected according to
the following criteria:

A. Undergoing musical education (n = 55; age 15-22
years; mean age = 16.93 years, ¢ = 1.359; mean
length of the musical education = 9.91 years),

B. Not undergoing musical education (n = 74, age
16-19 years, mean age = 17.66 years, ¢ = 0.688).

Xl X1 X1V

XII Fig. 3. Elimination

Test III. Significantly
different voice.

Elimination
Test H Significantly
different voices.
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Group A included persons who, at the time of the
study, had been undergoing formal musical education
(by attending a state music school) for at least six
years, played an instrument or sang, and who attended
amusic school. For comparison, other studies that have
examined the effect of musical education classified the
following individuals as musicians: amateur instru-
mentalists with at least nine years of continuous musi-
cal training in the Western classical music style, who
had attended music classes in the preceding five years
and played an instrument at the time of the study [40];
individuals who began musical training before the age
of nine years and had practiced at least three times
a week for more than an hour for more than 10 years
[54]; at least 6 years of musical training on a Western
music instrument before the age of 12 years [38]; and
amateur instrumentalists or vocalists with at least six
years of continuous musical training over their life-
time [47]. The criteria used in this study were a syn-
thesis of the solutions listed above, and resulted from
the age of the available study participants and their
status as students of music schools who attended cur-
ricular classes at an educational institution during the
week, including auditory training, instrument classes
or participation in an orchestra or a choir, and who
were not typically self-taught musicians.

Persons who did not meet the above criteria and
had less than four years of formal musical training
were assigned to Group B. There was no participant
who had not been classified to either Group A or
Group B. A similar criterion for the length of formal
training was also applied in another study [54]. Other

15

10

0
O I I
-6
-8

-10

Number of participants
o

-15

-20

-19

1 I v VIII IX

Voice number

researchers classified individuals as not undergoing
musical education based on the following criteria: no
more than three years of formal musical training in any
instrument, including no training over the preceding
five years [40]; no musical training over their lifetime
at all [38]; and less than a year of vocal or instrumental
musical training over their lifetime [47].

The age of the participants was the result of con-
ducting the study in music schools and secondary
schools. To date, publications have not reported any
statistically significant differences between the partici-
pants’ age and the accuracy of voice identification [23];
therefore, this study focused on comparing the results
obtained by persons undergoing and those not under-
going musical education. This study was conducted
among participants of a similar age, in order to limit
the potential effect of their age on the obtained results.
The institutions from which the participants were re-
cruited were selected depending on obtaining consent
from their authorities and the time availability of the
students themselves. The size of Groups A and B de-
pended on the attendance on the day when the study
was conducted.

2.4. Assessment proper

2.4.1. Assessment proper |
2.4.1.1. Participants

The first assessment proper was conducted among
a total of 70 persons aged 16-21 years (n = 70, age

I -4
-7

-7

X XI XIII

Fig. 4. Voices similarity
level.
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range 16-21 years, mean age 17.31 years, ¢ = 0.860),
who were divided into Groups Al (n = 29, age range
16-21 years, mean age 17.41 years, 6 = 1.211, mean
length of musical education: 10.45 years, 6 = 1.66017)
and B1 (n = 41, age range 1619 years, mean age
17.24 years, ¢ = 0.489).

2.4.1.2. Procedure

Each participant was informed about the aim of the
study and consented to their participation.

In the first stage of the analysis, the participants fa-
miliarised themselves with the voice of the perpetrator
from the crime scene by listening twice to a recording
of utterances from the crime scene, played back us-
ing a JBL Go speaker. Before familiarising themselves
with the voice, the participants were asked to close
their eyes and imagine being in a dark forest, then sud-
denly hearing a disturbing voice, at which point the
recording was played twice. This procedure was used
in order to enhance the participants’ memorisation
processes.

The second stage of the analysis took place a week
later. This time, the participants were asked to fill in an
assessment sheet, which consisted of two parts: Before
the parade and During/after the parade (Appendix 4).
Over the course of the analysis, the participants were
informed several times about the possibility to opt out
of the six-voice parade aimed at identifying the voice
that they had heard a week earlier.

The following information about the participants
was collected during the Before the parade part:

— Sex,

— Age,

— History of musical education, in particular:

* Playing an instrument and/or singing,

» Age at which the participants underwent their
musical education, including the age at which
they began (and ended, if applicable) learning
to play an instrument and/or sing,

*  Form of musical education (e.g., a music school,
private lessons, self-taught, or performances),

* Frequency of practice (number of days per
week and duration of practice in hours),

— The certainty of recognising the perpetrator’s voice
or recognising that the perpetrator’s voice was not
present in the parade was assessed through answer-
ing the question ‘Do you think that you will cor-
rectly indicate the perpetrator’s voice or lack of it
in the parade?’ on the following scale: 1 — definite-
ly no; 2 — probably no; 3 — probably yes; 4 — defi-
nitely yes.

After filling in the first part of the assessment sheet,
the participants listened twice to a parade consisting
of the six voices selected during the elimination as-
sessments (also played using the JBL Go speaker) and
were asked to fill in the During/after the parade part
of the assessment. The following information was col-
lected in the second part:

— Answer to the question: ‘Which of the voices in the
parade belongs to the perpetrator?’. The possible
answers were: Voice 1, Voice 2, Voice 3, Voice 4,
Voice 5, Voice 6 and None (indicating the perpetra-
tor’s voice was not present in the parade),

— Reasons for choosing that particular answer,

— Reasons for excluding the other answers,

— Degree of certainty that the perpetrator’s voice was
identified correctly, or that it was not present in the
parade, by answering the question ‘Do you think
that you have correctly indicated the perpetrator’s
voice or lack of it in the parade?’ on the following
scale: 1 — definitely no; 2 — probably no; 3 — prob-
ably yes; 4 — definitely yes.

2.4.1.3. Results

2.4.1.3.1. Certainty before listening to the voice
parade

Before listening to the parade, the participants
from Group A1 felt much more confident about choos-
ing the correct answer. Among them, as many as 93%
(27 persons) declared that they would correctly iden-
tify the perpetrator’s voice or the lack thereof in the
parade. The mean certainty in Group Al was 3.1.

To compare, only 71% (29 persons) of the partic-
ipants from Group Bl were certain that they would
correctly identify the perpetrator’s voice or the lack
thereof, while as many as 12 persons believed that
they would probably not be able to answer correctly.
The mean certainty in Group B1 was 2.43 (Fig. 5).

2.4.1.3.2. Accuracy

The overall accuracy amounted to 47.14%. The
representatives of Group Al were more accurate than
the representatives of Group B1 (55% vs. 41%; 16 vs.
17 persons), but the difference was not statistically
significant. Specifically, a chi-square test of independ-
ence showed (chi® (I, 70) = 1.281, df = 1, p = 0.258,
p > 0.05) that there was no statistically significant rela-
tionship between the accuracy of identifying a person
based on their voice and the level of musical educa-
tion, within the week-long interval between hearing
the voice for the first time and listening to the parade.
At the same time, a similar share of participants in
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both groups declared that the perpetrator’s voice was
not present in the parade (15% vs. 17%; randomness
level 14%). The results are presented in Fig. 6.

The observed degree of accuracy, as tested using
with the chi-square test of independence, disproved
Hypothesis 1 formulated in Section I.

2.4.1.3.3. Certainty after listening to the parade

After listening to the parade and choosing an an-
swer, the certainty of a correct answer decreased in
Group A1 by over 10 percentage points to nearly 83%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% L
mAl =Bl

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
HIT MISS

=Bl mAIBI

(mean certainty 2.97). The certainty among the partic-
ipants who chose the correct voice increased slightly
from 3.13 to 3.19.

The same percentage decreased by almost 5 per-
centage points in Group B1 (nearly 66% of Group Bl
declared that they probably or definitely had chosen
the perpetrator’s voice, or the lack thereof, in the pa-
rade). However, the mean certainty increased to 2.78.
Likewise, the percentage of participants in Group B1
who were definitely convinced about being correct
increased from 7% to 12%. The certainty among the

-
4

Fig. 5. Study I. Confi-
dence rating before the
voice lineup.

FALSE-ABSENT
Fig. 6. Study 1. Talker

identification accuracy.
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17 participants who correctly identified the perpetra-
tor’s voice decreased slightly, from 2.88 to 2.82 (Fig. 7
and 8).

2.4.1.3.4. Reasons for choosing the correct answer

The participants who correctly identified the per-
petrator’s voice in the parade gave different reasons
for their answers. The participants were asked to pro-
vide all of their reasons in an open-ended manner, af-
ter which the declared reasons were divided into sev-
eral categories.

Representatives of Group Al usually based their
answers on the colour of the voice. Relatively com-
mon answers were related to the tone and pitch of the
voice, and to the closest similarity to the voice heard
a week earlier. In Group B1, the main reasons were the
timbre of voice and the closest similarity to the voice
heard a week earlier (Table 2).

In Group A1, the most common reason for exclud-
ing the other voices in the parade was differences in
timbre from the perpetrator’s voice. Some of the par-
ticipants also based their answers on differences in

100%
90%
80%
70%
60%
50%
40%
30%
20%
10% . .
0%
: 2 4 Fig. 7. Study I. Confi-
mAl =B] depce .ratlng after the
voice lineup.
—— Al Bl =#=—Al-HIT ==>=BIl-HIT
4
3.5
—h
3 f:
25
2
1.5
1
BEFORE AFTER
—— Al 3.1 297
Bl 243 2.78
—#— Al - HIT 3.13 3.19 ]

dence rating.
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Table 2 Hoarseness 1 0
Study 1. Participants who correctly identified the tar- Intuition 0 :
get — reasons of choosing the voice -
Not given 1 0
) Mentions Similar but still different 1 0
Reasons of choice
Al B1
Voice timbre 8 2.4.2. Assessment proper II
Most like offender’s voice 4 6
Voice pitch 6 ) 2.4.2.1. Participants
Sounds pronunciation (including /1/, /s/, /c/) | 2 3 The second assessment proper was conducted
“Hey!” 2 2 among a total 59 persons (n = 59, age range 15-22
Accentuation 3 0 years, mean age 17.39 years, ¢ = 1.313), who were
General manner of speaking 1 2 also divided into two groups: A2 (n = 26, age range
Intuition 1 5 15-22 years, mean age 1.6.38 years, 6 = 1.329; mean
, length of musical education: 9.31 years, 6 = 1.71509)
Emotion 1 1
and B2 (n = 33, age range 17-19 years, mean age
General manner of speaking 0 2 18.18 years, 6 = 0.528)
Speaking rate 0 2
Like a participant’s friend’s voice 1 0 2.4.2.2. Procedure
Soft consonants at the end of words 0 ! The second assessment proper followed the same
Speaker’s age 1 0 procedure as the first one, with the only difference
Subjective opinion 0 1 relating to the time period between the participants

tone and pitch, as well as a lack of similarity to the
perpetrator’s voice. The most common reason for ex-
cluding the other voices in Group Bl was a lack of
similarity to the perpetrator’s voice, which likely in-
dicates problems with justifying their answers. This
group of participants justified their responses as differ-
ences in timbre much less often (Table 3).

Table 3
Study 1. Participants of correctly identified the target —
reasons of rejecting the other answers

Mentions
Al Bl

Reasons of rejecting the other answers

—_
(=]

Voice timbre

Different voice

Voice pitch

Accentuation

General manner of speaking

Diction

Emotion

Lack of authenticity/imitating

Lack of speech impediment

N O || IO —= D
SN ||| |W W k| O|

Speaking rate

hearing the perpetrator’s voice for the first time and
listening to the voice parade, which this time was two
weeks.

2.4.2.3. Results

2.4.2.3.1. Certainty before listening to the voice
parade

As before, the participants from Group A2 felt
more confident before listening to the parade than the
participants from Group B2. Over 80% of the partici-
pants in Group A2 declared ‘probably yes’ and ‘defi-
nitely yes’ when asked about their certainty of correct-
ly identifying the perpetrator’s voice, or lack thereof,
in the parade (mean certainty 2.85). The correspond-
ing share in Group B2 was 58% (mean certainty 2.64).
The results are presented in Fig. 9.

2.4.2.3.2. Accuracy

The overall accuracy amounted to 30.5%.
The results were nearly identical between both
groups (A2 — 30%, B2 — 31%). The chi-square test of
independence also showed (chi® (I, 59) = 0.001, df = 1,
p =0.969, p > 0.05) that in the two-week interval be-
tween hearing the voice and listening to the parade, no
statistically significant relationship occurred between
the accuracy of the identification based on a person’s
voice and the participant’s level of musical education.
Both groups declared above the randomness level
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(14%) that the parade did not include the perpetrator’s
voice (A2 —21%, B2 —23%). The results are presented
in Fig. 10.

The obtained level of accuracy, as tested by the
chi-square test, disproved Hypothesis 1 formulated
in Section I.

2.4.2.3.3. Certainty after listening to the parade

Most of the participants in Group A2 declared
‘probably not’ or ‘definitely not’ when asked about
correctly identifying the perpetrator’s voice, or lack

100%
90%
80%
70%
60%
50%

1

mA2 mB2

0.9
0.8
0.7

MISS

A2 mB2 mA2B2

40%
30%
20%
10% l
0% [ | | .
2 3

thereof, in the parade (54%; mean certainty 2.31). The
certainty among the eight participants from Group A2
who correctly identified the perpetrator’s voice de-
creased from 2.75 to 2.50.

The certainty of answering correctly among the
participants from Group B2 increased to 70% (mean
certainty 2.79). The certainty of those participants
who correctly identified the perpetrator’s voice re-
mained the same (2.7). The obtained results are pre-
sented in Fig. 11 and 12.

4
Fig. 9. Study II. Confi-

dence rating before the
voice lineup.

0.6

0.5

0.4

0.3

0.2

0
0

FALSE-ABSENT

Fig. 10. Study II. Talker
Identification Accuracy.
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2.4.2.3.4. Reasons for choosing the correct answer

As with the first assessment proper, the participants
in the second assessment were able to freely justify
their decisions. The responses provided by those par-
ticipants who correctly identified the perpetrator’s
voice in the parade were also divided into categories.

In Group A2, there was no single dominant factor
affecting the choice of the perpetrator’s voice in the
parade. The participants usually based their answers
on the tone and pitch of the voice, or on the timbre and

100%
90%
80%
70%
60%
50%

1

mA2 mB2

——A2

35

40%
30%
20%
10% .
oo I ]
2 3

closest resemblance to the voice they had heard two
weeks earlier. Group B2 declared similar reasons. The
obtained results are presented in Table 4.

The participants justified their decisions to exclude
the other answers in a similar manner. Both groups
usually indicated differences in the tone and pitch of
the voice (in Group A2, they also mentioned its tim-
bre). The obtained results are presented in Table 5.

4
Fig. 11. Study II. Con-

fidence rating after the
voice lineup.
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Table 4
Study II. Participants who correctly identified the tar-
get — reasons of choice

Mentions

Reasons of choice
A2 B2

Voice pitch

Voice timbre

Most like offender’s voice

“Hey!”

General manner of speaking

Diction

Speaking rate

Accentuation

—_ = O OO =N W

Pronunciation of word ‘understand’

Sounds pronunciation (including /1/, /s/, /c/)

Speaker’s age

SOOI ||~ =N W W

—_ | = | =

Subjective opinion

Table 5
Study II. Participants who correctly identified the tar-
get — reasons of rejecting the other answers

Mentions

Reasons of rejecting the other answers
A2 | B2

Voice timbre

Voice pitch

Different voice

Speaking rate

Subjective opinion

General manner of speaking

Accentuation

Diction

Hoarseness

S| =N || =W N W k|
— OO N =[O IN|W LN

/R/ pronunciation

2.5. Comparison of the accuracy of identification
based on a person’s voice, depending on the
period between hearing a voice for the first
time and listening to a voice parade

As has already been mentioned, the overall accu-
racy amounted to 47.14% among the 70 participants
in the first assessment proper (Groups Al and B1) and
30.5% among the 59 participants performing the iden-
tification after two weeks (second assessment proper,
Groups A2 and B2). The overall accuracy was 39.53%.

The chi-square test of independence showed (chi?
(I, 129) =3.706, df =1, p = 0.054, p > 0.05) that there
was no statistically significant relationship between
the accuracy of the identification based on a person’s
voice and listening to the voice parade, although it
must be stressed that this result was extremely close to
statistical significance.

The obtained results disproved Hypothesis 3 for-
mulated in Section 1.

Subsequently, the passage of time was tested for its
effect on the identification accuracy in the voice pa-
rade, separately among Groups A and B.

The participants in Groups Al and A2 demon-
strated a major difference in their accuracy (nearly 25
percentage points). Even so, the participants under-
going musical education did not show a statistically
significant relationship between the accuracy of their
identification based on a person’s voice and the period
between hearing a voice and listening to the parade
(chi® (1, 55)=3.319, p = 0.068, p > 0.05).

Between Groups B1 and B2, the difference in ac-
curacy was slightly over 11 percentage points in fa-
vour of Group B1. Likewise, a chi-square test of in-
dependence (chi® (1, 74) = 0.983, p = 0.322, p > 0.05)
found no statistically significant relationship between
the accuracy of their identification based on a person’s
voice and the period between hearing a person’s voice
and listening to a voice parade in the participants not
undergoing musical education.

2.6. Comparison of the accuracy of identification
based on a person’s voice depending on
certainty

The participants’ responses concerning their cer-
tainty were divided into two categories: lack of cer-
tainty (‘definitely no’ and ‘probably no’); and certainty
(‘probably yes’ and ‘definitely yes’).

With respect to the first assessment proper, the par-
ticipants’ certainty did not show a statistically signifi-
cant relationship with the identification accuracy, either
before (chi® (1, 70)=0.917,df= 1, p=0.338, p>0.05)
or after listening to the parade (chi® (I, 70) = 0.266,
df=1,p=0.606, p>0.05).

Similar results were obtained in the second assess-
ment proper. The certainty before (cki? (1. 59) = 0.530,
df=1,p=0.466, p>0.05) and after (chi’* (I, 59)=0.933,
df=1, p=10.334, p > 0.05) listening to the voice pa-
rade did not have a statistically significant relationship
with the accuracy.

The obtained results are shown in Fig. 13.
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2.7. Comparison of the identification accuracy
based on a person’s voice depending on sex

2.7.1. Assessment proper |

The first assessment proper was conducted among
41 women and 29 men. Group Al consisted of
19 women and 10 men, while Group B1 consisted of
22 women and 19 men.

Men were found to be more accurate than women,
both when the groups were considered separately (Al:
60% vs. 53%; B1: 53% vs. 32%) and overall (55% vs.
41%) (Fig. 14).

S o o o
AN N oo O

Accuracy of Identification
S
(9]

A chi-square test of independence showed (chi®
I, 70) = 1.281, df =1, p = 0.258, p > 0.05) that there
was no statistically significant relationship between
the accuracy of the identification based on a person’s
voice and the participants’ sex for the one-week inter-
val between hearing the perpetrator’s voice and listen-
ing to the voice parade.

A chi-square test of independence also found no
statistically significant relationship, both among the
participants not undergoing musical education (chi®
(1,41)=1.820,df =1, p=0.177, p > 0.05) and those
undergoing musical education (cki® (I, 29) = 0.144,
df =1, p =0.705, p > 0.05; with Yates’s correction

/ =0

0.4
S
0.3
0.2
0.1
0
1-2 before 1-2 after 3-4 before 3-4 after )
Fig. 13. Confidence
=@=—Study | Study II rating: 1-2 — not con-
fident; 3—4 — confident.
100%
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20%
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0% .
MAI FAl MBI FBI M1 Fl Fig. 14. Study 1. Talk-

mHIT =mMISS

er identification — gen-
der criteria. M — male;
F — female.
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for continuity: chi® (I, 29) = 0.000, df = 1, p = 1.000,
p > 0.05), between the accuracy of their identification
based on a person’s voice and the participants’ sex for
the one-week interval.

2.7.2. Assessment proper II

The second assessment proper was conducted
among a total of 35 women and 24 men. Group A2
consisted of 19 women and 7 men, while Group B2
consisted of 16 women and 17 men.

In Group A2, the women achieved an accuracy
of 42%, whereas all the men failed to correctly indi-
cate the perpetrator’s voice. In Group B2, the women
achieved an accuracy of 25%, while the men achieved
an accuracy of 35%. Overall, the women were more
accurate than the men by 9 percentage points (34% vs.
25%). The results are presented in Fig. 15.

A chi-square test of independence showed
(chi® (1, 59) = 0.579, df = 1, p = 0.447, p > 0.05) that
there was no statistically significant relationship be-
tween the accuracy of the identification based on
a person’s voice and the participants’ sex for the two-
week interval between hearing the perpetrator’s voice
and listening to the voice parade, which confirmed
Hypothesis H,.

A chi-square test of independence also found no sta-
tistically significant relationship (cki? (I, 33) = 0.414,
df=1, p =0.520, p > 0.05; with a necessary Yates’s
correction for continuity: chi® (I, 33) = 0.070, df = 1,
p=0.792, p>0.05) between the accuracy of the identi-
fication based on a person’s voice and the participants’
sex for the two-week interval among the participants

100%
90%
80%
70%
60%
50%
40%

mHIT =MISS

30%

20%

10%

0%
MA2 FA2 MB2 FB2 M2 F

not undergoing musical education. For the participants
undergoing musical education, the results appeared to
be statistically significant (chi® (I, 26) = 4.257, df = 1,
p = 0.039, p < 0.05), but because 50% of the cells
were smaller than 5, Yates’s correction for continuity
was used. Ultimately, the effect of sex on the accuracy
among the studied group was found to be statistically
insignificant (chi® (I, 26) = 2.510, df = 1, p = 0.113,
p <0.05).

3. Discussion

The accuracy of the identification based on a per-
son’s voice was relatively low. Forty-seven percent
of the group who listened to the voice parade after
a week correctly identified the perpetrator; for the
two-week group, this accuracy amounted to 30.5%.
These results match those obtained in earlier studies,
in which the identification accuracy also did not ex-
ceed 50% [22, 55]. In particular, the results obtained
in the second assessment proper were similar to those
obtained among children aged 11-13 years who iden-
tified a voice after two weeks [23].

It is also worth noting that the difference in accu-
racy depending on the retention period was not sta-
tistically significant. However, as mentioned above,
the research results are ambiguous in this respect
[22, 28, 49]. This study found a tendency towards sta-
tistical significance. Nonetheless, a larger sample size
or a longer retention period may have yielded a differ-
ent outcome.

Fig. 15. Study II. Talk-
er identification — gen-
der criteria. M — male;
F — female.

2
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Importantly, no statistically significant difference
in the identification accuracy was observed between
the participants undergoing musical education (55%
accuracy after a week and 30% after two weeks) and
the participants not undergoing such education (41%
accuracy after a week and 31% after two weeks),
which corresponds to the results related to recognis-
ing speakers of the same language [47]. However, the
accuracy achieved in this study was lower, which was
likely due to the applied period of retention. At the
same time, it should be noted that musical training did
not affect the ability to identify individuals based on
their voice.

Due to the above, Hypotheses 1, 2 and 3 were not
confirmed.

No relationship was also observed between the
participants’ declared certainty and their identification
accuracy based on a person’s voice. Therefore, the
certainty in this study was a factor with no diagnostic
value [22, 23, 32]. Furthermore, no relationship was
found between the participants’ sex and their accuracy.

In light of the above, this study has confirmed
that the results of a voice parade as evidence in crim-
inal proceedings should be approached with scepti-
cism [25, 26]. Due to the observed tendency towards
statistical significance with respect to a negative effect
of time on the identification accuracy, judicial bod-
ies should conduct voice parades as soon as possi-
ble. However, it should be borne in mind that a voice
parade requires good preparation, i.e. following the
guidelines provided in the literature.

4. Conclusions

The results of this study did not prove that the
participants who underwent musical education iden-
tified other people based on their voice better than the
participants who did not undergo musical education.
Furthermore, no statistically significant difference
was observed between the participants who listened
to the voice parade after a week and those who lis-
tened to it after two weeks, in both groups (partici-
pants undergoing and those not undergoing musical
education). However, it should be noted that a clear
tendency towards statistical significance was observed
with respect to the effect of the elapsed time on the
identification accuracy. Conversely, an effect of the
participants’ sex on accuracy in the voice parade was
excluded. No relationship was also observed between
the participants’ certainty of choosing the correct an-
swer and the identification accuracy. Nevertheless, the

overall results confirmed the hypothesis about a weak
voice memory.

There is room for further research in this area. Fu-
ture studies may involve an extended retention period,
attempts at recognising a voice by the same persons
after different retention periods, an increased sam-
ple size or the participation of persons older than the
participants in this study. Another potential avenue of
research involves a more restrictive enrolment of the
experimental groups, i.e., participation of professional
musicians (with higher musical education) and per-
sons with minimal or no musical education and with
no ability to sing or play an instrument.
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Appendix 1

“Well, well, well... Who’s laughing now, huh? Are
you proud of yourself, and of how everything turned
out? I have one thing to tell you — you wasted three
years of my life, you bastard! You get it? How dare
you? You’re nothing! Hey, don’t move! I’ll destroy
you, I’ll ruin you, you’re done.”
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Appendix 2

1. “I’ll destroy you”, 2. “Who’s laughing now?”,
3. “Don’t move”, 4. “You’re done”, 5. “You wasted

W

Why did you reject the other options?
Do you believe that you correctly identified the
perpetrator or their absence in the parade? Please
mark your chosen answer with an “x”.

three years of my life”, 6. “You’re nothing”, 7. “Hey!”

1 — definitely | 2 — rather not | 3 — rather yes | 4 — definitely

not yes

Appendix 3

“It is of significance that this standard is applied in
abstracto, that is, irrespective of the individual charac-
teristics and attributes of the perpetrator.”

Appendix 4

GENDER: M /F
AGE: ...

BEFORE THE PARADE

1. Do you currently play or have you ever played any
instrument/sung? Please indicate the instrument(s)
and/or singing.

2. Atwhat age did you start learning to play an instru-
ment or learning to sing? Are you still continuing
this learning? If you have stopped, please indicate
the age you were at that time.

3. What form did the music/singing education take
(e.g., music school, private lessons, self-taught,
performances)?

4. How often did/do you practice playing an instru-
ment/singing (how many days per week, how
many hours per day)?

5. Do you believe you can correctly identify the per-
petrator’s voice or the absence of the perpetrator’s
voice in the parade? Please mark your answer with

[73 1)

an X .

1 — definitely | 2 —rather not | 3 — rather yes | 4 — definitely
not yes

DURING AND AFTER THE PARADE

1. Which voice is the offender’s voice? Please mark
your answer with an “x”.

Voice | Voice | Voice | Voice | Voice | Voice | Neither
1 2 3 4 5 6

2. Why did you make that decision?
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WPLYW KSZTALCENIA SIE W KIERUNKU MUZYCZNYM NA
TRAFNOSC ROZPOZNANIA PODCZAS OKAZANIA MOWY

1. Wstep

Okazanie to jedna z kryminalistyczno-procesowych
metod identyfikacji czlowieka mozliwa do przeprowa-
dzenia w r6znych wariantach. W polskim systemie praw-
nym okazanie uregulowane jest m.in. w art. 173 Kodeksu
postepowania karnego (k.p.k.), w ktorym expressis verbis
wskazuje si¢ okazanie osoby, wizerunku lub rzeczy. Na
tej podstawie dopuszcza si¢ w Polsce przeprowadzenie
okazania mowy [1—4]. O samej mozliwosci rozpoznania
osoby na podstawie jej glosu §wiadcza jego indywidual-
nos¢ i niepowtarzalno$¢ u kazdego cztowieka [5], wyni-
kajace z r6znic w budowie struktur organéw anatomicz-
nych mowy, a takze uzywanych wzorcow mowy [6]. Na-
wet przy probach nasladowania réznica w osobie mow-
cy zostaje dostrzezona przez systemy rozpoznawania
mowcey [5]. Rozpoznania dokonuje si¢ jednak bardziej
na podstawie mowy niz glosu, poniewaz pojecie ,,glo-
su” dotyczy barwy, tonu i wysokosci, natomiast ,,mowa”
obejmuje ponadto caloksztalt sposobu mowienia, w tym
wszelkie trudnosci artykulacyjne [7].

W literaturze podkresla si¢, ze czynnos$¢ okazania
mowy jest czynnoscig rzadka [6, 8, 9] i do tego trudng
do przeprowadzenia. Trudnosci te mogg wynikaé z kwe-
stii proceduralnych, takich jak brak jednolitej metodyki
okazania mowy (taka sytuacja wystgpuje w Polsce, gdzie
ustawodawca w aktach wykonawczych przewiduje prze-
prowadzenie okazania mowy co najwyzej jako element
towarzyszacy okazaniu sylwetki [10], podjete zosta-
ty takze proby opracowania jego metodyki [m.in. 6, 8,
9, 11]; w Wielkiej Brytanii istnieje natomiast ok6lnik sta-
nowiacy zbior dobrych rad dla §ledczych przeprowadza-
jacych okazanie mowy [12], jednak réwniez i tam czyn-
nos$¢ ta jest rzadkoscia [13]). Nie bez znaczenia pozosta-
ja takze czynniki wptywajace ogolnie na pami¢é¢ glosu,
ktora u wigkszosci osob jest stosunkowo staba [14]. Do
wspomnianych czynnikéw mozna zaliczy¢: warunki po-
znania glosu, czas trwania wypowiedzi, zmiennos¢ para-
metrow glosu, nastawienie przygotowawcze czy pamig¢c
glosu $§wiadka, uplyw czasu miedzy zdarzeniem a oka-
zaniem [8], a takze wczesniejsze uprzedzenie $wiadka o
koniecznos$ci zapamigtania i pdzniejszego rozpoznania
gtosu [15]. Trudno$ci zapamigtania glosu dowodza takze
inne badania, zgodnie z ktorymi zapoznanie si¢ z glo-
sem w sposOb wystarczajacy, by pozniej przypisa¢ go
do wlasciciela, zajmuje wigcej czasu niz rozpoznawanie
twarzy nowych o0sob [16, 17]. Niektorzy autorzy zazna-
czajg jednak, ze nawet w przypadku wzrokowej percep-
cji zdarzenia bodziec stuchowy moze by¢ bardziej domi-
nujacy niz wzrokowy przy probie identyfikacji [11, 18].

Stwierdzono jednak takze, ze w kontekscie §ladu pamig-
ciowego glosu jego degradacja nastgpuje szybciej niz
$ladu pamigciowego twarzy innej osoby [19]. Dotych-
czasowe wyniki badan w wigkszosci rowniez wskazuja
na stosunkowo niski poziom trafno$ci rozpoznania osoby
na podstawie glosu, rzadko przekraczajacy poziom szan-
sy losowego wskazania poprawnego mowcy (lub jego
braku) [20-24]. Powyzsze wskazuje jednoznacznie na
niski poziom wiarygodnos$ci dowodu z okazania mowy —
nizszy niz dowodu z okazania wygladu [25, 26].

Wsrod dotychezas badanych czynnikéw mogacych
wplywa¢ na trafno$¢ rozpoznania podczas okazania
mowy nalezy wymieni¢ m.in. wiek §wiadkow, w tym
dzieci i nastolatkow [23, 27] oraz 0sob starszych [28, 29],
niepetnosprawnos$¢ wzrokowa [30, 31], a takze nagranie
glosu za pomoca telefonu komorkowego [24]. Wyniki
dotyczace zwigzku migedzy pewnoscig co do poprawnosci
odpowiedzi a poziomem trafnosci sg natomiast niejedno-
znaczne, okre$lane sa jako niemiarodajne [22, 23], o ni-
skiej wartos$ci diagnostycznej [32], a jednak czasem jako
majace charakter istotnych [33]. Jesli za§ chodzi o pte¢
0s6b badanych Iub pte¢ sprawcy, to réwniez nie mozna
méwi¢ o jednoznacznych wynikach. W dotychczaso-
wych badaniach zaréwno nie zaobserwowano roznicy
w poziomie trafho$ci w zaleznosci od plci sprawcy [34],
jak 1 dostrzezono wyzsza skuteczno$¢ rozpoznawania
glosu meskiego niz kobiecego [35, 36]. Stwierdzono
takze wyzszy poziom traftho$ci rozpoznania gtosu kobie-
cego wsrdd badanych kobiet [31]. Osoby uczestniczace
w badaniach lepiej rozpoznawaty glos sprawcy tej same;j
pfci co oni sami [35]. Badania wykazaty rowniez, ze ko-
biety lepiej rozpoznaja znane im glosy [37].

Mniej uwagi poswigcono zbadaniu wplywu wyksztat-
cenia muzycznego na trafno$¢ rozpoznania osoby na
podstawie jej glosu. Dotychczas wykazano, ze ksztatce-
nie si¢ w kierunku muzycznym wplywa pozytywnie mig-
dzy innymi na pami¢é¢ werbalng [38, 39], rozpoznawa-
nie wysokosci dzwicku [40] takze w jezyku mdéwionym
[41], rozpoznawanie tondw w jezykach tonalnych [42],
zdolnosci lingwistyczne [43—45] oraz percepcje mowy
w hatasie [46].

Z tych tez wzgledow prawdopodobne wydawato si¢
zalozenie, ze osoby ksztalcace si¢ w kierunku muzycz-
nym i muzycy beda mieli wyzsza trafno$¢ rozpoznania
0s6b na podstawie ich glosu niz osoby bez do§wiadczenia
muzycznego. Badania nie wykazaty jednak statystycznie
istotnej roznicy migdzy muzykami i niemuzykami rozpo-
znajacymi na podstawie glosu mowcow postugujacych
si¢ znanym przez badane osoby jezykiem [47]. Traf-
no$¢ rozpoznania wyniosta w obu grupach ok. 70-75%.
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Muzycy w sposob statystycznie istotny lepiej niz nie-
muzycy rozpoznawali jednak moéwcoOw nieznanego im
jezyka.

W przypadku czynnosci okazania mowy wyniki po-
wyzszych badan nie mogg by¢ jednak uznane za miaro-
dajne w zakresie poziomu trafnosci rozpoznania. Badani
zapoznawali si¢ bowiem z brzmieniem glosu moéowcow
i rozpoznawali ich w tym samym dniu. W przypadku
okazania mowy przeprowadzanego przez organy proce-
sowe jest to sytuacja praktycznie niemozliwa — §wiadko-
wie proszeni o rozpoznanie osoby na podstawie jej glosu
zapoznaja si¢ bowiem z gltosem sprawcy w warunkach
naturalnych, czgsto stresowych. Samo wytypowanie
podejrzanych oraz stworzenie parady identyfikacyjnej
z osobami przybranymi ma miejsce w wigkszym prze-
dziale czasowym, wymaga réwniez m.in. udziatu bie-
glego z zakresu fonoskopii, profilowania mowy spraw-
cy oraz podejrzanego, a takze przygotowania nagran
[12, 48]. Skutkuje to zatem przeprowadzeniem samej
czynno$ci okazania mowy dtuzszy czas po zdarzeniu i
zapoznaniu si¢ przez §wiadka z glosem sprawcy.

W literaturze podkresla si¢, ze czynnos¢ okazania
mowy powinna zosta¢ przygotowana i przeprowadzona
w ciggu maksymalnie 4-6 tygodni od powstania $ladu
pamigciowego glosu sprawcy [12, 48]. By uzna¢ badanie
z zakresu okazania mowy za trafne ekologicznie, okres
ten nie moze by¢ krotszy niz 24 godziny [24]. Dotych-
czasowe badania skutkowaty r6znymi rezultatami co do
wplywu dtugosci okresu miedzy zapoznaniem si¢ z glo-
sem sprawcy a wyshuchaniem parady gloséw na trafnosc¢
rozpoznania. W niektorych badaniach nie zarejestrowano
roéznicy w trafnosci rozpoznania nawet po 8 tygodniach
wzgledem grupy badawczej rozpoznajacej glos po 3 ty-
godniach [22, 49]. W innych zaobserwowano znaczacy
spadek poziomu trafnosci pomigdzy rozpoznaniem po
2 tygodniach i po 3 tygodniach [28, 50], a takze znacz-
ny wzrost falszywie pozytywnych wskazan juz po ty-
godniu przy wystuchaniu parady niezawierajacej glosu
sprawcy [51].

Migdzy innymi ze wzgledu na powyzsze okoliczno-
$ci konieczne stato si¢ przeprowadzenie nowych badan
w zakresie sprawdzenia wptywu zmiennej ksztalcenia
si¢ w kierunku muzycznym na trafno$¢ rozpoznania
podczas okazania mowy. Zdecydowano si¢ takze na po-
réwnanie rezultatdéw osigganych przez osoby ksztalcace
i nieksztatcace si¢ w kierunku muzycznym w okresach
1 tygodnia oraz 2 tygodni mi¢dzy zapoznaniem si¢ z glo-
sem sprawcy a proba rozpoznania jego gltosu w paradzie
identyfikacyjnej.

Biorac pod uwagg dotychczasowe wyniki badan w za-
kresie pozytywnego wptywu ksztatcenia si¢ w kierunku
muzycznym na szereg wiasciwosci oraz stabg pamigc
glosu, skonstruowano nastgpujace hipotezy badawcze:

1. Osoby ksztalcace si¢ w kierunku muzycznym lepiej
rozpoznaja osoby na podstawie ich glosu niz osoby

nieksztalcace si¢ w kierunku muzycznym po tygodniu
od zapoznania si¢ z gtosem sprawcy.

2. Osoby ksztatcace si¢ w kierunku muzycznym lepiej
rozpoznaja osoby na podstawie ich glosu niz osoby
nicksztatcace si¢ w kierunku muzycznym po dwoéch
tygodniach od zapoznania si¢ z glosem sprawcy.

3. Osoby rozpoznajace glos sprawcy po dwoéch tygo-
dniach od zapoznania si¢ z nim maja nizszy poziom
trafno$ci rozpoznania niz osoby rozpoznajace glos
sprawcy po jednym tygodniu od zapoznania si¢ z nim.
Ponadto mimo niejednoznacznych wynikow badan

zdecydowano si¢ na zbadanie czynnikdw pici i pewnosci

uczestnikow co do poprawnego zaznaczenia odpowiedzi.

2. Metody doboru gloséw do parady, uczestnikéw,
przeprowadzenia badan oraz ich wyniki

Przy konstruowaniu badania uwzgledniono zalece-
nia autorow literatury kryminalistycznej, polskie realia
prawne oraz praktyke przeprowadzania okazania mowy
przez organy w Polsce [6, 18, 52, 53]. W ten sposob
uwzgledniono m.in.: 20 prébek glosu, probki glosu
w formie nagran (okazanie posrednie), dobor glosow
w drodze badan eliminacyjnych, dlugo$¢ nagran wy-
noszaca okoto 20 sekund, 5 gloséw przybranych w pa-
radzie, probki glosu zawierajace kwestie zastyszane
z miejsca zdarzenia/powstania $ladu pamig¢ciowego oraz
tekst czytany [27]. Jednocze$nie w celu stworzenia wa-
runkow jak najbardziej zblizonych do sytuacji powstania
$ladu pamigciowego glosu, uczestnicy badania zapozna-
wali si¢ z glosem sprawcy poprzez nagranie imitujace
przebieg zdarzenia.

2.1. Dobér parady

2.1.1. Informacje ogdlne, pobranie probek glosu

Na potrzeby badania pobrano w formie 19-21-sekun-
dowych nagran probki glosu od 20 kobiet w wieku 22-26
lat, ktére dobrano wedtug nastgpujacych kryteriow:

— wiek,

— ple¢,

— jezyk polski jako jezyk ojczysty tych osob,

— brak wyraznych wad wymowy, np. problemy z wymo-
wa ,,I”” (reranie), seplenienie, jakanie sie,

— brak nalecialoéci regionalnych, np. przedniojezyko-
wo-zgbowe ,.I” (tzw. 1 kresowe),

— podobne srodowisko socjoekonomiczne i wyksztatce-
nie, tj. studentka Uniwersytetu Jagiellonskiego z kie-
runku prawo lub psychologia mieszkajaca na co dzien
w Krakowie.

Wszystkie osoby nagrano tym samym urzadzeniem
(wbudowany dyktafon Google Pixel 6), a nast¢pnie
uzyskane w ten sposdb nagrania zostaty technicznie
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przystosowane przy uzyciu programu Audacity 3.5.1.
(dokonano przyci¢¢, wycig¢ nadmiernych przerw lub
dodano je, zredukowano szum, wyréwnano glosnosc,
znormalizowano), ktéry nie wplynat w zaden sposéb na
zmiang brzmienia gtoséw. Na koncu nagrania wyekspor-
towano do plikow .wav, szybko$¢ transmisji bitow wy-
nosita 3072 kb/s.

W ramach badania przygotowano tres¢ wypowiedzi
»Sprawcy” z miejsca zdarzenia (Zatacznik 1).

20 0s6b poproszono o przeczytanie nicktorych kwe-
stii z wypowiedzi sprawcy. Zostaly one poinformowa-
ne o przestegpnym charakterze zdarzenia i poproszone
o wypowiedzenie tych kwestii w sposob nacechowany
emocjonalnie. Nastgpnie pobrano od nich probki glosu
sktadajace si¢ z siedmiu kwestii zaslyszanych z miejsca
zdarzenia (Zalacznik 2) oraz fragmentu tekstu neutralne-
go z podrecznika do prawa cywilnego (Zatacznik 3).

Po przeprowadzeniu badan eliminacyjnych i wyto-
nieniu 6 gloséw do parady glosow, wytypowano osobe,
ktéra miata odegrac role sprawcy. Zostata ona poproszo-
na o jak najbardziej realistyczne odczytanie tresci wypo-
wiedzi sprawcy z miejsca zdarzenia.

2.2. Badania eliminacyjne

W celu odpowiedniego doboru do parady gtoséw po-
dobnych do siebie przeprowadzono trzy badania elimina-
cyjne, w ktorych udzial wzigto tacznie 47 osob. Osoby te
zapoznawaly si¢ z nagraniami gtoséw dwukrotnie.

2.2.1. Badanie eliminacyjne I

W trakcie pierwszego badania eliminacyjnego pig-
cioro uczestnikow w wieku od 21 do 23 lat mialo za za-
danie wskaza¢ wsrod wszystkich dwudziestu nagranych
glosow te, ktore ich zdaniem wyraznie réznity si¢ od in-
nych. Uczestnicy tego badania nie mieli zadnych ograni-
czen co do liczby mozliwych do wskazania gltosow. Ze
zbioru dwudziestu gloséw wyeliminowano szes¢, ktore
uzyskaly co najmniej trzy wskazania (Ryc. 1).

2.2.2. Badanie eliminacyjne II

W kolejnym badaniu eliminacyjnym 25 os6b w wie-
ku od 15 do 17 lat, podobnie jak poprzednio, miato za
zadanie wskaza¢ glosy wyraznie réznigce si¢, rowniez
bez limitu wskazan, jednak tym razem sposrod czterna-
stu pozostatych nagran. Celem uporzadkowania glosy
zostaty na nowo ponumerowane (Tabela 1).

W ten sposob wyeliminowano kolejne szes¢ glosow.
Ich liczba zostata ograniczona do o$miu (Ryc. 2).

2.2.3. Badanie eliminacyjne III

W tym badaniu eliminacyjnym 17 innym niz w po-
przednim badaniu osobom w wieku od 16 do 17 lat

przedstawiono dwukrotnie glosy nr I, 11, TV, VIIL, IX, X,
XI i XIII. Tym razem uczestnicy mieli za zadanie wska-
za¢ wylacznie jeden wyraznie réznigcy si¢ od innych
z grupy osmiu glosow oraz oceni¢ stopien podobienstwa
kazdego z nich w skali:

e +2 —bardzo podobny,

* +1 —podobny,

* 0 —nie da si¢ stwierdzi¢ podobienstwa lub réznicy,

e —1 —rbzny,

e —2 —bardzo rézny,

poréwnujac je wszystkie do siebie.

Z uwagi na najwigksza liczbe wskazan i stopien po-
dobienstwa odchylony od punktu 0 (nie da si¢ stwier-
dzi¢ podobienstwa lub roznicy) do parady nie weszty
glosy nr IX i IV (w badaniu eliminacyjnym I oznaczone
jako XIII 1 V). Na sprawce wytypowano osobe o glosie
oznaczonym numerem XIII ze wzgledu na mata liczbe
wskazan tego glosu jako wyraznie roznigcego si¢ od in-
nych (Ryc. 3) oraz niski poziom odchylenia wyniku ze
skali podobienstwa od punktu 0 (co oznacza, ze glos
nie jest specjalniec wyrdzniajacy si¢; Ryc. 4). Glos nr 111
miat wigksza liczb¢ wskazan w pierwszej czesci bada-
nia eliminacyjnego III niz gtos nr XIII (gtos III — 4, glos
XIII — 1), dlatego tez nie zostat wybrany na glos spraw-
cy (mozliwe zbyt duze ulatwienie dla uczestnikow wia-
Sciwego badania). Po badaniach eliminacyjnych osoba
o glosie nr XIII nagrata kwestie ,,pochodzace z miejsca
zdarzenia”, ktére byly prezentowane uczestnikom badan
wiasciwych podczas pierwszego spotkania, tj. zapozna-
nia z glosem sprawcy.

2.3. Uczestnicy badania

W badaniu wzi¢to tacznie udziat 129 oséb w wieku
od 15 do 22 lat (srednia wicku = 17,35, o = 1,087). Kazdy
z uczestnikow oswiadczyl, ze nie boryka si¢ z problema-
mi natury shuchowej. Uczestnicy badania zostali dobrani
wedhlug nastepujacych kryteriow:

A. ksztalcenia si¢ w kierunku muzycznym (n = 55, wiek
15-22, $rednia wieku = 16,93, o = 1,359, $redni czas
ksztatcenia si¢ w kierunku muzycznym w latach: 9,91),

B. braku ksztalcenia si¢ w kierunku muzycznym (n = 74,
wiek 16—19 lat, Srednia wieku = 17,66, ¢ = 0,688).
Do grupy A zakwalifikowano osoby, ktore co najmnie;j

od 6 lat w sposob formalny (uczegszczajac do panstwo-

wych szkot muzycznych) ksztatcity si¢ w kierunku mu-
zycznym i w momencie przeprowadzenia badania graly
na instrumencie lub ¢wiczyly $piew oraz uczeszczaty do
szkoly muzycznej. Dla poréwnania w innych badaniach,

w ktérych badanym czynnikiem byt wptyw wyksztalce-

nia muzycznego, jako muzykow kwalifikowano: instru-

mentalistow amatoréw majacych za soba co najmniej

9 lat cigglego treningu muzycznego w stylu zachodniej

muzyki klasycznej, uczgszczajacych na zajgcia muzycz-

ne w ostatnich 5 latach oraz grajacych na instrumencie
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w momencie badania [40]; osoby, ktére rozpoczely tre-
ning muzyczny przed ukonczeniem 9. roku zycia i tre-
nujace co najmniej 3 razy w tygodniu dtuzej niz godzing
przez wigcej niz 10 lat [54]; co najmniej 6 lat treningu
muzycznego na instrumencie muzyki zachodniej przed
12. rokiem zycia [38]; instrumentalistoéw lub wokalistow
amatorow majacych za soba co najmniej 6 lat cigglego
treningu muzycznego przez okres zycia [47]. Przyjete
w niniejszym badaniu kryteria stanowia swoista syntezg
wyzej przytoczonych rozwigzan oraz wynikaja z wieku
dostepnych do badania oséb, a takze ich statusu uczniow
szkot muzycznych, uczeszezajacych w ciagu tygodnia na
programowe zajecia w placowce oswiatowej, obejmuja-
ce m.in. ksztafcenie stuchu, zajecia z instrumentem czy
udziat w zajeciach orkiestry lub choru, niebedacych ty-
powymi samoukami.

Osoby, ktore nie spelnialy powyzszych warunkéw
i mialy za soba mniej niz 4 lata formalnego treningu mu-
zycznego, zakwalifikowano do grupy B. Nie byto zad-
nego uczestnika, ktory nie zostalby zakwalifikowany do
zadnej z grup badanych. Podobne kryterium dlugosci
formalnego treningu uzyto takze w innym badaniu [54].
Inni autorzy za kryteria kwalifikacji 0osob jako nieksztat-
cacych si¢ w kierunku muzycznym uznali: nie wigcej niz
3 lata formalnego treningu muzycznego na jakimkol-
wiek instrumencie, w tym brak treningu przez ostatnie
5 lat [40]; brak jakiegokolwiek treningu muzycznego
w trakcie swojego zycia [38]; mniej niz rok treningu
muzycznego wokalnego lub instrumentalnego w okresie
swojego zycia [47].

Wiek uczestnikow wynikat z decyzji o przeprowa-
dzeniu badania w szkotach muzycznych i szkotach $red-
nich. W dotychczasowych pracach nie dostrzezono staty-
stycznie istotnej roznicy migdzy wiekiem osob badanych
a trafno$cia rozpoznania na podstawie gtosu [23], dlate-
g0 tez w niniejszym badaniu skupiono si¢ na poréwnaniu
wynikoéw uzyskanych przez osoby ksztalcace i nieksztat-
cace si¢ w kierunku muzycznym. Celem ograniczenia
ewentualnego wplywu wieku uczestnikéw na wyniki
badania wziglty w nim udzial osoby w podobnym wieku.
Wybdr placoéwek, ktorych uczniowie uczestniczyli w ba-
daniu, zalezat od zgody dyrekcji oraz dostgpnosci czaso-
wej samych ucznidw. Liczebnos¢ grup A i B zalezna byta
od frekwencji napotkanej w miejscu przeprowadzania
badania w danym terminie.

2.4. Badania wlasciwe

2.4.1. Badanie wlasciwe |
2.4.1.1. Uczestnicy

W badaniu wlasciwym [ wzigto udzial tacznie 70
os6b w wieku 16-21 lat (n = 70, przedzial wiekowy
16-21 lat, srednia wieku 17,31, ¢ = 0,860), ktorzy zo-
stali podzieleni na grupy Al (n = 29, przedzial wiekowy

16-21 lat, srednia wieku = 17,41, 6 = 1,211; $redni czas
ksztatcenia si¢ w kierunku muzycznym w latach: 10,45,
06 =1,66017) 1Bl (n =41, przedziat wickowy 16-19 lat,
srednia wieku = 17,24; ¢ = 0,489).

2.4.1.2. Przebieg badania

Kazdy z uczestnikéw zostat poinformowany o celach
badania, po czym wyrazit $wiadoma zgod¢ na udziat
w tym badaniu.

Pierwszg czg$¢ stanowilo zapoznanie uczestnikow
badania z glosem sprawcy z miejsca zdarzenia poprzez
dwukrotne odtworzenie nagrania zawierajagcego wypo-
wiedzi z miejsca zdarzenia przy uzyciu glto$nika JBL Go.
Przed zapoznaniem si¢ z gtosem uczestnicy badania zo-
stali poproszeni o zamknigcie oczu, wyobrazenie sobie,
ze s w ciemnym lesie i nagle slysza niepokojacy glos.
Po tym dwukrotnie odtworzono nagranie. Motywem tego
dziatania byla che¢ wzmocnienia proceséw zapamigty-
wania u uczestnikow.

Druga cz¢é¢ badania odbyta si¢ po uptywie tygodnia.
Tym razem uczestnicy badania zostali poproszeni o wy-
pelnienie karty badan, ktora sktadata si¢ z czesci ,,Przed
parada” i ,,Parada/po paradzie” (Zalacznik 4). W trakcie
badania kilkukrotnie informowani byli o mozliwosci nie-
wystepowania w 6-glosowej paradzie glosu ustyszanego
przed tygodniem.

W czgsci przed parada zebrano nastgpujace informa-
cje na temat osoby uczestniczacej w badaniu:

— ple¢,

— wiek,

— informacje dotyczace historii ksztalcenia w kierunku
muzycznym, tj.:

+ gra na instrumencie i/lub §piew,

* wiek, w ktérym miala/ma miejsce nauka, w tym
wiek, w ktorym rozpoczeto (i ewentualnie zakon-
czono) nauke gry na instrumencie i/lub $piewu,

» forma ksztalcenia muzycznego (np. szkota mu-
zyczna, zaj¢cia prywatne, samodzielna nauka, wy-
stepy),

» czestotliwos¢ ¢wiczen (liczba dni w tygodniu i czas
trwania ¢wiczenia ujety w godzinach),

— stopien pewnosci co do rozpoznania glosu sprawcy/
trafne rozpoznanie braku glosu sprawcy w paradzie
poprzez odpowiedz na pytanie ,,Czy uwaza Pan/Pani,
ze poprawnie wskaze glos sprawcy lub brak glosu
sprawcy w paradzie?” w skali: 1 — zdecydowanie nie,
2 —raczej nie, 3 — raczej tak, 4 — zdecydowanie tak.
Po wypetnieniu pierwszej czesci karty badan uczest-

nicy badania dwukrotnie wyshluchali parady zlozonej

z sze$ciu wyselekcjonowanych podczas badan elimina-

cyjnych glosow (réwniez odtwarzanej za pomoca urza-

dzenia JBL Go) oraz zostali poproszeni o wypetnienie
czesci ,,Parada/po paradzie”. W czeSci tej zbierane byty
nastepujace informacje:
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— odpowiedz na pytanie ,,Ktory glos z parady nalezy
do sprawcy?”. Mozliwe odpowiedzi to: Gtos 1, Glos
2, Gtos 3, Glos 4, Gtos 5, Glos 6, Zaden (brak gtosu
sprawcy w paradzie),

— powody zaznaczenia wybranej przez siebie odpowiedzi,

— powody odrzucenia innych odpowiedzi,

— stopien pewnosci poprawnego wskazania glosu
sprawcy/jego braku w paradzie poprzez odpowiedz
na pytanie ,,Czy uwaza Pan/Pani, ze poprawnie ziden-
tyfikowal(a) Pan/Pani sprawce lub jego brak w para-
dzie?” w skali: 1 — zdecydowanie nie, 2 — raczej nie,
3 —raczej tak, 4 — zdecydowanie tak.

2.4.1.3. Wyniki
2.4.1.3.1. Stopien pewnosci przed wystuchaniem parady

Przed wyshuchaniem parady osoby z grupy Al czu-
ly si¢ znacznie pewniej w odniesieniu do zaznaczenia
prawidtowej odpowiedzi. Wsréd tych badanych az 93%
(27 osob) stwierdzilo, ze poprawnie wskaze glos lub
brak glosu sprawcy w paradzie. Sredni poziom pewnosci
w grupiec Al wyniost 3,1.

Dla poréwnania, wsérdd reprezentantow grupy Bl
pewnos¢ co do rozpoznania glosu sprawcy lub stwier-
dzenia jego braku w paradzie wyrazito ,,tylko” 71%
uczestnikow badania (29 0séb), a az 12 o0séb zaznaczyto,
ze raczej nie bedzie w stanie wskazac¢ prawidtowej od-
powiedzi. Sredni poziom pewnosci w grupie B wyniost
2,43 (Ryc. 5).

2.4.1.3.2. Poziom trafnosci

Ogolny poziom trafno$ci wynidst 47,14%. Repre-
zentanci grupy Al istotnie uzyskali lepsza trafnos$¢ niz
przedstawiciele grupy B1 (55% vs. 41%; 16 vs. 17), jed-
nak nie byta to r6znica statystycznie istotna. Analiza te-
stem chi-kwadrat niezalezno$ci wykazala bowiem (chi®
{1, 70) = 1,281, df = 1, p = 0,258, p > 0,05), ze w tygo-
dniowym przedziale migdzy ustyszeniem glosu a wyshu-
chaniem parady nie ma istotnego statystycznie zwigzku
pomigdzy skuteczno$cia rozpoznawania osoby na pod-
stawie jej glosu a ksztalceniem si¢ w kierunku muzycz-
nym. Jednoczes$nie podobny odsetek badanych w obu
grupach zaznaczyl, ze w paradzie nie ma glosu sprawcy
(15% vs. 17%; poziom losowosci — 14%). Wyniki przed-
stawiono na Ryc. 6.

Wskazany poziom trafnosci sprawdzony analizg te-
stem chi-kwadrat niezaleznosci obala postawiona w czg-
$ci pierwszej Hipoteze 1.

2.4.1.3.3. Stopien pewnosci po wystuchaniu parady

Po wystluchaniu parady i zaznaczeniu wybranej odpo-
wiedzi stopien pewnosci w odniesieniu do prawidtowo-
$ci wskazania odpowiedzi spadt w grupie A1 o ponad 10
punktow procentowych, wynoszac niecate 83% ($redni

poziom pewnosci to 2,97). Wsrdd uczestnikdow, ktorzy
poprawnie wskazali glos sprawcy, stopien pewnosci nie-
znacznie wzrost z 3,13 do 3,19.

Wisrdd reprezentantéw grupy Bl odsetek ten zmniej-
szyt si¢ o niecate 5 punktow procentowych (blisko 66%
uczestnikow badania z tej grupy zaznaczyto, ze raczej lub
na pewno prawidlowo wskazalo glos sprawcy lub jego
brak w paradzie). Sredni poziom pewnos$ci wzrést jednak
do 2,78. Rowniez odsetek 0sob zdecydowanie pewnych
trafno$ci swojej odpowiedzi wzrost wérdd reprezentan-
tow grupy B1 z 7% do 12%. Wsrdd 17 uczestnikow, kto-
rzy poprawnie wytypowali glos sprawcy, stopien pewno-
Sci nieznacznie spadt z 2,88 do 2,82 (Ryc. 71 8).

2.4.1.3.4. Motywy stojqce za poprawnym
wytypowaniem odpowiedzi

Badani, ktérzy poprawnie wskazali glos sprawcy
w paradzie, roznie argumentowali swoj wybor. Uzasad-
nienia te mialy charakter swobodny, badani mieli poda¢
wszystkie powody, ktérymi kierowali si¢ przy swoim
wyborze. Ich odpowiedzi zostaty nastepnie ujete w kilka
kategorii.

Reprezentanci z grupy Al najczgsciej kierowali si¢
barwa glosu. Stosunkowo czgsto pojawiaty si¢ odpowie-
dzi dotyczace tonu i wysoko$ci glosu oraz najwiekszego
podobienstwa do glosu styszanego tydzien wczeéniej.
W grupie Bl glownymi czynnikami byly barwa oraz
najwicksze podobienstwo do glosu styszanego tydzien
wczesniej (Tabela 2).

Wsréd grupy Al najczestszym powodem odrzuce-
nia innych gloséw z parady byly réznice w ich barwie
wzgledem glosu sprawcy. Cz¢$¢ uczestnikow powotata
si¢ rowniez na réznice w tonie/wysokos$ci gltosu oraz brak
podobienstwa do gtosu sprawcy. W grupie B1 najczesciej
przytaczanym powodem odrzucenia innych glosow byt
ich brak podobienstwa do glosu sprawcy, co $wiadczy
najprawdopodobniej o problemach z uzasadnieniem
decyzji. Zdecydowanie rzadziej uczestnicy uzasadniali
swoja decyzje rdznica w barwie glosu (Tabela 3).

2.4.2. Badanie wlasciwe II
2.4.2.1. Uczestnicy

W badaniu witasciwym II wzigto udziat facznie
59 0s6b (n = 59, przedzial wickowy 15-22 lata, $rednia
wieku = 17,39, o = 1,313), ktorzy réwniez zostali po-
dzieleni na dwie grupy: A2 (n = 26, przedzial wickowy
15-22 lata, Srednia wieku = 16,38, o = 1.329; Sredni czas
ksztatcenia si¢ w kierunku muzycznym w latach: 9,31,
o = 1,71509) oraz B2 (n = 33, przedzial wickowy 17-19,
srednia wieku = 18,18 lat, 6 = 0,528).
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2.4.2.2. Przebieg badania

Przebieg badania wiasciwego II byt tozsamy z ba-
daniem wilasciwym I — jedyna roznicg stanowit okres
dzielacy uczestnikow od zaprezentowania glosu spraw-
cy 1 wyshuchania parady, ktory tym razem wynosit dwa
tygodnie.

2.4.2.3. Wyniki
2.4.2.3.1. Stopien pewnosci przed wystuchaniem parady

Badani z grupy A2 ponownie czuli si¢ pewniej przed
wysluchaniem parady niz uczestnicy z grupy B2. W gru-
pie A2 odpowiedzi ,,raczej tak” lub ,,zdecydowanie tak”
w kontekscie stopnia pewnosci odnosnie do prawidtowe-
go wytypowania glosu sprawcy lub jego braku w para-
dzie zaznaczyto ponad 80% uczestnikow ($redni poziom
pewnosci: 2,85). W grupie B2 odsetek ten wyniost 58%
($redni poziom pewnosci: 2,64). Wyniki przedstawiono
na Ryc. 9.

2.4.2.3.2. Poziom trafnosci

Ogolny poziom trafnosci wynidst 30,5%. Uzyskane
w obu grupach rezultaty byly niemal identyczne (A2 —
30%, B2 — 31%). Rowniez analiza testem chi-kwadrat
niezalezno$ci wykazata (chi> (I, 59) = 0,001, df = 1,
p =0,969, p > 0,05), ze w dwutygodniowym przedzia-
le migdzy ustyszeniem glosu a wystuchaniem parady
nie ma istotnego statystyczne zwigzku pomiedzy sku-
tecznoscig rozpoznawania osoby na podstawie jej glosu
a ksztalceniem si¢ w kierunku muzycznym. W obu gru-
pach powyzej poziomu losowosci (14%) wskazywano,
ze w paradzie nie znajduje si¢ glos nalezacy do spraw-
cy (A2 — 21%, B2 — 23%). Wyniki przedstawiono na
Ryec. 10.

Wskazany poziom trafnosci sprawdzony analizg te-
stem chi-kwadrat niezaleznosci obala postawiong w czg-
$ci pierwszej Hipoteze 1.

2.4.2.3.3. Stopien pewnosci po wystuchaniu parady

Uczestnicy z grupy A2 w wigkszosci stwierdzili, ze
raczej lub z calg pewnoscig nie wskazali poprawnie glosu
sprawcy lub jego braku w paradzie (54%; $redni stopien
pewnosci: 2,31). Wérod 8 uczestnikdéw z tej grupy, ktorzy
poprawnie rozpoznali glos sprawcy, stopien pewnosci
spadt z 2,75 do 2,5.

Wisrod uczestnikow z grupy B2 nastgpit wzrost stop-
nia pewnosci co do udzielenia prawidlowej odpowiedzi —
wyniost on 70% ($redni stopien pewnosci: 2,79). Stopien
pewnosci uczestnikow, ktorzy poprawnie wytypowali
glos sprawcy, pozostal na tym samym poziomie (2,7).
Wyniki przedstawiono na Ryc. 111 12.

2.4.2.3.4. Motywy stojgce za poprawnym
wytypowaniem odpowiedzi

Tak jak w przypadku badania wlasciwego I, uczest-
nicy badania wtasciwego II mieli pelng swobodg w kwe-
stii uzasadnienia motywow swoich decyzji. Odpowiedzi
udzielone przez uczestnikow, ktorzy poprawnie wskazali
glos sprawcy w paradzie, takze zostaty ujete w kategorie.

W grupie A2 nie bylo jednego dominujacego czyn-
nika wptywajacego na wybor glosu sprawcy w paradzie.
Uczestnicy najczeSciej kierowali si¢ tonem/wysokoscia
glosu, barwa i najwickszym podobienstwem do glosu
prezentowanego dwa tygodnie wczesniej. Podobne uza-
sadnienia zaobserwowano takze w grupie B2. Wyniki
przedstawia Tabela 4.

Podobna sytuacja miata miejsce przy uzasadnieniu
decyzji stojacej za odrzuceniem innych odpowiedzi.
W obu grupach najczesciej wskazywano roéznice w to-
nie/wysokos$ci glosu (w grupie A2 takze barwe). Wyniki
przedstawia Tabela 5.

2.5. Porownanie trafno$ci rozpoznania osoby na
podstawie jej glosu w zaleznosci od okresu
dzielacego ustyszenie glosu a wystuchanie parady

Jak juz zostalo wspomniane, ogélna trafnos¢ roz-
poznania w$réd 70 uczestnikéw badania wlasciwego 1
(grupy Al i B1) wyniosta 47,14%, za$ wsrod 59 osob
rozpoznajacych po dwoch tygodniach (badanie wlasciwe
IL, grupy A2 i B2) — 30,5%. Ogdlna trafno$¢ wyniosta
39,53%.

Analiza testem chi-kwadrat niezaleznosci wykazata
(chi® (1, 129) = 3,706, df = 1, p = 0,054, p > 0,05), ze
nie ma istotnego statystycznie zwigzku pomigdzy sku-
tecznoscig rozpoznawania osoby na podstawie jej glosu
a okresem mig¢dzy zapoznaniem si¢ z glosem i wystucha-
niem parady, cho¢ zdecydowanie nalezy podkresli¢, ze
wynik ten jest niezwykle zblizony do poziomu istotnosci
statystycznej.

W ten sposob obalona zostala Hipoteza 3 wskazana
W czg$ci pierwsze;j.

Poréwnano nastepnie, czy uptyw czasu wpltywa na
trafno$¢ rozpoznania podczas okazania mowy osobno
w grupach A1 B.

W przypadku uczestnikow grup Al i A2 zauwazy¢
mozna duza roéznice w poziomie trafnosci rozpoznania
(blisko 25 punktéw procentowych) — mimo tego wsrod
0s6b ksztalcacych sie¢ w kierunku muzycznym nie zaob-
serwowano istotnego statystycznie zwiazku pomigdzy
skuteczno$cia rozpoznawania osoby na podstawie jej
glosu a okresem miedzy ustyszeniem glosu i wystucha-
niem parady (chi® (I, 55) = 3,319, p = 0,068, p > 0,05).

Wsrod uczestnikow grup Bl i B2 réznica w trafno-
$ci rozpoznania wyniosta niewiele ponad 11 punktow
procentowych na korzy$¢ grupy Bl. Rowniez i w tym
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przypadku analiza testem chi-kwadrat niezalezno$ci wy-
kazata (chi® (1, 74) = 0,983, p = 0,322, p > 0,05), ze wsrod
0s6b nieksztatcacych si¢ w kierunku muzycznym nie ma
istotnego statystycznie zwigzku pomig¢dzy skutecznoscia
rozpoznawania osoby na podstawie jej gltosu a okresem
miedzy ustyszeniem glosu a wystuchaniem parady.

2.6. Porownanie trafno$ci rozpoznania osoby na
podstawie jej gltosu w zaleznosci od stopnia
pewnosci

Odpowiedzi uczestnikow w zakresie stopnia pewno-
$ci zostaty podzielone na dwie kategorie — brak pewnosci
(,,zdecydowanie nie”, ,;raczej nie”) oraz pewnosc¢ (,ra-
czej tak”, ,,zdecydowanie tak”).

W zakresie badania wlasciwego I stopien pewnosci
uczestnikow nie miat statystycznie istotnego zwigz-
ku z trafnoscia rozpoznania osoby, ani przed (chi’
{1, 70)=0917, df = 1, p = 0,338, p > 0,05), ani po wy-
stuchaniu parady (chi® (I, 70) = 0,266, df = 1, p = 0,606,
p>0,05).

Podobna sytuacja miata miejsce w badaniu wilasci-
wym II. Stopiefi pewnosci przed (cki® (I, 59) = 0,530,
df=1, p=0,466, p > 0,05) i po wystuchaniu parady glo-
sow (chi® (1, 59) = 0,933, df = 1, p = 0,334, p > 0,05)
nie miatl istotnego statystycznie zwiazku z poziomem
trafnosci.

Wyniki zostaty przedstawione na Ryc. 13.

2.7. Porownanie trafno$ci rozpoznania osoby
na podstawie jej gltosu w zaleznosci od pfci
badanych

2.7.1. Badanie wlasciwe |

W badaniu wtasciwym I wzigto udziat 41 kobiet i 29
mezezyzn. W grupie Al znalazto si¢ 19 kobiet i 10 mez-
czyzn, za$ w grupie B1 — 22 kobiety i 19 mezczyzn.

Zaréwno przy podziale na grupy (Al: 60% vs. 53%;
B1: 53% vs. 32%), jak i w ogo6lnym rozrachunku (55%
vs. 41%) mezczyzni osiagali trafno$¢ na wyzszym pozio-
mie niz kobiety (Ryc. 14).

Analiza testem chi-kwadrat niezaleznosci wykazata
(chi® (1, 70) = 1,281, df = 1, p = 0,258, p > 0,05), ze
w tygodniowym przedziale miedzy uslyszeniem glosu
a wystluchaniem parady nie ma istotnego statystycznie
zwiagzku pomigdzy skutecznoscia rozpoznawania osoby
na podstawie jej glosu a plcig os6b badanych.

Analiza testem chi-kwadrat niezaleznosci wykaza-
a rowniez, ze zar6wno wsrdd osoéb nieksztatcacych sig
w kierunku muzycznym (chi*> (I, 41) = 1,820, df = 1,
p = 0,177, p > 0,05), jak 1 ksztatcacych si¢ w kierun-
ku muzycznym (chi? (I, 29) = 0,144, df = 1, p = 0,705,
p > 0,05, przy zastosowaniu poprawki na ciggtos¢ Yate-
sa: chi? (I, 29) = 0,000, df = 1, p = 1,000, p > 0,05,

w tygodniowym przedziale miedzy uslyszeniem glosu
a wystuchaniem parady nie ma istotnego statystycznie
zwigzku pomigdzy skutecznoscia rozpoznawania osoby
na podstawie jej gtosu a plcig badanych.

2.7.2. Badanie wilasciwe II

W badaniu wtasciwym II wzigto udziat tacznie 35 ko-
biet i 24 mezczyzn. W grupie A2 znalazto si¢ 19 kobiet
17 mgzczyzn, a w grupie B2 16 kobiet i 17 mezezyzn.

W grupie A2 kobiety osiagnety trafno$¢ rozpozna-
nia na poziomie 42%; zaden z m¢zczyzn w grupie A2
nie wskazal prawidlowo glosu sprawcy. W grupie B2
mezezyzni osiagneli trafnos$¢ na poziomie 35%, a ko-
biety 25%. W ogdlnym rozrachunku to kobiety uzyska-
ly stopien trafnosci wyzszy o 9 punktéw procentowych
niz mezezyzni (34% vs. 25%). Wyniki przedstawiono
na Ryc. 15.

Analiza testem chi-kwadrat niezalezno$ci wykazata
(chi* (1, 59) = 0,579, df = 1, p = 0,447, p > 0,05), ze
w dwutygodniowym przedziale migdzy ustyszeniem glo-
su a wystuchaniem parady nie ma istotnego statystycznie
zwigzku pomiedzy skutecznoscig rozpoznawania osoby
na podstawie jej glosu a plcig oso6b badanych, co potwier-
dza hipotezg H,,.

Analiza testem chi-kwadrat niezaleznosci wykazata
réwniez, ze wsrod osob nieksztalcacych sie w kierun-
ku muzycznym (chi® (I, 33) = 0,414, df = 1, p = 0,520,
p>0,05; konieczno$¢ zastosowania poprawki na ciggtosé
Yatesa: chi® (1, 33) = 0,070, df = 1, p = 0,792, p > 0,05)
w dwutygodniowym przedziale migdzy ustyszeniem glo-
su a wystuchaniem parady nie ma istotnego statystycznie
zwigzku pomiedzy skuteczno$cig rozpoznawania osoby
na podstawie jej glosu a plcig badanych. Przy osobach
ksztatcacych sig¢ w kierunku muzycznym na pierwszy rzut
oka istotno$¢ ta wystepowata (chi? (I, 26) = 4,257, df = 1,
p=10,039, p<0,05), lecz z uwagi na to, ze 50% komorek
ma liczebno$¢ oczekiwang mniejsza niz 5, zastosowano
poprawke na cigglos¢ Yatesa. Ostatecznie wigc w bada-
nej grupie wplyw plci na trafno$¢ nie jest istotny staty-
stycznie (chi? (1,26)=2,510,df=1,p= 0,113, p < 0,05).

3. Dyskusja

Poziom trafno$ci rozpoznania osoby na podstawie jej
glosu nie byt wysoki. W grupie rozpoznajacej po tygo-
dniu 47% uczestnikow poprawnie wytypowalo sprawce.
Wisrdd uczestnikow badania rozpoznajacych glos spraw-
cy po dwoch tygodniach byto to 30,5%. Wyniki te kore-
luja z wezesniej przeprowadzonymi badaniami, w kto-
rych skutecznos$¢ rozpoznania réwniez nie przekraczata
50% [22, 55]. Zwlaszcza wyniki uzyskane w badaniu
wiasciwym I sg zbiezne z wynikami uzyskanymi wsrod
dzieci w wieku 11-13 lat rozpoznajacych glos po dwoch
tygodniach [23].
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Warto rowniez odnotowaé, ze rdéznica w poziomie
trafnosci w zaleznoS$ci od okresu retencji nie miata cha-
rakteru istotnego statystycznie. Jak juz wczesniej wspo-
mniano, wyniki badan w tym zakresie nie sg jednak
niejednoznaczne [22, 28, 49]. W niniejszym badaniu
zaobserwowano jednak trend w kierunku istotnos$ci sta-
tystycznej. By¢ moze przy wigkszej liczbie uczestnikow
lub wydtuzonym okresie retencji wyniki bytyby inne.

Co istotne, w zakresie poziomu trafnosci rozpozna-
nia nie zaobserwowano statystycznie istotnej roznicy
miedzy osobami ksztatcacymi si¢ (55% trafnosci po ty-
godniu, 30% po dwodch tygodniach) a nieksztatcacymi
si¢ w kierunku muzycznym (41% trafnosci po tygodniu,
31% po dwoch tygodniach), co koresponduje z wynika-
mi uzyskanymi w zakresie rozpoznawania mowcow tego
samego jezyka [47]. Poziom trafnoéci uzyskany w ni-
niejszym badaniu byl jednak nizszy, co zapewne wynika
z przyjetego okresu retencji. Jednocze$nie nalezy stwier-
dzi¢, ze ksztatcenie si¢ w kierunku muzycznym nie wply-
wa na zdolno$¢ rozpoznania osoby na podstawie glosu.

Powyzsze oznacza, ze Hipotezy 1, 2 i 3 nie zostaty
potwierdzone.

Nie stwierdzono réwniez, by stopien pewnosci
uczestnikow badania miat zwigzek z trafnoscia rozpo-
znania osoby na podstawie glosu. W niniejszym badaniu
byt to wigc czynnik niemajgcy wartosci diagnostyczne;j
[22, 23, 32]. Nie zaobserwowano rowniez zwigzku po-
miedzy plcig uczestnikow badan a trafnoscia.

Wyniki badan potwierdzaja wige koniecznos¢ ostroz-
nego traktowania w procesie karnym dowodu z okazania
mowy [25, 26]. Ze wzgledu na stwierdzony trend w kie-
runku istotnos$ci statystycznej w kontekscie negatywnego
wplywu uptywu czasu na trafno$¢ rozpoznania za uza-
sadniong nalezy uzna¢ koniecznos$¢ niezwlocznego prze-
prowadzenia przez organy czynno$ci okazania mowy.
Powinny one jednak pamigta¢ o odpowiednim przygo-
towaniu parady glosow — zgodnie z zaleceniami autorow
zawartymi w literaturze.

4. Whnioski

Wyniki badan nie wykazaly, by osoby ksztatcace sie
w kierunku muzycznym rozpoznawaty osoby na podsta-
wie ich glosu lepiej niz te, ktore nie ksztalcity si¢ w tym
kierunku. Nie stwierdzono roéwniez statystycznie istotnej
réznicy pomigdzy wynikami uzyskiwanymi przez osoby
rozpoznajace gltos po tygodniu od zapoznania a wynika-
mi 0sob, ktore rozpoznawaly glos po dwodch tygodniach.
Nie wykazano takiego wplywu w obu badanych grupach
(osoby ksztatcace i nieksztalcace si¢ w kierunku muzycz-
nym). Nalezy jednak zaznaczy¢, ze w zakresie wptywu
uptywu czasu na trafno$¢ rozpoznania zaobserwowano
wyrazny trend w kierunku istotno$ci statystycznej. Wy-
kluczono natomiast wptyw pici badanych na trafnosc

rozpoznania podczas okazania mowy. Nie zaobserwo-
wano takze zwigzku migdzy pewnos$cig uczestnikow
w odniesieniu do zaznaczenia prawidtowej odpowiedzi
a trafno$cia rozpoznania. Ogolnie jednak badania po-
twierdzaja tezg o stabej pamigci glosu.

Istnieje pole do dalszych badan w poruszanym zakre-
sie. Moglyby one obejmowa¢ m.in. wydtuzenie okresu
retencji, proby rozpoznania glosu przez te same osoby
w roznych okresach retencji, zwickszenie liczby uczest-
nikow badan lub udziat 0sob starszych niz uczestnicy
niniejszego badania. Rozwazy¢ mozna takze bardziej
restrykeyjny dobdr grup badawczych, tj. udzial profe-
sjonalnych muzykéw (z wyzszym wyksztatlceniem mu-
zycznym) oraz osob, ktore w ogole lub w stopniu mi-
nimalnym ksztalcity si¢ w kierunku muzycznym, nie
posiadajac umiejetnosei §piewu lub gry na jakimkolwiek
instrumencie.
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