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Abstract

The study analyzes the separate evaluation of the results obtained from auditory, linguistic,
and instrumental analyses applied in forensic phonoscopic examination and identifies the
limitations of the existing “Y” probability scale. In order to generalize the results of complex
research within a unified mathematical model, a new probability scale termed “X” is pro-
posed, which is constructed based on the theory of mathematical probability. The numerical
mean of the results obtained through different analytical methods is calculated. The con-
ducted analysis demonstrates that the proposed probability scale enables an objective and
measurable assessment of the results of complex studies. The new approach reduces sub-
jectivity in the final expert conclusion, enhances the level of scientific justification of the
findings, and provides a more reliable methodological basis for the practical application of
forensic phonoscopic examination.
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1. Introduction

Sound is a mechanical wave that propagates through an elastic medium and is
formed as a result of aeroacoustic vibrations generated in the vocal apparatus dur-
ing speech production. The vibration mode of the speaker’s vocal folds, the reso-
nant characteristics of the vocal tract, and the position of the articulatory organs
are among the primary physical factors determining the acoustic structure of the

*Corresponding author — Tel.: (+994) 50 394 78 00
e-mail: bakhtiyarpashaev@bsu.edu.az ; ORCID ID: 0009-0004-1051-8943.

20250204-50



Latif P. Aliyev, Mammad R. Rajabov, Bakhtiyar G. Pashayev
/ Journal of Physics & Space Sciences, 2025, v2 (4)

speech signal. Each of these processes produces measurable changes in the fre-
guency spectrum, amplitude distribution, and temporal parameters of the sound
wave. Consequently, the speech signal functions as an individual physical-acoustic
“trace,” becoming a carrier of information for personal identification.Acoustic anal-
ysis of speech is performed through instrumental measurement of the waveform,
fundamental frequency (v), formant frequencies (v <+ v4) - where v; is mainly re-
lated to the degree of oral cavity opening, v, to the front—back position of the
tongue and the effective length of the vocal tract, v; to the individual geometric
structure of the vocal tract, lateral tongue movement, and dental-labial configura-
tion, and v, primarily to the overall dimensions of the vocal tract and the high-fre-
guency characteristics of the resonator - as well as spectral energy distribution and
intensity. These parameters are closely associated with the dimensions and elastic
properties of the vocal tract and the dynamics of airflow and are physically deter-
ministic in nature. However, in real forensic phonoscopic materials, recorded sig-
nals are often accompanied by noise, reverberation, channel distortions, and non-
linear effects, which lead to variations in measured acoustic parameters and in-
crease the uncertainty of the results [1-3].

For this reason, instrumental-acoustic measurements alone are insufficient for
speaker and speech identification, and they are applied in combination with audi-
tory and linguistic analyses in a comprehensive manner. In modern forensic expert
practice, the application of integrated approaches is of particular importance when
examining complex and multicomponent objects [4-10]. Nevertheless, in existing
methodologies, the results of these diverse physical and psychoacoustic measure-
ments are often evaluated separately, which introduces subjective elements into
the formation of the final conclusion. This represents one of the factors that reduce
the objectivity and reliability of expert opinions. In this context, the synthesis of
results obtained through various acoustic and non-acoustic analytical methods
within a unified mathematical probability model is of significant scientific im-
portance [5-7]. The present study proposes a new probability scale for the objective
evaluation of the results of complex speech and voice examinations. The proposed
approach is based on the theory of mathematical probability and aims to address
the existing methodological gap. Its application enables a more substantiated and
transparent formulation of the final expert conclusion.

As noted above, in forensic research, the formation of a final opinion through
the synthesis of results obtained using multiple research methods (complex exam-
inations) to address the same issue is one of the key tasks. A complex examination
involves a multidimensional study of an object using methods from various scien-
tific disciplines in order to obtain a complete and objective result and to assess the
situation as a whole. It represents a unique type of investigation conducted through
the simultaneous application of knowledge acquired in science and technology to
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establish the facts of a case. Its primary purpose is to resolve complex, multifaceted
issues that extend beyond the competence of a single expert or a specific field of
study. This approach enables comprehensive problem analysis, identification of
cause-and-effect relationships, and the derivation of objective and scientifically
substantiated conclusions that are essential in judicial proceedings and pretrial dis-
pute resolution [4, 8]. Unlike commission-based examinations, in which several spe-
cialists from the same field jointly produce a common opinion, complex examina-
tions involve experts from different disciplines. For example, in speaker and speech
identification, three types of analytical methods are employed: auditory, linguistic,
and instrumental analyses [4, 9].

This synthesis of knowledge allows for a comprehensive analysis of all aspects of
an event, identification of latent factors, and the provision of objective answers to
guestions posed by the court or investigator. Complex examinations play a crucial
role in establishing the truth, particularly in cases where simple logic or one-sided
analysis is insufficient for rendering a fair decision [4, 8, 9, 10]. By combining various
methods and approaches, complex examinations contribute to revealing the com-
plete picture of an event, clarifying the most challenging situations, and supporting
accurate legal decision-making. They are indispensable in resolving disputed issues
that require deep and multifaceted analysis and enable specialists from different
fields to unite their efforts in a comprehensive investigation.

The aim of this study is to reduce subjectivity arising in the process of synthesiz-
ing results obtained through auditory, linguistic, and instrumental analytical meth-
ods in speaker and speech identification and to enhance the objectivity of the final
expert conclusion.

2. Experimental Section

By their nature, the objects and materials required for complex examinations are
highly diverse. Each component of a complex examination requires the provision of
appropriate materials in accordance with legal requirements and the methodolo-
gies applicable to the respective type of analysis.

The research objects may include the following:

Documents: electronic documents, images, audio and video recordings, and cor-
respondence (both paper-based and electronic).

Digital storage media: computers, laptops, mobile phones, tablets, servers, flash
drives, hard drives, and related devices.

In the auditory analysis process, the expert linguist examines groups of intrinsic
factors that influence variability in voice and speech. These factors are associated
with the individual anatomical characteristics of the vocal tract organs involved in
voice and speech production, as well as the speaker’s gender and age. During audi-
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tory analysis, the expert identifies speaker-specific features characterizing articula-
tion, voice timbre, melodic patterns, rhythm, speech rate, dialectal characteristics,
and individual speech habits, including emotional coloring, fluency, and dynamism.
These identifying features are compared with the corresponding parameters in the
experimental phonogram, and the results of the auditory examination are formu-
lated. In other words, auditory examination involves comparing corresponding fea-
tures in the disputed phonogram and the comparative phonogram presented as an
experimental voice and speech sample, and determining the proportion of similar
and dissimilar features.

Following the same approach, the expert linguist identifies identifying features
at the level of linguistic units in the speech material and conducts comparative anal-
ysis. Speech in each phonogram submitted for examination is analyzed separately,
linguistic features are examined, and the probability that the individuals recorded
in the disputed and comparative phonograms are the same person is assessed.

Instrumental analysis of the disputed and comparative phonograms submitted
for examination may be carried out using various methods depending on the quality
of the examined material. The expert acoustician performs instrumental analysis by
measuring the prosodic and spectral characteristics of the speech signals recorded
in the disputed and comparative phonograms and determines the degree of simi-
larity or difference between the compared speakers. At the final stage of the exam-
ination, the results obtained through auditory, linguistic, and instrumental methods
are synthesized and generalized, and the final expert conclusion is formulated.

3. Discussion of Results

In forensic phonoscopic examination, the expert opinion in speaker and speech
identification is formed by synthesizing the results of auditory, linguistic, and in-
strumental analyses and is expressed as follows:

a)the voice and speech of the speaker designated as K1 in the transcript of the
disputed phonogram belong to Salamov Salam Salam oglu, whose experimental
voice and speech sample was provided;

b)the voice and speech of the speaker designated as K1 in the transcript of the
disputed phonogram probably belong to Salamov Salam Salam oglu, whose exper-
imental voice and speech sample was provided;

c) it was not possible to determine whether the voice and speech of the speaker
designated as K1 in the transcript of the disputed phonogram belong to Salamov
Salam Salam oglu, whose experimental voice and speech sample was provided, or
to another person;

d)the voice and speech of the speaker designated as K1 in the transcript of the
disputed phonogram probably do not belong to Salamov Salam Salam oglu, whose
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experimental voice and speech sample was provided, but to another person;

e)the voice and speech of the speaker designated as K1 in the transcript of the
disputed phonogram do not belong to Salamov Salam Salam oglu, whose experi-
mental voice and speech sample was provided, but to another person.

In speaker and speech identification, the assessment for each analytical method
is conducted using the “Y” scale. For example, if an instrumental analysis shows
more than 75% similarity between the examined features of the disputed and com-
parative phonograms (corresponding to values between 3 and 4 on the scale), the
conclusion specified in item (a) is drawn for that analytical method. If the similarity
ranges from 25% to 75% (values between 1 and 3 on the scale), the conclusion
specified in item (b) is formed. If similarity is less than 25% or dissimilarity is less
than 25% (values between -1 and 1 on the scale), the conclusion specified in item
(c) is obtained, and so forth. However, since existing methodologies do not provide
a specific computational procedure for forming a final conclusion through the syn-
thesis of results from all three analytical methods, a degree of subjectivity is inevi-
tably introduced. In complex examinations, replacing the “Y” scale with the newly
proposed “X” scale allows, in our view, for an objective assessment in calculating
the final conclusion. It should be noted that the relationship between the selected
Y and X scales is defined as:
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Here, the above scale represents a probability scale corresponding to the evalu-
ation of an individual research method considered separately, whereas the scale
below represents a new probability scale intended for the formation of the final
conclusion through the synthesis of the results of all three analytical methods. As
is known, mathematical probability is a quantity measured as the ratio of the num-
ber of favorable outcomes for a given event to the total number of equally likely
outcomes:
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Here, n — denotes the number of equally likely outcomes, while m — denotes the
number of favorable outcomes. Since the number of favorable outcomes for any
event cannot exceed the total number of possible outcomes, it follows from the
classical definition of probability that mathematical probability varies between zero
and one (0 < P(A) < 1). This requirement is satisfied by the probability scale pro-
posed in this study.

Assume that, as a result of instrumental analysis, the identifying features in the dis-
puted and comparative phonograms demonstrate 75% similarity (Y = 3), linguistic
analysis indicates 25% similarity (Y = 1), and auditory analysis indicates 25% dis-
similarity (Y = —1). According to the Y scale, the probability that the compared
speakers are the same person equals 75%, which does not adequately reflect the
actual situation. According to the proposed probability scale, the following result is
obtained:

Considering that whenY = 3,X; =7/8; whenY =1,X, =5/8,andwhenY =
—1, X3 = 3/8, the final probability obtained using three different analysis methods
is determined as the arithmetic mean of the probabilities:

X_X1+X2+X3_7/8+5/8+3/8_15 2)
- 3 - 3 T 24
Thus, the probability that the compared individuals are the same person is X =
(15/24) - 100% = 62.5%, which reflects the objective result.

4. Conclusion

The conducted research indicates that, in the identification of an individual
based on voice and speech, merely providing a qualitative summary of auditory,
linguistic, and instrumental analyses is insufficient for forming an objective final
opinion. The newly proposed “X” probability scale (MLB scale) presented in this
paper enables the synthesis of results from complex studies based on mathematical
foundations. This approach reduces the risk of subjective evaluation and enhances
the scientific reliability of the expert opinion. The application of the proposed
model in forensic phonoscopic examinations can be considered both practically fea-
sible and promising.
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