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Abstract: This study examines the integration of audio forensics and forensic psychology in
detecting similarities between natural and mimicked voices. Ten mimicry artists were instructed to
replicate a predetermined script in target voices, producing both natural and mimicked recordings.
Traditional audio forensic techniques, focusing on phonetic and acoustic parameters, were applied to
assess the degree of similarity, while Layered Voice Analysis (LVA) was employed to identify
deception-related indicators such as emotional stress, cognitive load, and psychophysiological cues.
Results revealed that formant frequency analysis distinguished clear differences between natural and
mimicked speech, whereas auditory evaluation highlighted notable similarities within each artist’s
samples. LVA further confirmed these similarity markers, demonstrating its potential utility in
mimicry-related cases. The findings emphasize a multidisciplinary approach, where combining
acoustic evidence with psychological indicators enhances the reliability of forensic voice analysis.
This integrative framework strengthens evidentiary assessments in criminal investigations and

supports the judicial interpretation of voice evidence.
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voice mimicry.

1. INTRODUCTION

The most basic definition of Forensics originates from the Latin word ‘forensis’ meaning
public, to the forum or public discussion; while the most modern definition of forensics would
amount to used in, or suitable to a court of law [1][2]. Thus, it can be rightly said that any field of
science that is used for legal purposes can be considered to be part of the field of forensic sciences;
and can be considered vital tools in any legal proceedings be it civil or criminal [3][4].

Recent trends in forensic sciences have emerged with a multi - disciplinary approach, as
compared to the initial days of trying to understand the basic usage of forensic sciences within the
areas of criminal investigations. The evolving trends of forensic sciences in conjunction with the

technological advances show there is an increasing need for a comprehensive and accurate analysis
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of evidences involved in any legal dispute. It can, therefore, be rightly said that forensic sciences is
not limited to the traditional laboratory based disciplines like biological or chemical sciences but has
now integrated newer fields like cyber forensics, behavioral forensics and/or data sciences.

With multiple technological advancements and innovations such as next-generation
sequencing in DNA analysis, excellence centers in digital forensics, and Al-powered tools, forensic
science is undergoing revolution [5]. So when we talk about collaboration amongst different
forensic disciplines, it is because it allows for cross-verification of findings, reducing the
likelihood of errors and misinterpretations, and ensuring the reliability of forensic evidence [6].

With the increasing complexity of crimes along with the advancements in technology, this
has created a desperate need for the integration of diverse forensic science techniques in criminal
investigations. This integration, therefore would allow for a far more comprehensive analysis of
evidences, thus leading to an accurate and sound investigations with hopefully an improved
outcomes during the trials [5], [7].

2. FORENSIC AUDIO ANALYSIS AND LAYERED VOICE ANALYSIS EXAMINATION: A
RESEARCHER’S PERSPECTIVE

Two such possible areas of integration within the fields of forensic sciences are the audio
analysis and behavioral sciences; specifically Layered Voice Analysis Examination. Both the areas
use audio recordings; wherein the audio analysis of the audio is conducted to analyze the auditory
and spectral similarities of the speaker’s voices, whereas the Layered Voice Analysis of the audio
recordings is used to determine the deception patterns in the emotional, stress and cognitive aspects
within the speaking patterns of the individual while narrating the event under investigation.

Most recent advancements in audio forensic methodologies have provided empirical evidence
of using acoustic - phonetic analysis for both, speaker identification/verification as well as mimicry
detection. Research showed that the pitch contour, duration and amplitude, more commonly known
as Prosodic features tend to be favored over other spectral features because of their interpretability
and robustness that tend to vary across other external conditions such as background noise as well as
channel mismatch [8]. The threat posed by mimicry or in other words, voice spoofing has found its
niche within the empirical research by application of prosodic and formant analyses that can be used
to identify imposter speech.

Parallelly, Layered Voice Analysis is a recent technological software that is used to detect
psychological indicators of deception, such as stress, cognitive load and emotional cues within the
voice recording of the individual. Early empirical evaluations have demonstrated that there are
chance-level performance (42-56% true-positive rates) and high false-positive rates (40—-65%) when

LVA was assessed under controlled laboratory conditions [9][10]. There were other similar

Volume 25, Issue 10, 2025 PAGE NO: 245



Journal For Basic Sciences ISSN NO : 1006-8341

skepticism echoed in reviews that have challenged the scientific validity of voice-stress technologies,
cautioning that LVA may lack sensitivity and robustness without strong operator influence [11].
Recent research however, also reinforces this viewpoint, stating that the human analysis or
interpretation often outperformed the automated LVA judgments (68—71% accuracy for auditors
versus 48% for automated systems); thus, suggesting that operator bias and experience could play
significant roles in the analysis and interpretation of the LVA results [12].

Voice mimicry has been investigated in automatic speaker verification systems concluding
that while untrained impersonators could produce prosodic features but could not produce more than
simple modest alterations in formant and spectral features which indicates limited threat from simple
mimicry [13]. However, it is pertinent to mention that high; lying trained or rather, expert mimicry is
still an under explored challenged within the forensic audio analysis and overall forensic context.

This analysis of the literature findings clearly underscore the necessity of having an
integrated and complimentary forensic analysis of evidences such as mimicked voices. Here,
Acoustic - phonetic as well as phonological analysis can determine the similarities of the recorded
voices. On the other hand, Layered Voice Analysis (LVA) can offer psychological insight into the
cognitive stressors within the recorded voice - especially with a forensic psychologist interpreting the
software results.

3. METHODOLOGY

The present research has adopted an experimental within-subjects design with the aim to
investigate the forensic implications of mimicked voice recordings using complimentary techniques
of two different fields. This research has focused on evaluating the authenticity of the voice
recording along with the deception patterns in the voice samples through a dual-method approach:
acoustic-phonetic analysis for speaker verification/identification and Layered Voice Analysis (LVA)
for deception detection.

The design includes controlled recording sessions of mimicry artists producing both their
natural voice and mimicked versions using a fixed script, enabling comparison across both forensic
modalities.

3.1. Participants

For the current research, the authors invited Ten trained mimicry artists (n=10 named as A to
J), each with demonstrated proficiency in vocal imitation. Participants were recruited through
purposive and snowball sampling technique through interconnected network of mimicry artists.
Participants were duly informed regarding the study’s aim and the procedures involved within the

study and only after they provided informed consent, the voice recording were taken.
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3.2. Materials

Each participant was given a standardized script of 150-200 words that was designed to elicit
a range of prosodic and semantic features. Recordings were conducted in a contained environment.
The mimicry task was recorded in two phases: (1) the participant’s natural voice (Al, B1, C1...), and
(2) their mimicked voice (A2, B2, C2...) of a designated public figure with a pre - designed script in
the regional language. Audio files were processed using KAY PENTAX’s Multispeech and Praat
softwares for acoustic-phonetic analysis and Nemesysco’s Layered Voice Analysis (LVA-i) software

for deception metrics.

3.3. Procedure

Each participant performed two recording sessions. In Session 1, they read the script in their
natural speaking voice. In Session 2, they delivered the same script while mimicking the voice of a
selected target speaker. Each session was recorded separately under consistent audio settings. To
minimize performance variability, participants were allowed a short rehearsal period. All samples

were anonymized using a randomized coding system prior to analysis to reduce analyst bias.

4. Audio Analysis

A growing body of forensic-phonetic work shows that “mimicked” or impersonated voices
can fool casual listeners, yet close auditory-perceptual analysis often exposes patterned deviations
from a target speaker. Classic imitation studies argue that while mimics can shift global prosody
(overall pitch, speaking rate, rhythm), fine-grained articulatory timing and segmental habits remain
stubbornly speaker-specific and are hard to copy consistently, giving trained listeners cues in stress

placement, co articulation, and micro-rhythm [14]

Researchers investigating mimicked (impersonated) speech have converged on a set of auditory
parameters that repeatedly appear in both production (acoustic) and perceptual studies. The literature
groups these parameters into prosodic features, voice-quality / phonation features, spectral / vocal-
tract features, perturbation and harmonicity measures, and temporal / segmental measures — and
shows that both what mimics try to copy and what listeners use to judge similarity are drawn from

these domains.

a) Prosodic features: Fundamental frequency (FO) — its mean, dynamic range and the shape of

intonation contours — is one of the most-studied dimensions because mimics often target a speaker’s
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pitch pattern and melodic shape. Studies show mimics can approximate global prosody (overall pitch
level and contour) better than fine-grained timing, and listeners rely heavily on prosodic similarity in

perceptual tests [15].

b) Voice-quality / phonation features: Imitators commonly alter phonation type to match a target
(e.g., creaky voice, falsetto, breathy voice). Case studies and systematic analyses report that such
phonation changes often leave tell-tale artifacts (unstable vibration, strain) detectable by auditors and
by spectral inspection; some disguises (e.g., deliberate glottal fry) have been specifically investigated

for their effectiveness and audibility [16, 17].

C) Spectral / vocal-tract features: Vocal-tract resonances (formant patterns F1-F3), long-term
average spectrum (LTAS) and spectral tilt are strong correlates of speaker identity and are therefore
key targets for mimics. Empirical work on professional impersonators shows partial success in
shifting formant locations toward targets, but systematic differences often remain and are measurable

with formant analysis and LTAS comparisons [18, 19].

d) Perturbation and harmonicity measures: 4. Measures of cycle-to-cycle stability — jitter,
shimmer, and harmonic-to-noise ratio — capture micro variations in vocal fold vibration and are
sensitive to strained or deliberately altered phonation. Several studies recommend these as objective

indices that reveal artifacts of sustained disguise attempts [20, 21].

e) Temporal / segmental measures: Rhythm, speech rate, placement of pauses, and fine
segmental timing (including co-articulatory patterns) are robustly speaker-specific and comparatively
resistant to accurate imitation. Research shows that even skilled impersonators often leave native
timing and co-articulatory “habits” of their own speech, which trained listeners—and quantitative

temporal analyses—can exploit [22, 23].

In summary, the literature shows that mimics tend to succeed more on coarse prosodic and
perceptual dimensions than on fine-grained spectral, perturbation and temporal habits that encode
much of speaker identity. Forensic and experimental researchers therefore treat a combined approach
of auditory parameters (prosody, phonation, spectral, perturbation, timing) as the standard approach

to studying and distinguishing mimicked from authentic speech [18,20].
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4.1 Observations-Audio analysis

In the analysis of mimicked and original speech, it is often observed that mimicry artists skillfully
reproduce temporal aspects of the target speaker’s delivery. They can imitate the same timing,
rhythm, and placement of pauses, which creates a strong impression of similarity to the casual
listener. This ability to mirror prosodic patterns—such as speaking rate and pause structure—

enhances the perceptual plausibility of the imitation.

In the present analysis, it was observed that the mimicry artist employed the same pauses and speech
rate while producing both the mimicked speech and his own natural voice. This finding suggests that
temporal features such as rhythm, pacing, and pause placement are part of the artist’s inherent
speaking style and remain consistent across both speech conditions. Although these prosodic
similarities may enhance the perceptual credibility of the imitation, they also indicate that temporal
patterns are less speaker-specific and can be influenced by the habitual style of the mimic rather than
the target speaker’s unique identity. Speech rate is often an ingrained characteristics of an
individual’s natural speaking pattern, which the mimicry artist unconsciously carried into both
natural and mimicked speech. However, when the spectral characteristics of the speech are
examined, clear differences emerge. This contrast highlights why auditory analysis, supported by

acoustic examination, is essential in distinguishing genuine speech from mimicry.

In current study, the jitter and shimmer values of the mimicry artist’s mimicked speech were found
to be approximately the same as those observed in his natural speech. Jitter (cycle-to-cycle variation
in fundamental frequency) and shimmer (cycle-to-cycle variation in amplitude) are measures that
reflect the stability of vocal fold vibration. The similarity in these values across both speaking
conditions suggests that the phonatory mechanism of the artist remained consistent, regardless of
whether he was producing his natural or mimicked voice. This indicates that, although the artist
modified certain suprasegmental or spectral features for imitation, the underlying vocal fold
physiology and phonatory stability were not significantly altered. Hence, jitter and shimmer serve as

reliable indicators of the speaker’s own vocal identity, even when attempts at mimicry are made.

It is generally observed that a mimicry artist tends to choose and imitate voices whose pitch range is
close to his or her own natural pitch. Since pitch is primarily determined by the physiological
characteristics of the vocal folds (such as length, tension, and mass), large deviations from the artist’s
habitual pitch are difficult to sustain without vocal strain or instability. By selecting target voices

with a similar fundamental frequency (FO) range, the artist can maintain natural phonatory stability
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while focusing on other features such as intonation, pauses, and voice quality to enhance the illusion
of similarity. This strategy allows the mimicry to sound more convincing to listeners while avoiding

vocal fatigue.

Another observation is stress, the stress patterns on particular consonant clusters in the mimicry
artist’s mimicked speech were found to be approximately the same as those in his natural speech.
Stress refers to the relative prominence given to certain syllables or clusters through variations in
intensity, pitch, and duration. The similarity of stress placement across both speaking conditions
indicates that the mimicry artist unconsciously retained his habitual prosodic framework, even while
attempting to imitate another voice. This suggests that stress distribution is a stable, speaker-specific
feature, rooted in the individual’s articulatory habits and motor-speech control. While the artist may
modify pitch, timbre, or voice quality to enhance the illusion of mimicry, the consistent use of stress
on clusters reflects the persistence of underlying speech patterns that can serve as reliable markers
for forensic voice comparison and speaker identification. In Fig. 1 first column waveform and
spectrograph of mimicked word and in the second column is that of the word from natural speech.
The stressed syllables are represented as the darker and well defined formant patterns. Here all the

consonants /b/, /b/ /s/ in word “Babasaheb” are equally stressed.
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Figure 1: Spectrographic representation of Word “Babasaheb” in mimicked and Natural Speech

Auditory analysis plays a critical role in forensic investigations involving mimicry because it enables
experts to detect subtle differences between an impersonated voice and the original speaker. While a
mimicry artist may successfully reproduce speech rate, pauses, rhythm, and certain prosodic patterns,
fundamental spectral characteristics, vocal quality, micro-prosody, and phonatory features often

remain distinct. By carefully examining intonation, stress, timing, formant patterns, jitter, shimmer,
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and other voice-quality markers, forensic analysts can identify inconsistencies that are not

perceptible to untrained listeners.

5. Layered Voice Analysis

Voice recordings were also analyzed using Layered Voice Analysis (LVA-e) software, which
claims to detect cognitive, emotional, and stress-related deception markers in voice recordings of the
individual. The LVA assessment focused on five primary deception-related indicators: emotions,
stress, cognition, thinking and anticipation levels. Graphical analysis of the voice recordings were
conducted to see if deceptive stress patterns emerged more prominently during mimicked speech

when compared to natural speech in the following parameters:

a) Global Risk Parameter: This parameter summarizes deviation across multiple indicators:
emotional, cognitive and anticipatory indicators of deception in the voice modulations. Therefore,
this is an estimation of the overall probability of the psychological and behavioral risk indicators of
deception based on an integrated voice metrics [24]. This parameter mainly functions as a screening

parameter that reflects the general instability or the tension in the speaker’s state.

b) Emotional Stress: This parameter in LVA tries to analyze the emotional arousal or strain detected
in the speaker’s voice that remains independent of the semantic content, i.e. what the speaker says.
The assumption here is that this affective strain is a reflection of psychophysiological activation (i.e.
anxiety, stress and fear) that can be due to the narration of the version of events, especially when
using in the forensic and investigations; for elevated emotional stress could correspond to

heightened affective load during the narration [9] [24]

c¢) Cognitive Stress: This parameter, also known as Cognitive Load analyses the mental effort as well
as the cognitive dissonance that the speaker may experience when narrating the event. Therefore, this
parameter captures the signs of mental conflict, or suppression and discriminates it from the purely
emotional strain as experienced by the speaker. In forensic terms, a higher cognitive stress level

could indicate deliberate reasoning or even concealment of information [9].

d) Thinking Level: This parameter in LVA reflects the level of conscious reasoning, planning or
even logical structuring that the speaker maybe experiencing within their speech, Therefore, this
parameter indicates the level of speaker’s engagement within the analytical and/or strategic thought

processes when compared to spontaneous or emotionally driven responses [25].
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e) Anticipation Level: This parameter analyses how forward looking mental capacity of the speaker;
i.e. the level of preparation the speaker has for future interactional turns w.r.t. the events he is
narrating. This parameter, therefore, measures the psychological readiness of the speaker; that may
manifest with subtle changes in rhythm, modulation or even the timing [25]. Within the forensic
interview settings, elevated anticipation levels have been linked to pre - planned and/or strategic

behavior.
5.1. Observations-Layered Voice Analysis

The ability to replicate a well-known celebrity's voice is a skill that mimicry artists take great
pride in and have built their entire career upon. Therefore, it is not difficult to comprehend the
emotional bond that the artist will have with this talent. The parametric comparison of the natural

speech and the mimicked speech of the mimicry artists are given in the figure 2.
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Figure 2: The parametric comparison of the natural speech and the mimicked speech of the mimicry artists

The above figure 2 clearly shows that there are similarities in the basic five parameters of
emotional stressors on Layered Voice Analysis, i.e. Global Risk, Emotional Stress, Cognitive Stress,
Thinking Level and Anticipation Level across all the twenty different recordings. Both natural and
mimicked speech carry traces of the artist’s own emotional baseline. Even when attempting to
replicate another voice, subtle markers such as micro-fluctuations in pitch or vocal intensity can
reveal the artist’s personal emotional state. Thus, emotions act as a common underlying layer in both
voice types. Whether producing natural or mimicked speech, the artist relies on heightened thinking
processes such as attention, planning, and linguistic structuring. Both forms of speech involve active
monitoring of pronunciation, prosody, and articulation, indicating a shared cognitive mechanism at
the thinking level. In both cases, the artist experiences performance-related stress. The natural voice
may reflect stress in authentic form, whereas the mimicked voice reflects controlled stress due to the
demand for accuracy. However, the physiological stress response (e.g., vocal tremor, breath control

variations) is common to both.
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Memory, auditory discrimination, and motor control are equally engaged in both natural and
mimicked speech. For natural speech, these processes support fluent expression; for mimicked
speech, they are redirected toward adapting speech to the target voice. Nonetheless, the core
cognitive resources remain the same. The natural and mimicked voices of a mimicry artist share
similarities in emotional undercurrents, cognitive processing, stress response, and thinking patterns.
These commonalities explain why mimicked speech may perceptually resemble the natural voice of

the artist while still bearing distinct acoustic and psychological markers for forensic detection.

6. Discussion

The study's inferences shed crucial light on the intricate forensic issues surrounding
mimicking in audio recordings. Conventional audio forensic methods, like acoustic and phonetic
studies, have proven effective in identifying structural variations between the genuine and imitated
voices, especially in formant frequency patterns. A high degree of perceptual similarity was also
discovered via auditory analysis, highlighting the fact that mimicry can pose a serious risk to the
reliability of voice testimony in court. The constraints of using only auditory-based or acoustic
characteristics for evidentiary purposes are highlighted by this duality. The integration of
forensic psychology through Layered Voice Analysis (LVA) offered a critical complementary
perspective. Unlike traditional forensic methods, LVA was able to identify deception-related
markers, including indicators of emotional stress and cognitive load, which are difficult to mask even
in well-executed mimicry. These findings suggest that psychological markers provide an additional
layer of robustness in authenticity assessment, bridging gaps left by purely acoustic or perceptual
techniques. A key implication of this research is the value of a multidisciplinary approach. By
combining audio forensic science with forensic psychology, investigators are better positioned to
differentiate between genuine and manipulated voice recordings. Such integration is particularly
relevant in the courtroom, where the admissibility of voice evidence often depends not only on

scientific validity but also on the interpretability of the findings by legal professionals.

Nevertheless, certain limitations must be acknowledged. The structured experimental design
involved mimicry artists replicating predetermined scripts, which may not capture the full variability
of spontaneous speech in real-world criminal contexts. Additionally, LVA, while promising, is not
without criticism regarding its reliability and validity in different linguistic and cultural settings.
Future research should expand on this work by testing larger and more diverse datasets,
incorporating spontaneous speech, and validating LVA against other psychophysiological and

computational deception-detection tools. Overall, the study advances the understanding of how
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mimicry challenges the evidentiary value of voice recordings and underscores the necessity of
integrating technological and psychological perspectives in forensic practice. Such integration has
the potential to refine the standards of voice authentication, ultimately aiding judicial systems in

making more reliable determinations when voice evidence is presented.

7. Conclusion

This study demonstrates that mimicry poses a serious challenge to the authenticity and
admissibility of voice evidence, as auditory analysis often highlights perceptual similarities despite
underlying acoustic differences. By integrating audio forensic methods with forensic psychological
tools such as Layered Voice Analysis, it becomes possible to detect deception markers that remain
hidden in traditional analyses. The findings underscore the importance of a multidisciplinary
approach to strengthen the reliability of voice evidence in legal proceedings. Future research should
further validate this integrative framework across diverse speech contexts to enhance its applicability
in forensic practice. Future investigations should extend this work by involving a larger pool of
participants to improve the representativeness and statistical validity of the findings. With the
increasing prevalence of Al-generated and deepfake voices, research must also adapt to assess how
integrative forensic approaches can effectively distinguish between natural, mimicked, and synthetic
speech. Furthermore, developing text-independent and language-independent analytical frameworks
will be essential for ensuring that these methods remain robust and universally applicable across
diverse linguistic and cultural contexts. Such advancements will enhance the reliability, adaptability,

and global relevance of forensic voice analysis in both investigative and judicial domains
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