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Abstract:

Recent research has increasingly focused on the acoustic characteristics of voice
in diagnosing and assessing degenerative disorders. Therefore, this study aims to
identify the impact of Alzheimer's disease on the intensity of conversational voice.
The research problem statement can be summarized as follows: Are there
statistically significant differences in the intensity of conversational voice between
individuals with Alzheimer's disease and the standard intensity? To answer this
guestion, a sample of 41 individuals diagnosed with Alzheimer's disease, ranging
in age from 53 to 90 years, was selected. The intensity of their conversational
voice was analyzed using the computer program Praat, which objectively analyzes
the acoustic characteristics of sound. The mean intensity of their conversational
voice was then compared to the mean standard intensity mentioned in the literature
using the t-test to study the differences. The results revealed an increase in the
intensity of conversational voice in individuals with Alzheimer's disease compared
to the standard intensity. This can be attributed to the behavioural and cognitive
disturbances commonly observed in Alzheimer's disease.

Keywords: Alzheimer disease, VVoice, Intensity, Conversational voice, acoustic
characteristics of voice, Automatic acoustic analysis,
Introduction:

Alzheimer's disease is a neurodegenerative disorder characterized by the
formation of proteins in the brain, leading to the irreversible death of nerve cells. It
Is primarily known for memory loss but is not limited to this impairment alone. It
also involves cognitive dysfunction, deterioration in executive functions, and
psychological disturbances. These symptoms significantly impact the patient's
social, emotional, and professional life, affecting their independence (Dubois et al.,
2015). The disease begins mildly and progresses towards deterioration, resulting in
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the loss of short-term memory followed by long-term memory (Selingue, 2019).
Alzheimer's disease has become one of the most common neurodegenerative
disorders worldwide. Therefore, early detection and intervention have become the
most effective preventive approaches. Alzheimer's disease is characterized by
progressive pathological neurological changes that may occur before cognitive and
functional symptoms appear, Consequently, current efforts have focused on
innovative tools or biomarkers for early detection of pre-dementia stages. This is
because the diagnosis of Alzheimer's disease in a living body using conventional
cognitive tools has an error rate of up to 25% compared to the diagnosis provided
through autopsy findings (Beach et al., 2012). Therefore, voice and speech analysis
has become increasingly common over the past decade.

Voice holds a prestigious position in the communication process, carrying a
message that conveys meaning to the listener. There is no doubt that humans are in
dire need of daily oral communication with society. Possessing accurate, clear, and
unambiguous speech has a significant and delicate impact on an individual's life. It
conveys an individual's identity, satisfies their requirements, and strengthens their
societal position. (Guerrero, 2010). Voice is the essential means that conveys this
message in the communication process, and we should not overlook its acoustic
characteristics (intensity, fundamental frequency, and timbre). Any disturbance in
these characteristics may indicate the presence of a disease such as Alzheimer's,
where problems in sensory-motor adaptation can be found (Xiu et al., 2022).

Therefore, the acoustic characteristics of their voice, both in general and
specifically in terms of intensity, may differ from those of healthy individuals.
Scientific advancements in language processing and automated speech recognition
have allowed for extracting linguistic and acoustic changes that were previously
difficult to measure. Articles related to its use in the detection of neurodegenerative
diseases have proliferated. Numerous studies have identified distinctive speech
characteristics in general that can be used for accurate discrimination between
healthy aging, mild cognitive impairment, and Alzheimer's disease. Speech
analysis has been identified as a cost-effective and reliable method for detecting
both conditions (Konig et al., 2015).

Voice contains a wealth of information about people's health status. Many

neurodegenerative diseases, pulmonary diseases, cardiovascular diseases, and
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psychiatric disorders can alter a person's speech patterns. Therefore, speech
analysis becomes a key to early diagnosis. The challenge today lies in accurately
differentiating between patients with mild cognitive impairment and those in the
early stages of Alzheimer's disease on the one hand and individuals experiencing
healthy ageing on the other hand. Thus, language in general and speech in
particular become important tools for distinguishing these disorders that may mask
the early stages of neurodegenerative diseases (Hajjar et al., 2023).Dozens of
speech-based methods have been explored for Alzheimer's disease detection.

Research findings indicate a significant correlation between acoustic measures and
pathological language features. Additionally, the alterations in acoustic patterns
observed in automated language analysis have demonstrated their effectiveness in
detecting Alzheimer's disease compared to conventional diagnostic methods, such
as conventional assessment tests, electroencephalography (EEG), and magnetic
resonance imaging (MRI). Speech analysis and linguistic processing techniques
have been studied for Alzheimer's disease detection, yielding remarkable results
(Yang et al.,, 2022). One study by Meilan et al. (2014) examined speech
characteristics, including the acoustic properties of sound, in participants with
Alzheimer's disease and compared them with characteristics found in normal
ageing. They analyzed simple sentences in both groups using the Praat program
and found disturbances in the acoustic characteristics of Alzheimer's patients.
Regarding fundamental frequency stability, the jitter ratio (rap) ranged from 1.15%
to 1.34%, and the jitter (local) ranged from 2.80% to 2.46%, indicating
pathological ratios.

The values of 1.44 dB and 1.60 dB represent the mean shimmer measurements in
decibels. Likewise, capacity stability shows abnormal proportions. This research
revealed 10.74% and 12.66% for shimmer (apgll). The study's findings suggest
that both general speech analysis and specific voice analysis are valuable tools for
differentiating between individuals with Alzheimer's disease and healthy elderly
individuals.

Ranasinghe et al. (2017) found that individuals with Alzheimer's disease exhibited
abnormal vocal behaviour compared to healthy individuals. Their study (19 cases)
observed compensatory behaviour characterized by an abnormally high
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fundamental frequency when pronouncing the vowel [a] repeatedly and hearing
their voice in real-time through an earpiece. The researchers adjusted the pitch of
their voices to see how these individuals would compensate for this vocal
frequency anomaly. They linked this compensatory behaviour to executive
functional impairment. The study also found that patients with Alzheimer's did not
retain this compensatory behaviour compared to healthy individuals, which is
attributed to the memory disturbances displayed by these patients.

In the same context, we found a study by Xiu et al. (2022) that examined the vocal
characteristics of individuals with Alzheimer's disease. The study included 50
cases, which were divided into four groups, 13 cases with good neurological
health, aged between 63 and 81 years, 11 cases diagnosed with mild cognitive
impairment (i.e., cognitive decline in normal ageing), aged between 61 and 80
years, 17 cases with Alzheimer's disease, aged over 63 years, 9 cases with vascular
cognitive impairment Sound samples, including three vowels (/i/, /a/, Iul), were
collected and analyzed. The studied vocal characteristics included fundamental
frequency stability (jitter), amplitude stability (shimmer), harmonics-to-noise ratio
(HNR), and formant frequencies (F1, F2, F3).

The results indicated statistically significant differences in F3 for the vowel /u/ and
F2 for the vowel /a/ in the intensity of conversational voice. Significant differences
were found in FO for male participants across all vowels (/a/, /i/, and /u/). However,
no statistically significant differences were found in other examined physical
characteristics.

The most recent research is conducted by Hajjar et al. (2023), which highlighted
that both semantic and acoustic biomarkers are sensitive to cognitive status and
exhibit high diagnostic accuracy. They may also be sensitive in tracking the
progression of Alzheimer's disease in its early stages. This study collected data on
speech-related biomarkers, neurophysiological indicators, neuroimaging and
cerebrospinal fluid markers from 92 cognitively normal participants (40 Ap+) and
114 participants with cognitive impairment (63 AP+). Acoustic and semantic
features were derived from the audio recordings using computational tools. The
results of this study demonstrated a correlation between the acoustic characteristics
of sound and the hippocampus volume in Alzheimer's patients (p = 0.017).
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Based on the presented results of the studies, it is observed that the intensity of
voice has received a different level of attention than other vocal characteristics
despite its significant role in communication. Voice intensity reflects the mood and
personality of an individual and varies depending on the situation. It is also a
distinguishing factor between a strong and weak voice. This is done by posing the
following question: Are there statistically significant differences between the
conversational voice intensity in individuals with Alzheimer's disease and standard
intensity?

Hypothesis:
There are statistically significant differences in the intensity of conversational
voice between Alzheimer's disease patients and the standard intensity.

Study Importance:

The significance of this study lies in enriching the field of Alzheimer's disease
diagnosis by introducing a new factor. Voice intensity can help identify cognitive
Impairment in Alzheimer's and predict disease progression. This can give families
more time to plan for the future and give doctors greater flexibility in
recommending beneficial lifestyle changes.

Study Objectives:
o Assessing the level of control Alzheimer's patients have over the vocal
apparatus.
« Determining the impact of cognitive disorders specific to Alzheimer's
patients on voice intensity.
« Identifying the influence of behavioural disturbances on voice intensity.

1. Study Terminology;

1.1 Alzheimer's disease:

Alzheimer's disease is a degenerative disorder that affects the central nervous
system, leading to gradual loss of cognitive functions, especially memory, and
behavioural disturbances. The disease was first described by German psychiatrist
and neuropathologist Alois Alzheimer in 1906 in a publication that described
anatomical abnormalities in the brain of a 51-year-old patient. Since then, research
has continued to evolve, and today, Alzheimer's disease is considered a significant
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cause of dementia in the elderly (Lapre, 2010). Neurologically, Alzheimer's disease
Is characterized by two types of extensive lesions in the hippocampal and cortical
association areas: neurofibrillary tangles and senile plaques. This neurofibrillary
degeneration is caused by pairs of helical filaments composed of abnormal
phosphorylated tau protein.This neurofibrillary degeneration progresses
systematically and hierarchically: it starts in the hippocampal region and gradually
spreads to the temporal cortex, then to the association areas (frontal cortex), and
finally throughout the cerebral cortex (Delacourte, 1990).

1.2. Voice:

A dynamic aerial phenomenon adaptable to communication needs, produced by
the vibration of the free edge of the vocal cords. This is the primary mechanism of
phonation, which is then filtered through the pharynx and the oral cavity to
produce consonant and vowel sounds. The larynx, particularly the vocal cords, is
central to the sound production system. During the preparatory phase before
phonation, the muscles and cartilages of the larynx work together to bring the
vocal cords closer to each other (phonatory position), narrowing the glottis. The air
in the lungs is then expelled through active exhalation, passing through the vocal
cords. The anatomical characteristics of the vocal cords, with their layered
structure, allow for the negative vibration of the mucous membrane of the free
edge under the influence of respiratory phonation (Giovanni et al., 2014).

1.3. The acoustic characteristics of voice:

The complexity of the voice system gives the human voice the ability to adapt
accurately to various situations in which it is used. All vocal changes occur
through modifications of the three characteristics of voice: pitch, intensity, and
timbre. In this context, we will focus on pitch and timbre while addressing
intensity separately since it is the subject of study.

Pitch: Represents the frequency of the sound pressure changes and corresponds to
the fundamental frequency of the sound (FO), which is determined by the periodic
motion of the vocal cords. The pitch used by an individual depends on various
factors, with the size of the larynx being one of the most important. Generally,
longer vocal cords produce lower-pitched sounds, while shorter vocal cords
produce higher-pitched sounds (Le huche & Allali, 2010).
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In addition to individual anatomical variations, the pitch of the voice also varies
depending on the type of sound being produced, the conditions of phonation, and
the ability to control the muscle contraction force. The internal muscles of the
larynx are responsible for tensing and relaxing the vocal cords, resulting in various
changes in vocal cord frequency (Mcfarland, 2016).

Timbre: Is a crucial characteristic of sound because it is a distinctive quality that
determines an individual's identity when their voice is heard. It primarily results
from the harmonic overtones accompanying the fundamental frequency. If
different sources produce two sounds with the same pitch and intensity, the timbre
differentiates the two sounds. Timbre depends on the vocal cords' interaction and
the resonant cavities' anatomical characteristics. A rich and sharp timbre is
produced when there is a good interaction among the vocal cords. However, if the
interaction is not optimal, a poorer and muffled timbre is generated (Le huche &
Allali, 2010).

As for the resonant cavities, their anatomical characteristics provide special
features to the timbre, especially after modifying the sound wave at the level of the
articulatory organs. The oral and nasal cavities, soft palate, tongue, and lips modify
the airflow and the sound wave, enabling the production of speech sounds
(Henrich-Bernardoni, 2001).

1.4. Intensity:

Intensity refers to the loudness or strength of sound, which is related to the amount
of energy carried by its waves. It depends on the magnitude of the vibrations that
occur in the waveform. In human voice, intensity is determined by the subglottal
air pressure and is measured in decibels (dB). It varies from person to person and is
influenced by the force of inhalation, the amount of air stored in the lungs,
humidity, and pressure. It can be said that sound intensity is related to three main
factors:

e Subglottal pressure

e Vocal cords contact force

e Vocal cords muscle tension (Heuillet-martin, 2012).

The intensity of voice varies according to the type of sound being produced.
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Table 1: Shows the standard intensity of different types of voice

Voice type Intensity
Conversational voice
(Conversation speech)

Between 55 and 65dB

Declamatory voice Between 65 and 75dB

Calling voice Between 80 and 85dB

Screaming Between 80 and 90dB
Opera voice Up to 120dB

Source : Klein-Dallant, 2001

1.5. Conversational Voice: It is a voice characterized by an average intensity
ranging from 55 to 65 dB and is used in quiet conversations (Cornut, 2009). The
volume of the voice is not loud, and the process of speaking does not require
significant effort. It is the most economical way of communication, as the speaker
uses a vertical body posture and a vocal behaviour that requires less energy. It does
not require adjusting and aligning the body posture before phonation or specific
anticipatory respiratory strategies. Inhalation is not deep and can be either upper
chest or abdominal. Similarly, exhalation occurs effortlessly and relies on the
flexibility of the lung membranes and the vocal cords (Perriére et al., 2017).

1.6. Automatic acoustic Analysis of voice: It refers to the quantitative
measurement of the acoustic characteristics of sound. It is the most reliable method
for assessing any disturbances affecting the voice. It is the opposite of subjective
analysis, which can vary from person to person and cannot detect subtle
differences because the human ear only comprehensively analyzes the sound signal
(Baken, 1987). This is insufficient, as highlighted by Morsomme et al.(2006).

In automatic acoustic analysis of voice, the results specifically focus on the
vibratory motion of the larynx through fundamental frequency (F0), which remains
the best indicator of the biomechanical properties of the vocal cords. This analysis
allows for evaluating the average fundamental frequency, the commonly used
frequency in daily communication. Additionally, it assesses the degree of control
over laryngeal vibration, which is automatically calculated through the standard
deviation of various variations detected by the signal analysis program. This
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analysis goes beyond FO to assess the short-term frequency's degree of instability
(jitter).

Regarding intensity, objective acoustic analysis not only analyses the mean
intensity but also examines its instability, reflecting the instability of laryngeal
vibratory capacity in the short term. This is done through measures such as
shimmer (Baken, 1987).

This evaluation also includes measuring the degree of vibration dominance over
noise (HNR). Additional noise indicates turbulent airflow from poor vocal cord
closure (Ghio, 2007).

Furthermore, it is crucial to consider the analysis of vocal formants, which also
receive quantitative evaluation as they are essential factors in describing the
sound's timbre. They are multiples of FO (fundamental frequency) (Marié Bailly,
2004).

2. Study Methodology:

In this study, we adopted a comparative descriptive approach as it is suitable for
describing intensity in conversational voice among individuals with Alzheimer's
disease and comparing it with standard intensity.

3. Spatial and Temporal Delimitations:

The study was conducted at the Public Institution for Local Health, The Martyred
Brothers Marar Said-Ahmed-Si Amar, in the new city of Tizi Ouzou, Algeria. The
study was conducted from June 9th to July 7th, 2022, after obtaining all the
necessary administrative licenses and the approval of the patients' families.

4. Study Sample:
The study sample consists of 41 cases of varying degrees of Alzheimer's disease:
mild, moderate, and a minority in the severe stage.
The research sample includes both genders, with ages ranging from 53 to 90 years,
who are speakers of the Kabyle language. The sample was selected according to
the following criteria:

e Patients should have no smoking history, as smoking can affect the vocal

cord mucosa.
e Patients should not suffer from functional or organic dysphonia.
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e Patients should not have any other neurological disorders in addition to
Alzheimer's disease or other conditions that may cause vocal disturbances,
such as Parkinson's disease.

e Patients should not have any significant hearing problems that could affect
the audio- phonatory control.

e Patients should not have a history of stroke in the past three years.

e Patients should not have any issues with the thyroid-stimulating hormone,
which could affect their voice.

e Patients should not suffer from apathy, which could hinder communication
with others.

Table 2: Represents the research sample characteristics

Degree of impairment

Age of Alzheimer's according to the test

Cases ~ Gender  Age disease diagnosis

MMSE
A.S Female 72 71 25/30 (Mild)
KH. F Female 68 66 16/30 (Moderate)
B. Dj Female 75 72 24/30 (Mild)
B.W Female 75 72 23/30 (Mild)
T.W male 61 59 16/30 (Moderate)
B.F Female 73 73 19/30 (Moderate)
B.F Female 75 73 20/30 (Moderate)
H. F Female 58 57 25/30 (Mild)
B. T Female 57 57 26/30 (Mild)
F.Z Female 61 61 20/30 (Moderate)
T.Z Male 71 67 15/30 (Moderate)
A.N Female 53 53 22/30 (Mild)
B.W Male 77 75 18/30 (Moderate)
A. Kh Female 69 66 12/30 (Moderate)
T.N Male 71 67 18/30 (middle)
M. F Male 86 85 20/30 (Moderate)
Z W Male 83 82 18/30 (Moderate)
S.M Male 77 75 25/30 (Mild)
A H Female 56 55 18/30 (Moderate)
CH. T Male 83 82 08/30 (Severe)
A.Dj Female 70 68 25/30 (Mild)
D.A Male 70 69 22/30 (Mild)
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T.A Female 75 74 17/30 (Moderate)
S.W Male 67 66 18/30 (Moderate)
F. KH Male 80 78 25/30 (Mild)
A.S Female 58 58 25/30 (Mild)
A F Female 78 77 25/30 (Mild)
A.B Female 73 68 20/30 (Moderate)
L.A Female 69 69 25/30 (Mild)
S.H. H Male 69 69 25/30 (Mild)
Q.S Female 80 75 18/30 (Moderate)
A M Female 63 60 12/30 (Moderate)
A A Female 80 77 18/30 (Moderate)
M. S Female 60 60 25/30 (Mild)
S.S Male 70 70 25/30 (Mild)
B.M.A Female 68 67 25/30 (Mild)
B.A Male 77 75 19/30 (Moderate)
B.A Female 90 90 19/30 (Moderate)
S.R Male 88 82 10/30 (Severe)
H.S.S Male 75 74 18/30 (Moderate)
S.A.CH Female 82 80 17/30 (Moderate)

Source : The Researchers

5. Study Tools:

5.1. Praat Program:

Praat is free program for speech analysis, designed by David Weenink and Paul
Boersma in 1996 at the Institute of Phonetic Sciences, University of Amsterdam. It
is still under development and updates .This program is used for measuring and
analyzing recorded sound signals. It allows for obtaining measurements of
intensity, fundamental frequency or pitch (Fo), and timbre. It also provides
information about jitter, which indicates variations in the vibratory cycles of the
vocal cords during phonation. Furthermore, it provides a standard deviation, which
refers to the difference between the three ratios of the fundamental frequency.
Another feature is shimmer, which shows the presence or absence of variations in
the recorded sound signal's amplitude (Boersma & weenink, 2013).

5.2. Corpus
Regarding the corpus, we recorded the dialogue between the participants and the
neurologist. It consisted of four simple questions that the patients answered: What
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Is your name? How old are you? Who accompanied you here? Why did you come
here?

5.3. How to Use the Study Tools:

After ensuring no background noise, we recorded the patient's responses to the
doctor's questions, using the Praat program in version 6.2.13. We placed the
microphone approximately 5 cm away from the patient's mouth. Each time he
answered a question, we recorded and saved the response for later analysis. We
extracted the mean intensity value and compared it to the mean value of the
standard intensity (dB60) calculated in this study based on the standard intensity
value mentioned in the literature, ranging between 55 and 65, as mentioned above.

6. Statistical Tools Used:

In this study, the t-test for means was employed to analyze the differences within
the single sample, using the Statistical Package for the Social Sciences (SPSS)
software package after ensuring the conditions for its use.

7. Presentation and Analysis of Results:
7.1. Quantitative Analysis

Table 3: Represents the intensity of each case and the mean intensity of the cases
with the standard intensity

Mean of the
mean Mean
Cases Gender Mean Cases  Gender Mean intensity in standard
Intensity Intensity  Alzheimer's  intensity

cases
A.S Female dB 78,48 D.A Male dB 70.05
Kh.F Female dB 73,62 T.A Female dB 70,17
B.Dj Female dB77,43 S.W Male dB 72,70
B.W Female dB 69,00 F.KH Female dB 67,26
T W Male dB 71,47 A.S Female dB 68,91
B.F Female dB69.53 A F Female dB 75,99
B.F Female dB69.11 A.B Female dB 69.55
H.F Female dB 69,41 L.A Female dB 75,43
B.T Female dB79.07 S.H.H Male dB 73.57
F.Z Female dB 70,92 Q.S Female dB 69,39 71.05 dB 60dB
T.Z Male  dB 69.54 A M Female dB 70,32
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A.N Female dB 68,95 A A Female dB 68,23
B.W Male  dB 67,76 M. S Female dB 69,16
A.Kh Female dB 70,21 S.S Male dB 74.07
T.N Male dB7051 B.M.A Female dB67.97
M. F Male dB 67,44 B. A Male dB 74,68
Z.W Male  dB 70.10 B. A Female dB 74,00
S.M Male  dB 70,22 S.R Male dB 74.11
A.H Female dB69,18 H.S.S Male dB 69,29
CH.T Male dB67,84 S.A. Female dB 70,37
CH
A.Dj Female dB 68,16

Source: The researchers

Table 3 shows that the conversational voice intensity is high in all cases without
exception, regardless of gender, age, or stages of disease progression. The results
in the table indicate that the mean conversational intensity for all cases is estimated
at 71.05. The mean intensity for females is around 73.18 dB, while for males, it is
approximately 71.06 dB. These means are higher than the standard intensity mean
of 60 Db.

7.2. Statistical Analysis

Table 4: Represents the results of the T value for the differences between the means

in one sample
Sample Mean Megn stapdard Star_1d§rd Tvalue df sig _ _A_\dopted
N intensity deviation significance value
Mean
intensity a1 71.05 60 3.07869 22988 40 0.00 0.05

Source: The researchers

From Table 4, we notice that the mean intensity for Alzheimer's cases is 71.05,
with a standard deviation of 3.07869. The t-value for the difference in means is
22.988, with 40 degrees of freedom, and the significance value is 0.000 (sig), at a
significance level of 0.05.
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Since the significance value (sig) for the t-value of the difference in means is 0.00,
which is smaller than the chosen significance level of 0.05, it indicates the
presence of statistically significant differences between the mean intensity of the
Alzheimer's patient sample and the standard intensity. When comparing the mean
intensity values of the Alzheimer's patient sample (71.05 dB) and the standard
intensity (60 dB), we observe that the value for the Alzheimer's patient sample is
higher. This suggests the presence of differences indicating a lack of adaptation of
the conversational voice intensity used by Alzheimer's patients to the dialogue
situation.

Therefore, we accept the hypothesis of our study, which states that there are
statistically significant differences between the mean conversational voice intensity
in individuals with Alzheimer's disease and the mean value of the standard
intensity.

8. Discussion:

This study revealed an increase in the intensity of conversational voice among
Alzheimer's patients compared to the standard intensity for this type of speech. The
statistical analysis of the results obtained here demonstrated statistically significant
differences between the mean intensity in the patient sample and the standard
intensity, consistent with previous studies findings. For instance, a study by Xiu
and colleagues (2022) confirmed an increase in fundamental frequency in
Alzheimer's patients. As mentioned in the literature, there is a correlation between
fundamental frequency and voice intensity. Giovanni and colleagues (2013)
discussed the relationship between subglottal pressure, an important factor in
controlling intensity, and an increase in fundamental frequency. As subglottal
pressure increases, fundamental frequency also rises simultaneously. Huillet-
Martin( 2012) noted the difficulty of distinguishing between these two factors;
only a trained singer can effectively differentiate between them.

After conducting several readings to find an explanation for this increase in sound
intensity, we have concluded that it can be attributed to behavioural disturbances,
the first of which is the lack of inhibition commonly found in Alzheimer's-type
dementia. This is a socially maladaptive behaviour characterized by impulsivity.
Adjusting the sound intensity according to the type of speech requires social
cognition, which refers to the cognitive processes we use to understand and interact
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with others (Mazaux, 2016). Any appropriate response and adaptive behaviour,
including vocal behaviour, require perception, processing, and interpretation of
social information (Bertoux et al., 2016). These processes enable the understanding
and representation of others, adaptation, cooperation, social belonging, and benefit
from social groups (Frith, 2008). This occurs through verbal and non-verbal
processes such as facial expressions, body postures, gestures, and even gaze, which
provide information about the person's surroundings (Desmarais et al., 2018).

These behavioural changes associated with a lack of inhibition can be explained by
an impairment in executive functioning, particularly due to dysfunction in the
frontal cortex and related brain structures. Patients with executive function
disorders experience difficulties in initiating and regulating their behaviour and
lack voluntary control (Grigsby et al., 1995). Since producing voice is a behavior
(Revis & Ravéra-Lassalle, 2021), we can attribute the increase in voice intensity to
their lack of voluntary control over the vocal apparatus.

In addition to the lack of inhibition, the elevated voice intensity in Alzheimer's can
also be linked to agitation commonly observed in the disease. Patients with
Alzheimer's have difficulty in self-control, and agitation leads to discomfort and
depletion of patience, indicating a mood disorder (Gil, 2014) characterized by
muscular tension (Verret & Massé, 2017).

According to Giovanni et al. (2014), increased muscle tension leads to vocal cord
stiffness as the vocal cord fibres are stretched. This, in turn, increases the
vibrational frequency (FO) of the vocal cords, resulting in an elevation in voice
intensity, as mentioned earlier. In cases of agitation, arousal becomes significant.
According to Le Huche (2010), the level of sound pressure, referring to sound
intensity, tends to increase when there is a significant emotional state, which is also
supported by Pell (2013), who highlighted the presence of strong vocal pressure in
anger, commonly observed during agitation (Parneix, 2012).

Further research is needed to provide more accurate findings. In this study, we
relied on neuropsychological assessments to diagnose Alzheimer's cases based on
the patient's medical records. Therefore, reassessing patients in future studies to
confirm the type of dementia will enhance the validity of the association between
Alzheimer's and the general disruption of voice physical characteristics.
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The current study compared the intensity between the pathological cases and
normal intensity based on the standard intensity's mean values in the literature.
Using a control sample will more clearly determine the differences in the future.

In addition to the points mentioned in this study, the focus was only on
conversational voice, without considering other vocal contexts such as singing and
declamatory voices. Including these contexts will enhance the accuracy of the
research.

9. Conclusion:

This research addressed the intensity of conversational voice in Alzheimer's
patients and compared it to standard conversational voice intensity. The results
showed a difference between the two, as we observed an increase in intensity
among Alzheimer's patients compared to the standard. This can indicate the
emergence and progression of the studied neurodegenerative disease, Alzheimer's.
According to the obtained results, this increase in intensity affects all stages of the
disease's development. The results revealed differences in voice intensity and
highlighted the vocal behaviour and muscle strength of these patients, which, in
turn, affected the appropriate body posture for producing a conversational voice.
Additionally, as previously discussed, this study elucidated the relationship
between behavioural disturbances and the cognitive impairments exhibited by
these patients in the vocalization process.
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