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Memory deficits in Alzheimer’s disease (AD) and mild cognitive
impairment (MCI) can be reflected in language-based tests, especially spontaneous
speech tasks. Three spontaneous speech tests were developed in this study, including
Thai Picture description (TPD), Thai Story Recall (TSR), and Semi-structured
Interview for Thai (SIT). Ninety-eight Thai older adults underwent screening tests and
three spontaneous speech tests. Then ,they were classified into three groups, including
healthy control (HC), MCI, and AD. The verbal responses of the participant were
extracted into content variables and acoustic features, and exanined thier discriminant
ability and accuracy in differentiating HC, MCI, and AD with by Multivariate
Discriminant Analysis (MDA), and analysis of ROC curve and AUC.

Two content variables showed significant differences among three groups
of participants, i.e., correct information unit (CIU) of the TPD and delayed recall
scores of the TSR. For acoustic features, ANOVAs revealed that three variables were
significantly different among the three experimental groups, i.e., number of voice
breaks in the TPD, number of voice breaks in the SIT, and total utterance time in
delayed recall. The result of a stepwise estimation in MDA presented that the optimal
combination of predictive model was CIU and backward digit span (BDS), in which
provides 61.1% of correct classification. This discriminant function showed AUC of
.81 in differentiating HC and MCI, AUC of .91 in distinguishing HC and AD, and
AUC of .86 in detecting persons with cognitive impairments (MCI and AD) from HC.

In conclusion, the combination of CIU of TPD and BDS is suitable for
differentiating AD and persons with cognitive impairments from HC. However, there

is no appropriate predictor in distinguishing MCI and AD.
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CHAPTER 1
INTRODUCTION

Background

Neurodegenerative diseases are age-dependent disorders characterized by
the ultimate death of neurons. These neuron deaths are caused by a series of abnormal
protein syntheses inside and outside the neurons and affect different brain regions
(Hussain et al., 2018). Dementia is one form of a neurodegenerative disease where
this neuron damage causes significant cognitive impairments and behavior changes
(Sachdev et al., 2014). Adults are suffering from disability and death due to dementia
worldwide (Global Burden of Disease 2019 Ageing Collaborators, 2022; World
Health Organization, 2023).

The global prevalence of dementia in people aged 60 and above is
currently relatively small, ranging from 5%—7% of the population. Mild Cognitive
Impairment (MCI) prevalence is slightly higher at 6%—12% of the population
(Hampel & Lista, 2016). The World Health Organization (WHO) (2023) estimates
that ten million cases of dementia will be found per year, approximately one every
three seconds. According to the latest update of WHO in 2023, there are over 55
million dementia sufferers globally and almost 10 million new cases each year. In
2019, the estimated costs to society of dementia were US$ 1.3 trillion (World Health
Organization, 2023).

Alzheimer’s disease (AD) is the most common cause of dementia which
is estimated at 60—70% of cases (World Health Organization, 2023). Of concern is
that while trends in mortality rates between 2000 and 2013 showed decreases in
stroke (23%), heart disease (14%), and prostate cancer (11%) respectively, death from
Alzheimer’s disease increased by 71% (Alzheimer's Association, 2016).

Across Thailand, the prevalence of dementia is 2.35% in people aged over
60 years of age was estimated to be almost 617,000 cases annually (Foundation of
Thai Gerontology Research and Development Institute, 2016). Young onset dementia
(where the symptoms occur before 65 years of age) accounts for 17% of all dementia

patients, approximately a mean age of 58 years (Dharmasaroja et al., 2021). In the
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global study on dementia prevalence, the estimated number of Thai dementia cases of
all ages was 670,047 people in 2019. According to the same study, the estimated
percentage change in Thai cases between 2019-2050 could be 257% (Nichols et al.,
2022). The etiology in the Thai cohort is Alzheimer’s disease (50%), followed by
vascular dementia (24%), dementia with Lewy bodies (6%), Parkinson’s disease
dementia (6%), frontotemporal dementia (2.6%), Progressive supranuclear palsy
(2%), multiple system atrophy (0.8%), corticobasal syndrome (0.4%), other causes
(4.4%), and unidentified causes 3% (Dharmasaroja et al., 2021). The prevalence of
dementia is directly related to the increase in the aged population (an ‘aging society’).
It is also associated with socioeconomic status, particularly in low- and middle-
income countries (Dharmasaroja et al., 2021; World Health Organization, 2023). By
2022, the number of individuals over the age of 60 in Thailand will reach 20% of the
total population, meaning that the country will have become a ‘complete aged
society’. On current trends, Thailand will become a ‘super-aged society’ in 2023, with
28% of the population aged over 60 years (Foundation of Thai Gerontology Research
and Development Institute, 2019). The key question is whether Thailand is ready for
dementia.

In 2013, DSM-5 renamed dementia to ‘major neurocognitive disorder’
and further defined the earlier stages as ‘mild neurocognitive disorder’ (Sachdev et al.,
2014). The diagnostic criteria were also modified. The six cognitive domains were
treated as equally important evidence, including learning and memory, language,
attention, executive function (EF), perceptual-motor function, and social cognition
(Sachdev et al., 2014). In the case of MCI criteria attention was paid for clinical
characteristics of memory impairment, resulting in two distinctive groups, namely an
amnestic-MCI and a non-amnestic MCI (Petersen, 2016). Based on the
aforementioned information, the early detection of cognitive decline with integrated
tools and multimodal parameters may be considered and investigated accordingly.

The prodromal stage of dementia is arguably known as mild cognitive
impairment (MCI), yet it can be evident for other diseases, that is, other
neurodegenerative or psychiatric disorders (Filiou et al., 2019). MCI usually develops
in middle adulthood while patients are still able to live a normal day-to-day life and

engage in complex activities (Livingston et al., 2017). This silent and usually subtle
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decline is difficult to detect, as patients can either present with other memory
problems or non-amnestic impairment, e.g., having poor decision-making on simple
tasks, producing mistakes in conversation, or failing in visuospatial activities
(Petersen, 2004).

Due to the fact that dementia is viewed as an incurable disease, early
detection helps in planning interventions and delaying the progression of the disease
(Kulkantrakorn, 2018). Early detection of dementia is particularly imperative,
especially in detecting early onset symptoms in young adults, as 44% of patients
diagnosed with dementia at a young age will develop Alzheimer’s disease
(Dharmasaroja et al., 2021). The progression rate demonstrates the vital importance of
early diagnosis as it will assist individuals, clinical practitioners, and policymakers in
delaying progression, planning for appropriate treatments, and managing health and
social care expenses (World Health Organization, 2017). An early diagnosis is further
underscored by WHO, including the diagnostic rate in the Global Dementia
Observatory indicator in 2018 (World Health Organization, 2018).

Neuropsychological, neurochemical, and neuroradiological techniques are
suggested for early screening, differential diagnosis, and evaluating of treatment for
dementia. These measures all offer promising sensitivity (Schmand et al., 2011). The
neuropsychological tests used in Thailand have been almost universally adopted from
international standardized tools. Today, approximately 30% of these tests are
developed in Thailand (Na Chiangmai & Wongupparaj, 2020). Technology is also
increasingly being utilized, providing an alternative measure that increases both
accessibility and cost-effectiveness. The technology implementation, however, must
be adequately refined for clinical practices (Koo & Vizer, 2019).

Previous studies relating to screening tests in Thailand have been largely
focused on the neuropsychological tests which have been developed outside the
country, e.g., Silpakit et al. (2007); Limpawattana et al. (2012); Tangwongchai et al.
(2015); Julayanont et al. (2015); Charernboon (2019) (Na Chiangmai &
Wongupparaj, 2020). Dementia screening tests are provided in both single and
multiple domain(s) assessments. The standardized screening tests which are
frequently used in Thai clinical settings are Mini Mental State Examination (MMSE,

MMSE-Thai version 2002) and Montreal Cognitive Assessment (MoCA) in Thai
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version ((Neurological Institute of Thailand, 2014). Both tests are considered as the
multiple-domain assessment in an interview-based form. When the translated tools
were used, the original cut-off scores were applied to Thai cohort (Neurological
Institute of Thailand, 2014). This implementation could cause a false positive because
of the low education level in Thai elderly cohort as literacy status is related with both
the performance score and the dementia classification (Charernboon, 2019; Silpakit et al.,
2018). Although several studies tended to investigate for proper criteria for Thai older
adults or in the different healthcare settings, the original scores are still implemented.

Another consideration is the cultural influences that impact an
individual’s thoughts and behaviors. Test developers and users should take into
account these cultural influences, including values, beliefs, and behavioral styles
(Ardila, 2005). Since dementia screening tools are not diagnosis criteria, tests with
high sensitivity aim to not miss early cases. In addition, tests with high specificity
should reduce mistaken diagnosis (Larner, 2017; Silpakit, 2013). The dementia
screening test will be more useful in Thai clinical settings if these confounding factors
are reduced or removed.

Cognitive abilities and declines can be captured examining several types
of performances. Abilities and impairments can be elicited through
neuropsychological testing, whose measures include response accuracy or response
time. One method for dementia assessment is to analyze patient speech performance,
e.g., Konig et al. (2015), Weiner et al. (2016), Weiner et al. (2017), Toth et al. (2018),
and Gosztolya et al. (2019). As language is one of the concerning domains in
neurodegenerative diseases, a patient’s speech abilities carry not only linguistic
information but also reflects memory and other cognitive abilities. Language
disorders are also found in neurodegenerative patients, namely Primary Progressive
Aphasia (PPA) (Pulido et al., 2020). Aphasia is known for the impairment of language
due to brain injury, especially in the left hemisphere (Bayles et al., 2020, p. 71;
Goldstein, 2019, p. 39). Speech problems are evident in PPA in various types of
dementia and MCI. Speech problems caused by neurodegeneration can be observed as
difficulties in naming objects, decreasing word comprehension, or non-fluency speech

(Klimova & Kuca, 2016).
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Language deficit is considered as a noticeable sign in the early stage of
AD throughout communication of the patients (Szatloczki et al., 2015). However,
language impairment is thought to be unnecessary or insufficient to seek for AD
diagnosis (Smith & Bondi, 2013). Neurodegenerative diseases can lead to some form
of aphasia, since normal language function relies on a wide range of brain regions. In
AD case, the neural network damaged by AD defines consequently the symptoms of
aphasia (Weekes, 2020). The atrophy pattern in proven cases of AD with progressive
Aphasia reveals damages in the left posterior superior temporal lobe, inferior parietal
area, medial temporal lobe, and posterior cingulate region. These atrophy areas are
partially in Wernicke’s area and Broca’s area (Hickok, 2012; Seghier, 2013).
Typically, language deficits in AD are naming difficulty, semantic paraphasia,
language comprehension and fluent but meaningless articulation (Szatloczki et al.,
2015; Weekes, 2020). Language measures such as verbal fluency, naming or
recognition are sensitive to persons with AD (Arvanitakis et al., 2019; Budson et al.,
2016; Muangpaisan et al., 2010). Growing of evidence suggests that spontaneous
speech task, a task which resembles daily articulation and conversation, acquires a
more comprehensive and ecological valid in assessing of both normal and patients
with AD (Filiou et al., 2019; Martinez-Nicolas et al., 2021).

In a speech recording process, the instructions to pronounce, read and talk
are given to participants in order to stimulate cognitive functions, and standardized
cognitive screening tasks are administered, e.g., Wechsler Logical Memory I and II
(WLM 1&II). WLM is an immediate and delayed retelling of a story a person has
been just orally presented with. Roark et al. (2011) found that only the delayed recall
task differentiated between healthy and MCI participants. Verbal fluency, a
conventional language task in which a person is asked to mention as many instances
as possible of a given semantic (e.g. animals) and phonemic (e.g. words starting with
the letter “f”) categories; both verbal fluency tasks provided discrimination ability in
different levels of cognitive declines, such as control group and MCI (Beltrami et al.,
2018), control and Alzheimer’s disease (AD) groups (Jokel et al., 2019) and MCI and
AD (Koénig et al., 2015).

Another form of testing activity is the ‘free speech task’, which takes the

form of a picture description, dream recollection, and normal conversation. These
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tasks imitate usual daily life activities which a person utilizes to retrieve relevant
information from memory and then present them in verbal expression. Linguistic
impairment was widely accepted for the detection of MCI and Alzheimer’s disease
especially verbal responses derived from spontaneous speech, e.g., word finding,
retrieval difficulties and reduction in discourse production (Gosztolya et al., 2019;
Pulido et al., 2020; Satt et al., 2013).

The parameters in speech-based tasks can be quantified based on
linguistic analyses taking into account several features. The distinctive features
commonly considered in speech analysis studies are lexical, rhythmic, acoustic, or
syntactic features (Beltrami et al., 2018). Currently, discriminability of linguistic
features is focused on because each feature has different advantages and limitations,
also inconsistent results. For example, syntactic features marked the difference
between healthy control and participants with cognitive decline in Italian verbal
response to open-ended questions (Beltrami et al., 2016. While the similar study with
open-ended question elicited spontaneous speech in a Japanese study revealed the
opposite result, participants with MCI showed larger vocabulary size than healthy
group (Aramaki et al., 2016). They suggested that individuals with MCI may try to
conceal their cognitive deterioration. Notably, acoustic feature profiles of patients
with neurodegenerative disease were found to have significant differences from
control groups in the studies with speech analysis (Al-Hameed et al., 2019; Toth et al.,
2018; Weiner et al., 2016). Interestingly, the most significant differences between AD
and MCI were shown in the temporal domain of speech. The physical characteristic of
language regards acoustic features, 1.e., the temporal property of speech can be
analyzed across different languages (Janos et al., 2022; Ladefoged, 2006, p. 316).
Therefore, acoustic variables are possibly beneficial in applying to Thai spoken
response in order to explore the speech profile of people with neurodegenerative and
healthy control in Thailand.

For over 30 years, clinical diagnosis studies have used speech analysis in
Thailand, but none of these studies directly focused on dementia. Jack Gondour and
his colleagues explored abnormal characteristics of voice in Thai aphasic patients and
in patients with brain damage having adapted to Thai the original version of the

Boston Diagnostic test ( ‘A Thai adaptation of the Boston Diagnostic Aphasia
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Examination’ (TDAE) (Gandour et al., 1986; Gandour et al., 2000)). Speech
processing was also of interest to the computer science and engineering disciplines
that aimed at developing automatized speech recognition. Recently, speech
characteristics have been highlighted again in medical literature and are purposive in
classifying patients from cognitively intact people. Those studies were conducted with
different groups of patients, including people with diabetes (Pinyopodjanard et al.,
2019), depression (Yingthawornsuk, 2016), and neurodegenerative diseases
(Manochiopinig et al., 2008; Nagarachinda et al., 2020; Suanpirintr et al., 2008).

Previous speech analysis studies showed that further studies with
improved methodology, technology, and interpretation of the results were needed. The
most common limitations of these prior studies were small sample sizes, non-
homogeneous populations, and a lack of confidence in the generalizability of the
results (Ambrosini et al., 2019; Fraser et al., 2019; Singh et al., 2001). In order to find
reliable and systematic, predictive features, longitudinal studies have been planned
(Beltrami et al., 2018; Konig et al., 2018; Roark et al., 2011).

One crucial aspect of these studies concerns the speech analysis methods
that were adopted, specifically the utilization of automated or manual transcription.
The manual option gave fewer errors but was very time-consuming (Troger et al.,
2018). The full automation of the process would be ideal but requires algorithm
development (Asgari et al., 2017; Themistocleous et al., 2018). Another challenge in
this area is the co-presence of several, possibly confounding factors, since
spontaneous speech is related to multiples factors, including cognitive function, social
and cultural effects, or physical limitations. The results of speech analysis, thus,
should be carefully interpreted and exclusively targeted in dementia-related factors
rather than other confounding factors (Filiou et al., 2019).

The aforementioned limitations can be improved in a Thai cohort study.
Speech analysis studies in Thai older adults with neurodegenerative diseases were
mostly interested in lexical and pragmatic features, such as Sangchocanonta et al.
(2021) and Nagarachinda et al. (2020). They analyzed spontaneous speech of AD,
MCI and healthy control. Regarding acoustic features, the study of Amonlaksananon
et al. (2021) specifically examined speech disfluency of AD and MCI. One acoustic

variable included in this study was silent pauses among other linguistic features such
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as syntactic error. However, they presented that silent pause was not able to
differentiate the elderly with MCI from AD. This study would explore more other
aspects and variables of acoustics features. Moreover, the usefulness of natural speech
is a minimizing of the deviation on FO (fundamental frequency); this feature is related
to tonal articulation in Thai (Gandour et al., 1996; Suanpirintr et al., 2008). Thus,
spontaneous speech is very appropriate for the speech analysis for dementia screening
in older Thai adults. In addition, acoustic features in temporal and frequency-related

domains can reveal the Thais speech profiles.

Objectives of This Project

1. To develop some dementia screening tasks based on spontaneous speech
analysis for older Thai adults.

2. To compare the patterns of acoustic features profile in Thai older adults
with MCI, AD, and cognitively intact persons.

3. To validate the speech analysis deriving from the developed tasks in

classifying healthy older adults, MCI, and AD.

Conceptual framework

AD is the main cause of dementia and early detection in the prodromal stage
or MCI allows health practitioners, patients, and families to develop strategies to
attempt to delay the disease progression. Screening assessment with
neuropsychological tests is suggested in the very first step of the diagnosis process.
Several cognitive functions are evaluated through abilities and failures of participants’
tests performance. AD has amnesia as a prominent symptom in relation to the certain
subtype of MCI, which becomes AD in the later stage, called amnestic MCI. Memory
function thus has been investigated in AD and MCI also through verbal responses to
linguistic tasks. The speech characteristics of AD and MCI demonstrate similar
patterns, such as a slow rate of utterance, low articulation, and speaking with
hesitation; those speech deficits represent not only language impairment but memory

and attention dysfunction.
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Speech processing is entailed by several brain areas related to cognitive
domains and physical functions. Speech production is initiated with simultaneous
cognitive execution, including mentally forming the message with intention and
previous knowledge, followed by the composition of linguistic elements, which are
stored briefly in working memory (WM). Then, the message is briefly stored and
manipulated in short-term memory as a capacity to chuck information (Baddeley,
2003; Cummins et al., 2015). Each cognitive function is explained in terms of the
elements and processing in the following parts. Cognitive impairments of spontaneous
speech in dementia relate to three main cognitive functions, i.e., attention, memory,
and language. Each cognitive function is integrated with a specific and common area
of the brain.

To begin with attention, a person grounds ideas or intentions in the
conceptualization process. In the initiative process, a person needs to focus on the
ideas or certain stimuli and not deliberately shift one’s attention. The brain cannot
equally process or allocate attention when confronted with more than one stimulus;
concentration and neglect are needed a balancing control, according to James
Williams (Goldstein, 2019, p. 95 & 102). The ability to engage with the stimulus is
mediated in the parietal lobes. The slow disengagement process significantly
correlates with parietal lobe damage, especially the lesion on the right. The parietal
lobes strongly respond to attended stimulus rather than to disengaging (Kandel et al.,
2013, p. 438). Among cognitively intact persons, selective attention is activated in the
prefrontal cortex. This area controls the capacity to make shift-attention and divided
attention with the function of inhibiting distraction effects. The prefrontal cortex
therefore mediates working memory. The patients with the prefrontal damage
consequently have a poor ability to disengage interference from their activities in
mind, whether from the external or internal person (Lezak et al., 2012). The parietal
lobes and prefrontal cortex have been linked to the regulation of visual attention, as
evidenced by the individuals who experience attention problems after a stroke
(Kandel et al., 2013, p. 438).

Memory loss is a common sign of Alzheimer’s disease and MCI, particularly
when this symptom obviously disrupts daily activities(Alzheimer's Association,

2020a). As mentioned in the previous section focusing on the attention the prefrontal
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cortex implicates in memory. The prefrontal cortex and medial temporal lobe mediate
memory from the encoding to the retrieval of past knowledge (Kandel et al., 2013, p.
1449). The prefrontal cortex mediates episodic memory and working memory. The
other prominent region of dementia is the medial temporal lobe and the hippocampus.
The latter region is a structure in the limbic system, which lies on the medial temporal
lobes. The limbic lobe consists of other structures apart from the hippocampus, which
plays an important role in memory. The hippocampus is responsible for learning new
experiences, such as a short story or information, along with timeframe, which is
episodic memory. New information will be formed into long-term memories and
consolidated by the mediating effect of the hippocampus. The inability to retrieve
episodic memories is usually one of the earliest signs of AD (Budson et al., 2016, p. 9
& el12; Kandel et al., 2013, p. 409). The medial temporal lobe and hippocampus are
affected early on in patients with Alzheimer’s disease, and therefor memory loss is an
early observable symptom (Albert et al., 2011).

Speech processing is an expressive part of language; the other important part
of language is the receptive component. Broca’s and Wernicke’s areas are two
prominent parts of the brain implementing language. The former is in the left lateral
frontal region; the latter is in the posterior superior temporal lobe. In the receptive
process, auditory input is important, so Wernicke’s area lies near the primary auditory
cortex, while Broca’s area is close to the motor cortex that regulates articulators
(Kandel et al., 2013, p. 11 & 1360). Speech impairment or aphasia is caused by the
lesion at language control, where are included the prefrontal cortex. The prefrontal
cortex plays a crucial role in executive control and mediation of the working memory
and attention processes. Visual encoding tasks present greater activation in the visual
cortex, left prefrontal cortex, and medial temporal lobe. The Broca’s and Wernicke’s
areas bidirectionally work together and connect with the prefrontal and premotor
areas to convey speech. The lesion in the prefrontal cortex thus resulted in difficulties
in word-finding, poor attention, and disinhibition. (Budson et al., 2016, p. 86; Kandel
etal, 2013, p. 1363 & 1449).

The cognitive process of speech is at the intersection of attention, memory,
and language. In the beginning, the conceptualization process portrays a meaning and

purpose which needs attention to keep the idea in mind. Then cognition formulates
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those concepts or ideas to be ‘sound’ in mind or implicit memory. This stage plays a
‘bridge’ role between the speaker’s concepts and linguistic information in his/her
memory. The formulation process is an encoding of the linguistic elements in order to
produce the utterance by retrieval of semantic and episodic memory (Biirki, 2018;
Postma, 2000). The phonological encoding process generates the sounds in the mental
representation and comprises the sounds of the words in a particular spoken language.
Although sentence production is extremely complex, this process is planned and
executed effortlessly and unconsciously; the evidence is speech errors such as
nonagreement of grammar in a sentence (Fernandéz & Cairns, 2010, p. 147 & 167).
During articulation, the phonological syllables activate the articulatory gestures and
their temporal relationships. In the final step, the syllabic gestures with all necessary
details are in for the articulation apparatus controlled by motor activity (Ladefoged,
2006, pp. 6 & 310-312; Postma, 2000). The signals represent phonological encoding
processes in speech analysis enclosed in the acoustic features, for example, pitch,
loudness, and duration (Goswami, 2012).

However, speech impairment in patients with dementia is not only caused by
the dysfunctional motor network. The aforementioned cognitive functions and brain
areas are also involved. AD is found to show language production deficits such as
difficulty in word finding or naming objects, word repetition, hesitation, long silence,
or slow speech (Klimova & Kuca, 2016; Marczinski & Kertesz, 2006). The speech
production information is vocal markers of MCI which present at a slighter level
(Filiou et al., 2019). Several studies thus used acoustic features which represent the
physical characteristic of speech for dementia detection, especially in naturally
speaking or spontaneous speech (Konig et al., 2015; Ladefoged, 2006, p. 218 & 310;
Pulido et al., 2020).

To the extent of replicating daily communication, the tasks will induce
spontaneous speech with the phenomena of the phonological loop and common
components of speech tasks. Three proposed tasks will initiate a person to retrieve
previous information in long-term memory (LTM), both episodic and semantic
memory during planning and execution to respond to the tasks. To assess short-term
memory and working memory, the cognitive load is needed to test attentional control

and the ability to retain information for short periods. The tasks thus include the
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process of immediate recall, delayed recall, and responding to the answer related to
retained information. The characteristic of language stimuli will consist of both visual
and audio modalities corresponding to the transfer of information between codes. The
differences in familiarity, phonological similarity, and word length are composed in
the proposed tasks. These components are embedded in three selected tasks, including
picture description, story recalling, and semi-structured conversation.

The acoustic features are aimed to be classified parameters as a consequence
of spontaneous speech. The previous studies of speech analysis for detecting MCI,
AD, and cognitively intact older person temporal report different significant acoustic
parameters. The acoustic parameters can be defined into four different categories,
including prosodic, formant, source, and temporal features (Konig et al., 2019). The
prosodic parameters relate to the stress and rhythm in speech; the sample feature is the
fundamental frequency (F0). The formants are the indicative class of speech sound
that carries acoustic resonance and vibration of the vocal cords. The frequently
examined formants are F1-F3 and jitter. These parameters are an indicator of
articulation coordination in speech motor control. The source of voice production
presents a quality of voice. The sound features are examined by shimmer, harmonics-
to-noise (HNR), utterance, and pause segments. The temporal features measure time-
related parameters such as duration, rate, and proportion of sounding, pause, and
hesitation (Al-Hameed et al., 2019; Ambrosini et al., 2019; Asgari et al., 2017;
Beltrami et al., 2018; Gosztolya et al., 2019; Mueller, Koscik, et al., 2018; Roark et
al., 2011; Satt et al., 2013; Themistocleous et al., 2018; Toth et al., 2018).

Speech performance is the representativeness of cognitive domains, not only
of language but also of working memory and episodic memory. These two memories
and the collaboration of related cognitions are reflected through abilities and
impairments. To detect dementia, the speech performance of the patient can be
evaluated by assessing the acoustic features. This study focuses on detecting MCI and
AD because early detection of most causes of dementia will be a benefit for diagnosis,
treatment planning, and preparation of relevant persons. The proposed tasks aim to
elicit spontaneous speech from speakers by highly imitating daily activities. Voice
recording will be analyzed by focusing on acoustic features, which are accepted in

detecting cognitive impairment in dementia. At the same time, acoustic features give
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parameters of interval, frequency, and quality of voice. The application of
spontaneous speech analysis is useful for developing telemedicine. The participants or
patients can remotely perform the verbal response via telephone interview and
assessment. Speech recorded over the telephone utilizes the screening process by
reducing time, cost saving, and extending the opportunity to access dementia

screening (Rapcan et al., 2009; Troger et al., 2018).
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Hypotheses and Predictions

1. Participants in the healthy control group acquire the highest mean scores
in the correct information units of the Thai Picture description test, followed by the
participant with MCI and AD consecutively.

2. Participants in the healthy control group acquire the highest mean scores
in immediate recall units, delayed recall unit and answer pertaining to the short story
of the Thai Story Recall test, followed by the participant with MCI and AD
consecutively.

3. The frequency-related variables are different among the three groups of
participants, i.e., healthy control, MCI and AD.

4. Participants in the healthy control group acquired the highest mean values
in temporal variables related to utterance followed by the participant with MCI and
AD consecutively. The temporal variables related to utterance include utterance
segments, total duration of utterance, total length of speech duration, and utterance
proportion.

5. Participants in the AD group acquired the highest mean values in temporal
variables related to silence followed by the participant with MCI and health control
consecutively. The temporal variables related to silence include silence segments,
total duration of utterance, silence proportion, pause rate, and silence-to-utterance

ratio.

Definition of terms

Alzheimer’s disease is a degenerative neuronal disease and the most
common cause of dementia, as well as a major cause of death. According to the
criteria, memory loss and a decline in thinking abilities are the earlier diagnosis
criteria. The initial sign that is most frequently observed is a gradually declining of
ability to remember new information. The common symptoms of Alzheimer’s disease
are related to memory and judgment, e.g., memory loss that disrupts daily life,
difficulty completing familiar tasks, and new problems with words when speaking or
writing.

Mild Cognitive Impairment (MCI) is a condition in which a person has

subtle but measurable changes in cognitive abilities that are noticeable to the person
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experiencing them, to family members and friends but do not affect the individual’s
ability to carry out everyday activities.

Single-domain test is a test used in isolation to look at each cognitive
domain separately. A single-domain test is purposely designed to assess a particular
cognitive function or major cognitive domain. In this study, verbal fluency was
utilized to assess language ability and digit span to assess working memory.

Spontaneous speech is self-generated discourse and connected language. It
more closely approximates language production in everyday contexts and should be
less intervened by examinations. Verbal responses derived by semi-structured and
unstructured tasks are considered as spontaneous speech in this study.

Spontaneous speech task is the test that elicits spontaneous speech. The
task involves continuous interactions across diverse cognitive processes, including
semantic storage and retrieval, executive functions, and working memory. The task
may only take a few minutes to complete and place a relatively low burden on a
participant.

Acoustic features are related to intensity, duration, and frequency, which are
physical characteristics of speech. Acoustic features can be extracted into four
different aspects, including prosodics, formant, source, and temporal.

Utterance is a voiced segment that is identified by the Voice Activity
Detection technique in Praat program. The duration of an utterance is at least 200
milliseconds (0.2 sec).

Silence is an unvoiced segment at least 1,000 milliseconds (1 sec) long. A
long silence may manifest relatively greater difficulty in the retrieval of information
or executing verbal responses (Singh et al., 2001). The silent segments are extracted

with the same technique as the utterance.
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CHAPTER 2
LITERATURE REVIEW

There has been a considerable and growing interest in investigating the early
symptoms of older adults who are at risk of developing dementia. A range of tools has
been developed across the globe and published in extant literature. This chapter
briefly reviews (i) types of dementia, the underlying causes, clinical characteristics,
and assessments; (i1) language and speech, including the neuroanatomy of language,
the disorder of language and speech, and speech deficits in dementias; and (iii) speech
analysis, measurements, and linguistic parameters. The chapter concludes with a
discussion of the limitations of the presented studies and identifies areas that warrant

further investigation.

2.1 Dementia

The symptoms of dementia are usually recognized when the cognitive
decline in an individual is severe enough to affect activities in daily life. The patient
presents an impairment in their behaviors and in their cognitive performance. Memory
loss has traditionally been the most well-known and most easily recognized symptom
in elderly people with dementia (Filiou et al., 2019). Other symptoms, however, can
be portrayed as an inability to learn new things, the person continually repeating the
same questions, forgetting known routes, agitation, or social withdrawal. Multiple
cognitive functions can be affected, including memory, language, orientation,
perception, attention, executive function, and social ability (Larner, 2017; McKhann
et al., 2011). The different symptoms are caused by different etiology.

In 2013, when the American Psychiatric Association published the fifth
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5),
Dementia was renamed as a ‘major neurocognitive disorder’. DSM 5 also labeled the
earlier stages of cognitive decline as ‘mild neurocognitive disorder’. The
reclassification aimed to reduce the stigma associated with dementia and ensure that
the diagnostic guidelines harmoniously correspond to clinical practices (Dementia

Australia, 2018). The International Classification of Diseases 10th Revision (ICD-10)
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defines dementia through four indicators. Diagnosis of dementia by ICD-10 requires:
(1) impairment in short- and long-term memory; (2) impairment in abstract thinking,
judgment, higher cortical function, or personality change; (3) memory impairment and
intellectual impairment, which cause significant social and occupational impairments;
and (4) the occurrence of these traits when patients are not in a state of delirium
(Grabowski & Damasio, 2004).
2.1.1 Causes/Etiology of dementia

The symptoms progression can identify the cause of dementia into two
groups. The first group causes a progressive decline, while the other causes a
progression that can be recovered. Although “reversible dementias™ are described in
some accounts, dementia actually refers to an irreversible deterioration in cognitive
function brought on by biological processes that harm brain cells. Figure 2 presents
the hypothetical staging model of dementia progression. Even though MCI is
considered as the prodromal stage of dementia, individuals with MCI can remain
stable, progress, or revert to normal cognitive function (Hampel & Lista, 2016). In the
following sections, both progressive and reversible dementias are described with
prevalence rates.

2.1.1.1 Progressive dementias/neurodegenerative diseases

Dementia is developed from a neurodegenerative disorder, causing

progressive cognitive deficits (Lopez-De-Ipina et al., 2015). Different types of
dementia are associated with distinctive brain abnormalities and relatively
differentiable symptom patterns (Lezak et al., 2012). The decline of the nervous
system can be found in all elderly people, but the difference in dementia patients is
the reduced ability of damaged systems to recover. The nervous system can generate
new neurons, axons, glia, and synapses in order to repair any damage, but dementia
prevents this neuroplasticity. Abnormal protein synthesis is one of the obstructions in
regeneration. The other dysfunctions cause different types of dementia (Hugo &

Ganguli, 2014; Kulkantrakorn, 2018).
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Figure 2 Hypothetical staging model of dementia progression (Reprinted with
permission from Hampel, H. & Lista, S. (2015) The rising global tide of
cognitive impairment. Nat. Rev. Neurol. doi:10.1038/nrneurol.2015.250)
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Alzheimer’s disease is the single most common manifestation of
neurodegenerative disease, accounting for between 60 and 70% of all patients with
dementia (Hugo & Ganguli, 2014; World Health Organization, 2023). The
predominant symptom is memory impairment; hence dementia was traditionally
paired with memory loss. The decline of short-term memory prevents the patient from
learning new things and gradually presents long-term memory deficits. The other

characteristics of AD are visuospatial difficulties, word-finding struggles, and
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personality changes. Patients may not recognize the changes in themselves, but their
caregivers and/or families will observe the problem behaviors which deviate from the
individual’s previously observed performance. (Budson et al., 2016; Kulkantrakorn,
2018)

These characteristics of a brain with AD are caused by the
progressive loss of synapses and neurons, the aggregation of amyloid plaques,
neurofibrillary tangles, and prominent cholinergic deficits (Hugo & Ganguli, 2014).
Damaged areas are frequently found in the temporal, parietal, and frontal lobes, as
well as the hippocampus. AD pathology consists of two main abnormal proteins,
which are senile plaques and neurofibrillary tangles. A specific type of amyloid
plaque can be found in AD, namely beta-amyloid or ‘APB’. The extracellular plaques
of b-amyloid aggregate the fibrillar peptide sheets (Alzheimer's Association, 2020b).
This neuronal process causes inflammation and cell death. At the same time, the live
cells have cytoskeleton abnormalities due to the accumulation of neurofibrillary
tangles (Budson et al., 2016; Kandel et al., 2013).

ii. Vascular dementia VD

VD is believed to be the second most common cause of dementia,
accounting for between 10 and 20 % of dementia. There are three types of vascular
disease causing VD, namely cerebral infarction, intracerebral hemorrhage, and small
vessel disease (Kulkantrakorn, 2018). The first two causes can contribute to an acute
stepwise pattern or be rapid in its course of progression. While small vessel disease
shows a more gradual pattern of neurocognitive decline, the patient thus shows slower
executive function. The location of lesions is more relevant to the presenting
symptoms than the volume of destruction (Kalaria, 2016). Patients with VD often
have risk factors for heart disease or carotid artery stenosis/occlusion (Iadecola,
2013). The physical examination usually reveals a focal neurological deficit. Given
that, the symptoms and time course vary with the locations and lesions.

The history of the effects of vascular disease, clinical assessment,
and neuroimaging is an important diagnosis criterion of VD. A clear history of stroke
or transient ischemic can always be found. The previous attacks due to those vascular
diseases temporarily cause cognitive decline or neurological deficits. Cognitive

assessment will objectively show the decline in the domains of complex attention and
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executive functions. The common symptoms of VD are gait disturbance, urinary
symptoms, and personality changes or emotional instability. In the late-life period, the
vascular neurocognitive disorder may be associated with depression, causing
psychomotor and executive dysfunction, so-called vascular depression (Hugo &
Ganguli, 2014; Kulkantrakorn, 2018).

iii. Dementia with Lewy bodies (DLB)

DLB accounts for almost 10-15 % of diagnosed dementia
(Alzheimer’s Society, 2016). The growth of intracellular bodies (Lewy bodies)
accumulates in the brain caused by a gene mutation. The underlying abnormal
accumulation is primarily characterized by protein misfolding and aggregation within
the pathognomonic Lewy bodies (Meeus et al., 2012). The common symptom of DLB
is an atypical movement which is also found in Parkinson’s disease. DLB often occurs
at the same time as Parkinson’s disease or within a year. The affected person’s
cognition is prominently impaired in attention, visuospatial, and executive function.
Markedly, the core characteristics of DLB are cognitive dysfunction, recurrent visual
hallucinations, and parkinsonism. In the late stages of Parkinson’s disease, dementia
symptoms can be found, so-called Parkinson’s disease dementia. It is thus believed
these two diseases are common illnesses with different dominant symptoms in each
onset stage (Gomperts, 2016).

Based on the temporal order of the movement dysfunction and the
cognitive impairment, DLB and Parkinson's disease can be distinguished from one
another. Cognitive decline occurs prior to parkinsonism in DLB, which is similar to
the other cause of dementia, where cognitive impairment is the prominent symptom.
In comparison, Parkinson’s disease reveals cognitive impairment later than a
movement disorder Other symptoms that point to DLB include REM sleep behavior
disorder, severe neuroleptic hypersensitivity, and poor dopamine transporter uptake in
the basal ganglia, which can be shown using SPECT or PET imaging (Yamada et al.,
2020). Various clinical signs that can be found include systematized delusions,
sadness, frequent falls and syncope, brief, unexplained unconsciousness, severe
autonomic dysfunction, hallucinations in various modalities, and severe autonomic

dysfunction (Hana@asi et al., 2016, pp. 400-402).
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iv. Frontotemporal dementia (FTD)

FTD is rare compared to the other causes mentioned previously. as
its prevalence is only 2.7% of all dementia. It, however, is the common cause of early-
onset dementia. FTD generally develops in middle adulthood with the prominent
characteristics of emotional disturbances. Cerebral atrophy occurs at the frontal and
temporal lobes, with the predominant protein aggregation including
hyperphosphorylated tau or ubiquitin protein. These two lobes dominate a range of
performance and cognition, such as personality, emotions, behavior, thinking, and
language. A patient with FTD may present with these different symptoms based on
where the lobes are most affected(Ahmed et al., 2014; Kulkantrakorn, 2018).

The most prominent characteristics of FTD are behaviorally
displayed in personality and behavior changes, a loss of interest in interpersonal
activities and responsibilities, social withdrawal, a loss of personal hygiene, and an
increase in socially dis-inhibited behavior. FTD early symptoms are different from
that of AD, where memory loss is the primary evidence. FTD is more akin to
psychiatric disease to frequent misdiagnosis as a major depressive or bipolar disorder.
It also reacts with psychosis medicine and antidepressant drugs. Other evidence of
FTD is perseverative or compulsive motor behaviors, hyperorality, and dietary
changes. The neuropsychological profile of FTD is executive deficit (Miller & Yoon,
2016, pp. 392-394).

v. Mild cognitive impairment (MCI)

An individual with MCI will have problems with cognitive
functioning, which will require diagnosis through clinical examination, not just from
subjective complaints. In fact, approximately 7-25 % of individuals over the age of 60
have mild neurocognitive disorders (Jongsiriyanyong & Limpawattana, 2018). Unlike
dementia, independence of functional activities and social engagement are preserved
in MCI. MCI is considered the early onset of neurodegenerative disease and,
therefore, can progress to dementia and other diseases, including Parkinson’s disease.
Approximately 15% of people with MCI can progress onto Alzheimer’s disease
within two years, and the progression rate is higher in later years; for instance, the rate
can be 33% after five years (Alzheimer's Association, 2022). MCI prevalence is also

associated with age; the probability of having MCI is 6.7% in people aged 60 — 64,
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8.4% for 65 — 69, 10.1% for 70 — 74, almost 15 % for 75 — 79, and a quarter of 80 —
84 years-old (Petersen et al., 2018). While MCI may not always develop into
dementia, , early detection is helpful for diagnosis, appropriate intervention,
education, psychosocial support, and participation in shared decision-making about
life planning, health care, research involvement, and financial matters (Dementia
Australia, 2018; Muangpaisan et al., 2012; Petersen et al., 2018).

As MCl is a relatively mild dysfunction, patients and their family
members usually have difficulty recognizing it until the symptoms have become a
significant problem. In addition, most clinicians can misdiagnose these functional
problems with those encountered by subjective memory complaints and also normal-
aged individuals. The National Institute on Aging and the Alzheimer’s Association
(NIA/AA) stated that the points separating normal cognition and MCI, and MCI and
dementia are blurred. Consequently, clinical decision-making is vital in determining
these distinctions (Petersen & Morris, 2005; Sachdev et al., 2014). Any poor
performance in one or more cognitive functions needs to be evaluated by comparing
them to the patient’s previous performance levels and also with performance of people
of the same age and education level. The impairment is across a range of cognitions,
including memory, executive function, attention, language, and visuospatial skills.
Episodic memory is the most common cognitive decline in MCI patients who
subsequently progress to a diagnosis of AD dementia. Individuals with MCI usually
display a lower ability to learn and retain new information due to the decline of their
episodic memory (Winblad et al., 2004). Most of all, memory complaint in MCI needs
to be observed by an informant and through objective evidence (Petersen, 2004). The
study of Petersen et al. (2005) operationally defined a memory deficit as performing
1.5 SD below an educated-adjusted norm on a 20-minute delayed recall of the logical
memory subtest in the Wechsler Memory Scale. This criterion is now usual taken as
an objective level for MCI, with values of either 1.0 SD or 1.5 SDs below the stated
norms on memory tests (Chertkow et al., 2007). At the same time, the common
criteria of Petersen and NIA/AA of daily activities being intact and lack of dementia
(Albert et al., 2011) apply.

Petersen (2004) proposed memory impairment as the differential

criterion for MCI subtypes on the bases of the discussion at the Key symposium in
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Stockholm, 2003. The subtypes are primarily considered with respect to possible
dysfunctions of memory; two main subtypes consequently are called an amnestic MCI
and non-amnestic MCI. Then the number of non-prominent cognitive domains are
determined (Petersen, 2016). Figure 3 depicts the MCI subtypes and the possible
progression of each subtype. Subsequently, the MCI characteristics regarding the Key
symposium criteria can be categorized into four patterns of subgroups.

1) Amnestic MCI with a single domain, or amnestic single, is
described as presenting only memory impairment with relative preservation of other
cognitive domains (Chertkow et al., 2007). This subtype is more likely to convert to
AD (Petersen, 2016). Therefore, it is commonly addressed as the pre-dementia stage
of AD (Chetelat et al., 2005).

2) Amnestic MCI with multiple domains, or amnestic multiple,
refers to the subtle additional impairments beyond memory deficit, e.g., naming,
attention, and executive function (Chertkow et al., 2007). This phenotype possibly
develops onto AD or vascular cognitive impairment (vascular MCI) (Dementia
Australia, 2017; Petersen, 2016).

3) Non-amnestic MCI with a single domain is characterized by
preserving memory ability but showing impairment in a single non-memory domain
(Chertkow et al., 2007). The most common impairments in non-amnestic MCI are
language and attention (Dementia Australia, 2017). Patients with this subtype can
possibly develop onto AD or frontotemporal dementia, as well as another
neurodegenerative disease such as the primary progressive aphasia. (Dementia
Australia, 2017; Petersen, 2016).

4) Non-amnestic MCI with multiple domains is described as
involving multiple cognitive dysfunctions other than memory domain (Chertkow et
al., 2007; Dementia Australia, 2017). This type of MCI may progress onto AD,
dementia with Lewy bodies, and vascular MCI (Dementia Australia, 2017; Petersen,

2016).
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Figure 3 Key Symposium MCI subtypes and possible etiologies (Reprint with
permission from Petersen R C, Mild Cognitive Impairment, Continuum
(Minneap Minn), 22, 2. journals.lww.com/continuum/Abstract/2016/
04000/Mild_Cognitive Impairment.7.aspx © 2016, American Academy of
Neurology.)

MCl is considered a prodromal stage of AD with common memory
deficits. According to the DSM-5, mild neurocognitive disorder is termed MCI or
prodromal dementia, while dementia is a major neurocognitive disorder (Albert et al.,
2011; Petersen, 2016). The declination of MCI in Alzheimer’s disease is observed in
episodic memory impairment and potentially in additional domains (Chetelat et al.,
2005). The moderate level of impairment brings the problem to light whilst the
insidious cognitive decline is gradually and steadily progressing. MCI in Alzheimer’s
disease typically has amnestic signs, which cause impairments to memory and related

executive functions in the earlier onset of the disease course. The other cognitive
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domains may occur later, such as language functions, perceptual- motor functions,
visuoconstruction, and social cognition. However, non-amnestic presentations also do
occur. Depression and apathy are not the prominent characteristics of Alzheimer’s
disease, and these may occur throughout the clinical spectrum (Hugo & Ganguli,
2014).

2.1.1.2 Potentially reversible dementia

Reversible dementia is caused by particular conditions which can be
controlled. With an early diagnosis, appropriate treatment focused on the primary
cause of the condition can cure dementia-like symptoms. Prevalence is highly
variable; a range between 8% and 40% was reported in many studies, while it was
found to be 7.50% in a Thai cohort study (Muangpaisan et al., 2012). A meta-analysis
study reported an overall reversion rate of MCI to normal at approximately 24%
(Malek-Ahmadi, 2016). The same study found that the reversion rate of Asian studies
(12.24%) is lower than the studies in North American (22.38%) and Europe (26.59%).
The causes of treatable dementia are depression, alcohol-induced cognitive
impairment, normal pressure hydrocephalus (NPH), and vitamin B12 deficiency,
those account for more than half the cases. The other causes are hypothyroidism,
chronic subdural hematoma, anxiety, or the side-effects of neurological drugs,
particularly Benzodiazepines. Accurate cause recognition is important in treatment
plans, as reversible cases may be untreatable after delay and inaccurate diagnosis
(Chari et al., 2015). As the cognitive deficits in reversible dementia are similar to
those that characterize progressive dementia, including amnestic performance,
attention, concentration, mental reaction, and occupational performance (Chari et al.,
2015; Kulkantrakorn, 2018), it is important to distinguish the dementia type early in
diagnosis (Neurological Institute of Thailand, 2014).
2.1.2 Clinical characteristics

The spectrum of cognitive impairment due to dementia is both wide and
specific. The impairment of a person with dementia involves cognitive function,
which impacts activities in daily life and causes distress. Social involvement is either
the cause or effect of cognitive decline. Although the characteristic of dementia is

similar to several diseases and aging features, one should be aware of the
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differentiation between dementia and delirium, depression psychosis, or reversible
dementia (Neurological Institute of Thailand, 2014).
2.1.2.1 Cognitive functions

Amnesia is the most recognized and discussed feature of the early
stages of dementia discussed by non-clinical professionals vis a vis other cognitive
impairments (Arvanitakis et al., 2019). The most common presentations of amnesia
are usually connected to recent events, e.g., struggling to recall telephone numbers or
shopping list items, forgetting conversations or events of the day, and losing or
misplacing items (NIH National Institute on Aging, 2020). Memory declination, over
the course of time, will see an increase in the severity level of the amnesia with the
involvement of long-term information forgetting (Goldstein & McNeil, 2012, pp. 163-
165). This decline will manifest through actions such as the patient getting lost in
their familiar surroundings or on their usual routes or struggling to recognize family
members or to name ordinary items (Grabowski & Damasio, 2004). Memory
impairment affects other cognitive domains by increasing the difficulty of retrieving
information. For example, orientation can be progressively affected by the result of
forgetting person, place, and time information. Language deficit can be involved
when the patient has difficulty in naming objects, retrieving words, possessing a
whispering voice or disconnected speech, or speaking using ungrammatical sentences
(Klimova & Kuca, 2016). As personal behaviors result from a combination of
cognitive processes, a single variant action may bring about both major and minor
cognitive dysfunction.

Identifying the dominant cognitive impairment in different causes of
dementia is vital for diagnosis. While the cognitive hallmark of AD is impaired long-
term episodic memory (Gomez & White, 2006), the dominant neuropsychological
profile of FTD is defective executive function. AD patients typically demonstrate
anterograde amnesia and visuospatial disorientation, causing them to struggle in daily
activities. The patient with FTD better preserves the ability to remember recent
information and visuospatial orientation on objective testing. Language domains also
provide differential indicators of dementia causes. DLB displays obvious speech

problems due to atrophy in the motor areas of the brain. Patients with DLB have a
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loss of verbal fluency at the beginning of impairment until complete muteness at the
late stages (Klimova & Kuca, 2016).
2.1.2.2 Activities of Daily Living
Impairment in activities of daily living (ADL) occurs when a person’s
personal care and occupational activities are worse in comparison with their previous
levels. An elderly person may need greater assistance, but they are able to maintain
some independence in some day-to-day activities. The performance of ADL is a
predictive factor for dementia and can be measured in two types of activities,
including activities with and without instruments. The impairment of instrumental
ADL is significantly present in dementia patients, with respect to controls, in
shopping, food preparation, or use of transport. The level of impairment in dementia
is also higher than in MCI patients (Ouchi et al., 2016).
2.1.2.3 Emotion and behavior
The symptoms of dementia potentially cause stress to the patients; it
may further exacerbate the variant behavior. When patients are well aware of their
diagnosis, feelings of stress, confusion, uncertainty, and insecurity are common. The
incomprehensibility and unpredictability of the disease, and its related changes,
(Steeman et al., 2006) motivate behavior changes, and these can cause distress to
family members or caregivers. The most painful behaviors may be incessant
wandering, aggression, paranoia, sexual disinhibition, and depression. Behavior
changes resulting from different causes of dementia, such as delusion, frequent falls,
and a REM sleep behavior disorder, are often presented in DLB. While psychiatric
symptoms such as hallucination and delusion are not only demonstrated in FTD, those
may also present in the early stage of AD (Morris & Nagy, 2004). Behavior problems
are frequently the precipitating factor of the need for institutional care.
2.1.2.4 Brain area related to dementia
Brain atrophy in dementia is present in the area where the abnormal
proteins progressively accumulate; the dominant symptoms are a consequence of
certain brain areas are interrupted or lost. In brain imaging studies, the initial site of
the abnormal brain accumulation occurs along the hippocampal pathway (entorhinal
cortex, hippocampus, and posterior cingulate cortex). These areas are related to early

memory deficits. The Hippocampus and entorhinal cortex are part of medial temporal
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lobe (MTL) structures prominently associated with AD (Buckner et al., 2008). As the
Posterior cingulate cortex (PCC) has connectivity with the hippocampus, a decrease
of both PCC and hippocampus regions affects the default mode network in
Alzheimer's patients, resulting in the disruption of attention processing (Greicius et
al., 2004; van den Heuvel & Hulshoft Pol, 2010). For MCI caused by AD, language
networks are found to be a potential discriminant indicator for MCI from NC better
than EF networks. Pistono et al. (2021) proposed that the right inferior frontal gyrus,
the right superior temporal gyrus, the left middle temporal gyrus, and the left middle
temporal gyrus/angular gyrus comprise the language networks. In the later stages,
neural loss in the temporal, parietal, and frontal regions of the cerebral cortex is
associated with impairments in language, visuospatial, and behavior. (Frisoni et al.,
2010).
2.1.3 Assessments

Techniques of neuroradiological, neurochemical, electroencephalogram
neuropsychological are suggested for early screening, differential diagnosis, and
evaluating of treatment for dementia. They are grouped in three categories and
presented in the below sections.

2.1.3.1 Biomarkers

A biomarker is an objective indicator used to measure or assess normal

or abnormal biological conditions or a response to drug treatment. Biomarkers are
used to distinguish the causes of dementia and differentiate between degenerative
states or other diseases and detect the pre-stage pathology, monitoring progressive
decline and treatment. Ahmed et al. (2014)’s research suggested that biomarkers
related to dementia are varied at different stages of the degenerative process. Different
protein-misfolding conditions are used to define the etiology of dementia; it is thus an
important biomarker of cognitive impairment disease. Neurodegenerative
proteinopathies are the abnormal accumulation of proteins or peptides that cascade
into complex molecules, causing progressive neurodegenerative diseases such as
dementia. The major protein biomarkers in dementia are AP peptides and tau in AD,
a-synuclein in LBD, and tau or TAR DNA-binding protein (TARDBP; alias TDP-43)
in forms of FTD (Sonnen et al., 2008). While tau is typically higher in AD than in

DLB, tau can be elevated in rapidly progressive cases of AD. Those biomarkers can
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be identified by biological specimens and brain imaging techniques. For example,
dopaminergic loss in the basal ganglia as a suggestive feature of DLB can be revealed
by Positron Emission Tomography (PET) and Single Photon Emission Computed
Tomography (SPECT) measures. These techniques can be used to differentiate DLB
from AD and some forms of FTD with reasonable diagnostic accuracy (Ahmed et al.,
2014). Currently, biomarkers for Alzheimer's disease can be explored with several
methods, none of which the literature suggests be used alone (McKhann et al., 2011).
Several promising biomarkers can be investigated through neurofibrillary tangle
lesions in brain imaging, tau in cerebrospinal fluid (CSF), blood and urine tests, and
genetic risk profiling. Those techniques give different neurodegenerative markers and
specific biomarkers (Cummings, 2012).

Although abnormal protein aggregations cause neuron apoptosis, there
is an underlying process due to genetic markers and synaptic dysfunction. The
Apolipoprotein E (APOE) gene produces apolipoproteins which carry cholesterol and
fat in the bloodstream; the dysfunctional process increases protein aggregations.
Especially APOE &4 allele, this form of APOE associated with AD patients and early
onset of AD, is called the risk-factor gene of dementia. While the APOE &4 allele
increases the risk of AD in late-onset, APOE €2 was found as a protective factor that
decreases the risk (Albert et al., 2011). Another biomarker associated with this genetic
risk factor is the tau protein. However, the APOE &4 allele is remarkedly related to
AB; it is an unclear mediated process among tau concentration in cerebrospinal fluid
and neurofibrillary tangle formation of AD (Tachibana et al., 2019; Zhou et al., 2016).
Similarly, FTD relates to at least three genetic markers. The family history of
autosomal dominant patterns plays an important role in 30% to 50% of FTD patients,
especially tau protein accumulation. In DLB, tau levels are variably found in CFS.
While the levels of CSF tau are very variable in DLB, typically being lower than in
AD, although in rapidly progressive cases, they can be very elevated.

While biomarkers are accepted as promising indicators of dementia,
laboratory methods may give different levels of stability and reliability (Alzheimer's
Association, 2020b). The clinical techniques can be divided into imaging modalities,
which consist of structural and functional brain imaging, cerebrospinal fluid (CSF)

measures, and blood or urine tests. Brain imaging tools are also widely used in
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clinical and research settings. While both biological specimens are available for
routine clinical assessment, blood and urine tests are less commonly used today.
Although the developed techniques are more reliable, the laboratory service fees may
limit their use. (Ahmed et al., 2014).

1. Structural brain imaging

UK, European, US, and Thailand guidelines recommend structural
brain imaging for all patients being investigated for dementia. In Thailand, dementia
clinical practice guidelines strongly recommend structural imaging for differentiating
from reversible dementia and confirming etiology for treatment planning. These
processes are not recommended in early diagnosis (Neurological Institute of Thailand,
2014). White matter signal alterations and vascular injury with a variety of reasons
can be assessed using Magnetic Resonance Imaging (MRI) and Computerized
Tomography (CT). The diagnostic criteria for stages of the condition include neuronal
loss (atrophy) in certain parts of the brain as a positive predictor for various dementias
(Petersen et al., 2000).

ii. Functional neuroimaging

Functional neuroimaging and related neuroimaging techniques are
useful for dementia in displaying how the effect of neurotrophy on brain systems
pertains to specific cognitive functions and behaviors. Functional neuroimaging
allows medical practitioners and researchers to observe brain function over a period of
time; these techniques are used to determine the severity of the effect and also
changes due to rehabilitation. The functional neuroimaging tools measure an
alteration of brain-process representing substances. Functional Magnetic Resonance
Imaging (fMRI) uses as a representative of blood-oxygen-level-dependent (BOLD)
signal captured by the magnetic properties of the cerebral venous blood in interested
regions (Sonnen et al., 2008). Positron emission tomography (PET) using 18-F-
fluorodeoxyglucose (FDG) and single photon emission tomography (SPECT) are two
of the most commonly used brain imaging techniques in research because of their
high reliability and requiring of professional practice (Crosson et al., 2010). Both
techniques provide visualization and quantification of patterns of brain
hypometabolism and hypoperfusion. Each type of dementia has a different

characteristic pattern. Although functional imaging techniques offer accurate
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information, those tools require considerable expertise and a qualified set of devices
to operate and analyze, which limits their widespread application as biomarkers
(Brown et al., 2014; Sonnen et al., 2008).

iii. Cerebrospinal fluid (CSF)

In the context of dementia, the CSF biomarker is often used to
distinguish an infection, malignancy, and inflammation in the nervous system. CSF
examination is recommended in persons with cognitive impairment under 55 years of
age, presenting with a rapid worsening progression or atypical dementia symptoms, or
who are immunosuppressed. CSF analysis relies on a variety of immunochemical
techniques that measure the range of neuron-specific or neuron-enriched proteins. The
use of neuron-enhanced CSF markers -amyloid and tau in the usual assessment of
dementia varies greatly between countries and clinicians. Under Thai guidelines, CSF
examination is only prescribed by a medical doctor with expertise. CSF is used in the
differential diagnosis of specific dementias, e.g., AD is identified by an increasing of
CSF hyperphosphorylated tau, decreasing of CSF BA decreased, and plasma A
(Neurological Institute of Thailand, 2014). In research, these biomarkers were
increasingly combined with the new AD diagnostic criteria and were thoroughly
considered for inclusion in further clinical trials (Budson et al., 2016; Sonnen et al.,
2008).

iv. Blood and urine

The clear advantages of using blood or urine-based biomarkers for
dementia include the profiles of vitamins, glucose, protein, or electrolytes
(Neurological Institute of Thailand, 2014). Their profiles, however, give only indirect
evidence of dementia. Protein molecules from the brain are much less concentrated in
blood or urine than in CSF due to the activity of the blood-brain barrier and the large
blood and urine volume in which these proteins are diluted. Moreover, the binding of
many proteins of interest in veins increases the chance of being removed from the
blood faster, causing a reduction of sensitivity. Dementia blood profile is, thus, largely
used to explore coexisting dysfunction such as vitamin deprivation, age-associated

immunosenescence, or inflammation (Chen et al., 2017; Sonnen et al., 2008).
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2.1.3.2 Electroencephalography (EEG)

Even if the biomarkers yield high accuracy, they are expensive, less
likely to be available in primary healthcare settings, and/or partially invasive, making
them unsuitable for widespread AD risk assessment in large populations of elderly
people. Electroencephalographic (EEG) indicators, in contrast, are more affordable,
widely accessible, and entirely noninvasive, which are perfect features of regular
clinical practices (Vecchio et al., 2013). Without requiring brain surgery to implant a
sensor to record brain waves, the EEG approach offers the benefit of detecting the
background electrical activities of the brain produced by neurons of the cerebral
cortex effectively and non-invasively. (Amezquita-Sanchez et al., 2019; Poil et al.,
2013; Vecchio et al., 2013). Additionally, using details on the positioning, sensitivity,
number, and orientation of the sensors, tissue conductivity, and head geometry can
result in the discovery and postulation of mechanisms of relationships between
imaging and EEG data (Amezquita-Sanchez et al., 2019).

The study of quantitative EEG (QEEG) and event-related potentials
(ERPs) as clinical indicators of the early stages of AD has received a lot of interest in
recent years (Mazrooei Rad et al., 2021; Vecchio et al., 2013). ERPs are produced in
conjunction with an event or when the brain experiences sensory stimulation
(Mazrooei Rad et al., 2021). The amplitude and latency indices of the ERP
components are affected by the excitation signal's amplitude, frequency, and
excitation intervals. It has been demonstrated that in healthy people, the magnitude of
the P300 component grows when the target stimulus frequency lowers or stimulus
intervals widen. Additionally, this component's amplitude and delay vary with age,
AD stages, and even the types of dementia. (Mazrooei Rad et al., 2021).

A fully standardized approach that can be executed quickly and simply
in a clinical setting is the recording of resting state cortical EEG rhythms with the
eyes closed (Poil et al., 2013). Unlike ERPs, the use of resting state EEG rhythms
does not necessitate the use of stimulation devices or the recording of a participant's
activity. It is also less prone to the tiredness and anxiety that are usually connected to
task performance. This is ideal when EEG recordings are performed on elderly
individuals (Vecchio et al., 2013). Mostly, frequency band characteristics are

frequently employed as data processing tools in EEG. The alpha frequency band in
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patients with mild AD and dementia with Lewy bodies is reduced compared to
healthy elderly, while the amplitude of patients in mild stage is increased in the delta
frequency band (Mazrooei Rad et al., 2021). The use of EEG biomarkers in MCI and
AD, like spectral measurements and synchronization between brain regions, has
already been extensively documented in the literature. Lower cognitive performance
and hippocampal atrophy are connected with decreased alpha power (Gaubert et al.,
2019).

2.1.3.3 Neuropsychological tests

Neuropsychological assessment is of benefit for differential diagnoses
between psychiatric and neurological symptoms and/or for identifying progression of
neurological disorders in non-psychiatric groups. It also provides information for
distinguishing between various neurological conditions, and behavioral data for lesion
localization, or at least the specific hemisphere site of brain atrophy.
Neuropsychological tests can be used as screening tools in the early diagnosis process
(Lezak et al., 2012). The multiple cognitive domain assessment should be performed
prior to single domain tests (Neurological Institute of Thailand, 2014).

Early assessment or screening test for cognitive impairment would
assist patients and their families in receiving proper care and support at an earlier
stage in the disease course, which could lead to both improved prognoses and
extending patients’ life (Lin et al., 2013). The screening tests are recommended in
early diagnosis for both multiple and specific cognitive domains. The patient
performance-related tests assign cognitive tasks to patients, and the test scores reflect
the deteriorated and preserved cognitive abilities. Cognitive tasks in dementia
screening tests mostly include memory, language, spatial ability, orientation,
attention/calculation, and executive function, respectively (Na Chiangmai &
Wongupparaj, 2020).

Although amnesia is a dominant characteristic of dementia, it is
essential to assess additional domains apart from memory. These domains consist of
attention (both simple and divided attention), language (including naming, fluency,
expressive speech, and comprehension), executive functions such as reasoning,
problem-solving, planning, and visuospatial skills (e.g., clock drawing, copying

cubes, intersecting pentagons). It is suggested that several validated clinical
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neuropsychological measures are used to examine a single cognitive ability. For
instance, the language domain can be tested by Boston Naming Test and letter and
category fluency. Digit span forward is useful for attentional control, Trail Making
Tests for executive function, and figure copying for spatial skills (Albert et al., 2011;
Petersen, 2004)

As mentioned, assessment of multiple cognition functions should be
performed prior to single domain testing in both clinical settings and research. Two
well-known neuropsychological assessment tools used in dementia are the mini-
mental state examination (MMSE) and the Montreal Cognitive Assessment (MoCA),
both of which are available in the Thai language. While these tests are standardized
and used across many countries, direct literal translations have been found to lead to
different meanings and/or syllabic format from the original instrument (Shim et al.,
2017). The MMSE is suitable for dementia screening, while MoCA is more sensitive
to MCI (Julayanont et al., 2015; Nasreddine et al., 2005). In 1993, the Train the Brain
Forum Committee developed an inclusive test known as the Thai Mental State
Examination (TMSE). It incorporated Thai realities, including socioeconomic status,
level of education, and culture of the examinees (Train The Brain Forum Commitee,
1993). Almost thirty years later, the cut-off scores of this test have not been adjusted
in response to the changes resulting from the current aging of Thai society. The
psychometric properties of the TMSE are thus changed. The TMSE provided low
sensitivity and specificity in detecting early dementia (Silpakit, Silpakit, et al., 2017).

Dementia has at least four etiologies, and AD is the most common cause of
dementia. The prodromal stage of dementia is MCI. This stage is difficult to detect
because of the subtle presenting of cognitive impairment and preservation of daily
activities. However, the prominent symptom of AD and amnesia-MCI is a memory
deficit. The most common occurrences of amnesia are usually connected to recent
events, e.g., struggling to recall telephone numbers or shopping list items, forgetting
conversations or events of the day, and losing or misplacing items. Hence, early
detection is important for intervention and life planning for patients and their families.
Different dementia assessments present trade-off properties between accuracy, cost,

accessibility, and invasive method. Three methods are mentioned, including
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biomarkers, EEG, and neuropsychological tests. This study chose the most easily
accessible method, i.e., the neuropsychological test. Since neuropsychological tests
can optimally use as dementia screening for Thailand nationwide. In addition, speech
analysis received attention as a potential approach to improve the screening and allow
early detection of symptoms. Speech disfunction reflects several dimensions of the
cognitive impairment of a person, not only language ability but also memory and
related cognitive functions. Speech analysis in detecting dementia. There were the
studies which adapted paper-pencil form of neuropsychological assessments onto
alternative platform such as telephone and video conference (Sanchez Cabaco et al.,
2023; Troger et al., 2018). The next section presents information and literature

regarding speech pathology due to neurodegenerative disease.

2.2 Language & Speech

The cognitive process of speech is at the intersection of attention, decision-
making, memory, and language. Speech processing is an expressive part of language;
the other important part of language is the receptive component. The neuroanatomy of
language revealed an importance of brain areas related to function and deficit in
language and speech. The disorders of language and speech are separately presented
in this section. Lastly, the speech deficits in dementia are stated to specifically
characterize the symptoms found in the patients.

2.2.1 Language processing

Although the terms ‘speech’ and ‘language’ are frequently used

interchangeably, each of these systems has distinct functions. Their operational
systems depend on different sets of representations and processes; both share common
purpose of communication (Zeki & Hillis, 2016, p. 123). Language is an intentionally
and culturally driven system of voluntarily coupled signals and meanings (Fernandéz
& Cairns, 2010). Two main aspects of language functions are comprised of receptive
and expressive abilities, which grant comprehension and communication of
information, respectively. For the purposes of understanding and communicating from
sound to conversation, language processing involves several cognitive operations

including retrieving vocabulary, concepts, or grammar; attentional control of
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processing abstract inferences, idioms, or verbal; problem-solving in working
memory (Zeki & Hillis, 2016, p. 116 & 123).

Speech, additionally, consists of the further coordinated rapid motor
function that accounts for the precise action of vocal expression for transmitting
language. The basal ganglia, cerebellum, and cortical systems of the body, as well as
the vagal, hypoglossal, and facial nuclei, play a role in the development of speech
regulation. Eventually, phrenic nerves control and coordinate the muscles involved in
the act of speaking, including the laryngeal, pharyngeal, palatal, lingual, oral, and
respiratory muscles. Normally, two words per second spoken by a normal speaker are
linguistically equivalent to 14 different sounds (phonemes), each phoneme relying on
the contraction or relaxation of 100 muscle bundles (Zeki & Hillis, 2016, p. 123).
When audible production is articulated, those sounds do not only convey information,
but also linguistic features. This study was interested in acoustic features. Acoustic
variables are related to intensity, duration, and frequency, which is a physical
characteristic of speech (Boschi et al., 2017; Ladefoged & Johnson, 2015). A specific
aspect of speech regards acoustic features combines of articulation (sounding),
resonance (nasality), and pronunciation (voice controlling). The features are also often
characterized by fluency and prosody (Zeki & Hillis, 2016).

Language proficiency depends on multiple cognitive domains,
particularly perception, memory, and attentional allocation. It is also related to the
mechanisms dominating the storage of concepts and structures in long-term memory
and the mechanisms involved in retrieving and activating concepts and structures of
working memory during a person’s ongoing language processing (Schmid, 2007). A
variety of cognitive processes, which can be categorized into three fundamental basis,
influence language use in an unconscious manner: (i) processes of social cognition,
which concern the interaction between speaking participants; (ii) decision-making
process in order to express thoughts; and (iii) memory-related processes that deal with
storing, retrieving, and processing linguistic information (Diessel, 2019).

2.2.1.1 Attention & Social cognition

Language use is a specific type of social interaction that critically
depends on the capacity to consider the information, intentions, and beliefs of other

people. Joint attention is a fundamental social cognitive process. In order to
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communicate, the speaker and the listener should concentrate their attention on the
common experience, which may involve an object or event in the surrounding
situation or a concept that is evoked by the preceding discourse (Willems, 2015). Joint
attention is a fundamental component of social contact, but communication requires
more than just having everyone's attention on the same thing. As a result,
communication requires that the interlocutors share a "common ground," which is
defined as language users' awareness of their shared information. They also need to
align their knowledge and views. The users are concerned not just with information
about the physical speech situation surrounding the interlocutors but also with
background information about the communicative partner and general world
knowledge (Bung, 2016).

2.2.1.2 Decision-making process

Importantly, there are always several ways to state a specific

communicative goal — or, more or less, the same thing. The range of linguistic tools
that may be used to represent a certain communicative intention expands as language
is used productively. Since there are frequently multiple ways to communicate
essentially the same thing, speakers must make decisions. They must, in other words,
"decide" how to convey a specific goal or meaning. Making decisions on the best
linguistic strategy to use in a given scenario is a step in the development of language
(Diessel, 2019; Goldstein, 2019).

2.2.1.3 Memory-related Processes

Language structure is driven by the semantic and pragmatic
characteristics of speech and communication, according to functional and cognitive
linguistics. However, recent literature has shifted their focus from communication and
meaning to frequency and processing. Literature is interested in the features of
linguistic information's representation and activation together with frequency and
processing in memory (Diessel, 2019). In respect of verbal working memory, working
memory is considered as a passive temporary storage of verbal information.
Nevertheless, there is a disagreement about the previous interaction of language and
memory. Working memory is reframed into both the maintenance and processing of

verbal information. Since verbal information is always organized to serve goal-direct
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behavior, working memory is not only a passageway of information (Buchsbaum,
2016a; Schwering & MacDonald, 2020).

Memory is involved in speech production as a storage of long-term
information and a control center. The phonetic and rhythmic representations are
briefly stored in working memory as a temporal phonological store. A new model of
working memory developed by Baddeley (2000) included speech production
components that explain the cognitive functions of memory and language. Figure 4
illustrates the multi-component working memory model. In the model, the
phonological loop, is a system where verbal and auditory information is held in the
phonological store and repeated by the articulatory rehearsal process. Two functional
components of the phonological loop are activated in listening, speaking, and
subvocal speech (Baddeley, 2000; Goldstein, 2019, pp. 144-145). The message
contains content and linguistic elements which are stored in LTM. The information is
retrieved and sent into LTM via the episodic buffer. The buffer is an interface where
crystallized cognitive systems accumulating in LTM and fluid capacities activating in

WM are combined with a basis for conscious awareness (Baddeley, 2003).
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trends in Cognitive Sciences

Figure 4 The current model of the multi-component working memory model.
(Reprinted from Trends in Cognitive Sciences, 4, Alan Baddeley, The
episodic buffer: a new component of working memory? , 7, Copyright

(2000), with permission from Elsevier)

The central executive is responsible for binding information into
coherent episodes. The components of WM then transform the linguistic

representations into neuromuscular commands. The air from the lung, vocal folds, and
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glottis are the elements involved in producing the different phonemes. Meanwhile, a
speaker monitors and controls his/her own speech via two feedback loops. To feel the
movement and shape of muscles, the proprioceptive loop is in charge. The other
feedback is the auditory loop, where the speaker’s own speech is monitored
(Cummins et al., 2015).

The phonological loop is a well-developed component of the working
memory model since its function explains most behavior associated with verbal
working memory (Buchsbaum, 2016b, p. 866). The fundamental role of the loop
involves with the two components, namely the phonological store (the passive
storage) and the articulatory rehearsal component (the active process) (Baddeley,
2000; Wongupparaj & Wongupparaj, 2012).

Four phenomena linked to phonology were explained by the revised
Baddeley's working memory model: The phonological similarity effect; the word-
length effect (Acheson & MacDonald, 2009; Buchsbaum, 2016b, p. 866); articulatory
suppression; the transfer of information between codes.

1) The phonological similarity effect.

It was found that list of letters or words with similar sounds (e.g.
rain, pain, point) are more difficult to remember than sound-dissimilar letters or words
(e.g. rain, bug, desk) (Conrad & Hull, 1964). Since the overlapping representation
increasingly interferes with the memory tracts of the shared phoneme or sound
relative to the different words. This phenomenon relates to the passive buffer
(Buchsbaum, 2016b, p. 866).

2) The word-length effect

Lists of longer words are more challenging to retain than list of
shorter words. This phenomenon is assumed to arise because long words take more
time to rehearse articulatory (Baddeley, 2000) and therefore, the overall elapsed time
in the articulatory loops is greater in the set of polysyllable words (Baddeley et al.,
1975). The longer rehearsal time for longer words results in less rehearsal of all
words, and this may cause the decay of several items in the list. This time-based decay
is related to both the rehearsal property and the capacity of storage (Baddeley et al.,
1984; Buchsbaum, 2016b, p. 866).
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3) Articulatory suppression
This phenomenon relates to the recall task. It happens when a

person is engaged in covert or overt articulation (e.g. repeating the number “2” over
and over) and this prevents the person performing an inner speech (subvocal)
rehearsal during a delayed repetition task (Wongupparaj & Wongupparaj, 2012). The
articulation can be an irrelevant sound. The articulatory suppression interferes with
the ordinary mechanism of the articulatory rehearsal that allow to refresh the stored
items (Baddeley et al., 1975), causing difficulty in recall performance (Buchsbaum,
2016b, p. 867).

4) Transfer of information between codes

The visual information (e.g., an orthographic input) must be re-
coded into a verbal format before being committed to memory (Murray, 1968). The
articulatory rehearsal reroutes an auditory code derived from visual code into
phonological storage (Acheson & MacDonald, 2009). This phenomenon is supported
by articulatory suppression. Articulation suppression effect happens when irrelevant
information or sound is articulated during a person is trying to remembering an
important information (Baddeley, 2000). The articulatory suppression blocks the
articulatory rehearsal process. This effect prevents visual inputs from entering the
phonological store (for recording from visual format into verbal format) and that
information cannot be rehearsed. For auditory inputs, since verbal information can
directly access into the phonological store, only rehearsal process is blocked
(Baddeley et al., 1984; Henry, 2011, pp. 4-6).
2.2.1.4 Cognitive process involved in speech

Several models of speech attempt to describe cognitive representations
and processes. Even though they do not agree on all aspects of speech production,
they share some agreed-upon aspects on the following view of speech formation.
Although several language production models are described different aspects of
cognitive representations and process (e.g. Caramazza, 1997; Garrett, 1980; Levelt et
al., 1999; ), they share agreeable aspects in the following process (Biirki, 2018).
Speech models are composed of three common processes: conceptualization,
formulation, and articulation. The generation of utterance through three main

processes is explained in the following parts.
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The conceptualization and formulation processes are language
processing, whereas articulation is observable product speech. The speaker establishes
the ideas related to the message a person intends to convey during the
conceptualization process. The grammatical, phonological, and phonetic encoding
processes are the three encoding processes that constitute the formulation process.
The formulation process cannot be clearly separated from the articulation process.
During grammatical encoding, the cognitive process retrieves the syntax and semantic
properties of the words (lemmas). These representations are combined with syntactic
functions, resulting in the formulation of a syntactic framework (an ordered set of
word and morpheme slots). The representations then create grammatical encoding and
integrate with lexical-semantic representations, e.g., concepts and words form
representations (Biirki, 2018).

The formulation process before the articulation of words begins with
the phonological encoding process. Conceptual entities as input are connected with
the representative words and their syntactic, morphological and phonological structure
(Ramoo, 2021, p. 187). During phonological encoding, information regarding
‘frames’ and ‘fillers’ are early proposed. Given that word forms, two parts are
represented including sub-lexical units (fillers) and related ‘metrical’ structure
(frame). The frames and fillers are retrieved from the mental lexicon, forming a
phonological word or phrase by inserting the fillers into the frames. Encoding of the
phonetic unit is the last stage in the formulation process. Before utterance, the abstract
phonological word or phrase is now mapped onto physical motor programs (Biirki,
2018). In psycholinguistic literature, little is known about the phonetic encoding
process. The most well-known model of Levelt et al. (1999) portrayed speech
production in which a person needs to access a repository of gestural scores for the
frequently used syllables of the language or a syllabary. The novel or less frequent
syllables are estimated when initially learned; a person thus inaccurately pronounces
new words or phrases. The articulatory motions and their temporal correlations are
described in these syllable scores.

The phonological syllables creating utterances of the word activates
the articulatory gestures. Followingly, retrieval or computation of the phonetic

syllables. Free parameters are set to specify the loudness, pitch, and duration of the
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curtain syllables, as well as the time of the articulatory activities. When the motor
activity is completed, the production process ends (Biirki, 2018; Cummins et al.,
2015; Postma, 2000). The articulators or mechanisms involved in producing speech
are composed of an airstream, phonation, oral-nasal, and articulatory processes. Motor
programs calculate prior to controlling the organs in each path of utterance
mechanism, e.g., the lung, the muscle around the ribs, vocal cords, glottis, pharynx, or
tongue. The air from the lung travels through the organs and is re-contoured until the
word is out (Ladefoged, 2006).

2.2.2 Neuroanatomy of language (Localization)

The research in language processing and brain localization benefited from
functional brain imaging, also on the basis of the classic lesion-based studies
Language processing in the human brain is strongly left-hemispheric dominated, with
two key regions grounding the network, as has been known since the second half of
the 19th century (Kemmerer, 2015). Both regions, Broca’s area, and Wernicke’s area,
are named after their founders. They are located on the inferior frontal and lateral
temporal cortex, respectively. The two areas are notably crucial structures for
language processes implemented by the normal brain (Andric & Small, 2015).
Language localization was explored through studies of aphasia or other language
disorders (Dronkers et al., 2017). The abnormal language symptoms were often
associated with the incidence of a stroke, the occlusion or rupture of a blood vessel to
a portion of a cerebral hemisphere. These conditions cause damage to brain tissue,
and the damaging areas and aphasia relationship were thus reported (Goldstein, 2019,
p. 39).

In order to communicate verbally, a person needs to comprehend the
received matter and then convey his/her idea through spoken words. In 1861 Paul
Broca noticed that some stroke patients who could not speak still understood language
perfectly well. The patients could normally utter isolated words, whistle, and sing a
melody but had difficulty in creating complete sentences, producing well-formed
grammatically sentences, and expressing ideas in writing. When patients died, the
brain was examined, and found a lesion in the inferior posterior region of the frontal
lobe. This was hypothesized to be the expressive language model and labeled Broca’s

area. The other important localization of language was reported in 1876 by Karl
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Wernicke, who found the counterpart of Broca’s aphasia. His patients were
characterized by fluent speech but meaningless sentences. Notably, ‘fluent’ in this
context solely means the flow of speech. Wernicke found that these patients had
damage at the border of the temporal and parietal lobes; this area was named after
him. Broca’s patients could comprehend language but not speak, and Wernicke’s
patients could articulate fluently but failed to understand language. The two language
patterns were hypothesized as receptive as opposed to expressive malfunction
(Goldstein, 2019; Kandel et al., 2013).

Both locations of cortical language regions facilitate the cognitive
function of speech. Wernicke’s area is located at the intersection; most of the area is
in the posterior temporal lobe, where the parietal and occipital lobes meet. This region
lies near the primary auditory cortex and the angular gyrus, which is a cross-modal
hub of information from other senses (Seghier, 2013). Therefore, Wernicke’s aphasia
causes a problem in understanding speech. Over time, Broca’s area was widely
recognized as an essential part of speech production, where it lies next to the motor
cortex that controls the movement of articulatory organs. The roles of Broca’s area are
meditating on sensory representations of words in temporal lobes to the corresponding
articulator in the motor cortex (Hickok, 2012). The coordination of information
transformation (phonological word representation to articulatory code) is also
controlled by Broca’s area prior to words being spoken (Flinker et al., 2015). The two
cortical language cortices collaborate through a bidirectional pathway, part of which
is made up of the arcuate fasciculus. Receptive malfunction results in the patient
speaking using irrelevant content (Kandel et al., 2013).

2.2.3 Disorders of Language

Aphasia or disorders in communication concern difficulties in
understanding and/or expressing verbal and written language. Disorders of language
in reading (alexia/dyslexia) and writing (agraphia/disgraphia) are typically associated
with aphasia. The exploration of communicative disorder has been noticed in vascular
cases, which can tell the relationship between brain atrophy and the disorders (Gindri
& Fonseca, 2012). The aphasia model of such cases is profitably applied to the other
causes of nervous disease, including neurodegenerative disorders (Zeki & Hillis,

2016).
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2.2.3.1 Broca’s Aphasia

Broca’s aphasia is referred to as difficulty in expression, which is also
called ‘non-fluent,” ‘motor,” or ‘anterior’ aphasia. The lesion or dysfunction in the
posterior inferior frontal cortex is a precedent causing the symptoms, now known as
Broca’s aphasia. Speech dysfunction is characterized by troublesome speech, using
simple phrasal verbs or nouns and leaving the grammar (telegraphic speech), or being
interrupted by word-finding pauses. Both speech and writing are defined by
agrammatic sentences and omissions or substitutions of function words.

The three hallmark symptoms of Broca’s aphasia are preserved
comprehension, agrammatism, and verbal apraxia. Dysfunction of the nervous motor
system is known as apraxia. When motor programming of speech articulation is
disturbed, it is called apraxia of speech. Patients with infarction solely in Broca’s area
typically have a brief deficit in motor speech. Their conditions present apraxia of
speech in short period of course before quickly recovered. A person with this speech
apraxia can be aware of their problem due to the attempt to correct the misarticulation
by trial- and- error, repetitively yet still irregularly. These patients speak with
irregular articulatory movements. This apraxia can be recovered very quickly.
Although the syndrome can cause deficits in object naming, the concerning issue is
deficits in action naming. (Zeki & Hillis, 2016).

2.2.3.2 Wernicke’s Aphasia (receptive)

Wernicke’s aphasia is a syndrome of the receptive language disorder.
Sometimes termed ‘posterior,” ‘sensory,” or ‘fluent’ aphasia. The brain damage that
causes Wernicke’s aphasia can be found in Wernicke’s area itself, which covers the
posterior temporal lobe and inferior parietal lobe, or at the middle cerebral cortex
where the artery supplies Wernicke’s area. Lesions on the left hemisphere of the area
which is the dominant language hemisphere (for most people), cause impairments
resulting in meaningless articulation without disrupting fluency of both spontaneous
speech and repetition. The main symptoms of this syndrome consist of impairment in
language comprehension, failure in repetition, word-finding difficulty or anomia,
semantically word substituting, i.e. the so-called semantic paraphasia, phonologically
related word or nonword substituting such a phonemic paraphasia, and creating new

words called neologisms (Zeki & Hillis, 2016).
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2.2.3.3 Primary Progressive Aphasia (PPA)

Various neurodegenerative diseases cause progressive and selective
language disorders; this set of syndromes is called Primary Progressive Aphasia
(PPA). This syndrome is often associated with frontotemporal lobar degeneration
(Boschi et al., 2017; Rohrer & Warren, 2016). It does not acutely happen after an
accident or stroke, as the operational definition is a period of two years of progressive
aphasia. Similar to MCI, activities of daily living and other functions rather than
language are preserved. PPA also has common features with AD, such as difficulty in
word finding. The language impairment in PPA gradually progresses from single
dysfunction, such as anomia, to dissolution of language function or eventual mutism
(Marczinski & Kertesz, 2006).

The subtypes of PPA are mixed with language impairment, from
comprehension to expression. The current criteria define PPA subtypes into three
groups, namely progressive non-fluent aphasia (PNFA), semantic dementia (SD), and
logopenic/phonological aphasia (LPA). Patients with PNFA are also called a non-
fluent variant and resemble Broca’s aphasia. There are many underlying deficiencies
that can cause dysfluent speech, including a motor speech impairment or apraxia of
speech and difficulties in computing proper grammatical sentences, which is called
agrammatism. Consequently, these patients speak with shorter sentences or phrases,
slow rate of speech, hesitation, and effortfulness. SD is described having semantic
variant or fluent aphasia, similar to Wernicke’s aphasia. Patients with SD present with
anomia and single-word comprehension deficits secondary to verbal semantic
impairment. Non-fluent aphasia may occur with various primary language or speech
dysfunction. The LPA subtype presents a slow speech rate, with long word-finding
pauses, and occasional phonological paraphasias. Repetition of sentences is impaired.
Grammar and articulation are usually preserved (Rohrer et al., 2012; Rohrer &
Warren, 2016).

Although PPA subtypes are similar to Broca’s and Wernicke’s aphasia,
the causes and disease progression are different. The latter two aphasia are caused by
the acute aphasia syndromes of stroke, which result in changes in functional,
structural, and neuroanatomical patterns of the language-related brain area. However,

PPA closely corresponds with the frontotemporal dementia spectrum with clinical,



LYL9TVST9E

tbas / 97:9G:TT 99526011 tavex / uosaeazesste cpootets stseurt ana |||

o€

39

genetic, and pathological overlap. PPA patients may especially present with a
behavioral variant which is a prominent characteristic of FTD (Rohrer & Warren,
2016).

AD can lead to some form of aphasia, since normal language function
relies on a wide range of brain regions which possibly be damaged by
neurodegeneration (Weekes, 2020). To be clearer, the neural network damaged by AD
defines the symptoms of aphasia, not AD itself. In autopsy-proven cases of AD
presenting with progressive aphasia, the atrophy pattern included the left posterior
superior temporal lobe, inferior parietal area, medial temporal lobe, and posterior
cingulate region. These atrophy areas are partially in Wernicke’s area and Broca’s area
(Hickok, 2012; Seghier, 2013). The medial temporal lobes are considered as the initial
affected region in AD, episodic memory is thus observed before aphasia.
Consequently, aphasia is reported to present in later stages of AD with anomia as an
usual observed problem (Kirshner, 2012). However, PPA is mostly related to FTD
rather than AD, there has been a hypothesis that PPA syndromes may also be
associated with Alzheimer’s disease. Recent evidence suggests that AD pathology
plays an important role in LPA because of a high proportion of co-occurred cases
(Kirshner, 2012). Despite this, some AD patients are reported that have PNFA and SD
presenting characteristics not clearly belonging to a single category, so-called ‘mixed’
aphasia (Rohrer et al., 2012).

2.2.4 Disorders of Speech

Producing speech requires a highly coordinated regulation, from the
control panel in the brain through to the motor organization of articulators. Damages
in any one level of this track or multiple levels will eventually induce motor speech
disorders. The underlying causes can be muscle weakness, paralysis, spasticity, and
poor coordination. There are two categories of this movement disorder regarding
phenotypic presentation, including dysarthria and apraxia of speech.

2.2.4.1 Dysarthria

The inability to organize and coordinate the speech-responsible
muscles are a key feature of dysarthria. Unlike neurodegenerative diseases, the level
of impairments appears at the cranial or spinal nerves, which innervate the muscles

assisting speech. The impairments of those nerves cause a loss of control of speech-
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related muscles; accordingly, several aspects of speech are disrupted. Proper
phonation and articulation require the use of more than 100 muscles and are crucial
for speech that is loud, in time, accurate, steady, and of a certain tonal quality. In
other words, losing control of a speech-responsible muscle can be described as a
‘drunken quality’ of speech. The common symptoms are tremors of the laryngeal and
respiratory muscles as well as incomplete pronunciation. Patients with dysarthria are
characterized by slurred, babbled, slowed, monotonous, poor pitch control, and
irregular separation of the syllables in words. In addition, weakness of the face and
tongue is observable. In clinical practice, objective criteria of speech function should
be assessed, for instance, auditory abilities, perceptual characteristics, repetition rate,
oral mechanisms, and intelligibility testing (Skodda et al., 2014; Zeki & Hillis, 2016)
2.2.4.2 Apraxia of Speech

Apraxia is a motor disorder where the syndrome mainly influences
articulating ability; thus, it is called apraxia of speech. The anatomical lesion of this
syndrome has been controversial; after all, it is usually affected by left hemisphere
stroke. It is proposed that the two damaged areas for disease localization are the left
superior middle cerebral cortex and the left inferior frontal cortex. The lesion can be
due to a clot, tumor, abscess, or focal atrophy. This speech impairment can occur in
the absence of aphasia or dysarthria. However, apraxia of speech can occur in the
context of Broca’s aphasia. The two syndromes may be characterized in the following
way: Patients with aphasia find difficulty in selecting the proper phonemes to utter,
while apraxia affects the motor execution when pronouncing the selected phonemes
(Jung et al., 2013; Rohrer et al., 2012).

Patients with apraxia of speech are aware of their problems but cannot
normally control the rhythm of speaking. Dysarthria is differentiated from apraxia of
speech by consistency and predictability of errors; the latter does not have patterns of
abnormal utterances. They tend to articulate with trial and error. Characteristics of
deficits may include difficulty initiating utterances, self-correction of errors, effortful
repeating of the same utterance with inconsistent errors, and abnormal prosody, stress,
and intonation. The features of apraxia of speech and agrammatic speech are
accounted as possible characteristics of non-fluent agrammatic variants in primary

progressive aphasia (Jung et al., 2013; Zeki & Hillis, 2016).
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2.2.5 Speech deficits in dementias

Both the language level (‘what is said’) and the paralinguistic level (‘how
it is said”) are impacted by dementia (Konig et al., 2018). Therefore, speech
performances can reflect the deficits due to cognitive impairments in AD through
cognitive tasks such as verbal fluency, word list recall, and naming objects (Beltrami
et al., 2018; Gomez & White, 2006). Table 1 displayed change in language function in
MCI and AD (Boschi et al., 2017; Ferris & Farlow, 2013; Szatloczki et al., 2015).

Difficulty in word finding is especially present in AD. Word retrieval
problems are prominent and pervasive even in the early stages of dementia. Verbal
fluency tests have been used to distinguish between AD patients and cognitively
healthy people. AD had significantly lower scores in letter fluency in contrast with
control groups. Therefore, fluency is acknowledged as a trustworthy indicator of later
stages of dementia in senior people. Though they performed worse than healthy
controls, prior research revealed that AD patients could produce more words in
category and letter tasks than PPA patients (Marczinski & Kertesz, 2006). Word
finding in the form of naming difficulties can be found in various forms of dementia,
including AD, FTD, and VD (Paek et al., 2019).

Although the prominent impairment of AD is episodic memory,
symptoms of ‘typical’ AD are also characterized by language deficits in the early
stages of the disease. Otherwise, the language domain may be impaired with other
cognitive domains due to the progression of the disease. Primary dysfunctions of
language are based on abnormality in lexical semantic abilities, which demonstrates
difficulty in word finding, unintended utterance or semantic paraphasia, a deficit in
word comprehension, and verbal fluency impairment. At the same time, phonological
(sounding) and syntactic (grammar) processing is relatively spared in the early stages
but progressively impaired in the late stages. However, some studies found that AD
patients in the early onset simplified their syntax and phonological structure. Eventually,
language impairment becomes pervasive and severe due to the progression of the disease.
Severe language deficits restrict speech abilities through echolalia and verbal
stereotypes. Amnestic MCI patients also present language deficits, especially in the

groups of a prodromal stage of AD. Those patients are reported as presenting
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characteristics closely similar to those of language impairment in the early stages of

AD (Paek et al., 2019).

Table 1 Language characteristic changes in mild cognitive impairment and

Alzheimer’s disease

Moderate-

Early stage
severe

Phonetics-phonology

- Temporal changes in spontaneous  Impaired  Less fluent Nonfluent,
speech (increasing hesitation echolalic
number and time)

Lexico-semantic

- Word-finding and word-retrieval Impaired Mild impaired  Impaired
difficulties
- Semantic knowledge Impaired  Impaired for Impaired
less frequently
used words

and objects
Syntax-morphology

- Syntactic comprehension Intact Intact Impaired
- Reduced syntactic complexity Intact Impaired Impaired
- Agrammatisms Intact Intact Impaired in

severe stage
Discourse-pragmatics
- Reduction in productive and Intact Impaired Impaired

receptive discourse-level processing
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Speech deficits further occur in other neurodegenerative diseases with
different prominent characteristics. Parkinson’s Disease and LBD patients are
described as having common errors in motor speech control, syntactic processing,
verb inflection and generation, and sentence comprehension. According to motor
disorders, both diseases are observed with slow speech and abnormality in speech
sound. The motor speech deficits disrupt respiration, phonation, articulation,
resonance, and prosody. Syntactic and pragmatic difficulties have been remarked on.
The patients often lessen the difficulties in organizing narrative speech as well as
production and comprehension syntactic complexity. Executive deficits have been
linked to naming and verbal fluency deficiencies (Boschi et al., 2017).

Speech consists of linguistic components, cognitive processing, and motor
function. Speaking can reflect cognitive impairment because language proficiency
depends on multiple cognitive domains, particularly perception, memory, and
attentional allocation. This study focused on memory-related processes. Memory is
involved in speech production as a storage of long-term information and a control
center. The phonetic and rhythmic representations are briefly stored in working
memory as a temporal phonological store. To be noted that primary dysfunctions of
language in AD are based on abnormality in lexical semantic abilities, which
demonstrates difficulty in word finding, unintended utterance or semantic paraphasia,
a deficit in word comprehension, and verbal fluency impairment. At the same time,
phonological (sounding) and syntactic (grammar) processing is relatively spared in
the early stages but progressively impaired in the late stages of AD. Therefore, a
number of previous studies explored how to detect AD and MCI with speech analysis.
They investigated several linguistic features, such as semantic fluency or discourse
forming. One interesting parameter in detecting dementia is acoustic features. The

next section elaborates more on speech tasks and linguistic parameters.

2.3 Speech analysis

Verbal responses are accepted to be a predictor of cognitive impairments and
differential variables in dementia, especially spontaneous speech which closely
imitates daily communication. The natural action of oral narration is called in several

terms, e.g., spontaneous spoken, connected language, or natural language. Those are
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mainly referred to as spontaneous speech in this study. Spontaneous speech in the
context of the research is characterized by self-generated discourse, close to language
production in daily life, and less intervention by the examination (Mueller, Hermann,
et al., 2018; Pulido et al., 2020). Stimulus or administered instruction is the key to
eliciting the natural spoken language. Language-based measurements are categorized
by the degree of free verbal responses.

Language assessments offer observable and unobservable information.
Spoken responses provide the variable related to time and effort to complete the tasks,
and also linguistic features, for instance, lexicon or phonological quality. Linguistic
parameters can reflect preserved cognitive abilities of dementia patients from single to
multiple components, such as semantic storage, retrieval ability, and execution of
speech. The parameters can be measured with neuropsychological assessments, which
can distinguish examiners with cognitive deficits based on performance or error
scores. The verbal performance derived from neuropsychological assessments can
further provide linguistic features as differential indicators. Meilan et al. (2014)
further stated that the acoustic characteristics of the speech of AD patients could be
generalized for discriminant analysis to languages other than English. Recently, verbal
tasks have been directly used to bring articulation information aiming for differential
diagnosis among variants of cognitive impairment between MCI, AD, Primary
Progressive Aphasia, or other comorbid conditions such as depression (Mueller et al.,
2016).

The following section explains the core components for developing
spontaneous speech tasks, which extract cognitive deficits among MCI, AD, and
cognitively intact persons.

2.3.1 Measurements

Speech provides inclusive linguistic aspects such as efficiency, fluency,
quality and error of utterance, speech rhythms and intonation (prosody), grammar
(syntax), and phonemic selection. Speech is recognized as a promising candidate as a
source of information for new approaches to diagnosing dementia. However, a
concerning issue in assessing patients by speech tasks is the extent of the spontaneity
of responses. If patients may respond to neuropsychological tests differently from the

way they speak at home or with friends in everyday activities, then the examiner
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would not be able to base his/her analyses on solid and generalizable data. The tasks
and stimuli presented to the patients, therefore, should be created or chosen based on
the level of familiarity and relevant personal factors such as first language or local
dialect, if applicable (Weekes, 2020). The speech tasks used in cognitive assessment
can actually be classified based on the ability to approximate language production and
articulation in daily activities (Lezak et al., 2012).
2.3.1.1 Structured protocol
Word retrieval problems are prominent and pervasive even in the early

stages of dementia. Deficiency of phonemic and semantic memory has also been
documented. As a result, assessments that test phonemic and semantic fluency may
also be useful for diagnosis of memory impairment (Gomez & White, 2006; Henry et
al., 2004)

1. Verbal fluency

Verbal fluency tasks are recognized as language tests in the multiple
cognitive domain assessments and in the specific cognitive domain test in
neurodegenerative diseases (Charernboon, 2018). In neuropsychological tests, verbal
fluency tasks appear in at least three standardized tasks in the Thai version, including
the Seven Minute Screen, Rowland Universal Dementia Assessment Scale (RUDAS),
and MoCA, which are suggested for MCI examination (Neurological Institute of
Thailand, 2014). Examinees are asked to generate as many words as possible within a
specified time limit on the basis of a cue provided by the examiner (e.g., 60 seconds).
The two most used cues for verbal fluency are semantic (or category) (e.g., animals)
and phonemic (or letter) (e.g., beginning with the letter ‘S’) (Na Chiangmai &
Wongupparaj, 2020). Despite degenerative diseases such as dementia influencing the
abilities of both category and letter fluency, the impairments rely on both some
common and some distinct cognitive processes. Category fluency strongly depends on
lexical representations. Letter fluency heavily relies on the central executive
component of working memory. Both of these distinct deficits appear to depend on
accessing stored knowledge rather than on verbal ability.

Responses in verbal fluency tasks offer info about several types of
behavior and cognitive functions. Measures of the performance obtained from verbal

fluency includes the raw number of words generated within a time limit; the possible
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semantic cluster(s) into which the produced words are organized; the word
frequencies, based on the norms of the specific language, of the produced words; and
the number of times a word is repeated within a trial. The word frequency allows to
examine accessibility to lexical representations, with high-frequency words usually
being produced more often than low-frequency words. Kim et al. (2019) was
interested in alternative method in examining verbal fluency task, i.e., clustering
(tendency to generate word chains that are grouped into semantic subcategories) and
switching (changes from one category to another). Clustering and switching variables
are significantly correlated with the number of words generated, with higher numbers
of reported words allowing more possible clusters to be formed. Currently, technology
provides an optional analysis for verbal fluency with clusters of semantically related
items that are based on the corpus of words used on the internet (Kim et al., 2019).
The number of repeating errors, with at least one intervening item between two
repetitions, could indicate impaired working memory. The deficit of working memory
decreases the ability to hold in memory the already generated words, so the examinee
forgets a particular exemplar has already been produced and produces it again. When
tested on verbal fluency, patients with AD typically underperform compared to
healthy controls in terms of the number of words, the number of clusters, the number
of switches, and the size of the clusters produced (Marczinski & Kertesz, 2006).

11. Naming test

A naming test is included in the standardized neuropsychological
tests for assessing language function, especially receptive ability. One of the most
widely used is the Boston Naming Test (BNT). This test is often adopted as a single
assessment of aphasia and also combined with other cognitive task tests, such as the
Consortium to Establish a Registry for Alzheimer’s Disease (CERAD). The original
BNT contained 60 ink drawings across a range of high, medium, and low familiarity.
To administer, examiners present the drawings depicted on stimulus cards one by one
at a descending level of familiarity. Examinees are asked to provide the common
name of the pictures within 20 seconds. A semantic cue may be offered when the
examinees are unable to answer particular cards (Lezak et al., 2012; Mack et al.,
1992). The administration time is approximately 15 to 20 minutes. In later times, the

BNT has been shortened, with the stimulus pictures being condensed into shorter 15-
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item and 30-item versions and translated into several languages, including Thai in the
10Thai-BNT (Aniwattanapong et al., 2018).

Both verbal fluency tests and naming tests require memory retrieval,
but they differ for both procedures and stimuli. While the naming test uses pictures to
assess semantic memory, the verbal fluency test requires only verbal instruction,
which can elicit both semantic and phonemic representations. Executive function is
also involved in controlling the demands by putting on effortful retrieval of both types
of information. Patients with AD found significant difficulties in both semantic
fluency and naming tests, which depend on semantic knowledge. The semantic
memory was considered as obtaining the most differential sensitivity among naming
test and letter fluency respectively. In MCI and dementia, cognitive abilities such
episodic and semantic memory are more impaired than executive function. Notably,
the memory impairments are mediated by the medial and lateral temporal lobes which
are the main pathological area of dementia, rather than the frontal lobes (Gomez &
White, 2006; Henry et al., 2004; Smith & Bondi, 2013, pp. 167-168)

iii. Reading

Reading tasks offer various beneficial variables such as
comprehension ability, speech characteristics for reading aloud, and eye movement
with eye-tracking technology. For diagnostic purposes, reading is used to evaluate the
receptive and comprehensive abilities of visual material, especially in aphasic patients
or individuals who are presumed to have left hemisphere atrophy (Lezak et al., 2012).
To assess language ability, reading examinations can be designed to include reading-
aloud tests and reading comprehension tests (Fraser et al., 2019). Reading aloud gives
an acoustic perspective. It has been used in studies designed to detect both AD and
MCI. The studies found that reading patterns for patients with AD were characterized
by slower reading, shorter speech chunks, increased pauses, and speech dysfluency
compared with patients with MCI and the control populations (Celine De et al., 2018).
The other reading task is a comprehension test in which a set of questions are
administered after a passage has been read. The questions can be true-false questions
or multiple choice for evaluating comprehension accuracy. The study with reading
task found that the statistical analysis revealed significantly higher correct answers

and duration of the control than the MCI group. However, the score of the reading
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comprehension scores and duration negatively correlated with the scores and time
needed to complete the visuo-perceptual test (Trail Making Test Part B) (Sofia et al.,
2016). The receptive ability of reading in this study reflects opposite correlation with
visuo-perceptual ability. Reading tasks have been argued to be promising indicators of
AD and MCI since reading impairments correlate with late-stage and severe
progression of the disease (Jokel et al., 2019).

2.3.1.2 Unstructured protocol (elicit spontaneous speech)

Test activities that highly resemble daily life communication need less
restricting of the administering instruction and specific information conveyed by the
tests. Consequently, individuals can generate their own spoken discourse more freely
(Boschi et al., 2017; Lezak et al., 2012). Regarding the studies on spontaneous speech
in MCI and AD, the tests base on single word processing such as verbal fluency or
naming test are concerned having difficulties to elicit the extended language
production (Boschi et al., 2017). Evidently, descriptive tasks such picture description
were the most frequently found across the studies of connected speech in dementia,
followed with narrative tasks, i.e., interview and conversation (Filiou et al., 2019).

1. Picture description/ Story narration

Picture description tools can be categorized into two set, i.e., single-
story cards and booklets of sequential pictures (Mueller, Hermann, et al., 2018). The
single-story cards usually depict a rather complex situation with some objects and
people present, such as the “cookie-theft” (Goodglass and Kaplan, 1983); the booklet
of sequential pictures usually depict scenes from a well-known story, such as
Cinderella, but do not include any written words. To administer the test, the examiners
provide the cards in sequential order to the participants, who are either asked to
describe the story they see or to tell the story in their own words after the booklet has
been removed (Treviso et al., 2018). Both tests are administered with minimal
instructions or interruptions by the examiners. In general, the duration of the task is 2
-5 minutes for people without cognitive impairment. Participants attempt to
spontaneously tell the story as if communicating in an everyday context. The test
elicits a moderately unstructured speech output when compared to story recall test and
interview. Since the speech responses of this kind of test can be quantified and

scorable words can be predefined (Boschi et al., 2017). Both types of picture
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descriptions impose a predictable speech output; the description and tale provided by
the participants should include important details, information, or semantic units
(subjects, objects, activities, and locations) that are depicted in the photographs. As a
result, the amount of accurate information units the patient correctly identified can be
used to score the narration (Boschi et al., 2017; Mueller, Hermann, et al., 2018).

These tests are used to identify semantic deficits, word retrieval
difficulties, and speech performance in neurodegenerative diseases. The participants
need to select and retrieve appropriate vocabulary to match with those semantic units
(Bradley et al., 2010). The ability to develop a narrative that is defined by a sequence
of events or actions is also a requirement for picture narration. The narrative based on
the assigned illustration requires understanding of the characters and events, including
temporal and spatial alterations, as well as the goals and internal responses of the
characters, eventually the tale is included with a structured and coherent framework.
Visual perception is apparently examined, as well as several cognitive abilities
involved in completing both tasks. Apparently, the coherence of a topic in discourse
relies on attention control to prioritize major components and internalize frame
representation.

The most used picture description tasks employed in the assessment
of extended speech in neurodegenerative diseases are the Cookie Theft of the Boston
Diagnostic Aphasia Examination (BDAE), the Picnic scene of Western Aphasia
Battery (WAB) (Mueller, Hermann, et al., 2018), and the living room activities picture
in Kentucky Aphasia Test (KAT) (Marshall & Wright, 2007; Nagarachinda et al.,
2020). These pictures are in black and white. Apart from those standardized tests, the
studies of connected speech analysis in MCI and AD further use Norman Rockwell
prints such as ‘Easter Morning” and ‘Cinderella’ as stimuli for storytelling tasks
(Treviso et al., 2018). The illustrations of Norman Rockwell were frequently printed
in color (Tomoeda et al., 1996). Konig et al. (2018) simply used a photo of an animal
in its natural environment in their denomination picture description. Lately,
Sangchocanonta et al. (2021) developed Thai picture description tasks with two
pictures reflecting Thai cultural experiences, namely Thais-at-Home and Thai Temple

Fair (See Figure 5). Those pictures were used to detect AD and MCI in Thai cohorts.
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Figure 5 Picture set of Thai picture description tasks © [2021] IEEE. (Reprinted, with
permission, from Sangchocanonta, et al., Development of Thai Picture
Description Task for Alzheimer's Screening using Part-of-Speech Tagging,
Annu Int Conf IEEE Eng Med Biol Soc, December 2021)
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The pictures used in picture description tasks aim at activating
episodic and semantic memory for familiar situations. They are characterized by rich
context that contain several parts with a salient part in the foreground and less
important elements in the background (Chapman et al., 1998; Giles et al., 1996). The
assorted and complex aspects of the picture required fluency, judging and perception
(Cummings, 2019). They should include persons and object, make explicit a place,
and suggest a time-frame (Giles et al., 1996; Mueller, Hermann, et al., 2018). The
objects and/or activities described should be among those early acquired in life and
for which a vocabulary should be well-known (Chapman et al., 1998). The domestic
scenario and common experience are likely familiar to all subjects (Tomoeda et al.,
1996). These characteristics would clearly allow to detect whether frequent and
familiar words are found to be a struggle for the patients (Chapman et al., 1998; Giles
et al., 1996; Marshall & Wright, 2007).

The instruction for picture description administration is simple.
After the picture is presented to the examinee, the examiner asks him/her to create the
story from the given illustration using an instruction such as ‘Tell me everything you
see going on in this picture.’ This sentence appears in at least two standardized tests,
namely the Cookie Theft and the divided attention picture in the KAT (Giles et al.,
1996; Konig et al., 2018; Marshall & Wright, 2007). Other instructions may be used,
e.g. asking participants to generate a possible story (rather than describe the picture)
(Chapman et al., 1998). While examinees are telling the story, verbal prompts on the
part of the examiner should be avoided, but non-verbal encouragement is allowed
(Giles et al., 1996). In several tests the examinees are allowed unlimited time to
accomplish the task (Giles et al., 1996; Marshall & Wright, 2007) whereas
recommended duration is three minutes in the Ester Morning picture (Tomoeda et al.,
1996). A story is considered finished when the examinees explicitly indicate the end
or pause for more than 15 seconds (Giles et al., 1996). Tomoeda et al. (1996)
suggested encouraging the examinees by saying, ‘Is there anything else you can say
about the picture?’ or ‘Tell me what else is happening.’, but do not ask for specific
items or activities.

Discourse analysis widely differs in the scoring of storytelling. To

illustrate, Tomoeda et al. (1996) selected eight measures to quantify the elicited
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speech from Easter Morning and the Runaway of Norman Rockwell (i.e. (1) total
words, (2) information units, (3) conciseness, (4) circumlocutions, (5) frustrations, 6)
aborted phrases, (7) revisions, (8) ideational repetitions. Interscorer agreement was
also taken into consideration. While Chapman et al. (1998) used two indexes: (1)
aspects of content are employed from frames of interpretation, proposition supporting
frame, and propositions disrupting frame (2) aspects of form are included in the
structure of information and reference. The discourse analysis used with the same
tasks can be addressed with diverse variables.

The scoring criteria of picture descriptions can also be based on
information units and duration of speech, as well as the combination of both
parameters. The basis of scoring is informative, efficient, and concise storytelling.
Giles et al. (1996) measured the storytelling from the Cookies Theft picture by three
aspects, i.e., (1) duration of inclusive speech acts in seconds, (2) utterance within the
speech duration, counting the number of syllables, and (3) information unit (IU),
counting the pieces of information which are nonredundant meaningful fact or
reasoning. The information units generated by healthy participants in KAT are used as
references for unit counting (Marshall & Wright, 2007). According to the scoring
rules of Giles and colleagues (1996), the same unit can be counted more than once if
it 1s talked about in a new context on a second occasion. In contrast, repeated words
are discounted if used for the same context. Only correct information is counted. A
revision with repaired information is scored only by self-correction, not by an
examiner’s prompt. A further parameter deriving from the three aspects is conciseness
which is the sum of information units divided by the total number of syllables. This
variable is one of the discourse devices, and it was found to differentiate people with
and without dementia (Bayles et al., 1999).

i1. Story recall (Immediate & Delayed)

The story recall can be considered similar to picture description in
the aspect of natural speech samples and recently learned stimuli, but it differs for its
reliance on features of audio stimuli. The use of additional questions may also be a
differentiating aspect. Since story recalling is a natural form of communication, the
elements forming a story are similar to a snapshot of activities in daily life (Mueller et

al., 2020). Participants’ performance is scored by story units, which are the important
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or outstanding elements of the presented story. Besides, working memory can be
assessed by asking questions in relation to the presented story; these measures can
give accuracy scores. The scores derived from this task can indicate cognitive
impairments (Kent, 2013; Mueller et al., 2020). The higher the number of recalled
elements and correct answers inferred, the higher the memory score (Kent, 2013;
Roark et al., 2011). The recalling protocol, which requires the participant to learn and
remember the stimuli and recall it immediately or after a time-interval, is considered
to relying on episodic memory especially recent memory (Bradley et al., 2010).

Narrative retelling has been shown to discriminate between
cognitively intact individuals and cognitively impaired people (Gomez & White,
2006; Prud'hommeaux et al., 2011; Roark et al., 2011). In neurodegenerative disease
studies, recalling tasks are functional for detecting patients with MCI and AD because
the task relies on episodic and working memory, which are impaired in both groups.
Both MCI and AD groups exhibit working memory deficits on the sentence repetition
task, as well as relatively lengthy pauses when they attempt to recall the story. Story
recall requires both language and memory skills, and it is a task that can accurately
detect memory deficits (Roark et al., 2007), including episodic memory and auditory
memory (Bayles et al., 2020, p. 147; Holdnack & Drozdick, 2010, p. 242). The task
can additionally examine executive functions such as planning, organizing, and
monitoring data since language and memory interfaces need those organization skills
(Roark et al., 2011; Treviso et al., 2018). It is considered a linguistically demanding
test that involves multiple cognitive domains (Jokel et al., 2019).

Even though people cannot wholly remember a story word by word,
they recall the concept or scheme of it and retell it in their own words with some parts
corresponding to the actual presentation (Khan, 1986, p. 43). The degree of
memorization in verbal memory tests can be assessed simply by counting the recalled
elements (Treviso et al., 2018). The recalling or retelling tasks are typically executed
twice, providing data for an immediate recall and a delayed recall of the story (Bayles
et al., 2020, p. 147; Hodges, 2007). Story retelling tasks appear in at least two
standardized memory test batteries, namely Wechsler Memory Scale-Revised (or

other versions), specifically Wechsler Logical Memory I and II (WLM I & II)
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(Holdnack & Drozdick, 2010, p. 240), and Arizona Battery for Communication
Disorders of Dementia (ABCD-1 and 2) (Armstrong et al., 1996).

An important element of story retelling is the length of story, which
should be short in order to avoid problems with natural forgetting. The standardized
task shares a common structure with respect to stories’ lenght. The number of
sentences in each short story of LMS and ABCD is three (Hodges, 2007;
Prud’hommeaux et al., 2011). The story in WLM is divided into 25 measuring units
(Prud'hommeaux et al., 2011) that amounts to about four sentences an in the original
Babcock story (Hodges, 2007) from which the WLM stories were adapted from (see
Khan 1986, p. 44). Leal et al. 2021 tried to examine the emotional impact of short
stories on memory by creating three emotionally stimulating stories modified from the
WLM of the Wechsler Memory Scale IIT (WMS-III). Their stories contain 60 — 70
words per story, three sentences long and 25 memory units. In their study, the stories

were separated into 7 thematic points or gist information.

American version of the short story in WLM is:

“Anna Thompson of South Boston, employed as a cook in a school
cafeteria, reported at the police station that she had been held up on State Street the
night before and robbed of fifty-six dollars. She had four small children, the rent was
due, and they had not eaten for two days. The police, touched by the woman’s story,
took up a collection for her” (Roark et al., 2011).

The basis of story retelling is the immediate recall after listening to
the story and reproducing the story again after a delay. Administration of this task
needs the full attention of the examinees before starting and while the examiners
verbally present the short story (National Institute on Aging, 2006). The examiner will
ask the examinees to carefully listen to the story and will also prompt them with the
retelling instruction (Hodges, 2007). The examiner reads the brief story with a slow
pace, clear articulation, and normal inflections. After the story has been told, in its
entirety, the participant is asked to retell the story immediately from the beginning,
trying to remember as much as they can (Hodges, 2007; Khan, 1986; National
Institute on Aging, 2006). This test requires the ability to encode and recall the story
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on the basis of auditory information (Lezak et al., 2012). The recall should be
performed without interruption, conversation, or cues on the part of the examiner.
After the immediate recall, and when the delayed onset is reached, participants are
informed of the delayed recall (National Institute on Aging, 2006). The delayed recall
may occur after a wide range of time intervals, such as 30-45 min. (Hodges, 2007), 30
min. (Lezak et al., 2012; Prud'hommeaux et al., 2011), 20 min. (Leal et al., 2021) and
10 min in the Babcock format (Lezak et al., 2012). The delayed phase is usually filled
up with other neuropsychological tests. When the delayed period is finished, the
examinees are asked to tell the story again. The second round of retelling assesses the
delayed encoding and recall of the verbally presented story (Lezak et al., 2012).

The verbal presentation of the story was adjusted to aid participants
from an overwhelming feeling and to obtain learning slope by presenting two stories
and repeated reading. The Anna Thompson story (appeared firstly in the WMS-
Revised in 1987) was considered to stimulate emotional bias, then some participants
were distracted. In the WMS-III (lunched in 1997) and Babcock story recall test, the
short story was secondly presented after an immediate (before delayed period) aiming
to provide an opportunity to improve their learning. Given the read twice protocol,
this administration had advantage for participants with a limited auditory span and
brief attention (Lezak et al., 2012). However, a single reading is offered in the WMS-
IV and several speech analysis studies in the dementia group. Prud'hommeaux et al.
(2011) and Roark et al. (2011) used the story of Anna Thompson from WMS and
presented the story one time in their studies of detecting MCI.

The score of the story retelling task is given by computing the
number of the participant’s correctly recalled units. These can which can be thematic
units or details depending on the criteria of the given test (Lezak et al., 2012). The
story is divided into units (usually by graphically explicit slashes). Each unit may
contain a single word or a few words (e.g., a phase). The scoring criteria should
clearly define an important text of each unit which can be scorable. For example, in
WLM, for the unit ‘in a school’ at least the mention of ‘school’ (either the response of
a high school or a school also counts) is required for getting a score of 1 (Khan, 1986;
National Institute on Aging, 2006, pp. 43-45). A half point is given as long as the

basic idea-unit is preserved, although the responses are synonyms or substitutes of the
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original words, or there is the omissions of an adjective or a verb (Hodges, 2007,
Khan, 1986, p. 43). Optional scoring criteria were created, such as thematic scoring or
gist information which a point was given to correctly recalled number of predefined
main ideas (Khan, 1986, pp. 43-45; Leal et al., 2021; Lezak et al., 2012). Accordingly,
Leal et al. (2021) found that most older adults recalled a gist of information better
than the details. Detailed (semantic) information seems to be frequently used. Older
adults with high intelligence were expected to score more than ten recalled elements
(out of X elements) in immediate recall with at least 60% retention in delayed recall
(Hodges, 2007).

iii. Interview & Conversation

The most common form of daily communication is back-and-forth
verbal interaction or dialog, and this format has also been used to investigate
dementias (Mueller, Hermann, et al., 2018). The interview can be classified into three
levels of structure: structured, semi-structured, and unstructured interview. The level
of structure is related to the constraints provided for speech output:

a) In structured interviews, the form and order of questions are
determined beforehand, and they are presented to participants in that specific format.
This may result in quite low amounts of spontaneous speech (Boschi et al., 2017);

b) Semi-structured interviews can be administered by open-ended
or mixed questioning with closed-ended questions and combines a set of pre-
determined questions with the possibility for the interviewer to ask new questions, as
a function of the responses given to previous questions, to further probe specific
aspects. This middle level encourages interactive communication. Most standardized
language or verbal memory assessments are therefore conducted using the systematic
protocol of semi-structured interviews, as it is the case for the Western Aphasia
Battery (WAB) and for the Autobiographical Memory Interview (AMI) (Boschi et al.,
2017; Lezak et al., 2012);

¢) Unstructured interviews, or informal conversations, do not have
a systematic format to follow and have no prepared questions. They only focus on a
selected theme in the conversation and develop according to the communicative
context created by the participants. The turn-taking and narrative nature of the

interviews require an elaboration of cognitive functions, with at least language
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comprehension, memory activation, attention control, and executive function. For
example, telling the story of oneself allows the participants to be relaxed in the test
environment and provide indexes for the evaluation of recent and/or remote episodic
memory and personal semantic memory (Bradley et al., 2010; Mueller, Hermann, et
al., 2018). Moreover, conversations provides an expressive variation of fluency which
is superior to that of the tasks with a more structured protocol (Themistocleous et al.,
2020). Generally, interviews about autobiographical memory aim at eliciting personal
remote memory and at evaluating retrograde episodic memory (Hodges, 2007), while
the story recall test or list learning tasks aim at assessing recent episodic memory.

In the context of dementias and MCI research, semi-structured
interviews and conversations potentially offer useful results in differentiation of
healthy control, MCI and AD (Asgari et al., 2017; Beltrami et al., 2016; Beltrami et
al., 2018; Bung, 2016; Filiou et al., 2019). Although the semi-structured interview
may be conducted and replicated easily, the unstructured interview has occasionally
been used to evaluate language production in dementia (Singh et al., 2001). Speech
responses of individuals reveal useful variables for distinguishing MCI, dementias,
and cognitively intact processing (Filiou et al., 2019).

Conversations or interviews are intended to elicit samples of
participants’ natural speech. In speech analysis studies, the conversation usually starts
with a very broad open-ended question, e.g., ‘Tell me about your
family/hobbies/career?’, about negative or positive event in life, events happened
yesterday, or the last dream the person remember (Beltrami et al., 2018; Boschi et al.,
2017; Konig et al., 2018). The role of examiners is to start the conversation by
introducing the topic and encouraging the examinees to speak (Boschi et al., 2017).
By asking about familiar and generic topics, the participants are quite free to respond
as they want.

Scoring criteria for an interview are found in most standardized
tests, such as AMI. The first section of AMI tests the personal semantic facts in three
epochs of life. The second section deals with the autobiographical incident schedule.
Participants are asked to recall three specific incidents in three periods of their lives.

Scoring for the autobiographic part is based on the descriptive richness and specificity
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of information. There are normative data and cut-offs for both sections of AMI
(Hodges, 2007).

However, the impossibility of verifying the patients’ personal
history makes this procedure ineligible for the exact evaluation of the accuracy of the
reported incidents. Even a family member or caregiver may not be knowledgeable
about the facts or details that have happened in the past and the personal life of the
participant. The normative data show that 90% of the responses was true, but the
examiner should be cautious of confabulation (illogical information or a scenario that
never actually happened) (Bradley et al., 2010). Scoring for accuracy or richness of
the response seems not appropriate for the verbal production of conversation and
interview.

Interviews and conversation can unfold in time as long as the
experimenter allows it, and the typical duration of such activities can range from 5 —
20 minutes, depending on the type of interview. Without structured conversation, the
duration varies according to the length of the responses of the examinees, and this
may make it difficult to analyze and compare performance across groups.
Furthermore, the analysis of speech output is very time-consuming, and it may be
difficult to assign scores in the absence of predefined task constraints. Nevertheless, a
computational analysis of physical features in speech is able to overcome scoring
limitations (Boschi et al., 2017; Themistocleous et al., 2020).

2.3.2 Linguistic parameters

For spontaneous speech, the linguistic variables extracted from the
participants’ verbal production are categorized into four categories. These four
components of linguistic features are mostly studied in the fields of neurodegenerative
disorder and of older adults for detecting cognitive decline (Beltrami et al., 2018;
Boschi et al., 2017; Konig et al., 2019). The four categories of linguistic variables are
described in the following sections.

2.3.2.1 Lexical features (Semantics)

Lexico-semantic properties may allow to demonstrate impairments at

word and content levels. At the lexical-grammatical level, part-of-speech is relevant
for word-class categorization, e.g., noun, verb, preposition, etc. The average

occurrence rate of each word type offers information on the lexical distribution of
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words delivered and the difficulties in accessing a specific word class. Part-of-speech
can be used to identify place, time and person, which demonstrate the link between
communicative context and speakers, including demonstratives (spatial deficits) and
personal pronouns (person deficits); deictic word with no clear referents makes the
discourse vague and ambiguous (Boschi et al., 2017). Lexical characteristics describe
how informative a conversation is and/or give lexical richness. Word frequency may
also be a sign of a discourse's level of information. For instance, using a lot of content
words has been linked to speech that is less accurate (Fraser et al., 2014). (Fraser et
al., 2014). Lexical and semantic errors can be distinguished at this level. Word
repetitions, indeterminate phrases, modifications, and newly invented words are all
examples of lexical mistakes. These mistakes affect how clearly speech is produced,
as well as the grammatical structure and discourse organization. Semantic errors
generally involve substituting a word with a semantically related word, using a
superordinate label instead of a specific label (e.g. animal instead of cat) or producing
coordinate terms (e.g. dog instead of cat). Lexical variables used in the dementias and
MCI identification were, for example, part-of-speech rate, personal, spatial, and
temporal deixis rate, type-token ratio, and propositional idea density. In particular,
these variables tell the complexity of speech production, which marks the difference
between participant groups (Beltrami et al., 2016).

2.3.2.2 Syntactic features (Grammar & Morphology)

Word inflection and agreement information, including tense, mood,
aspect, person, number, and gender, are typically reported through morpho-syntactic
characteristics. Because the allomorph selection is dependent on the phonological
context, phonological processes are inextricably linked to inflectional processes (e.g.,
/a cat/ vs /an uncle/). The syntactic structure is also influenced by agreement and
inflection. The usage of a nonexistent word form or the improper selection of an
existing, incorrect morphological form of a word are both examples of morphological
errors. The absence of function words, their improper use, or the incorrect use of verb
tenses are all examples of morphological grammar errors. These mistakes also
represent poor temporal coherence in conversation (Beltrami et al., 2018; Boschi et
al., 2017).
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General structural flaws and unfinished sentences are examples of
syntactic errors. These variables indicate the type of created syntax, but they may also
be used to identify impairments at various language levels. Sentences that are
incomplete lack some essential component of the structure and are therefore not
properly developed. Despite the fact that this feature represents a syntactic
phenomenon, it may be caused by a variety of language impairments, including
abnormalities at the lexico-semantic, syntactic, or discourse levels (Beltrami et al.,
2018; Boschi et al., 2017; Ladefoged, 2006).

2.3.2.3 Pragmatic features (Discourse)

Pragmatic features refer to the ability to use language and speech
appropriately in a given socio-cultural context taking into account the addresses, e.g.,
using informal language with friends and formal language in formal settings. In an
individual’s speech, the expressed content reveals pragmatic skills of speakers that
can be continuity, cohesion, coherence, and correct usage of pronouns and
conjunctions. Discourse product conveys information on how well the meaning is
expressed and if the appropriate amount of information is provided. The connected
speech needs cohesion to make connections within and between sentences. Cohesion
can be classified into referential cohesion, temporal cohesion, and causal cohesion.
Coherence also refers to relations of delivered contents but on a wider scale. This
indicator of pragmatic features may be considered by local and global coherence. The
former means the extent of congruence between the subsequent utterance and the
preceding one. At the same time, global coherence tells the association of speech with
the general topic and also links to the unassociated topics that counterparts to the
preceding topic (Beltrami et al., 2018; Boschi et al., 2017; Nagarachinda et al., 2020).

2.3.2.4 Acoustic features (Phonetics)

Acoustic variables are related to intensity, duration, and frequency of
the speech signal and, therefore, a physical characteristic of speech. Utterances can be
quantified as a function of the execution time to produce sentences and/or pauses in
the speech. The amount of time in dialogs is a function of both speech and pauses,
hesitating pauses, etc. Acoustic features can be extracted and categorized into four
groups, 1.e., prosodics, formant, source, and temporal. The prosodic area relates to

long-time variation in perceived stress and rhythm in spoken language, which may be
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unimportant in language with no stress. Fundamental frequency, or FO0, is the variable
that represents a prosodic feature, which relates to the vibration of the vocal fold. The
formants represent spectrum components that carry information about the acoustic
resonance of the vocal tract; they can also indicate articulation problems due to motor
control deficits. Source variables provide information about the voice production
when airflow passes through the glottal speech production, the glottal resistance, and
voice quality. Lastly, temporal features measure speech characteristics based on a time
scale, e.g., duration of sounding and pauses, total duration of speech, a ratio of
sounding and silence, etc. (Boschi et al., 2017; Ladefoged, 2006). The longer duration
of responses is comprised of pauses and hesitation as well as lower speech rate; those
verbal products can be found in AD and MCI (Ambrosini et al., 2019; Konig et al.,
2015; Slegers et al., 2018)

The current study explores the profile of acoustic features in Thai older
adults in two aspects, i.e., the frequency-related domain and the temporal domain.

1. Frequency domain

1) Pitch is an audio property that refers to the relative highness or
lowness of a tone and intonation as a result of the vibrations of the vocal cords
(Gagliardi & Tamburini, 2021; Ladefoged & Johnson, 2015, p. 25). Generally, the
pitch of females is higher than that of males (Xiu et al., 2022). This tone can be
perceived by ears, whereas it is referred to as fundamental frequency (FO) in the
physical attribute with hertz unit (Hz) (Ladefoged & Johnson, 2015, p. 25). Speech
sound is a complex wave, and FO0 is the lowest frequency component (Gagliardi &
Tamburini, 2021). Meilan et al. (2014) mention that the AD group tends to have a
lower pitch, which may be caused by the fewer cycles of vibrations per second.
Consequently, the AD group presents with a deeper voice.

2) Jitter is a pitch instability or frequency perturbation. This
parameter is a measure of period-to-period fluctuations in FO (Mahon & Lachman,
2022; Xiu et al., 2022). In the present study relative jitter (local) is employed, which
indicates the average absolute difference of time between consecutive periods divided
by the average period, expressed as a percentage (Abhang et al., 2016, p. 64; Boersma

& Weenink, 2023d). The unit is in percentages. A lower level of jitter is found in
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healthy normal, and the threshold for pathology is above 1.04% (Asiaee et al., 2020;
Boersma & Weenink, 2023d).

3) Shimmer is an amplitude variation from peak to peak (Meilan et
al., 2014; Xiu et al., 2022). It is an amplitude perturbation due to the glottal signal
during vowel formation (Abhang et al., 2016, p. 63). It can be referred to as instability
of volume (intensity) (Mahon & Lachman, 2022). Relative shimmer (local), which is
used in this study, is calculated as the average absolute difference of the amplitudes
between consecutive periods divided by the average amplitude, expressed as a
percentage (Abhang et al., 2016, p. 64; Boersma & Weenink, 2023e). The values of
shimmer above 3.81% (local) are considered pathological voices (Asiaee et al., 2020;
Boersma & Weenink, 2023¢). In the AD group, voices tend to be tremulous with a
lower intensity than in the normal group (Meilan et al., 2014).

4) Number of Voice breaks (NVB) is derived from the number of
distances between consecutive pulses (burst of air when vocal cords open and close)
that are classified as voice breaks (Ambrosini et al., 2019; Mahon & Lachman, 2022).
The sudden change of pitch results in voice breaks and is considered a voice disorder
(Meilan et al., 2014). A voice break is depicted as the time interval between
consecutive pulses longer than 1.25 (constant number) divided by the pitch floor
(Ambrosini et al., 2019; Asiaee et al., 2020; Boersma & Weenink, 2023c¢). Generally,
the default value of pitch floor is at 75 Hz, then the time window between consecutive
pulses longer than 16.67 milliseconds is considered as a voice break (Boersma &
Weenink, 2023c). Since voice breaks are very short duration, this parameter is not
perceived by human ears. This parameter tends to be lower in normal voices than in
pathological voices (Asiaee et al., 2020). The speech of AD groups was found to
present a higher NVB.

5) Harmonics-to-noise ratio (HNR) is a proportion of energy in the
harmonics of the speech signal (periodic) to the noise energy (aperiodic), expressed in
dB (Boersma & Weenink, 2023a; Konig et al., 2019). The signal-to-noise ratio is
another term of HNR, in which signal is referred to the signal in the periodic part
(Asiaee et al., 2020; Boersma & Weenink, 2023a). HNR is the degree of acoustic
periodicity representing a voice quality (Boersma & Weenink, 2023a). This parameter

tends to be higher in normal speech, while a hoarse speaker and pathological voices
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have a lower HNR. The threshold for detecting pathological voice is below 7dB
(Asiaee et al., 2020; Boersma & Weenink, 2023a). Lower HNR indexes higher noise
in the voice signal associated to bubbles or tremors (Meilan et al., 2014).

ii. Temporal domain

Most of the variables in the temporal domain are produced by
speech and pauses. Throughout the present project, ‘utterance’ refers to speech
segment, phonation, or voiced part of verbal responses (Ambrosini et al., 2019;
Beltrami et al., 2018; Roark et al., 2011) while ‘silence’ means unvoiced segment
longer than 1,000 milliseconds (msec), long pauses, and hesitation (Roark et al., 2011;
Satt et al., 2013; Singh et al., 2001; Weiner et al., 2016). Both utterance and silence
are extracted from audio data of verbal responses by identifying boundaries of voiced
and unvoiced segments (de Jong & Wempe, 2009; Khodabakhsh et al., 2015; Weiner
et al., 2016). Acoustic features like duration are analyzed by reference to the number
of utterance and silence segments produced. These parameters are the bases to
calculate several relevant variables such as proportion, rate, and so on (Beltrami et al.,
2018; Weiner et al., 2016).

Notably, slight changes in physiological and cognitive components
sensitively affect speech which is noticeable in acoustic changes (Konig et al., 2018).
Longer hesitation periods and slower speech speeds, in particular, seem to be
connected to the vocal characteristics of dementia, especially in the early stages of the
disease (Filiou et al., 2019; Konig et al., 2018; Toth et al., 2018). These variables are
intrinsically related to difficulties in discourse planning, and difficulties in fluency
and discourse planning are associated with hesitations or the time spent to correct
spoken discourse, possibly due to some form of cognitive lapses, such as difficulty in
retrieval of semantic or episodic memory and inability to retain information in
working memory (Baddeley, 2000; Celine De et al., 2018). Hesitation manifests itself
via fillers and pauses. Regarding their function in the discussion, fillers are taken into
consideration. They may appear at the beginning or conclusion of a conversation to
signal that something is difficult to comprehend, or that additional information is
needed. They may also appear in the middle of a conversation to suggest that something
needs to be clarified, retracted, or reworded. Pauses have a variety of interpretations

and encompass other linguistic features, for instance, difficulty in utterance, deficits in
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accessing semantic storage, and impairments in syntax and discourse planning
(Beltrami et al., 2018; Boschi et al., 2017). Those difficulties involved several
cognitive domains, such as executive function (Singh et al., 2001).

Studies aiming to identify individuals with neurodegenerative
progression have accepted acoustic features as one of the most discriminating
features, especially the variables derived from spontaneous speech. A study of
German native speakers found significant differences in acoustic parameters, such as
F0 and loudness, between controls and patients with Parkinson’s disease (Skodda et
al., 2014). The German study used a reading task which was adequate to assess the
performance of the two groups of participants and to try to differentiate healthy
control and patients with Parkinson’s disease on the basis of the acoustics parameters.
In longitudinal studies, acoustic features from spontaneous speech showed significant
change over a year (Robin et al., 2023).

In the machine learning classification of Al-Hameed et al. (2017),
they obtained the best classification accuracies for healthy control and AD at 94.7%,
healthy control and MCI at 95.0%, and AD and MCI at 95.0%. They suggested that
accuracy increased by the time of the visit. Table 2 presents the sample cross-sectional
s