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Abstract

The analysis of discourse and pragmatics,
which deteriorate alongside other linguistic lev-
els in cognitive decline, can enhance our un-
derstanding of dementia-related language pat-
terns and contribute to the improvement of au-
tomatic screening tools. This study focuses on
discourse cohesion, specifically investigating
three linguistic phenomena: reference, lexical
repetition, and connectives. Six features related
to these categories were defined and automati-
cally extracted from an Italian corpus of semi-
spontaneous speech, collected from patients
with early dementia, MCI subjects, and healthy
controls. Some of these features proved signifi-
cant in distinguishing among the three groups.
Additional quantitative analysis revealed no-
table differences in the use of these elements,
suggesting a potential link between their degra-
dation and cognitive decline.

1 Introduction

Dementia, or Major Neurocognitive Disorder
(American Psychiatric Association et al., 2013),
is characterized by language deterioration, which
occurs within a wider frame of cognitive impair-
ment, affecting memory, visuo-spatial skills, ex-
ecutive functions, and reasoning. In Alzheimer’s
disease, marked by episodic memory decline, lin-
guistic deficits such as word-finding difficulties,
reduced speech rate, and simplified syntax are well-
documented (Catricala et al., 2015; Orimaye et al.,
2014). Discourse and pragmatics are also affected:
speech is marked by an abundance of irrelevant
details and difficulties in referencing key concepts,
leading to reduced informativeness (Ahmed et al.,
2013; Bschor et al., 2001). Moreover, errors related
to the textual referential dimension, such as referent
omission, has been observed and pronouns are used
ambiguously (Drummond et al., 2015; Carlomagno
et al., 2005). Disturbances in linguistic competence
emerge from the onset, often preceded by an inter-

mediate phase known as Mild Cognitive Impair-
ment (MCI), in which cognitive decline is already
present but the subject’s independence in daily ac-
tivities is preserved (Petersen, 2016). Therefore,
language promises to be a viable approach for de-
tecting subtle changes in cognitive status, even in
pre-clinical stages, that could enhance screening
and timely intervention (Vigo et al., 2022).

Supported by remarkable advancements in Nat-
ural Language Processing (NLP) and Machine
Learning (ML), speech analysis has gained increas-
ing importance in providing low-cost and portable
tools for the prodromal detection of cognitive im-
pairment (Petti et al., 2020). Many studies that pur-
sued automatic language processing has focused
on implementing features from the acoustic, lex-
ical, and morpho-syntactic levels (Lindsay et al.,
2021; Calza et al., 2021), which are actually more
straightforward to formalize. To step forward, in-
corporating discourse phenomena in the computa-
tional analysis would not only enrich the features
used for classification but also enhance our under-
standing of how cognitive decline affects verbal
competence. When speaking of discourse analy-
sis, coherence immediately comes to mind: this
property governs hearer’s interpretation, ensuring
continuity between utterances, which are organized
as contextualized units to give rise to an intelligible
text(Van Dijk, 1985). However, defining quantifi-
able indices related to coherence is not a simple
task. For this reason, it was decided to begin by
studying an aspect related to coherence, namely
cohesion, the property of the superficial form of
the text to display its internal unity through a net-
work of cohesive devices, which are words or mor-
phemes, that contribute to maintain relationships
within the text (Ferrari, 2014).

In this work a method to design and formalize a
set of cohesion features is proposed, with the aim
of observing whether they significantly contribute
to discriminate early dementia patients, MCI sub-



Cohesive devices

Examples

personal pronouns
possessive pronouns/adjectives

10 (1), tu (you), essa/lei (she), egli/lui (he)
mio (mine), tuo (your), suo (her/his)

Reference demonstrative pronouns questo (this), quello (that)
indefinite pronouns tutti (all, everyoe), alcuni (some)
deictics qua (here), 1a (there), sopra (above)
single word e (and), quindi (therefore), tuttavia (however)
complex expressions a causa di (because of, due to), da allora (since then)
Connectives correlatives da un lato... dall’altro

(on the one hand ... on the other hand)

Table 1: Examples of cohesive devices of reference and connectives.

jects and healthy peers in a corpus of Italian el-
derly speakers. We focused on three of the major
classes of cohesive devices, according to Halliday
and Hasan (2014), i.e. reference, lexical iteration
and connectives. The study is exploratory in nature,
as it consist in an attempt to encompass discourse
properties in automatic language analysis of cog-
nitive impaired population for Italian. Therefore,
although the significance of at least some of the de-
signed features is expected, further analyses will be
needed in the future to observe whether their inter-
action with other linguistic levels improve groups
classification through ML algorithms.

2 Designing Features of Discourse
Cohesion

Reference. Reference is involved when an expres-
sion occurs in the discourse that requires referring
to another element for its interpretation (Halliday
and Hasan, 2014). This mechanism operates ei-
ther through the repetition of the antecedent, or
through its substitution with other forms (Ferrari,
2014), such as the use of anaphora. The features re-
lated to this group focused on the second modality.
Starting from a review of the relevant literature, an
exhaustive list of referential elements in Italian was
selected (see Prandi and De Santis (2006); Andorno
(2003); Ferrari and Zampese (2000)). In the group
were included personal, demonstrative, indefinite,
and possessive pronouns, possessive adjectives and
deictics. Table 1 are provided some examples of
the particles considered.

The occurrences of these groups were counted
and divided by the total number of words
(COE_REF). We also computed pronoun density
(COE_PRON_DENS), which is defined as the ra-
tio between pronouns and nouns (Louwerse et al.,
2004).

Lexical iteration. According to Halliday and
Hasan (2014), the iteration of a lexical item is a
specific use of the referential mechanism, which
acquires cohesive force on its own because it is
typically used when the referent is farther in the
text. This set of features focuses on the repeti-
tion of three main open-class categories, namely
nouns, (main) verbs, and adjectives. The use of
words from these classes affects vocabulary “s rich-
ness, reflecting the speaker’s tendency toward lex-
ical variation. Lexical iteration features include
the repetitions of lemmas divided by the total
number of words (COE_RIP_LEM) and the av-
erage number of repetitions for repeated lemmas
(COE_MEDRIP_LEM).

Connectives. As defined by Ferrari (Ferrari,
2010), connectives are morphologically invariable
forms that explicit logical relations within parts
of the text. Elements from different grammatical
classes can be used as connectives and classified
based on their function in the linguistics context,
which usually reflects their meaning (e.g., tempo-
ral, causal, additive). To create a comprehensive
list of connectives, we draw from the Lexicon of
Italian Connectives - LICO! (Feltracco et al., 2018,
2016). LICO contains 173 entries, including sin-
gle words, complex expressions, and correlatives,
along with lexical or orthographic variants, POS
category, the semantic relations conveyed accord-
ing to the PDTB 3.0 schema (Webber et al., 2016),
examples of usage, and correspondences of the
forms with connectives in other languages. Some
examples of those elements are reported in Table
1. A feature was devoted to computing the occur-
rences of connectives by the total number of words
(COE_TC).

Additionally, a comprehensive feature that mea-

"http://connective-lex.info/
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Controls

MCI subjects Early dementia

Inclusion criteria
or intellectual disabilities

MMSE > 24; MoCA > 18

61.60 + 6.93
13.00 +3.92

age
education

No neurological/sensory deficits

No problem in Need of support in
daily living activities daily living activities
MMSE > 18 MMSE > 18
64.34 +7.33 66.38 +6.70
11.28 +4.35 9.38 £4.01

Table 2: Inclusion criteria, i.e. MMSE and MoCA scores and clinician’s impressions, age and years of education
(mean and st.dev) of OPLON corpus participants, as reported in Calza et al. (2021).

Features CON-MCI CON-DEM
COE_REF 0.017 0.000
COE_PRON_DENS 0.0211 0.000
COE_RIP_LEM 0.989 0.050
COE_AVGRIP_LEM 0.031 0.022
COE_TC 0.183 0.338
COE_TOT 0.733 0.070

Table 3: Results of Kolmogorov-Smirnov test for the
binary classification of controls (CON) vs MCI subjects
(MCI) and earlu dementia patients (DEM). The cohesion
features are reported along with their p-value, significant
ones are marked in bold.

sures the overall impact of the classes of cohesion
considered was computed by summing referential-
substutive elements, lexical iteration items and con-
nectives, divided by the total number of words
(COE_TOT).

3 Corpus description

We extracted the cohesion features from the cor-
pus collected for the OPLON (OPportunities for
active and healthy LONgevity) project 2. OPLON
focused on the automatic extraction of linguistic
features from Italian semi-spontaneous speech sam-
ples of cognitively impaired individuals and healthy
controls, which were used to train machine learn-
ing classifiers to distinguish between the different
groups (Beltrami et al., 2018). The dataset included
96 participants, comprising 48 healthy controls and
48 cognitively impaired individuals, of whom 32
were diagnosed with MCI and 16 with early-stage
dementia. Inclusion criteria were based on the
Mini-Mental State Examination (MMSE) (Magni
et al., 1996) and the Montreal Cognitive Assess-
ment (MoCA) (Conti et al., 2015) scores, along
with an anamnesis conducted by a clinician. Fur-
ther details on the demographic composition of the
corpus are reported in Table 2 (Calza et al., 2021).

2http://smartdata.cs.unibo.it/oplon_project

Figure 1: Image used for picture description task in
Esame del Linguaggio Il (Ciurli et al., 1996).

Speech was elicited using the picture description
task from Esame del Linguaggio II [Language Ex-
amination II] (Ciurli et al. (1996); see Figure 1) and
two semi-structured interview questions: "Could
you please describe your typical working day?" and
"Could you please describe the last dream you re-
member?". Audio recordings were transcribed and
annotated, both manually and semi-automatically,
with the aim of observing whether there were any
significant differences in the subsequent analysis
between the two approaches, which were not de-
tected. A multidimensional parameter analysis was
conducted to extract acoustic, rhythmic, lexical,
readability, morpho-syntactic and syntactic fea-
tures using the computational pipeline developed
by Gagliardi and Tamburini (2022).

The cohesion features presented in this study
were extracted from the .conll file generated
through data annotation, using a python script.

4 Significance of cohesion features for
discrimination

Individual statistical significance was assessed
using the Kolmogorov-Smirnov non-parametric
test to determine whether the cohesion features
could contribute to the binary classification of
the three groups. Table 3 reports significant p-
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Figure 2: Distribution plots of significantly discriminative features: COE_REF indicates the n. of referential
elements by the total n. of words and COE_PRON_DENS is the measure of pronoun density, COE_RIP_LEM and
COE_AVGRIP are related to the repetitions of lemmas of nouns, adjectives and verbs,

values in discriminating the control group (CON)
from the pathological cohort, i.e. MCI sub-
jects (MCI) and early dementia patients (DEM).
The results show that three of the designed fea-
tures significantly differentiate CON from MCI.
These features include the ones related to refer-
ence (COE_REF and COE_PRON_DENS) and the
one concerning the average repetition of lemmas
(COE_AVGRIP_LEM). All three features also sig-
nificantly contribute to the discrimination between
the CON and DEM groups, with the addition of
COE_RIP_LEM, another feature of lexical itera-
tion. The distribution of these features across the
three groups can be visualized in Figure 2.

We observe that, compared to the control group,
both early dementia and MCI subjects produced
a greater number of referential expressions, in the
total of uttered words, and exhibited higher pro-
noun density, with the DEM group showing higher
indices than the other two. These results seem to
suggest a change in linguistic competence with re-
gard to reference processing, which may become
increasingly evident as the disease worsens given
the different level of significance in distinguishing
CON vs MCI and CON vs DEM. While a quali-
tative analysis would be necessary to verify their
non-canonical use, we can suggest that this pref-
erence might represent a compensatory strategy,
favoring the use of less salient elements over full
forms, which require their lexical access.

The distribution of lexical iteration features fol-
lows a similar trend to that observed for reference

elements. Specifically, the DEM group shows a
higher number of lemma repetitions, both in terms
of the total number of words uttered and average
repetitions, compared to the MCI group, which in
turn exhibits higher values than the CON group.
The trend in lexical iteration, which increases as
cognitive status deteriorates, suggests that also the
repetition of the same words may serve as a com-
pensatory mechanism for difficulties in retrieving
lexical forms due to word-finding problems, likely
resulting in semantically impoverished speech.

5 Conclusion

In this study, we introduced a methodology for
identifying linguistic features of cohesion to mon-
itor changes in discourse properties in the speech
of cognitive impaired subjects compared to healthy
peers. Focusing on three cohesion categories - ref-
erence, lexical iteration, and connectives - we de-
fined a set of features that were automatically ex-
tracted from an Italian corpus of semi-spontaneous
speech, gathered from early dementia patients,
MCT subjects and controls. The application of the
Kolmogorov-Smirnov test revealed that features
related to reference and lexical iteration, signifi-
cantly contributed to the binary classification be-
tween CON-MCI and CON-DEM. Additionally,
the quantitative distribution of these features shows
interesting differences in the use of cohesive ele-
ments along the groups which seem to highlight a
general decline in discourse properties with cogni-
tive impairment.
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