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Introduction: Many studies on syntax in dementia suggest that, despite

syntactic simplification, speakers with Alzheimer’s disease (AD) retain their

basic grammatical abilities, being mainly a�ected in their comprehension and

production of complex syntax. Moreover, there is no single position on the origin

of syntactic decline in AD, which, according to some authors, can be linked to a

lexical-semantic deficit or, according to others, to either cognitive or autonomous

dysfunction.

Methods: In this study, we apply the model of syntactic maturity to the analysis of

oral speech production elicited by the Cookie-Theft description task. We assess

a sample of 60 older adults (21 HC, 19 MCI, and 20 AD) through three indexes

of syntactic maturity, measuring the proportion of sentences and clauses in

discourse, their mean length, and the rate of their complexity.

Results: Our results show two important tendencies in AD: the preservation

of general syntactic ability, as measured by the basic syntactic organization of

speech, and the disturbance of the indexes of syntactic complexity, as measured

by the overall length of utterances and their indexes of complexity.

Discussion: Although speakers with AD maintain the ability to construct

grammatically acceptable sentences and produce a similar number of utterances

to healthy aging speakers and speakers with MCI, the syntactic complexity of

their discourse significantly changes. Importantly, such significant changes are

already present at the MCI stage and are not conditioned by the lexical-semantic

deficit itself. Our results may be particularly relevant to improving the detection

of cognitive impairment and to theoretically discussing the relationships between

language levels in aging speakers.

KEYWORDS

syntactic ability, Alzheimer’s disease, aging, lexical-semantic deficit, cognitive

impairment, syntactic complexity

1. Introduction

1.1. Syntax in aging and Alzheimer’s disease

General preservation of syntactic ability is considered one of the hallmarks of language

profile in dementia. One of the pioneering papers on changes in syntax in Alzheimer’s

disease (AD) found that, despite simplification of key features of syntactic complexity,

speakers with dementia still produced coherent and grammatical sentences (Kemper et al.,

1993). As the most frequent type of spontaneous dementia, AD is generally assumed

Frontiers in Language Sciences 01 frontiersin.org

https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org/journals/language-sciences#editorial-board
https://www.frontiersin.org/journals/language-sciences#editorial-board
https://www.frontiersin.org/journals/language-sciences#editorial-board
https://www.frontiersin.org/journals/language-sciences#editorial-board
https://doi.org/10.3389/flang.2023.1199107
http://crossmark.crossref.org/dialog/?doi=10.3389/flang.2023.1199107&domain=pdf&date_stamp=2023-08-14
mailto:olga.ivanova@usal.es
https://doi.org/10.3389/flang.2023.1199107
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/flang.2023.1199107/full
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org


Ivanova et al. 10.3389/flang.2023.1199107

to lead to significant disruptions in lexical semantics (Forbes-

McKay and Venneri, 2005; Taler and Phillips, 2008; Verma and

Howard, 2012; Lofgren and Hinzen, 2022) and phonetics (De

Looze et al., 2018; Vincze et al., 2021; Ivanova et al., 2022).

However, equally pronounced changes in syntax are not usually

reported. Available results mainly suggest simplification, rather

than significant impairment of syntactic ability in AD. This is

a major challenge since, as opposed to language structures and

phenomena allowing for qualitative differentiation of AD in a

more targeted way (Alzheimer, 1907; in Alzheimer et al., 1991),

syntactic change implies defining the level of impairment on

a continuum.

Indeed, many studies show that while progression to dementia

decreases the ability to produce complex utterances, such

utterances remain grammatically acceptable and correct even in

the moderate stage of AD. Syntactic simplification in AD would

usually affect the length and the internal structure of utterances.

Speakers with AD produce shorter utterances and clauses and

use fewer propositions, verbal forms, and conjunctions (Kemper

et al., 1993). The internal structure of their utterances is based on

shorter mean dependency distances (Liu et al., 2021) and includes

fewer embedded clauses (Bose et al., 2021). AD speakers use

fewer coordinated and reduced structures (abbreviated subordinate

clauses) (De Lira et al., 2011), fewer subordinate sentences (Croisile

et al., 1996), and more sentential fragments than full sentences

(Lyons et al., 1994). In some cases, AD speakers are reported to

exhibit difficulties for passives (Bates et al., 1995).

At the same time, AD speakers match healthy aging speakers

in formal grammatical correction and well-formation (Lyons et al.,

1994). AD speakers can use recursive sentence embedding (Bánréti

et al., 2016) or even sophisticated utterances (Mueller et al., 2016)

like healthy elderly. Furthermore, their utterances are defined by a

similar type-token ratio (Chapin et al., 2022). Importantly, despite

all changes, utterances produced by AD speakers are generally

informative enough, though the number of information units (that

is, units of reference they might speak about) is usually reduced

(Kemper et al., 1993; Croisile et al., 1996).

One intriguing question is how we can explain both the

preservation (although partial) and changes in syntax in AD,

and, particularly, how we can identify which of such changes

are differentiating and relevant linguistic features of cognitive

and language patterns of dementia. Speakers with AD rely

on different, compensatory mechanisms in their cognitive and

language performance. Yet, some of their syntactic features are

similar to those observed in healthy aging. Indeed, some works

suggest that syntax in AD bears a resemblance to some patterns of

syntactic change in healthy aging. In their seminal study, Kemper

et al. (2001) observed that speakers with dementia showed a similar

pattern of decline in grammatical complexity (although not in

the pattern of decline in propositional content) that healthy aging

speakers. The authors concluded that even speakers with advanced

dementia could still produce grammatical sentences. At the same

time, some syntactic features change significantly in AD and can

be considered a critical behavior marker of dementia progression.

In fact, the processing of passives has been described as such

critical behavior marker of Mild Cognitive Impairment (Sung et al.,

2020). Although the manifestation of syntactic changes is more

pronounced in the advanced stages of dementia (Ahmed et al.,

2013), changes are significant in both the parts of speech and the

syntactic structures themselves (Liu et al., 2021).

Such results on syntax in AD can be partially explained by

our evidence on syntax during the lifespan and, specifically, in

healthy aging. Syntactic competence is generally robust across the

lifespan after its scalar development during childhood. Older adults

usually preserve syntax in spite of aging-related neurocognitive

changes. Despite aging-driven atrophy, gray-matter reduction,

and decreased between-network connectivity in the brain, the

syntactic ability is supported in older adults by neurofunctional

reorganization and general functional preservation of the

frontotemporal syntax system (cf. Tyler et al., 2010; Campbell

et al., 2016). Furthermore, the preservation of syntax in aging is

supported by the high level of automatization of the processes

of integration of syntactic and semantic properties in sentential

representations (Campbell et al., 2016). Neurobiological insights

into the aging brain suggest that aging as a process conveys a

general decline in the integrity of the left frontotemporal syntactic

network, but there is no evidence for dedifferentiation of the

syntactic system and, thus, for the reduction in its functional

specialization (Shafro and Tyler, 2014). It is, therefore, not

surprising that aged speakers recur to syntactic structures similarly

to how young speakers do it, although they find it more difficult

to adapt to contextual changes in syntactic patterns (e.g., when

there is a shift from passive to active structures) (Heyselaar et al.,

2021). Evidence from AD suggests that speakers with dementia

also preserve their general syntactic competence, specifically if it is

compared with other language domains, like lexical semantics or

phonetics. Only fine-grained analyses, and only analyses conducted

for advanced stages of AD, would suggest difficulties and/or

impairments in processing syntactically constrained or ambiguous

sentences (cf. Bickel et al., 2000).

Our contention is that an adequate approach to considering

syntactic changes in ADmust consider another, albeit related, point

of ambiguity for syntax in dementia: its etiological background.

The two possible positions are the lexical-semantic origin and the

cognitive origin.

On the one hand, syntactic changes in healthy aging can be

related to the difficulty in lexical access. Despite the effect of

aging-related cognitive difficulties, these are language difficulties

(for example, constrained word retrieval) that seem to be more

directly involved in causing difficulties in sentence production in

healthy aging (Kemper et al., 2001; Davidson et al., 2003). In AD,

vocabulary and semantics are not only significantly disrupted, but

are considered as a primary language symptom. Difficulties in

verbal fluency and naming are prominent language characteristics

of early, and even preclinical AD (Verma and Howard, 2012).

Such difficulties are frequently linked to anomia, a key property of

language disruption in AD. Anomia usually shows up as a general

difficulty to access and recall words, resulting in a decline in both

quantitative (number) and qualitative (type) presentation of lexical

units (Banovic et al., 2018). Considering that changes in syntax

do not appear until moderate dementia, with most errors relying

on semantic deficits (Taler and Phillips, 2008), the lexical-semantic

origin of such syntactic decline seems plausible. Word-finding

difficulties in AD indeed lead to fragmentations and reduced

coherence in language production. Similar parallels already exist

at other linguistic levels, for example, in pragmatics, where
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disintegrated semantic knowledge predicts pragmatic disruptions,

like difficulties in turn-taking or shifts in topic, or in the

maintenance of conversations (cf. Van Boxtel and Lawyer, 2021).

In their seminal study, Bates et al. (1995) suggested that syntactic

deficits in AD are, at the abstract level, comparable to lexical

deficits, in that they follow the pattern of inclusion of highly

frequent or empty forms.

However, difficulties with syntactic processing and production

in aging can also be due to the progressive disruption of cognitive

functions properly. Healthy older adults show more errors in

syntactic production due to difficulties in planning and production

(Hardy et al., 2020). Crucially, tasks involving higher cognitive

load (e.g., on working memory or episodic memory) unchain

more acute syntactic difficulties and impairment in speakers with

AD. The syntactic decline in dementia, thus, could be specific

(or isolated), or otherwise result from a combination of language-

cognition interplay (cf. Nasiri et al., 2022). The first option can

be supported by evidence on pauses in AD discourse. Although

pauses could reflect lexical retrieval difficulties, in aging they

can also be the result of other types of decline, for example,

global cognitive slowing down, or decline in discourse control and

planning (Gayraud et al., 2011). Interestingly enough, speakers

with AD present with increasing pausing in utterance-initial and

clause-initial positions, suggesting difficulties in content planning

and structural assembly of event representations (Lofgren and

Hinzen, 2022). The second option is supported by evidence from

fine-grained analyses of AD discourse. According to this, syntactic

deviations in AD are not only due to deficits in formal syntactic

competence but also to growing constraints for specificity in

discourse referencing (e.g., in anaphoricity) (Chapin et al., 2022). In

their recent fine-grained analysis, Chapin et al. (2022) related a set

of syntactic changes in AD to the growing difficulty of speakers with

dementia to relate events, create referential connections and, thus,

establish and introduce new referents as measured by indefinite

noun phrases.

Considering the above, in this paper we aim to address the

etiological background of syntactic change in AD by applying

the model of syntactic maturity, originally developed by Hunt

(1965, 1970). In this model, the indexes of syntactic maturity do

not measure the correction of the utterances, nor their internal

organization (e.g., whether they are active or passive). Otherwise,

they reflect how speakers cognitively support different syntactic

structures by primarily considering overall embedded complexity.

Consequently, the indexes of syntactic maturity directly reflect

the global complexity of syntactic constituents, with no specific

focus on their intrinsic internal properties. Importantly, this model

allows weighting the proportion of complex over simple clauses

with no effect from lexical indexes (like semantic adequacy or

coherence), enabling a separation between lexical-semantic and

syntactic levels.

To apply this model, our experimental design proposes the

observation of possible changes in Hunt indexes in three groups

of older adults: healthy speakers, speakers with AD, and speakers

with MCI. MCI is commonly included in studies on cognitive

and language changes in AD since in a number of cases [roughly,

between 10 to 15% per annum (Shigemizu et al., 2020)] MCI can

progress to dementia (Angelucci et al., 2010). Furthermore, MCI

can allow the tracing of early markers of language performance

in AD (Taler and Phillips, 2008). Importantly, the language

performance of HC, MCI, and AD is suggested to represent a

continuum of progressive, hierarchical decline in many language

aspects (Liampas et al., 2022). Thus, we hypothesize that if syntactic

complexity is affected in AD, speakers with MCI will also show a

decline, albeit less pronounced.

Considering this, we applied the proposed model to our

analysis of the Cookie-Theft description task (Goodglass et al.,

2000) performed by healthy older speakers, speakers with MCI,

and speakers with AD. The description of the Cookie-Theft

picture minimizes the overload on memory (De Lira et al.,

2014). Furthermore, our prediction was as follows: if speakers

with AD present with syntactic decline on a task excluding

significant overload on memory, then, such decline is syntactic in

nature. This assumption considered findings from previous studies,

which demonstrated more significant impairment in AD on more

memory-demanding tasks (e.g., syntactic priming) than on less

memory-demanding tasks (e.g., sentence completion), specifically

following canonical ordering (Nasiri et al., 2022).

1.2. The model of syntactic maturity and its
units of measurement

As stated above, the main aim of our study was to inquire

into the background of syntactic changes in AD. Specifically, we

wanted to test whether syntactic changes in dementia derive from

the lexical-semantic deficit or, otherwise, are more autonomous in

nature. In pursuit of this objective, we chose to apply the model

of syntactic maturity, originally proposed by Hunt (1965, 1970) in

their pioneering work in applied linguistics.

The notion of “syntactic maturity” is closely linked to that

of syntactic complexity. Since the degree of syntactic complexity

correlates with the speaker’s capacity to express complex relations

between ideas, mental states, and non-propositional actions (Beers

andNagy, 2009), its measurement is crucial for the evaluation of the

speaker’s cognitive state too. Hunt’s model allows to assess how the

full text or discourse produced by a speaker is organized in terms of

the shortest grammatically allowable units (Adamson, 2019) and, at

the same time, how complex these units are.

According to Hunt’s model, syntactic maturity can bemeasured

through primary indexes and secondary indexes. Primary indexes

of syntactic maturity are measured as two types of units: t-units

(also known as terminal units) and clauses. A t-unit is a main

clause “plus all the subordinate clauses attached to or embedded in

it” (Hunt, 1965, p. 141). Thus, for empirical analysis, any simple

sentence, any sentence integrating a subordinate clause, and any

proposition forming a sentence composed by coordination or

juxtaposition, is considered as a t-unit (Delicia, 2011).

The second primary index of syntactic maturity is clause, which

is defined as a subject (or a set of subjects) coordinated with a

finite verb or a finite set of coordinated verbs, including impersonal

verb forms (infinitive, gerund, or participle) when they do not

form periphrases or semi-periphrases and act as a nucleus of

a complex structure (Delicia, 2011). For empirical analysis, any

clause embedded into a t-unit is considered a clause, allowing

to measure how many clauses form each t-unit; this includes all
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simple, subordinate, and subordinating sentences. The ratio of

clauses for t-units is taken as a measure of subordination (Beers

and Nagy, 2009).

The interpretation of the indexes assumes that (a) the longer the

t-units, (b) the higher the number of words per clause, and (c) the

higher the proportion of clauses per t-unit (taken over 1), the higher

the syntactic complexity (Delicia, 2011). To estimate the values of

syntactic maturity, three indexes are calculated:

(a.) Index 1: mean length of t-units (the total number of words

divided over the total number of t-units);

(b.) Index 2: mean length of clauses (the total number of words

divided over the total number of clauses);

(c.) Index 3: the number of clauses divided over the number

of t-units.

Table 1 shows examples of t-units and clauses from our sample.

Specifically, it allows to see how clauses can be identified within

t-units.

Hunt’s model of syntactic maturity has been mainly applied

to assessing normotypically developing child syntax. Yet, there

have been some interesting contributions on syntactic change in

language disorders from Hunt’s model. Ketelaars et al. (2015)

used Hunt’s model to identify narrative deficits (mainly, narrative

productivity) in children with pragmatic language impairment.

Mozeiko et al. (2011) assessed t-units in speakers who suffered

from traumatic brain injury (TBI) to find a significantly poorer

performance in their grammar abilities. Pallickal and Hema (2019)

also observed a significant reduction in t-units, but neither in

the number of clauses nor in the number of words per clause in

speakers with Wernicke’s aphasia.

To the best of our knowledge, our study is the first one to

apply Hunt’s model of syntactic maturity in its original version

for measuring syntactic competence in AD. Importantly, some

studies already applied Hunt’s model, although from a different

perspective, to aging speakers. For example, Wainwright and

Cannito (2015) analyzed t-units in older speakers to find them

more prone to use referential ambiguities. Sajjadi et al. (2012) used

the so-called “modified T-units” in order to analyze non-clausal

utterances and message conveying in AD and semantic dementia,

concluding their impairment in discourse construction. Against

this background, in the present paper, we will apply the Hunt’s

model in its basic proposal to contribute to our understanding of

the nature of syntactic changes in AD.

2. Methodology

2.1. Participants

A total of 60 older speakers participated in the study. Of

these, 19 were diagnosed with MCI following the criteria of

the International Working Group on Mild Cognitive Impairment

(Winblad et al., 2004), and 20 were diagnosed by the National

Health System with dementia of Alzheimer’s type (AD) following

the NIA-AA criteria (Jack et al., 2018). The remainder were 21

healthy older adults who formed the control group (HC). AD

participants were recruited from the State Reference Center for

the Care of People with Alzheimer’s Disease and Other Dementias,

TABLE 1 Measures of analysis of syntactic maturity in AD.

Measure Definition Example∗

t-unit <ut> Any simple sentence; any
sentence integrating a
subordinate clause; any
independent proposition
forming a sentence composed
by coordination or
juxtaposition

<ut>Hay un niño que se ha
subido a un taburete</ut> y
<ut>está cogiendo galletas de
una caja</ut>

Clause <cl> Any simple sentence; any
subordinate or and
subordinating sentence within
sentences ordered by
subordination

<ut><cl>Hay un
niño</cl> <cl>que se ha
subido a un
taburete</cl></ut> y
<ut><cl>está cogiendo
galletas de una
caja</cl></ut>

∗Original examples of this study have been obtained in Spanish. In this paper, we offer the

original examples.

Salamanca, Spain. HC and MCI participants were recruited from

among attendees of the Psychological Attention Service for the

Prevention of Cognitive Problems in the Elderly, City Psychosocial

Support Unit, Council of Salamanca/University of Salamanca,

Spain. The Service controlled for the classification of the cognitive

state of the participants.

To participate in the study, HC had to meet the following

inclusion criteria: be a native speaker of Spanish; be over 60 years

old; have no history of drug or alcohol abuse; have no history

of psychiatric illness; have no severe sensory deficits that would

preclude the administration of cognitive tests; have a minimal level

of schooling years to have acquired literacy; have no diagnosis of

MCI or AD.

Speakers with MCI and AD had to meet the following inclusion

criteria: be a native speaker of Spanish; be over 60 years old; have

no history of drug or alcohol abuse; have no history of psychiatric

illness; have no severe sensory deficits that would preclude the

administration of cognitive tests; have a minimal level of schooling

years to have acquired literacy. Furthermore, to be classified asMCI

group, speakers had to be diagnosed according to the criteria from

the International Working Group on Mild Cognitive Impairment

(Winblad et al., 2004). To be classified as AD group, speakers had

to be diagnosed by the National Health System with dementia of

Alzheimer’s type (AD) following the NIA-AA criteria (Jack et al.,

2018).

All participants signed the informed consent form. The study

was run in accordance with the Declaration of Helsinki and

its subsequent amendments, as well as the European Union

regulations for medical research. The study received the approval

of the Ethics Committee of the State Reference Center for the

Care of People with Alzheimer’s Disease and Other Dementias,

Salamanca, Spain.

The sample included a balanced number of participants per

diagnostic group (variance = 0.695). The mean age of the sample

was 77.65 years (SD = 8.79). The mean age of participants was

higher in MCI and AD than in HC, and this difference was

statistically significant [F(2,57) = 5.67, p = 0.006, η2 = 0.166], with

the effect size indicating a large effect. Post-hoc analysis showed that

the difference was only significant betweenHC and AD (p= 0.005).

Participants were predominantly women (n = 46; 76.7%),

but there was no statistical significance in the distribution of
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participants according to sex across groups [F(2,57) = 0.75,

p = 0.474, η2 = 0.026]. The mean duration of schooling (in years)

was 9.40 years (SD = 3.38), ranging between 4 and 17 years. There

was no significant difference for mean years of schooling across

groups [F(2,57) = 1.375, p= 0.261, η2 = 0.046].

2.2. Instruments and neuropsychological
assessment

All participants were assessed through the Dem-Detect toolkit

(Peña-Casanova et al., 2009) for neuropsychological scoring. The

cognitive assessment of each participant was conducted during

three individual sessions of 1 h each.

Within a battery of neuropsychological tests, participants

described the Cookie-Theft picture from the Boston Naming Test.

All participants were given the same instruction to describe

everything they can see in the picture. Speakers were recorded

while performing the task with an iPad and a head-mounted

condenser microphone, MiC plus from Apogee. Recordings were

independently transcribed and annotated by two researchers

following the established criteria.

2.3. Neuropsychological and language
scoring

Neuropsychological and language tests were used for describing

and controlling for the adequacy of the sample. Furthermore,

these data will not be used beyond the characterization of its

neuropsychological description.

Expectedly, groups varied on their scoring for MMSE test from

Folstein et al. (1975) [F(2,57) = 25.120, p < 0.001, η2 = 0.468]. HC

performed at an average higher than MCI (diff = 3.7, p = 0.006)

and AD (diff= 7.93, p < 0.001), and MCI performed at an average

higher than AD (diff= 4.23, p= 0.002).

Groups significantly varied on the semantic verbal fluency scale

(SVF) as measured by Isaac’s Set Test [F(2,57) = 13.593, p < 0.001,

η2 = 0.323], in line with data provided by previous studies (Fisher

et al., 2004; Amieva et al., 2005; Alegret et al., 2018; Liampas et al.,

2022). HC showed the highest scores for SVF with the lowest SD

(M= 39.14, SD= 1.590) andminimal scoring (35).MCI performed

worse than HC (M = 35.21, SD = 4.614) and better than AD

(M = 29.05, SD = 9.682), with minimal scoring achieving 24 and

14, respectively. Significant differences were observed between HC

and AD (p < 0.001) and MCI and AD (p= 0.009), but not between

HC and MCI (p= 0.153).

Groups also varied on the phonological verbal fluency scale

(PVF) [F(2,55) = 21.016, p < 0.001, η2 = 0.433], a parameter for

which significant between-group variation is not as systematic in

evidence (cf. Teng et al., 2013). HC showed the highest scores

for PVF (M = 13.00, SD = 4.290) and minimal scoring (6). MCI

performed worse than HC (M = 7.47, SD = 2.503) and better than

AD (M = 5.67, SD= 4.044), with minimal scoring achieving 4 and

1, respectively. Differences were significant between HC and MCI

(p < 0.001) and HC and AD (p < 0.001), but not between MCI and

AD (p= 0.434).

Table 2 summarizes the main neuropsychological and language

data for the sample.

2.4. Transcription and annotation of
syntactic data

All speech samples were transcribed as follows. Each recording

was transliterated with no link to a specific diagnosis. Illegible

sequences or words were transliterated like “XXX” for inclusion

into the general word count. Non-language elements (e.g., noise,

sustained sounds, etc.) and filled pauses (e.g., “mmmm”) were not

included. Repetitions (e.g., “su/su mama”) and incomplete word

forms (e.g., “cubiert-,” for “cubiertos”) were included. Fifteen of the

60 transcriptions (25%) were then double-checked for consistency,

bordering the score of 1.

Each transcription was furthermore annotated. Identification

and annotation of all categories were carried out according

to a specifically designed label system for the measurement of

syntactic maturity within the CORDEM corpus annotation system.

Specifically, the following two labels were used: <ut></ut>, for

T-Units, and <cl></cl> for clauses. To adjust the model of

syntactic maturity to oral speech production, which can include

non-verbal or syntagma-based utterances, as well as grammatically

peripheric structures with discourse roles (e.g., discourse markers),

we assumed that utterances where a verb could be possibly

reconstructed [e.g., What do you see on this picture?—AD speaker:

two kids = (There are/I see) two kids] would be considered as t-

units.

For each transcription, the total number of produced words

(n1), the total number of unique produced words (n2), and the

global uttering time (s) were calculated. Data for each transcription

was then merged into the global matrix of the sample to adjust to

neuropsychological scores.

The following categories were collected and assessed within this

model in our study:

• Total produced words (n);

• Total unique produced words (n);

• Global uttering time (excluding interviewer’s utterances) (s);

• Number of t-units (<ut></ut>);

• Number of clauses (<cl></cl>);

• Mean length of t-units (Index 1);

• Mean length of clauses (Index 2);

• Mean of clauses/t-units (Index 3).

2.5. Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics

for Windows (26.0). We used one-way ANOVA with Group

(HC, MCI, and AD) as between-subject factor and ran it on the

following dependent variables: age, sex, education level, Mini-

Mental State Examination (MMSE) scoring, Semantic Verbal

Fluency (SVF) scoring, Phonological Verbal Fluency (PVF)

scoring, mean duration of speech production, overall produced

words, overall full words, number of t-units, number of clauses,
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TABLE 2 Sample: demographic data.

Group Total Mean age Sex Schooling (years) MMSE SVF PVF

n % Mean SD M W Mean SD Mean SD Mean SD Mean SD

HC 21 35% 73.14+ 6.85 14.3% 85.7% 10.38 2.92 28.33∗++ 1.82 39.14++ 1.59 13.00∗∗++ 4.29

MCI 19 31.7% 78.42 10.27 26.3% 73.7% 8.84 3.65 24.63∗+ 2.31 35.21∗ 4.61 7.47∗∗ 2.50

AD 20 33.3% 81.65+ 7.12 30% 70% 8.90 3.50 20.40+/++ 5.47 29.05∗++ 9.68 5.67++ 4.04

Total 60 100% 77.65 8.79 14 46 9.40 3.38 24.52 4.83 34.53 7.44 8.91 4.84

∗p < 0.05.
+p < 0.05.
∗∗p < 0.001.
++p < 0.001.

TABLE 3 Time spent on the task and the total number of words produced

by HC, MCI, and AD.

Group Time spent (s) Overall words Total full
words

Mean SD Mean SD Mean SD

Control 48.14 16.03 108.95++ 38.40 104.04+ 36.72

MCI 39.63 21.19 82.52 46.33 81.89 46.03

AD 40.35 22.59 61.50++ 36.78 60.80+ 36.51

Total 42.85 20.10 84.76 44.54 82.61 43.10

∗p < 0.05.
+p < 0.05.
∗∗p < 0.001.
++p < 0.001.

Index 1, Index 2 and Index 3. Post hoc analyses were conducted

using Bonferroni post-hoc test. Correlational analysis (Pearson’s

correlation) was used to measure the association between SVF and

indexes of syntactic maturity.

3. Results

3.1. Time duration and overall word
production

The mean duration of discourse production (measured in

seconds) did not significantly differ across groups [F(2,57) = 1.131,

p = 0.330, η2 = 0.038]. The mean duration for all groups was

42.85 s (SD = 20.102), with the following means for each group:

HC = 48.142 (SD = 16.038), MCI = 39.631 (SD = 21.192), and

AD= 40.35 (SD= 22.597).

The main effect of the group was significant in the number

of overall words [F(2,57) = 7.047, p = 0.002, η2 = 0.198]. Yet,

only HC and AD significantly differed in the number of overall

words (p = 0.001), with HC producing 47.452 words more than

AD. There were no significant differences in the number of overall

words between HC andMCI (p= 0.133) and betweenMCI and AD

(p= 0.334).

The main effect of the group was significant in the number of

full words [F(2,57) = 6.041, p = 0.004, η2 = 0.175]. Again, only

HC and AD significantly differed in the number of full words

(p = 0.003), with HC producing 43.247 more full words than AD.

There were no significant differences in the number of full words

between HC and MCI (p = 0.253) and between MCI and AD (p

= 0.312) (Table 3 and Figure 1).

3.2. T-units

Groups did not significantly vary in the number of t-units

[F(2,57) = 0.912, p = 0.407, η2 = 0.031]. The means and SD for

each group were: HC = 11.333 (SD = 5.072), MCI = 10.684

(SD= 5.508), and AD= 9.1 (SD= 5.683).

3.3. Clauses

Groups significantly varied in the number of clauses

[F(2,57) = 3.630, p = 0.033, η2 = 0.113]. The means and SD

for each group were: HC = 18.523 (SD = 7.138), MCI = 14.89

(SD = 7.59), and AD = 12.25 (SD = 7.751). Only HC and

AD significantly differed in the number of produced clauses

(p= 0.029). There were no significant differences in the number of

clauses between HC and MCI (p = 0.395) and between MCI and

AD (p= 0.825) (Figure 2).

3.4. Indexes of syntactic maturity

Significant differences were observed in all three indexes

between groups.

Differences in Index 1 were statistically significant between

groups [F(2,57) = 12.945, p < 0.001, η2 = 0.312]. The means and

SD for each group were: HC = 10.37 (SD = 3.24), MCI = 7.53

(SD = 2.06), and AD = 6.72 (SD = 1.55). Index 1 was significantly

different in HC compared to MCI (p= 0.001) and AD (p < 0.001).

Differences in Index 1 were not significant betweenMCI and AD (p

= 0.912).

Differences in Index 2 were statistically significant between

groups [F(2,57) = 5.094, p = 0.009, η2 = 0.152]. The means and

SD for each group were: HC = 5.95 (SD = 0.62), MCI = 5.38

(SD = 1.43), and AD = 4.78 (SD = 1.32). Index 2 was significantly

different in HC compared to AD (p = 0.007). There were no

significant differences in Index 2 between HC and MCI (p= 0.390)

and MCI and AD (p= 0.349).
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FIGURE 1

Overall words and total full words produced by clinical groups. *p < 0.05. +p < 0.05. **p < 0.001. ++p < 0.001.

FIGURE 2

T-units and clauses produced by three groups in Cookie-Theft picture description task. *p < 0.05. +p < 0.05. **p < 0.001. ++p < 0.001.

Differences in Index 3 were statistically significant between

groups [F(2,57) = 7.639, p = 0.001, η2 = 0.211]. The means and

SD for each group were: HC = 1.72 (SD = 0.43), MCI = 1.39

(SD = 0.18), and AD = 1.32 (SD = 0.36). Index 3 was significantly

different in HC compared to MCI (p= 0.014) and AD (p= 0.002).

There were no significant differences in Index 3 between MCI and

AD (p= 1.000) (Figure 3).

Overall, HC and AD significantly differed in all indexes of

syntactic maturity, with all indexes being lower in AD. HC andMCI

significantly differed in Index 1 and Index 3, and, crucially, MCI

and AD did not differ in any of the indexes of syntactic maturity.

Our results suggest that, although HC, MCI, and AD do not

differ in the number of t-units, speakers with dementia produce

shorter t-units, shorter clauses, and t-units with fewer clauses

than HC. Thus, all indexes of syntactic maturity are significantly

different between healthy older adults and speakers with dementia.

At the same time, our results do not show significant differences

between HC and MCI, and MCI and AD in most measures. HC

and MCI do not differ in the number of t-units and clauses, but

they do differ in the mean length of t-units and their index of

syntactic complexity as measured by the number of clauses per

t-unit. Crucially, none of the indexes of syntactic maturity shows

a significant difference between MCI and AD, suggesting that these

two groups do not differ in their syntactic productions measured

through Hunt’s model.

Table 4 summarizes the results for all measures of syntactic

maturity.

3.5. Syntactic indexes and lexical-semantic
ability

To control for the possible correlation between lexical deficits

and syntactic production inMCI andAD, we conducted correlation

analyses between SVF scores and the three syntactic indexes of

syntactic maturity.

We found positive correlations between SVF and Index 1

(r = 0.327, p = 0.011) and SVF and Index 2 (r = 0.286,

p = 0.026), whereas the correlation between SVF and Index 3 was

not significant (r = 0.120, p= 0.360).

4. Discussion

In the present study, we primarily aimed to address two

questions. On the one hand, we pursued the to confirm whether

Frontiers in Language Sciences 07 frontiersin.org

https://doi.org/10.3389/flang.2023.1199107
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org


Ivanova et al. 10.3389/flang.2023.1199107

FIGURE 3

Indexes 1, 2, and 3 for three groups in the Cookie-Theft picture description task. *p < 0.05. +p < 0.05. **p < 0.001. ++p < 0.001.

TABLE 4 Syntactic maturity measures in productions of speakers with HC, MCI, and AD.

Group T-Units Clauses Index 1 Index 2 Index 3

Mean SD Mean SD Mean SD Mean SD Mean SD

Control 11.33 5.07 18.52+ 7.13 10.37∗∗++ 3.24 5.95+ 0.62 1.72∗+ 0.43

MCI 10.68 5.50 14.89 7.59 7.53∗∗ 2.06 5.38 1.43 1.39∗ 0.18

AD 9.10 5.68 12.25+ 7.75 6.72++ 1.55 4.78+ 1.32 1.32+ 0.36

Total 10.38 5.41 15.28 7.81 8.26 2.86 5.38 1.25 1.48 0.38

∗p < 0.05.
+p < 0.05.
∗∗p < 0.001.
++p < 0.001.

syntactic ability significantly changes in AD, and whether such

change can be also traced in MCI. On the other hand, we wanted

to address the etiological background of such change in dementia,

by focusing on its probable isolating (or autonomous) nature

from other declines. To meet these objectives, we opted for the

application of Hunt’s model of syntactic maturity to the analysis

of the descriptions of the Cookie-Theft picture. To the best of our

knowledge, our study is the first to apply the original version of

this model to speakers with MCI and AD. Based on the results, this

study shows that changes in syntactic ability are already present

at the MCI stage, though it is at the full AD stage that syntactic

complexity is significantly different (that is, lower in all indexes)

than in HC.

In line with many studies on syntax in AD (Croisile et al., 1996;

De Lira et al., 2011; Bose et al., 2021; Liu et al., 2021), our research

confirms that speakers with dementia present with changes in

their syntactic ability. Importantly, such syntactic changes are not

surface, that is, they do not affect the basic syntactic organization

of speech in dementia, which is consistent with previous findings

on the general preservation of syntax in pathological aging. Truly

indeed, despite producing significantly fewer words than healthy

older adults (almost half as much), speakers with AD organize them

sequentially in a similar proportion of sentences. Importantly, the

degree of in-group (speakers with AD) and between-group (HC vs.

MCI vs. AD) homogeneity for this general ability is high.

According to our results, significant changes appear in

qualitative aspects of syntax and, specifically, in complex syntax.

The difference in the number of t-units is not statistically

significant and this result is consistent with the previously reported

general preservation of syntactic ability in dementia, and cognitive

impairment stage, reported in the Introduction of this work.

Our results are, however, consistent with the view that it is

syntactic complexity, as measured by embedding (clauses), which

is significantly reduced in dementia. Despite producing a similar

proportion of sentences, AD speakers produce shorter units (either

sentences or clauses) and fewer subordinations than HC. Crucially,

an important finding of this work is that MCI and AD do not differ

on any index of syntactic complexity, suggesting that significant

changes in syntactic maturity are already present at the MCI stage.

Since HC and MCI significantly differ in the mean length of t-

units and the proportion of clauses over t-units only, but not in

the number of produced words, the number of t-units, the number

of clauses, or the mean length of clauses, we suggest that the

most important changes in syntax occur in the overall length of

utterances and their index of complexity. A plausible explanation

for syntactic changes in AD can be related to the decline in

working memory, which is consistently reported in the literature

(cf. Kirova et al., 2015), and the interaction of working memory

decline and language problems themselves (Lee and Kim, 2019;

Nasiri et al., 2022). The same argument could potentially explain

the few changes observed between HC and MCI, relative to the

decline in the length and the complexity of utterances. Yet, further

studies would be needed to check the plausibility of this explanation

forMCI at the language level, in line with studies suggesting general

memory decline already in MCI (cf. Saunders and Summers, 2010).

Relevant to this latter observation is our result on the

correlation between lexical-semantic performance and syntactic

indexes of HC, MCI, and AD. Since the task we analyze in this

paper minimizes the effect of cognitive load (being supported

by images, speakers do not have to rely on episodic memory),

we can assume that syntactic production is not constrained and,

thus, can be manifested to the fullest. Furthermore, relative
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lexical freedom of the task (although conditioned by the picture,

speakers can use synonyms or hypernyms) makes it more flexible

considering possible lexical-semantic deficits. In fact, the model of

syntactic complexity we use in this research allows us to disregard

the possible effect of the lexical-semantic deficit on syntactic

productions. Interestingly enough, correlation analysis of scores on

SVF task and indexes of syntactic maturity showed that a better

SVF predicts a higher length of either t-units or clauses in aging

speakers, but not the index of complexity as measured by the

proportion of embeddings. These results suggest that the syntactic

complexity is not conditioned by the lexical-semantic deficit itself

and, importantly, such observation is in line with other studies

reporting cognitive, rather than linguistic predictors of syntactic

performance in AD (cf. Nasiri et al., 2022).

Further, ad-hoc designed analyses are needed to confirm

whether the syntactic change in AD is independent of specific

cognitive dysfunctions. Both possibilities could potentially exist

if we consider other language levels in AD. For example, several

studies proved that lexical-semantic deficit in early dementia is not

related to cognitive dysfunction. Auriacombe et al. (2006) observed

that changes in category verbal fluency task are quantitatively, but

not qualitatively significant in early AD. Put it differently: speakers

with prodromal dementia produce fewer words, but they do not

show deficits in repeating them. The authors interpreted this result

as proof of primarily semantic, but not a directly involved cognitive

deficit proper of dementia. Similar conclusions were formulated

by Liampas et al. (2022), who related word-finding problems with

predominant disruptions in semantic stores, and Andreetta and

Marini (2015), who reported lexical impairment to be responsible

for macrolinguistic difficulties and impairment in fluent aphasia.

These observations lead us to another important question:

the relevance of the type of task (or stimuli) in collecting,

analyzing, and interpreting data on syntax in dementia. As stated

above, AD drives important disruptions in cognitive functions

involved in language control, but also in the language function

itself. Furthermore, different language tasks can unchain different

degrees of the implication of cognitive functions and language

components. In their seminal study based on the assessment of

written texts, Kemper et al. (1993) concluded that AD speakers

showed syntactic simplification but, at the same time, preserved

syntactic grammaticality. By contrast, a longitudinal study from

Eyigoz et al. (2020) showed that speakers with future onset of AD

wrote texts based on telegraphic patterns, i.e., with reduced (or

even absent) grammatical structures, lacking functional words (like

determiners or auxiliaries), and frequentmisspellings. The typology

of the task is a probable root of such contradictory results.

Discussion about the type of stimuli, however, should not

be simplistically considered from the differentiation of written

and oral tasks. Oral tasks, which are more commonly applied to

the assessment of language and cognitive performance of older

speakers usually imply different cognitive overload. Thus, different

degrees of spontaneity in oral tasks lead to different cognitive loads

on speakers. It is assumed that, within such a gradation, the most

spontaneous oral tasks are the most demanding, since, in addition

to not allowing for planning or prior memorization, they also

require a very high level of cognitive and memory control and

activation (Guinn et al., 2014). Instead, picture-description tasks

reduce cognitive demands by minimizing overload on memory,

specifically on episodic memory (Chapin et al., 2022). As our own

results show, the correct identification and selection of the task can

be a determining factor in correctly accessing the complexity of

syntactic phenomena in dementia.

Studying syntax in AD faces another important challenge: what

should we consider a baseline for assessing grammatical decline

in aging and dementia? In their other relevant study, Kemper

et al. (2001) observed a considerable individual variation in the

initial grammatical complexity of older adults. Further longitudinal

studies (e.g., Ahmed et al., 2013) confirmed that the starting profile

of AD, including its prodromal or probable stages, is heterogeneous

in (baseline) language abilities. Furthermore, one of the challenges

in measuring syntactic disruption is related to the definition of

what is syntactic complexity, how we can correctly measure it, and

what cognitive predictions can be made about it. Several indexes of

syntactic complexity have been used in studies on AD considering

their predictive cognitive load. For example, Pakhomov et al. (2011)

developed a computerized linguistic analysis system (CLAS), which

assessed AD-driven changes in syntactic complexity based on the

indexes of utterance length (mean number of words), the mean

number of clauses (number of S nodes in parse trees), the total

Yngve depth index (number of branches below each node, from

right to left), the total Frazier depth index (number of branches

for each word in the path to the highest node), and the total

syntactic dependency length (SDL; sum of all dependency distances

in the serial position of the constituent words). Their results are

promising, but we still lack data on the threshold levels of syntactic

normotypicality in aging.

Another intriguing question we have tried to address in this

work is to which extent possible syntactic deficit in AD can be

affected or predicted by the lexical-semantic deficit. Results from

some of the most relevant studies suggest that lexical and syntactic

impairments (or changes) are potentially dissociated in AD. Fraser

et al. (2016) observed that semantic and syntactic impairments are

asymmetric, that is, are presented with very low correlation. In their

referential study of Iris Murdoch’s written language, Garrard et al.

(2005) observed similar dissociation between lexical impairment

and relative syntactic preservation, and, in both cases, authors

related their findings to underlying neuropathological patterns

primarily affecting the temporal lobe. In this study, we found that

lexical-semantic ability (as measured by SVF) predicts performance

in the length of utterances and embedded clauses, but not in the

syntactic complexity.

Considering such dissociation, it is crucial to look for the

reasons for syntactic simplification in AD. Many of the indexes that

measure syntactic production are associated with working memory

and processing ability. Yet, Pakhomov et al. (2011) also suggested

that both working memory and semantic difficulties could

jointly affect syntactic complexity. Since cognitive impairments

in AD are related to both structural dysfunction and functional

disconnections in brain networks (Montembeault et al., 2019),

their pattern can be insightful for our understanding of syntax in

dementia. Functional connectivity changes in the language network

are specifically noticeable in the left posterior middle temporal

gyrus (pMTG) of people with AD, and associations between such

changes and lexical deficits (mainly naming and verbal fluency),
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which link pMTG with lexical-semantic retrieval, are reported

(Mascali et al., 2018; Montembeault et al., 2019). So, one of

the important contributions from AD to our understanding of

syntax in the brain comes from the evidence of how AD-related

neurodegenerative processes, and the corresponding syntactic

deviations, align with the predicted neuroanatomical substrate

for syntactic processing and production. Difficulties in syntactic

comprehension can be linked to progressive volume loss in the left

temporal lobe, comprising theWernicke’s area, which is responsible

for the syntactic analysis of stimuli and, mainly, for the building up

of the argument structure (Bickel et al., 2000). Yet, at the same time,

the preservation of the general ability to produce syntax is coherent

with the most recent findings about neuroanatomical support of

syntactic abilities. Syntactic abilities in the human brain aremainly

supported by the inferior frontal gyrus, particularly by Broca’s area

and, within this, by BA44, but complex syntax significantly relies

on the interactive connection of BA44 with the superior temporal

gyrus (STG) (Friederici et al., 2017). Furthermore, neuroanatomical

and language interactions expectedly replicate each other.

As a final word, our results are in line with recent research

from Chapin et al. (2022), who suggest the necessity to recur to

fine-grained, rather than coarse analysis of syntax if we want to

understand its true nature. The fine-grained analysis from Chapin

et al. (2022) showed that specific syntactic elements (e.g., NP vs.

VP) can show up with different changes, and be, furthermore,

due to different etiologies. Our work confirms this position by

underlying the need to specify what we measure in syntax, how we

measure it, and what is baseline we have to consider for measuring

it accordingly.

5. Conclusions

For a long time, syntax has been considerably disregarded from

the study of language profiles in AD. The salience and the primacy

of the lexical-semantic deficit in dementia have probably been

one of the main reasons for such disregard. The preservation of

general syntactic ability, reported by pioneering studies on syntax

in AD, is another important factor. Truly indeed, speakers with

AD can construct grammatically acceptable sentences, and, as

this research shows, the number of sentences they build matches

with the similar index in healthy aging and speakers with Mild

Cognitive Impairment.

Yet, the application of the model of syntactic maturity allowed

us to demonstrate that syntax is not fully preserved in AD and

already changes at the MCI stage. Specifically, we observed that

speakers with dementia produce significantly shorter sentences and

clauses, and rely significantly less on subordination. Our results are

in line with other recent studies (e.g., Chapin et al., 2022), which

suggest the necessity of fine-grained analysis for disentangling the

specificity of syntactic deficits in dementia. Considering that the

task we analyze (Cookie-Theft picture description task) minimizes

the effect of cognitive and lexical load, and that scoring in semantic

tasks does not correlate with the index of syntactic complexity, we

conclude that syntactic decline in AD parallels other language and

cognitive declines.

Overall, several important questions must be addressed for

a better understanding of syntax in pathological aging. First, we

lack a necessary background for what normotypical syntax is

and how we should measure it. This is crucial for answering

the questions about the patterns of syntactic change in AD.

Second, we need to specify better the type of stimuli for

syntax elicitation. Different language tasks drive different loads

on cognition and language, so, expectedly, syntactic outcomes

can vary in due order. All in all, we believe that a better

understanding of syntactic ability in AD can significantly

improve our understanding of human syntactic ability, as well

as its neurocognitive and theoretical relationship with other

language levels.
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