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Abstract

INTRODUCTION: Patients with Alzheimer’s disease present with difficulty in lexical

retrieval and reversal of the concreteness effect in nouns. Little is known about the

phenomena before the onset of symptoms. We anticipate early linguistic signs in the

speech of people who suffer from amnestic mild cognitive impairment (MCI). Here, we

report the results of a corpus-linguistic approach to the early detection of cognitive

impairment.

METHODS: One hundred forty-eight English-speaking Singaporeans provided natu-

ral speech data, on topics of their choice; 74 were diagnosed with single-domain MCI

(38 amnestic, 36 non-amnestic), 74 cognitively healthy. The recordings yield 267,310

words, which are tagged for parts of speech.We calculate the per-minute word counts

and concreteness scores of all taggedwords, nouns, and verbs in the dataset.

RESULTS:Compared to controls, subjects with amnesticMCI produce fewer but more

abstract nouns. Verbs are not affected.

DISCUSSION: Slower retrieval of nouns and the reversal of the concreteness effect

in nouns are manifested in natural speech and can be detected early through corpus-

based analysis.
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Highlights

∙ Reversal of the concreteness effect is manifested in patients with Alzheimer’s

disease (AD) and semantic dementia.

∙ Thepaper reports a corpus-basedanalysis of natural speechbypeoplewith amnestic

and non-amnesticmild cognitive impairment (MCI) and cognitively healthy controls.

∙ Peoplewith amnesticMCI produce fewer andmore abstract nouns than peoplewith

non-amnesticMCI and healthy controls. Verbs appear to be unaffected.

∙ The imageability problemcanbe detected in natural everyday speech by peoplewith

amnesticMCI, which carries a higher risk of conversion to AD.

1 BACKGROUND

In recent years, there has been a growing body of research on the dis-

tinct roles that nouns and verbs play in cognitive impairment. It has

been well documented that patients diagnosed with semantic demen-

tia (semantic variant of frontotemporal primary progressive aphasia)

or Alzheimer’s disease (AD) present with effortful lexical retrieval

and reversal of the concreteness effect, producing nouns, and to a

lesser extent, verbs, which are more abstract.1–9 The matter is, of

course, controversial. There are studies that report contrasting results,

namely, reverse concreteness effects are not common in semantic

dementia,10,11 and imageability plays no or little role in AD.12,13

Most studies collect targeted language data from word-based fluency

tests on semantic categories (cat, dog) or letters (cat, cake), or from

connected speech obtained through structured interviews, picture

narrations (e.g., Cookie Theft) or fairy tale recalls (e.g., Cinderella).14,15

The datasets of these studies are relatively small, even those con-

structed from connected speech, and the speech data are constrained

by visual or reading stimuli and by research designs. To our knowledge,

therehasbeennoor little studyof per-minute counts and concreteness

of nouns and verbs in patients with mild cognitive impairment (MCI)

based on unstructured and easy-to-collect speech data. In the present

study, we take a corpus and formal linguistic approach to search for lin-

guisticmarkers of early cognitive impairment in natural, unconstrained

speech by people with mild impairment in the cognitive domain of

memory, by people with mild impairment in cognitive domains other

thanmemory, and by people who are cognitively healthy.

2 METHODS

2.1 Neuropsychological assessment

Our language dataset comes from participants in the Community

Health and Intergenerational (CHI) study, a cohort study of aging and

mental health among normal, community-dwelling Singaporeans ≥ 60

years of age. A total of 993 Singaporeans participated in the CHI

study. The aims and methods of the CHI project have been described

in detail elsewhere.16 Assessments include physical health, socioe-

conomic conditions, cognitive functioning, and unconstrained speech.

The neuropsychological battery of tests used to diagnose normal

aging and MCI in the study has been validated in the Singaporean

population.17 The tests evaluate amnestic and non-amnestic cognitive

domains of attention, learning, memory, speed, and executive func-

tion,which are necessary for the diagnosis of neurocognitive disorders.

The battery of five tests used in the cognitive assessment is (1) Rey

Auditory Verbal Learning Test (RAVLT), to evaluate declarative verbal

learning andmemory; (2) immediate, delayed, and recognitionmemory

tests and forward and backward digit span tasks, to assess attention

and verbal working memory; (3) Color Trails Tests 1 and 2, to assess

sustained attention and reasoning18; (4) block design, to measure

visual-spatial and organizational processing abilities and non-verbal

problem-solving skills; and (5) semantic verbal fluency (animal) test, to

tap lexical knowledge and semantic memory organization.19 We used

Petersen’s criteria20 for the diagnosis of amnestic and non-amnestic

MCI, that is, absence of functional decline and ≥ 1 neuropsychological

test score (−1.5 standard deviation [SD] below the norm). Specifically,

an individual was diagnosed with MCI under three conditions: first, at

least one impaired test score in the above-mentioned neuropsycholog-

ical tests, definedas1.5 SDbelow their age-appropriate norms; second,

largely preserved functional independence as defined by having a Clin-

ical Dementia Rating global score < 1; third, presence of subjective

cognitive complaints as corroborated by a reliable informant. For MCI

subtypes, participantswerediagnosedwith amnesticMCI if theyhadat

least one impaired test score (i.e., 1.5 SDbelowage-appropriate norms)

from the memory domain (e.g., immediate recall, delayed recall, recog-

nition). Non-amnestic MCI was diagnosed if at least one test score

from the non-memory domains was impaired, in the absence of any

impaired memory test scores. The diagnosis of MCI for each subject

was arrived at through a consensus review of the test results by two
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TABLE 1 The number of subjects diagnosedwith impairment of a
single non-amnestic domain, as determined by the neurocognitive
tests.

Test N

Block design 7

Color trails 1 1

Color trails 1 & 2 11

Digit span 2

Semantic fluency 15

Note: Total number of subjects: 36.

psychiatrists and aneuropsychologist. Subtyping for amnestic andnon-

amnestic MCI has relevance for clinical management and prognosis.

Amnestic MCI is associated with higher risk of conversion to AD,21

whereas non-amnesticMCI is associatedwith higher risk of conversion

to other types of dementia such as Lewy body dementia.22

2.2 Selection criteria

Of the 993 participants in the CHI study, 475 subjects in their 60s

and 70s provided speech samples in English, including 95 who were

diagnosed with MCI. Of the 95 MCI subjects, 53 suffer from amnestic

MCI (38 single-domain, 15multiple-domain) and42 fromnon-amnestic

MCI (36 single-domain, 6 multiple-domain). To minimize the effect of

other cognitive domains on language production, we selected all 38

subjects with single-domain amnestic MCI (aMCI) and all 36 subjects

with single-domain non-amnestic MCI (naMCI). We also selected 74

cognitively healthy participants with similar age, sex, education, and

language profiles. The selection was random, and no other criterion

was used. The non-amnestic domains examined correspond to the neu-

rocognitive tests used for assessing the non-memory domains, such

as working memory (digit span), processing speed (color trails 1 and

2), divided attention (color trails 2), visual-spatial processing (block

design), and verbal fluency (semantic fluency). The number of subjects

diagnosed with mild impairment in individual non-amnestic domains is

shown in Table 1.

Because the number of subjects is small, we grouped all 36 naMCI

subjects as a single group. Future research could build on our data

to investigate the linguistic manifestation of individual non-amnestic

domains. The neurocognitive profile of these MCI subjects compared

to controls is illustrated in Figure 1.

All the neurocognitive tests, except for theRAVLT (learning, delayed

recall, and recognition), belong to the non-amnestic cognitive domains.

2.3 Natural speech data

Most Singaporeans are bilingual, speaking English and one or more of

the heritage languages of Chinese, Malay, or Tamil. For most, English

is the dominant home language.23 Participants were instructed to talk

about any topic for up to 20 minutes in a language they felt most

RESEARCH INCONTEXT

1. Systematic review: Reversal of the concreteness effect

is associated with Alzheimer’s disease. Current work on

the linguisticmanifestation of cognitive impairment relies

on language data collected from controlled settings, such

as picture description and fairy tale recall. The authors

collected natural speech data from 148 English-speaking

Singaporeans as part of a cohort study of aging, 74

diagnosed with single-domain mild cognitive impairment

(MCI; 38 amnestic, 36 non-amnestic) and 74 cognitively

healthy.

2. Interpretation: We tagged the words for parts of speech

and calculated the per-minute counts and the concrete-

ness scores of nouns and verbs. Compared to controls,

people with amnestic MCI produce fewer and more

abstract nouns. Verbs are spared.Natural speechdata can

be used for early detection of amnesticMCI.

3. Future directions: If confirmed in future studies with

larger population bases, we can investigate the linguis-

ticmanifestationof individual non-amnestic domains, and

devise early linguistic intervention strategies to address

the imageability problems afflicting people with amnestic

MCI.

comfortable with, with minimal involvement from interviewers. The

speeches were recorded with simple digital voice recorders in an ordi-

nary office setting. Topics varied freely and widely, ranging from work

and retirement to family life and public affairs.

The recordings were transcribed verbatim by Singaporean students

at the National University of Singapore who are familiar with the local

languages. The transcribers were not involved in the initial record-

ing sessions. We used the Stanford PoS tagger to tag the transcribed

words for parts of speech, based on the Penn Treebank tagset.24,25

The tagged words were manually vetted by another group of students

trained in formal linguistics and in the descriptive grammar of English.

The raw recordings contained interviewer–subject interactions. For

each recording, we removed the words uttered by the interviewer as

prompts, encouragements, and explanations, and adjusted the time of

the recording accordingly. We also removed the time for pauses and

hesitations during the interactions between the interviewer and the

subject, but kept the subject’s own pauses, repetitions, and false starts

during their continuous speech. After the adjustment, the remaining

time of a recording is the net talk time of the subject.

2.4 Linguistic variables

Wecalculatednounandverbdensities as a percentageof allwords, and

type-token ratio (TTR) as a moving average with a 20-word window.26
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F IGURE 1 The neurocognitive profile ofMCI subjects in comparison to controls as illustrated in the distribution of a) standardized scores and
b) Cohen’s D statistics characterizing the effect sizes of the between-group difference. To facilitate interpretation, the scores are z-standardized
across the full study sample for each of the neurocognitive tests. Additionally, the scores for Color trails test 1 and 2weremultiplied by−1, such
lower Z-scores andmore negative Cohen’s Ds represent greater impairment in these tests, in line with the other tests.

Lexical densities andTTRare commonmeasures of lexical diversity and

richness in corpus linguistics.

It is well documented that people with aMCI experience diffi-

culty in lexical retrieval, especially of nouns which encode semantic

knowledge.27 Because the lexical measures of noun and verb densities

do not differentiate among aMCI, naMCI, and control, we investigated

the usage patterns of nouns and verbs per minute of talk time in the

speech of the three groups. For each subject’s speech sample, we cal-

culated the per-minute counts of nouns and verbs by dividing the total

number of noun or verb tokens by the total number ofminutes.We cal-

culated the concreteness scores of the speech sample of each subject

based on the concreteness ratings of 40,000 English words compiled

by Brysbaert et al.,28 with one being the most abstract and five being

the most concrete. For an inflected word which does not have an
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TABLE 2 Themeans (standard deviations) in age, sex, education, and language of the subjects who volunteered to provide natural speech data.

Control aMCI naMCI F(2,145) P

N 74 38 36

Age 66.3 (4.8) 65.1 (4.1) 66.4 (5.7) 0.893 0.412

Sex (M/F) 37/37 24/14 13/23 χ2= 5.41 0.067

Education 14.8 (3.2) 13.8 (3.1) 13.9 (4.2) 1.334 0.267

Language 2.3 (0.5) 2.2 (0.6) 2.3 (0.5) 1.276 0.282

Note: Themeans of age and education are in years, and themean of language is in the number of languages spoken.

Abbreviations: aMCI, amnestic mild cognitive impairment; naMCI, non-amnestic mild cognitive impairment.

independent score,weused the score of the lemma (pass for passed, col-

league for colleagues). For each word or lemma, we obtained the score

from the 40,000-word database, and multiplied it by the number of

tokens of the word, to arrive at the word’s token score. The sum of

all word token scores was divided by the total number of word tokens

to yield the concreteness score of the speech sample of each subject.

Approximately 3.4%of commonnoun lemmas and0.6%of verb lemmas

in our speech samples do not appear in the database and are not rated.

Also not rated are proper nouns (Singapore, Singaporean), foreign-origin

words (tau “soybean”) and sentence-final particles unique to Singapore

English (lah). These words were not included in the calculation. We

also excluded numerals and common nouns used as proper nouns (Elm

Street).

2.5 Statistical analysis

All the variables used in the study, except sex, are continuous. For

statistical analysis, weuse the one-way analysis of variance for the con-

tinuous variables, with post hoc Tukey contrast, and the chi-square test

for the categorial variable. The tests are performedwith SPSS v.28.

3 RESULTS

3.1 Basic demographics of subjects

The basic demographic information of the subjects who contributed

speech samples to the dataset is shown in Table 2.

For most of the 148 subjects, Chinese is their second language;

six are English–Malay or English–Tamil bilingual, and five monolingual.

There is no significant difference between the subjects with the two

subtypes ofMCI and cognitively healthy controls in age, education, and

language.

3.2 Lexical profiles

Table 3 displays the basic lexical statistics of the dataset.

People with aMCI and naMCI talk less, and produce fewer words,

than cognitively healthy controls. Thedifferences in talk timeand in the

three-word count measures, both type and token, are statistically sig-

nificant at P < 0.05. The differences between the two MCI groups are

not significant, as revealed by the post hoc Tukey contrasts in Table 3.

As can be seen from Table 3, there is no difference in the three lexical

measures, noun density, verb density, and TTR, in the language sam-

ples of the subjects in the aMCI, naMCI, and control groups. In fact,

the TTRs of the three groups are nearly identical with the TTR, 0.85

(0.03), of the control group, consisting of 37 healthy Americans with

similar age and education profiles, in the studies of the lexical features

of frontotemporal degeneration reported by Cho et al.8,9

3.3 Lexical retrieval and concreteness

The per-minute word counts and concreteness scores of nouns and

verbs are shown in Table 4.

As we can see in Table 4, the all-word counts of the three groups

exhibit significant variation (P = 0.004), and the post hoc Tukey test

shows that only the naMCI group is significantly slower than the con-

trol group (141.9 vs. 126.2, P= 0.006). The concreteness scores of the

three groups do not show significant variation (P = 0.145). When we

examine nouns and verbs separately, we will be able to see important

differences between the two major lexical categories obscured by the

all-word measures. In the case of word count per minute, nouns and

verbs behave differently between the two subtypes ofMCI. Compared

to control, the per-minute word counts of nouns and verbs were lower

in both subtypes, but only the lower noun count in aMCI is significant

(24.3 vs. 22.1, P = 0.038). The concreteness scores of nouns and verbs

exhibit similar trends. Compared to control, nouns are more abstract

in both subtypes of MCI; again, only the lower noun score in aMCI is

significant (3.71 vs. 3.57, P = 0.027). Verbs show no significant differ-

ences. Taken together, on the two measures of per-minute word count

and concreteness score, our data suggest that amnestic MCI affects

nouns and spares verbs, and non-amnesticMCI does not seem to affect

per-minute word count nor concreteness.

4 DISCUSSION

The results, and the dissociation between nouns and verbs, are consis-

tentwith the findings reported in the linguistic and neuropsychological
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TABLE 3 Means (standard deviations) of talk time (minutes) and type and token counts (words) of all taggedwords, nouns, verbs, and the three
lexical measures of noun density, verb density, and type-token ratio (TTR) in the dataset.

Control aMCI naMCI F(2,145) P Post hoc Tukey contrasts

N (M/F) 37/37 24/14 13/23

Talk time 14.4 (3.9) 12.6 (6.0) 11.4 (4.9) 5.271 0.006 Control> aMCI (P= 0.143), Control> naMCI

(P= 0.006), aMCI> naMCI (P= 0.520)

Words, type 523.7 (128.1) 448.4 (166.5) 422.1 (146.2) 7.321 0.001 Control> aMCI (P= 0.025), Control> naMCI

(P= 0.002), aMCI> naMCI (P= 0.709)

Words, token 2038.7 (664.5) 1661.3 (897.1) 1481.0 (811.4) 7.333 0.001 Control> aMCI (P= 0.039), Control> naMCI

(P= 0.001), aMCI> naMCI (P= 0.571)

Nouns, type 172.6 (60.7) 137.4 (64.1) 132.0 (54.2) 7.416 0.001 Control> aMCI (P= 0.011), Control> naMCI

(p= 0.003), aMCI> naMCI (p= 0.923)

Nouns, token 351.2 (129.2) 278.5 (141.8) 258.4 (133.2) 7.268 0.001 Control> aMCI (p= 0.019), Control> naMCI

(P= 0.002), aMCI> naMCI (P= 0.795)

Verbs, type 147.9 (38.9) 129.4 (52.7) 119.2 (48.1) 5.476 0.005 Control> aMCI (P= 0.103), Control> naMCI

(P= 0.006), aMCI> naMCI (P= 0.596)

Verbs, token 408.5 (142.3) 338.5 (197.0) 303.2 (182.8) 5.398 0.005 Control> aMCI (P= 0.095), Control> naMCI

(P= 0.007), aMCI> naMCI (P= 0.639)

Noun density 17.3 (2.6) 17.2 (2.7) 17.9 (3.2) 0.723 0.487 Control> aMCI (P= 0.984), Control< naMCI

(P= 0.537), aMCI< naMCI (P= 0.529)

Verb density 19.9 (2.0) 20.0 (2.1) 20.1 (2.3) 0.080 0.923 Control< aMCI (P= 0.986), Control< naMCI

(P= 0.916), aMCI< naMCI (P= 0.976)

TTR 0.850 (0.02) 0.852 (0.02) 0.854 (0.02) 0.407 0.666 Control< aMCI (P= 0.941), Control< naMCI

(P= 0.640), aMCI< naMCI (P= 0.871)

Note: Total length of talk time and tokenword count: 32.6 hours, 267,310words (controls 17.8 hours, 150,864words; aMCI 12.6 hours, 63,130words; naMCI

11.4 hours, 53,316words).

Abbreviations: aMCI, amnestic mild cognitive impairment; naMCI, non-amnestic mild cognitive impairment.

TABLE 4 Means (standard deviations) of per-minute word counts and concreteness scores of all taggedwords, nouns, and verbs in the speech
samples of subjects with aMCI and naMCI, and of cognitively healthy controls.

Control aMCI naMCI F(2,145) P Post hoc Tukey contrasts

Word count

All words 141.9 (24.3) 130.4 (25.9) 126.2 (24.2) 5.865 0.004 Control> aMCI (P= 0.052), Control> naMCI

(P= 0.006), aMCI< naMCI (P= 0.751)

Nouns 24.3 (4.6) 22.1 (4.2) 22.4 (4.9) 3.986 0.021 Control> aMCI (P= 0.038), Control> naMCI

(P= 0.092), aMCI< naMCI (P= 0.957)

Verbs 28.4 (6.2) 26.3 (6.7) 25.6 (6.5) 2.845 0.061 Control> aMCI (P= 0.232), Control> naMCI

(P= 0.078), aMCI> naMCI (P= 0.874)

Concreteness score

All words 2.55 (0.08) 2.52 (0.09) 2.56 (0.09) 1.955 0.145 Control> aMCI (P= 0.281), Control> naMCI

(P= 0.779), aMCI< naMCI (P= 0.142)

Nouns 3.71 (0.25) 3.57 (0.28) 3.66 (0.25) 3.410 0.036 Control> aMCI (P= 0.027), Control> naMCI

(P= 0.682), aMCI< naMCI (P= 0.289)

Verbs 2.45 (0.10) 2.43 (0.10) 2.47 (0.13) 1.176 0.311 Control> aMCI (P= 0.759), Control< naMCI

(P= 0.549), aMCI< naMCI (P= 0.284)

Abbreviations: aMCI, amnestic mild cognitive impairment; naMCI, non-amnestic mild cognitive impairment.

literatures. In formal linguistics, nouns and verbs are recognized as the

big two major lexical categories, despite the enormous cross-linguistic

diversity in morphosyntactic form.29,30 In cognitive neuroscience,

there has been extensive evidence, from brain lesion studies to bat-

teries of word-based neuropsychological tests, that nouns and verbs

are encoded in different areas of the brain, although the exact neu-

ral mechanisms in the lexical representation of grammatical categories

remain a matter for debate.31–35 Some patients with AD suffer from
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semantic memory deficits which affect the perceptual attributes of

semantic knowledge, resulting in difficulty in lexical retrieval and in

more abstract speech—the reversal of the concreteness effect.1–8 Peo-

ple with amnestic MCI also present with impairments in semantic

memory, as reported in studies drawing data from common word-

based neuropsychological tests, such as object and face naming tests,

that target semanticmemorydirectly.36–40 Studies that drawdata from

connected speech, typically from picture descriptions or story recalls,

are not as conclusive.14,15 Our study shows that the semantic mem-

ory deficits in people with amnestic MCI are manifested in deficits

in noun retrieval and in reversal of the concreteness effect involving

nouns in natural speech, providing corroborative evidence that seman-

tic memory-related deficits are manifested in ordinary language in the

predementia stageof cognitive impairment. Further research is needed

to substantiate these results. The incidence of MCI developing into

full-fledged dementia is estimated to be between 20% and 40%.41

5 CONCLUSION

To conclude, we took a corpus and formal linguistic approach to search

for linguistic markers of cognitive impairment. The unconstrained nat-

ural speech data obtained from people talking about familiar topics

of daily life reflect the state of the language more closely and inti-

mately than the data collected through picture narration and fairy

tale retelling, or through word-based elicitation. The choice of words

and morphosyntactic phrasings in free speech is not primed, nor con-

strained, by pictures or fairy tales. One limitation of natural speech

is that it does not shed light on the underlying pathologies of mem-

ory impairment that the semantic battery of tests, such as the Boston

Naming Test,42 is designed to reveal. Corpus data, however, are non-

invasive and easy to collect and analyze. As we have demonstrated,

an average of a little more than 10 minutes of natural talk yields ade-

quate data that allow us to detect language deficits in peoplewithMCI.

More studies are needed, based on larger corpora of natural speech,

in terms of word count and participant, to confirm the results. The

corpus-linguistic method offers a reliable and cost-effective tool to

detect linguistic signs of early cognitive decline, helping medical prac-

titioners in the early diagnosis, intervention, and management of the

progressive disease.
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