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This paper uses a discourse task to explore aspects of semantic production in persons

with various degree of cognitive impairment and healthy controls. The purpose of the

study was to test if an in-depth semantic analysis of a cognitive-linguistic challenging

discourse task could differentiate persons with a cognitive decline from those with a

stable cognitive impairment. Both quantitative measures of semantic ability, using tests of

oral lexical retrieval, and qualitative analysis of a narrative were used to detect semantic

difficulties. Besides group comparisons a classification experiment was performed to

investigate if the discourse features could be used to improve classification of the

participants who had a stable cognitive impairment from those who had cognitively

declined. In sum, both types of assessment methods captured difficulties between

the groups, but tests of oral lexical retrieval most successfully differentiated between

the cognitively stable and the cognitively declined group. Discourse features improved

classification accuracy and the best combination of features discriminated between

participants with a stable cognitive impairment and those who had cognitively declined

with an area under the curve (AUC) of 0.93.
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INTRODUCTION

Dementia disorders are neurodegenerative diseases that affect millions of people each year, and
the prevalence is still increasing (Scheltens et al., 2016).The most common type of dementia is
Alzheimer’s disease (AD), and despite extensive ongoing research, little is known about the cause.
The development of most dementia disorders is gradual, and cognitive changes are detectable
years, and sometimes decades, before dementia is diagnosed (Reisberg and Gauthier, 2008; Ritchie
et al., 2015). Subjective cognitive impairment (SCI) and mild cognitive impairment (MCI) are two
conditions that have been identified as states preceding dementia (Reisberg and Gauthier, 2008).
MCI is characterized as a condition where cognitive decline is observable in at least one cognitive
domain, but which does not have a significant interference with a person’s daily life (Gauthier et al.,
2006). In SCI, which is a common condition in the aging population and is characterized by mild
cognitive complaints, no objectively observable cognitive decline is seen (Mendonça et al., 2016).
However, previous longitudinal studies report that up to 44% of persons fulfilling the criteria for
MCI may return to normal within a year (Gauthier et al., 2006). It is of clinical importance to
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identify which persons are at risk of cognitive decline and which
are likely to remain cognitively stable. If differences in clinical
profiles exist between the groups, this could be of help for
clinicians diagnosing and planning the care for these groups. At
present, there is no gold standard regarding what tasks to use
to evaluate language function in persons at risk of developing
dementia. However, what is known is that language deficits in
general and specifically semantic difficulties are seen early on
McCullough et al. (2019), andmultiple evaluationmethodsmight
be needed to assess changes in language ability (Taler et al., 2020).

In this study we use a discourse task to explore aspects of
semantic production in persons with various degrees of cognitive
impairment and healthy controls. The purpose is to test if a
semantic analysis of a cognitively and linguistically challenging
discourse task can be used to differentiate persons with a
progressive cognitive decline from those with a stable cognitive
impairment. Both quantitative and qualitative measures of
semantic ability are used for the purpose of answering
this question.

BACKGROUND

Subtle changes in a person’s speech or language use may be
an early sign of cognitive decline. When a more pronounced
cognitive decline, such as dementia, has developed, alterations in
syntax, semantics and pragmatics are often present, whereas in
milder forms of cognitive decline such as in MCI, predominantly
semantic difficulties are seen (see e.g., Taler and Phillips, 2008).
Recent studies have also found discourse related features to
differentiate between persons with early cognitive impairments
and healthy ageing, such as differences in cohesion (Kim et al.,
2019) and global coherence (Mazzon et al., 2019). Substantial
efforts have been made to identify markers that can be used to
predict cognitive decline and that are associated with dementia.
Since language data is relatively easy to collect compared to e.g.,
blood samples and brain imaging, many studies have focused
on finding linguistic signs of early cognitive impairment using
both qualitative and quantitative measures (for a review see e.g.,
Mueller et al., 2016) and exploring data both from language tests
and continuous speech.

Tests of Semantic Ability
In semantic verbal fluency (SVF) tasks a person is asked to
produce as many items as one can from a certain category during
60 s. Although test of verbal fluency tests measure a combination
of various cognitive functions and are commonly used to assess
both verbal ability and executive control (Shao et al., 2014).
SVF are often used for investigating semantic processing and
production. Persons with MCI perform worse than healthy
controls on SVF tasks, and research suggests that semantic
retrieval is impaired (Demetriou and Holtzer, 2017; Linz et al.,
2019). A decline in verbal fluency can in fact be seen very early
as shown in a series of studies investigating late middle-aged
individuals at risk for MCI, where those having “early” MCI had
deficits in verbal fluency (Mueller et al., 2015, 2016; Johnson et al.,
2018). Furthermore, a decline in semantic fluency in participants
at the pre-MCI stage have been seen to predict later progression

to MCI and dementia (Loewenstein et al., 2012). Another aspect
of semantic ability is confrontation naming, often measured
using the Boston Naming Test (BNT; Kaplan and Weintraub,
1983), which consists of 60 images in decreasing order of word
frequency. In a recent meta-analysis, Belleville et al. (2017)
assessed the predictive accuracy of different cognitive domains
and found that in the language domain, confrontational naming
(Ahmed et al., 2008; Eckerström et al., 2013) and SVF (Ahmed
et al., 2008; Gallagher et al., 2010; Venneri et al., 2011) both
yielded high predictive accuracy. Furthermore, numerous studies
have shown a relationship between poor baseline performance
on semantic word fluency and later development of dementia
(Saxton et al., 2004; Auriacombe et al., 2006; Clark et al.,
2009). Naming tests are widely used both clinically and in
research and have been found to predict the speed of cognitive
decline in AD (Carswell, 1999). However, the diagnostic and
prognostic utility of these tests may be limited compared to other
neuropsychological tests (Taler and Phillips, 2008), and they may
not reflect actual ability to communicate and take active part in
conversations (Reppermund et al., 2011). Nevertheless, naming
tests have been found to correlate with lexical retrieval of nouns
in connected speech for persons with aphasia (Herbert et al.,
2008).

Quantitative and Qualitative Analyses of
Semantic Ability in Discourse
Whereas, quantitative ways of assessing language, such as
language tests, have the benefit of being easy to administer
and score, analysis of continuous speech, i.e., discourse, is
assumed to have a higher sensitivity for detecting subtle linguistic
impairments. Analysis of discourse not only allows for a detailed
analysis of lexical, semantic, syntactic, and pragmatic features,
but also for an analysis of temporal patterns of language
production. In previous research, disfluencies (such as pauses,
fillers, and false starts) have been studied as a proxy of word
finding difficulties, i.e., semantic impairment. In a review, Boschi
et al. (2017) conclude that speech in persons with AD is
characterized by low speech rate and numerous hesitations.
Further, Gayraud et al. (2011) showed that silent pauses,
lengthenings, and hesitations are more common in the speech
of persons with AD, but there is no increase in filled pauses,
which can be interpreted as a lack of signaling speech production
difficulties. While pauses may be seen as a symptom of semantic
and lexical impairments, Pistono et al. (2019) suggest that pauses
may indicate different types of difficulties, as they found that
pauses in persons with AD appeared to be predicted by different
cognitive functions, depending on the task, and the function of
pausesmay change as AD progresses (Davis andMaclagan, 2009).
In that sense it should be noted that disfluencies are not solely
indicative of word finding difficulties: individual differences may
be related to verbal intelligence andworkingmemory for example
(Engelhardt et al., 2019). Persons with MCI tend to produce
longer hesitations (Szatloczki et al., 2015), more pauses (Meilán
et al., 2020) and have a lower speech rate (Szatloczki et al.,
2015; Meilán et al., 2020). Although it is often concluded that
disfluencies are early signs of cognitive decline, Mueller et al.
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(2016) found no difference in disfluencies between participants
judged as having preclinical (early) MCI and participants who
were cognitively healthy. However, in a more recent study by
the same group involving more participants they could see that
disfluencies in spoken discourse predicted early MCI status and
that those with early MCI declined faster in measures of speech
fluency than participants who were cognitively stable (Mueller
et al., 2018).

Discourse is affected by semantic impairments, and
researchers have investigated how aspects of spoken or written
discourse are related to cognitive decline. A seminal study in the
field, the Nun study (Snowdon et al., 1996), explored narratives
in the form of autobiographical essays written by nuns joining a
convent. That study, as well as a few other longitudinal studies,
have through a prospective or a retrospective analysis linked
changes in semantic and lexical content to cognitive decline or
development of dementia later in life (Snowdon et al., 1996;
Garrard et al., 2004; Farias et al., 2012). However, most studies
rely on cross-sectional analysis to explore language features
connected to cognitive decline or carry out longitudinal analysis
of persons already diagnosed with some type of impairment.
A review found that fluency, semantic and speech production
outcome measures are most efficient when discriminating
persons with MCI from controls (Filiou et al., 2020). These
measures were also useful in discriminating MCI and mild AD
from controls, whereas syntactic outcome measures were found
to be efficient first at mild-moderate stages of the disease, which
is consistent with previous studies (Kemper et al., 1993; Ahmed
et al., 2013).

Despite the multiple benefits of using a more in-depth
qualitative analysis, this is often discarded in a clinical setting due
to time constraints. Hence, there is a need for assessment tools
for analysis of continuous speech that are easy to use clinically
and that can differentiate between persons with cognitive decline
and normal ageing. A protocol was developed by Harris et al.
(2008), also described in Kiran et al. (2005) and Fleming (2014)
to measure the quality of discourse in a task designed to
place high demands on executive functioning. They have also
developed a protocol for assessing differences in thematic content
and used it to differentiate between persons with MCI and
controls, with the intent to capture changes in communicative
effectiveness. It has been suggested that subtle changes in the
overall communicative effectiveness may be early markers of
communicative decline, and that the thematic analyses are more
efficient and clinically informative than an analysis of linguistic
features when evaluating communicative competence (Harris
et al., 2008). This type of analysis can be viewed as a pragmatic
approach, and includes an analysis of whether the produced
information is relevant to the current topic. The inclusion of
off-topic information indicates a disruption of discourse, and
has been found to have a higher occurrence in discourse of
persons with mild AD (Toledo et al., 2018). A higher occurrence
was found of a similar type of disruption of coherence, called
modalizations, that can be conceptualized as comments or
opinions about the speaker’s performance during the discourse
(Toledo et al., 2018). Whereas the first study using the complex
discourse task called the planning task could discriminate

between the groups with regards to the thematic analysis (Harris
et al., 2008), the more recent study could not (Fleming, 2014).
However, both studies could discriminate persons withMCI from
persons without cognitive impairment on some type of linguistic
analyses, which implies that the task used is complex enough to
be used in early stages of cognitive decline.

The purpose of this study is to explore how semantic
impairments associated with cognitive deterioration manifest
themselves in discourse, and to investigate if measures of
semantic content in discourse can be used to distinguish between
persons with a stable cognitive impairment (referred to as our
cognitively stable group, CS-group), ongoing cognitive decline
(referred to as the cognitively declined group, CD-group), and
healthy controls (HC-group). To be able to test our methods
used to explore semantic production in this type of task, we
first needed to know if our groups differ in term of semantic
ability. Hence, our first research question concerns this query.
Our research questions are:

Does semantic ability (in terms of oral lexical retrieval) as
measured on standardized tests differ between persons with
cognitive impairment who have cognitively declined, persons
with cognitive impairment who are cognitively stable, and a
control group?

Do discourse features, in terms of content and disfluencies,
differ between persons with cognitive impairment who have
cognitively declined, or are cognitively stable in comparisons
with a control group?

Can semantically related discourse features be used to
improve classification accuracy when combined with SVF results
in a machine learning experiment?

Our hypotheses are that:

• semantic ability as measured on standardized tests differ
between persons with cognitive impairment who have
cognitively declined, persons with cognitive impairment who
are cognitively stable, and a control group. We expect the
persons with cognitive impairment who have cognitively
declined to score lower on the tests than the persons with
cognitive impairment who are cognitively stable, and we
expect the control group to score the highest.

• discourse features differ between persons with cognitive
impairment who have cognitively declined, persons with
cognitive impairment who are cognitively stable, and a control
group. We expect the persons with cognitive impairment who
have cognitively declined to perform worse with regards to
discourse features than the persons with cognitive impairment
who are cognitively stable, and we expect the control group to
perform best.

• classification accuracy can be improved by adding discourse
features to SVF results in a machine learning experiment.

METHOD

Participants
The participants in the study consist of 40 persons with cognitive
impairment and 28 healthy controls (HC). The participants
with cognitive impairment were recruited from the Gothenburg
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TABLE 1 | Demographic data.

CD (n = 13)

mean (SD)

CS (n = 27)

mean (SD)

HC (n = 28)

mean (SD)

Comparison

Age 74.9 (3.6) 68.6 (6.8) 69.5 (7.3) p = 0.013*

Education 14.9 (3.9) 14.6 (3.0) 13.3 (3.4) p = 0.085

MMSE (max 30) 25.8 (3.3) 28.8 (1.9) 29.2 (1.0) p ≤ 0.001***

BNT (max 58) 44.3 (11.1) 53.8 (3.1) 52.9 (3.9) p = 0.002**

SVF 17.6 (4.6) 27.0 (6.2) 25.1 (6.2) p ≤ 0.001***

*sig. at p-level 0.05, **sig. at p-level 0.01, ***sig. at p-level 0.001. Note: Two persons

declined testing with BNT resulting in n 12 in the CD-group and n 26 in the CS-group in

this comparison.

MCI study, a longitudinal study investigating dementia disorders
in patients seeking medical care at a memory clinic (Wallin
et al., 2016). Inclusion criteria included age 50–79 years and
Swedish as their first and only language before the age of
5 years. Exclusion criteria were occurrence of other health
conditions that might affect cognitive functioning, such as stroke
or brain tumor, substance abuse, serious psychiatric impairment,
major depression, or neurological disease. Additional reasons for
exclusion were dyslexia and any uncorrected vision or hearing
difficulties. The control group was recruited primarily through
senior citizens’ organizations, using the same exclusion criteria.
They also underwent an assessment to rule out any subjective or
objective cognitive impairment, and were excluded if they had
a Mini Mental State Examination (MMSE; Folstein et al., 1975)
score below 26. An overview of the participants is presented in
Table 1, together with their scores on the MMSE, BNT (Kaplan
and Weintraub, 1983), and SVF.

Data Collection
The data collection was divided into two parts: the
neuropsychological testing and cognitive/functional assessments,
and the language tasks. The cognitive/functional assessment and
the neuropsychological testing was administered at the memory
clinic by a psychologist or a supervised research nurse. All testing
was then assessed by a psychologist (ME). The examination was
performed in two sessions of 1.5–2 h. Neuropsychological testing
and cognitive assessment was carried out before the collection of
language data and again after the language data collection had
been completed.

Participants took part in collection of language data at two
dates ∼18 months apart, and this study is based on data from
the second data collection. The administration of the language
tasks took place in a quiet lab environment at University of
Gothenburg. The participants completed a discourse task, the
SVF as well as some additional tasks not analyzed in the
present study.

The first collection of language data included 91 participants,
of which 55 persons were diagnosed with some type of cognitive
impairment (MCI or SCI) and 36 HC matched for age and
education. At the second collection of language data 21 persons
failed to return for various reasons. Additionally, one person
was excluded due to poor sound quality in the recordings of the

language tasks and HC person was excluded due to an MMSE
score below 26 at the renewed cognitive assessment.

Neuropsychological Testing and
Assessment of Cognitive Status
All participants underwent neuropsychological testing. The
participants with cognitive impairment also underwent
a cognitive/functional assessment to determine the
level of impairment. The tests were selected by clinical
neuropsychologists at the memory clinic based on the tests’
documented ability to predict subsequent dementia (Eckerström
et al., 2013), and with the aim to cover a broad cognitive
spectrum. The level of cognitive impairment was assessed with
the Global Deterioration Scale (GDS-scale; Auer and Reisberg,
1997) based on four instruments: MMSE (Folstein et al., 1975),
Clinical dementia rating (CDR), Stepwise comparative status
analysis (Wallin et al., 1996), and I-FLEX (short version of
Executive interview EXIT; Royall et al., 1992).

The neuropsychological test battery included tests of learning
and memory, language, attention, and executive function. For
learning and memory, Rey Auditory Verbal Learning Test
(Geffen et al., 1994), Rey Complex Figure (Meyers and Meyers,
1995), recalled after 3 and 20min, andWeschler Logical Memory
subtest (Wechsler, 2003) were used. For language, Boston
Naming Test (Kaplan and Weintraub, 1983), verbal fluency for
letters F-A-S (Lezak et al., 2012), similarities subtest from the
Wechsler Adult Intelligence Scale (WAIS; Wechsler, 2003) and
the Token Test, part 5 (De Renzi and Vignolo, 1962) were used.
For attention WAIS Digit Span test, WAIS Digit-Symbol test
(Wechsler, 2003), the Trail-Making Test forms A and B (Reitan
and Wolfson, 1985), for visuo-spatial ability WAIS Block Design
test (Wechsler, 2003), Rey Complex Figure copy, and Silhouettes
subtest from the Visual Object and Space Perception Battery
(Binetti et al., 1996) were used. Finally, for executive function
WAIS Letter-Number sequencing subtest, Parallel Serial Mental
Operations (Lezak et al., 2012), and the Stroop test (Regard, 1981)
were used. All testing was then assessed by a psychologist (ME).

After the second cognitive assessment, the participants
with cognitive impairment were divided into those who had
deteriorated since the first assessment, the cognitive decline
group (CD, n 13) and those who not had deteriorated, the
cognitively stable group (CS, n 27). This categorisation was based
both on the cognitive assessment and the neuropsychological
testing. Six patients converted from mild cognitive impairment
to dementia (i.e., scored GDS 3 at baseline and GDS 4/4+ at
follow-up). Another seven patients declined cognitively during
the study time, based on neuropsychological testing, but did not
fulfill criteria for dementia. When analysing neuropsychological
test scores, the cut-off for “cognitively impaired” was set at 1.5
standard deviations below the normal mean. Patients had to
score below cut-off on at least one out of the nine test variables.
The normal mean scores were calculated based on scores from
cognitively healthy volunteers included in the Gothenburg MCI
study (n = 117), and were controlled for significant differences
based on age and years of education. Cognitive decline was based
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on each patient’s number of test variables in the normal vs non-
normal range (i.e., using the 1.5 standard deviations cut-off).
Cognitive decline was defined as a decline (i.e., changed score
from normal to below-normal range) from baseline to follow-up
in two or more neuropsychological test variables.

Tests of Semantic Ability
The performance on the SVF with the category “animals” (part
of the language data collection) and the BNT (Kaplan and
Weintraub, 1983) (part of the neuropsychological tests) were
used as baselinemeasures of semantic ability. Administration and
scoring was done in accordance with (Tallberg et al., 2008) for
SVF and (Tallberg, 2005) for BNT. Due to inconsistent scoring
on two items in BNT, these two items were excluded resulting in
a maximum of 58 points instead of 60.

Discourse Task
The spontaneous language material analyzed in the present study
consists of a spoken discourse task, which was modeled on the
“Trip to New York” task developed and validated by Kiran et al.
(2005), and described in Harris et al. (2008). For the purposes of
this project, the task was changed to “Trip to Stockholm.” The
participants were asked to describe how they would prepare for
and execute a trip to Stockholm. The instructions were as follows:

Now you are going to do a task where you are asked to think
and plan aloud. Imagine that you are going on a vacation a week
from now. You are traveling to Stockholm for a 2-week stay.
Think about all you will have to do to get ready to go, such as
how you will get there, what you will bring, and what you will do.
I want you to tell me all of your plans until I ask you to stop after
about 5 min.

A few follow-up questions were posed if they had not
mentioned this information in their narratives, such as: Who
will take care of your mail? What will you bring on your trip?
The planning task was designed to elicit connected language,
that required the participant to supply conceptual and semantic
content related to the cognitive-linguistic schema for travel
(Harris et al., 2008). It is further suggested to be complex enough
to reveal subtle changes in persons with brain damage, due to
its demands on executive functions such as initiation, planning,
temporal organization and flexibility, and also semantic, episodic
and working memory processes.

Data Preparation
The recordings were transcribed orthographically by two
certified speech-language pathologists who transcribed
approximately half of the recordings each. The transcribers
were instructed to segment the discourse into sentences. A
clause was defined as having to contain one finite verb, and a
sentence defined as consisting of one or several clauses. Besides
considering the clauses, the segmentation was based on the
speakers’ prosodic markers that could indicate sentence breaks.
For example, falling intonation could indicate the end of an
utterance and thus marked a sentence break. The transcribers
trained together before transcribing the participants’ recordings
to ensure that they interpreted the transcription key correctly.

TABLE 2 | Comparison of basic narrative characteristics for the discourse task

per group.

CD mean

(SD)

CS mean

(SD)

HC mean

(SD)

Comparison

N words 334 (122.9) 439 (201.4) 412 (161.7) p = 0.187

N full sentences 22.4 (7.3) 28.7 (12.5) 29.8 (12.0) p = 0.1

N words per sentences 14.0 (4.3) 14.7 (4.1) 14.1 (5.0) p = 0.653

Total phonation duration 107.1 (36.2) 132.6 (61.8) 117.7 (46.7) p = 0.512

Note: *sig. at p-level 0.05, **sig. at p-level 0.01, ***sig. at p-level 0.001.

Additionally, each recording was checked twice by one of the
transcribers (the first author).

To make the linguistic analysis more efficient, methods from
the field of language technology were used. The transcriptions
were annotated with part-of-speech (POS) tags and each word
was lemmatized using Sparv (Borin et al., 2016). Alignment of the
audio recordings and transcriptions was made using Webmaus
(Kisler et al., 2017), with post-corrections done manually.

Linguistic Analyses of Discourse Task
The discourse task was analysed with regard to themes and
disfluencies, as described in the following sections. Furthermore,
some basic narrative characteristics are presented in Table 2.
Total phonation duration is the total time spent speaking
excluding silent pauses.

Semantic Content

To capture semantic aspects of discourse, we focused on thematic
content and modalizing language. Modalizations are sometimes
referred to as metadiscourse and can be described as remarks
on the content of the story e.g., “yeah I can’t think of anything
else at the moment that I want to do,”1 and/or concerns
about its production (Farias et al., 2012; Toledo et al., 2018)
e.g., “. . . but I always forget what it is called”1 or “no by the
way that’s not correct.”1 The thematic coding was based on
a previously validated protocol (Harris et al., 2008) used in
several studies on the same population (Kiran et al., 2005;
Harris et al., 2008; Fleming, 2014). The coding protocol consists
of 13 defined core elements i.e., different subtopics/themes:
temporal, transportation/ticket, work school/family, money/cost,
clothing/packing, lodging, medication/health, securing/housing,
activities, food, people, identification, and local cost/money.
These were rated 0 if not mentioned, 1 if mentioned briefly,
and 2 if elaborated upon. Verbosity or irrelevant comments
resulted in a deduction: −1 if minimally present and −2 if
significantly present. Minimally present was defined as one
irrelevant comment and significantly present was defined as
several irrelevant comments or a longer segment of irrelevant
information or verbosity. If a theme was mentioned only after
the participant was asked a question about that theme, no
point was given. Besides scoring the texts according to Fleming
(2014), additional analyses of the themes included analysing
the number and proportion of words coded as themes, words

1Examples taken from the data (translated from Swedish).
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coded as modalizations and words coded as unrelated speech
(i.e., irrelevant comments).

Disfluencies

Disfluencies are related to the process of planning and producing
language. Four types of disfluencies were annotated and analyzed:
silent pauses, fillers, false starts, and self-interrupted sentences.
Silent pauses were defined as an interval >120ms within the
discourse that is not filled with speech or other sounds produced
by the speakers, such as coughing or laughing. The 120ms cut-
off was chosen based on the detection threshold for acoustic
silences in speech (Heldner, 2011). Fillers were defined as sounds
that indicate e.g., hesitation or planning but that do not have
lexical content. Examples of fillers include “uh” and “um.” A false
start means that the person has started articulating a word, but
did not complete it; e.g., the persons says “I pa- pack shoes.”1

Self-interrupted sentences are sentences where the person started
producing a sentence but did not complete it; e.g., the person
says “and then you could take some—maybe there is some
sightseeing- e thing with bus or something like that.”1 If several
disfluencies occurred in a row, they were handled as separate
instances. The number of disfluencies present in the speech
of the participants were measured, as well as the duration of
pauses and fillers.

Classification Experiment
To evaluate the usefulness of the extracted features, we
tested whether adding them to the SVF score in a machine
learning model would improve classification of participants as
cognitively stable or cognitively deteriorating. The classification
experiment was implemented in Python and Scikit-learn
(Pedregosa et al., 2011). For the classification experiment,
three common machine learning models used for supervised
classification were used: Support Vector Machines (SVM),
Gaussian NaiveBayes (NB), and Logistic Regression (LR).
Feature selection was performed with SelectKBest, which keeps
the n highest scoring features based on an evaluation with
an ANOVA. Leave-one-out cross-validation was used for all
models. Features were standardized according to the training
set in each fold (except for NaiveBayes, since it is invariant
to feature scaling), and default hyper-parameters were used.
For evaluation, we use area under the receiver operating
characteristics curve (AUC). The AUC is calculated by plotting
sensitivity (true positive rate) against false positive rate (1 –
specificity), as the decision threshold of the classifier is varied.
The area under the resulting curve is the AUC, and the
better the model is at classifying the groups, the higher is the
resulting AUC.

Statistical Methods
Non-parametric tests were chosen as the groups were rather
small, and many of the variables were skewed. Kruskal-Wallis
were used to compare differences between the groups and
Mann-Whitney U-for independent samples were used for post-
hoc analyses. A more stringent significance level was adopted
due to multiple comparisons. After the Bonferroni corrections
the new alpha level was p = 0.01 for the comparisons

of the lexical features (the basic narrative characteristics
presented in Table 2), p = 0.006 for comparisons of thematic
content and modalizations and p = 0.006 for comparisons
of disfluencies. We chose to report both at a significance
level of p = 0.05 and at the Bonferroni-corrected level. Since
there was a significant difference between the groups in age,
where the CD group was significantly older than the other
two groups, age was added as a covariate in a univariate
linear model (ANCOVA) to explore the effect of age. This
was only done when there was a relationship between age
and the tested variable. Since ANCOVA is a parametric test
the dependent variables were logtransformed to meet the
assumption of normality. IBM SPSS Statistics version 25 and
26, and R version 3.6.1 (R Core Team, 2019) were used as
computational tools.

Ethical Considerations
The present study is covered by the ethical approval (reference
number: 206–16, 2016; T021-18) issued by the regional ethical
review board in Gothenburg for a larger project. The participants
were informed that they could withdraw their participation at any
time. All data was coded and made anonymous.

RESULTS

Tests of Semantic Ability
There were significant differences between the groups on both
BNT and SVF, see Table 1. Post-hoc analyses revealed that the
CD group had a significantly lower result than the other two
groups on both tests. An ANCOVA was performed to explore
the effect of age on the results. Both comparisons were still
significant after adjusting for age: BNT F(2,62) = 7.48, p = 0.002,
SVF F(2,64) = 8.21, p= 0.001.

Analysis of Discourse Task
Basic narrative characteristics of the discourse task are provided
for groups in Table 2. The groups did not differ significantly
on the number of words and sentences produced or on total
phonation duration.

Semantic Content
The difference between the groups in the thematic content score
was borderline significant (see Table 3 for an overview of all
comparisons related to the thematic analysis) A post-hoc analysis
revealed a difference between the CD group and HC group (U=

99.5, p= 0.019), but not between the CD group and the CS group
(U = 116, p = 0.08). Since the thematic content score correlated
with age, an ANCOVA was performed with the CD group and
the controls added as independent variables, to evaluate the effect
of age. Age had a significant effect whereas no effect was seen
on the group variable [F(1,38) = 2.20; p = 0.15], suggesting that
age and not group explained the difference in thematic content
score in this comparison. The number of words in themes were
significantly different between the groups (at level p < 0.05), but
not in the comparison of the proportion of words in themes,
indicating that when adjusting for the total number of words in
each narrative the proportion of how much they talked about
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TABLE 3 | Comparisons of thematic content and modalizations.

CD mean

(SD)

CS mean

(SD)

HC mean

(SD)

Comparison

Thematic content score 8.2 (2.5) 9.8 (2.8) 10.6 (2.9) p = 0.052

Words in themes (n) 192.8

(103.6)

179.3 (34.5) 290.1

(134.8)

p = 0.046*

Words in themes (%) 76.4 (23.0) 87.6 (12.8) 89.4 (10.4) p = 0.156

Modalizations (n) 0.8 (0.6) 1.0 (0.9) 1.1 (0.9) p = 0.642

Modalizations (n of words) 6.6 (8.2) 11.0 (13.2) 11.4 (14.1) p = 0.343

Modalizations (%) 3.1 (4.2) 3.9 (5.6) 4.1 (4.1) p = 0.501

Unrelated speech (n) 0.46 (0.66) 0.07 (0.39) 0.18 (0.61) p = 0.013*

Unrelated speech (n of

words)

30.3 (46.3) 1.6 (8.5) 9.9 (32.9) p = 0.009*

Unrelated speech (%) 13.0 (23.3) 0.4 (2.2) 2.0 (6.7) p = 0.006*

Note: *sig. at p-level 0.05, **sig. at p-level 0.01, ***sig. at p-level 0.001. Bold type numbers

are significant at the Bonferroni corrected alpha level p ≤ 0.006.

TABLE 4 | Analysis of disfluency features.

CD mean

(SD)

CS mean

(SD)

HC mean

(SD)

Comparison

Silent pauses per 100

words

18.8 (7.7) 14.8 (3.0) 12.5 (3.5) p = 0.01**

Fillers per 100 words 2.6 (1.6) 3.9 (2.3) 3.1 (2.0) p = 0.203

False starts per 100 words 0.54 (1.6) 0.70 (0.70) 1.0 (1.1) p = 0.220

Self-interrupted sentences

per total sentences

0.18 (0.12) 0.17 (0.10) 0.14 (0.10) p = 0.294

Disfluencies per 100 words 23.1 (8.3) 20.5 (3.9) 17.7 (5.1) p = 0.017*

Mean pause length

(>120ms)

0.78 (0.21) 0.74 (0.18) 0.71 (0.30) p = 0.138

Maximum pause length

(>120ms)

3.5 (1.7) 3.0 (1.5) 2.4 (1.3) p = 0.007**

Mean filler length 0.45 (0.16) 0.50 (0.15) 0.43 (0.1) p = 0.151

Note: *sig. at p-level 0.05, **sig. at p-level 0.01, ***sig. at p-level 0.001. Bold type numbers

are significant at the Bonferroni corrected alpha level p ≤ 0.006.

the trip planning was similar. None of the features measuring
modalizing speech differed between the groups. Unrelated speech
was used rarely, less than once per participant (CD M = 0.46,
CD M = 0.07, and HC M = 0.18), but most often for the CD
group. A post-hoc analysis revealed that the CD group produced
a higher proportion of unrelated speech than the CS group (U
= 112, p = 0.003), and the HC group (U = 129, p = 0.032).
Only the difference in proportion of unrelated speech survived
the Bonferroni corrected p-level.

Disfluencies
Disfluencies in the narratives of the participants were analyzed,
and results (see Table 4) showed that the groups differ
significantly with regard to the number of pauses used
(normalized by number of words), themaximum length of pauses
and on the total number of disfluencies, i.e., silent pauses, fillers,
false starts and self-interruptions, used (normalized by number
of words). However, none of the significant results survived a
Bonferroni correction.

TABLE 5 | Area under the curve results for the 3 machine learning algorithms with

different combinations of features.

SVM LR NB

SVF 0.86 0.82 0.78

SVF + lexical features 0.86 0.89 0.87

SVF + semantic features 0.87 0.89 0.87

SVF + disfluency features 0.93 0.91 0.90

SVF + all features 0.87 0.89 0.87

The boldfaced number indicates the best result. SVF, semantic verbal fluency; SVM,

Support Vector Machines; LR, Logistic Regression; NB, Gaussian NaiveBayes.

Post-hoc analyses show that persons with cognitive decline and
persons who were cognitively impaired but stable did not differ
from each other with regard to any of the significant disfluency
measures. However, both groups differed significantly from the
healthy controls.

Classification Experiment
We evaluated the predictive accuracy of different collections of
features by using them in a machine learning model. Since we
in this experiment were interested in separating the CS-group
from the CD-group) only features from these two groups were
applied in the model. The results are presented in Table 5. As a
baseline, we trained the model using only the results from the
SVF, as impairments on the SVF have been found to be predictive
of dementia (Taler and Phillips, 2008; Belleville et al., 2017). Using
only this feature, we achieved a best result of AUC = 0.86 with
SVM. We then added the lexical content features, the semantic
features and the fluency features separately to the SVF results,
and found that this led to improved results, except when training
on the SVF and the lexical features and using the SVM classifier,
which gave the same AUC as only training on the SVF. Finally, we
trained a model using all features combined. The features found
most useful were a combination of SVF results and the disfluency
features, and training on this data gave the best results for all three
classifiers, with the SVM achieving the highest AUC result of 0.93.

DISCUSSION

The present study aimed to investigate semantic aspects of
discourse produced by persons who declined cognitively, were
cognitively impaired but stable, and healthy controls. To further
capture their semantic production, quantitative measures of
semantic ability were assessed with tests of oral lexical retrieval.
These methods were used in order to explore which measures
that best could discriminate between the groups. In sum, both
types of assessment methods captured differences between the
groups, but the tests of oral lexical retrieval most successfully
differentiated between the cognitively stable and the cognitively
declined group. This supports previous research which has
shown that especially the SVF is a robust predictor of cognitive
decline (Taler and Phillips, 2008; Belleville et al., 2017).

To explore semantic aspects of discourse we used a thematic
analysis of content (including modalizations and unrelated
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speech) and an analysis of disfluencies. The elicitation task and
the analysis of thematic content were based on the same protocol
as Harris et al. (2008) and Fleming (2014). When comparing our
CD group with the participants with MCI in Harris et al. (2008)
and Fleming (2014), our results are similar to those of Harris et al.
(2008) who found that persons with MCI provided less thematic
information than the older healthy controls included in the study,
and had more irrelevant comments and verbosity. The presence
of content not related to the subject or modalizing speech have
been found in previous studies investigating discourse in persons
with MCI and mild AD (Duong et al., 2003; Drummond et al.,
2015; Pistono et al., 2018; Toledo et al., 2018), and is proposed
to be related to problems in the semantic-pragmatic component
of the language (Drummond et al., 2015). It is further suggested
to be a pragmatic ability in AD patients to be able to comment
on their communicative production and that it should be viewed
as a communicative strength (Duong et al., 2003, Pistono et al.,
2018). Why differences in modalizations are not seen in the
present study is not clear, but could perhaps be explained by
that the use of a more free discourse task did not evoke as many
modalizations as picture based task would do. Another possible
explanation could be that the present participants’ difficulties
were too subtle to reveal a difference in modalizing language
as seen in previous studies. The proportion of unrelated speech
was the only measure that could differentiate between the group
who had cognitively declined and the cognitively stable, however,
there was a very low occurrence of unrelated speech. The
analysis of disfluencies revealed the largest differences between
the groups, and we found that the healthy controls tended to
use fewer silent pauses, shorter maximum pause lengths and
fewer disfluencies in total compared to the cognitively impaired
groups. This result is in line with previous research showing that
disfluencies are more common in discourse produced by persons
with earlyMCI (Mueller et al., 2018) and in persons with a clinical
diagnosis of MCI (Fleming, 2014; Szatloczki et al., 2015; Meilán
et al., 2020).

The last research question concerned if the discourse features
could improve classification accuracy when combined with SVF
results in a machine learning experiment. Our focus here was
distinguishing between persons who are cognitively impaired
and showing progressive decline, as opposed to persons with
stable cognitive impairment. The best classification results were
attained by combining the SVF results with the disfluency
features, which had a higher AUC (0.93 using Support Vector
Machines) than using only SVF. Based on this, we draw the
conclusion that the analysis of disfluencies in connected speech
provide complementary information to the results on the SVF,
possibly because disfluency features do not solely depend on
semantic aspects of language but also executive functions which
are known to be impaired in MCI (Gauthier et al., 2006).

The task used in the present study was designed to be
more cognitively-linguistic challenging, and was added for the
second data collections, since previous experiences from using
the cookie theft picture as elicitation, suggested that a more
challenging task was needed (Lundholm et al., 2018). The
planning task was developed by Kiran et al. (2005) with the
intent to stimulate connected language instead of more list-like

labeling which sometimes can be the case in picture descriptions,
and be sensitive to differences in discourse production. Previous
studies suggest that task complexity is important when assessing
mild impairments as in the case of early AD (Forbes et al.,
2002). However, to our knowledge no study has compared the
planning task to another type of task, so we can only rely on
theoretical assumptions and previous studies concerning the
tasks suitability. The thematic analysis was based on the protocol
developed by Harris et al. (2008) and consisted of a scoring
system where points were given if a certain core element was
mentioned. The benefits of this scoring protocol are that it is
relatively easy and quick to analyse. A critique might be that it
is a bit crude. For that reason, we also chose to analyse howmuch
the participants talked about things related to the themes (or not
related to the themes), and how fluently they talked. This seems
to complement the scoring, but would be quite cumbersome
to implement in the clinic. For at least some of these findings,
such as the importance of temporal analysis (disfluencies), they
might be implemented in other tasks such as measuring latencies
in BNT, or temporally resolved measures on the SVF (Linz
et al., 2019). Another adjustment in the present study was the
addition of follow-up questions which were posed if certain
elements of the trip were not mentioned. Since the information
following these questions were prompted and not mentioned
spontaneously, we decided to disregard this information in the
scoring. This departure from the original protocol means that our
results are not completely comparable to previous studies, and
we suggest excluding follow-up questions in future studies if the
main outcome measure is the score of thematic content.

A drawback of this type of discourse task when used in the
clinic is that it requires manual transcription. In some languages
it might be possible to use automatic speech recognition, but
for Swedish we did not judge the currently available speech
recognition alternatives good enough for this purpose. To avoid
manual transcription, the test persons can be asked to describe
their trip in writing instead, which may be tested in future
studies. In the present study, we used methods from language
technology and computational linguistics in order to automate
some of the analysis and to test if the discourse measures
could improve the classification. Studies mixing manual and
automated methods seems to be more and more common in
this field and can hopefully complement each other (Boschi
et al., 2017). Although most studies use manual transcription
and segmentation, annotation with part-of-speech taggers and
linguistic analyses with for example parsers are often used to
make the analysis more efficient and consistent.

A question raised when using this discourse task may be
that, if the tests of lexical retrieval were better at discriminating
between the groups, then why not use them instead of a discourse
task. However, a task that assesses functional language has a
higher ecological validity than a psychometric language test
(Bastiaanse and Prins, 2004), and can be more challenging,
thus more suitable for subtle impairments. Related to that,
Drummond et al. (2015) argued that it is often in narrative
discourse elderly persons with cognitive deterioration first
experience language problems that they perceive as related to
impaired memory, such as repetitions or information gaps in
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their narratives. Furthermore, since tests such as naming and
SVF do not address such discourse, deficits occurring in narrative
discourse may go undetected. On the contrary, it is also possible
that persons withmild difficulties are able to compensate for their
problems with lexical retrieval, seen in naming or SVF tests, in a
discourse task. However, even if mild word retrieval difficulties
do not always lead to anomia, it might lead to an increase in
pauses and other types of disfluencies, which was also the case
in our data.

One limitation in the present study was the rather small
sample, especially in the group with persons who declined
cognitively. At the start of the longitudinal project that this study
is a part of, participants with either SCI or MCI were included,
but due to dropouts the groups ended up rather small at the
second point of data collection. The sample size may explain why
so few of the comparisons survived Bonferroni adjustments, even
though there was a difference in rank seen at alpha level 0.05.

We chose to categorize the participants with a cognitive
impairment, according to if they had declined or not from
the time when they were included in the project in order to
explore which aspects are related to cognitive deterioration.
A consequence of this categorisation was that the group with
persons who had cognitively declined had a higher age than
the persons who were stable and the controls. Since the
risk of cognitive impairment increases with age (Unverzagt
et al., 2001), it is not surprising that our groups have these
demographic characteristics. However, we decided to adjust
the comparisons for this factor in those comparisons were
there was a relationship between the dependent variable
and age. In the case of BNT and SVF, the difference
in results were still significant, but not for the difference
in thematic content score seen between the CD group
and controls.

In sum, the tasks complement each other where the
standardized tests provide easy administration and analysis while
the planning task offers a more ecologically valid evaluation
of spoken language. The tests will indicate which words the
persons struggle to find, whereas a discourse task may also
reveal what strategies the persons use when experiencing word
finding difficulties, and how they are able to compensate. With
a larger number of participants, differences between the groups

in the discourse task may become more distinct, but differences
in communicative efficacy (thematic content score) and fluency
seems the most promising variables for future work.

Although the project that this study is a part of is longitudinal,
data on the planning task is only available from the second data
collection, since it was included later in order to add tasks with
a higher complexity. Longitudinal data on this task is needed in
order to find out if discourse features such as the ones used in the
present study really are useful predictors of cognitive decline.
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