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Abstract
This study examines the influence of task type and age on various linguistic variables in the Icelandic language. We
administered three language sampling tasks to Icelandic participants aged 60-80: picture description, trip planning,
and description of one’s childhood home. Our findings reveal significant task effects on 11 out of 14 linguistic
variables studied, highlighting the substantial influence of sampling methods on language production. Among the
statistically significant variables, we also find the rate of the rate of nominal phrases in the genitive case, a variable
that can only be studied in a morphologically richer language like Icelandic. On the other hand, rates of pronouns,
adverbs, and conjunctions remained stable across task types. Aging effects were more subtle, being evident in
3 of the 14 variables, with the interaction between dative rate and task type being a significant variable. These
findings underscore the significance of task selection in linguistic studies but also emphasize the need to examine
languages other than English to fully understand the effects of aging on language production.
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1. Introduction
Alzheimer’s Disease (AD) affects what we say and
how we say it. Multiple studies have shown that
individuals suffering from AD exhibit difficulties
with word retrieval (Croisile et al., 1996; Kavé and
Dassa, 2018), produce fewer information units and
content words (Ahmed et al., 2013; Croisile et al.,
1996; Kavé and Dassa, 2018), and use more pro-
nouns than healthy age-matched controls (Kavé
and Dassa, 2018). Changes to language are al-
ready detectable when individuals are diagnosed
with Mild Cognitive Impairment (Kavé and Dassa,
2018), a stage of the disease that can occur up to
8 years before the onset of mild Alzheimer’s de-
mentia, and potentially even before that (Ahmed
et al., 2013; Forbes-McKay and Venneri, 2005;
Garrard et al., 2005). Spoken language can thus
offer a universal and accessible means for mea-
suring neurological health and diagnosing early-
stage AD.
Recent advancements in automated Natural Lan-
guage Processing (NLP) have sparked interest in
the possibility of using automatic language analy-
sis as an affordable, non-invasive, quick method
to diagnose AD as well as to monitor its progres-
sion (Clarke et al., 2020; de la Fuente Garcia et al.,
2020; Callegari et al., 2023). Themain procedures
currently available to diagnose AD include cogni-
tive tests in combination with PET or MRI, and/or
the sampling of cerebrospinal fluid by means of
lumbar punctures. However, these procedures
are costly and often have long waiting times. Auto-
matic language analysis is both less intrusive and
considerably less costly than these existing diag-
nostics methods, and could be integrated into re-
mote assessment, such as via a smartphone app,

further increasing its diagnostic power.
However, to harness the full potential of NLP tools
for AD diagnosis, it is imperative to be able to
differentiate between Alzheimer ’s-related speech
changes and those naturally occurring with age.
Several studies have shown that speech patterns
change with age (Bortfeld et al., 2001; Bóna, 2014;
Moscoso del Prado Martín, 2017; Luo et al., 2019;
Cho et al., 2021; Spieler and Griffin, 2006; Mar-
tins and Andrade, 2011; Jacewicz et al., 2010;
Kemper et al., 2003): factors such as the rela-
tive and absolute frequency of different Part-of-
Speech (PoS) categories, our speech rate and the
number of pauses we produce per minute natu-
rally change as we grow older. Developing ef-
fective automatic language analysis tools for AD
thus hinges on possessing a well-defined under-
standing of what constitutes ‘normal’ speech pat-
terns in age-matched healthy controls: without a
solid baseline, it becomes more challenging to de-
termine which changes are typical of aging, and
which might indicate the onset or presence of
Alzheimer’s, potentially increasing the number of
false positives.
In light of these considerations, in this study we ex-
amined the speech productions of 30 healthy Ice-
landic individuals aged between 60 to 80. Our pri-
mary objective was to establish a baseline of what
qualifies as “normal” speech characteristics for this
specific age bracket, i.e. to establish a healthy ag-
ing language baseline for Icelandic. Setting this
baseline holds significance not just for the devel-
opment of NLP tools aimed at monitoring and di-
agnosing AD, but can also be instrumental for Ice-
landic physicians and speech pathologists who are
assessing the speech productions of older adults



for diverse medical conditions. Presently, we lack
a comprehensive understanding of what speech
changes come with age, and as such we lack the
tools to objectively evaluate language productions
in senior populations.
Our secondary objective was to determine how
different speech elicitation tasks affect recorded
linguistic variables, e.g. whether factors such as
the rate of adverbs or pronouns is significantly af-
fected by the type of task that is used to elicit a
speech sample. This is a second, crucial compo-
nent for developing effective automatic language
analysis tools for clinical purposes: by under-
standing the impact of various speech elicitation
tasks on linguistic variables, we can strategically
select the task that best accentuates features of
clinical relevance for AD when collecting data from
users.
This research is particularly novel in that this is
the first study of this sort that focuses specifically
on Icelandic – a Germanic language spoken by
fewer than 400,000 individuals. Our study not
only contributes to the understanding of healthy
aging language patterns within this particular lan-
guage group, but also offers a unique opportu-
nity to explore the cross-linguistic effects of ag-
ing on speech. By considering a larger sample
of languages, we can determine whether the ef-
fects of aging on different linguistic variables are
consistent across different languages, or whether
there are nuances and variations that are distinctly
language-specific. This study, therefore, plays a
role in both broadening our comprehension of age-
related linguistic changes and in highlighting the
importance of considering language-specific vari-
ables when developing NLP tools for diverse lin-
guistic communities.

2. Data Collection

2.1. Participants

For this study, we recruited 30 individuals, of which
15 were males. All participants were between the
ages of 60 and 80. The exclusion criteria were:
a primary diagnosis of depression of moderate
or severe degree, bipolar disorder, schizophre-
nia, a previous physical brain injury, a neurolog-
ical disorder or other serious medical condition, a
personal history of drug addiction within the past
20 years, issues with alcohol addiction within the
past 20 years, the use of antidepressants and the
use of benzodiazepine-based sleep medications.
To avoid potential confounding factors due to the
knowledge of a second language, we also only ac-
cepted individuals who are monolingual speakers
of Icelandic.

2.2. Protocol
Each participant was asked to describe in detail:
(i) the “picnic scene” from the Western Aphasia
Battery Revised (Kertesz, 1982). This is a black-
and-white depiction of a picnic by the lake; (ii) how
they would plan a trip to Akureyri, a city in the
north of Iceland; (iii) their childhood home. We de-
cided to include more than the traditional picture-
description task, used in many studies on AD, be-
cause of evidence that picture-description tasks
may not accurately reflect the conversational abil-
ities of individuals (Sajjadi et al., 2012a).
The order in which the three main prompts were
presented was rotated across participants to mit-
igate the effect of fatigue on verbal performance.
During interviews, participants were encouraged
to speak freely and uninterrupted while being
audio-recorded.
Speech samples were transcribed manually by
trained annotators using transcription methods
and guidelines from Linguistic Data Consortium at
the University of Pennsylvania (Glenn et al., 2010)
(see also (Callegari et al., 2023) for a detailed
overview of how the manual transcriptions were
carried out). The transcriptions contain speech
from both speakers, i.e. interviewer and intervie-
wee, and accurately annotate any interjections or
overlaps, providing detailed transcriptions of the
conversations as a whole.
The transcriptions are verbatim and orthographic
using standard Icelandic spelling. Filled pauses,
false starts, repeated words, repairs, restarts,
partial words, spoonerisms, speech errors and
speaker noises were all marked and annotated in
accordance with the transcription protocol. We
followed the LDC guidelines as much as possi-
ble with some modifications for Icelandic. These
adjustments primarily involve Icelandic discourse
particles, which differ from those in English. For
instance, we created a list of Icelandic-specific dis-
course particles, including “uu”, “ömm”, “sko”, and
“hérna”.
Our study received approval from the Icelandic
Research Ethics Committee (Vísindasiðanefnd) in
September 2021.

3. Data Analysis
We took the transcriptions generated from the
speech samples collected for each of our 30 partic-
ipants and processed them to extract specific lin-
guistic variables. We decided on which variables
based on previous literature on automatic analysis
of linguistic markers of both aging and neurode-
generation (Petti et al. (2020), Robin et al. (2021),
Cho et al. (2021), Cho et al. (2022)) as well as
properties of Icelandic which are understudied in
the field of clinical linguistic markers, where the



Variable
rate of nouns
rate of pronouns
rate of adverbs
rate of conjunctions
rate of verbs
rate of inflected verbs
rate of past participles
rate of subjunctives rate
rate of prepositions
rate of DPs with dative case
rate of DPs with genitive case
type-token ratio
rate of unfinished words
rate of corrections

Table 1: Examined Features

predominance of English is well-established (e.g.
García et al. (2023)).
The variables we computed are listed in Table 1.

3.1. Feature Extraction
To extract part-of-speech (PoS) rates from tran-
scriptions, we used the PoS tagging functionality
of GreynirSeq, a natural language parsing toolkit
for Icelandic focused on sequence modeling with
neural networks (Símonarson et al., 2022). The
PoS tagger was trained on the Tagged Icelandic
Corpus (MIM-GOLD) dataset (Barkarson et al.,
2021) on top of IceBERT, an Icelandic BERT-
based language model, achieving 98.2% accu-
racy. We wrote a Python program by which To-
kenizer (Þorsteinsson et al., 2022), a tokenizer for
Icelandic text, automatically tokenized each utter-
ance in the transcripts and GreynirSeq annotated
the PoS tag for each word. The number of words
in each PoS category was counted for every par-
ticipant and task, as well as inflected verbs, par-
ticipial verbs, verbs in the subjunctive, words in the
nominative, accusative, dative and genitive, total
word count and type-token ratio (moving average).
Additionally, we counted the number of unfinished
words and corrections but they were not included
in the other measurements.

3.2. Statistical Models
To analyze the results, we ran linear mixed effects
models (Bates et al., 2015) with our normalized
language features as the outcome variable. Fea-
tures were either normalized based on the total
number of intelligible words or the total number
of words in specific PoS categories, with the par-
ticiple and inflected verbs being normalized based
on the number of verbs for example. The sam-
ple type, participant age and total word count were
explanatory variables of the models and we in-
cluded random intercepts and slopes by partici-

pant. We conducted a nested model comparison
(chi-square test) by progressively adding to a base
model with random effects in the following order:
1) Task Type, 2) Age and 3) Task type + Age In-
teraction. This constituted an analysis with four
models which were compared for each variable.

4. Effect of Task Type
We first investigated how the different PoS rates,
the type-token ratio (moving average), the rate of
unfinished words and of corrections are affected
by task type. Recall that we had three types of
language sampling tasks: i) picture description, ii)
planning of a trip, and iii) description of one’s child-
hood home.
Asking participants to describe a picture scene is
a commonly used method to elicit speech sam-
ples. A particularly common picture in this respect
is the “Cookie Theft” picture (Goodglass et al.,
1983). An alternative approach consists in ask-
ing participants to recount a narrative that is pre-
sented in pictures, such as the “Frog, Where Are
You?” (Mayer, 2003) story. Picture description
tasks have been widely adopted because of their
simplicity and standardization. Moreover, there
exist large available datasets (such as MacWhin-
ney (2019)’s TalkBank) that were created using
picture descriptions as the chosen method, allow-
ing one to compare one’s results with existing ones
collected for other participants and conditions. At
the same time, picture descriptions pose a series
of drawbacks: the elicited speech sample is often
quite short, and features limited lexical and syn-
tactic richness (Ash et al., 2006). Moreover, the
task itself is quite unnatural and hardly mirrors ev-
eryday speech.
Limited comparisons exist on the sensitivities
of different speech sampling methods to early
Alzheimer’s Disease (AD). Findings suggest that
conversation via semi-structured interviews and
picture descriptions generate different error types
(Sajjadi et al., 2012b), and that task nature in-
fluences machine learning classification accuracy
in distinguishing between patients and controls
(Beltrami et al., 2016; Clarke et al., 2021). For
example, (Clarke et al., 2021) explored linguistic
feature-based classifications of discourse from 50
participants (25 healthy, 25 with mild Alzheimer’s
Disease (AD) or Mild Cognitive Impairment (MCI))
across five different speech tasks. The authors
show that the choice of speech task impacts the
performance of classifiers trained to recognize
mild AD and MCI: classifiers reach an overall ac-
curacy of 78% when participants are asked to nar-
rate the Cinderella story, but only 62% when par-
ticipants were asked to narrate the “Frog, Where
Are You?” (Mayer, 2003) novel, a story with which
they were unfamiliar.



Figure 1: Individual linguistic variable rates across types of language sample tasks, N = 48. Lighter dots
indicate a higher age.

Figure 2: Left: Individual rates of corrections and unfinished verbs across types of language sample
tasks, N = 48. Lighter dots indicate a higher age. Right: The relationship of age and dative rate across
language sample types where CH = Childhood home, PD = Picture Description and TP = Trip Planning.

Our results for task effect are illustrated in Table
2. We found significant task-type effects for 11 out
of 14 variables tested, which represents additional
evidence in support of the idea that the type of task
used can significantly affect the linguistic compo-
sition of the analyzed sample.

Interestingly, the only variables that do not show
task-type effects are the rate of pronouns, the rate

of adverbs, and the rate of conjunctions. This is
clinically relevant: as an example, there is am-
ple evidence for increased use of pronouns in
English speakers with Alzheimer’s Disease (e.g.
Petti et al. (2020), Robin et al. (2021), Cho et al.
(2022)) as well as work (Cho et al., 2021) show-
ing that older (52 − 89 old) speakers of English
use more pronouns as compared to younger (18−



Variable Task type effect
nouns yes: p < 0.001
pronouns no: p = 0.2613
adverbs no: p = 0.288668
conjunctions no: p = 0.4703
verbs yes: p < 0.001
inflected verbs yes: p < 0.001
participle rate yes: p < 0.01
subjunctive rate yes: p < 0.001
prepositions yes: p < 0.05
dative interaction: p < 0.01
genitive rate yes: p < 0.001
type-token ratio yes: p < 0.05
unfinished words yes: p < 0.05
corrections yes: p < 0.001

Table 2: Presence of task type effects by variable.

22 years old) speakers of English. This work is
usually conducted based on picture descriptions
(e.g. (Robin et al., 2021), (Cho et al., 2021), (Cho
et al., 2022)), with pronoun-to-noun ratios some-
times being computed (Petti et al., 2020). Our
results suggest that the pronoun rate as a mea-
sure can be robust across different language sam-
pling tasks for Icelandic, but that the pronoun-noun
ratio is task-sensitive, with individual noun rates
fluctuating significantly across tasks. The highest
rate of nouns is observed in the picture-description
task. This is intuitively aligned with the nature of
the task: describing a visual scene naturally re-
quires the use of nouns to identify and discuss
various elements within the image. For instance,
if the picture features people, objects, and a set-
ting, participants would inherently name these el-
ements, leading to increased noun usage. On the
other hand, the trip-planning narrative showed the
lowest rate of nouns. This makes sense as plan-
ning a trip revolves more around actions, inten-
tions, and sequences of events rather than spe-
cific entities. In such narratives, participants are
more likely to use verbs to describe activities they
would do on the trip, possibly more adverbs to
describe how they would do them, and conjunc-
tions to link different events. The emphasis shifts
from naming specific objects, as in the picture-
description task, to discussing actions and inten-
tions, leading to a reduced reliance on nouns. This
distribution of the results across language sam-
ple tasks is illustrated in 1 and 2 and relates to
another important result, which is the extent to
which these task effects wildly vary across vari-
ables. For example, the three verb rate measures
show varying patterns of language task type effect,
with the overall verb measure mostly showing a
contrast between the description of the childhood
home (lower rate) and the two other tasks. On the
other hand, when looking at the rate of finite (in-

flected) verbs, all types of language samples dif-
fer from each other. This is interesting consider-
ing that the rate of tense-inflected verbs can be re-
duced in (English) neurodegeneration (Cho et al.,
2022), but healthy older speakers of English have
also been shown to use more verbs than younger
speakers (Cho et al., 2021).
Turning to the variables reflecting characteristics
of Icelandic which differ from English, it is interest-
ing to note the large differences in the rate of the
subjunctive across language sample types, with a
remarkably low rate of subjunctives used in the de-
scription of participants’ childhood home, and with
high rates when participants discuss the planning
of a possible trip. Since the subjunctive has largely
disappeared from English (and various other Ger-
manic languages), very little is known about ways
in which it could be affected in aging or neurode-
generative disease. Still, work on Greek and Ital-
ian speakers with probable Alzheimer’s Disease
(Fyndanis et al., 2017) suggests that the use of
mood might change in dementia. When it comes
to case marking, also largely lost in English but
preserved in Icelandic (McFadden, 2020), we ob-
serve sample type effects as well as the only sig-
nificant interaction between age and sample type
found in the study (for the dative rate). This is
shown on the right in 2, where it can be seen that
dative use increases as participants grow older for
two of the three task types, but the opposite pat-
tern can be found in the third type of tasks. Al-
though these results are difficult to interpret, it is
clear that more detailed work needs to be con-
ducted when it comes to the use of casemarking in
aging and neurodegeneration. For example, Bose
et al. (2021) show that the use of case marking
changes in the language of speakers of Bengali
who have Alzheimer’s Disease.

5. Effect of Age
Numerous studies have shown that the language
productions of older individuals differ from those
of younger individuals (Bortfeld et al., 2001; Bóna,
2014; Moscoso del Prado Martín, 2017; Luo et al.,
2019; Cho et al., 2021; Spieler and Griffin, 2006;
Martins and Andrade, 2011; Jacewicz et al., 2010;
Kemper et al., 2003). For example, Cho et al.
(2021) examined the descriptions of the Cookie
Theft picture produced by 37 older (age range:
52 to 89) and 76 young healthy participants.
They found that older speakers produce shorter
clauses, more fillers, pronouns and verbs than
younger individuals, but use fewer conjunctions,
determiners and nouns. They also noticed a cor-
relation between age and vocabulary used, with
older speakers exhibiting overall lower lexical di-
versity than younger participants. In addition to
comparing older individuals with younger ones, to



Variable Age effect
nouns no: p = 0.2613
pronouns no: p = 0.4798
adverbs yes: p < 0.01
conjunctions no: p = 0.99264
verbs yes: p < 0.05
inflected verbs no: p = 0.6948
participle rate no: p = 0.058631
subjunctive rate no: p = 0.4548
prepositions no: p = 0.1847
dative interaction: p < 0.01
genitive rate no: p = 0.21014
type-token ratio no: p = 0.06567
unfinished words no: p = 0.15293
corrections no: p = 0.0606590

Table 3: Presence of age effects by variable.

develop effective clinical NLP applications for AD
detection, it is also imperative to look at differ-
ences within the older age group. For example,
do language patterns vary significantly depending
on whether an individual is in their 60s versus their
70s? This is why in our study we specifically inves-
tigate age effects in participants between the ages
of 60 and 80.
Moreover, all the above-cited studies, with the
exception of Bóna (2014) -based on Hungarian-
, and (Martins and Andrade, 2011) -Brazilian
Portuguese-, were based on English. Bóna (2014)
also focused on examining acoustic variables only,
such as speech rate, articulation rate, and length
pauses, which are likely variables that are most
stable across different languages. Therefore, the
effects of healthy aging on morphologically rich
languages such as Icelandic, which makes use of
a case system, have so far been undocumented.
Table 3 illustrates which linguistic variables
showed significant model fit improvements when
participant age was added.
As can be seen, and is additionally illustrated in
Figures 1 and 2, aging effects only appear with 3 of
the 14 variables tested, showing that the aging ef-
fects are much less robust than the effects of task
type. This is to be expected considering the lack of
contrast to younger speakers. Nevertheless, the
presence of significant effects points to the impor-
tance of aging effects within older speakers. The
results for the dative have already been described,
but it is interesting to see an age effect emerge in
the rate of verbs, with an increased use as partici-
pants age. This is comparable to the results of Cho
et al. (2021) in their study contrasting younger and
older speakers of English. On the other hand, their
results did not show an aging effect for adverbs as
ours do, but such an effect can still be found when
speakers with dementia are compared to healthy
controls (Cho et al., 2022).

6. Concluding Remarks
In our research, we analyzed the speech patterns
of 30 healthy Icelandic individuals aged between
60 and 80. Our primary objectives were: i) to
establish a linguistic baseline for what represents
healthy aging in older Icelandic speakers, and ii) to
understand the influence of different speech elici-
tation tasks on various linguistic metrics, such as
the different PoS ratios.
Our exploration into the effects of task type on the
different linguistic variables offers insights into the
importance of choosing the right language sam-
pling method. The ubiquity of picture description
tasks in language sampling, while championed
for their simplicity, presents both advantages and
limitations. Despite their widespread use, these
tasks can sometimes yield data with limited lexi-
cal depth. Our findings reveal the pronounced im-
pact of sampling methods on linguistic variables,
with 11 of the 14 variables studied showcasing no-
ticeable variation depending on the task type. A
particularly interesting finding relates to the ratio of
pronouns used, which appears to be more or less
stable across different task types. This consis-
tency holds clinical significance, especially consid-
ering that pronoun rate has been identified as an
indicator of Alzheimer’s disease in several studies
(Kavé and Dassa, 2018; Petti et al., 2020; Robin
et al., 2021; Cho et al., 2022). Whereas the pro-
noun rate remained stable across different elicita-
tion tasks, the pronoun-to-noun ratio did not, as
the noun ratio was highly dependent on task type,
with tasks eliciting descriptions of visual cues re-
sulting in a higher number of nouns being pro-
duced across all ages. This suggests that caution
should be exercised when computing pronoun-to-
noun ratios, an equally popular measure used in
clinical linguistic studies focusing on AD. Unless
the specific sampling type is taken into account,
such computations might lead to skewed results.
Historically, the focus of studies on age effects on
language has largely been on mapping contrasts
between older and much younger individuals (e.g.
individuals in their 30s versus those in their 70s),
particularly within the English language domain.
Our study ventured into the relatively uncharted
territory of aging effects within a narrower age
bracket of older individuals, specifically in the con-
text of a morphologically richer language like Ice-
landic. While we noticed fewer significant results
when we looked at age effects, it is interesting to
note that even with our concentrated age sample,
spanning just 20 years, we identified variables with
significant variations linked to age. This under-
scores the importance of examining narrower age
bands when evaluating language changes in older
populations. Moreover, the significant interaction
we observed between task type and dative usage



further underscores the need to look at languages
other than English to better understand how aging
affects language production.
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