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Abstract

This study leverages advanced NLP tools to
introduce a novel, three-dimensional frame-
work for analyzing linguistic changes asso-
ciated with brain aging through the "Cookie
Theft" picture description task. We assess
lexical richness and diversity, syntactic com-
plexity, and semantic content to uncover
subtle markers of cognitive decline. Our
analysis reveals that aging is associated with
several of these metrics, suggesting adaptive
strategies to maintain semantic coherence
despite cognitive changes.

1 Introduction
In the rapidly evolving field of Natural Lan-
guage Processing (NLP), the pursuit of novel
applications has led to groundbreaking inter-
sections between technology and neuroscience
(Crema et al., 2022). Among these, the study of
brain aging through the lens of linguistic change
presents a frontier rich with potential insights.
This study leverages advanced NLP techniques
to introduce a novel, three-dimensional frame-
work for analyzing discourse, focusing on lexi-
cal richness and diversity, syntactic complexity,
and semantic content. By applying this frame-
work to picture description tasks—specifically
the ’Cookie Theft’ picture, seen in figure 1—our
research aims to identify subtle markers of brain
aging. This study aims to redefine how discourse
analysis can contribute to our understanding of
cognitive decline and facilitate more compre-
hensive assessments of brain health.

2 Related Work
The use of picture description tasks for tex-
tual analysis has provided a robust platform to
elicit spontaneous narratives. Studies such as
those by Fraser et al. 2016, Gleichgerrcht et al.
2021, and Wilmskoetter et al. 2019 have utilized
this task as a predictor for Alzheimer’s Disease

Figure 1: Cookie Theft picture (Goodglass and Ka-
plan, 1972). Participants are told to "describe every-
thing you see in this picture", and their response is
transcribed for later analysis.

and aphasia. However, existing research has fo-
cused on conventional metrics such as parts of
speech tagging, leaving several unexplored av-
enues in discourse structure and entity relation-
ships. Discourse analysis in general has seen ex-
tensive exploration, including methodologies for
analyzing lexical richness by Lu 2012, but the
application of these techniques to picture de-
scription tasks and brain aging remains largely
untouched. While previous studies have con-
tributed significantly to the fields of discourse
analysis and cognitive linguistics, there remains
a notable gap in employing advanced NLP tech-
nologies to explore brain aging and picture de-
scription tasks. This study seeks to bridge this
divide by utilizing state-of-the-art NLP tools like
openAI’s GPT-4 (OpenAI, 2023) for an in-depth
exploration of linguistic patterns.

3 Approach

This study uses the Aging Brain Cohort (ABC)
dataset, which collects sociodemographic, neu-
roimaging, and language tasks in healthy par-
ticipants, including verbatim transcripts from
participants engaged in the "Cookie Theft" pic-
ture description task (Newman-Norlund et al.,



2021). Each participant’s MRI T1-weighted se-
quences was input into BrainAgeR, a machine
learning pipeline for computing estimated brain
age (EBA) based on a model trained on 3377
healthy participants (Clausen et al., 2022). Par-
ticipants are grouped according to their EBA into
10 consecutive, non-overlapping age groups.

We adopt a three-dimensional approach to
analyze discourse in the context of brain aging:

1. Lexical Richness. This involves analyz-
ing word-level metrics including frequency,
imageability, familiarity, and age of acqui-
sition, helping us measure the sophistica-
tion of language use among participants.
We extract these metrics from the Medi-
cal Research Council (MRC) Psycholinguistic
Database (Clark and Coltheart, 1997).

2. Syntactic Complexity. We evaluate the com-
plexity of sentence structures produced by
participants using the Emory Language and
Information Toolkit (ELIT) (He et al., 2021).
We quantify syntactic complexity by count-
ing the number of descendants from each
noun and verb in both dependency and con-
stituency parse trees generated by ELIT.

3. Semantic Content. Through an entity-centric
approach, we focus on the identification and
linking of entities and predicates, aiming to
uncover changes in the ability to convey ideas.
We employ GPT-4 to facilitate the identifica-
tion and linking of entities mentioned, such
as characters and objects within the "Cookie
Theft" image. We then extract predicates as-
sociated with these entities, cluster them us-
ing Sentence-BERT (Reimers and Gurevych,
2019), and perform predicate linking.

Each dimension—lexical, syntactic, and seman-
tic—serves as a pillar in understanding language
use. Our study aims to reveal nuanced patterns
of cognitive decline, offering a holistic view of
how aging impacts linguistic capabilities.

4 Analysis

Our analysis revealed key insights into the lin-
guistic manifestations of brain aging. Our word-
level metrics indicated that participants in older
age groups tended to use words with lower famil-
iarity scores, suggesting a capability to use more
advanced language as cognitive processing ca-
pabilities evolve. Contrastingly, the number of
descendants from each noun and verb generally

Figure 2: Various metrics vs. Brain age groups. Top:
number of entities and predicate clusters mentioned.
Bottom: Average familiarity and verb descendants
from a dependency parse tree.

increased with age, and then plummeted, point-
ing to a reduction in syntactic complexity. This
trend suggests that cognitive decline may man-
ifest in straightforward linguistic constructions.
Older age groups used a broader range of enti-
ties, but fewer predicates in their descriptions.
This could indicate that they discuss more enti-
ties without the same amount of detail.

These findings underscore the impact of brain
aging on linguistic capabilities and the interplay
between cognitive decline and language use.

5 Conclusion

This study employs a novel framework to ana-
lyze linguistic changes associated with brain ag-
ing, uncovering trends in lexical diversity, syn-
tactic complexity, and semantic coherence. Our
work suggests that these linguistic markers could
inform the development of diagnostic tools for
cognitive decline. Expanding this research to in-
clude longitudinal datasets could offer deeper
insights into how linguistics evolve with aging,
and enhance our understanding of the relation-
ship between cognition and language in aging.
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