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Abstract

The project aims to develop a set of cognitive and perception measurement tools that
would allow early identification of heurodegenerative diseases based on the comparison of
different experimental cognitive and perception measurements with patient clinical
condition (which would be investigated by standard validated clinical neurological tests)
and magnetic resonance imaging (MRI) measurements.
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Neurodegenerative disorders are diseases of the central nervous system that affect mostly the Task-driven / Top-down processes
elderly population worldwide and lead to serious perceptual, cognitive and movement problemes, Primary neurological examination (MoCA, etc.) We prioritize visuospatial processes for early
reducing the quality of human life and leading to severe disability. In 2015, there were 46 million neurodegenerative disease detection. These
cases of Alzheimer's disease (AD) and other dementias and approximately 6 million cases of processes, vital for fZOQHitiVe tasks, iImpact
Parkinson’s disease (PD) worldwide (GBD 2015). From 1990 to 2015, the prevalence of both - Higher cognitive percgptual functions and hu.m.an
disorders has more than doubled, and the burden for society has increased with increasing age S S ¢ SITEEEeRES Object intelligence (Taylor et al., 2015; Malgnchlm et
(GBD 2015). Individual neurodegenerative disorders are heterogeneous in their clinical 28 a serezson / al, 2020). Visuospatial tests, indicated by
presentations and underlying physiology, although they often have overlapping features. MR- Higher : studies (e.g., Possin, 2010), detect early
Diagnostic accuracy is critical because it allows for more reliable prognostication and often guides o] st ks = perceptual Spatial neurologlcal symptoms.
specific treatment and management (Erkkinen et al., 2018). , DIroCe Stimulus-driven / bOttom-l}p processes

, o R , , , , . COHECt'O.”/ Eye movement analysis, particularly
Detecting cognitive deﬁcfcs m.neurodegen.eratlve diseases is crucial. The Montreal Cognlt.lve analysis - r—— _ saccadic processes, is a sensitive indicator
Assessment (MoCA) is a reliable screening tool that correlates Wlth r?europsychologl.cal c Y for various neurological disorders, including
performance (Roalf et al., 2016). MRl complements MoCA for neurological diagnosis, revealing 229 perceptual segmentation Alzheimer's  and  Parkinson's  diseases
char_mges like volumgtrlc alterations, cortical thinning, ahd structgral con.nectc?me.lmpalrment. 9 g § (erceptual (Bianchi & Laurent, 2015; Bueno et al., 2019).
Additional methods include tractography - a 3D modelling technique using diffusion MRI, and 2 £ 9 orpanizaF’)cion)/ effects Verbal processes, like progressive semantic
connectometry for early nerve damage detection. g o Q miillevel o loss, provide diagnostic insights into

t neurological disorders (Vonk et al., 2020).

Visual-spatial impairment, an early neurodegenerative symptom, is often overlooked in standard
dementia evaluations. These diseases cause specific neural network atrophy, affecting visual-
spatial cognition uniquely (Possin, 2010). The importance of spatial processes is underscored by
Nobel-winning discoveries, emphasizing the intricate nature of neural correlates In spatial
cognition (Burgess, 2014, Moser, 2014; Gardner et al., 2022).

There are two groups of participants:
« Clinical group - patients with Parkinson's disease or Alzheimer's disease;
« Control group - without any neurodegenerative diseases.

i , , , , , An innovative methodological solution of this research is:
The main research tasks to be carried out during the implementation of the project are:

(a) inking the MRI findings with cognitive assessment (visuospatial
detect early biomarkers of neurodegenerative diseases and

and verbal processes) to

a) to develop a set of non-invasive methods (i.e. cognitive tests) for diagnosing early symptoms of
neurodegenerative diseases and

b) to understand and identify neural correlations of visual-spatial and verbal processing disorders
that could be diagnostically informative in the case of heurodegenerative diseases.

(b) a successful outcome of (a) will allow non-invasive diagnosis of early symptoms of
neurodegenerative diseases using (b.1.) a set of cognitive tests of visuospatial perception and
verbal processes, as well as (b.2.) measuring saccadic processes in the context of visual
perceptual organisation (grouping, segmentation and shape perception).

As part of this project, we have developed a system for data collection and analysis.
Participant logistics Perceptual and cognitive testing sequence
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Description

Measured variables:
1) Reaction time,
2) Error rate

The test includes 48 tasks,

Measured variables:

1) Number of items
mentioned,

2) Correctness of answers,

3) First three items

Measured variables:

1) Correctness of
answers,

2) Reaction time

Measured variables:
1) Correctness of answers

The test contains 12 tasks,
iIncluding a trial example.
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All visuospatial assessments were generated utilizing the QuestionPro survey software. We amalgamated the inherent
capabilities of the platform with customized coding to replicate visuospatial tests that are predominantly administered in a
traditional paper-and-pen format.

Currently, our project has started data collection. We have collected the control group data and are
starting to collect data from clinical groups.
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The visual organisation (grouping and segmentation) stimuli have been created In cooperation
with lead specialists of the field from the University of Sassari, Italy. Whereas, statistical analysis of
the overall project data will be partly carried out in cooperation with the world-leading experts
from the University of Ferrara, Italy.

The project is implemented within the framework of funding of the Fundamental and Applied
Research Projects program of the Latvian Science Council. Project no. 1zp-2022/1-0100.
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