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Abstract

Understanding the linguistic markers associated with disordered thoughts is essential for improving mental health assessments
and treatment interventions. This research explores the intricate relationship between language use and cognitive processes
in individuals with psychiatric disorders. Through a comprehensive review of existing literature and empirical studies, this
paper examines the linguistic features that characterize disordered thoughts across various mental health conditions. Drawing
on insights from linguistics, psychology, and psychiatry, the research aims to identify reliable and valid linguistic markers for
detecting and monitoring disordered thoughts. The findings of this study have significant implications for the development
of innovative assessment tools and therapeutic approaches tailored to address the underlying cognitive disturbances in

psychiatric disorders.
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Introduction

In the intricate landscape of mental health care, the
quest for innovative approaches to understanding and
predicting clinical events is perpetual. With
advancements in technology and a deepening
understanding of human behavior, there emerges a
tantalizing prospect: the ability to anticipate warning
signs before they manifest into adverse outcomes.
This aspiration draws inspiration from nature's subtle
cues, where keen observers can discern impending
storms amidst the symphony of sounds in the West
African jungle [1]. In the realm of psychiatry, akin to
listening for the telltale shifts in the jungle's melody,
researchers endeavor to decipher the nuanced signals
embedded within patients' language and behavior.
The advent of smart devices and remote monitoring
presents a promising avenue for this pursuit,
reminiscent of the precision and anticipation seen in
weather forecasting. Yet, as we delve deeper into the
complexities of  human
communication, we confront a multitude of
challenges [2].

This quest demands not only technical prowess but
also ethical consideration and legal scrutiny. As we
strive to harness the power of predictive analytics and
temporal modeling, we are confronted with questions
of privacy, autonomy, and the delicate balance
between intervention and non-interference. In this
fluid landscape, trustworthiness emerges as a guiding

cognition and

principle, encompassing every facet of our endeavors—
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from the design of algorithms to the interpretation of
data. As we navigate this terrain, we are reminded of
the profound responsibility that accompanies our
quest for insight and foresight in mental health care.
In this introduction, we embark on a journey to
explore the intersection of technology, cognition, and
ethics in the pursuit of predictive psychiatry. Through
a multidisciplinary lens, we delve into the promise,
the challenges, and the ethical considerations
inherent in this evolving field [3].

Discussion
Arranging ideas around irrational thinking

Disturbances in the organization and coherence of
thought, which are often observed in patients with
schizophrenia, are both scientifically intriguing and
clinically significant. While formal thought disorder
is not exclusive to schizophrenia, it constitutes a
significant aspect of the disorder's phenomenology
and plays a crucial role in diagnosis and treatment.
There has been considerable interest in
understanding the underlying mechanisms of thought
disorder, particularly regarding its relationship to
cognitive  deficits observed  in
schizophrenia. It has been hypothesized that
disturbances in working memory, attention, language,
and semantic memory could contribute to the
manifestation of thought disorder. However, despite
extensive research efforts, establishing a primary
cognitive impairment responsible for thought

commonly
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disorder has proven challenging, possibly due to the
multidimensional nature of its underlying pathology
[4, 5]. Various psychological constructs could partially
account for the observed data, pinpointing a singular
cognitive impairment as the primary cause of thought
disorder remained elusive. This realization was
articulated succinctly by Elvevdg and Goldberg
(1997), who noted the multidimensional nature of
the underlying pathology [6].

One avenue of investigation that appeared promising
was the examination of semantic organization and its
role in thought disorder. However, despite meticulous
cognitive scientific inquiries into this cognitive
process, the findings regarding semantic organization
were unexpectedly complex. For instance, studies
examining knowledge about natural categories and its
organization revealed intricate relationships between
different taxonomic levels, challenging previous
assumptions about semantic organization [7]. In
summary, while disturbances in thought organization
and coherence represent a core feature of
schizophrenia, elucidating the precise cognitive
mechanisms underlying thought disorder remains a
complex and multifaceted endeavor. Despite initial
hypotheses implicating specific cognitive deficits, the
intricate nature of the pathology suggests that a
comprehensive understanding of thought disorder
necessitates consideration of multiple cognitive
processes and their interactions. Participants in the
study were tasked with generating exemplars, such as
'dog', that belonged to the superordinate category
'animal’. Subsequently, they rated the typicality of
these exemplars to the superordinate category
'animal’, and the relationship to the category level
'mammal' was modeled. The mathematical
instantiation model employed in the study predicted
the statistical taxonomic relationships comparably in
both patients with schizophrenia and healthy
participants. This finding challenged the simplistic
notion that the unusual content and structure
observed in patients' language reflected a disturbance
in their actual knowledge contained in semantic
concepts and the words used to refer to them [8].
However, despite the insights gained from this
constrained language task, it became apparent that
measuring disordered thought in free speech was
considerably more complex and challenging. The
traditional measurement process involved conducting
lengthy interviews with patients, typically lasting
around 45 minutes. This approach posed significant
demands on both the patient, who was already
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unwell, and the interviewer. Moreover, the subjective
nature of the assessment introduced the potential for
biases to influence the results, particularly due to
distractions during the interview [9]. One of the major
limitations of this measurement approach was its
infrequency. Conducting comprehensive interviews
on a daily basis was impractical, yet thought disorder
was known to fluctuate rapidly over short periods,
sometimes within a matter of days. Frequent
measurement was essential for gaining a
comprehensive understanding of thought disorder
and monitoring changes over the course of treatment.
However, the existing methods were inadequate in
meeting this requirement [10]. In summary, while the
constrained language task provided valuable insights
into the semantic organization of language in patients
with schizophrenia, measuring disordered thought in
free speech posed significant challenges. Overcoming
these challenges required the development of more
efficient and objective measurement methods that
could capture the dynamic nature of thought disorder
and facilitate frequent monitoring in clinical settings
[11].

Reading stories aloud: warning signals or
symptoms?

Even in the 21st century, the patient's verbal self-
expression during clinical interviews remains pivotal
in the psychiatric diagnostic process and treatment
monitoring. Encouraging patients to recount their
personal narratives, recalling information that
clinicians deem relevant, lies at the heart of patient-
clinician interactions. ~While such intimate
storytelling yields valuable phenomenological insights
into symptoms, a more structured and reductionist
approach to narrative analysis could unveil crucial
indicators of mental health, offering medical insights
[12].

Assessing symptoms based on patients' speech
patterns can pose significant challenges in terms of
reliability. Reading stories aloud serves as a window
into the cognitive and emotional landscape of
individuals, offering insights that extend beyond the
mere words spoken. As storytellers weave narratives,
their tone, pacing, and choice of words convey subtle
nuances that may signal underlying mental health
concerns. Changes in speech patterns, such as
hesitations, repetitions, or alterations in intonation,
can serve as warning signals indicative of cognitive
decline or emotional distress. Moreover, the content
of the stories themselves may reveal deeper
psychological themes or unresolved conflicts,
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providing clinicians with valuable clues for diagnostic
assessment and treatment planning. By paying
attention to these verbal and nonverbal cues during
storytelling sessions, healthcare providers can gain a
deeper understanding of their patients' experiences
and tailor interventions to address their unique
needs. Thus, reading stories aloud transcends the
realm of entertainment, emerging as a powerful tool
for identifying and addressing warning signals or
symptoms of mental health issues [13].

Telling new tales while using computed ears

In the realm of academia, a fascination with emerging
computational models in behavioral science has taken
root, particularly those grounded in parallel
distributed processing models and the burgeoning
field of computational psychiatry. Influential figures
such as Eric Chen, Jonathan Cohen, David Servan-
Schreiber, and Ralph Hoffman have paved the way
with their groundbreaking contributions, providing
experimental frameworks that shed light on the
intricate  relationship between symptoms and
underlying neurocognition, offering testable and
refutable models [14]. This meticulous attention to
detail inherent in computational modeling has
proven invaluable in the experimental psychological
approach to dissecting the cognitive substrates of
schizophrenia. By developing neurocognitive assays
that better characterize the fundamental operations
closely aligned with neurobiology, researchers aim to
refine cognitive phenotypes associated with the
disorder. Of particular interest is the exploration of
potential cognitive mechanisms underlying patients'
thought disorder as manifested in speech. Despite
initial skepticism surrounding the utility of language
as a metric for characterizing schizophrenia
phenotypes, inspiration from the pioneering work of
Tim Crow and Lynn DeLisi has fueled investigations
into bold ideas about structural cerebral asymmetries
and their role in the pathogenesis of schizophrenia
[15].

Tim Crow also posited a daring hypothesis suggesting
that a gene linked to the evolution of human language
and cerebral specialization might be implicated in the
development of schizophrenia. However, it's
important to note that "asymmetric pathology is not
necessarily pathology of asymmetry," and even if
abnormalities in brain asymmetry were identified, it
remained unclear why such asymmetry would lead to
psychosis rather than developmental language
disorders later in life [16]. Despite these intriguing
theories regarding anomalous lateralization and its
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potential implications for schizophrenia, empirical
findings regarding handedness did not support the
notion of non-righthandedness as a heritable
phenotype associated with schizophrenia risk. In few
investigations utilizing structural magnetic resonance
imaging data to compare patients with schizophrenia,
their unaffected siblings, and unrelated healthy
controls, findings have not provided evidence to
support the idea that non-righthandedness is linked
to an increased risk of schizophrenia. [17].

The future of storytelling: innovative
approaches

The healthcare industry has witnessed remarkable
growth in the utilization of healthcare chatbots, which
encourage patients to share their personal stories with
these digital companions. These conversations are
then analyzed using state-of-the-art natural language
processing tools. Stories hold a fundamental place in
human experience, serving as a means for organizing
information effectively. Therefore, evaluating how
stories are recalled can offer crucial insights into
mental health and memory function. The process of
storytelling involves numerous cognitive steps and
processes between the questions posed by a clinician
and the patient's responses. While traditional
neuropsychology has typically taken a reductionist
approach to measure separate behavioral constructs
such as verbal memory or attention, a potential future
alternative involves deriving similar constructs from
the storytelling process. This can be achieved by
aligning these constructs with computational features
derived from story recall. In essence, this approach
could facilitate the derivation of useful medical signs
from a 'mental blood test' comprised of just a few
minutes of speech, and all in real-time [18].

To translate this concept into reality, storytelling as a
speech elicitation task must be purposefully designed,
with the components measured theoretically and
clinically motivated. Utilizing a variety of comparable
stories for frequent administration would enable
longitudinal and remote evaluation. Speech would be
automatically scored, and deep semantic themes
evaluated. Such frequent and varied testing could
provide earlier and more nuanced insights into
patients' evolving cognitive and mental health.
However, realizing the full potential of this approach
requires the development of new psychometrics,
where dynamics play a central role in understanding
individuals. This framework will be essential for
leveraging longitudinal data to comprehend how
temporal dynamical changes correlate with cognitive
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and mental states, as well as for real-time modeling to
prospectively predict future mental and cognitive
states [19].

Conclusion

The hope or assumption is that by having a reliable
method to assess signs, it might be feasible to detect
warning signs before adverse events occur. This
concept draws parallels with observations in nature,
such as in the West African jungle, where individuals
can become adept at interpreting the sounds of the
environment to anticipate impending
Similarly, in psychiatry, the aim is to identify the right
signals amidst the noise and use them to predict
clinical events. Efforts are underway to leverage smart
devices for remote monitoring of outpatients, parallel
to weather forecasting. However, determining which
signals to prioritize for specific events and when they
will challenge.
Understanding the dynamic nature of behavior,
including language, across various time scales is
crucial for accurate prediction while avoiding false
positives. Ensuring trustworthiness throughout this
process, from design to data analysis, is paramount.
Nevertheless, the ethical and legal implications of
alerting or not alerting stakeholders about potential
future clinical events pose significant challenges.
Navigating these complexities will require careful
consideration and collaboration among individuals,
employers, clinicians, and families.

storms.

manifest remains a complex

References
1. Bauer, M., Glenn, T., & Geddes, ]. (2015).

Smartphones in mental health: a critical review of
background issues, current status and future
concerns. International Journal of Bipolar Disorders,
3(1):1-11.

2. Chandler, M. ]., Paolillo, A., & Cohen, A. (2020).
Trustworthy Artificial Intelligence for Digital
Health. Journal of Medical
22(4):e16944.

3. Chandler, M. J., Weinberger, D. R., & Elvevag, B.
(2020). The development of mind as a dynamic,
interactive and extended process: Commentary

(2018).

Internet  Research,

on Fischer Developmental — Review,

55:100892.

4. Cohen, J. D., & Servan-Schreiber, D. (1992).
Context, cortex, and dopamine: A connectionist
approach to  behavior and biology in
schizophrenia. Psychological Review, 99(1):45-77.

© 2024 Mohammad Ali.

ISSN:2837-4681

5.

10.

11.

12.

13.

14.

BioRes Scientia Publishers

Crow, T. ]., Done, D. J., Sacker, A., & Macare, C.
(1995). Childhood precursors of psychosis as
clues to its evolutionary origins. European Archives
of Psychiatry and Clinical Neuroscience, 245(2):61-
69.

Delisi, L. E., Hoff, A. L., Neale, C., & Kushner,
M. (1994). Asymmetries in the superior temporal
lobe in male and female firstepisode
schizophrenic patients: measures of the planum
temporale and superior temporal gyrus by MRL
Schizophrenia Research, 12(1):19-28.
Deep-Soboslay, A., Hyde, T. M., Callicott, J. P.,
Lener, M., Verchinski, B. A., Apud, J. A, &
Weinberger, D. R. (2010). Handedness,
heritability, neurocognition and brain asymmetry
in schizophrenia. Brain, 133(10):3113-3122.
Diaz-Asper, C., Ostwald, S. K., Anton-Culver, H.,
& Fulmer, E. (2022). Evaluating the effectiveness
of chatbots for mental health: A systematic review
of Technology in

and meta-analysis. Journal

Behavioral Science, 1-16.

Foltz, P. W., Laham, D., & Landauer, T. K.
(2022). The Intelligent Essay  Assessor:
Applications  to  Educational =~ Technology.
Interactive Multimedia Electronic Jowrnal of Computer-
Enhanced Learning, 4(2):1-15.

Holmlund, T. B., Manolio, T. A., Nelson, L.,
Williams, J. K., Scott, S. A., et al. (2021). Ethical,
legal, and social issues in the use of Al for
predictive purposes in health care. Neurology,
96(23):1092-1098.

Hoffman, R. E., Anderson, A. W., Varanko, M.,
Gore, J. C., & Hampson, M. (2011). Time course
of regional brain activation associated with onset
of auditory/verbal hallucinations. The British
Jowrnal of Psychiatry, 198(4):277-283.

Holmlund, T. B., Manolio, T. A., Nelson, L.,
Williams, J. K., Scott, S. A., Vokes, T., ... & Gebo,
K. A. (2021). Ethical, legal, and social issues in the
use of Al for predictive purposes in health care.
Neurology, 96(23):1092-1098.

Hublin, C., Kaprio, ]., Partinen, M., Koskenvuo,
M., & Heikkild, K. (2001). The prevalence of
narcolepsy: An epidemiological study of the
Finnish Twin Cohort. Annals of Neurology,
50(4):346-355.

Lai, M. C., & Baron-Cohen, S. (2015). Identifying
the lost generation of adults with autism spectrum
conditions. The Lancet Psychiatry, 2(11):1013-
1027.


https://bioresscientia.com/
file:///D:/Rajesh/10.1186/s40345-015-0031-0
file:///D:/Rajesh/10.1186/s40345-015-0031-0
file:///D:/Rajesh/10.1186/s40345-015-0031-0
file:///D:/Rajesh/10.1186/s40345-015-0031-0
file:///D:/Rajesh/10.1186/s40345-015-0031-0
file:///D:/Rajesh/10.2196/16944
file:///D:/Rajesh/10.2196/16944
file:///D:/Rajesh/10.2196/16944
file:///D:/Rajesh/10.2196/16944
file:///D:/Rajesh/10.1016/j.dr.2019.100892
file:///D:/Rajesh/10.1016/j.dr.2019.100892
file:///D:/Rajesh/10.1016/j.dr.2019.100892
file:///D:/Rajesh/10.1016/j.dr.2019.100892
file:///D:/Rajesh/10.1016/j.dr.2019.100892
file:///D:/Rajesh/10.1037/0033-295x.99.1.45
file:///D:/Rajesh/10.1037/0033-295x.99.1.45
file:///D:/Rajesh/10.1037/0033-295x.99.1.45
file:///D:/Rajesh/10.1037/0033-295x.99.1.45
file:///D:/Rajesh/1.%0910.1007/BF02190661
file:///D:/Rajesh/1.%0910.1007/BF02190661
file:///D:/Rajesh/1.%0910.1007/BF02190661
file:///D:/Rajesh/1.%0910.1007/BF02190661
file:///D:/Rajesh/1.%0910.1007/BF02190661
file:///D:/Rajesh/10.1016/0920-9964(94)90006-X
file:///D:/Rajesh/10.1016/0920-9964(94)90006-X
file:///D:/Rajesh/10.1016/0920-9964(94)90006-X
file:///D:/Rajesh/10.1016/0920-9964(94)90006-X
file:///D:/Rajesh/10.1016/0920-9964(94)90006-X
file:///D:/Rajesh/10.1016/0920-9964(94)90006-X
file:///D:/Rajesh/10.1093/brain/awq239
file:///D:/Rajesh/10.1093/brain/awq239
file:///D:/Rajesh/10.1093/brain/awq239
file:///D:/Rajesh/10.1093/brain/awq239
file:///D:/Rajesh/10.1093/brain/awq239
file:///D:/Rajesh/10.1007/s41347-022-00207-8
file:///D:/Rajesh/10.1007/s41347-022-00207-8
file:///D:/Rajesh/10.1007/s41347-022-00207-8
file:///D:/Rajesh/10.1007/s41347-022-00207-8
file:///D:/Rajesh/10.1007/s41347-022-00207-8
https://www.researchgate.net/profile/Darrell-Laham/publication/243770899_The_intelligent_essay_assessor_Applications_to_educational_technology/links/5c5993ba45851582c3cfed17/The-intelligent-essay-assessor-Applications-to-educational-technology.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Darrell-Laham/publication/243770899_The_intelligent_essay_assessor_Applications_to_educational_technology/links/5c5993ba45851582c3cfed17/The-intelligent-essay-assessor-Applications-to-educational-technology.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Darrell-Laham/publication/243770899_The_intelligent_essay_assessor_Applications_to_educational_technology/links/5c5993ba45851582c3cfed17/The-intelligent-essay-assessor-Applications-to-educational-technology.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Darrell-Laham/publication/243770899_The_intelligent_essay_assessor_Applications_to_educational_technology/links/5c5993ba45851582c3cfed17/The-intelligent-essay-assessor-Applications-to-educational-technology.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Darrell-Laham/publication/243770899_The_intelligent_essay_assessor_Applications_to_educational_technology/links/5c5993ba45851582c3cfed17/The-intelligent-essay-assessor-Applications-to-educational-technology.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://jamanetwork.com/journals/jama/article-abstract/192811
https://jamanetwork.com/journals/jama/article-abstract/192811
https://jamanetwork.com/journals/jama/article-abstract/192811
https://jamanetwork.com/journals/jama/article-abstract/192811
https://jamanetwork.com/journals/jama/article-abstract/192811
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/time-course-of-regional-brain-activation-associated-with-onset-of-auditoryverbal-hallucinations/F5E8D231345F0F6BA9A966A8C4B3DB31
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/time-course-of-regional-brain-activation-associated-with-onset-of-auditoryverbal-hallucinations/F5E8D231345F0F6BA9A966A8C4B3DB31
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/time-course-of-regional-brain-activation-associated-with-onset-of-auditoryverbal-hallucinations/F5E8D231345F0F6BA9A966A8C4B3DB31
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/time-course-of-regional-brain-activation-associated-with-onset-of-auditoryverbal-hallucinations/F5E8D231345F0F6BA9A966A8C4B3DB31
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/time-course-of-regional-brain-activation-associated-with-onset-of-auditoryverbal-hallucinations/F5E8D231345F0F6BA9A966A8C4B3DB31
https://jamanetwork.com/journals/jama/article-abstract/192811
https://jamanetwork.com/journals/jama/article-abstract/192811
https://jamanetwork.com/journals/jama/article-abstract/192811
https://jamanetwork.com/journals/jama/article-abstract/192811
https://jamanetwork.com/journals/jama/article-abstract/192811
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410350612
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410350612
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410350612
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410350612
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410350612
https://www.thelancet.com/journals/lanpsy/article/PIIS2215-0366(15)00277-1/fulltext
https://www.thelancet.com/journals/lanpsy/article/PIIS2215-0366(15)00277-1/fulltext
https://www.thelancet.com/journals/lanpsy/article/PIIS2215-0366(15)00277-1/fulltext
https://www.thelancet.com/journals/lanpsy/article/PIIS2215-0366(15)00277-1/fulltext

Journal of BioMed Research and Reports

15.

16.

17.

Leopold, D. A., Murayama, Y., & Logothetis, N.
K. (2003). Very slow activity fluctuations in
monkey visual cortex: implications for functional
brain imaging. Cerebral Cortex, 13(4):422-433.
Minshew, N. ]J., & Williams, D. L. (2007). The
new neurobiology of autism: cortex, connectivity,
and neuronal organization. Archives of Neurology,
64(7):945-950.

Mulder, N. J., Adebiyi, E., Alami, R., Benkahla,
A., Brandful, J., et al. (2017). H3ABioNet, a
sustainable pan-African bioinformatics network
for human heredity and health in Africa. Genome
Research, 27(2):271-271.

ISSN:2837-4681

18.

19.

20.

BioRes Scientia Publishers

Nelson, S., Abebe, T., Fuerst, A., Semegon, A., &
Adebiyi, E. (2020). Dynamics of neurocognitive
response: MEG changes in response to working
memory training. Neuropsychologia, 146:107535.
Parikshak, N. N., Luo, R., Zhang, A., Won, H.,
Lowe, J. K., et al. (2013). Integrative functional
genomic analyses implicate specific molecular
pathways and circuits in autism. Cell, 155(5):1008-
1021.

Paus, T., Collins, D. L., Evans, A. C., Leonard, G.,
Pike, B., & Zijdenbos, A. (2001). Maturation of
white matter in the human brain: a review of
Brain  Research

magnetic resonance studies.

Bulletin, 54(3):255-266.

Cite this article: Ali M. (2024). Exploring Linguistic Markers of Disordered Thoughts in Mental Health
Assessments. Journal of BioMed Research and Reports, BioRes Scientia Publishers. 4(6):1-5. DOI: 10.59657/28317-
4681.brs.24.081
Copyright: © 2024 Mohammad Ali, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

Article History: Received: April 11, 2024 | Accepted: April 30, 2024 | Published: May 07, 2024
© 2024 Mohammad Ali.


https://bioresscientia.com/
https://academic.oup.com/cercor/article-abstract/13/4/422/315719
https://academic.oup.com/cercor/article-abstract/13/4/422/315719
https://academic.oup.com/cercor/article-abstract/13/4/422/315719
https://academic.oup.com/cercor/article-abstract/13/4/422/315719
https://jamanetwork.com/journals/jamaneurology/article-abstract/794123
https://jamanetwork.com/journals/jamaneurology/article-abstract/794123
https://jamanetwork.com/journals/jamaneurology/article-abstract/794123
https://jamanetwork.com/journals/jamaneurology/article-abstract/794123
https://genome.cshlp.org/content/26/2/271.short
https://genome.cshlp.org/content/26/2/271.short
https://genome.cshlp.org/content/26/2/271.short
https://genome.cshlp.org/content/26/2/271.short
https://genome.cshlp.org/content/26/2/271.short
https://link.springer.com/article/10.3758/s13415-016-0459-7
https://link.springer.com/article/10.3758/s13415-016-0459-7
https://link.springer.com/article/10.3758/s13415-016-0459-7
https://link.springer.com/article/10.3758/s13415-016-0459-7
https://www.cell.com/fulltext/S0092-8674(13)01349-4?large_figure=true&code=cell-site
https://www.cell.com/fulltext/S0092-8674(13)01349-4?large_figure=true&code=cell-site
https://www.cell.com/fulltext/S0092-8674(13)01349-4?large_figure=true&code=cell-site
https://www.cell.com/fulltext/S0092-8674(13)01349-4?large_figure=true&code=cell-site
https://www.cell.com/fulltext/S0092-8674(13)01349-4?large_figure=true&code=cell-site
https://www.sciencedirect.com/science/article/pii/S0361923000004342
https://www.sciencedirect.com/science/article/pii/S0361923000004342
https://www.sciencedirect.com/science/article/pii/S0361923000004342
https://www.sciencedirect.com/science/article/pii/S0361923000004342
https://www.sciencedirect.com/science/article/pii/S0361923000004342

