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Abstract

Objective: A thematic and topic modelling
analysis of sleep concerns in a social media-
derived, privacy-preserving, suicidality dataset.
This forms the basis for an exploration of sleep
as a potential computational linguistic signal
in suicide prevention. Background: Suicidal
ideation is a limited signal for suicide. De-
velopments in computational linguistics and
mental health datasets afford an opportunity to
investigate additional signals and to consider
the broader clinical ethical design implications.
Methodology: A clinician-led integration of
reflexive thematic analysis, with machine learn-
ing topic modelling (BERTopic), and the pur-
poseful sampling of the University of Maryland
Suicidality Dataset. Results: Sleep as a place
of 1) refuge and escape, 2) revitalisation for
exhaustion, and 3) risk and vulnerability were
generated as core themes in an initial thematic
analysis of 546 posts. BERTopic analysing
21,876 sleep references in 16791 posts facili-
tated the production of 40 topics that were clin-
ically interpretable, relevant, and thematically
aligned to a level that exceeded original expec-
tations. Power and consent, privacy and syn-
thetic representative data, validity and stochas-
tic variability of results, and a co-designed and
governed, multi-signal formulation perspective,
are highlighted as key research and clinical is-
sues.

1 Introduction

This paper reports on the thematic and topic mod-
elling analysis of sleep concerns in a social media-
derived, privacy-preserving, suicidality dataset.
Key objectives are an exploration of 1) the role of
sleep as a potential linguistic signal in suicide pre-
vention formulation, and 2) the ethical and design
opportunities and challenges, artificial intelligence
(AI) and sensitive mental health datasets may af-
ford to the global mental health community (Resnik
et al., 2021; Shing et al., 2018, 2020; Zirikly et al.,

2019; Orr et al., 2022, 2023). This work arises
from an academic program, centered on clinical
best practice, leadership, and change and is the
third in a series of papers focused on AI, ethics and
suicide prevention (Orr et al., 2022, 2023).

There is increasing interest in the application
of computational linguistics in suicide prevention.
Suicide prevention threat detection, and guardian
angel-type technology, are already deployed in so-
cial media. This raises significant ethical design,
clinical effectiveness, and governance issues (Bar-
nett and Torous, 2019; Bernert et al., 2020; Burke
et al., 2019; Floridi and Cowls, 2019; Ophir et al.,
2022; Orr et al., 2023). Suicidal ideation is a rela-
tively weak signal for suicide, and there is a need
to research additional signals (Deisenhammer et al.,
2009; Galynker et al., 2017; Yaseen et al., 2019).
Sleep disturbance is associated with increased suici-
dal behaviour to the degree it may represent a mod-
ifiable risk factor and signal to inform suicide risk
management formulation and intervention planning
(Bishop et al., 2020; Bradford et al., 2021; Fernan-
des et al., 2021; Hamilton et al., 2023; Kalmbach
et al., 2022; Liu et al., 2020; Miller and McCall,
2023; Shepard et al., 2023).

Computational linguistics is a branch of AI, as-
sociated with natural language processing. It has
come to increasing clinical importance because of
the rapid advancements and growth in transformers
and generative AI (Javaid et al., 2023; Resnik et al.,
2021).

Closely entwined with the use of AI in mental
health, is the ethical utilisation and governance of
sensitive data, including data mining and the cura-
tion of datasets. The data utilisation approach in
this research combines the qualitative Braun and
Clarke approach to thematic analysis, with quanti-
tative machine learning topic modelling, to study a
large social media suicidality dataset (Blei, 2012;
Blei et al., 2003; Grootendorst, 2022; Braun and
Clarke, 2006, 2019; Fast et al., 2016). There is
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emerging interest in the potential research benefits
of combining qualitative reflexive thematic analy-
sis with computational methods. This includes how
topic modelling could assist with more rapid famil-
iarization and coding of large social media-based
data sets, and contribute to the qualitative, nuanced,
contextual, interpretative, and reflexive theme cre-
ation process (Gauthier et al., 2022; Gauthier and
Wallace, 2022).

Suicide is a complex devastating event where
there can be a struggle to make sense, find mean-
ing, and understand the related computational basis
of the mind, lived experience, intent, and decision-
making. Computational neuroscience and psychia-
try seek to bring understanding to complex human
behaviours to optimize care and prevention (Hauser
et al., 2022; Nordin et al., 2022).

Computational linguistics can play a role in data
collection, formulation, and the creation of digital
psychotherapeutic interventions. Either individu-
ally or combined with other neurophysiological, be-
havioural, and imaging techniques, computational
linguistics may provide modelling insights into the
neural basis of language (Bourguignon, 2022). This
may contribute to the development, analysis, and
detection of language biomarkers or signals of var-
ious states of cognitive and emotional processing,
mental disorder, and behavioural risk.

Suicidal ideation is an important risk signal
for potential psychological distress and completed
suicide that requires timely assessment and in-
tervention. However, although important, it is
also a weakly predictive, frequently late, or non-
presenting and unreliable signal (Deisenhammer
et al., 2009; Galynker et al., 2017; Yaseen et al.,
2019). Although there is only a limited correlation
between suicidal ideation and suicide, those who
have expressed suicidal ideation may be a signifi-
cant target population to look for other signals op-
erating with different contextual factors, frequency,
prevalence, and time scales that may assist with the
timely formulation of risk management and suicide
prevention (Orr et al., 2022, 2023).

1.1 Sleep as a potential signal and
intervention priority in suicide prevention

Sleep is central to physical and mental health (Scott
et al., 2021; Hertenstein et al., 2022; Harvey, 2022).
There is significant evidence of sleep disturbance
being correlated with suicidal behavior to the de-
gree that it can be considered a potentially mod-
ifiable risk factor and predictive or prioritizing

signal for suicide prevention (Bishop et al., 2016,
2020; Blake and Allen, 2020; Bradford et al., 2021;
Chaïb et al., 2020; Fernandes et al., 2021; Geof-
froy et al., 2021; Hamilton et al., 2023; Kalmbach
et al., 2022; Kearns et al., 2020; Liu et al., 2020;
McCall et al., 2019; McCall, 2022; Miller and Mc-
Call, 2023; Perlis et al., 2016; Pigeon et al., 2019;
Shepard et al., 2023; Trockel et al., 2015; Tubbs
et al., 2019).

Sleep disturbances from insomnia to nightmares
to sleep-disordered breathing are associated with an
increased risk of suicidal behavior (Porras-Segovia
et al., 2019; Prguda et al., 2023; Tubbs et al., 2019).
However, there has been limited research target-
ing sleep as a suicide intervention and limited ev-
idence of resultant benefit. Studies to date have
typically targeted suicidal ideation with cognitive
behavioural therapy for insomnia (CBTI) or hyp-
notic drugs and demonstrated enough selected evi-
dence for improvement to warrant further research
and consideration in treatment protocols (McCall
et al., 2019; Pigeon et al., 2019; Trockel et al.,
2015). Targeting suicidal ideation in research may
be a useful proxy variable for completed suicide as
there is a significant correlation between the two
(Nock et al., 2008a,b). However, it is important to
understand the nature and limitations of that corre-
lation. Relatively few of those who voice suicidal
ideation will go on to complete suicide, and many
of those who complete suicide will not be known
to have voiced or experienced suicidal ideation. If
suicidal ideation is the only focus or signal sought,
significant timely suicide prevention opportunities
may be lost.

Night-time is a high-risk period for suicide. It is
unclear to what degree this is due to a range of fac-
tors including circadian or sleep deprivation-related
decrease in frontal lobe function or decreased sero-
tonin levels, or due to loneliness or lack of sup-
port. Being alone and awake at night may decrease
the potential for intervention or distraction from a
distressed consciousness. Being awake during a
period of brain hypofrontality may be associated
with affective and cognitive dysfunction leading to
emotionality, impulsivity, and impaired decision-
making. Adolescents who are likely to be a key
demographic utilising social media may be particu-
larly vulnerable to sleep-related suicidal behaviour
(Porras-Segovia et al., 2019; Tubbs et al., 2019).

Each stage of sleep may have a key evolutionary
function in helping process the cognitions, emo-
tions, and actions of the day, clearing out waste,
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and optimising mind and body. Lack of sleep can
impair our ability to creatively problem solve, exer-
cise impulse control, process and experience emo-
tions, calm the mind, be empathetic, or see aes-
thetic beauty and positivity in the world (Peretti
et al., 2019).

Sleep is a universal dynamic periodic function,
associated with a range of neurophysiological,
emotional, behavioral, and contextual parameters.
Sleep can be measured multimodally, and the multi-
ple signals integrated to get a greater understanding
of sleep quantity, structure, and quality, and their
relationships to context. In this work, the focus
is on the computational linguistic analysis of the
sleep signal that may be contained in social media
text. A signal typically carries indicative infor-
mation that may require or precipitate a specific
response if when interpreted (either individually or
combined with other signals or factors) it exhibits
certain characteristics or meets a certain threshold.
An individual’s cognitions, emotional response, be-
haviours, and context in relation to sleep may be
derived from how they write about it; and what
and how much they write about sleep may be influ-
enced by their mental and emotional state at that
time and their personal, group, and cultural inter-
pretation of the meaning and function of sleep and
sleep disturbance.

Various forms of thematic analysis and phe-
nomenological inquiry into the experience and un-
derstanding of sleep disturbance (insomnia, night-
mares) and mental illness and suicide have pre-
viously been performed (Hochard et al., 2019;
Klingaman et al., 2019; Littlewood et al., 2016;
Luhaäär and Sisask, 2018). These are typically
small in sample size, interview-based, and reflec-
tive in nature in the context of established mental
disorder or suicidal behaviour.

If we can better linguistically define, charac-
terise, or categorise the sleep experience and signal
by and for both human and machine processes, it
may contribute to the design of future suicide pre-
vention research and interventions. A sleep signal
may have utility in combination with other signals
in terms of alerting, triage, clinical formulation,
and treatment planning.

1.2 Identification of the University of
Maryland Suicidality Dataset

There is an increasing focus on the application of
data mining in combination with AI to enhance
mental health service design and suicide prevention

(Berrouiguet et al., 2019; Lopez-Castroman et al.,
2020; Schuerkamp et al., 2023; Wang, 2023).

An exploratory goal of the body of work to
which this study relates is creating a conceptual lin-
guistic sleep signal model that could contribute to
the development of real-time, natural language pro-
cessing empowered, social media and formulation-
based suicide prevention. To align with this goal
the modelling data utilised should emulate as
much as feasible the timely naturalistic expression
of the lived experience and context under study
(Neubauer et al., 2019; Van Manen, 2017). Cap-
turing live social media data in a naturalistic con-
textualised form from actively suicidal individuals,
affords major ethical, clinical, and medicolegal is-
sues, including issues of power and consent, and
responsibility. Consultation with ethics and AI
specialists concluded that live data was not ethi-
cally justifiable or essential for this exploratory re-
search and that a pre-existing social media dataset
should be identified. This led to the identification
of the University of Maryland Suicidality Dataset.
The dataset comprises the 11,129 users who be-
tween 2006 to August 31st, 2015, had posted on
the subreddit r/suicidewatch and had posted 10
or more times in total across all of Reddit. In-
cluded are user posts, post ID, anonymised user
ID, timestamp, subreddit, de-identified post title,
and body. The dataset also has an equal number of
controls who had not posted in r/suicidewatch. The
r/suicidewatch subreddit focuses on individuals
posting about their suicidal ideation and plans, and
other users offering support. The total dataset has
approximately 2 million documents. The dataset
has expert-labelled, crowdsourced-labelled, and un-
labelled subsets (Shing et al., 2018; Zirikly et al.,
2019).

1.3 Reflexive Thematic Analysis
Thematic analysis is recognised as a reflexive in-
terpretive approach to pattern or theme develop-
ment across a dataset and for its utility in phe-
nomenological or experiential qualitative research
where there is a focus on the understanding of ex-
perience, meaning, and sensemaking (Braun and
Clarke, 2019, 2021a,b).

Reflexive thematic analysis emphasizes the in-
teraction of the researcher with the data in the qual-
itative creation of themes. Themes are inductively
woven from codes, with fewer themes potentially
illustrating more intricacy of the analytic thought.
Though grounded in data, there is a need for reflex-
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ive critical reflection, self-awareness, and recogni-
tion of prior knowledge, assumptions, and theories
that may deductively influence the researcher’s in-
ductive sense-making process (Braun and Clarke,
2006; Clarke and Braun, 2018; Braun and Clarke,
2019).

The knowledge and experience of the primary
researcher as a psychiatrist was utilised in the re-
flexive interpretation of data in this research (Braun
and Clarke, 2021b; Ho et al., 2017; Neubauer
et al., 2019; Pérez Vargas et al., 2020; Tomkins
and Eatough, 2018; Van der Walt, 2020; Van Ma-
nen, 2017).

1.4 Topic Modelling and BERTopic

Topic modelling involves a range of algorithmic
techniques that are essentially quantitative in that
the technology has no inherent sentient understand-
ing of the text but can bring varying levels of prior
knowledge and types of process to draw mathemat-
ical connections and create clusters of key charac-
teristic terms that appear to be linked, and provide
examples of the documents that best exemplify the
links. The underlying quantitative paradigm is typi-
cally viewed as being one of discovery of latent top-
ics or themes in the text across a body of documents.
However typically and traditionally human inter-
pretation is required to create sense and meaning
around how the terms or words may be linked and
be of utility and to appropriately guide or supervise
the topic labelling (Al Moubayed et al., 2020; Blei
et al., 2003; Blei, 2012; Chang et al., 2009; Kherwa
and Bansal, 2019; Resnik et al., 2015; Vaswani
et al., 2017).

This analysis utilises BERTopic a topic mod-
elling tool that uses BERT (Bidirectional Encoder
Representations from Transformers) embeddings
(Devlin et al., 2018; Grootendorst, 2022).

1.5 Central Question

The central question for the integrated reflexive
thematic analysis and topic modelling was: what
are the themes, topics, and key representative terms
that may communicate or signal the experience, re-
lationships, and meaning of sleep and sleep distur-
bance in those who have expressed suicidal ideation
in social media text?

1.6 Methodology

The study uses a mixed methods design (Johnson,
2017). The research involves the integration of

reflexive thematic analysis, BERTopic topic mod-
elling, and the purposeful sampling of the Univer-
sity of Maryland Reddit Suicidality Dataset.

The Braun and Clarke reflexive thematic analysis
process has six phases: 1) familiarisation with the
data; 2) coding; 3) generating initial themes; 4)
reviewing themes; 5) defining and naming themes;
6) writing up. The Braun and Clarke reflexive
form of thematic analysis recognises how we bring
our past knowledge, experience, and biases to the
process of constructing patterns of meaning (Braun
and Clarke, 2006, 2019, 2021a,b).

BERTopic creates topic representations in 3 ma-
jor stages: 1) use of a pre-trained transformer lan-
guage model to convert each document to its em-
bedding mathematical representation; 2) optimisa-
tion of the embedding clustering process via reduc-
tion of the dimensionality; 3) topic representations
are generated from the document clusters with a
class-based variation of Term Frequency-Inverse
Document Frequency (c-TF-IDF). Topic represen-
tations take the form of lists of keywords or terms
that are most important, relevant, and characteris-
tic of the topic, and BERTopic also creates a short
collection of the most representative documents for
each topic (Grootendorst, 2022).

2 Results

2.1 Thematic Analysis

The reflexive thematic analysis involved 546 posts
that included the term sleep from 154 individu-
als in the expert risk-rated subset of 245 users.
The thematic analysis utilised the posts (across the
whole of Reddit) from the 245 expert risk-level-
rated r/suicidewatch users. The posts were key-
word searched looking for references to sleep. The
themes generated in relation to the research ques-
tion were sleep as a place of 1) refuge and escape,
2) risk and vulnerability, and 3) revitalization for
exhaustion. These themes related to 1) seeking
refuge and escape via sleep from the living night-
mare and trauma of consciousness and physical
and psychological pain; 2) feeling at risk and vul-
nerable to trauma and nightmares and sleep paraly-
sis if enter sleep, or vulnerable in terms of where
sleeping or who sleeping with, or vulnerable to
being woken up by others and pets or vulnerable
to insomnia and related anxiety, loneliness, pain,
negative thoughts, constant arousal and being on
edge and unable to switch the mind off with fear of
missing out; 3) feeling constantly exhausted physi-
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cally and psychologically and overwhelmed, tired
of anticipatory anxious worry about the future, and
ruminating worry about the past, feeling burnt out
and seeking the revitalization of sleep.

2.2 Topic Modelling
The data subset for the topic modelling stage was
derived by searching for the word sleep in all
posts by users who had posted on r/suicidewatch
in the University of Maryland dataset. This re-
sulted in identifying 16791 posts by 5751 unique
users. Those posts were then broken down into sen-
tences, and sentences were selected that contained
the word sleep. This identified 21,876 sentences.

BERTopic was utilised using a Google Colab
that was customized to allow options in a range
of parameters, including file selection, number
of topic words, topic reduction, and seed topics.
BERTopic provides a range of outputs, including
key representative topic terms and documents, and
visual representations of how the topics cluster and
relate to each other and could potentially be merged
or reduced. The BERTopic outputs in the Appendix
section, Figure 1. (topic word scores ), Table 2.
(topic frequency count), and Figure 2. (hierarchi-
cal clustering) and the topic representative docu-
ments, were utilised by the psychiatrist first author
for the topic labelling process (Table 1.). The the-
matic analysis was also drawn upon for a deeper
interpretive and integrative understanding. The
BERTopic outputs reported are with parameters set
to 9 topic words, topic reduction to 40, and no guid-
ing seeding. The non-seeded topic modelling pro-
cess resulted in surprisingly clinically interpretable
and relevant results, that generally supported and
aligned with the core thematic analysis concepts.
There are a range of qualitative and quantitative
computational techniques by which BERTopic’s
outputs can be evaluated for topic coherence and
diversity (Grootendorst, 2022). In this exploratory
study the focus was on human domain expert inter-
pretation.

The most relevant and important topic terms
(with the highest topic c-TF-IDF scores), typically
gave a readily interpretable guide to an appropri-
ate, meaningful topic label e.g. Topic 10. Dreams
and nightmares, Topic 13. Tired and exhausted
and Topic 14. Pain, hurts, and sleep. These topics
also aligned with the theme elements of exhaustion
and vulnerability created in the thematic analysis.
Sleep as escape was a major theme element in the
thematic analysis. This was overtly captured in the

relatively low frequency Topic 36 where the most
important and relevant term was escape and the
representative documents directly refer to sleep be-
ing the only escape. However, escape was also an
inherent, at least part, element of a range of other
topics including the high-frequency topics 0. Want
to sleep and 1. Sleeping pills to sleep. Though not
immediately evident or definitive from the topic
terms, reference to the representative documents
indicated these topics capturing a want to sleep for-
ever for some that aligned with the theme of escape
and suicidality. That is references in the represen-
tative documents, to never wanting to wake up, or
consuming a large supply of sleeping medication at
once, were important potential suicidality signals.
While in topics 0. and 1. the "forever" aspect only
related to some, in Topic 24 it was the predominant
term and feature.

The representative documents utilized in the
topic labelling process, are not included in the Ap-
pendix because of the ethical requirement not to
share verbatim potentially identifiable quotes and
for data to be reported at the summative, coding,
topic, and thematic level.

3 Discussion

This was exploratory research, with a focus on re-
porting and contextualising the analysis process
and results, to a clinical /non-data scientist audi-
ence, to particularly highlight conceptual, ethical,
and design issues for future research, and develop-
ment. The following section aims to explore further
a number of these issues.

3.1 Language and the Psyche

When considering the application of computational
linguistics to mental health, it is important to also
conceptually consider how language may relate
to the functions of the mind. Language symboli-
cally captures an individual’s experience and con-
ceptual interpretation of their world. Experience
and interpretation are influenced by cultural and
group norms. Language is integrally woven with
brain function, and although the exact nature of the
weave may be contentious, it may provide impor-
tant data modelling insights to the understanding of
the psyche, including rich multidimensional tempo-
ral and contextual parameters that may be difficult
to access via other signals or means (Kompa, 2023;
Li, 2022).
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Topic
-1: Miscellaneous (Outliers) 19: Gaming and Sleep
0: Want to sleep (forever) 20: Physical sensations and activity and sleep
1: Sleeping Pills to sleep (forever) 21: Sleep Apnea and Breathing and Sleep
2: Distressed and crying self to sleep 22: Texting and communication and sleep
3: Sleep period and schedule 23: Wish for more sleep
4: Name substitution and sleeping context 24: Want to sleep forever/permanently
5: Technology sleep mode 25: Mood disorder and sleep
6: Smoking, cannabis, drinking alcohol, and sleep 26: Prayer, meditation, and sleep
7: Eating and Sleep 27: Memory, focus, concentration and sleep
8: School and Sleep 28: Happiness and sleep
9: Sleeping outside home 29: Alarm clock and sleep
10: Dreams and nightmares 30: Motivation and sleep
11: Pets and sleep 31: Heat and temperature and sleep
12: R/nosleep stories 32: Cutting, self-harm and sleep
13: Tired and exhausted 33: Cuddling and sex and sleep
14: Pain, hurts and sleep 34: Sleep deprivation and health consequences
15: Sleeping locations 35: Scratching, itch and sleep
16: Mind and sleep 36: Sleep as escape
17: Sleep paralysis and neurological experiences 37: Nursing/breastfeeding and sleep
18: Music, Noise and Sleep 38: Hallucinations/psychosis and sleep

Table 1: Sleep Topic Labelling.

3.2 Ambivalence

Legally a declaration of suicide typically requires
evidence of an intentional and knowing act. How-
ever, suicide may be characterized by ambivalence,
conflicting cognitions, emotions, and behaviours,
and a temporal perceived need to escape an over-
whelmed or pained consciousness or sense of en-
trapment, rather than a specific knowing, reasoned
intent to die (Orr et al., 2023). This presents chal-
lenges but also opportunities when considering a
computational linguistic signal of the mind in rela-
tionship to suicidality, in terms of detection, formu-
lation, guidance, and amplification in the direction
of seeking help. Ambivalence is prevalent in the
University of Maryland Suicidality Dataset and in-
deed could be considered inherent, as those posting
are typically seeking some form of help, advice,
and input from others. This could also be consid-
ered a limitation or caveat for the dataset in that the
active group are actively signalling their risk, ex-
pressing suicidal ideation, and reaching out. Those
who don’t express suicidal ideation and don’t reach
out may differ, adding weight to the case for addi-
tional signals and methods and channels for detec-
tion.

3.3 Sensitive data, stochasticity, and
variability concerns

Two of the major concerns and limitations of the
use of computational linguistics in clinical practice
and research are, 1. concerns around the privacy,
security, and governance of sensitive data and 2.
the validity and variability and related safety of
outputs. Validity, stability, and reproducibility are
key concerns of topic model-based content analy-
sis (Hoyle et al., 2022). The stochastic nature of
computational linguistic processes may contribute
to this variability (Javaid et al., 2023).

BERTopic is stochastic with variability in out-
puts on each run (mainly related to UMAP)
(McInnes et al., 2018; Grootendorst, 2022).
Stochasticity is a central feature of large language
models and generative AI, which makes it an in-
creasingly relevant concept for clinical research
and related awareness. Stochasticity or probabilis-
tic variability in potential outputs can augment and
amplify human creativity, engagement, and brain-
storming. However, in a clinical context the re-
sultant variability in outputs (and related perceived
confabulation or hallucinations with generative AI),
can be perceived as unsafe.

Safe clinical and research utilization of pre-
trained transformers and generative AI will require
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significant development in education, prompt en-
gineering training, stochastic temperature control,
guard railing, and fine-tuning. This may enhance
both the factual certainty and relevancy potential
of the technology, while also being able to leverage
the creative potential of stochasticity, to assist with
resolving complex problems like suicide preven-
tion.

3.4 Thematic analysis and topic modelling
The labelled topics offer a clinically valid and rele-
vant general range of subdomains for issues related
to sleep and sleep disturbance including aligning
with key codes and themes created during the the-
matic analysis process.

The option of seed topics was included in the
BERTopic Colab design as there was a high expec-
tation that significant guidance and interpretation
would be required to get any form of meaningful
results. In Guided BERTopic seeds are used to
nudge towards the creation of particular topics, but
if they do not exist within the dataset they will not
be modelled. The original expectation was that
seed topics influenced by the earlier thematic anal-
ysis work would be required for meaningful and
aligned results.

As it transpired the topic modelling exceeded
expectations in terms of clinically interpretable and
meaningful outputs, even with minimal guidance.
The reflexive thematic analysis process still served
an important purpose, in enhancing a deeper under-
standing of the dataset and facilitating the interpre-
tation and labelling of the outputs. The thematic
outputs from reflexive thematic analysis, are per-
sonal subjective qualitative constructs of the data,
as it relates to the research question. The construc-
tion of themes in reflexive thematic analysis, and
computational linguistic processes such as topic
modelling, have a range of similarities in approach,
in terms of pattern recognition, baseline weights
based on prior learning, contextualisation, and a
capacity to iteratively fine-tune.

3.5 Linguistic signal formulation
Signals in psychiatry can be characterized by com-
plexity, noise, dissonance, probability, uncertainty,
ambiguity, and ambivalence. This is similarly true
for language signals that are subject to significant
semantic and pragmatic interpretation complexity,
and varying levels of contextual, and cultural mod-
ifiers and abstractive symbolism in deriving mean-
ing, sentiment, and intent.

It is important to take a formulation approach
to signals that recognises the importance of com-
plexity, context, and culture and the need to dy-
namically consider and weigh all other factors or
signals. Humans signal their thoughts, sentiments,
and intent in a range of complex neurophysiologi-
cal, behavioural, and natural language ways. For-
mulation is core to clinical mental health practice
and has a factor weighing, pattern recognition, and
modelling focus. Formulation recognises that the
explanation for human behaviour can be complex,
contextual, and contingent (Orr et al., 2022).

3.6 AI, data and the ethics of research and
development and power and consent

There is an increasing focus on the need for an
ethical overview of social media and AI research.
There is a move away from considering all public
data as exempt from ethical board oversight and
more focus on the complexities of consent, defin-
ing private and public, anonymity, sensitive data
and vulnerable populations, and minimising bias
and algorithmic harm (Benton et al., 2017; British
Psychological Society, 2017; Chiauzzi and Wicks,
2019; NEAC, 2019; Pagoto and Nebeker, 2019;
Townsend and Wallace, 2016; Organization, 2023).

The topic representations created by BERTopic
can be fine-tuned and labelled by a range of meth-
ods including via Open AI’s API to ChatGPT
(Grootendorst, 2022). To respect and protect the
principle and ethics requirement of not sharing real
data and quotes from the dataset, this process was
not utilized. Future challenges include developing
methods that respect and protect the sensitive na-
ture of the data while leveraging and evolving the
benefits and interpretive and generative nuance that
large language models may afford.

The AI algorithmic and global mental health
realms have both been subject to debate and
scrutiny around ethics, power dynamics, bias,
agency, consent and control. This includes con-
cerns around AI and global mental health running
the risk of representing new forms of colonialism
and imperialism. Those who control data and algo-
rithms may have undue power and influence and
knowingly or unknowingly not act in the best ethi-
cal interests of an individual or community. (Beres-
ford and Rose, 2023; Birhane, 2023; Pendse et al.,
2022). AI may be associated with dual-use and al-
gorithmic harm including unintentional iatrogenic
harm if used for clinical purposes and not appropri-
ately researched, designed or governed for different
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contexts, cultures, and customised needs.

3.7 Quotes and Sensitive Data

Qualitative research has traditionally used, and in-
deed required verbatim quotes, as a form of evi-
dence of quality and rigour. Research using social
media data sets will increasingly challenge that tra-
dition, in that verbatim quotes can be frequently
identified with a simple search engine and triangu-
lation approach. There is a broad range of terms
that may be utilised for indicative quotes, that do
not contain the original words or syntax, but seek
to convey the original content, sentiment, and in-
tent. These terms include clustered, blended, ag-
gregated, combined, composite, collective, deiden-
tified, spun, paraphrased, bundled, amalgamated,
illustrative, characteristic, indicative, representa-
tive and synthetic, and synthesized (Hemphill et al.,
2022; Kasal et al., 2023; Proferes et al., 2021;
Reagle, 2022; Winter and Gundur, 2022; Zimmer,
2020).

There will be an increasing range of technolog-
ical and generative AI options to carry out this
deidentification function with various degrees of
parsing, paraphrasing, and production. However
indicative non-verbatim quotes may not capture
the emotion, pain, beauty, poignancy, pragmatic
metaphorical abstraction, and personal poetry of
the original where an individual has crafted their
personal experience into words that they want to
cathartically share with others. Similarly, the more
data that is produced or created by generative AI,
the more this may decrease the capacity to validly
understand the authentic expression of human ex-
perience by drowning out and indeed shaping the
expression of that experience.

Table 3. in the Appendix provides examples of
composite synthetic quotes, that aim to illustrate
the type of content that was the basis of the reflex-
ive thematic analysis generated themes, without
infringing the ethical undertaking not to use verba-
tim quotes.

4 Conclusion

This paper reported on the thematic and computa-
tional linguistic topic modelling analysis of sleep
concerns in the University of Maryland Suicidality
Dataset. This was multidisciplinary, exploratory,
foundational work, that had the broader aim of
highlighting some of the conceptual, ethical, and
design opportunities and challenges artificial in-

telligence and mental health datasets may afford.
The reflexive thematic analysis produced three core
themes; sleep as a place of refuge and escape, risk
and vulnerability, and revitalization for exhaustion.
BERTopic was utilized to produce 40 topics with
representative key terms and documents. The com-
bined thematic analysis, and topic modelling pro-
cess, resulted in clinically interpretable, relevant,
and aligned results that exceeded initial expecta-
tions.

This is the third in a series of papers focused on
AI and suicide prevention. Central series themes
have been the complexities and contentions of sui-
cide prediction, the related central role of formula-
tion in clinical practice, and how the computational
linguistic detection, development, and integration
of relevant signals may contribute to enhancing the
formulation and intervention planning process.

Sleep is a potentially useful linguistic signal in
AI-based suicide risk formulation and intervention
planning. Establishing sleep themes, topics, and
key terms represents an initial exploratory develop-
ment stage. A deployed AI-enhanced social media-
based system that could detect, and utilize a linguis-
tic sleep signal would need significant ethical co-
design and governance. Research and development
would require an iterative multistage, multimodal,
multisignal contextually and culturally aware inte-
grated formulation approach. Sleep may be consid-
ered as both a signal and an intervention and more
conceptually as a preferable escape for a trauma-
tised, overwhelmed, and exhausted consciousness.
Sleep may help with cognitive and emotional pro-
cessing, decreasing impulsivity, and increasing the
capability to see a positive path through. An advan-
tage of focusing on sleep as a key signal is that it
can be both a transdiagnostic indicator of illness
and vulnerability, and a transdiagnostic positive in-
tervention, maximising the opportunities for benefit
and optimisation of scarce resource utilisation.

Suicide is a complex, multifactorial low-base
rate event, where there are significant risks and
limitations in prediction and particularly attaching
specific predictive or intervention power to any
standalone factor. Sleep and sleep disturbance may
have a significant role as a sensitive indicator of hu-
man distress and arousal and mental health vulner-
ability and as a signal that further assessment and
intervention are required. Sleep and sleep distur-
bance signal data may be coded, labelled, weighed,
and used in the formulation both as an indicator
of transdiagnostic emotional distress and arousal,
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and to contribute towards specific mental disorder
and sleep disorder interventions. It may also be
more acceptable or in keeping with cultural, group,
or personal experiential norms to talk about sleep
disturbance and related exhaustion than to report
depression or suicidal ideation.

Data relating to suicide is highly sensitive, and
privacy-preserving datasets may afford clinical
safety, medicolegal, and ethical benefits. Social
media data mining affords an opportunity, to im-
prove the computational understanding of human
behavior and provide insights into user mental
models. This may enhance psychological formula-
tion, targeted needs segmentation, and personalized
timely, user experience, engagement, recommenda-
tion, and intervention planning. This is particularly
important in suicide prevention. In terms of practi-
cal clinical contributions, arising from this research,
the findings have contributed to the psychiatrist first
author’s design of digital intake forms for a special-
ist sleep clinic. The future aim would be to develop
a multimodal AI-enhanced assessment and formula-
tion system, that was also capable of assisting with
the therapeutic revision of memory and narrative
associated with traumatic nightmares. Nightmares
are associated with suicidality and were a signifi-
cant finding of both the thematic analysis and topic
modelling aspects of this research.

In terms of methodological contributions, the
integration of reflexive thematic analysis and ma-
chine learning topic modelling could benefit other
researchers working with large datasets that require
scale, speed, and interpretive nuance in analysis.
The integrated approach may contribute to the ex-
plicability or understanding of the algorithmic pro-
cess and thematic and topic results.

As the AI field moves from Large Language
Models to Merged, Multimodal Models (Triple
M’s), computational linguistics should retain a cen-
tral role in sensing, shaping, augmenting, and am-
plifying the human psyche toward creative effective
action and outputs. There is a need to research how
large language models and generative AI could be
used in fine-tuning, and clinically relevant analy-
sis and interventions, in a way that addresses the
sensitive nature of potential mental health and risk-
related data and the associated medicolegal, ethical,
clinical effectiveness, and safety issues.

The stated vision for the CLPsych community is
to improve interdisciplinary knowledge exchange,
foster collaboration, and increase the visibility of
mental health as a problem domain in natural lan-

guage processing. Similarly important is improv-
ing the visibility and accessibility of computational
linguistics as an opportunity domain in clinical
practice. The rapid rise in pre-trained transform-
ers and generative AI has increased the need for
clinician knowledge, education, and engagement
in computational linguistics. Also highlighted by
these developments is a broader need for multi-
stakeholder research, co-design and representative
governance to enhance the capacity and propensity
for benefit optimization and harm minimisation.
Key related areas for future research and develop-
ment highlighted by this paper include building a
shared understanding and approach to, risk-benefit
analysis, power and consent, formulation, stochas-
tics, and sensitive and representative data.

By focusing on one signal (sleep), one dataset,
and one technique (topic modelling) a core aim of
this research is a greater shared conceptual under-
standing of the opportunities and challenges pre-
sented by computational linguistics to the global
mental health community. Global mental health
may be particularly suited and vulnerable to de-
velopments in computational linguistics due to the
central role of language in the psyche and culture
and the need for contextual weighting in making
sense of and shaping complex human experiences.

The computational linguistic and global men-
tal health communities need to engage with these
challenges and opportunities with a high degree of
shared ethical, conceptual, contextual, cultural, and
power dynamic awareness. This paper has aimed
to enhance that awareness and contribute to the de-
velopmental capacity of the CLpsych community
to pursue its mission to reduce emotional suffering
and suicide.
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Limitations statement: The relationships be-
tween sleep, mental health, and suicide are com-
plex and contentious. As highlighted in the paper
this was exploratory research, that formed part of
a body of work with a focus on ethical clinical
design, and the opportunities and challenges of
computational linguistics contributing to enhanc-
ing mental health care and research, specifically
suicide prevention. There was a concern from the
outset that limitations of the dataset and BERTopic
pre-trained embeddings and processes could lead to
few interpretable, clinically recognizable, or useful
topics. The results exceeded expectations in terms
of potential clinical utility and interest. The topic
modelling results reported had a focus on illustrat-
ing potential clinical utility with a view to clinician
engagement. It is well recognized that they repre-
sent just an initial analytic and developmental step
in the ongoing evolvement of safe and effective risk
and clinical formulation and intervention systems.
Caveats in terms of ethics, dynamic user, temporal,
situational, and language representation and under-
standing, misinformation, bias, contextual and cul-
tural nuance, generalisability, reproducibility and
validity, and lack of ground truth around risk and
outcome, and cause and correlation remain.
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The following appendix section contains Fig 1.
Topic word scores; Table 2. Topic frequency count;
Fig 2. Hierarchical clustering; and Table 3. Illus-
trative composite synthetic quotes.
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Figure 1: c-TF-IDF of key topic terms. TF-IDF (term frequency-inverse document frequency) is a statistical measure
of the importance and relevancy of a word both to a specific document and across a corpus of documents).88



Topic Frequency Count Most important and relevant topic representative terms
-1 9413 sleep_im_asleep_just
0 6130 sleep_just_sleeping_asleep
1 776 pills_taking_took_meds
2 620 crying_cried_panic_im
3 522 hours_sleep_schedule_night
4 383 person_pm_persons_asleep
5 366 mode_computer_power_screen
6 338 smoke_drink_smoking_drinking
7 320 eat_eating_sick_hungry
8 287 school_study_class_classes
9 270 bag_place_car_tent
10 263 dream_nightmares_lucid_dreaming
11 202 cat_dog_cats_dogs
12 178 rnosleep_nosleep_stories_post
13 170 tired_exhausted_energy_sleepy
14 165 pain_hurts_symptoms_lack
15 159 room_couch_homeless_apartment
16 154 mind_thoughts_thinking_think
17 154 paralysis_experienced_sleep_seizures
18 150 music_noise_voices_listen
19 105 game_play_games_playing
20 101 leg_feet_hands_asleep
21 78 apnea_breathe_nose_machine
22 67 text_phone_skype_saying
23 60 wish_wake_forever_wishing
24 56 forever_want_just_sleep
25 48 manic_mania_bipolar_depression
26 44 pray_meditating_allah_god
27 43 memory_focus_concentrate_term
28 43 happy_smiled_smile_happiest
29 38 alarm_set_alarms_clock
30 26 730_motivation_815_615
31 25 warm_hot_blanket_temperature
32 22 cut_cutting_cutter_feel
33 22 cuddle_cuddling_wholl_cuddles
34 19 deprivation_insulin_resistance_disease
35 17 scratch_scratching_doesnt_using
36 16 escape_escaping_backehug_sleep24
37 15 nursing_nurses_nurse_shell
38 11 hallucinations_hallucinating_hallucination

Table 2: Frequency count of topics
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Figure 2: Hierarchical clustering of topics (utilizing scipy.cluster.hierarchy to create clusters and visualize how
relate)
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Exhausted, tired, emotionally and physically, just want to sleep forever, but never
enough sleep
Every night I pray I die in my sleep, or someone ends the nightmare by putting a
bullet in my head
Dreaming is a better form of life, particularly when can control with lucid dreaming
Calm the rampant thought storm, the panic, the mind at war that prevents me from
sleeping
Tired of the loneliness, screwing up, and failure, dreams are my only escape and
pleasure
Sleep use to be an escape but now a fear because of the thoughts, the sleep paralysis,
and nightmares
I hide under the bed to feel safe, feeling entrapped and overwhelmed, and sleep the
only thing to look forward to
Terrified of what the recesses of my mind and the darkness will conjure up
Just want to live in dreams and never wake up, escape the pain, grief, loneliness and
shame
The worst thing I fear is the thoughts, the insomnia, and being alone at night
Wake up terrified from the nightmare at 4 am and too frightened to go back to sleep
The pain, the fear, the thoughts start from the moment I regain consciousness
I need to escape the suffocating thoughts and loneliness whether through drugs, sex,
or sleep
Just want to knock myself out with pills or drugs so can stop feeling like shit and
exhausted
I want someone to hold me and my trauma, and sadness until I fall asleep
Work, study, and bills I’m exhausted, sleep deprived, but I can’t give up internet or
risk sleeping in.
I lie in bed crying, I am a burden and a shame to my family, best thing for them is if
I sleep forever

Table 3: Key illustrative composite synthetic quotes. A key issue in social media research is that verbatim quotes
can not infrequently be traced back to the source, and with cross-referencing of other aspects of content or style, the
online poster is potentially identified. These composite synthetic quotes, aim to illustrate the type of content that
was the basis of the reflexive thematic analysis generated themes, without infringing the ethical undertaking not to
use verbatim quotes.

91


