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ABSTRACT

Many neurological disorders are characterized by uncontrolled or non-volitional
cursing. The social stigma of coprophenomena can be immense, particularly for young
adults with traumatic brain injury or Tourette Syndrome. Little is known about the
neurocognitive mechanisms underlying non-volitional cursing, and there is no known
treatment. To this end, I propose a mechanism that will prove useful as a guiding
theoretical framework for modeling different types of cursing. My overarching
hypothesis is that uncontrolled cursing is the breakdown of a feedback loop between
physiological arousal and controlled language output. | operationalize the hypothesis that
cursing occurs in the context of physiological arousal and the act of cursing further
modulates arousal. This thesis will illustrate how the model predicts different patterns of
impairment across different disorders of emotion and behavior dysregulation. I will test
predictions of the model in two experiments both involving manipulations of arousal and
linguistic content. In Experiment 1, I compare the arousal of the lexical environment of
curse words to the that of randomly selected non-curse words in a large natural language
corpus. In Experiment 2, | use a verbal fluency paradigm to compare physiological

arousal and subsequent language production during a cursing task vs. a non-cursing task.
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CHAPTER 1. INTRODUCTION

Cursing is a common outlet for expressing intense emotion. Social and cultural
norms dictate when and where it is appropriate to curse. Our ability to behave within
these constraints relies on numerous cognitive capacities including theory of mind and
executive functions. Neurological disorders, particularly those affecting the frontal lobes,
often compromise one or more of these cognitive capacities (Alvarez & Emory, 2006).
People with neurological disorders including stroke aphasia, behavioral variant
frontotemporal dementia, Tourette’s syndrome, and traumatic brain injury often curse
excessively or without meaning to (Van Lancker & Cummings, 1999). Uncontrolled
cursing, also known as neurogenic cursing or coprolalia, often has serious social and
emotional consequences for both patients and caregivers (Le Dorze & Brassard, 1995;
Eddy & Cavanna, 2013) There are currently no established efficacious behavioral
treatments for neurogenic cursing.

The overarching aim of this thesis is to further our understanding of cursing and to
explore a novel mechanism for prediction and feedback control of cursing as modulated
by physiological arousal. Objectives are as follows:

1. 1 will summarize the current state of research on relation(s) between non-

volitional cursing and dysregulated control processes.

2. | will propose an integrative feedback model of cursing and physiological arousal.



3. 1'will propose two experiments investigating relations between physiological
arousal and cursing.
4. 1 will interpret the empirical findings, identify limitations, and highlight directions

for future work needed to refine and support (or refute) the model.

Cursing

Cursing, a near-ubiquitous phenomenon across natural languages, is the
production of a word or phrase deemed taboo or offensive in a particular culture or
context. “Tabooness” is often conceptualized as the intersection of high arousal and
negative valence (Janschewitz, 2008; Jay, 2000), though this does not fully explain the
power behind curse words: there many words that have high lexical arousal and high
negative valence that are not taboo (cancer, abortion), and there are curse words that are
neither particularly lexically arousing nor particularly negatively valent (e.g., damn;
Reilly et al., 2020). Whether you call it tabooness, profanity, or obscenity, it can be
notoriously difficult to define: in 1964, when Supreme Court Justice Potter Stewart was
asked to explain his test for obscenity, he simply wrote, “I know it when I see it”
(Jacobellis vs. Ohio, 1964).

From a language production standpoint, it has been argued that cursing assumes
two dissociable forms, first described by John Hughlings-Jackson nearly 150 years ago
(Hughlings-Jackson, 1878). In non-propositional cursing, curse words function as an
expletive or interjection (e.g., yelling “Shit!” when you get a paper cut). Non-
propositional cursing is typically preserved, along with other forms of automatic speech

(e.g., reciting the days of the week or the Lord’s Prayer) in patients with left hemisphere



perisylvian strokes (Broca, 1863; Hughlings-Jackson, 1878). Thus, non-propositional
language, including non-propositional cursing, is thought to be mediated by the right
cerebral hemisphere.

In contrast, in propositional cursing, curse words are semantically meaningful
and syntactically well-formed. As such, propositional curse words are embedded in
phrases (e.g., “That shithead just stole my parking space”). Propositional cursing can be
used to add emphasis, intensity, or idiomatic flavor to utterances (e.g., “This assignment
is a huge pain in the ass™) as well as to convey strong emotion. We curse both when we
are elated (“Fuck yes!”) but also when we have the intention to hurt another person
(“Fuck you!”).

Historically, cursing has primarily been considered an expression of anger, hatred,
or aggression, and has been associated with low socioeconomic class and lack of
education (Jay, 2000). Cursing can be used to harm or degrade others, as with slurs or
other forms of hate speech (McWhorter, 2021). As such, it can have social costs — one
study found that among women with chronic illness, those who tended to curse around
other people reported decreased social support and more depressive symptoms (Robbins
et al., 2011).Cursing can also incur criminal penalties: — in 2010, Pennsylvania state
troopers issued more than 700 disorderly conduct citations to drivers for cursing (Peralta,
2011). Cursing, however, need not always be negative; we often curse when there is no
intention to express anger or to harm another person. For example, many of us curse
when surprised (e.g., “Are you fucking kidding?!”) or when feeling especially ebullient
(e.g., “Yes! We fucking did it!”). It is also commonly used as an intensifier (e.g., “That

sandwich was tasty as hell!”), and as an expression of sexual excitement (i.e., ‘dirty talk’



between sexual partners) (Jay, 2000; Jonason et al., 2016). Cursing may also confer
benefits to the speaker — it has been shown to facilitate social bonding, increase grip
strength and pain tolerance, and be cathartic in stressful driving situations (Baruch &
Jenkins, 2007; Popusoi et al., 2018; Stephens, 2018; Stephens et al., 2009).

In addition to its multiplicity of uses across a variety of emotional states, cursing
is context-dependent both within and across cultures (Vingerhoets et al., 2013). “Cunt” in
working-class Australia and New Zealand is used freely as a generic noun meaning
“person” or “thing,” similar to “jawn” in the Philadelphia dialect (Cain, Sian, 2023;
McLeod, 2011). Use of the word ‘cunt” would be unlikely to raise eyebrows in an
Australian pub, but uttering ‘cunt’ in an American bar would likely result in a range of
negative consequences. Similarly, one might refer to breasts as “tits” in the bedroom or
locker room but would likely refrain from doing so in the boardroom. In general, people
tend to curse more when with members of an in-group (coworkers, sports teammates) and
people of their own age, social status, and gender (Jay & Janschewitz, 2008).

These examples highlight a diverse range of motives and affective states, both
positive and negative, associated with cursing. Regardless of its linguistic use or
emotional valence, cursing is associated with elevated levels of autonomic arousal. That
is, we tend to curse when we are in a heightened state of excitement. Cursing tends to
modulate physiological arousal both within the speaker, as well as in her interlocutors
(Bowers & Pleydell-Pearce, 2011; Jay & Janschewitz, 2008; LaBar & Phelps, 1998). In
the sections to follow, | briefly define arousal and describe existing evidence supporting

the role of arousal in cursing.



Physiological Arousal

Much of our capacity for exploring and exploiting our environment is mediated
by arousal (Aston-Jones & Cohen, 2005). People experience slow fluctuations in arousal
in tandem with normal circadian rhythms throughout the day. These oscillations are
considered a form of tonic arousal reflecting slowly rising and falling levels of
norepinephrine (Posner, 2008; Sturm & Willmes, 2001). Although changes in tonic
arousal are typically slow, tonic arousal can build in response to intrinsic and extrinsic
stimuli such as slowly building frustration, sustained mental effort, or environmental
perturbations. Thus, tonic arousal is not synonymous with low arousal. Moderately high
levels of tonic arousal are seen when people are in states of focused attention, and this
state is associated with synergistic phasic activity (Howells et al., 2012).

Phasic arousal, in contrast, is characterized by sudden spikes in autonomic arousal
evoked by a new, typically transient state (e.g., sudden fear, pain; (Cannon, 1915;
Goldinger & Papesh, 2012). Phasic arousal is a key component of the sympathetic
nervous system’s ‘fight or flight’ response, associated with the rapid release of
norepinephrine from the locus coeruleus (Ross & Van Bockstaele, 2021).

Tonic and phasic arousal are both associated with physiological changes,
including increased heart rate, blood pressure, pupil dilation, sweating, and respiratory
rate, and decreased gastrointestinal activity (Alshak & Das, 2023; Pfaff, 2005). In
addition to these somatic effects, arousal is also associated with cognitive changes,
including rapidly increased alertness, alterations in information processing, and selective

attention and memory (Aston-Jones & Cohen, 2005; Staal, 2004).



While moderately increased levels of arousal aid cognitive processes, states of
hyperarousal can lead to deficits in cognition and behavior. These include tunnel vision,
selective memory, poor decision making, and impaired performance on cognitive tasks
(Ross & Van Bockstaele, 2021; Staal, 2004). Yerkes and Dodson described this
phenomenon as an inverted U-shaped curve where up to an inflection point, increasing
levels of arousal improve cognitive performance, but after the inflection point, further
arousal produces rapidly diminishing gains (1908). This is true both in neurotypical
people (e.g., the “weapon focus” phenomenon (Loftus et al., 1987); attentional tunneling
in open-water divers (Baddeley, 1972)) as well as in those with disorders of hyperarousal.
People with post-traumatic stress disorder (PTSD) and traumatic brain injury both
demonstrate behaviors consistent with hyperarousal and related phenomena such as
hypervigilance, including impulsive behavior, risk-taking, and verbal/physical aggression
(Baguley et al., 2006; Kelly & Parry, 2008; Miles et al., 2021). In both neurotypical and
disordered populations, a common reaction to highly arousing stimuli (both noxious and

pleasant) is to curse.

Cursing and arousal

Cursing tends to evoke somatic markers of autonomic arousal including pupil
dilation (Reilly, Zuckerman, et al., 2020), heart rate acceleration (LaPointe, 2006), and
increased electrodermal activity (Bowers & Pleydell-Pearce, 2011; Jay & Janschewitz,
2008). Bowers & Pleydell-Pearce investigated arousal as measured by electrodermal
activity while participants read aloud curse words, euphemisms that directly referenced

the intended curse word (e.g., F-word), and neutral words. Arousal was significantly



higher in the cursing condition as compared to the euphemism or neutral conditions,
suggesting that it is the phonological form of curse words, rather than an inherently
arousing underlying semantic referent, that elicits the arousal response (2011). Compare,
for example, the social-pragmatic difference between “piss” and “urine,” which refer to
the same substance, or “fuck” and “copulate,” which refer to the same activity.

Across species, arousal responses are thought to help organisms adapt to changes
or challenges in their environment. Cursing can convey such advantages by increasing
arousal levels. In a cold-pressor paradigm, participants who cursed were able to keep
their hands in an ice bath for ~50% longer than participants who were instructed to say a
non-curse word (Stephens & Umland, 2011). Cursing led to increases in grip strength and
physical power on an exercise bike when compared to repeating non-curse words
(Stephens et al., 2018). These findings were explained by increased arousal, perhaps
mediated by state disinhibition (Stephens et al., 2023). In addition to physical advantages,
cursing can convey emotional and psychological advantages. In a study on cursing and
driving, Popusoi and colleagues found that cursing in simulated stressful driving
situations (e.g., avoiding a pedestrian walking out into the street in front of you) led to
reduced self-reported affective valence (i.e., less self-reported anger, sadness, or
depression) and decreased physical activation (i.e., lower ratings of tension, excitement,
anxiety, and nervousness) (Popusoi et al., 2018). Finally, in a study that bridged both
emotional and physical effects, Philipp & Lombardo found that participants who cursed
reported less physical pain in a cold pressor task and less social pain after being asked to

describe a time when they felt rejected or excluded (2017)



Some have reasoned that the link between arousal and cursing arises from
aversive classical conditioning in childhood — when a child swears, they are often
punished (e.g., by having their mouth washed out with soap). Through simple paired
associate learning, toddlers link cursing with pain (Harris et al., 2003; Jay et al., 2006)
either through positive reinforcement (e.g., giving a spanking) or negative reinforcement
(e.g., withdrawing affection). Even in households where cursing is not explicitly
punished, the emotional and behavioral context in which curse words are uttered may be
enough to cause a conditioned response through paired association. When a child sees,
e.g., a glass break and hears their mother say, “Fuck,” the child learns to associate a word
with an arousing antecedent (Jay, 2003). Studies of bilingual speakers support the
assertion that the cursing-arousal association is learned early in life; cursing in L1 results
in higher physiological arousal and more emotional impact than cursing in L2 (Caldwell-

Harris, 2015; Harris et al., 2003).

Cursing and cognition

Several studies have investigated the relationship between tabooness and the
memorability of single words. LaBar and Phelps (1998) found that neurotypical adults
had superior recall for taboo words relative to non-taboo words. Among participants who
had undergone resection of medial temporal lobe structures, including the amygdala and
hippocampus, recall for taboo words was worse than recall for non-taboo words,
suggesting that taboo words may undergo additional processing via input and emotional

coloring from the amygdala (La Bar & Phelps, 1998).



To disentangle whether memorability effects for curse words are driven by
arousal or by emotional valence, Kensinger and Corkin compared recognition and
memorability of curse words, negatively valent non-taboo words, and neutral words.
Curse words, which are highly arousing but only moderately valent, were more
memorable than negative or neutral words, suggesting that the memorability of curse
words was driven by arousal rather than valence (Kensinger & Corkin, 2003).

It is unclear how recall for single curse words generalizes to recall at the sentence
or paragraph level. An additive relationship between the arousal induced by a difficult
cognitive task plus the arousal induced by reading curse words could tip a person into a
state of hyperarousal, causing a detriment in performance on a recall task. Conversely,

curse words may confer memorability to the entire sentence in which they are embedded.

Cursing and Neurological Disorders

Neurogenic cursing is seen in a variety of neurological disorders, including
epilepsy, Alzheimer’s disease, behavioral variant frontotemporal dementia, traumatic
brain injury, Giles de la Tourette syndrome, and stroke aphasia, among others (Van
Lancker & Cummings, 1999). It is challenging to disentangle the roles of language,
arousal, and inhibitory control in the more diffuse disorders (e.g., epilepsy, Alzheimer’s
disease). However, some of the more focal disorders that affect one or two facets of
cursing lend support for a relationship between arousal and cursing; | describe these

below.



Cursing in stroke aphasia tends to be associated with left hemisphere damage
(Broca, 1863; Hughlings-Jackson, 1878). When left-hemisphere perisylvian language
regions are damaged, aphasia commonly results. One of the hallmarks of aphasia is an
impairment in producing propositional language with relative preservation of automatic
or overlearned words and phrases (Hughlings-Jackson, 1878; Van Lancker & Cummings,
1999). It is thought that this type of formulaic, non-propositional language is lateralized
to the right prefrontal cortex. Thus, a person with profound global aphasia who is unable
to produce a single word when cued would often retain the ability to reflexively curse

(Van Lancker & Cummings, 1999).

In addition to hemispheric differences in the lateralization of language, left
hemisphere damage is also associated with increased arousal, agitation, and depressive
symptoms (Gainotti, 1972; Gibson et al., 2022; Mitchell et al., 2017). In contrast, right
hemisphere damage is typically associated with hypoarousal, apathy, anosagnosia, and a
pervasive indifference reaction (Heilman & Van Den Abell, 1980; Hillis, 2006). People
with right hemisphere damage tend to curse less than before their brain injury, providing

in vivo evidence for a double dissociation in the lateralization of cursing (Gainotti, 1972).

In contrast with the left-right lateralization of cursing behaviors and arousal
patterns in aphasia, cursing in traumatic brain injury (TBI) is generally associated with
disorders of executive function, as exemplified by the constellation of behavioral changes
Phineas Gage developed after injury to his left orbitofrontal cortex (Harlow, 1848). Prior
to his injury, Gage was described as “temperate of character,” but after his injury he

underwent dramatic personality changes, becoming “fitful, irreverent, indulging in times
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in the grossest profanity (which was not previously his custom)” (Harlow, 1868, p. 277).
The behavioral changes Harlow describes, including increased cursing, align with what
today we would call dysexecutive syndrome (Hanna-Pladdy, 2007). Cursing in TBI can
occur for two distinct reasons: hyperarousal (stimuli that would not be triggering to a
neurotypical person are intensely agitating to a person with TBI) and lack of impulse

control, or failure to inhibit the urge to curse in inappropriate contexts.

In the section to follow, | describe a feedback model of cursing and physiological
arousal that can be used to understand the patterns of neurogenic cursing described

above.

A Model of Cursing and Arousal

| propose the following feedback control mechanism between cursing and
physiological arousal: Cursing occurs in the context of arousal. The act of cursing further
modulates arousal.

The box and arrow model shown in Figure 1 reflects this relationship.

Physiological
Arousal

inhibition high
mid
“Sorry...”
low
neutral/rest provocation goal selection calibration execution
| need to
. What's . propositional
' Trigger Message finish m i
Baseline CEE > the Planning g y cursing
goal? fucking
thesis!

non-propositional
cursing

Figure 1. Arousal-cursing feedback model.
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Figure 1 illustrates a sequential model progressing from baseline (e.g., calm, low
arousal) to one of three possible outcomes when a person encounters a stimulus. That
person can either curse non-propositionally, calibrate their cursing to embed it within an
utterance (propositionally), or exit the loop and return to baseline lower levels of arousal.
| describe each of these stages below.

At baseline, arousal levels are relatively low. People are not anticipating an
imminent threat or engaging in a challenging task. In the second stage of the model, a
person experiences provocation, or trigger. Triggers can be intrinsic (e.g., frustration at
being unable to solve a puzzle) or extrinsic (e.g., an aggressive dog lunges at you). For
neurotypical people, a trigger may need to be large or persistent to cause a reaction; for
people with disorders of arousal or emotion regulation, even minor inconveniences can
be enough to trigger cursing. When a trigger occurs, there are three possible outcomes.
The first is related to a rapid spike in phasic arousal that outpaces the inhibitory capacity
of cognitive control. When a person experiences intense and sudden pain, fear, anger,
pleasure, or excitement, arousal levels spike and the person curses. This form of cursing
tends to be non-propositional, taking the form of an interjection or expletive (e.g.,
“Motherfucker!” when you hit your thumb with a hammer).

The second possible outcome tends to occur when arousal levels rise more slowly,
providing time for the person to engage in goal selection and identify, implicitly or
explicitly, how to proceed. During this goal selection phase, the person decides whether
they will curse in response to a trigger. If they commit to cursing, they calibrate the
message to the offense and the offender, and then produce a curse word, usually

embedded in the context of a word or phrase (i.e., propositional cursing). The act of
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cursing may be cathartic, causing arousal levels to return to baseline. Conversely, for
certain people or in certain situations, the act of cursing may increase arousal, thereby
acting as a trigger for the next iteration of the cycle.

The third possible outcome after a trigger is that the person opts not to curse. In
this case, goal selection does not support cursing, and the person suppresses the urge to
curse, perhaps to avoid a confrontation or a social faux pas. After this, the person exits

the feedback loop and gradually returns to baseline levels of arousal.

Aims of Current Study

Converging evidence from neuropsychological disorders and behavioral
experiments suggests a relationship between cursing and arousal. | posit a feedback
control model wherein cursing occurs in the context of arousal and the act of cursing
further modulates arousal. In Experiment 1, | compare the lexical environments of curse
words to those of randomly selected non-curse words in a large natural language corpus. |
hypothesize that cursing occurs in the context of arousal, i.e., that curse words occur in
more highly arousing language environments than non-curse words. In Experiment 2, |
use a verbal fluency task to investigate how cursing impacts both physiological arousal,
as indexed by heart rate, and subsequent language production. | hypothesize that cursing
leads to increased heart rate, that words produced in a verbal fluency task immediately
after cursing are more arousing than those produced after non-curse words, and that
arousal produces interference effects in language production after cursing as measured by

number of words produced and latency between stimulus onset and first word production.
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CHAPTER 2. METHODS

Experiment 1 Methods: Cursing and Arousal in Natural Language

To investigate the first piece of the arousal-cursing feedback model, that cursing
occurs in the context of arousal, | explored the language environments around curse
words in a large natural language corpus. The Spotify Podcast Dataset is an open-source
database of >600 million words of transcribed English-language podcasts (Clifton et al.,
2020). Podcast episodes were sampled from both professional and amateur podcasters,
spanned a wide range of topics, and varied in their level of scripting and number of
speakers (i.e., monologue vs. one-on-one interview vs. panel discussion). Transcripts
were cleaned and lemmatized using a text cleaning algorithm; details can be found in

Table 1 (Reilly et al., 2023).

Table 1. Text stripping, vectorizing, and global formatting

Target Description of Global Action (substitution or omission)
Contractions Replaced/extended contractions (e.g., it’s — it is).
Letter case All text converted to lowercase.
Stopwords Omitted closed class words (e.g., the, a, is) using a custom

stopword list (N=1,104 words) modified from the SMART
(System for the Mechanical Analysis and Retrieval of Text)
stopword list.

Non-alphabetic Omitted all punctuation, symbols, emojis, whitespace, and other
non-alphabetic characters.

characters

Numbers Omitted all cardinal and ordinal numbers.

Morphological Lemmatized the text to transform all words into their
corresponding dictionary entries.

Derivatives
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The resulting database consisted of content words in the order in which they
appeared in the podcast (e.g., Tolstoy’s “All happy families are alike, but every unhappy
family is unhappy in its own way” would become “happy family alike unhappy family
unhappy way”). | used an R script to isolate each instance in the database of the ten most
frequently occurring English language curse words (fuck, shit, bitch, cunt, damn/dammit,
asshole, dick, ass, pussy, cock; Rosenberg et al., 2017) as well as the fifteen words
occurring immediately before and after each curse word. As a control, | identified an
equivalent number of randomly selected non-curse words and their immediate neighbors.
| yoked the arousal ratings from the National Research Council Valence, Arousal, and
Dominance lexicon (NRC-VAD, Mohammad, 2018) to each neighbor word to compare

arousal between curse and control word lexical neighborhoods.

Analyses

| used a multilevel linear mixed effects model (MLM) to analyze the arousal
environments of curse and non-curse words, with fixed effects of condition (curse vs.
non-curse) and location (words occurring before vs. after the target word), and a random
intercept of specific target word (e.g., shit vs. asshole, purpose vs. photo). The MLM
was: arousal ~ cond*location +(1|keyword) and R libraries were Ime4 and ImerTest

(Bates et al., 2015; Kuznetsova et al., 2017).
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Experiment 2 Methods: Cursing Verbal Fluency

To examine how cursing affects physiological arousal and subsequent language
production, I designed a verbal fluency task examining how arousal and subsequent word
production change after participants curse. Participants were cued to name items from
various categories. In one task block, one of the categories was curse words, and in the
other block, a neutral control category occurred in an analogous position. I measured
participants’ heart rate throughout the tasks, and compared heart rate, word arousal, total
number of words produced, and latency from stimulus onset to first response across

cursing and neutral conditions.

Participants
Ten participants were recruited through email from the Temple University
community. Inclusion criteria were age 18-35 years, with no neurological disorders,

English as a first language, and no reading or visual disabilities by self-report.

Verbal Fluency Procedure and Stimulus Characteristics

Prior to the experiment, participants were familiarized with the experimental
structure and given instructions on how to complete a verbal fluency task. Specifically,
participants were told that they would hear the name of a category and they should name
as many members of the category as possible without repeating any items. They were
told they would hear a new category name without warning and should switch to naming
members of the new category as soon as possible. Participants were not warned that one
of the categories would be curse words, though they were told during the informed

consent process that the study involved producing curse words and were given the chance
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to opt out of study participation if they did not feel comfortable cursing in the lab setting.

Figure 2 shows the trial order for each block (curse vs. neutral).

Figure 2. Trial order for cursing verbal fluency task.

Each block was organized in a fixed pseudo-random order with the same internal
task structure: neutral (Pre), prime (i.e., curse vs. neutral), neutral (Post1), neutral (Post2).
The neutral conditions consisted of low- to moderate-arousal categories (e.g., foods,
plants, tools). Prime categories consisted of curse words or a neutral control category
(furniture). Within each block type, categories were randomly sampled without
replacement such that each category was used once across the experiment. Participants’
responses were audio recorded and transcribed; following transcription, | yoked each
word produced during the verbal fluency task to its arousal value from the NRC-VAD
database (Mohammad, 2018). | measured the latency between presentation of the new
category and the production of the first word, as well as total number of words produced
per category as a proxy for inter-word latencies (Amunts et al., 2021; Wolters et al.,

2016).
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Heart rate. Participant heart rate was monitored throughout the experiment using
a BIOPAC MP-150 with sampling rate of 1000 Hz. BIOPAC was programmed for
normal respiration, with the 35 Hz low pass notch on and the high pass set to 0.5 Hz. |
used a three-electrode (bipolar lead) montage when measuring heart rate. One electrode
was placed on the inside of the right wrist (VIN-), and the other two electrodes were

placed on the insides of each ankle (VIN+ on left ankle, ground on right ankle).

Analyses

| used two-way repeated measures ANOVAs to analyze the relationship between
condition (curse vs. neutral) and time (pre-, prime, postl, post2) for arousal, latency
between category stimulus presentation and first response, total number of words

produced within each category, and average heart rate within each task.
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CHAPTER 3. RESULTS
Experiment 1
The R script identified a total of 1988 curse words along with their 59,535
neighbors, and 2000 non-curse words and their 61,239 neighbors in the Spotify Podcast
Database. There was a main effect of condition, such that the lexical neighborhoods of
curse words were significantly more arousing than those of control words (p<.0001).
There was no effect of location and the interaction between condition and location was

not significant. The results of the MLM are shown in Table 2.

Table 2: Multilevel linear mixed effects model

Fixed effects Estimate df t-value Pr(>|t))
(Intercept) 4.895¢-01 2.63 72.39 p<.0001***
Cond (neutral)  -3.564e-02 3.00 -4.94 p=.00027%***
Location (pre)  3.523e-03 5868 1.60 p=0.1100
Cond*Location  1.495¢-05 5880 0.01 p=0.9960

Experiment 2
Participants
A total of 10 participants (7 female) completed the verbal fluency task.

Participants” mean age was 21.2 (range, 19-23, SD=1.55 years).

Arousal
| performed a 2x3 nested repeated-measures ANOVA to determine the effect of
condition (curse vs. neutral) over time on arousal. There were no significant effects of

condition, time, or their interaction (Table 3). I then ran pairwise comparisons using
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paired t-tests to investigate whether there were within-group differences at various time
points. Words produced in the two non-curse categories that followed cursing were
significantly more arousing than words in the non-curse category produced prior to
cursing (p = 0.026 for Pre:Postl and p = 0.015 for Pre:Post2; Table 4). Within the neutral
category, words produced during the neutral Postl category were significantly more
arousing than words produced in the pre-neutral category (p = 0.029; Table 4).

Table 3: ANOVA main effects for arousal

Effect DFn DFd F p

condition 1 9 0.354 0.658
time 3 27 6.843 0.127
condition:time 3 27 3.919 0.203

Table 4: Pairwise comparisons between time points for arousal by condition

Curse Neutral
Times nl n2 t af p p adj Times nl n2 t af p p adj
Postl:Prel 10 7 382 6 0.009 0.026* Post1: 10 9 337 8 001 0.029
Prel *
Post2:Pre 8 7 557 4  0.005 0.015* Post2: 8 9 0184 6 08 1
Pre
Postl:Post2 10 8 0.39 7 0.702 1 Post1: 10 8 1.17 7 0.27 0.837
9 Post2 9

Latency

| performed a 2x4 nested repeated-measures ANOVA to assess the effect of
condition (curse vs. neutral) over time on latency between category presentation and
production of the first word within each category. P-values were adjusted using the
Bonferroni multiple testing correction method There were no significant effects of

condition, time, or their interaction. (Table 5).
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Table 5: ANOVA main effects for latency

Effect DFn DFd F p

condition 1 8 1.020 0.342
time 1.24 9.89 1.832 0.209
condition:time 1.24 9.95 3.737 0.076

Total Words

| performed a 2x4 nested repeated-measures ANOVA to evaluate the effect of

condition (curse vs. neutral) over time on the number of words produced in each

category. P-values were adjusted using the Bonferroni multiple testing correction method.

There were significant effects of condition (p <0.05) and time (p <0.05), but not their

interaction (p = 0.3, see Table 6) so | ran pairwise comparisons using paired t-tests to

investigate between- and within-group differences at each time point. Participants

produced significantly fewer words in the final category of the cursing block (P2)

compared to the final category of the neutral block (p <0.01, see Table 7). Within the

cursing category, participants produced fewer words both while cursing (p = 0.004) and

in P2 (p = 0.0008) as compared to the pre-cursing category (see Table 8).

Table 6: ANOVA main effects for number of words

Effect DFn DFd F p
condition 1 9 5.209 0.048*
time 3 27 5.791 0.003*
condition:time 3 27 1.275 0.303
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Table 7: Pairwise comparison between conditions at each time point for number of words

Time Curse Neutral t df p p adj
Mean(SD) Mean(SD)
(n=10) (n=10)
Pre 10.7(2.75) 11.6(5.08) -0.585 9 0.573 0.573
During  6.5(1.9) 8.2(2.90) -1.82 9 0.101 0.101
P1 9.1(3.25) 9.7(5.46) -0.345 9 0.738 0.738
P2 6.6(3.06) 10.5(4.72) -3.31 9 0.009 0.009 **

Table 8: Pairwise comparisons between time points for number of words by condition

Curse Neutral
Times nl n2 t df p p adj nl n2 t df p p adj
During:P1 10 10 -2.33 9 0.045 0.27 10 10 -1.12 9 029 1
During:P2 10 10 -0.110 9 0.915 1 10 10 -1.57 9 0152 0.912

During:Pre 10 10 -5.00 9 0.000743 0.004** 10 10 -2.89 9 0.018 0.107

P1:P2 10 10 1.96 9 0.082 0.49 10 10 -0.569 9 0583 1
P1:Pre 10 10 -1.25 9 0241 1 10 10 -1.16 9 0277 1
P2:Pre 10 10 -6.40 9 0.000125 0.00075*** 10 10 -0.514 9 062 1
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Heart Rate

| performed a 2x4 nested repeated-measures ANOVA to assess the effect of
condition (curse vs. neutral) over time on average heart rate within each category. P-
values were adjusted using the Bonferroni multiple testing correction method. There were

no significant effects of condition, time, or their interaction on heart rate (Table 9).

Table 9: ANOVA main effects for heart rate

Effect DFn DFd F p

condition 1 9 0.459 0.515
time 3 27 0.653 0.588
condition:time 3 27 1.638 0.204

23



CHAPTER 4. DISCUSSION

Experiment 1

In this experiment, | examined curse words in context in a large natural language
corpus. In line with my predictions, curse words occurred in significantly more arousing
environments than did non-curse words. This supports the feedback model in which
cursing occurs in the context of arousal. Furthermore, arousal before and after curse
words was not significantly different, which supports the idea that cursing can modulate
arousal and act as its own arousing trigger, keeping arousal levels high after cursing
occurs. That is, in this study, cursing did not appear to have a cathartic effect, at least

within fifteen words of the curse word being uttered.

Limitations and Future Directions

The Spotify Podcast Dataset is a large, freely available corpus of spoken
language, but because podcasts are often scripted and usually edited, it may not
accurately represent cursing behaviors in everyday language. For example, due to editing,
curse words may be underrepresented in the corpus, particularly non-propositional curse
words (e.g., a podcaster exclaims “Fuck!” after mis-speaking and realizing she needs to
do another take). Additionally, because I limited identification of curse words to the ten
most frequently occurring English-language curse words, less frequent curse words or
those that were inflected in some way (e.g., cock was identified, but cocksucker would be
ignored), are missing from the analyses. Similarly, I excluded slurs from my list of curse
words. As identity-based slurs are coming to replace curse words as the truly taboo words

in our language, exclusion of slurs from these analyses may underestimate the arousal
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effects of highly taboo words (McWhorter, 2021). Expanding the search list to include
inflections as well as less common curse words and slurs is an area for future analysis.

Because conversational boundaries are not marked in the Spotify corpus, it is
unknown whether arousal effects may be due in part to activation of a conversation
partner who is exposed to the initial curse word. Consider the following (imagined)
exchange from a podcast:

Speaker 1: Hey, man, watch your mouth! Fuck off!

Speaker 2: Could you please stop yelling (arousal = 0.939)? You’re frightening

(arousal = 0.969) me.

Speaker 1: I’m sorry (arousal = 0.362).

In the analyses for Experiment 1, the highly arousing words yelling and frightening
would occur within the fifteen-word window of fuck, even though they were not uttered
by the same speaker. Future work using a corpus of transcribed conversations with
speaker information preserved, such as the CANDOR corpus, would permit
disambiguation of arousal effects of cursing both within and across speakers (Reece et
al., 2023).

Finally, results from the cursing verbal fluency experiment described below
suggest that there may be delayed effects of cursing on language production, so widening
the neighborhood around curse and control words in subsequent analyses may uncover
differences in pre- vs. post-curse word environments to help elucidate how cursing

modulates arousal over longer periods of time.
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Experiment 2

In this experiment, |1 examined the effects of cursing on arousal and subsequent
language production in a cursing verbal fluency task. As in Experiment 1, there were
significant effects of cursing on arousal. Words produced immediately after cursing and
neutral blocks were more arousing than those produced before (P1 > Pre for both curse
and neutral conditions). However, in line with my predictions, in the cursing condition
but not the neutral condition this effect persisted into the final category of the block (P2 >
Pre for cure but not neutral). This supports the idea that cursing modulates arousal, since
words in the cursing condition remained more arousing up to forty seconds after
participants stopped cursing. Contrary to my predictions, there were no significant
differences in average heart rate or latency between stimulus onset and production of first
word.

In addition to lingering effects of arousal, there was a significant reduction in total
number of words produced in the final category of the cursing block compared to both
the number of words in the pre-curse category and the number of words in the analogous
neutral block. Number of words produced in a verbal fluency task is correlated with
lexical retrieval and executive functioning, raising the question of whether cursing might
be acting to interfere with these processes (Amunts et al., 2021). If that were the case,
there could be important implications for treatment of patients with both neurogenic
cursing and impairments in lexical retrieval and executive function: if cursing interferes
with lexical retrieval, reducing neurogenic cursing might improve word retrieval.

The study design involved repeated task-switching, which can place demands on

executive function (Amunts et al., 2021). There were no effects of condition on latency to
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first word production, indicating that cursing and arousal did not significantly interfere
with participants’ ability to task switch. When taken with the number of word results, we
see an interesting dissociation where one type of executive function task (task-switching)

is not affected but another (lexical retrieval) is.

Limitations and Future Directions

All analyses are limited by the small sample size; data collection is ongoing.
Additionally, there is missingness in the arousal analyses, as two of the neutral categories
(countries, cities) are proper nouns and do not have arousal values in the VAD database.

None of the heart rate analyses reached significance, which could be caused by
small sample size, noise in the heart rate date (e.g., from participant movement or poor
electrode contact), or a combination of both factors. Additionally, heart rate in the first
category of each block jumped an average of 5-7 beats per minute from washout, so heart
rate responses to cursing-induced arousal may be obscured by overall physiological
responses to the task demands.

Another limitation of this study is that cursing in a verbal fluency task is non-
propositional and bears little resemblance to how people typically curse. Future studies
would benefit from a more naturalistic design, such as providing participants with a role-
play scenario in which they might be expected to curse (e.g., a stressful driving
experience or highly exciting event) and comparing subsequent language production and
physiological responses to those induced by a neutral prompt (e.g., going for a walk in

the park and admiring the scenery).
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General Discussion

These two studies support the idea that cursing occurs in the context of arousal
and has a modulatory effect on arousal, but the precise degree and duration of this
relationship remains unclear. Common sense and experience tell us that cursing is not a
perpetual motion machine that powers itself by keeping us aroused forever, but further
work to investigate the latter parts of this feedback mechanism are needed. In addition,
further study is needed to refine the predictions the model makes about propositional and
non-propositional cursing and where cursing-induced catharsis fits.

Experiment 2 was conducted with neurotypical young adult participants;
demographic information on speakers in Experiment 1 is not available but it seems safe
to assume that most speakers were neurotypical, or at least did not experience neurogenic
cursing. Future studies involving participants with neurogenic cursing are needed to
understand how the body reacts during and after neurogenic cursing as compared to
typical propositional and non-propositional cursing.

Arousal and emotion dysregulation offer potential treatment targets for people
who experience uncontrolled cursing, including biofeedback, emotion regulation
strategies, and non-invasive brain stimulation (e.g. right hemisphere tDCS). Additionally,
the finding from Experiment 2 suggesting cursing may impede lexical retrieval opens
potential treatment targets for neurogenic cursing and anomia.

Cursing is a behavior with wide individual and cultural variability. This study
focused on native speakers of American English, but no information on their personal
cursing habits or attitudes toward cursing (e.g., religiosity) was collected. Because

bilinguals exhibit different arousal responses to cursing in L1 vs L2, an experiment in
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bilingual populations could help untangle whether the cognitive effects of cursing are due

to attentional capture vs. arousal (Caldwell-Harris, 2015).
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CHAPTER 5. CONCLUSION
A natural language and behavioral experiment support the role of arousal in and
around cursing. A general finding is that cursing occurs in the context of arousal and
further modulates arousal as well as subsequent language production, possibly by
interfering with lexical retrieval. These studies contribute to the body of literature
investigating how curse words and other taboo words affect arousal, behavior, cognition,
and language. Further work is necessary to untangle the relationship and to identify

potential treatment targets for people affected by neurogenic cursing.
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