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Parkinson’s disease (PD) patients receiving dopaminergic treatment may experience
bursts of creativity. Although this phenomenon is sometimes recognized among patients
and their clinicians, the association between dopamine replacement therapy (DRT) in PD
patients and creativity remains underexplored. It is unclear, for instance, whether DRT
affects creativity through convergent or divergent thinking, idea generation, or a general
lack of inhibition. It is also unclear whether DRT only augments pre-existing creative
attributes or generates creativity de novo. Here, we tested a group of PD patients when
“on” and “off” dopaminergic treatment on a series of tests of creative problem-solving
(Alternative Uses Task, Compound Remote Associates, Rebus Puzzles), and related their
performance to a group of matched healthy controls as well as to their pre-PD creative
skills and measures of inhibition/impulsivity. Results did not provide strong evidence that
DRT improved creative thinking in PD patients. Rather, PD patients “on” medication
showed less flexibility in divergent thinking, generated fewer ideas via insight, and showed
worse performance in convergent thinking overall (by making more errors) than healthy
controls. Pre-PD creative skills predicted enhanced flexibility and fluency in divergent
thinking when PD patients were “on” medication. However, results on convergent thinking
were mixed. Finally, PD patients who exhibited deficits in a measure of inhibitory control
showed weaker convergent thinking while “on” medication, supporting previous evidence
on the importance of inhibitory control in creative problem-solving. Altogether, results do
not support the hypothesis that DRT promotes creative thinking in PD. We speculate
that bursts of artistic production in PD are perhaps conflated with creativity due to lay
conceptions of creativity (i.e., an art-bias).
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INTRODUCTION

Parkinson’s disease (PD) is a degenerative disorder characterized
by the loss of dopamine (DA) neurons in the bilateral
nigrostriatal pathway (e.g., Deumens et al, 2002). This
pathway connects the substantia nigra pars compacta with
the dorsal striatum (putamen-caudate complex) leading to
reduced function and the characteristic symptoms of tremor
and bradykinesia (Groger et al., 2014). Dopamine replacement
therapy (DRT) is a widely used and effective treatment for
PD which significantly improves motor symptoms. Physicians
and doctors specialized in PD often report the emergence of
a creative “talent” in PD patients after starting dopaminergic
treatment. While this phenomenon is well-known among PD
experts (Schrag and Trimble, 2001; Walker et al., 2006), it
remains scientifically underexplored. Some empirical studies
have examined the rise in creativity associated with DRT in PD
patients; however most reports have been observational single-
case studies or relied on limited measures of creativity such
as a limited focus on divergent thinking (e.g., Walker et al,
2006; Canesi et al., 2012, 2016, 2017; Lhommée et al., 2014).
Here, we attempt to shed light on the observation of enhanced
creativity in PD patients on DRT by adopting an experimental
approach (a test re-test and match control group comparison)
and a comprehensive battery of creativity (including divergent
thinking, convergent thinking, and idea generation).

Much of the evidence for an association between
dopaminergic treatment in PD and enhanced creativity is
from case reports. For example, Schrag and Trimble (2001)
described the case of a patient diagnosed with PD who 4 years
after the diagnosis started treatment with L-DOPA. Over the Ist
month of therapy, he began writing poetry for the first time in his
life. He had never written poetry before nor felt the desire to do
s0, yet his grandfather had written poetries and he was related to
a well-known Irish poet. Schrag and Trimble speculated that the
effect of dopaminergic and serotonergic drugs, either through
cognitive enhancement, increased perception or a hypomanic
syndrome in addition to selective fronto-cortical dysfunction,
led to the release of previously inhibited creative power in this
patient (Schrag and Trimble, 2001).

Another report described a patient with “artistic tendencies”
for sketching that predated his PD diagnosis but increased after
beginning DRT, where he began producing numerous pastel
drawings a week—sometimes two a day (Walker et al., 2006).
He was convinced that the medication increased his creativity
and was unwilling to make dosage changes. Soon, unrelated to
any change in medication, he also started presenting hypersexual
disinhibition described as excessive flirting with women and
asking them to pose nude for his artwork. Art critiques of the
patient’s works were varied. His work has been described as
original with a strong sense of color and kinesthesia. Other
critiques referred to it as naive and unoriginal, yet the output was
so voluminous that some drawings were likely to be artistically
successful. Pragmatically, his pieces had been shown in some
local galleries, and he reported having sold over $2,000 worth of
work in 1.5 years (Walker et al., 2006).

Another paper reported the case of a 68-year-old graphic
designer affected by PD who was encouraged to paint and
draw to fight post-PD depression (Chatterjee et al., 2006). At
the beginning of DRT, his initial art was described as more
representational, inspired by painters such as Van Gogh. Over
time, with continued DRT, he began using colored pencils and
his compositions became more abstract. He felt a strong urgency
to produce as if “the train has left the station and I have just been
served a delicious dinner in the cafe car. The train is picking up
speed so I have to eat fast so I can finish my meal before we get to
the last stop and I have to get off” (Chatterjee et al., 2006).

These intriguing case reports suggest that DRT might increase
artistic “talent” in PD patients. A caveat to these reports, however,
is that each patient possessed artistic tendencies before PD or
was genetically related to someone with some artistic skills.
Thus, these bursts of artistic output following DRT may facilitate
creativity but may not “generate” it. Rather, underlying creative
talent may be released or “burst out” by DRT.

Scientific and philosophical conceptualizations of creativity
define it as the ability to produce responses that are both novel
(i.e., original, rare, and unexpected) and suitable (i.e., adaptive
and useful according to task constraints) regardless of its artistic
properties (Sternberg and Lubart, 1996). Although case studies
focus on “artistic-like” behaviors, such as writing poems and
drawing, it is unclear whether they capture the components of
novelty and originality that are considered essential to defining a
product as creative. Artistic production has long been conflated
with creativity (Sternberg and Lubart, 1996); this misperception,
known as an “art bias,” is pervasive such that labeling someone
as creative is typically reserved only for those with artistic talent
(Runco, 2014). Thus, a key question remains whether DRT is
associated with changes in truly creative artistic activities or
merely compulsive artistic production, akin to the other forms
of (often maladaptive) compulsive behaviors associated with
DRT. Experimental examinations of creativity may be better
suited to answering this question, using validated cognitive
tasks to measure different types of creative thinking rather
than relying on subjective assessments of creativity in patients’
artistic products.

Creativity can be scientifically measured using tasks of
divergent or convergent thinking and idea generation. Divergent
thinking tasks consist of generating as many answers as possible
to a specific question (e.g., “think of as many uses as you can for a
brick;” Alternative Uses Task, AUT, Guilford, 1967). Convergent
thinking tasks require participants to generate a single solution
to a close-ended problem. An exemplary convergent thinking
task for creativity is the Compound Remote Associates test
(CRA), which assesses peoples” ability to identify associations
among remote compound words (Bowden and Jung-Beeman,
2003). These problems are also used to study the cognitive
processes of idea generation, as they can be solved either
via sudden insight (i.e., “Ahal” moment) or in a step-by-step
(i.e., analytic) fashion (e.g., Jung-Beeman et al., 2004). Many
ideas or solutions to problems are generated through sudden
insight that is then construed as creative thinking (Friedman
and Forster, 2005; Salvi et al., 2018). Creativity is the result of

Frontiers in Psychology | www.frontiersin.org

March 2021 | Volume 12 | Article 646448


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Salvi et al.

Dopaminergic Therapy and Creative Thinking

multiple interacting cognitive processes supported by a large
network of brain areas (Eysenck, 1993; Heilman, 2005; Beaty
et al,, 2016, 2018, 2019, 2020). A more thorough examination
of divergent thinking, convergent thinking, and idea generation
should help us understand whether DRT influences creative
cognition and what aspects of creative thinking are impacted.
Such an examination will also further advance the current
understanding of DA function in creativity, PD, and DRT to
inform neurobiological models of creativity.

Only a few studies experimentally investigated this rise of
creativity in PD patients. Canesi et al. (2012) were among
the first investigating the “artistic-like” production in PD by
administering to a sample of 36 patients (with and without
increased artistic-like production) and 36 healthy controls a
validated divergent thinking creativity scale: the Torrance Test
of Creative Thinking (Torrance, 1974). They found no difference
between the creativity scores of the healthy controls and the
PD patients with “artistic-like” behaviors. Also, PD patients
without “artistic-like” behaviors scored less on elaboration
compared to healthy controls and the other group of PD patients.
Critically, PD patients increased their “artistic-like” behaviors
after starting DRT and spent most of the day pursuing their
newly acquired artistic interests, disregarding their social life
and daily duties—a feature that could resemble compulsive
behavior and punding (Fasano and Petrovic, 2010). The authors
reasoned that if the creativity expressed by PD patients is
part of DRT then more creative patients should present an
attitude for impaired impulse control. However, there was no
evidence of increased impulsivity or deficits in impulse control
among the PD patients who reported an increase in the creative
drive after starting DRT. The same research group in 2016
evaluated whether the artistic production and creativity of PD
patients are influenced by DRT or linked to “artistic-like” skills,
in two groups of PD patients who were professional artists
and non-artists, and two groups of matched healthy controls
of professional artists and non-artists. Their results found the
creativity score was significantly higher in the two groups of
artists (PD and control) than in the other groups, and there
was no difference in impulse control disorders between PD
groups. By contrast, Faust-Socher et al. (2014) tested a group of
PD patients treated with DRT on divergent thinking (measured
using the Tel Aviv University Creativity Test-Visual, Milgram
and Milgram, 1976), convergent thinking (measured using the
Remote Associates Test; Mednick, 1968) and novel metaphors
production. They found that PD patients had enhanced divergent
(but not convergent) thinking and comprehension of novel
metaphors and compared to neurologically healthy controls and
that these features were unrelated to impulse control disorder
(measured using the QUIP-RS, Weintraub et al., 2012). The
authors speculated that DRT might lead to a reduction in latent
inhibition, resulting in broadening the associative network and
thus enhanced creativity, leaving the issue of the role of inhibition
open once more.

Although prior studies have not found evidence of a link
between DRT-related changes in creativity and impulse control
disorder symptoms in PD patients, task-based measures of
inhibitory control might provide a more subtle indication for

inhibitory control deficits that, while not rising to the level
of impulse control disorder, might contribute to changes in
creative cognition or trigger a compulsive artistic-like behavior
that might be confused as creative. Indeed, if DRT is not
well-regulated, it can result in impulse control disorders,
a serious complication that comprises compulsive gambling,
shopping, sexual behavior, hobbyism, hoarding—and punding—
a stereotyped behavior characterized by an intense fascination
with a complex, excessive, nongoal oriented, and repetitive
activity (Fasano and Petrovic, 2010). However, creativity is
positively related to executive functioning, specifically working
memory updating and inhibition (Benedek et al, 2014)
allowing us to hypothesize that worse cognitive control in
PD patients should negatively predict creativity. From the
literature, we know that overall PD patients have impaired
executive functions, including inhibitory control or working
memory updating (e.g., Hsieh et al, 2008), and late-onset
PD is associated with augmented Stroop interference (Henik
et al, 1993). Specifically, Briick et al. (2005) found that
greater Stroop interference in PD patients is related to
reduced L-dopa uptake in the medial frontal cortex and
anterior cingulate, brain areas which are also involved in
creativity and insight problem-solving (e.g., Subramaniam
et al., 2009; Beaty et al, 2016). This result allows us to
predict a negative relation between inhibition and creativity in
PD patients.

In sum, the scientific literature on the emergence of presumed
creativity in PD patients undergoing DRT is sparse, and
further experimental evidence and replicability are needed to
support a hypothesis that DRT promotes creativity in PD.
The few experimental studies that have examined this topic
employed different scales to assess creativity and focused on
different aspects, making results difficult to compare across
studies. The extant literature indicates that PD patients seem
to develop an artistic “talent” only after they begin DRT.
However, existing research does not address whether this
behavior meets operational definitions of creativity from the
scientific literature (e.g., presenting real components of novelty
and originality) or if it is simply an “artistic-like” behavior
as defined by Canesi et al. (2012). To shed light on this
matter, one avenue is to measure how increased DA levels
impact the different components of creativity: divergent and
convergent thinking or idea generation itself (i.e., insight vs.
step-by-step). Therefore, we administered several different task-
based creativity measures to specifically assess divergent and
convergent thinking as well as idea generation. This test-
retest design allows us to evaluate the within-subject effects
of DA medication on the different components of creativity;
this is particularly important considering there are well-known
individual differences in these measures. We hypothesize that if
DRT enhances creativity, we should find a significant difference
within the same patients when “off” compared to when “on”
medication in at least one of the different components of
creativity: divergent and convergent thinking or idea generation.
Additionally, we hypothesize that if DRT plays a role in people’s
creativity, we should find a significant difference between PD
patients when “on” medication vs. a control group of adults at the
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same age and level of education without PD who are not taking a
dopamine agonist.

“Artistic-like” behaviors decrease significantly following a
reduction in DA treatment, leading to the conclusion that this
effect is at least partially related to DA drug administration.
However, research on creative and non-creative PD patients
shows that this “skill” is more likely present in patients who
were already creative, or perhaps patients who are genetically
related to an artist. Thus, it will be important to determine
what creative predispositions PD patients may have expressed
prior to their PD diagnosis, to contextualize any potential
observed changes in creative behaviors emerging after DRT. In
other words, understanding any artistic predispositions will help
us evaluate whether any observed changes in creativity is an
“awakening” or “reawakening” of creativity. To better understand
this relation, we assessed lifetime creative achievement (Creative
Achievement Questionnaire; Scott et al., 2005), hobbyism and
artistic-like punding behaviors (Hobbyism and Artistic-like
Behaviors Punding Scale), and whether the patient considers
themselves a creative or analytical person (see methods for
further description).

The rising of “artistic-like” behaviors is often associated with
increased DRT, which manifests with a lack of inhibition leading
to hypersexuality, gambling, or punding. One hypothesis is that
increased DA levels may disrupt inhibition (Chakravarty, 2010)
by altering DA pathways involved in the modulation of reward,
motivation, and inhibitory control (Kulisevsky et al., 2009).
Reduced inhibition is thought to be associated with PD and
with creativity; therefore, the general hypothesis is that DRT
may reduce inhibitory control through the stimulation of these
pathways (Antonini and Cilia, 2009), possibly affecting creativity.
However, the “artistic-like” behavior could be merely related to
compulsive punding (Fasano and Petrovic, 2010) and lack of
inhibition with no real component of creativity. Considering
the relationship between DA and creativity, in this study we
investigate the relation between inhibition and creativity in PD
patients, and test if the increase of DA associated with DRT
enhances creativity in PD patients “on” and “off” medication, or
if the “artistic-like” behaviors commonly seen in PD patients on
these medications are merely a compulsive reaction to the drugs.

METHODS
Subjects

Thirteen Parkinson patients (PD group: four females; average
age = 56.5 = 9 years) and 26 healthy controls (HCs: 15
females; average age = 61.3 £ 7 years) participated in the
study. The experiment took place at the Neurologic Clinic
of the University of Modena and Reggio Emilia, and at the
Unit for Parkinson’s Disease and Movement Disorders of the
Fondazione I.R.C.C.S. Istituto Neurologico Carlo Besta, Milano.
The PD group was recruited from a group of PD patients set
to undergo two sessions of standard clinical assessment before
receiving deep brain stimulation surgery: once while “on” regular
DRT (treated with a stable DRT for at least 4 months prior
to their neurological and neuropsychological evaluation) and
another “off” medication (i.e., following overnight withdrawal

from DRT). All PD patients were right-handed and met the
clinical diagnostic criteria for PD measured according to the
UK Brain Bank criteria (Hughes et al., 1992), without comorbid
dementia (as determined via neuropsychological examination,
see material). HCs were recruited from the general population,
were all right-handed, and were matched to the PD patients on
age and years of education.

Each PD patient was tested while “on” and “oft” DRT
medication in separate experiment sessions within a two-week
interval (M = 2 £ 3.4 days, range = 0-13 days). PD patients
were randomly assigned to one of two test-retest orders (ON-
OFF: n = 6, OFF-ON: n = 7) to counterbalance medication status
order across participants and control for potential order effects.
Two PD patients exhibited rapid motor movement problems and
were pre-assigned to the OFF-ON order to complete the test-
retest sessions in a single day (i.e, tested in the morning and
afternoon). All other PD patients completed testing on separate
days, within 1-3 days for the majority of the group (~77%).
HCs also completed test-retest sessions on separate days, with the
majority (~92%) completing testing within a two-week interval
(M = 5.6 £ 4.3 days, range = 1-14 days). Two participants fell
outside this interval and were excluded from analysis, resulting in
a final group of 24 HCs (13 females; average age = 61.5 & 7 years).

This study was approved by the Ethical Committee of the
Area Vasta Emilia-Nord, and all participants provided written
informed consent prior to testing.

Material
Neuropsychological Assessments. All participants were
administered a standard cognitive neuropsychological

assessment battery to screen for dementia and evaluate
various aspects of cognitive function (including executive
function, memory, language ability, etc.). Specifically, they were
administered the Mini-Mental State Examination (MMSE;
Folstein et al, 1975), Raven’s Progressive Matrices (RPM;
Raven, 1965), Stroop Test (ST; Stroop, 1935), Forwards and
Backwards Digit Span (DS-F, DS-B; Wechsler Abbreviated Scale
of Intelligence, 1999), Free and Cued Selective Reminding Test
with Immediate and Delayed Recall (FCSRT-IR; Grober and
Buschke, 1987), Phonemic and Semantic Verbal Fluency Tests
(VFT-E VFT-S; Costa et al.,, 2014), and Frontal Assessment
Battery (FAB; Dubois et al., 2000).

Creative Achievement Questionnaire (CAQ) assesses
creative achievement across 10 domains, including visual arts,
music, dance, architectural design, creative writing, humor,
inventions, scientific discovery, theater, and film, and culinary
arts (Ludwig, 1992). Each domain consists of eight items
describing different forms of achievement with different levels
of notoriety. For example, in the Music domain, items range
from “T have no training or recognized talent in this area” to “My
compositions have been critiqued in a national publication.”
Total scores were computed by summing across the 10 domains
for each participant (see Carson et al., 2005).

Barratt Impulsiveness Scale (BIS-11A) measures impulsive
personality traits (Fossati et al., 2001). It includes 30 items
describing different forms or degrees of impulsivity that
are scored as six first-order factors and three second-order
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factors, reflecting subdomains of impulsiveness: (1) attention
impulsivity and cognitive instability (attentional domain); (2)
motor impulsivity and perseverance (motor domain); and (3)
self-control and cognitive complexity (non-planning domain
(Patton et al, 1995). For each item, participants rate how
frequently they display the described behavior using a 4-point
scale. Total scores were computed by summing across all items
for each participant (Patton et al., 1995).

The QUIP-Rating Scale (QUIP-ICD and RS) measures
symptoms for impulse control disorders (Weintraub et al., 2012),
and changes in symptom severity over time (Weintraub et al.,
2012). The QUIP-RS includes questions assessing the frequency
of behaviors in the previous 4 weeks (or another 4-week
timeframe) associated with each of 7 ICDs and related disorders,
including compulsive gambling, sexual behavior, buying, eating,
hobbyism, punding, and medication use. Participants rate each
item using a 5-point scale ranging from never to very often,
and items are scored according to increasing frequency (i.e., 0
= never, 1 = rarely, 2 = sometimes, 3 = often, 4 = very often).
Total scores were computed by summing across all items for
each participant.

Hobbyism and Artistic-like Behaviors Punding Scale
(HABPS). Punding is a repetitive and stereotyped behavior
defined by an intense fascination with complex, excessive, and
repetitive activities that are often non-goal oriented (Fasano and
Petrovic, 2010). Activities representative of such behavior can
include repetitive tinkering with technical equipment like radio
sets, watches, or car engines, or compulsive sorting, tidying,
hair-brushing, or nail-polishing. “Punders” tend to be aware of
the excessive nature of their behavior yet are often unable to
stop it. These behaviors are commonly observed following high
levels of DRT medication administered to Parkinson’s patients,
as well as cocaine and amphetamine use in addicts (Fasano and
Petrovic, 2010). In this study, we created a modified version of
the Punding Rating Scale (adapted from Fasano and Petrovic,
2010) to deeply investigate the nature of these hobbies and their
“artistic-like” components. The complete scale is provided in the
Supplementary Materials.

Divergent Thinking

The Alternative Uses Task (AUT) is an established measure of
divergent thinking (Guilford, 1967). In this task, participants are
asked to list as many possible uses of a common object item (i.e.,
a brick). A total of six common objects (spoon, brick, newspaper,
rubber band, sheet, and sock) were administered across the
test-retest sessions, resulting in three objects per session. We
adopted a subjective scoring system, using raters blind to
participants’ group assignment, experimental conditions order
of the responses (Hass and Beaty, 2018; Hass et al., 2018). The
following four score components were calculated for analysis as
follows: Fluency: the number of distinct uses per item; Flexibility:
the number of distinct categories of uses per item; Elaboration:
the number of details in the description given for each use of
the item (e.g., “a doorstop” counts as 0, whereas “a doorstop to
prevent a door slamming shut in a strong wind” counts as 2);
Originality: the number of unique or uncommon uses generated
by a participant, out of the full range of responses from all

participants [see Hass and Beaty (2018) and Hass et al. (2018) for
the reliability of the scoring methods and subjective rating].

Convergent Thinking

Compound Remote Associate (CRA) problems were developed to
study creativity without relying on domain-specific knowledge
[originally by Mednick (1968) and Bowden and Jung-Beeman
(2003)]. It consists of a set of problems, each composed of
three cue words associated with a fourth solution word that the
participant must generate. Each cue word may combine with the
solution word to form a compound word or phrase or may relate
to the solution word by semantic association or synonymity (e.g.,
problem: tooth/potato/heart — solution: SWEET). The example
used in the Italian language was scuola, tutto, and domani
(translation: school, all, tomorrow) which forms the compound
doposcuola, dopotutto, and dopodomani (translation: afterschool,
after all, after tomorrow; Salvi et al., 2015b, 2018). For this study,
CRA problems consisted of 40 trials per session (for a total of 120
Italian CRA problems, taken from Salvi et al., 2015b). The CRA
problems have been used specifically for investigating the neural
bases of insight problem-solving (see e.g., Jung-Beeman et al.,
2004; Bowden et al., 2005; Kounios et al., 2006; Salvi et al., 2015a,
2020a,c; Sprugnoli et al., 2017; Santarnecchi et al., 2019; Becker
et al., 2020b) and other cognitive and social factors associated
with it (e.g., Salvi et al., 2016a,b, 2020b; Cristofori et al., 2018;
Salvi and Bowden, 2019; Threadgold et al., 2019).

Rebus Puzzles involve a combination of visual, spatial, verbal,
or numerical cues from which a set of principles are used to
encrypt a phrase or saying that is well-known to participants
(MacGregor and Cunningham, 2008). These puzzles require
overcoming learned grammar rules of word composition to
reconstruct the meanings of words. To solve each Rebus Puzzle,
participants have to restructure the formal interpretation of
reading by relaxing their ingrained constraints, to shift how the
problem elements are perceptually or cognitively represented.
A common way to solve Rebus Puzzles is to verbally interpret
the visual-spatial connections of the problem components (e.g.,
location, font size, style, color, or the spacing between the letters
or words) and incorporate them into the solution. The Rebus
Puzzles used in this study consisted of 30 trials per session
[selected out of a total set of 88 Italian Rebus Puzzles developed
by Salvi et al. (2015b)] that presented a word or words in an
informative pictorial fashion, from which individuals derive a
common expression (e.g., CYCLO CYCLO CYCLO is solved as
“tricycle; because CYCLO is written three times). These puzzles
have the advantage of being relatively easy to present and having
well-constrained situations, and have been used specifically for
investigating insight problem-solving and cognitive and social
factors associated with it (e.g., MacGregor and Cunningham,
2008; Threadgold et al., 2018; Salvi et al., 2020b).

CRAs and Rebus Puzzles are hybrid-type convergent thinking
problems that can be solved through insight or step-by-step
processes of idea generation, with participants on each successful
trial required to report which of the two most contributed
to problem-solving. Self-reports differentiating between insight
and step-by-step problem-solving are reliable, and behavioral
and neuroimaging markers have robustly demonstrated that the
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reports reflect distinct cognitive processing (e.g., Jung-Beeman
et al., 2004; Salvi et al., 2015a, 2020a,c; Becker et al., 2018, 2020a;
Santarnecchi et al., 2019).

Performance on the CRA and Rebus Puzzles was scored for:
(1) accuracy: the proportion of correctly solved trials; and the
rate of (2) commission errors: the proportion of trials solved
incorrectly; (3) omission errors (i.e. timeouts): the proportion
of trials where time ran out before a solution was reached;
(4) solutions via insight: the proportion of problems solved
correctly through insight; (5) solutions via step-by-step: the
proportion of problems solved correctly through step-by-step.
All proportions included the total number of task trials given
as denominator.

Procedure

Prior to the first testing session, each participant underwent
a standard cognitive neuropsychological assessment battery to
screen for dementia and evaluate general mental. These tests were
part of the clinical screening for the PD patients’ assessment.
Following the initial neuropsychological evaluation, participants
were administered the creativity tasks.

The creativity tasks were administered to PD patients and HCs
in two balanced sessions. PD patients were tested “on” and “off”
DRT medication.

For the divergent thinking task, participants completed one
block of 3 AUT objects per session. Participants were instructed
to list as many possible uses as they could for each of the
three common household objects within the allotted time (~3
mins per object). Participants were told to verbally announce all
responses for the Experimenter to record. The order of objects
was randomized within and between sessions.

For the convergent thinking tasks, participants completed one
block each of CRA problems and Rebus Puzzles per session
for ~30-40 and 20-30 min, respectively. The task blocks were
ordered in an ABBAAB or BAABBA counterbalanced fashion
across problem types (i.e., CRA and Rebus Puzzles) and between
different blocks of the same problem type (i.e., across sessions).
Participants received verbal and written instructions for the CRA
and Rebus Puzzles before starting the experiment and were
instructed on how to judge each solution process as insight
vs. step-by-step!. They first went through one example and six
practice trials in which they made the ratings and demonstrated
that they understood the task. It was explained to participants
that neither insight nor step-by-step were the “correct” way to
attain the solution, rather they were being asked whether they
used insight-like or step-by-step-like problem-solving to reach
their solution. The experiment began only once participants

!The same instructions used by Salvi et al. (2015a) were given to participants
to explain how to distinguish solutions via insight from those via step-by-step.
The original English instructions are: “[...] by INSIGHT means that the answer
suddenly (i.e., unexpectedly) came to your mind, while you were trying to solve the
problem, even though you are unable to articulate how you achieved the solution.
This kind of solution is often associated with surprise exclamations such as ‘Aha!’;
STEP-BY-STEP means that you figured out the answer after you deliberately and
consciously tested out different words until you found the correct one. In this case
for instance, you are able to report the steps that you used to reach the solution.”

were familiar with the task and could clearly distinguish when
a solution was reached via insight or step-by-step.

Each trial started with a 1s fixation cross followed by the
presentation of a READY prompt and followed by a second 1s
fixation cross. Afterward, the problems were presented on the
screen one-at-a-time. CRA and Rebus Puzzles were presented
centrally in black font on a white background, with CRA cue
words presented in standard horizontal orientation at, above, and
below the center of the screen. All the participants had 20s to
solve each problem and were instructed to verbally announce
the solution as soon as they attained it for the Experimenter
to record. No feedback was given regarding the accuracy of
the solution. Once the participant said the potential solution,
the Experimenter pressed the spacebar on the keyboard. This
was done to mitigate the potential impact of speed and motor
difficulties on response rates and timeouts for PD participants.
Following the production of each solution, participants indicated
whether the problem was solved through insight or step-by-
step to the Experimenter who recorded their response. Self-
reports differentiating insight and step-by-step problem-solving
are reliable and associated with several distinct behavioral and
neuroimaging markers (Bowden and Jung-Beeman, 2003; Jung-
Beeman et al., 2004; Subramaniam et al., 2009; Salvi et al., 2015a,
2020a,c) first went through one example and). The experimental
procedure was presented using E-Prime 2.10 on a laptop at a
viewing distance of about 60 cm.

RESULTS

Creative Performance

To investigate if DRT enhances creativity, we compared divergent
and convergent thinking and idea generation performance within
PD patients “on” vs. “off” DRT and compared performance
from PD patients “on” medication to healthy adults. Descriptive
statistics and results for the group comparisons are summarized
in Supplementary Tables 1-3. Significant findings are shown in
Figures 1-3.

Performance on the AUT served as the primary measure of
divergent thinking. Paired sample t-tests showed no significant
effects of DRT on PD patients’ AUT performance “on” vs. “off”
medication for fluency, flexibility, elaboration, or originality
(BFjp = 0.28-0.92, indicating mild to moderate evidence
in favor of Hy)?. Independent sample t-tests on divergent
thinking in PD patients “on” DRT vs. HCs showed significantly
lower flexibility on the AUT for PD patients (BF;p = 626.1,
indicating strong support for H;). There were no other
significant group differences (BFjp = 0.34-0.91; see Figure 1A
and Supplementary Table 2 for details).

No significant effects of DRT on PD patients performance
“on” vs. “off” medication were found (BF;y = 0.28-0.61).

2We are reporting Bayes Factor (BFjo) for significant and null results. BF;o were
computed in JASP (jasp-stats.org) using the default priors. We consider a BF;g of
3 or more to be analogous to a critical threshold, although BF;( can be interpreted
continuously as the odds in favor of the alternative hypothesis. BFjy < 1 indicate
more support for the null than the alternative hypothesis, and a BFjg < 1/3 would
suggest moderate support for the null hypothesis (analogous to a BF;g of 3 in favor
of the alternative hypothesis).
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Independent sample t-tests on CRA performance revealed that
PD patients “on” DRT solved significantly fewer problems via
insight and made significantly more commission errors than
HCs (BFqg 19.7 and 17.5, respectively; see Figures 1B,C,
and Supplementary Table 3 for details). PD patients “on” DRT
solved significantly fewer Rebus Puzzles via insight, were less
accurate, and made significantly more commission errors than
HCs (BFjp = 670.6—26,589.5; see Supplementary Table 3 for
details). There were no other significant group differences (BFj
= 0.34-1.09).

Creative Predispositions

We also investigated whether measures of creativity were
affected by creative predispositions in PD patients prior to
their diagnosis. Because we recruited patients who were
already diagnosed with PD, we considered creative achievements
(CAQ total), Years of Creative Hobby (HABPS -Item 2),
and Self-Reported Creativity (HABPS -Item 3) as different
measures of real-life creativity. Effects of DRT on divergent and
convergent thinking were indexed as the within-subject change
in performance for PD patients “on” minus “off” medication
for the AUT sub scores and for the accuracy and rate of
problems solved via insight and step-by-step on the CRA and
Rebus Puzzles.

To understand how real-life creativity might differentially
relate to creative thinking in PD patients under DRT vs. HCs,
we tested for group differences in the linear regression analysis
of real-life and task-based creativity using Fisher’s z-test for
comparing independent correlations (Preacher, 2002). In this

method, Fisher’s z-transformation is applied to the correlation
coefficients from each group, and the z-transformed correlation
coeflicients are tested for group differences using independent
sample t-tests. See Figure 2 for details.

For PD patients “on” DRT, CAQ has a linear relationship with
flexibility [F(;, 11y = 6.35, R* = 0.36, p = 0.028; BF;o = 3.0], years
of creative hobbies with fluency [F(j,11) = 7.17, R®* = 0.39, p =
0.021; BF1o = 3.7] and originality [F(; 11y = 5.13, R = 0.31, p
= 0.045; BFjp = 2.1], and self-reported creativity has a linear
relationship with fluency [F(; ;) = 5.05, R? = 0.31, p = 0.046;
BFio = 2.1].

The same analyses within HCs yielded no significant
correlations (BF¢ = 0.36-0.52).

Fisher's z-tests comparing the significant correlation
coeflicients from PD patients “on” DRT to HCs showed that PD
patients “on” DRT had significantly higher positive correlations
between years of creative hobbies and fluency (z 2.86,
p = 0.004) and originality (z = 2.32, p = 0.02). No other
significant group differences emerged. See Figure 2 and Table 2
of Supplemental Materials for details.

CAQ has a linear relationship with the effects of DRT on
Rebus Puzzles accuracy for PD patients “on” vs. “off” medication
[F1.11) = 8.97, p = 0.012; R? = 0.45; BF, = 5.8]. For the CRA,
self-reported creativity has a negative linear relationship with the
change in accuracy with DRT in PD patients [F(; 1) = 12.13, p
= 0.005; R?= 0.53; BF;y = 11.6], and years of creative hobbies
negatively predict the effects of DRT on the rate of step-by-step
solutions for PD patients [F( ;) = 11.19, p = 0.007; R? = 0.50;
BF;9 = 9.5]. The equations for these significant regression models
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are as follows:

ARebus Puzzle Accuracy with DRT = (0.02:x CAQ)—0.15
ACRA Accuracy with DRT = (—0.03x Self-Reported Creativity)
+0.21
ACRA Step-by-Step Solutions with DRT
= (—0.01x% Years of Creative Hobbies) + 0.10

No significant correlations were observed for real-life creativity
and convergent thinking performance in PD patients “on” DRT
or HCs (BFjp = 0.25-1.44); therefore, no group comparisons
were tested. See Figure 3 and Table 3 of Supplemental Materials
for details.

Art-Bias Hypothesis

As mentioned in the introduction, there is a lay conceptualization
of creativity that rests entirely on “artistic-like” behaviors. This
conceptualization of creativity may in large part explain the
observation that PD patients who practice artistic hobbies are
more creative on DRT. To test this hypothesis, we ran a linear
regression analysis between the number of years patients were

practicing a hobby and self-reported creativity. Results showed
that in PD patients, years of hobbies have a linear relationship
with self-reported creativity [F(;, ;1) = 5.42, p = 0.040; R* =0.33;
BF)p = 2.3]. By contrast, CAQ was not related with self-reported
creativity (BFjp = 0.37). Thus, the amount of time practicing a
hobby influences PD patients’ perception of their own creativity.

Inhibition in Creative Thinking Under DRT

One of our hypotheses aims to understand the role of inhibition
on the emergence of creative “talent” in PD patients under
DRT. To this end, we compared performance on several
clinical assessments of impulsivity and inhibition (BIS Total,
QUIP-RS, Stroop-EIT, and Stroop-EIE) with convergent and
divergent thinking scores in PD patients. In general, worse Stroop
interference (i.e., reduced inhibition) was significantly correlated
with impaired convergent thinking in PD patients “on” DRT,
but no significant correlations emerged for divergent thinking
performance (BF;g = 0.35-0.77). Stroop EIE has a negative linear
relationship with convergent thinking for the CRA [F(; 11) =
12.75, p = 0.004; R* = 0.53; BFyg = 13.1], and Rebus Puzzles
[F(1,11) = 14.92, p = 0.003; R? = 0.57; BFo = 19.7] accuracies.
Stroop-EIT has a negative linear relationship with Rebus Puzzles
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Task.

accuracy for PD patients “on” DRT [F(; 11y = 6.88, p = 0.024;
R? = 0.38; BFy = 3.4]. In addition, Stroop-EIT has a linear
relationship with commission errors on the CRA [F(y, 11y = 5.02,
p = 0.047; R* = 0.31; BFjp = 2.0] and has a negative linear
relationship with step-by-step solution rate on the CRA for
PD patients “on” DRT [F(;,1;) = 6.63, p = 0.018; R* = 0.31;
BFjp =2.2].

DISCUSSION

PD is mainly known as a movement disorder characterized
by bradykinesia and tremor. There is also increasing interest
in the cognitive aspects associated with this disease, such as
the preservation, and even enhancement, of artistic skills in
PD patients under DRT (e.g., Cools et al., 2001a,b; Inzelberg,
2013). The link between this neurodegenerative disease and an
enhanced artistic production as an expression of creativity has
been reported in several single case studies (e.g., Schrag and
Trimble, 2001; Chatterjee et al,, 2006; Walker et al., 2006).

However, the experimental literature using objective measures of
creative thinking remains scarce. It has been unclear if artistic
output by PD patients on DRT reflects an objective enhancement
in creativity defined by the features of novelty and originality
or is simply in an increase in artistic production that meets lay
conceptions of creativity. The role of pre-PD creative abilities
has also remained largely unexamined. While some studies
report that creative predispositions play an important role in the
creative “talent” of PD patients on DRT, others do not support
this conclusion (Chatterjee et al., 2006, Schrag and Trimble, 2001;
Walker et al., 2006; Canesi et al., 2016). Because these results
refer to only single-patient reports and a handful of unreplicated
experimental studies, much remains unknown about bursts of
putative creativity observed in some PD patients on DRT. The
results reported here do not support the conclusion that DRT
enhances objective measures of creativity in PD patients. We
found no difference in divergent thinking measured with the
AUT, in both of our convergent thinking measures (CRA and
Rebus Puzzles) and idea generation (via insight or step-by-step)
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in PD patients while they were “on” vs. “off” medication.
Importantly, even if patients presented some level of artistic
tendencies or compulsive behaviors that involve artistic activities,
we found no evidence suggesting that they become more creative
on DRT. We also investigated whether PD patients under DRT
showed better performance on creative thinking tasks than
healthy controls of similar age and level of education. PD patients
did not outperform matched controls on divergent thinking,
further indicating that divergent thinking is not enhanced by
DRT in PD patients. PD patient’s performance was indeed worse
than controls in flexibility, suggesting that cognitive flexibility
impaired by PD is not ameliorated by DRT, at least within the
context of creative problem-solving. This result corroborates
Canesi et al’s (2012) results that PD patients scored lower on
flexibility than healthy controls on the Torrance Test of Creative
Thinking. Therefore, artistic “talent” showed by PD patients on
DRT does not translate into cognitive flexibility on objective
measures of divergent thinking used to assess creative thinking.
Our results show a consistent difference in idea generation
in both of our convergent thinking measures: the CRA and
Rebus Puzzles. Specifically, PD patients “on” DRT solved a lower
proportion of problems via insight and made more commission
errors, compared to HCs. The fact that PD patients, even when
“on” medication, showed impaired insight problem-solving
abilities can be explained by the relation between insight and DA.
Brain regions associated with insight-based problem-solving,
such as the anterior cingulate cortex and the right superior
temporal gyrus, have a high density of DA receptors (Tune
et al., 1996; Jung-Beeman et al., 2004; Lumme et al., 2007; Aziz-
Zadeh et al., 2009; Subramaniam et al., 2009; Salvi et al., 2020a).
Additional evidence linking DA to insight comes from research
using the eye-blink to index levels of striatal DA. Spontaneous
eye-blink rate is considered a reliable indicator of DA activity
in both PD patients and the general population (Karson, 1983;
Blin et al,, 1990; Kleven and Koek, 1996; Taylor et al., 1999;
Colzato et al., 2007, 2009) and is often used as a proxy for
striatal DA production (Karson, 1983; Taylor et al., 1999). Studies
on eye-blink rate and creativity show an inverted U-shaped
relationship between eye-blink rate and creativity as assessed by
the AUT and the CRA (Akbari Chermahini and Hommel, 2010).
Specifically, solutions via insight are associated with a higher eye-
blink rate compared to solutions via step-by-step analysis (Salvi
et al., 2015a). Such a relationship suggests that insight problem-
solving could be related to, or modulated by, other factors that
are highly affected by DA release, such as reward and feeling
of pleasure. Aha! moments are indeed associated with a specific
phenomenology characterized by pleasure, suddenness, feeling of
certainty, and higher accuracy (Salvi et al., 2016a; Danek and
Wiley, 2017; Danek and Carola, 2018; Laukkonen et al., 2020)
and enhanced when rewarded by subliminal reward (Cristofori
et al,, 2018). In the same line, Oh et al. (2020) recorded high-
density EEGs while participants solved a convergent thinking
task and identified an insight-related effect that was modulated by
reward sensitivity. Given recent neural evidence showing robust
activation of the DA reward circuit when people experience
having an Aha! moment (including the thalamic pathways,
hippocampus, ventral tegmental area, nucleus accumbens, and

substantia nigra; Tik et al., 2018), it may be that insight, in
particular, recruits neural reward mechanisms related to the
pathways that are impaired in PD patients and not restored by
DRT. Unfortunately, only a few studies have examined creativity
in PD patients empirically, and those which did it yielded mixed
results and have never dealt with its association with insight.
While our results do not allow us to specify what DA circuitry
(if nigrostriatal or mesolimbic) is directly impaired by PD, the
only conclusion we can draw is that insight problem-solving is
disrupted in PD patients and cannot be restored by DRT.
Further, the conclusion that PD patients relate less to an
insight style is also corroborated by the evidence that they
make more errors of commission. Previous research on insight
in general and on individual differences between more or less
insightful people demonstrated that problem-solving via insight
is associated with higher accuracy and more errors of omission
(Smith and Kounios, 1996; Salvi et al., 2016a; Danek and Wiley,
2017; Webb et al., 2017; Danek and Carola, 2018; Laukkonen
et al., 2020) whereas using a non-insight problem-solving style
is seen to be associated with making more errors of commission
(i.e., incorrect responses; Kounios et al., 2008; Salvi et al., 2016a).
This effect is partially due to the all-or-nothing nature of Aha!
moments, where solvers do not have access to intermediate
knowledge while reasoning since it is processed below the
solver’s threshold of awareness, thus if the idea comes to mind
it is either the correct solution or it does not come at all
(Smith and Kounios, 1996; Kounios et al., 2008; Salvi et al.,
2016a). As a result, insight problem-solving does not yield any
intermediate results, and in the absence of meaningful potential
solutions to guess with, those people who tend to rely on insight
style more often time out rather than produce errors (Smith
and Kounios, 1996). Conversely, step-by-step solving happens
incrementally and above the threshold of awareness, allowing
for partial information access on which a participant can base
a guess just before the response deadline, hence a potential
error of commission and lack of timeouts (Kounios et al., 2008;
Salvi et al., 2016a). This notion explains why PD patients tend
to make more errors of commission and fewer time-outs than
controls because they rely less on insight and more on step-
by-step problem-solving. These results further corroborate the
idea that insight processing is impaired in PD patients, even
when under DRT. Following the previous analysis, our result
indicates that there might be a relation between the neurological
impairment that affects PD patients and the tendency to generate
ideas in a more step-by-step fashion. This allows us to draw
two main conclusions: first, that the DA nigrostriatal pathway
impairment in PD may also be involved in generating ideas via
insight; and second, that PD patients may substitute insights by
using a step-by-step problem-solving strategy which, since they
are not processed by the basal ganglia, may remain unaltered
by the disease state or DRT. In sum, while our results further
confirm the involvement of the DA system in insight problem-
solving, which in the former study was demonstrated only by
correlation (Salvi et al., 2015a; Kizilirmak et al., 2016; Cristofori
et al,, 2018; Tik et al, 2018; Oh et al., 2020), it excludes its
facilitation by DRT replacement. This leads to the hypothesis
that this problem-solving style might originate in brain structures
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that are evolutionary more ancient (e.g., the basal ganglia) and
processed by the cortex only in a second time (Laukkonen et al.,
2020). While this explanation remains a theory, it is in line with
recent literature theorizing the adaptive function of the Ahal
feeling as a signal to more accurate ideas that are processed below
awareness (Laukkonen et al., 2020).

In our hypothesis, we wondered if the association between
PD and the rise of presumed creative “talent” represents an
“awakening” or a “re-awakening” of creativity. In other words,
we wanted to investigate the role of pre-PD creative dispositions
in the rise of the creative “talent” observed in PD patients on
DRT. From the literature on single cases, it appeared that most of
the PD patients were already involved in some artistic activities
before the diagnosis of PD, or were genetically related to highly
creative people (Schrag and Trimble, 2001; Chatterjee et al.,
2006; Walker et al., 2006). To better understand this relation,
we administered to our sample scales to assess real-life creative
achievement (CAQ and the HABPS). In regards to divergent
thinking, our results support the idea that pre-existing real-life
creative abilities do enhance some aspects of divergent thinking.
Specifically, the creative achievement was the only one related
to flexibility, while self-reported creativity as well as practicing
a creative hobby for several years was related to fluency. The
latter was also related to idea originality. Thus, it may be more
likely that patients’ engagement with creative activities, self-
perceptions of creativity, or potential biological predispositions
for artistic abilities are a necessary prelude to the improved
divergent thinking observed for some PD patients under DRT.
This result corroborates Canesi et al.’s (2016) finding that the
Torrance Test for Adults for creative thinking was significantly
higher for artists from both the healthy control and PD groups
than other groups. Thus, the findings suggest that DRT causes
a “reawakening” of creativity (specifically in divergent thinking
flexibility, fluency, and originality), but only for PD patients who
were already creative or engaged with creative hobbies before
their PD diagnosis.

The results we obtained on convergent thinking and real-life
creative predispositions are mixed across the different measures
of CRA and Rebus Puzzles. Our results show a difference
in trends for real-life creative achievements and self-reported
creativity together with having a creative hobby. This is why
“art-bias” might play a role. On one hand, we found that a
history of creative achievements predicted enhanced convergent
thinking on the Rebus Puzzles; but on the other hand, PD patients
who perceived themselves as creative or had been practicing
a creative hobby for many years displayed worse convergent
thinking on the CRA, specifically in step-by-step solutions and
not those via insight. This difference between Rebus Puzzles and
CRAs indicates the potential for important task differences in
how convergent thinking is measured and raises the question of
whether some of the effects reported in past studies might be
related to task differences.

Overall, the results indicate that pre-PD diagnosis creative
achievements are a relevant predictor of creativity in both
divergent and convergent thinking. Among our hypotheses,
we also wondered if there is a misperception of “artistic-like”
behaviors as creativity. Our results show that while creative

achievements predict problem-solving accuracy, practicing a
creative hobby or perceiving oneself as creative does not predict
problem-solving accuracy for PD patients on DRT. We further
explored how this misperception is particularly enhanced in PD
patients who practice artistic hobbies, since these activities may
contribute to perceiving themselves as creative. In conclusion,
our results suggest it is likely that such an artistic production has
been conflated with creativity in these patients, probably due to
an “art-bias” where the creative label is often reserved only for
artistic production (Runco, 2014).

Is the increase of creative talent followed by DRT in
PD patients a compulsive reaction to the drugs, similar
to hypersexuality, gambling, or punding caused by lack of
inhibition? Does inhibition promote or impair creativity in
PD patients when on DRT? From the current literature, it is
unclear what role the lack of inhibition plays in the “artistic-
like” behaviors that also emerge with DRT in these patients. It
may be that the unstoppable art-production of the cases reported
in the literature has little bearing on creativity, and may simply
represent a compulsive behavior that provides a socially-accepted
reward to patients.

Overall our results showed that executive functions are
impaired in PD and that reduced inhibitory control in PD
patients “on” DRT is associated with worse convergent thinking
performance. Specifically, PD patients lack of inhibition is
negatively related to convergent thinking accuracy and positively
with errors of commission. Interestingly, a better inhibitory
control explained higher proportions of solutions via step-
by-step. These results demonstrated that disrupted inhibitory
control plays an important role in creativity and problem-
solving, leading to more errors. Yet, better regulation does not
seem to improve solutions via insight but a more aware step-
by-step strategy. This result further strengthens our former
suggestion that PD patients might rely more on an analytical
problem-solving strategy in presence of cognitive control. This
result is in line with the scientific literature showing a positive
relationship between enhanced cognitive control and creativity
(e.g., Benedek et al, 2014; Edl et al, 2014), especially for
creative thinking involving insight (e.g., Mendelsohn, 1976;
Gilhooly and Fioratou, 2009). Results reported by Benedek et al.
(2014) support a relationship between executive abilities and
creativity, as better working memory updating and inhibition
scores predicted better performance. Other studies show that
cognitive control (specifically measured by Stroop interference)
is correlated with only certain aspects of creativity, arguing that
better cognitive control may enhance creativity by suppressing
dominant but irrelevant responses (Edl et al., 2014). The most
important finding of our analysis is that the lack of inhibition
negatively affects creativity (at least convergent thinking), and
shows how PD patients with a stronger cognitive control are
not just more accurate but also make fewer guesses (errors
of commission) probably because they can better control the
suppression of dominant, but irrelevant, ideas during the process
of creative idea generation (Gilhooly et al., 2007; Benedek and
Neubauer, 2013). This conclusion is in line with previous studies
showing the executive nature of creative thoughts (Nusbaum
and Silvia, 2011; Beaty and Silvia, 2012; Silvia and Beaty, 2012;
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Jauk et al., 2013, 2014). In conclusion, our results allow us to
conclude that while the lack of inhibition caused by DRT may
lead to compulsive artistic production, such a production is not
translated into creativity.

While the results of this study allow us a better understanding
of PD and the role of DRT in creativity we acknowledge some
limitations, such as the small sample size. For our sample, we
recruited PD patients who underwent two sessions of standard
clinical assessment, one “on” and one “off” DRT medication
before receiving deep brain stimulation surgery. Because of
the cognitive and motor impairments of PD, these patients
rarely go “off” medication and are difficult to recruit. To
mitigate this limitation in clinical studies where small patient
sample sizes are often unavoidable, statisticians have advocated
reporting likelihood estimates such as Bayes factors (Lilford
et al., 1995; Matthews, 1995; Billingham et al., 2012). In line
with this recommendation, we reported Bayes factors for all
relevant findings in the Results section. Critically, Bayes factors
are relatively robust to small sample sizes and are therefore
considered more reliable than traditional null-hypothesis-
significance testing under such circumstances (Rouder et al,
2009; Van de Schoot et al,, 2014). Given the lack of relevant
pre-existing data for our main research questions, we used
default priors to obtain our Bayes factor estimates; this practice
is recommended for research questions for which little data
exists, as it avoids biasing the calculations and uses only the
current data to derive the Bayesian estimates (Billingham et al.,
2012; Van de Schoot et al.,, 2014). Further, as reported in the
Supplementary Material age, years of education, gender, disease
duration, did not influence our results and their generalizability.
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