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Over hundreds of years, humans have continuously improved their quality 

of life by inventing clever solutions to everyday problems. They have painted 

beautiful pictures that awe thousands of people, composed symphonies while 

being unable to hear, and made groundbreaking scientific discoveries. This 

exceptional human ability to imagine and create fascinates scientists and non-

scientists alike. How do people come up with such unlikely ideas? Why are some 

people more creative than others? Are these people born this way or can 

everybody learn to be creative? Some researchers have gone to great lengths to 

study what makes creative people so inventive. In 1955, pathologist Thomas 

Harvey removed the brain of Albert Einstein – one of the most brilliant scientists 

of our times – from his body several hours after his death, without permission 

from Einstein’s relatives (Burrell, 2005). It cost Harvey his job, but this did not 

stop him from cutting the brain into over 200 pieces that ended up traveling to 

laboratories all over the United States, being stored under a beer cooler in 

Harvey’s lab, or getting lost. When 30 years later the first scientific report on 

Einstein’s brain was published, it claimed that his brain was characterized by a 

higher cell density in frontal parts of the brain compared to other brains 

(Diamond, Scheibel, Murphy, & Harvey, 1985), while more recent analyses pose 

that it had an unusual shape and thicker connections between the two 

hemispheres of the brain (Falk, Lepore, & Noe, 2013; Men et al., 2014). However, 

these studies have been criticized on several methodological grounds and, 

despite all outrage, the question of whether Einstein’s brain differed from less 

extraordinary brains remains unanswered (Hines, 2014).  

Fortunately, we now have alternative, less sinister methods for studying the 

creative brain to our disposal and we no longer have to wait for the exceptionally 

creative to pass away. However, this has not necessarily resulted in a better 

understanding of what characterizes the creative brain (Arden, Chavez, 

Grazioplene, & Jung, 2010; Dietrich & Kanso, 2010). Creativity is a complex 

construct that can be defined as a process in which people use cognitive abilities 

to transfer their knowledge and expertise into outcomes (i.e., ideas, solutions, 

products) that are both original and useful (Amabile, 1996; Baas & van der Maas, 

2015). The first things that come to mind when one thinks about creativity may 

be famous works of art, such as Van Gogh’s Sunflowers, J.K. Rowling’s fabulous 
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stories of magical creatures, or that one friend’s theme party outfits that 

outshine yours every time. However, creativity can also be (and is actually much 

more often) expressed in more subtle, everyday ways by each and every one of 

us: in the way we use analogies to explain complicated concepts to our students, 

in puns and witty remarks, in clever solutions to the daily problems we 

encounter, such as using a knife to fix a screw when a screwdriver is not 

available. The creative processes that underlie such everyday creativity are the 

focus of the research presented in this dissertation. 

Over decades of research, behavioral scientists have obtained many 

important insights into the cognitive processes that are involved in creativity, 

the situational factors that facilitate or hinder creative processes, and the 

personality traits that distinguish more creative from less creative people (e.g., 

Carson, Peterson, & Higgins, 2003; De Dreu, Nijstad, & Baas, 2011; Feist, 1998; 

Guilford, 1950; Hommel, 2012). This knowledge helps us to better understand 

how creativity works, how to measure it in the laboratory, and even how to 

facilitate it in daily life. One model of creativity that has strongly influenced how 

creative processes are defined and measured throughout this dissertation is the 

Dual Pathway to Creativity Model (DPCM; De Dreu, Baas, & Nijstad, 2008; 

Nijstad, De Dreu, Rietzschel, & Baas, 2010). This model proposes that creative 

outcomes (problem solutions, stories, original examples) may result from two 

qualitatively different types of creative processes: flexible or persistent 

processes. Flexible creative processes include effortless switching between 

different perspectives, the combination of information that is not obviously 

related, and divergent thinking (the generation of multiple solutions to open-

ended problems; Guilford, 1967). These processes may result in original ideas 

relatively quickly and effortlessly, because this flexible approach enables people 

to consider many different conceptual categories of ideas, including more 

original ones. Flexible creative processes are often measured using some type of 

divergent thinking task, such as the Alternate Uses Task (Guilford, 1967). This 

task requires people to generate as many new, original uses for a common object, 

such as a brick, within a few minutes. In addition to simply counting the number 

of ideas that people generate, one can score people’s performance in terms of 

flexibility (the number of conceptual categories that ideas fall into) and 
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originality (the extent to which an idea is uncommon). Persistent processes, on 

the other hand, include more analytical processes, such as the deep exploration 

of possibilities along a certain line and convergent thinking (the recombination 

of familiar and closely related information into novel ideas according to certain 

rules; Cropley, 2006). Persistent processes are characterized by sustained goal-

directed effort and focused attention over extended periods of time (Lucas & 

Nordgren, 2015; Nijstad et al., 2010; Roskes, De Dreu, & Nijstad, 2012). Rather 

than switching between different categories of ideas, people who rely on 

persistent creative processes tend to come up with ideas that fall into the same 

conceptual category. While such processes will only lead to the most obvious, 

unoriginal ideas at first, ideas will become more original after those unoriginal 

ideas have been considered and discarded. The DPCM explains how situational 

and personality factors relate to creativity by linking them to flexible or 

persistent processes. In reality, creative outcomes most likely result from a 

combination of flexible and persistent processes, rather than one or the other. 

A Neuroscientific Paradigm to Study Flexibility and Persistence 
Studying the neural mechanisms that underlie these creative processes is 

complicated, because the neuroscientific study of cognitive processes is 

constrained by several requirements that seem to be incompatible with some of 

the defining characteristics of creativity (Abraham & Windmann, 2007; Fink, 

Benedek, Grabner, Staudt, & Neubauer, 2007). For example, one needs to be able 

to measure the cognitive process of interest at exactly the same time point in a 

large number of instances to filter out task-unrelated noise from the brain signal 

of interest (Cohen, 2014). The generation of creative ideas, on the other hand, is 

a complex combination of processes that are hard to predict in terms of timing. 

Therefore, it is necessary to come up with new ways to measure creativity that 

meet the requirements of neuroscientific research – a challenge that has been 

taken up by several research groups. The resulting empirical studies have 

invalidated some popular ideas on the neural substrates of creativity, such as 

creativity being ‘located’ in the right half of the brain (Dietrich & Kanso, 2010; 

Gonen-Yaacovi et al., 2013). Other findings from studies using functional 

magnetic resonance imaging (fMRI) indicate that creativity importantly, but not 

exclusively, relies on parts of the prefrontal cortex (Gonen-Yaacovi et al., 2013). 
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Several electroencephalography (EEG) studies suggest that alpha oscillations 

play a major role in creative idea generation in general, and in divergent vs. 

convergent thinking in particular (e.g., Fink & Benedek, 2014; Jauk, Benedek, & 

Neubauer, 2012). Overall, however, neuroscientific studies of creativity have been 

criticized as being uninterpretable due to large variability in methods across 

studies (Arden et al., 2010; Dietrich & Kanso, 2010). As a result, the literature is 

highly fragmented and researchers can always find papers that support their 

claims, regardless of what those claims are. Thus, more carefully designed new 

paradigms are required if we wish to understand more about the neural basis of 

creativity. I present such a paradigm in Chapter 2 of this dissertation. 

Dopaminergic Modulation of Flexibility and Persistence 
One of the pictures that does emerge from several lines of research on the 

neural substrates of creativity is that the neurotransmitter dopamine seems to 

modulate creative processes. Dopamine is probably best known for its role in 

reward processing and the addictive properties of recreational drugs (Ikemoto, 

2007; Volkow, Wang, Fowler, Tomasi, & Telang, 2011a), but it also plays a crucial 

role in the cognitive control of goal-directed behavior. In some situations, 

adaptive behavior requires us to focus on a certain task over extended periods of 

time while ignoring distractions, such as when trying to finish a dissertation. At 

other times, however, behavior benefits from the ability to explore alternative 

options in the environment and to switch to different activities that are more 

likely to result in desirable outcomes, such as when a colleague interrupts our 

goal-directed focus with some juicy gossip. Both these flexible and stable 

cognitive processes, and the interplay between them, are strongly influenced by 

dopaminergic functioning in a network of fronto-striatal brain areas (Cools & 

D’Esposito, 2011; Cools, Sheridan, Jacobs, & D’Esposito, 2007; Frank, Loughry, & 

O’Reilly, 2001; Hommel & Colzato, 2017; McNab & Klingberg, 2008). While 

dopamine in the prefrontal cortex seems to support the maintenance of goal 

representations in the face of distractions, dopamine in the striatum is involved 

in switching between task strategies and the updating of goal representations. 

Accumulating evidence suggests that dopamine in different brain areas similarly 

modulates flexibility and persistence in creativity (e.g., Chermahini & Hommel, 

2010; De Manzano, Cervenka, Karabanov, Farde, & Ullén, 2010; Mayseless, 
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Uzefovsky, Shalev, Ebstein, & Shamay-Tsoory, 2013; Zhang, Zhang, & Zhang, 

2014a). In the striatum, dopamine seems to modulate flexible creative processes, 

such as having a broad attentional scope (perceiving global rather than detailed 

features, allowing more remotely related information to enter working memory) 

and divergent thinking (Chermahini & Hommel, 2010; Zhang et al., 2014a). In the 

prefrontal cortex, on the other hand, dopamine may modulate more analytical, 

convergent creative processes, and the ability to persist when creative ideas do 

not immediately come to mind (Mayseless et al., 2013; Zhang, Zhang, & Zhang, 

2014b). As, in reality, creative ideas result from a combination of flexible and 

persistent processes, it seems likely that creativity requires a delicate balance of 

dopaminergic functioning in fronto-striatal brain areas. Although these 

hypotheses have not been directly tested, they are indirectly supported by 

evidence from genetic studies (Reuter, Roth, Holve, & Hennig, 2006; Zhang et al., 

2014a), indirect measurements and manipulation of dopamine availability in the 

brain (Chermahini & Hommel, 2010; Colzato, De Haan, & Hommel, 2014), and 

from studies linking personality factors to creativity (Baas, Roskes, Sligte, 

Nijstad, & De Dreu, 2013; Depue & Collins, 1999). I will review this evidence in 

Chapter 3 of this dissertation. 

Creativity in ADHD 
The dopaminergic system may also be an important factor in the link 

between several mental disorders and creativity (Acar & Sen, 2013; Baas, Nijstad, 

Boot, & De Dreu, 2016; Johnson et al., 2012). Symptoms of mental disorders that 

are characterized by dopaminergic hyperactivity in the striatum, such as 

schizophrenia and bipolar disorder, seem to be related to enhanced creativity 

(Acar & Sen, 2013; Baas et al., 2016; Johnson et al., 2012). For example, people 

who experience mild schizotypal symptoms (e.g., having odd, magical beliefs and 

strange perceptual experiences) seem to be more creative than people who do 

not experience such symptoms (Acar & Sen, 2013). This may also be the case for 

another disorder that is associated with dopaminergic imbalance in various brain 

areas: attention-deficit/hyperactivity disorder (ADHD) (Sagvolden, Johansen, 

Aase, & Russell, 2005; Swanson et al., 2007). ADHD is characterized by symptoms 

of distractibility, hyperactivity, and impulsivity. Because people with ADHD tend 

to process more task-irrelevant information and take more risks (presumably as 
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a result of impaired dopaminergic functioning in several brain areas; Sagvolden 

et al., 2005; Sonuga-Barke, 2003), they may be able to come up with more 

original ideas than people without the disorder (Baird et al., 2012; Feist, 1998; 

Toplak, Jain, & Tannock, 2005). The idea that people with ADHD are more 

creative than others is popular outside of the scientific world and has received 

some support in recent empirical studies (White & Shah, 2011, 2016). However, 

while people with (symptoms of) ADHD seem to be more creative in everyday life 

(White & Shah, 2011; Zabelina, Condon, & Beeman, 2014), they do not 

consistently outperform people without the disorder on laboratory tasks of 

divergent thinking (Abraham, Windmann, Siefen, Daum, & Güntürkün, 2006; 

Barkley, Murphy, & Kwasnik, 1996; Murphy, Barkley, & Bush, 2001). In Chapter 4 

and 5 of this dissertation, we investigate several potential explanations for these 

mixed findings. First of all, the relationship between ADHD and creativity may 

depend on individual differences in the (degree of) specific ADHD symptoms that 

people experience and on the specific (flexible or persistent) creative processes 

under investigation. These possibilities are examined in Chapter 4. Alternatively, 

factors such as the motivation for performing creative tasks may explain whether 

and when people with ADHD are more creative than others (Volkow et al., 2011b). 

Generally, people with ADHD experience decreased motivation during tasks that 

are not perceived as interesting or immediately rewarding (Barkley, 1997; Shaw 

& Giambra, 1993; Volkow et al., 2011b), but evidence indicates that providing 

rewards such as money or praise can improve cognitive (and possibly also 

creative) performance by increasing motivation in people with ADHD (Geurts, 

Luman, & Van Meel, 2008; Kohls, Herpertz-Dahlmann, & Konrad, 2009). This 

possibility is tested in Chapter 5. 

Pharmacological Manipulation of Creative Processes 
The relationship between symptoms of ADHD and creative processes, as 

well as the dopaminergic model that we propose in Chapter 3, suggests that 

creativity may be influenced by stimulant drugs that are commonly prescribed to 

treat symptoms of ADHD, such as methylphenidate (also known as Ritalin) and 

amphetamines (Advokat, 2010). These drugs are believed to improve stable 

cognitive processes, such as the ability to focus over extended periods of time 

while ignoring distractions, by raising dopamine and noradrenaline levels in the 
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brain (Arnsten & Dudley, 2005; Kuczenski & Segal, 1997). For this reason, an 

increasing number of healthy people now use such substances as cognitive 

enhancers to improve their ability to concentrate in situations that ask for 

prolonged cognitive effort (Greely et al., 2008). While these drugs may indeed 

facilitate sustained attention and working memory functioning (Linssen, 

Sambeth, Vuurman, & Riedel, 2014), they may negatively affect more flexible 

cognitive processes, such as those required for (flexible) creativity (Mohamed, 

2016; Müller et al., 2013). Thus, the effects of these drugs seem to vary from task 

to task and may also differ across different individuals (Cools, 2015). For 

example, methylphenidate may improve more persistent, analytical creative 

processes in people who experience a relatively strong degree of ADHD 

symptoms (e.g., impulsivity or distractibility), whereas the effects may be 

opposite in people who do not experience such symptoms (Cools et al., 2007; 

Gvirts et al., 2016). Studying the individual differences that influence the effects 

of methylphenidate could have important implications for the use of these drugs 

by both people with and without ADHD. In Chapter 6, I describe a study in which 

we tested these effects. 

Overview of this Dissertation 
In the studies presented in this dissertation, my collaborators and I set out 

to answer some of the open questions regarding the neural mechanisms 

underlying creative processes. This dissertation is built around four empirical 

chapters and one theoretical chapter. In Chapter 2, I present a new paradigm that 

we developed to be able to directly compare the neural dynamics associated with 

convergent and divergent processes in creative idea generation in an EEG 

experiment. In the theoretical Chapter 3, I review accumulating evidence 

suggesting that dopamine in fronto-striatal brain areas modulates flexible and 

persistent processes in creativity. Based on this evidence, I present a model of 

dopaminergic modulation of creativity that opens up important avenues for 

future research. Both Chapter 4 and 5 focus on the link between creativity and 

symptoms of ADHD. Chapter 4 includes three empirical studies in which we 

addressed the relationship between ADHD and creativity in a sample of healthy 

students to assess whether and how specific ADHD symptoms are related to 

different types of creative processes. In Chapter 5, I describe two studies in which 
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we extended these findings by investigating creativity in people with clinical 

ADHD and comparing their performance to the performance of healthy controls. 

In Study 5.1, we assessed whether people with ADHD are simply more motivated 

to generate original ideas than healthy controls and whether using medication to 

treat symptoms of ADHD affects creativity. In Study 5.2, we manipulated 

motivation by introducing competition between participants during an idea 

generation task to assess whether people with ADHD can be motivated to 

generate more original ideas. These chapters on dopamine and ADHD converge in 

Chapter 6, where I describe a study in which we directly manipulated dopamine 

(and noradrenaline) levels in the brain. We did so by administrating 

methylphenidate to a group of healthy participants to test how this affected their 

creative performance and whether these effects depended on individual 

differences in ADHD symptoms. Finally, in Chapter 7, I integrate the main 

conclusions of the preceding chapters and their implications. Moreover, I discuss 

some limitations of the current work and propose directions for future research. 
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Abstract 
Critical to creative cognition and performance is both the generation of multiple 

alternative solutions in response to open-ended problems (divergent thinking) 

and a series of cognitive operations that converges on the correct or best possible 

answer (convergent thinking). Although the neural underpinnings of divergent 

and convergent thinking are still poorly understood, several 

electroencephalography (EEG) studies point to differences in alpha-band 

oscillations between these thinking modes. We reason that, because most 

previous studies employed typical block designs, these pioneering findings may 

mainly reflect the more sustained aspects of creative processes that extend over 

longer time periods, and that still much is unknown about the faster-acting 

neural mechanisms that dissociate divergent from convergent thinking during 

idea generation. To this end, we developed a new event-related paradigm, in 

which we measured participants’ tendency to implicitly follow a rule set by 

examples, versus breaking that rule, during the generation of novel names for 

specific categories (e.g., pasta, planets). This approach allowed us to compare the 

oscillatory dynamics of rule convergent and rule divergent idea generation and at 

the same time enabled us to measure spontaneous switching between these 

thinking modes on a trial-to-trial basis. We found that, relative to more 

systematic, rule convergent thinking, rule divergent thinking was associated 

with widespread decreases in delta band activity. Therefore, this study 

contributes to advancing our understanding of the neural underpinnings of 

creativity by addressing some methodological challenges that neuroscientific 

creativity research faces. 
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Creativity, the ability to generate ideas that are not just novel and original 

but also potentially useful (Amabile, 1996), allows us to adapt to a constantly 

changing environment and is arguably the hallmark of human mental capacity. 

Creativity is a complex construct that encompasses a range of different cognitive 

processes, such as the inhibition of mundane ideas, cognitive flexibility, and the 

recombination of information into new patterns (Dietrich, 2004; Nijstad et al., 

2010). Laboratory studies have typically focused on a subset of the underlying 

processes, such as the difference between divergent and convergent thinking 

(e.g., Chermahini and Hommel, 2010). Divergent thinking is defined as the 

generation of multiple alternative solutions in response to open-ended problems 

(Guilford, 1967). For example, in the Alternate Uses Task, participants are asked 

to generate as many new uses for a common object (such as a brick) as they can 

think of. Divergent thinking performance benefits from a lack of inhibition 

between alternative thoughts, the quick abandoning of (implicit) rules and 

examples, approaching a problem from several different angles, and the forming 

of associations on the basis of remotely related knowledge (Chermahini & 

Hommel, 2010; Cropley, 2006; Larey & Paulus, 1999; Nijstad et al., 2010). 	

The definition and operationalization of convergent thinking varies 

considerably across studies. Some authors have equated convergent thinking 

with intelligence-related, as opposed to creativity-related, cognitive processes 

and measure convergent thinking with anagram tasks (Benedek, Bergner, Könen, 

Fink, & Neubauer, 2011), or tasks that require people to report common, as 

opposed to original, uses for specific objects (Jauk et al., 2012). Others have 

defined convergent thinking as a series of cognitive operations that converges on 

the correct or best possible answer (Cropley, 2006; Krug, Mölle, Dodt, Fehm, & 

Born, 2003) and have measured convergent thinking with arithmetic tasks (Krug 

et al., 2003) or tasks in which people evaluate and choose the best solution from 

a pool of candidate solutions for implementation (Basadur, Runco, & Vega, 2000; 

Runco, 2008). Yet other researchers propose that convergent thinking involves 

the recombination of familiar and closely related knowledge into multiple ideas, 

with convergent thinking being expressed in a limited range of semantic 

categories that are considered during idea generation (Larey & Paulus, 1999; 

Nijstad & Stroebe, 2006; Rietzschel, De Dreu, & Nijstad, 2007). To accommodate 
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these different treatments of convergent thinking, Cropley (2006) proposed that 

convergent thinking can best be understood as a syndrome of more or less 

related processes, including combining what “belongs” together, achieving 

accuracy and correctness and homing in on the single best answer, reapplying 

set techniques, sticking to the rules, sticking to a narrow range of obviously 

relevant information, and the forming of associations from adjacent fields. Just 

like divergent ideation, convergent idea generation may lead to creative ideas, 

but this happens in small, incremental steps (Finke, 1996; Kohn & Smith, 2007; 

Nijstad & Stroebe, 2006; Rietzschel et al., 2007).  

Studies in social and cognitive psychology have greatly advanced our 

understanding of the contextual factors, personality characteristics, and 

cognitive mechanisms associated with divergent and convergent thinking (e.g., 

Baas et al., 2011; Carson et al., 2003; De Dreu et al., 2012; Hommel, 2012; 

Zabelina, Saporta, & Beeman, 2016b). These studies combined provide a solid 

body of knowledge from which the next generation of questions can be 

approached. One such next step is to uncover the neural substrates of creative 

performance in general, and divergent and convergent thinking in particular. 

However, this endeavor is methodologically challenging for two main reasons. 

First, tracking the neural substrates of divergent and convergent thinking 

requires repeated testing of time-locked divergent and convergent processes in a 

large number of trials. Second, it requires the selection of suitable comparison 

tasks (Abraham & Windmann, 2007; Fink et al., 2007).  

This challenge has been taken up in several pioneering EEG studies that 

have contrasted divergent with convergent thinking. The common and key 

finding in these studies is the observation of higher alpha-band activity over 

frontal and parietal areas during divergent as compared to convergent thinking, 

which is broadly interpreted as reflecting higher internal processing demands for 

divergent thinking (Fink & Benedek, 2014; Jauk et al., 2012; Klimesch, Sauseng, & 

Hanslmayr, 2007; Krug et al., 2003). In these studies, divergent thinking was 

typically measured with open-ended idea generation tasks, such as the Alternate 

Uses Task (Guilford, 1967). As discussed above, convergent thinking was 

measured with very different tasks, including anagram tasks (Benedek et al., 

2011), arithmetic tasks (Krug et al., 2003), or tasks that require people to report 
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common, as opposed to original, uses for specific objects (Jauk et al., 2012). 

These experimental designs can therefore be considered as typical block designs in 

which divergent and convergent thinking are measured across separate tasks or 

blocks of trials. While such designs can provide valuable information about the 

more sustained aspects of these creative processes, extending over several trials, 

we were here interested in the neural mechanisms that dissociate the switch 

from divergent to convergent thinking, and vice versa, on a trial-to-trial basis. 

When measuring divergent and convergent thinking in separate blocks of trials, 

block-related differences relating to changes in motivation and attention may 

influence findings. Further, the tasks that have been used to measure divergent 

and convergent thinking so far likely rely upon different strategies for successful 

task performance and may differ on several crucial aspects, besides the variable 

of interest (i.e., convergent vs. divergent thinking). These relatively unspecific 

factors may include the overall difficulty level of the tasks and the extent to 

which the tasks rely on existing knowledge. Thus, if one is interested in directly 

comparing divergent and convergent thinking, an event-related design that can 

track fast changes in thinking mode is desirable. Here we present such a novel 

task. 

Our aim was to unravel the unique oscillatory mechanisms underlying 

specific cognitive processes that are part of the broader psychological constructs 

convergent thinking and divergent thinking in idea generation. To do so, we 

measured EEG in a new event-related design in which subjects engaged in idea 

generation dynamically across time and within a single task. In our adapted 

version of the Pasta task (De Dreu et al., 2014; Dijksterhuis & Meurs, 2006; 

Gocłowska, Baas, Crisp, & De Dreu, 2014; Marsh, Ward, & Landau, 1999), 

participants were given three examples of non-existing category names, for 

example pasta names all ending with an ‘i’ (e.g., ‘fussilini, ‘falucci, ‘krapi’). 

Participants were then asked to generate as many new pasta names as possible 

within a 30-second time period. Their responses could be scored as being rule 

convergent (number of names ending with an ‘i’, following the implicit rule 

given in the instructions) and rule divergent (number of names not ending with 

an ‘i’, diverging from the implicit rule in the instructions) (De Dreu et al., 2014). 

Previous studies have validated the original Pasta task by showing that the 
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outcome measures of this task are influenced by factors that enhance structured 

or flexible thinking in predictable ways (Boot, Nevicka, & Baas, 2017d; De Dreu et 

al., 2014; Dijksterhuis & Meurs, 2006; Gocłowska et al., 2014). Crucially, our new 

task allowed us to assess “rule convergent” and “rule divergent” ideation 

retrospectively, based on the single-trial output that participants generated 

while they were performing the same task. Also, it allowed us to measure 

spontaneous switching between these thinking modes on a trial-to-trial basis. 

Independent of the implicit rule in the instructions, the names that participants 

generated on a particular trial could be classified as a repetition or a switch with 

respect to the ending of the generated name in the previous trial.  

In addition, we manipulated participants’ motivation across the different 

blocks of the idea generation task, because previous studies showed that a 

motivation to attain positive outcomes is associated with more flexible idea 

generation than a motivation to avoid negative outcomes (Roskes et al., 2012). By 

providing participants with an opportunity to win a bonus during this task, we 

aimed to explore the possibility that a focus on possible gains vs. losses would 

influence behavioral and EEG indices of creative idea generation. Also, previous 

studies have associated spontaneous eye blink rate, an indirect marker of 

dopaminergic activity (Groman et al., 2014), with improved divergent but not 

convergent thinking (Chermahini & Hommel, 2010, 2012), suggesting that 

convergent and divergent processes in creativity are differently modulated by 

dopamine. To assess whether these findings extend to the more specific rule 

convergent and rule divergent processes measured in the present study, we 

recorded participants’ eye blink rate during a resting-state period prior to the 

idea generation task. 

Method 

Participants and Procedure   
We recruited 37 students at the University of Amsterdam to participate in 

this study for money or course credit. Six participants were excluded, because 

they generated an insufficient number of divergent names (< 20) for reliable 

analysis of the EEG signal, resulting in a final sample of 31 participants (22 
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females; Mage = 21.4 years, SD = 2.3). During the experimental session, we first 

measured spontaneous eye blink rate during a five-minute resting-state period. 

Subsequently, participants engaged in a creative idea generation task while we 

recorded EEG. In total, the session took approximately two hours. Informed 

consent was obtained from all participants, and the study was approved by the 

Ethics Committee of the University of Amsterdam. 

Task 
We measured rule convergent and rule divergent thinking using an 

adaptation of the Pasta task (Dijksterhuis & Meurs, 2006; Marsh et al., 1999). In 

the original task, participants are given three examples of non-existing pasta 

names all ending with an ‘i’ (e.g., ‘fussilini, ‘falucci, ‘krapi’), and then generate 

as many new pasta names as possible within one minute. From their responses, 

indices for rule convergent thinking (the number of items ending with an ‘i’, the 

cue given in the instructions) and rule divergent thinking (the number of items 

not ending with an ‘i’) could be created. In addition, we created indices for 

category repetitions (the number of times in which participants consecutively 

generated pasta names with the same ending), category switches (number of 

times in which participants switched from one ending, e.g., ‘i’, to another 

ending, e.g., ‘a’), the number of unique name endings, and creative fluency (the 

total number of generated names) (De Dreu et al., 2014). To be able to use this 

task in a neuroimaging setting, we generated 39 additional categories (e.g., pain 

killers) with three examples (e.g., ‘paradon’, ‘maladon’, ‘haptadon’), all three 

ending with the same letter(s). After pretesting these new categories in a sample 

of 116 students, we selected the 29 categories that produced the most variable 

responses in terms of participants’ divergence from the examples and used these 

in the present EEG experiment, in addition to the original pasta category. All 

categories and their examples are shown in Appendix I. 

In the resulting Alternate Names Task (ANT), participants generated new 

names for 30 categories during separate 30-second segments, while we recorded 

EEG. Participants were seated in front of a computer and could type their new 

names on the screen. To prevent the EEG signal associated with the generation of 

ideas from being contaminated by brain activity associated with the typing of 

ideas and other artifacts (e.g., muscle artifacts), we divided the 30-second 



Chapter 2 

24 

intervals into self-paced idea generation intervals and typing intervals (Figure 2.1; 

see Fink et al., 2007, for a similar task procedure). At the beginning of each 

category segment, the category and three examples of new names were displayed 

on the screen. Participants were instructed to “think of new names for [category] 

such as [examples]”. After reading the category and examples, participants could 

press a key to start thinking about potential new names, upon which a fixation 

cross appeared on the screen, indicating the start of the idea generation interval. 

We instructed participants to press the space bar as soon as they had generated a 

new name that they wanted to type in. Then, a typing window would appear in 

which the participant could enter the new name (i.e., the typing interval). After 

pressing ‘enter’ to finalize the response, the fixation cross would reappear and 

participants could continue to generate new names in the same category until 

the end of the category segment. Importantly, time stopped running during 

typing intervals to make sure that the number of possible ideas that participants 

could generate for each category would not be influenced by individual 

differences in typing speed. To ensure that the 1.5 second generation interval that 

we used in the EEG analyses would not overlap with the preceding typing 

interval, participants could not respond within 1.5 seconds after ending the 

previous typing interval. On average, category segments (including both idea 

generation and typing intervals) lasted 55.80 seconds (SD = 7.88). To get used to 

the separation between idea generation and idea typing, participants first 

completed two practice category segments. The task was divided into six blocks 

of five category segments. After each block, we asked participants to indicate on 

a 7-point scale how motivated they were (1 = not motivated at all; 7 = very 

motivated) and how difficult they found the task (1 = not difficult at all; 7 = very 

difficult) during the preceding block. Subsequently, participants could take a 

break from the task if desired. 

We removed duplicate names and existing names from the data prior to the 

analysis. Switch and repetition trials were defined as trials on which participants 

switched to a different name ending compared to the previous trial or repeated 

the same ending, respectively, regardless of whether that trial was a rule 

convergent or a rule divergent trial. Thus, switch trials included both trials on 

which participants switched from a rule convergent to a rule divergent name and 
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vice versa. Similarly, repetition trials included both repetitions of rule convergent 

name endings and rule divergent name endings. Because switches and 

repetitions were determined with respect to the previously generated name, 

these indices could not be determined for the very first name that participants 

generated for a particular category. Therefore, the maximum number of switches 

and repetitions was always one less than the total number of new names. Unique 

name endings were defined based on the name ending shared by the examples 

for a certain category, which could consist of either one or multiple letters (see 

Appendix I; name endings shared by the examples of each category are printed in 

bold).  

	

	
Figure 2.1. Example of a category segment from the Alternate Names Task. At the start of 

each category segment, participants read the category that they had to generate new 

names for and three examples of such names. After participants pressed a key to start the 

self-paced idea generation interval. Participants pressed the space bar whenever they had 

generated a new name that they wanted to type in, upon which a new window would 

appear in which the participant could enter the new name (i.e., the typing interval). After 

pressing ‘enter’ to finalize the response, the fixation cross would reappear and 

participants could continue to generate new names in the same category until the end of 

the category segment.  

 

Because we were interested in participants’ relative (in)flexibility in 

generating names, we calculated proportions for the number of rule convergent 

and rule divergent names by dividing these indices by the total number of 

generated names (reflecting participants’ relative tendency to follow the rule set 

by the examples vs. breaking the rule). Similarly, we calculated proportions for 
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the number of repetitions and switches (reflecting participants’ tendency to 

repeat the same name ending vs. to switch to another name ending), and the 

number of unique name endings that participants used (reflecting participants’ 

relative flexibility in generating names with different endings). 

Incentivizing Performance: Gains versus Losses  
We incentivized performance by providing participants with an opportunity 

to earn a bonus during the ANT. At the start of each block, we asked participants 

to memorize a randomly selected two-digit number that they had to report back 

at the end of that block. At the start of gain blocks, we told participants that they 

could earn one euro during that block by remembering the number during the 

five category segments of that particular block. At the start of loss blocks, we 

informed participants that they would lose one euro if they would not be able to 

correctly report the number at the end of the block. Memorizing a two digit 

number is relatively easy and does not detectably affect performance on a 

concurrent cognitive task (Baddeley & Hitch, 1974; De Dreu et al., 2012), so we 

reasoned that this manipulation would not influence idea generation. To make 

clear that participants’ performance on the idea generation task was the main 

focus of this study, we emphasized that participants were not to prioritize the 

memorization of the numbers over the generation of new names at the end of the 

task instructions, right before participants started generating new names: 

“Finally: try to memorize the numbers as well as possible, but at the same time 

do not let this distract you from the task in which you are required to think of 

new names. This task is crucial for the success of this research project”. All but 

two participants (who failed to memorize the number on one occasion) correctly 

reported the two-digit number after each block, indicating that participants had 

no difficulty memorizing the numbers. The average difficulty that participants 

reported at the end of each block was 3.00 on a 7-point scale (SD = 0.66), further 

suggesting that memorizing the numbers while generating new names was not 

too difficult. To make sure that participants would never lose money, each 

participant’s bonus was set to three euros at the beginning of the experiment. 

Gain and loss blocks alternated over the course of the experiment and the type of 

block presented first was counterbalanced across participants.  
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EEG Recording 
We recorded EEG at 1024 Hz using a BioSemi ActiveTwo 64 channels 

system, with electrodes placed according to the international 10-20 system. Two 

reference electrodes were placed at the earlobes. The horizontal and vertical 

electrooculogram (EOG) were measured using bipolar recordings from two 

electrodes placed approximately 1 cm lateral of the outer canthi of the eyes and 

two electrodes placed approximately 2 cm above and below the participant’s 

right eye. 

EEG Preprocessing and Data Analysis 
The raw EEG data was downsampled to 512 Hz and rereferenced to the 

average signal from the earlobe electrodes. We applied a high-pass and low-pass 

filter at 0.5 and 100 Hz, respectively. The continuous EEG data was epoched into 

intervals of -2.5 to +1.5 s surrounding the response indicating the end of the idea 

generation interval to prevent edge artifacts from contaminating the oscillatory 

activity in the idea generation interval. Bad channels were identified through 

visual inspection of the data and replaced by interpolation. Epochs containing 

artifacts were discarded. We computed an independent component analysis using 

EEGLAB software (Delorme & Makeig, 2004) and removed components 

containing eye blinks, oculomotor artifacts, and other artifacts that could be 

clearly distinguished from the brain-driven EEG signal. On average, 122.55 rule 

convergent epochs (SD = 75.84), 64.13 rule divergent epochs (SD = 33.37), 102.19 

repetition epochs (SD = 77.75), and 58.29 switching epochs (SD = 30.05) were 

available for each participant. 

Time-frequency analyses were performed in Matlab. We applied complex 

wavelet convolution with frequencies ranging from 1 to 40 Hz in 30 linearly 

spaced steps. Power was normalized using a decibel (dB) transform (10 x 

log10[power/baseline]). Because our task did not include a pre-stimulus baseline 

period, we used the average power across all trials and conditions during the 1.5 s 

interval prior to the response indicating the end of the idea generation interval as 

a baseline for each frequency and each individual. Thus, the EEG power signal 

that we used in the analyses reflects the relative power difference between 

conditions rather than the power relative to a baseline period. Subsequently, we 
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calculated a difference signal by subtracting the power for rule convergent trials 

from the power in rule divergent trials over the entire time window and used 

four t-tests to determine whether this difference signal was significantly 

different from zero in four predefined frequency bands (delta: 1–4 Hz, theta: 4–

8 Hz, alpha: 8–12 Hz; beta: 12–25 Hz). Similarly, we calculated the difference 

signal for trials associated with repetitions and switches with respect to the 

previously generated name ending and tested the significance of this difference. 

Eye Blink Rate 
We recorded eye blink rates from the vertical EOG channels during a five-

minute resting-state period in which participants passively viewed a fixation 

cross on the screen. We standardized signal amplitude at each time point and 

defined blinks as the signal amplitude exceeding the mean amplitude by 2 

standard deviations, following the previous blink by at least 390 ms (based on 

visual inspection of the data).  

Results 

Descriptive Statistics 
On average, participants generated 6.41 ideas (SD = 2.69) per category in 30 

seconds. On average, 4.41 (68.8%) of those ideas were rule convergent (SD = 2.61) 

and 2 (31.2%) of those ideas were rule divergent (SD = 1.31). On average, 

participants generated names with 1.99 different endings in each category (SD = 

0.71).  

Table 2.1 displays the correlations between the different ANT outcome 

measures (both absolute numbers and proportions). Fluency correlated with the 

total number of convergent names and repetitions, but not the total number of 

rule divergent names, switches, and unique name endings. However, fluency 

correlated negatively with the proportion of rule divergent names, switches and 

unique name endings, indicating that participants who generated many new 

names were generally less flexible in doing so. Indicators of flexible idea 

generation (i.e., rule divergent names, switches, and unique endings) were 

correlated among each other. These flexible creativity indicators were negatively 

correlated with rule convergent idea generation and the number of repetitions. 
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Table 2.1. Correlations between the different ANT creativity indicators  

 1. 2. 3. 4. 5. 6. 7. 8. 

1. Fluency         

2. Rule convergent names .90**        

3. Rule divergent names .27 -.17       

4. Repetitions .72** .85** -.26      

5. Switches .03 -.37* .90** -.42*     

6. Number of unique endings .01 -.41* .94** -.47** .96**    

7. Proportion of rule divergent names -.43* -.74** .73** -.68** .82** .85**   

8. Proportion of switches -.59** -.78** .45* -.65** .73** .65** .87**  

9. Proportion of unique endings -.79** -.92** .30 -.74** .54** .55** .84** .93** 

Note. *p < .05, **p < .01 

 

EEG Results 

Rule convergent versus rule divergent processes 

To explore the EEG activity associated with the rule divergence effect 

(breaking the implicit rule set by the examples vs. following the rule), we first 

calculated the power difference between rule divergent and rule convergent 

ideation in the four predefined frequency bands averaged across all electrodes 

(Bonferroni-corrected for multiple comparisons due to the four frequency 

bands). We focused our analyses on the idea generation interval just prior to the 

response (see Method). We were interested in the creative processes preceding a 

new name and this process is arguably less time-locked than traditional 

stimulus-locked processes in typical neuroscience tasks, so the processes may 

vary in time. Therefore, we defined the idea generation interval as the window of 

1.5 seconds prior to the response indicating that the participant had generated a 

new name and tested the average power difference in this 1.5-second time 

window.  

Figure 2.2a displays the time-frequency maps of the rule divergent and rule 

convergent conditions separately, as well as their difference, averaged across all 
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electrodes. The power difference in the idea generation window differed 

significantly from zero in the delta band only (t(30) = 3.31, p = .003; all ps > .085 

for the other three frequency bands). We then explored the topographical 

distribution of this effect and observed that it was relatively broadly distributed, 

as shown in Figure 2.2b. For display purposes, Figure 2.2c displays a thresholded 

headmap showing all electrodes with a p < .05 (in blue).  

Subsequently, we assessed whether this widespread delta band modulation 

was related to behavioral outcomes of creativity (i.e., fluency, the proportion of 

rule divergent names, the proportion of switches, and the proportion of unique 

name endings). Therefore, we correlated the average delta power difference 

averaged over all significant electrodes (the cluster shown in blue in Figure 2.2c) 

with participants’ behavioral performance. The delta power difference correlated 

positively with fluency (r = .46, p = .009), indicating that a smaller (i.e., less 

negative) difference in delta power for rule divergent vs. rule convergent ideation 

was associated with enhanced fluency. Figure 2.2d (left panel) shows the 

scatterplot of this correlation across subjects. To visualize the topographical 

distribution of this correlation, Figure 2.2d (right panel) also displays a 

thresholded headmap of all the individual electrodes in which this correlation 

was significant, masked by the electrodes in which the rule divergence effect was 

significant (all rs > .393, all ps < .029).  

Moreover, we found a marginally significant negative correlation between 

the delta power difference in the cluster of significant electrodes (shown in 

Figure 2.2c) and the proportion of the number of unique name endings that 

subjects used in this task (a measure that reflects flexible thinking; r = -.34; p = 

.059). This correlation indicates that larger (i.e., more negative) differences in 

delta power for rule divergent vs. rule convergent ideation were associated with 

greater flexibility in name generation. Figure 2.2e (left panel) shows the 

scatterplot of this correlation across subjects. To visualize the topographical 

distribution of this correlation, Figure 2.2e (right panel) also displays a 

thresholded map of all the individual electrodes in which this correlation was 

significant, masked by the electrodes in which the rule divergence effect was 

significant (all rs > -.363, all ps < .05).  

	



EEG Delta Power in Creative Idea Generation 

31 

	

 

Figure 2.2. Rule divergence effect in the delta band and correlations with creative idea 

generation. (a) Time-frequency maps of the rule divergent and rule convergent 

conditions and their difference, averaged across all electrodes. (b) Topographical 

distribution of the rule divergence effect in the delta band and (c) a thresholded headmap 

showing all electrodes with a p < .05 in blue. (d and e) Scatterplots of the association 

between the rule divergence delta band effect (averaged over all significant electrodes 

shown in 2.2c) and fluency (d) and the proportion of unique name endings (e), across all 

participants. For display purposes, thresholded headmaps of the electrode sites where the 

correlation with these behavioral indices was significant, masked by the electrodes in 

which the rule divergence effect was significant (from c), are also shown. 

 

Control analyses confirmed that these delta band results were not due to 

differences in trial number between conditions, because the rule divergence 

effect did not correlate consistently with the proportion of rule divergent names 

that people generated (r = -.16, p = .383; see Supplementary Figure S2.1, available 

online). 

Trial-to-trial repetitions vs. switches 

In addition to being rule convergent or rule divergent, the names that 

participants generated could also be classified as a repetition or a switch with 



Chapter 2 

32 

respect to the ending of the generated name in the previous trial. Whereas the 

rule divergence effect reflects the overall breaking of the implicit rule towards a 

more creative, out of the box name, the switching effect reflects rule breaking on a 

much shorter time scale, compared to the previously generated name and 

independent of the rule presented in the examples. For switches vs. repetitions, 

we observed a power difference similar to the difference between rule divergent 

vs. rule convergent thinking. Figure 2.3a displays the time-frequency maps of the 

switch and repetition conditions separately, as well as their difference, averaged 

across all electrodes. During the idea generation interval, the power in the delta 

(t(30)  = -3.05, p = .005), theta (t(30)  = -3.74, p < .001), alpha (t(30)  = -2.82, p = 

.008), and beta band (t(30)  = -3.57, p = .001) was weaker for switches compared 

to repetitions (Bonferroni-corrected for multiple comparisons). Although this 

switching effect was broad-band, only the difference in the delta band correlated 

positively with fluency (r = .50, p = .004), and negatively with the proportion of 

switches (r = -.44, p = .01) and the number of unique name endings (r = -.47, p = 

.007). This was not the case for all the other frequency bands (all rs < .211, all ps 

> .254), suggesting that it is mainly the modulation in the delta band that relates 

to creative idea generation. Figure 2.3b shows the topographical distribution of 

the switching effect in the delta band, which was widely distributed. For display 

purposes, a thresholded headmap showing all individual electrodes with a p < .05 

(in blue) is displayed in Figure 2.3c. Figure 2.3d shows the scatterplot of the 

correlation between the switching effect (averaged across the cluster of 

electrodes in which the delta difference was significant, shown in Figure 2.3c) 

and fluency. To visualize the topographical distribution of this correlation, Figure 

2.3d also displays a thresholded headmap of the individual electrodes in which 

this correlation was significant, masked by the electrodes in which the delta-

band switching effect was significant (all rs > .359 , all ps < .05). The scatterplots 

of the correlation between the switching effect and the proportion of switches is 

shown in Figure 2.3e, together with a thresholded map of the individual 

electrodes in which this correlation was significant (all rs > -.367 , all ps < .05), 

masked by the electrodes in which the switching effect was significant.  

Although the switching effect correlated with the proportion of switches, it 

is unlikely that this effect was driven by an insufficient number of switching 
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epochs compared to repetition epochs. In that case, this correlation would have 

been positive rather than negative (i.e., a smaller proportion of switches would 

be associated with a smaller delta effect). 

	

	

 

Figure 2.3. Switching effect in the delta band and correlations with creative idea 

generation. (a) Time-frequency maps of the switching and repetition conditions, as well 

as their difference, averaged across all electrodes. (b) Topographical distribution of the 

switching effect in the delta band and (c) a thresholded headmap showing all individual 

electrodes with a p < .05 in blue. (d and e) Scatterplots of the association between the 

switching effect averaged over all significant electrodes (shown in 2.3c) and fluency (d) 

and the proportion of switches (e), across all participants. For display purposes, 

thresholded headmaps of the electrode sites where the correlation with these behavioral 

indices was significant, masked by the electrodes in which the rule divergence effect was 

significant (from c), are also shown. 

Effects of Motivation Manipulation 
We manipulated participants’ motivation towards attaining a positive 

outcome vs. preventing a negative outcome across blocks of the ANT. 

Participants did not generate significantly more names while trying to attain a 

positive outcome (M = 86.23) or when trying to prevent to a negative outcome (M 
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= 84.13; t(30) = 1.41, p = .168). Also, this manipulation did not affect the 

proportion of divergent names that participants generated (t(30) = -1.71, p = 

.099; Mgain = .38, Mloss = .41). However, contrary to our expectations, the 

proportion of switches relative to repetitions was higher when participants were 

trying to prevent a negative outcome (Mloss = .45) than when they were trying to 

attain a positive outcome (Mgain = .38; t(30) = -3.66, p = .001). Motivation ratings 

did not differ between gain and loss blocks (t(30) = -0.06, p = .953), and 

motivation ratings in general did not correlate with any of the creativity 

indicators (all rs < .18, all ps > .343). Also, this manipulation of motivation did 

not influence the EEG patterns in our study. 

Eye Blink Rate 
On average, participants blinked 15.3 times per minute (range: 4.6 – 30.2 

times). Spontaneous eye blink rate was not correlated with any of the behavioral 

outcomes of the creativity task (all rs < .165, ps > .352). 

Discussion 
In this study, we explored the neural dynamics of rule convergent and rule 

divergent processes in creativity by comparing EEG power across different 

frequency bands while participants generated new names under mild cognitive 

load. We measured these dynamics using a newly developed event-related 

paradigm that allowed us to measure rule convergent and rule divergent ideation 

simultaneously, while keeping context and instructions constant. Moreover, our 

paradigm allowed us to assess relatively rapid, spontaneous switching between 

rule divergent and rule convergent thinking modes on a trial-to-trial basis. We 

found that power differences in the delta band in a widespread network 

differentiated rule divergent vs. rule convergent thinking, as well as switching vs. 

repeating a name ending from one idea generation interval to another, just 

before subjects indicated their creative outcome. These oscillatory dynamics were 

clearly related to behavioral indices of creativity. In both cases, the delta-band 

power difference was smaller for people who generated more new names during 

the task (a measure of overall fluency). In addition, the rule divergence and 

switching effects in the delta band were larger for those subjects who generated 
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new names with more unique name endings and who switched between name 

endings more often.  

Oscillations have been hypothesized to support the integration of large-

scale networks (Buzsáki & Draughn, 2004; Fries, 2005; Hipp, Engel, & Siegel, 

2011) and the control of top-down information flow (Engel, Fries, & Singer, 

2001). For example, alpha-band activity may selectively route the flow of 

information according to task goals by selectively inhibiting brain areas 

representing task-irrelevant or distracting information (Haegens, Handel, & 

Jensen, 2011; Jensen & Mazaheri, 2010). This may be the physiological 

mechanism by which task-relevant areas become functionally coupled and 

decoupled according to task demands (Chadick & Gazzaley, 2011; Egner & Hirsch, 

2005). Less is known about the role of delta-band activity in coordinating large-

scale networks (Nácher, Ledberg, Deco, & Romo, 2013) and how delta activity 

may relate to creative idea generation is unclear. This notwithstanding, the 

present findings do not stand in isolation. For example, Bhattacharya and 

Petsche (2005) found stronger delta synchronization in artists compared to non-

artists during mental composition of drawings. In another study, participants 

who were able to generate many unique figural patterns showed weaker delta 

activity compared to participants who generated fewer unique patterns (Foster, 

Williamson, & Harrison, 2005). 

Using an event-related design, the present study did not replicate the 

findings from a number of previous EEG studies that observed divergent vs. 

convergent thinking to be associated with differences in alpha-band activity 

(Fink & Benedek, 2014; Jauk et al., 2012; Krug et al., 2003). For example, Jauk and 

colleagues (2012) found that divergent thinking, measured as the generation of 

uncommon responses during the Alternate Uses Task, was associated with 

stronger alpha-band activity than convergent thinking, measured as the 

generation of common ideas during the same task. Potentially, the alpha-band 

effects found in previous studies may reflect differences in the demands that the 

different tasks place on cognitive resources, rather than the fast-acting 

processes underlying the creative processes studied here (Fink & Benedek, 2014; 

Klimesch et al., 2007). Findings by Benedek and colleagues (2011) suggest that 

alpha power during creativity tasks may indeed reflect the level of internal 
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processing required for task performance, but does not distinguish divergent 

from convergent thinking. In their study, an increase in alpha power was 

observed for both divergent and convergent thinking when the demands placed 

on cognitive resources were high, but not when these demands were low. In our 

study, we tried to keep external processing demands during rule divergent and 

rule convergent ideation constant by measuring both in the same event-related 

design rather than across different tasks or blocks of trials. Also, task-related 

effects found in block designs may be confounded by other relatively unspecific 

factors that differ across blocks, such as motivation and attentional processes. 

This may explain why we did not replicate the findings of previous studies.  

Alternatively, differences between previous and present findings may result 

from the different approach to convergent and divergent thinking that we took in 

the present study. While previous studies have defined convergent thinking as a 

series of cognitive operations that converges on the correct or best possible 

answer (Krug et al., 2003) or have equated convergent thinking with 

intelligence-related, as opposed to creativity-related, divergent processes 

(Benedek et al., 2011), we focused on a more narrow subset of convergent and 

divergent processes, involving the convergence on, or divergence from, implicit 

rules during creative idea generation. Therefore, the findings of the present 

study are hard to directly compare to those of previous studies. Although alpha 

oscillations may well play a role in the broader constructs of convergent and 

divergent thinking, as suggested by a number of studies (see Fink & Benedek, 

2014, for a review), our results indicate that they may not underlie relatively fast, 

spontaneous alternations between rule divergent and rule convergent ideation on 

a trial-to-trial basis. Also, the fact that we manipulated motivation during the 

ideation task in the present study may explain why we did not observe 

differences in alpha power between rule divergent and rule convergent thinking. 

Because being creative did not improve the chances of winning or preventing a 

loss of the bonus, it is possible that (some) participants prioritized memorization 

of the numbers over the generation of new names, although the proportions of 

convergent vs. divergent names, and repetitions vs. switches that participants 

generated were highly consistent with those observed in previous studies by our 

group (Boot, Baas, Van Gaal, Cools, & De Dreu, 2017b; De Dreu et al., 2014). 
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Finally, previous studies have shown that the generation of more original ideas 

during a divergent thinking task was associated with more alpha-band activity 

compared to the generation of less original ideas (Fink & Neubauer, 2006; 

Grabner, Fink, & Neubauer, 2007). The task that we used in the present study 

does not allow for an assessment of the originality of ideas, because the names 

that participants generated during this task were too variable to classify some 

new names as more uncommon than others. It would be interesting to assess the 

oscillatory dynamics that underlie the originality of both rule convergent and 

rule divergent idea generation and whether or not these involve alpha-band 

activity in future studies. 

Creativity results from the interplay between a range of different cognitive 

processes and likely involves a large-scale neural network. Functional magnetic 

resonance imaging (fMRI) studies have associated creativity with a large number 

of brain areas, particularly areas in the prefrontal and parietal cortex (Dietrich & 

Kanso, 2010; Gonen-Yaacovi et al., 2013). Flexible, associative processes that 

characterize divergent thinking benefit from a relatively relaxed cognitive 

control state (Hommel, 2012) and enhanced processing of task-irrelevant 

information (Carson et al., 2003). Further, divergent thinking seems to be 

modulated by the (striatal) dopaminergic system (e.g., Boot et al., 2017b; 

Chermahini & Hommel, 2010, 2012; Zhang et al., 2014a) and is associated with 

increased structural connectivity between frontal and posterior brain areas 

(Takeuchi et al., 2010b). Convergent thinking involves more top-down controlled 

processing (Hommel, 2012), strongly depends on working memory capacity (De 

Dreu et al., 2012), and can be enhanced by stimulation of the dorsolateral 

prefrontal cortex (Cerruti & Schlaug, 2009). Thus, it seems clear that creativity 

results from dynamic interactions between a large number of brain areas 

(Dietrich, 2004). 

Oscillations in the delta band may relate to these functional interactions 

between areas in the large-scale neural network involved in creative processes, 

although evidence is rather indirect. Decreases in delta-band activity over 

fronto-central areas have been associated with increased activity in the default 

mode network (Jann, Kottlow, Dierks, Boesch, & Koenig, 2010). The default mode 

network is implicated in mind wandering (Buckner, Andrews-Hanna, & Schacter, 
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2008; Christoff, Gordon, Smallwood, Smith, & Schooler, 2009), which has been 

shown to benefit the generation of original ideas in divergent thinking tasks 

(Baird et al., 2012). Further, recent studies have associated gray matter volume in 

areas of the default mode network, such as the ventromedial prefrontal cortex 

and the precuneus (Jauk, Neubauer, Dunst, Fink, & Benedek, 2015; Kühn et al., 

2014) and functional connectivity between these areas (Takeuchi et al., 2012) 

with enhanced divergent thinking. In line with the idea that convergent thinking 

requires relatively strong top-down cognitive control (Hommel, 2012), delta 

activity seems to be associated with inhibition of potentially interfering 

processes during cognitive tasks (Harmony, 2013; Prada, Barceló, Herrmann, & 

Escera, 2014). Divergent thinking, on the other hand, benefits from attentional 

flexibility (Zabelina et al., 2016b) and enhanced processing of task-irrelevant 

information (Carson et al., 2003). Therefore, although speculative, differences in 

delta-band oscillations between rule convergent and rule divergent ideation may 

reflect differences in the relative flexibility and inhibition of task-unrelated 

processes that these two processes require.  

In addition to the rule divergence effect in the delta band, we found that 

switching from generating a name with a certain ending to another ending 

involves broadband EEG activity, as reflected in decreased delta, theta, alpha, 

and beta power. To our knowledge, no other creativity study has investigated the 

electrophysiological correlates of spontaneous switching between thinking 

modes on a trial-to-trial basis. Switching between tasks or response rules 

requires people to retrieve goal representations into working memory, to inhibit 

dominant responses, and to shift attention to an alternative response set 

(Monsell, 2003). In the task-switching literature, such switch-related processes 

have been associated with activity in various frequency bands. Previous studies 

have reported power changes in delta (Prada et al., 2014), theta (Cunillera et al., 

2012; Gladwin & De Jong, 2005), alpha (Cunillera et al., 2012; Gladwin & De Jong, 

2005; Mansfield, Karayanidis, & Cohen, 2012; Verstraeten & Cluydts, 2002), and 

beta activity (Cunillera et al., 2012). For example, Cunillera and colleagues (2012) 

found that switching between response rules according to auditory cues during a 

version of the Wisconsin Card Sorting Task was associated with increases in 

theta power over frontal areas following switch cues, while power in the alpha 
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and beta bands decreased. However, most of these studies investigated task-

switching in response to explicit instructions (e.g., Gladwin & De Jong, 2005) or 

external switch cues (e.g., Cunillera et al., 2012), whereas the switches in our 

study occurred spontaneously. As cued and voluntary task switches involve 

distinct preparatory processes and neural networks (Forstmann, Brass, Koch, & 

von Cramon, 2006; Kang, Diraddo, Logan, & Woodman, 2014), it is unclear to 

what extent these findings are directly comparable. In our study, only differences 

in delta-band activity correlated with indices of creative idea generation, 

suggesting that activity in this frequency band was particularly relevant for idea 

generation processes.  

It is important to note that the delta-band effects associated with the rule 

divergence and switching contrasts seemed very similar in our study. Although 

rule divergence and switching between different lines of thought are 

theoretically independent processes, in practice, the two were strongly 

correlated. Rule divergent names were more often switches away from the 

previous name ending than repetitions of the previous name ending, whereas 

rule convergent names were more often repetitions than switches. Therefore, it 

is difficult to dissociate the rule divergence from the switching effect in the 

present design. By manipulating switching to and away from more rule divergent 

or rule convergent thinking modes during idea generation in future studies, it 

would be possible to assess whether activity in the delta band characterizes the 

rule breaking during idea generation, switching between different lines of 

thought, or both. 

Contrary to findings in previous studies (Roskes et al., 2012), we found that 

participants were not more flexible in idea generation when focusing on possible 

gains compared to possible losses. Although the manipulation of motivation 

across blocks did not affect fluency or the proportion of divergent names that 

participants generated, participants switched to different name endings 

relatively more often during loss blocks compared to gain blocks of the ANT. 

Although speculative, the fact that participants were facing a potential loss 

during loss blocks may have made them pay less attention to the examples that 

were presented prior to each name generation interval, resulting in more 

switching between different name endings. Again, participants may have 
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prioritized memorization of the numbers over the generation of new names, 

because being creative did not improve the chances of winning or preventing a 

loss of the bonus in our study. This may explain why we did not replicate 

previous findings. In addition, we did not replicate previous findings showing 

that spontaneous eye blink rate was associated with more flexible divergent 

thinking, but with reduced convergent thinking (Chermahini & Hommel, 2010, 

2012). In our study, eye blink rate was not related to any of the behavioral indices 

of creativity, suggesting that the more specific rule convergent and rule 

divergent processes that we focused on here are not differentially modulated by 

dopamine.  

In the present study, we have taken a rather exploratory approach. We used 

a novel task that targets more specific aspects of divergent and convergent 

thinking compared to previously used tasks, which may circumvent some 

methodological issues of block designs. Therefore, we did not have a priori 

hypotheses about the specific frequency band, the timing, or localization of 

possible effects. Overall, the delta-band difference between rule divergent and 

rule convergent ideation, and similarly between switches and repetition of name 

endings, seemed widespread, but the correlations with behavioral indices of 

creative ideation were limited to clusters of mainly frontal and parietal 

electrodes. It is tempting to conclude that these delta-band modulations have 

their neural origin in a large fronto-parietal network, as previous fMRI studies 

have also shown that frontal and parietal regions play a role in creative processes 

(Dietrich & Kanso, 2010; Gonen-Yaacovi et al., 2013). However, as the spatial 

resolution to determine the neural origin of oscillatory activity is quite poor in 

EEG studies, future fMRI studies may provide more precise information on the 

neural origin of the mechanisms that dissociate rule divergent from rule 

convergent thinking in this task.  

Although it is difficult to interpret the reported rule divergence and 

switching effects in terms of specific underlying neural mechanisms, the present 

study contributes to advancing our understanding of the neural underpinnings of 

creativity also by resolving the methodological challenges that neuroscientific 

creativity research faces. By increasing the comparability between different 

creative processes (rule divergent vs. rule convergent ideation) in a new 
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paradigm, we showed that relatively flexible, divergent processes in creative idea 

generation are associated with decreases in delta-band activity compared to 

more systematic, convergent processes. To further explore the neural 

mechanisms underlying different aspects of creativity, including flexibility and 

originality, we believe that future studies should focus on developing similar 

event-related paradigms in which creative sub-processes can be tracked on a 

trial-to-trial basis and can therefore be directly linked to (different) neural 

recordings and creative output. 
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CHAPTER 3	

Creative Cognition and Dopaminergic Modulation of Fronto-Striatal 

Networks: Integrative Review and Research Agenda 
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Abstract 
Creative cognition is key to human functioning, yet the underlying 

neurobiological mechanisms are sparsely addressed and poorly understood. Here 

we address the possibility that creative cognition is a function of dopaminergic 

modulation in fronto-striatal brain circuitries. It is proposed that (i) creative 

cognition benefits from both flexible and persistent processing, (ii) striatal 

dopamine and the integrity of the nigrostriatal dopaminergic pathway is 

associated with flexible processing, while (iii) prefrontal dopamine and the 

integrity of the mesocortical dopaminergic pathway is associated with persistent 

processing. We examine this possibility in light of studies linking creative 

ideation, divergent thinking, and creative problem-solving to polymorphisms in 

dopamine receptor genes, indirect markers and manipulations of the 

dopaminergic system, and clinical populations with dysregulated dopaminergic 

activity. Combined, studies suggest a functional differentiation between striatal 

and prefrontal dopamine: moderate (but not low or high) levels of striatal 

dopamine benefit creative cognition by facilitating flexible processes, and 

moderate (but not low or high) levels of prefrontal dopamine enable persistence-

driven creativity. 
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Compared to other species, humans have unsurpassed ability to explore, to 

seek and create novelty, and to enjoy it. Such ability to create and innovate 

allows humans to flexibly adapt to, and prosper in, rapidly changing 

environments, to increase social standing and reputation, to perform complex 

tasks, and to make high quality decisions (Hennessey & Amabile, 2010; Miller, 

2000; Nijstad et al., 2010; Runco, 2004; Sternberg, 1999). Although creativity is 

often seen as rather elusive (Plucker & Renzulli, 1999; Runco, 2004), 

psychological science converges on an operational definition of creativity as the 

production of outcomes (e.g., ideas, products, services) that are original, yet 

potentially useful (Runco & Jaeger, 2012). Creative performance is influenced by a 

range of cognitive process(es) such as accessing remote associations and 

divergent thinking, exogenous factors such as extrinsic rewards and time 

pressure, and characteristics of the creative person such as approach orientation 

(in which motivation and behavior are regulated by, and directed towards, 

desired and appetitive stimuli), openness to experience, intelligence, and 

vulnerability to psychopathology (Amabile, 1996; Baas, De Dreu, & Nijstad, 2008; 

Baas et al., 2016; Runco, 2004; Sternberg, 1999).  

In the creativity literature, a distinction is made between ‘little c’ and ‘big 

C’ creativity (Gardner, 1993). Whereas ‘big C’ creativity refers to eminent 

creative achievements of brilliant scientists such as Marie Curie and Albert 

Einstein, of great inventors such as Thomas Edison, or of famous artists such as 

Emily Dickinson, Pablo Picasso, or The Beatles, ‘little c’ creativity refers to 

relatively mundane contributions and everyday creativity, expressed in people’s 

novel use of language, their ability to create and apply new mental categories to 

organize experiences, and their ability to mentally manipulate objects (Kaufman 

& Beghetto, 2009; Ward, Smith, & Finke, 1999). Here we focus on ‘little c’ 

creativity, for two reasons. First, it is important in day-to-day life: it helps us 

adapt to changing circumstances, to solve everyday problems, and to create new 

opportunities (Richards, 2007). Second, the cognitive processes that support 

‘little c’ creativity may also operate in cases of ‘big C’ creativity (Guilford, 1950; 

Ward et al., 1999), and the study of ‘little c’ creativity may therefore contribute 

to a better understanding of creative genius (Nijstad et al., 2010).1 
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Underlying the cognitive processes accounting for ‘little c’ creativity are 

neural circuitries that may be temporarily or more chronically (de-)activated. 

Uncovering such neural circuitries may thus offer a unifying framework for 

understanding how person and situation characteristics influence creativity. 

Recent advances in neurobiology and (cognitive) neuroscience converge on 

several candidate regions and networks in the human brain that seem to be 

involved in creative cognition, including prefrontal, parietal, and temporal 

circuitries, and the striatum (e.g., Abraham, Beudt, Ott, & von Cramon, 2012; 

Beaty, Benedek, Silvia, & Schacter, 2016; Mayseless, Aharon-Peretz, & Shamay-

Tsoory, 2014). For instance, creativity is associated with the activation of 

prefrontal circuitries that are involved in the controlled manipulation of 

information and executive functioning (Abraham et al., 2012; Barr, Pennycook, 

Stolz, & Fugelsang, 2014; Benedek et al., 2013; De Dreu et al., 2012; Dietrich & 

Kanso, 2010; Gonen-Yaacovi et al., 2013; Mayseless & Shamay-Tsoory, 2015; 

Metuki, Sela, & Lavidor, 2012). Creativity also seems to be related to the 

striatum, which is part of a sub-cortical network involved in reward processing, 

habitual behavior, and flexible updating of goal representations and switching 

between task strategies (Abraham et al., 2012; Cools & D’Esposito, 2011; Ikemoto, 

2007; Mayseless et al., 2013; Zabelina, Colzato, Beeman, & Hommel, 2016a). 

Interestingly, the striatum and prefrontal cortex are strongly interconnected and 

conditioned by the neurotransmitter dopamine (Alexander, DeLong, & Strick, 

1986). Moreover, growing evidence from neurobiology shows that dopaminergic 

modulation of such fronto-striatal circuitries regulates the balance between 

flexibility and persistence (Cools et al., 2007), two key cognitive processes that 

support creativity (Nijstad et al., 2010). 

The purpose of this review is two-fold. First, we review evidence for a 

functional differentiation between striatal and prefrontal dopamine: moderate 

(but not low or high) levels of striatal dopamine benefit creative performance by 

facilitating flexible processes, and moderate (but not low or high) levels of 

prefrontal dopamine enable persistence-driven creative outputs. Second, we aim 

to integrate and connect this possibility with research using standardized tests to 

measure creative cognition and performance conducted in social, personality, 

and clinical psychology. In combination, these two aims integrate recent insights 
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into the neural underpinnings of creative cognition and performance, and 

provide a research agenda for further understanding the neurocognitive 

underpinnings of creativity.  

We proceed as follows. The following section reviews contemporary 

scientific approaches to (measure) human creative cognition, suggesting that 

creative outputs derive from two distinct yet interrelated cognitive processes—

flexibility (allowing people to consider different task approaches and 

unconventional perspectives) and persistence (enabling people to work on 

creative problems attentively and thoroughly over longer periods of time). 

Subsequently, we summarize neurobiological work on dopaminergic modulation 

of fronto-striatal circuitries in relation to flexibility and persistent processing 

and a model of dopaminergic modulation of creativity via fronto-striatal brain 

circuitries is proposed. Then, we review the evidence for our model and integrate 

currently scattered and oftentimes indirect research evidence on the relationship 

between striatal and prefrontal dopamine activity, and flexibility and persistence 

in creativity. In the final section of this paper, we examine knowledge gaps, 

avenues for future research, and possibilities for creative enhancement. Here, we 

also address possible other neural networks and circuitries that assist creativity 

in addition to the fronto-striatal circuitries addressed here. 

Demystifying Creativity 
To study creative cognition and its underlying processes, scientists have 

developed and used a range of tasks and measures, some of the more frequently 

used ones are shown in Table 3.1. Many of these tasks directly measure creative 

outputs – ideas or insights that are novel yet fitting and potentially useful – but 

also provide good insight into the underlying cognitive processes. Consider the 

widely used Alternate Uses Task, in which individuals write down as many 

unusual ways to use a common object, such as a brick or a tin can (Guilford, 

1967). Ideas are scored in terms of originality (the extent to which the ideas are 

unusual and novel), and in terms of underlying cognitive processes as reflected 

in for example fluency (the number of generated ideas) and flexibility (the number 

of different conceptual categories that the ideas belong to). There is good 
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evidence that both fluency and flexible processing benefit originality (Nijstad et 

al., 2010). 

In addition to such open-ended idea generation tasks, creativity has been 

examined using insight tasks. Insight tasks typically require unexpected and 

unusual approaches or mental restructuring of information about a presented 

problem (both flexible and divergent processing), as well as the ability to engage 

in constrained and confirmatory search processes to identify the correct solution 

(Bowden, Jung-Beeman, Fleck, & Kounios, 2005; Cropley, 2006). Consider the 

frequently used Remote Associates Test, in which participants receive series of 

three words that are only remotely related to each other (e.g., falling, actor, dust) 

and are instructed to generate a word that relates to all of these three words (i.e., 

star) (Mednick, 1962). To find the correct solution, people rely on divergent 

thinking to sample potentially correspondent attributes and relations associated 

with the three provided words, but test a possible solution through convergent 

processing (Chermahini & Hommel, 2010; De Dreu et al., 2014; Folley & Park, 

2005).  

Two Pathways to Creativity 
The processes listed in Table 3.1 may suggest that it is divergent, remote, 

and flexible thinking that promotes original ideation and creative problem 

solving. However, such intuition is best characterized as a half-truth according 

to the Dual Pathway to Creativity Model (De Dreu et al., 2008; Nijstad et al., 

2010). The model expands on earlier work into  

creative cognition and problem-solving (e.g., Amabile, 1996; Ashby, Isen, & 

Turken, 1999; Mednick, 1962; Simonton, 2003; Ward et al., 1999) and 

conjectures that creative outputs result from two distinct cognitive processes—

flexibility versus persistence. The flexibility pathway includes a broad attentional 

scope (a tendency to perceive holistic and global rather than detailed structures), 

facilitated access to semantic concepts with lower a priori accessibility, divergent 

thinking, and flexible switching between perspectives (Mayseless et al., 2013; 

Runco et al., 2011; Silvia et al., 2008).	 As such, the flexibility pathway 

incorporates a range of (lower-level) cognitive processes and skills such as 

switching between cognitive sets or response rules (Alexander, Hillier, Smith, 

Tivarus, & Beversdorf, 2007) and the inhibition of a dominant response in favor 
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of a more appropriate response (Dreisbach & Goschke, 2004; also see Ashby et 

al., 1999; Nijstad et al., 2010).2 Alone and in combination, these facets of 

flexibility typically associate with creative insight performance and original 

ideation (Carson et al., 2003; Chermahini & Hommel, 2012; Cretenet & Dru, 2009; 

De Dreu et al., 2011; Gilhooly, Fioratou, Anthony, & Wynn, 2007; Zabelina & 

Robinson, 2010). 

In addition to the flexibility pathway, research uncovered a persistence 

pathway to creative cognition and performance. The persistence pathway 

includes more convergent, focused and systematic thinking, and prolonged and 

incremental search processes. The basic insight is that although incremental 

search and systematic processes may initially lead to obvious and readily 

available ideas, they will result in novel ideas and solutions after more readily 

available ideas have been considered and discarded (Lucas & Nordgren, 2015; 

Ward et al., 1999). Relative to flexible processing, persistent processing requires 

more mental effort and cognitive resources (Baas et al., 2013; Chermahini & 

Hommel, 2010; De Dreu et al., 2012; Roskes et al., 2012). Indeed, more effortful 

and systematic creative thinking associates with activation in prefrontal 

circuitries (Benedek et al., 2013; Dietrich & Kanso, 2010; Gonen-Yaacovi et al., 

2013), and with working memory capacity (Barr et al., 2014; Benedek et al., 2013; 

De Dreu et al., 2012; Lucas & Nordgren, 2015). Accordingly, stimulating (areas 

within) the PFC increases creative insight performance and enhances original 

ideation (Cerruti & Schlaug, 2009; Mayseless & Shamay-Tsoory, 2015; Metuki et 

al., 2012).  

Flexibility and Persistence: Dopamine and Fronto-Striatal Networks 
Although flexible and persistent processing may independently lead to creative 

outputs, creativity most likely benefits from an interplay between flexibility and 

persistence in various stages of the creative process (Cropley, 2006; Nijstad et 

al., 2010; Zabelina & Robinson, 2010). For example, an individual may first 

engage in divergent thinking to identify many possible candidate solutions for a 

problem, and then examine a limited number of fruitful possibilities more fully 

through convergent analysis (Runco, 2004; Ward et al., 1999).  



 

 

 

 

Table 3.1. Creativity self-report and standardized performance measures. 

Sample measure Sample item/description 

Creative personality 

GPS1 Participants mark characteristics indicative of creative (e.g., original) and non-creative personality (e.g., 

modest). 

Self-rated creativity 

CAQ2 Participants mark recognized and concrete creative achievements in ten domains (e.g., visual arts, 

sciences, music). Scores for each domain are summed together to yield a creative achievement score. 

CDQ-R3 Respondents indicate their perceived level of creativity in different domains (e.g., How creative would 

you rate yourself in dancing?).  

Creative products 

AUT4 Participants generate as many possible uses for an object (e.g., brick, tin can). Ideas coded for originality. 

Brainstorm task5 Participants generate as many possible ideas about a given topic (e.g., improve the environment). Ideas 

are coded for originality. 

Drawing test6 Participants draw as many possible figures using provided shapes (e.g., triangles). Drawings are rated for 

originality by coders. 

Pasta task7 Participants generate as many possible new names for types of pasta given five examples with the same 

end letter. New names scored as divergent or convergent based on (different versus same) end letter. 

Alien drawing task8 Participants draw an alien. Creativity determined by extent to which alien diverges from mammals (e.g., 

asymmetric body). 

Collage building task9 Participants make a collage with provided material. Creativity of product rated by experts. 



 

 

Poem10 Participants write a poem according to specified rules. Creativity of product rated by experts. 

RAT11 Participants generate a word that connects three stimulus words (e.g., black, bean, break; answer: 

coffee). Correct solution: yes/no. 

Candle task12 Participants have to support a candle on the wall using a candle, matches, and a box of tacks. Correct 

solution: yes/no. 

Nine-dot problem13 Participants connect nine dots in a square array by drawing four straight lines. Correct solution: yes/no. 

Creative processes 

AUT4, Brainstorm task5 Flexibility: number of different conceptual categories that ideas fall into. Persistence: number of ideas 

within one category, time on task, level of semantic clustering during idea generation. 

Pasta task7 Flexibility: number of divergent pasta names and switches between names with different end letters. 

Persistence: number of convergent pasta names and repetitions of names with the same end letter. 

Category inclusion task14 Flexibility: tendency to rate non-typical exemplars of a category (e.g., camel) as members of that 

category (e.g., vehicle). 

RAT11, Candle task12, 

Nine-dot problem13 

Creative insight, requires both convergent and divergent thinking processes. 

References: 1 Gough Personality Scale; Gough, 1979, 2 Creative Achievement Questionnaire; Carson et al., 2005, 3 Creativity Domain Questionnaire-Revised; 

Kaufman et al., 2010, 4 Alternate Uses Task, Guilford, 1967, 5 Nijstad et al., 2010, 6 Akinola & Mendes, 2008, 7 De Dreu et al., 2014, 8 Rietzschel et al., 2007, 
9,10 Amabile, 1996, 11 Remote Associates Test; Mednick, 1962, 12 Duncker, 1945, 13 MacGregor et al., 2001, 14 Isen et al., 1987 
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Processing Modes and the Fronto-Striatal Network 

This calibrated switching between processing modes requires some higher-

level cognitive control (Dreisbach & Goschke, 2004; Zabelina & Robinson, 2010) 

and indeed, optimal creative performance benefits from moderate rather than 

extreme levels of either flexibility or persistence. Whereas extreme flexibility 

without any focus results in distractibility and “weird” rather than creative 

ideas, excessive persistence without any flexibility produces rigid thinking and 

“boring” rather than creative ideas (Dreisbach & Goschke, 2004; Durstewitz & 

Seamans, 2008; Nijstad et al., 2010). Thus, optimal creative performance requires 

both flexibility and persistence, and sub-optimal creativity emerges when 

flexibility is overexcited at the expense of persistence or, alternatively, 

persistence is overexcited at the expense of flexibility.  

Growing evidence links creative cognition and performance, along with the 

regulation of the balance between flexibility and persistence, to activation in the 

fronto-striatal circuitry. This circuitry is comprised of several distinct but 

interconnected brain areas, two of which are particularly relevant to creativity: 

the striatum and the PFC. The subcortical striatum, the primary input structure 

of the basal ganglia, is involved in diverse functions, such as reward processing 

and habit learning, as well as flexibility-supporting processes including the 

updating of goal representations and the shifting of task strategies (Ikemoto, 

2007; Kehagia, Murray, & Robbins, 2010). The PFC is generally known for 

processes associated with executive control of behavior, such as the maintenance 

of goal and task representations in working memory, planning, attentional 

control, and the suppression of distractors (Kane & Engle, 2002; Miller & Cohen, 

2001). It is involved in persistence, controlled manipulation of information and 

executive functioning (Barr et al., 2014; Dietrich & Kanso, 2010; Gonen-Yaacovi 

et al., 2013; Metuki et al., 2012). 

If creative performance requires and relies on a proper balance between 

flexibility and persistence, and flexibility and persistence are associated with 

striatal and prefrontal activation, it follows that creative cognition and 

performance requires a balance within the fronto-striatal network, rather than 

excessive activation within either the striatum or the PFC. Indeed, outside of the 
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domain of creative cognition, growing evidence reveals that the PFC and striatum 

are strongly interconnected (Alexander et al., 1986), and that the balance 

between persistent maintenance of goal and task representations in working 

memory, and the flexible updating of goal representations and shifting of task 

strategies, is conditioned  

by interactions between these brain areas (Cools et al., 2007; Frank et al., 2001; 

McNab & Klingberg, 2008). Furthermore, recent work indicates that divergent 

thinking is associated with increased gray matter density in several fronto-

striatal areas, including the caudate nucleus of the striatum (Jauk et al., 2015; 

Takeuchi et al., 2010a), and stronger connectivity between the striatum and 

frontal areas (Erhard, Kessler, Neumann, Ortheil, & Lotze, 2014; Takeuchi et al., 

2010b).  

Dopaminergic Pathways in the Fronto-Striatal Network 
Critical in this interplay between the striatum and the PFC is the 

neurotransmitter dopamine (Frank et al., 2001; Goldman-Rakic, 1992; 

Kellendonk et al., 2006; Krugel, Biele, Mohr, Li, & Heekeren, 2009; Meyer-

Lindenberg et al., 2005; Wallace, Vytlacil, Nomura, Gibbs, & D’Esposito, 2011). 

Synthesized in the subcortical ventral tegmental area (VTA) and substantia nigra, 

dopamine is projected onto a number of brain areas, including the striatum and 

PFC, via various dopaminergic pathways (Alexander et al., 1986). Together, as 

schematically illustrated in Figure 3.1, these pathways form a complex network 

that regulates itself through reciprocal connections between brain areas and 

inhibitory autoreceptors.  

Within this dopaminergic network, dopamine is projected onto striatal and 

PFC regions via the nigrostriatal and the mesocortical pathway (e.g., Durstewitz 

& Seamans, 2008; Frank et al., 2001).3 The nigrostriatal pathway regulates 

dopamine levels first and foremost in the dorsal striatum in the basal ganglia 

(Alexander et al., 1986). There it facilitates attentional shifts and updating when 

new information in the environment becomes available (Frank et al., 2001; 

Kehagia et al., 2010; Leber, Turk-Browne, & Chun, 2008; Meyer-Lindenberg et 

al., 2005). The mesocortical pathway, in contrast, originates in the VTA and 

innervates prefrontal areas where it supports working memory processes and 

sustained attention (Goldman-Rakic, 1992). Accordingly, dopamine levels in the 
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PFC facilitate cognitive control and reduce distractibility (Durstewitz & Seamans, 

2008; Vijayraghavan, Wang, Birnbaum, Williams, & Arnsten, 2007).  

Much as increased flexibility seems to pair to reduced persistence and vice versa 

(Nijstad et al., 2010), increasing levels of dopamine in the striatum seem to 

associate with decreases in dopamine levels in the PFC, and vice versa (Akil et al., 

2003; Meyer-Lindenberg et al., 2005). Put differently, within the fronto-striatal 

network, there appears to be a flexibility-persistence tradeoff that is modulated 

by striatal dopamine relative to prefrontal dopamine (Cools & D’Esposito, 2011; 

Cools et al., 2007; Dodds et al., 2008; Frank, 2005; Wallace et al., 2011). Evidence 

for this comes from studies that examined the effects of specific dopamine-

enhancing drugs. Some drugs stimulate D1-type receptors, the most abundant 

receptor type in the PFC (Lidow, Goldman-Rakic, Gallager, & Rakic, 1991), 

whereas other drugs stimulate D2-type receptors, which is most prevalent in the 

sub-cortical areas and the striatum (Camps, Cortés, Gueye, Probst, & Palacios, 

1989). Whereas administering D1-stimulating drugs enhances working memory 

capacity and cognitive control (Durstewitz & Seamans, 2008; Vijayraghavan et 

al., 2007), D2-stimulating drugs promote cognitive flexibility (Dodds et al., 

2009; Mehta, Manes, Magnolfi, Sahakian, & Robbins, 2004). Moreover, whereas 

overstimulating D1 receptors results in rigid, perseverative thinking—new 

information is blocked and screened out and mental representations are no 

longer updated  (Durstewitz & Seamans, 2008; Vijayraghavan et al., 2007), 

overstimulating D2 receptors associates with exceeding levels of distractibility 

(Durstewitz & Seamans, 2008; Kellendonk et al., 2006). 

This dopamine-conditioned flexibility-persistence tradeoff within the fronto-

striatal network has three important implications for our understanding of 

creative performance. The first implication is that when striatal dopamine 

exceeds prefrontal dopamine, the fronto-striatal network biases towards 

flexibility (Cools et al., 2007; Dodds et al., 2008), and creative performance may 

be the outcome of flexible rather than persistent processing. When, in contrast, 

prefrontal dopamine exceeds striatal dopamine, the fronto-striatal network 

biases towards persistence, and creative performance may be the outcome of  
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Figure 3.1. (a) Main dopaminergic pathways in the brain. (b) Proposed model of 

dopaminergic modulation of creativity through processes related to flexibility and 

persistence. (c) Hypothesized relationships between striatal and prefrontal dopamine 

levels and creative performance.  
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persistent rather than flexible processing. Second, the balance between flexibility 

and stability is disturbed when dopaminergic activity in either the PFC or 

striatum is too high or low. That is, too much (little) dopaminergic activity in the 

striatum (PFC) may lead to distractibility, whereas too much (little) 

dopaminergic activity in the PFC (striatum) may lead to rigidity. This implies an 

inverted-U-shaped function between fronto-striatal dopamine and creative 

performance (see Figure 3.1), so that intermediate levels of dopamine optimize 

task performance because of a proper balance between flexibility and persistence. 

Exceedingly low or high levels of dopamine impair performance because they 

drive either towards distractibility (i.e., flexibility without persistence), or to 

rigidity (persistence without flexibility) (also see Cools & D’Esposito, 2011; 

Durstewitz & Seamans, 2008; Vijayraghavan et al., 2007).  

The third implication is that manipulating dopamine levels can have 

opposing effects in healthy participants with high and low initial dopamine 

levels (Arnsten, 1998; Cools & D’Esposito, 2011; Seamans & Yang, 2004). Whereas 

adding dopamine to someone with high baseline dopamine may result in 

distractibility, the same dose may optimize performance in someone with low 

baseline dopamine. For example, in patients with early Parkinson’s disease, 

nigrostriatal dopamine levels are impeded while the mesocortical pathway is 

largely intact. Without medication, these patients show reduced cognitive 

flexibility relative to healthy controls. When treated with dopamine-triggering 

drugs, such impaired flexibility can be largely rescued (Cools, Barker, Sahakian, 

& Robbins, 2001; Frank, 2005; Swainson et al., 2000). Taken together, creative 

cognition is a function of the interaction between flexibility and persistence, 

which is controlled by dopaminergic modulation in fronto-striatal regions of the 

human brain. When striatal dopamine exceeds prefrontal dopamine, the fronto-

striatal network biases towards flexibility, and creative performance may result 

particularly from flexible processing and when prefrontal dopamine exceeds 

striatal dopamine, the fronto-striatal network biases towards persistence, and 

creative performance may result particularly from persistent processing. 

However, overexciting nigrostriatal dopamine relative to mesocortical dopamine 

links to overexcited flexibility relative to persistence, with distractibility and 
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“weird” ideas as a probable outcome. Overexciting mesocortical dopamine 

relative to nigrostriatal dopamine links to overexcited persistence relative to 

flexibility, with rigidity of thought and “boring” ideas as a probably outcome. 

Put differently: the balance between flexibility and stability is disturbed when 

dopaminergic activity in either the PFC or striatum is too high or low. That is, too 

much (little) dopaminergic activity in the striatum (PFC) may lead to increased 

distractibility and “weird” ideas, whereas too much (little) dopaminergic activity 

in the PFC (striatum) may lead to increased rigidity and “boring”  ideas. 

Evidence for Dopaminergic Modulation of Creative Performance 

Different lines of research support the possibility that fronto-striatal 

dopaminergic activity links to flexibility and persistence, and to creative 

cognition and performance in an inverted-U-shaped fashion (per Figure 3.1). 

This section reviews this work. We begin with studies suggesting the 

involvement of striatal dopamine in modulating flexible processes, followed by a 

review of preliminary evidence suggesting a role for prefrontal dopamine in 

modulating persistent processes. These studies often target different aspects of 

the dopaminergic modulation of (interactions among) neural circuitries. Some 

studies examined (genetic and behavioral markers of) dopamine receptor 

availability, allowing for a rather precise inference about the functioning of the 

nigrostriatal versus mesocortical dopamine in creative cognition and 

performance. Other studies compare medication with a dopamine agonist or 

antagonist to placebo treatments, thus allowing for causal inferences and, in 

some cases, inferences about the specific role of (nigro)striatal versus 

mesocortical and prefrontal dopamine. Finally, there are studies comparing 

healthy controls to patients with a disorder with strong dopaminergic 

dysregulation (e.g., Parkinson’s disease, bipolar disorder; Johnson et al., 2012; 

Polner, Nagy, Takáts, & Kéri, 2015). Although each approach has its limitations, 

the available evidence combined points to a functional differentiation between 

striatal and prefrontal dopamine in modulating flexible and persistent creative 

processes, with creative performance as its key end-state.  
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Dopaminergic Modulation of Flexibility 

First evidence for dopaminergic modulation of creativity in the striatum 

comes from studies showing that dopamine D2 receptor functioning is related to 

creative performance on standardized tests. Although D2 receptors are also 

present in the PFC, they are 11 times more prevalent in the striatum (Camps et 

al., 1989). The role of dopaminergic D2 receptors in creativity is supported by 

findings from genetic studies showing that the dopamine D2 (DRD2) receptor 

gene is associated with enhanced verbal fluency, flexibility, and originality 

during divergent thinking (Reuter et al., 2006; Zhang et al., 2014a). Other studies 

considered spontaneous eye blink rate—an indirect marker of D2 receptor 

availability (Groman et al., 2014). Resonating with the established inverted-U-

shaped relationship between striatal dopamine and cognitive flexibility (e.g., 

Kellendonk et al., 2006), Chermahini and Hommel (2010, 2012) observed that 

participants with medium eye blink rates showed more flexibility in divergent 

thinking, whereas participants with either low or high eye blink rates were less 

flexible in divergent thinking. Finally, positive mood induction, presumably 

associated with increased dopamine release in the brain (Ashby et al., 1999; 

Dreisbach & Goschke, 2004), increased both eye blink rates and flexible divergent 

thinking, but in individuals with low baseline dopamine levels only (Chermahini 

& Hommel, 2012). Together, these studies suggest that dopamine D2 receptor 

functioning, which most strongly affects striatal activity, associates with 

creativity through flexibility and this relationship follows an inverted-U-shaped 

function. Further supporting this suggestion, a recent study showed that the 

effect of methylphenidate (a psychostimulant that enhances both dopamine and 

noradrenaline levels in the brain; Kuczenski & Segal, 1997) on divergent thinking 

depended on baseline levels of novelty seeking, a personality trait that is often 

associated with dopaminergic functioning (Depue & Collins, 1999; Gvirts et al., 

2016). In this study, methylphenidate (vs. placebo) administration improved 

creativity in participants with low baseline levels of novelty seeking, but 

impaired performance in participants with high baseline levels of novelty seeking 

(Gvirts et al., 2016). 



Dopaminergic Modulation of Creativity 

59 

Other preliminary evidence for the role of striatal dopamine in flexibility 

and creativity comes from treatment studies in Parkinson’s disease. In addition 

to deficient levels of noradrenaline (Scatton, Javoy-Agid, Rouquier, Dubois, & 

Agid, 1983), patients with Parkinson’s disease have depleted nigrostriatal 

dopamine concentrations, and impaired cognitive flexibility and creative 

flexibility on standardized tests (Canesi, Rusconi, Isaias, & Pezzoli, 2012; Cools et 

al., 2001; Swainson et al., 2000). This flexibility impairment can be remedied by 

treatment with dopaminergic medication (Cools et al., 2001; Swainson et al., 

2000), with enhanced creative performance as a possible outcome (Inzelberg, 

2013). For example, in patients with beginning Parkinson’s disease but not in 

healthy controls, divergent thinking abilities improved after patients started 

taking dopaminergic medication (Polner et al., 2015), and medicated Parkinson’s 

disease patients generated even more original ideas on a divergent thinking task 

than healthy controls (Faust-Socher, Kenett, Cohen, Hassin-Baer, & Inzelberg, 

2014).  

Dopaminergic Modulation of Persistence 

A number of studies established a link between creativity and dopaminergic 

polymorphisms, genetic variations that result in individual differences in 

dopamine functioning. Mayseless and colleagues (2013) compared non-carriers 

to carriers of the 7-repeat (7R) allele of the dopamine D4 (DRD4) receptor gene. 

This receptor gene is predominantly (but not exclusively) expressed in cortical 

areas and non-carriers have presumably higher prefrontal dopamine receptor 

functioning (Langley et al., 2004). Non-carriers were less flexible during idea 

generation, but because the originality of their ideas was left intact (Mayseless et 

al., 2013), although speculative, their original thinking most likely resulted from 

enhanced ability to persist.  

Several other studies examined the creative correlates of genetic differences 

in the efficacy of catechol-O-methyltransferase (COMT), an enzyme that is 

involved in the breakdown of prefrontal dopamine (Matsumoto et al., 2003). The 

COMT Val158Met polymorphism influences cognitive control and working 

memory (Malhotra et al., 2002). In carriers of the low-activity COMT Val158met 

allele, prefrontal dopamine levels are higher than in carriers of the more active 

COMT Val158val allele. Low activity met carriers were less flexible than val 
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carriers in adapting their behavior to changing task demands (Krugel et al., 

2009), yet more fluent (Murphy, Runco, Acar, & Reiter-Palmon, 2013; Runco et 

al., 2011; Zabelina et al., 2016a) and original (Zabelina et al., 2016a; Zhang et al., 

2014b) during standardized creative tasks. In other words, those individuals with 

genetic predisposition to high prefrontal dopaminergic activity appear less 

flexible but more fluent and original in idea generation. 

Dopaminergic modulation of persistence is further suggested by a study 

investigating the effects of tyrosine administration on convergent and divergent 

creative processes (Colzato et al., 2014). In addition to increasing noradrenaline 

levels in the brain (Hase, Jung, & aan het Rot, 2015), the amino acid L-Tyrosine 

acts as a precursor of dopamine (Acworth, During, & Wurtman, 1988; Hase et al., 

2015). Tyrosine counteracts the cognitive effects of sleep deprivation (Magill et 

al., 2003) and facilitates executive control during a cognitively demanding task 

(Colzato, Jongkees, Sellaro, & Hommel, 2013). Accordingly, tyrosine intake 

enhanced convergent but not divergent thinking on creative insight tasks 

(Colzato et al., 2014), suggesting that tyrosine supported, through enhanced 

prefrontal dopamine, the more persistence-related processes underlying creative 

performance. 

Clues from Creative Processes in (Sub)Clinical Populations 
If dopamine availability indeed modulates creativity and its underlying 

cognitive processes, we would expect chronic disturbances in the dopaminergic 

system to be associated with predictable deficits or improvements in creative 

performance. Two broad classes of psychiatric disorders—schizophrenia and 

schizotypal traits, and bipolar mood disorders—are well documented to exhibit 

dopaminergic abnormality. Schizophrenia is a mental illness that is characterized 

by psychotic symptoms (hallucinations and delusions; also termed positive 

symptoms), flattened affect and apathy (termed negative symptoms) and 

cognitive impairments, such as disorganized thought and working memory 

deficits (Laruelle, Kegeles, & Abi-Dargham, 2003). These symptoms result from 

extensive deregulation of the dopaminergic system. Dopaminergic hyperactivity 

in the striatum presumably underlies the positive symptoms of schizophrenia, 

whereas dopaminergic hypo-activity in the PFC has been proposed to give rise to 
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negative symptoms and cognitive impairments (Durstewitz & Seamans, 2008; 

Kellendonk et al., 2006; Laruelle et al., 2003).  

People with subclinical schizotypal traits (e.g., mild levels of perceptual 

aberrations, hallucinations, and eccentric behavior) have minor dopaminergic 

deregulation, as compared to those with full-blown schizophrenia. On 

standardized tests, these subclinical types display enhanced creative flexibility 

relative to healthy controls. For example, research shows striatal involvement in 

low latent inhibition, the lowered capability to filter out from attentional focus 

those stimuli that were previously experienced as irrelevant (Fletcher & Frith, 

2009; Swerdlow et al., 2003). Low latent inhibition is associated with higher 

creativity through flexibility: during a creativity task, more seemingly irrelevant 

concepts and information enter working memory, which in turn increases the 

span of elements to work with, leading to more flexible and original responses 

(e.g., Acar & Sen, 2013; Carson et al., 2003). Importantly, low latent inhibition—

which typically facilitates flexibility—is not only observed in psychotic 

schizophrenia patients (Baruch, Hemsley, & Gray, 1988a), but also in healthy 

participants with a high number of schizotypal personality traits (Baas et al., 

2016; Baruch, Hemsley, & Gray, 1988b). Interestingly, however, the relationship 

between these schizotypal traits and creativity follows an inverted-U-shaped 

function. Subclinical positive symptoms associate with enhanced creativity (Acar 

& Sen, 2013; Carson et al., 2003; Folley & Park, 2005), whereas more severe 

schizophrenic symptoms associate with impaired creative performance on both 

verbal and visual divergent thinking tasks (Abraham, Windmann, McKenna, & 

Güntürkün, 2007).  

A similar inverted-U-shaped relationship between dopamine availability 

and creativity is seen in studies involving individuals with bipolar disorder. In 

bipolar spectrum disorders, such as bipolar II disorder and cyclothymia, people 

alternate between episodes of depressed mood and hypomania (Berk & Dodd, 

2005). During (hypo)manic episodes, patients are extremely energetic, sociable, 

impulsive, easily distracted, and have a decreased need for sleep (Johnson et al., 

2012). People with (hypo)manic symptoms have impaired working memory and 

executive function (Cousins, Butts, & Young, 2009; Martínez-Arán et al., 2004), 

are highly sensitive to external reward cues and engage in more goal-directed 
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activities (Alloy et al., 2008; O’Sullivan, Szczepanowski, El-Deredy, Mason, & 

Bentall, 2011). These symptoms are typically associated with a 

hyperdopaminergic state in the brain and with structural differences in 

dopaminergic areas, including the striatum (Cousins et al., 2009; O’Sullivan et 

al., 2011; Strakowski, Delbello, & Adler, 2005). Healthy participants who report a 

large number of hypomanic symptoms report and show more creative 

performance than people without such symptoms (Baas et al., 2016; Furnham, 

Batey, Anand, & Manfield, 2008; Johnson et al., 2012). However, those 

individuals with more severe symptoms show similar levels of creative 

performance compared to people without such symptoms (Richards, Kinney, 

Lunde, Benet, & Merzel, 1988; Santosa et al., 2007; Srivastava et al., 2010). 

Taken together, the results of studies with schizophrenic and schizotypal, 

as well as bipolar spectrum disorder, all resonate with the possibility that 

creative outcomes are conditioned by fronto-striatal dopamine in an inverted-U-

shaped fashion. While psychopathologies associate with disturbances in a range 

of neurobiological, cognitive, and motivational variables (Cousins et al., 2009; 

Ettinger, Meyhöfer, Steffens, Wagner, & Koutsouleris, 2014), these studies 

provide otherwise convergent evidence for the possibility that dopamine 

modulates creative cognition and performance.  

Summary and Avenues for Research 

The flexibility and persistence pathways underlying creative performance 

(Nijstad et al., 2010) can be meaningfully traced to activation within and between 

striatal and prefrontal regions within the human brain, and dopaminergic 

modulation thereof. More specifically, nigrostriatal dopamine facilitates 

flexibility and controls the flow of new information into working memory, 

allowing people to switch between different task approaches and to consider 

more remotely associated concepts (cf. Dodds et al., 2009; Frank et al., 2001; 

McNab & Klingberg, 2008). Mesocortical dopamine, on the other hand, supports 

prefrontal functionalities such as the maintenance and manipulation of 

representations in working memory (De Dreu et al., 2012; Durstewitz & Seamans, 

2008; Frank et al., 2001), allowing for persistence.  
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New Insights 
The present analysis provides three non-trivial insights. First, the 

relationships between dopamine and flexible and persistent creative processes 

seem to follow an inverted-U-shaped function: too much (little) dopaminergic 

activity in the striatum (PFC) manifests in distractibility, whereas too much 

(little) dopaminergic activity in the PFC (striatum) manifests in rigidity (cf. 

Kellendonk et al., 2006; Seamans & Yang, 2004; Vijayraghavan et al., 2007). Both 

distractibility and rigidity are antithetic to creative cognition and performance. 

Rather than “just” dopamine, or “just” striatal or prefrontal activation, creative 

cognition and performance requires a balance within the dopaminergic fronto-

striatal network, and depends on interactions among nigrostriatal and 

mesocortical dopamine. This leads to the second implication: the effects of 

increasing or reducing dopamine in the brain strongly depends on the 

participants’ baseline dopamine levels. Specifically, up-regulating striatal 

dopamine in individuals with high (low) baseline levels can bias cognition and 

performance away from (towards) creativity and into (away from) distractibility. 

Likewise, up-regulating mesocortical dopamine in individuals with high (low) 

baseline levels can bias cognition and performance away from (toward) creativity 

and into (away from) rigid perseverance. Understanding this is crucial in new 

research, to which we turn shortly. 

Because dopaminergic interventions interact with individual baseline levels 

of dopamine, a third and more actionable implication is that dopaminergic 

drugs, such as methylphenidate and amphetamine, provided to healthy people 

can both reduce or enhance creative performance (cf. Farah, Haimm, 

Sankoorikal, & Chatterjee, 2009; Gvirts et al., 2016; Mehta et al., 2004). Likewise, 

whereas some neuropsychiatric disorders that are associated with excessive low 

creative thinking may benefit from dopamine treatment, such treatment may 

have adverse effects in disorders and pathologies that associate with high 

creativity. For example, individuals diagnosed with depression are typically low 

in creativity and flexible thinking (Baas et al., 2016), and may benefit, in terms of 

creative performance, from dopaminergic medication. Individuals diagnosed 

with mania, in contrast, are typically more flexible and creative (Baas et al., 



Chapter 3 

64 

 

2016) and may become exceedingly distractible when given dopaminergic 

medication.  

The framework presented here fits and integrates scattered evidence from 

studies looking at genetic markers of dopamine receptors, effects of drug 

administration, indirect markers of dopaminergic activation, and 

psychopathological disturbances. At the same time, however, the evidence is 

oftentimes indirect, and parts of the framework receive stronger support than 

others. First, the available evidence does not always clearly distinguish between 

the role of dopamine and that of other neuromodulators such as noradrenaline 

and serotonin. This is especially the case when considering neuropsychological 

pathologies and disorders, that typically have high comorbidity (Baas et al., 2016; 

Borsboom & Cramer, 2013) and in which multiple neural systems and circuitries 

are involved and dysregulated. Another example is the finding that intranasal 

administration of oxytocin – a neuropeptide implicated in enhanced approach 

and reduced withdrawal tendencies (Carter, 2014; De Dreu & Kret, 2016) – 

promotes flexibility, divergent thinking, and creative insight performance (De 

Dreu et al., 2014). Most likely such creativity-promoting effects of oxytocin can 

be attributed to its effects on dopaminergic modulation in the striatum (De Dreu, 

Baas, & Boot, 2015; Donaldson & Young, 2008), but it cannot be excluded that it 

(also) emerges because of reduced cortisol responses and fear signaling in the 

amygdalar-hippocampal circuit (Meyer-Lindenberg, Domes, Kirsch, & 

Heinrichs, 2011).  

New Research Targets 
Two specific targets of new research can be identified. First and foremost, 

new research is needed that focuses on obtaining direct evidence for dopamine 

involvement in creative processes. This could be achieved by manipulating 

dopamine levels in healthy individuals using dopaminergic agonists and 

antagonists, ideally by combining them in pretreatment studies (e.g., Gvirts et 

al., 2016; Piray, den Ouden, van der Schaaf, Toni, & Cools, 2015; van der Schaaf et 

al., 2014). Earlier work successfully used these methods to investigate the role of 

dopamine in cognitive flexibility (Alexander et al., 2007), latent inhibition 

(Swerdlow et al., 2003), and working memory (Cools et al., 2007). A next 
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generation of studies could advance these basic insights to directly measure 

creative performance. Such new work could specifically test the hypothesis that 

drugs that predominantly elevate or decrease striatal dopamine levels will impact 

flexible thinking, with different effects in participants with high and low baseline 

dopamine levels (e.g., Chermahini & Hommel, 2012). Similarly, drugs that 

particularly regulate prefrontal dopamine can be expected to alter persistence-

related processes, again depending on participants’ baseline dopamine levels 

(Cools & D’Esposito, 2011; Durstewitz & Seamans, 2008).  

Second, the present framework points to specific interactions between 

neuropharmacological manipulations of striatal and prefrontal dopamine levels 

on the one hand, and situational factors on the other. Especially the persistence 

pathway to creativity hinges on the availability of working memory capacity, and 

is for example blocked or harmed by cognitive load and time pressure (De Dreu et 

al., 2012; Roskes et al., 2012). Accordingly, up-regulating prefrontal dopamine 

should promote creative performance, through enhanced persistent processing, 

more when working memory capacity is intact rather than loaded and when time 

pressure is mild rather than severe. In contrast, the flexibility pathway is easily 

activated when individuals feel happy, when an approach-orientation is 

activated, or when individuals adopt a long-term rather than short-term time-

perspective (e.g., Baas et al., 2008; Cretenet & Dru, 2009; De Dreu et al., 2008). 

Under such benign circumstances, neuropharmacological enhancement of 

striatal dopamine may result in mere distractibility, rather than creativity-

conducive flexibility.  

Beyond the Fronto-Striatal Network 
We focused here on dopamine as the key neurotransmitter involved in 

creative cognition and behavior, and in particular dopaminergic modulation of 

the nigrostriatal and mesocortical pathways. We left aside the mesolimbic 

dopamine pathway, which also projects to parts of the striatum and prefrontal 

cortex (Alexander et al., 1986), and may influence creativity through its role in 

reward processing and appetitive motivation (Ikemoto, 2007; Schultz, 2002). 

Approach orientation—in which behavior is regulated towards rewarding 

stimuli—associates with dopaminergic activation (Depue & Collins, 1999), and is 

associated with greater flexibility, originality, and better insight performance 
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when temporarily induced (Baas et al., 2011; Cretenet & Dru, 2009; Roskes et al., 

2012), or measured as a chronic trait (Baas et al., 2013; Carver & White, 1994; De 

Dreu et al., 2011; Furnham et al., 2008). Thus, whereas the nigrostriatal and 

mesocortical dopamine pathways condition creative cognition, dopaminergic 

modulation of the mesolimbic pathway may be primarily involved in the 

motivation to perform creatively. 

In addition to dopamine and dopaminergic circuitries, human behavior and 

cognition is modulated by other brain circuitries and a range of other 

neurotransmitters including, for example, serotonin, noradrenaline and 

acetylcholine (Cools, 2012; Robbins & Roberts, 2007). We singled out dopamine 

because of the wealth of research on non-human animal behavior aligning with 

more recent work on human cognitive performance, because of the growing 

evidence for the role of dopaminergic modulation of creative cognition and 

performance and, finally, because of the specific function of dopamine in the set 

of neural structures that have been implicated in human creativity. However, 

while dopamine emerges as a prime candidate neurotransmitter influencing 

human creativity, future work should not shy away from exploring the role of 

other neurochemicals (Arnsten, 1998; Cools, 2012; De Dreu et al., 2015; Robbins & 

Roberts, 2007). In fact, prefrontal noradrenaline is thought to modulate the 

balance between “exploration” and “exploitation” behavior by facilitating both 

stabilization of salient information in working memory and attentional shifts to 

alternative opportunities in the environment (Aston-Jones & Cohen, 2005; 

Berridge & Waterhouse, 2003) and may enable the persistence pathway to 

creativity. In addition, creative ideas are not generated in a vacuum but build on 

existing knowledge and in interaction with the external environment (Baer, 2016; 

Nijstad et al., 2010). This requires the activation of other brain structures, 

including parietal–temporal regions, that are involved in the processing of 

sensory input, memory retrieval, and language processing (e.g., Abraham et al., 

2012; De Manzano, Cervenka, Karabanov, Farde, & Ullén, 2010; Shamay-Tsoory, 

Adler, Aharon-Peretz, Perry, & Mayseless, 2011; Takeuchi et al., 2010b). 

Ultimately, creative cognition requires the dynamic interactions of large-scale 

brain systems (cf. Beaty et al., 2016). 
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Measuring Creative Cognition 

Aside from the specific roles of dopamine in the fronto-striatal circuitry, 

our review highlights the importance of the way creativity is operationalized and 

measured. For example, standardized creativity tasks that capitalize on 

convergent and persistent processing, such as the Remote Associates Test, may 

benefit more from neuromodulation of the PFC than creativity tasks that more 

strongly rely on flexibility and divergent thinking. In addition, tracking the 

involvement of dopamine and other neurotransmitters in creative, divergent and 

persistent thinking requires the manipulation of neurotransmitters while treated 

subjects perform creativity tasks. Alternatively, dopaminergic involvement can 

be tracked in PET studies (cf. De Manzano et al., 2010), although it could be 

difficult to fit the measurement of creative processes with the requirements of 

PET imaging (Abraham & Windmann, 2007; Boot, Baas, Mühlfeld, De Dreu, & 

Van Gaal, 2017a). PET has very low temporal resolution and it requires the 

selection of suitable comparison tasks, which is challenging. In either case, a 

theory-driven, calibrated choice of tasks, designs, and procedures is necessary to 

further understand the sometimes inconsistent findings on the neurocognitive 

underpinnings of creativity (Dietrich & Kanso, 2010).  

Concluding Remarks 
Creative performance is a function of both flexible and persistent 

processing, and the extent to which these pathways are engaged differs between 

individuals, and is conditioned by situational factors. Both individual differences 

in, and the temporary impact of situational factors on flexibility and persistence 

may be understood in terms of regulatory processes within and between 

components of the fronto-striatal network. Whereas dopaminergic activity in the 

striatum enables flexibility, dopaminergic modulation of the prefrontal cortex 

permits stability and persistence. Chronic disturbances in striatal and/or 

prefrontal dopamine regulation may be key to individual differences in creative 

performance, with severe dopaminergic dysregulation accounting for excessively 

low or high creativity in patients with, for example, Parkinson’s disease or 

schizophrenia. Likewise, more transient states such as mood, fatigue, or time 

pressure, permit or inhibit creativity because of dopaminergic activity in the 
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striatum and/or the prefrontal cortex. Importantly, over-activation of the 

striatum relative to the prefrontal cortex manifesting itself in exceeding levels of 

distractibility, and under-activation leading to perseverant rigidity of thought. 

As such, rather than “just” increased dopamine regulation of striatal or 

prefrontal circuitries, it is the fine balance in dopaminergic regulation of the 

fronto-striatal network that permits and enables individuals to think and 

perform creatively.  
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Footnotes 
1 The relationship between little c and big C creativity is not necessarily 

straightforward. For example, the relationship between creative performance on 

laboratory tasks and creative achievements outside of the laboratory (e.g., in the 

classroom, or in one’s profession) can be rather weak (Baer, 2011b; Kim, 2008). A 

discussion of possible explanations in terms of measurement issues, the role of 

domain-specific expertise, and state/trait-based moderators is beyond the scope 

of this article (but see, e.g., Baer, 2011a; Kaufman, 2016; Runco & Acar, 2012; 

Simonton, 2007). 
2 Within the cognitive neurosciences and psychology, the term flexibility is used 

to refer to a variety of cognitive processes or skills (Eslinger & Grattan, 1993; 

Ionescu, 2012; Zabelina et al., 2015), including switching between cognitive sets 

or response rules (Kehagia et al., 2010), inhibition of a dominant response in 

favor of a more appropriate response (Dreisbach & Goschke, 2004), manipulation 

of information in working memory (Durstewitz & Seamans, 2008), and goal-

directed exploration (Cools, 2012). In addition, different types of flexibility 

associate with activity in different parts of the brain (e.g., Eslinger & Grattan, 

1993; Ravizza & Carter, 2008). We refrain here from solving this definitional 

issue. However, to avoid confusion, we refer to flexibility as the ease with which 

people break the set of typical associations and consider different perspectives or 

alternatives during idea generation or problem solving (Ashby et al., 1999; 

Nijstad et al., 2010); cognitive flexibility is used to refer to the ease with which 

people can switch among different tasks, sets, strategies, or goal representations 

(Alexander et al., 2007). We emphasize that measures of cognitive flexibility 

positively associate with indicators of flexibility (Carson et al., 2003; Gilhooly et 

al., 2007; Zabelina & Robinson, 2010).  
3 Along with the mesocortical pathway, the mesolimbic pathway projects from 

the VTA to limbic areas and the ventral striatum. Mesolimbic DA mediates 

processes associated with appetitive motivation and reward prediction (Ikemoto, 

2007; Schultz, 2002), and may indirectly influence creative performance through 

motivational processes. We will return to this issue in the discussion. 
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Abstract 
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental 

disorder characterized by distractibility, hyperactivity, and impulsive behavior. 

Although ADHD generally associates with a range of cognitive impairments, 

evidence suggests that people with ADHD may be more creative than people 

without the disorder. However, the exact relationship between specific ADHD 

symptoms and different creative processes is unclear. In three studies, we 

investigated the relationship between subclinical symptoms of ADHD and flexible 

versus persistent creative processes. Although effect sizes were small, we found 

that ADHD symptoms in general were associated with enhanced self-reported 

creative behavior and more publically recognized creative achievements in daily 

life, in line with our hypotheses. Moreover, these symptoms were associated with 

enhanced divergent thinking and with a more original, but less practical, 

reconstruction of complex problems. Our results indicate that these relationships 

were mainly driven by hyperactive–impulsive rather than inattention symptoms 

of ADHD. 
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Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental 

disorder characterized by distractibility, hyperactivity, and impulsive behavior 

(American Psychiatric Association [APA], 2013). Approximately 2.5% of the adult 

population meets the criteria for diagnosis of ADHD (Simon, Czobor, Balint, 

Meszaros, & Bitter, 2009). Moreover, many people experience subclinical ADHD 

symptoms. These symptoms do not meet the criteria for diagnosis of the 

disorder, but are nonetheless associated with negative social and psychological 

outcomes, such as financial problems and a high comorbidity with other mental 

disorders (Arcos-Burgos & Acosta, 2007; Das, Cherbuin, Butterworth, Anstey, & 

Easteal, 2012; Faraone et al., 2006; Overbey, Snell, & Callis, 2011). Despite these 

difficulties, an often-touted silver lining of ADHD may be enhanced creativity. 

Symptoms of ADHD, such as distractibility (Baird et al., 2012; Carson et al., 2003; 

Kasof, 1997; Zabelina et al., 2016b), cognitive arousal and high energy (Baas et 

al., 2011; Barron & Harrington, 1981; De Dreu et al., 2008), and impulsivity (Batey 

& Furnham, 2008; Feist, 1998) have all been linked to enhanced creativity. 

Indeed, compared to people without the disorder, those with ADHD report more 

publically recognized creative achievements, including receiving a patent for an 

invention or publishing a book (White & Shah, 2011). However, the underlying 

process remains unclear, as evidence from laboratory studies on the relation 

between ADHD symptoms and creative performance is mixed. Some findings 

indicate that people with ADHD are more creative than people without ADHD 

(White & Shah, 2006, 2011, 2016), but other studies show the opposite pattern or 

unaffected creative performance in those with ADHD (Abraham et al., 2006; 

Barkley et al., 1996; Murphy et al., 2001). 

One way to resolve these inconsistencies may be to look at variations in 

both the degree and quality of subclinical symptoms of ADHD, on the one hand, 

and the specific creative processes under investigation, on the other. With 

respect to the degree of symptoms, like other psychopathological disorders, 

ADHD as a disorder can be seen as the extreme end on a continuum ranging from 

a low to a high level of symptoms (Levy, Hay, McStephen, Wood, & Waldman, 

1997). As is the case for symptoms of other psychopathological disorders, such as 

schizophrenia and mania, the degree of ADHD symptoms may be related to 

creativity in a curvilinear rather than a linear way (Acar & Sen, 2013; Baas et al., 
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2016; Furnham et al., 2008). Moreover, ADHD consists of two symptom 

dimensions: inattention and hyperactivity–impulsivity (American Psychiatric 

Association, 2013). These dimensions are associated with specific deficits during 

performance of cognitive tasks – deficits that may also influence creative 

performance (Chhabildas, Pennington, & Willcutt, 2001; Sagvolden et al., 2005). 

Therefore, creativity in ADHD may depend on the specific symptoms that people 

experience, yet these symptom dimensions have not been taken into account in 

prior studies. In the present series of studies, we investigated the relationship 

between (subclinical) symptoms of ADHD and qualitatively different creative 

processes. In the following, we will first discuss the available evidence pointing 

to a link between ADHD and creativity. Subsequently, we will present the results 

of three studies showing that subclinical symptoms of inattention and 

hyperactivity–impulsivity are related to specific creative processes. Together, 

these findings advance our understanding of the positive side of ADHD and could 

help people take advantage of their symptoms in situations that require 

creativity. 

Symptoms of ADHD: Inattention and Hyperactivity–Impulsivity  
As a result of their distractibility, hyperactivity, and impulsivity, people 

with ADHD experience problems with diverse higher-level cognitive abilities, 

including complex problem solving, planning, response inhibition, and reward 

processing (Castellanos, Sonuga-Barke, Milham, & Tannock, 2006; Mitchell, 

2010; Murphy et al., 2001; Sagvolden et al., 2005). However, it is important to 

note that ADHD is not a unidimensional disorder: both the degree and quality of 

symptoms vary considerably across individuals (Kooij et al., 2005; Mostert et al., 

2015) and also within individuals over time (Biederman, Mick, & Faraone, 2000). 

The Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; APA, 

2013) distinguishes three subtypes of ADHD based on people’s experience of 

varying levels of inattention and hyperactivity–impulsivity symptoms (Levy et 

al., 1997). First, the predominantly inattentive subtype is characterized by 

impaired attentional processes in the absence of clinically significant levels of 

hyperactivity and impulsivity. These attentional problems result in 

distractibility, reduced persistence, slower information processing, and problems 
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with planning (Chhabildas et al., 2001; Dinn, Robbins, & Harris, 2001; Kooij et al., 

2005; Sagvolden et al., 2005). Second, the predominantly hyperactive–impulsive 

subtype does not involve clinical levels of inattention symptoms and is 

characterized by restlessness, excessive talking, disruptive behavior, and 

heightened sensitivity to immediate (vs. delayed) rewards (Kooij et al., 2005; 

Mitchell, 2010; Toplak et al., 2005). These symptoms are expressed as impulsive 

responding, risky decision making, and a high error rate during cognitive tasks 

(Sagvolden et al., 2005; Toplak et al., 2005). Third, the combined subtype is 

associated with symptoms of both inattention and hyperactivity–impulsivity. 

Although symptoms of ADHD impair performance on a range of cognitive tasks 

(Castellanos et al., 2006; Chhabildas et al., 2001; Toplak et al., 2005), these 

symptoms are also associated with positive behavioral and emotional outcomes, 

such as enthusiasm and an easygoing attitude (Sagvolden et al., 2005). Moreover, 

people’s distractibility, energy, and uninhibited behavior may be associated with 

specific advantages when tasks require creativity.  

AHDH Symptoms Benefit (Flexible) Creativity 

Creativity, the generation of ideas that are both original and useful 

(Amabile, 1996), is a complex cognitive process that involves different problem 

solving stages, including problem construction, idea generation, and evaluation 

of generated ideas (Montag, Maertz, & Baer, 2012; Mumford, Baughman, 

Threlfall, Supinski, & Costanza, 1996) – stages that, in turn, involve lower-level 

cognitive processes, such as the inhibition of unoriginal ideas, retrieval of 

information from long-term memory, and recombination of this information 

into novel ideas (Allen & Thomas, 2011; Benedek, Jauk, Sommer, Arendasy, & 

Neubauer, 2014; Cropley, 2006; Dietrich, 2004). These processes can be roughly 

divided into those that require cognitive flexibility and those that require 

cognitive persistence (De Dreu et al., 2008; Hommel, 2012; Nijstad et al., 2010). 

Flexible creative processes include effortless switching between perspectives, 

having a broad attentional scope, divergent thinking (the ability to generate 

many different answers in response to a single question; Guilford, 1967), and 

seeing associations between concepts that are not obviously related to each other 

(Chermahini & Hommel, 2010; Nijstad et al., 2010). These flexible processes are 

generally measured using open-ended idea generation tasks in which people are 
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asked to come up with alternative solutions for a certain problem. For example, 

in the Alternate Uses Task (Guilford, 1967), people are asked to write down as 

many uses for a common object (e.g., a brick) as they can think of. People’s ideas 

can subsequently be scored in terms of fluency (the number of generated ideas), 

flexibility (the number of conceptual categories the ideas belong to) and 

originality (the extent to which an idea is novel). As generating many ideas 

increases the chance of generating highly original ideas (Nijstad et al., 2010; 

Simonton, 2003), performance benefits from high productivity and free 

association without immediate evaluation of ideas. Moreover, performance on 

idea generation tasks improves when inhibitory control is reduced, so that 

seemingly irrelevant information can enter working memory during idea 

generation (Radel, Davranche, Fournier, & Dietrich, 2015).  

Persistent creative processes, on the other hand, rely on systematic 

problem analysis, sustained goal-directed effort, deep exploration of a certain 

line of ideas, and convergent thinking – the combination of existing information 

into novel solutions according to certain rules and constraints (Cropley, 2006; De 

Dreu et al., 2012; Lucas & Nordgren, 2015; Roskes et al., 2012). Persistent creative 

processes can be measured with convergent thinking tasks, which require people 

to restructure and reapply existing information about a presented problem, and 

to engage in constrained and confirmatory search processes to identify the 

correct solution (Cropley, 2006; Hommel, 2012). For instance, in the Remote 

Associates Test (Mednick, 1962), participants are presented with series of three 

words that are only remotely related to each other (e.g., black, bean, break) and 

are instructed to generate a word that relates to all of these three words (i.e., 

coffee). To find the correct solution, people first generate potential relations 

between the three words and evaluate the correctness of possible solutions 

through convergent thinking.  

Creative processes, particularly those requiring cognitive flexibility, are 

associated with cognitive processes and personality traits that also play a role in 

ADHD. For example, cognitive arousal and high energy are associated with 

increased flexibility and originality in idea generation (Barron & Harrington, 

1981; De Dreu et al., 2008, 2011). People with (symptoms of) ADHD score higher 
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on aspects of extraversion and openness to experience – personality traits that 

are associated with flexible creative processes (Baas et al., 2016, 2013; Chavez-

Eakle, Del Carmen Lara, & Cruz-Fuentes, 2006; Feist, 1998; Galang, Castelo, 

Santos, Perlas, & Angeles, 2016): they are impulsive, highly sensitive to positive, 

rewarding stimuli, and engage in novelty seeking and risky behavior more often 

than people without such symptoms (Anckarsäter et al., 2006; Barkley & 

Murphy, 2011; Faraone et al., 2006; Mitchell, 2010; Toplak et al., 2005). 

Moreover, a certain degree of distractibility seems to improve flexibility in the 

generation of ideas and problem solutions (Baird et al., 2012; Carson et al., 2003; 

Dijksterhuis & Meurs, 2006; Sio & Ormerod, 2009). When people take a break 

from thinking about a creative problem and perform a relatively easy, unrelated 

task, they subsequently generate more original ideas and solve more problems 

than people who keep focusing on the creative problem for extended periods of 

time (Baird et al., 2012; Sio & Ormerod, 2009). Presumably, the (unconscious) 

processing of task-unrelated information during creative problem solving 

expands the associative network so that uncommon associations are activated, 

resulting in original combinations of information. Thus, being easily distracted 

by irrelevant information during tasks that require flexible creative processes 

could be an advantage rather than an obstacle (but see Zabelina et al., 2016b, for 

a different perspective). Conversely, because more persistent processes in 

creativity rely on sustained, goal-directed focus and sufficient working memory 

capacity (De Dreu et al., 2012; Roskes et al., 2012), these creative processes would 

most likely be impaired by disinhibition, novelty seeking, and distractibility. 

This suggests that symptoms of ADHD could be associated with enhanced 

(flexible) creativity, but reduced creativity through persistence. Indeed, some 

studies show that, compared to healthy controls, people with ADHD perform 

better on divergent thinking tasks, but worse on convergent thinking tasks 

(White & Shah, 2006, 2011, 2016). However, a number of other studies did not 

observe any differences in divergent thinking between people with ADHD and 

healthy controls (Barkley et al., 1996; Murphy et al., 2001) or found only some 

specific aspects of creativity to be enhanced (Abraham et al., 2006). 

To resolve these inconsistencies, one could investigate the relationship 

between creativity and the degree of ADHD symptoms. In most studies on 
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creativity in ADHD, creative performance of a clinical group is compared to the 

performance of a control group, while individual variability in ADHD symptoms 

within groups is ignored (e.g., Murphy et al., 2001; White & Shah, 2011, 2016). By 

also taking subclinical ADHD symptoms into account, we can investigate the 

possibility that the relationship between ADHD and creativity depends on the 

severity of these symptoms. One study showed that subclinical symptoms of 

ADHD were related to publically recognized creative achievements, but not 

divergent thinking (Zabelina et al., 2014), but the authors did not test the 

possibility that the relationship between ADHD symptoms and creativity is 

curvilinear rather than linear, similar to the inverted-U-shaped relationship of 

symptoms of other psychopathological disorders, such as schizophrenia and 

bipolar disorder, with creativity. For example, intermediate levels of schizotypal 

symptoms (e.g., overinclusive thinking, eccentric behavior) in healthy people are 

associated with improved creativity (Acar & Sen, 2013; Baas et al., 2016; Polner et 

al., 2015), but as symptoms increase in severity and develop into full-blown 

schizophrenia, cognitive functioning in general declines and creativity is 

impaired (Abraham et al., 2007). A similar inverted-U-shaped relationship may 

exist for other psychiatric disorders that are associated with deficits in executive 

functioning, such as ADHD. Thus, while moderate symptoms of ADHD may 

facilitate creativity, more severe symptoms may impair creative performance. In 

the current series of studies, we set out to test this possibility. 

As a second explanation of the inconsistent findings in prior laboratory 

studies, we propose that the relationship between creativity and ADHD may also 

depend on the specific types of symptoms that people experience and on the 

particular creative processes under investigation. To date, studies on creativity in 

ADHD did not take the different symptom dimensions of ADHD into account, nor 

the distinction between flexible and persistent creative processes. The impulsive 

and disinhibited responding, risky decision-making, extraversion, and increased 

behavioral activation that characterize hyperactive–impulsive symptoms could 

be associated with increased output and flexibility during idea generation, 

resulting in more original ideas (Baas et al., 2013; Barkley & Murphy, 2011; De 

Dreu et al., 2011; Galang et al., 2016; Parker, Majeski, & Collin, 2004; Radel et al., 
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2015; Toplak et al., 2005). For inattention symptoms, the direction of a possible 

relationship with creativity is unclear. On the one hand, distractibility and 

disinhibition has been associated with facilitated divergent thinking and more 

creative achievements in everyday life (Baird et al., 2012; Carson et al., 2003; 

Radel et al., 2015; Zabelina et al., 2016b). On the other hand, evidence indicates 

that divergent thinking requires some level of selective attention and cognitive 

control and benefits from fast information processing (Benedek, Franz, Heene, & 

Neubauer, 2012; Sagvolden et al., 2005; Zabelina, O’Leary, Pornpattananangkul, 

Nusslock, & Beeman, 2015; Zabelina et al., 2016b). This suggests that inattention 

symptoms of ADHD and the reduced processing speed that characterizes these 

symptoms would actually associate with impaired divergent thinking. Moreover, 

because inattention symptoms are related to reduced persistence (Chhabildas et 

al., 2001; Kooij et al., 2005), people who experience inattention symptoms may 

also be impaired on more persistent creative measures.  

The Present Studies 
In the present series of studies, we aimed to clarify the relationship 

between ADHD and creativity by investigating how subclinical symptoms of 

ADHD are associated with creative outcomes and specific creative processes. In 

line with previous findings (White & Shah, 2006, 2011, 2016), we expected that 

subclinical ADHD symptoms in general would be associated with enhanced 

performance on creativity tasks that require cognitive flexibility and with more 

publically recognized creative achievements and behavior in daily life, but with 

impairments on more persistent and convergent aspects of creativity. Moreover, 

we hypothesized that the hyperactivity–impulsivity and inattention symptom 

dimensions of ADHD would relate to flexible and persistent creative processes in 

different ways. We expected that hyperactive–impulsive symptoms would 

positively predict flexibility in creative idea generation, due to the disinhibited, 

impulsive responding, and increased novelty seeking that are associated with 

these symptoms. Our expectations regarding inattention symptoms were less 

straightforward, as the deficits in sustained attention that characterize these 

symptoms could either be positively or negatively associated with creativity 

(Baird et al., 2012; Carson et al., 2003; Zabelina et al., 2016b). On the one hand, 

increased processing of task-irrelevant information may activate uncommon 
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associations, resulting in original ideas. On the other hand, idea generation may 

require flexible but sustained attention to rapidly switch from one idea to 

another without distraction. As reduced persistence is one of the diagnostic 

criteria for the predominantly inattentive, but not the hyperactive–impulsive 

ADHD subtype (Kooij et al., 2005), we expected that inattention (but not 

hyperactive–impulsive) symptoms would be negatively associated with 

persistent creative processes. Finally, we tested the possibility that ADHD 

symptoms would be associated with creativity in an inverted-U-shaped fashion, 

so that moderate (but not low and high) symptom levels would be associated 

with enhanced (flexible) creative performance. Because the three cross-sectional 

studies (Study 4.1-4.3) were highly similar in set-up, the method and result 

sections of the three studies with independent samples will be described jointly. 

Method 

Design, Participants, and Procedure 
Both Study 4.1 and 4.2 were conducted as part of several mass testing 

sessions, with the ADHD and creativity scales and tasks administered weeks 

apart in different sessions. In Study 4.1, 419 undergraduate students (67% 

female) with a mean age of 20.15 years (SD = 2.61) participated for partial 

fulfillment of a course requirement. In Study 4.2, an independent sample of 316 

undergraduate students (71% female) with a mean age of 20.05 years (SD = 3.04) 

participated. Participants were seated in large lecture halls behind a personal 

computer, which displayed all materials and recorded all responses. 

Experimenters supervised testing sessions in which participants were not 

allowed to talk and were required to work individually, at their own pace, and 

without consulting others. In both studies, participation was voluntary and 

participants provided informed consent. In Study 4.1, participants completed two 

self-report creativity measures, a problem construction task, a creative ideation 

task, and a convergent thinking task; in Study 4.2, participants completed two 

self-report creativity measures, a problem construction task, and a (different) 

creative ideation task. Because variables were measured across several weeks in 

different sessions, in a number of cases participants did not complete all 
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questionnaires and tasks. When data from the testing sessions were combined, 4 

cases were missing for creativity indicators and 11 were missing for the ADHD 

scale in Study 4.1. In Study 4.2, 60 cases were missing for the creativity 

indicators and 60 were missing for the ADHD scale. 

Because the testing conditions in Study 4.1 and 4.2 may be suboptimal for 

people who experience a relatively strong degree of ADHD symptoms, we 

replicated these studies in a laboratory setting in Study 4.3. An independent 

sample of 205 undergraduate students (72% female) with a mean age of 22.5 

years (SD = 5.96) volunteered to participate in this study for money or course 

credit. Sample size was determined based on a power analysis in G*Power (Faul, 

Erdfelder, Lang, & Buchner, 2007) for multiple regression with two predictors, 

an alpha of 0.05, and a power of 0.95. This power analysis indicated that a 

sample of at least 158 participants would be required to detect the small to 

moderate effects (f2 = 0.10) that characterize the association between creativity 

and subclinical symptoms of mental disorders (Acar & Sen, 2013; Baas et al., 

2016). Participants were seated in individual cubicles behind a personal 

computer, which displayed all materials and recorded all responses. In this 

study, participants first completed an ADHD symptom checklist, followed by two 

self-report creativity measures, a creative ideation task, and a creative insight 

task. These tasks and questionnaires took approximately 25 minutes to complete 

and were administered as part of a larger study.  

ADHD Symptoms 
Current inattention and hyperactivity–impulsivity symptoms were 

measured with the 23-item ADHD DSM-IV rating scale for adults (Kooij et al., 

2005). For each ADHD symptom, participants rated its frequency in the past 6 

months using a scale from 1 (never or rarely) to 5 (very often). Sample items of the 

inattention subscale are “fail to give close attention to details in work” and 

“make careless mistakes in work”. Sample items of the hyperactivity–

impulsivity subscale are “feel restless”, and “get bored quickly”. Reliability of 

the aggregated scale (α > .89) and subscales was good (αinattention > .82; αhyperactivity-

impulsivity > .81) in all three studies. The inattention and hyperactivity–impulsivity 

scales were strongly correlated in all three studies (all rs > .65, all ps < .001). 

Table 4.1 displays the means, standard deviations, and the range of scores for the 
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total ADHD scale and both subscales. Across studies, 163 participants (17%) 

reported a level of symptoms that reached the threshold for a clinical diagnosis 

of one of the ADHD subtypes according to the diagnostic criteria of Kooij and 

colleagues (2005): 86 participants qualified for a diagnosis of the predominantly 

inattentive subtype, 39 qualified for a diagnosis of the predominantly 

hyperactive–impulsive subtype, and another 38 participants qualified for a 

diagnosis of the combined ADHD subtype.   

 

Table 4.1. Means, SDs, and range of ADHD symptoms for the total scale and  

the two subscales in all three studies 

 Mean SD range 

Study 4.1    

Total ADHD scale 2.58 0.60 1.00 – 4.78 

Hyperactivity–impulsivity  2.67 0.70 1.00 – 4.91 

Inattention 2.49 0.62 1.00 – 4.67 

Study 4.2    

Total ADHD scale 2.60 0.58 1.30 – 4.35 

Hyperactivity–impulsivity 2.74 0.67 1.18 – 4.82 

Inattention 2.47 0.61 1.17 – 4.00 

Study 4.3    

Total ADHD scale 2.48 0.59 1.22 – 4.65  

Hyperactivity–impulsivity 2.58 0.63 1.25 – 4.67 

Inattention 2.37 0.65 1.09 – 4.64 

  

Creative Behavior and Outcomes 

Creative behavior 

In Study 4.1 and 4.2, self-reported creative behavior was assessed with the 

Janssen creative behavior scale (Janssen, 2001). Participants rated how often they 

engaged in the creative behaviors described in eight items; e.g., “I often come up 

with original solutions for problems” (1 = never to 7 = always; α = .88). In Study 
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4.1, the mean self-rated creativity score was 4.48 (SD = 0.98, range = 1 – 7). In 

Study 4.2, the mean score was 4.30 (SD = 0.97, range = 1 – 7).  

Creative achievements 

Creative achievements were measured with the Creative Achievement 

Questionnaire (Carson et al., 2005), a self-report assessment of recognized and 

concrete creative achievements in ten domains (e.g., visual arts, sciences, music) 

that has good test-retest reliability. For each domain, eight rank-ordered 

statements were presented ranging from 0 (“I have no training or recognized 

talent in this area”) to 7 (“I have won a national prize in this area”). Across the 

three studies, the mean creative achievement score was 8.86 (SD = 8.04, range = 

0 – 70). The marked ranks for each domain were summed together, and log-

transformed to yield a creative achievement score (Silvia, Wigert, Reiter-Palmon, 

& Kaufman, 2012). 

Problem construction 

In all three studies, we measured participants’ ability to effectively 

restructure complex, ill-defined problems, a first step in the creative problem 

solving process and a predictor of creative achievement (Mumford et al., 1996). 

During this problem construction task, participants read a short description of 

four problematic situations such as “You are the principal of an elementary 

school. One of the students has brought in a snake, but now it is missing”. After 

reading each description, participants were asked to redefine the problem in 

terms of i) diagnostic information, ii) alternative goals, iii) alternative 

procedures, and iv) constraints. For each of these aspects, participants could 

choose from four problem definitions that varied in usefulness (high vs. low) and 

originality (high vs. low). In the above example situation, an alternative goal high 

in both usefulness and originality would be: “How can I turn this into a learning 

experience for the students?”, whereas an alternative goal of low usefulness and 

low originality would be: “How can I keep from being held directly 

accountable?”. We subsequently counted the number of high-usefulness and 

high-originality options that participants selected. Across studies, participants 

obtained a mean usefulness score of 12.33 (SD = 2.00, range = 0 – 16) and a mean 

originality score of 6.84 (SD = 2.41, range = 0 – 15). 
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Convergent and Divergent Thinking 

Pasta task  

In Study 4.1, we measured convergent and divergent creative ideation using 

the Pasta task (De Dreu et al., 2014; Dijksterhuis & Meurs, 2006; Marsh et al., 

1999). Participants were given five primes of non-existing pasta names all 

ending with an “i” (e.g., maloveni, paragoni), and then generated as many new 

pasta names as possible within two minutes. From their responses, we created 

indices for convergent thinking (number of items ending with an ‘i,’ the cue 

given in the instructions), category repetitions (number of times in which 

participants consecutively generated pasta names with the same ending), 

divergent thinking (number of items not ending with an ‘i’), category switches 

(number of times in which participants switched from one ending, e.g. ‘i,’ to 

another ending, e.g. ‘a’), and the number non-redundant endings (De Dreu et al., 

2014). Because these variables were strongly skewed, they were log-transformed 

to approach a normal distribution. Category repetitions associated positively with 

convergent thinking (r(416) = .80, p < .001), and both were z-transformed and 

aggregated as a measure of convergent ideation. Divergent thinking, category 

switches, and the number of non-redundant endings were z-transformed and 

formed a reliable index of divergent ideation (α = .92).  

Alternate Uses Task 

 In Study 4.2 and 4.3, we assessed divergent thinking using the Alternate 

Uses Task (AUT; Guilford, 1967), in which we asked participants to generate as 

many new, original ways to use a tin can and a chord as they could think of. For 

each topic, they had two minutes for idea generation. An independent and 

trained coder subsequently counted the number of non-redundant ideas 

(fluency) and the number of categories the ideas belonged to (flexibility). To 

obtain a measure of flexibility, ideas were categorized into different conceptual 

categories. For instance, for the tin can topic, the idea “put pencils in” is coded 

in the category ‘as a container,’ whereas the idea “as a drum kit” is coded in the 

category ‘as a musical instrument.’ To obtain a measure of originality, each idea 

was scored for the extent to which it was novel and uncommon (1 = not original at 
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all, 5 = very original). We averaged originality ratings across all ideas per 

individual to correct for differences in fluency. A second coder rated 120 ideas to 

assess interrater reliability. Interrater reliability for both flexibility (Cohen’s κtin 

can= .80, p < .001; Cohen’s κchord= .93, p < .001) and originality (ICCtin can = .73, p < 

.001; ICCchord = .72, p < .001) was good. Across studies, participants generated an 

average of 6.87 ideas (SD = 2.93, range = 1.00 – 17.50), with a mean flexibility 

score of 4.71 (SD = 1.66, range = 1 – 10) and a mean originality of 1.84 (SD = 0.33, 

range = 1 – 3.61).  

Remote associates  

In Study 4.1 and 4.3, we used the Remote Associates Test (RAT), a measure 

of convergent thinking that requires participants to identify associations among 

words that are not normally connected (De Dreu et al., 2012; Hommel, 2012; 

Mednick, 1962). Participants received 10 items in which they were given three 

words (e.g., car, swimming, cue) and had to generate a word that associates with 

all of them (i.e., pool). The number of correctly solved items was our measure of 

convergent thinking. In Study 4.1, people solved a mean of 4.21 items (SD = 2.04, 

range = 0 – 9). In Study 4.3, people solved a mean of 5.58 items (SD = 2.25, range 

= 1 – 10). 

Results 

Correlations between Creativity Indicators 
Table 4.2 shows means and standard deviations, along with zero-order 

correlations for the creativity indicators in all three studies. Although these 

correlations varied somewhat across studies, self-reported creative behavior and 

creative achievements were generally positively correlated with flexible 

divergent thinking and the originality of problem construction. More convergent 

and systematic measures of creativity, such as RAT performance and the 

usefulness of problem construction, neither consistently correlated with each 

other, nor with indices of flexible creativity. 
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Table 4.2. Means and SDs, and correlations between creativity measures in all three studies 

 M SD 1. 2. 3. 4. 5. 6. 

Study 4.1         

1. Divergent thinking 0.00 0.97       

2. Convergent thinking 0.00 0.95 -.45**      

3. Creative behavior 4.48 0.99 .12* -.02     

4. Creative achievements 1.97 0.77 .06 .04 .33**    

5. Problem usefulness 12.14 1.97 .03 .01 -.01 -.10*   

6. Problem originality 6.93 2.41 .09 .01 .18** .08 .06  

7. Remote associates  4.21 2.04 -.03 .10 -.04 -.01 .08 -.08 

Study 4.2         

1. AUT fluency 6.32 2.60       

2. AUT flexibility 4.38 1.60 .89**      

3. AUT originality 1.93 0.29 .27** .27**     

4. Creative behavior 4.30 0.97 .19** .18** .17**    

5. Creative achievements 1.86 0.85 .20** .23** .14* .32**   

6. Problem usefulness 12.62 1.94 -.03 -.08 -.08 .12 -.02  

7. Problem originality 6.93 2.37 .14* .15* .17** .27** .03 .19** 

Study 4.3         

1. AUT fluency 7.65 3.18       

2. AUT flexibility 5.17 1.65 .84**      

3. AUT originality 1.70 0.34 .35** .37**     

2. Creative achievements 2.11 0.75 .26** .21** .20**    

3. Problem usefulness 12.35 2.08 -.01 -.10 -.11 -.04   

4. Problem originality 6.54 2.46 .10 .12 .04 .01 .05  

5. Remote associates 5.58 2.25 .13 .12 .01 -.12 .13 -.01 

Note. *p < .05, **p < .01, NStudy4.1 = 415, NStudy4.2 = 256 , NStudy4.3 = 205 

  



 

 

 

Table 4.3. Meta-analytic results of the correlations between ADHD symptom scales and creativity indicators across all three studies 

   Total scale Inattention Hyperactivity–impulsivity 

 N k r 95% CI r 95% CI r 95% CI 

Creative performance         

Creative achievements 838 3 .09 .01; .17 .04 -.04; .11 .13 .05; .20 

Creative behavior 649 2 .07 .02; .13 -.02 -.10; .07 .16 .15; .17 

Problem usefulness 835 3 -.13 -.17; -.08 -.15 -.20; -.09 -.09 -.12; -.06 

Problem originality 835 3 .06 .02; .10 .02 -.02; .05 .09 .04; .15 

Divergent thinking         

Pasta task 409 1 .07 -.03; .16 .02 -.08; .11 .11 .01; .20 

AUT fluency 415 2 .13 .10; .16 .21 .07; .34 .17 .15; .19 

AUT flexibility 415 2 .21 .20; .21 .15 .08; .22 .23 .18; .28 

AUT originality 415 2 .16 .10; .23 .13 .09; .17 .16 .08; .24 

Convergent thinking         

Pasta task 409 1 -.04 -.14; .06 .01 -.09; .10 -.08 -.18; .01 

Remote Associates Test 611 2 -.03 -.04; -.02 .00 -.07; .07 -.07 -.11; -.03 

Note. N = number of participants; k = number of independent studies, CI = Confidence Interval 
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Meta-Analysis of Correlational Data  

We conducted a meta-analysis of the correlations between ADHD 

symptoms and creativity indicators across all three studies using Meta-

Essentials (Van Rhee, Suurmond, & Hak, 2015). We used a random effects model 

(Hedges & Olkin, 2014).  

The results of this meta-analysis are displayed in Table 4.3. Although effect 

sizes were small, across the three studies, the total scale correlated positively 

with creative achievements, self-reported creative behavior, the originality of 

problem construction, and divergent thinking on the AUT (but not on the Pasta 

task), but negatively with the usefulness of problem construction and convergent 

thinking on the RAT (but not on the Pasta task). Importantly, the 95% 

confidence intervals for problem originality, creative achievements, and creative 

behavior did not overlap with the 95% confidence interval for problem 

usefulness. In addition, the 95% confidence interval for divergent thinking on 

the AUT did not overlap with the 95% confidence intervals for convergent 

thinking on the pasta task and RAT. This suggests that, indeed, the relationship 

between ADHD symptoms and creativity depends on the creativity indicator that 

is assessed. 

Effect sizes across the three studies were similarly small for the 

hyperactivity–impulsivity and inattention subscale and the 95% confidence 

intervals for both subtypes overlapped for most of the creativity indicators, 

except for self-reported creative behavior. Both the hyperactivity–impulsivity 

and inattention subscale correlated positively with divergent thinking on the 

AUT, negatively with the usefulness of problem construction, and did not 

correlate with convergent thinking on the Pasta task. However, whereas the 

inattention subscale did not correlate with any of the other creativity indicators, 

the hyperactivity–impulsivity subscale correlated positively with creative 

achievements, self-reported creative behavior, the originality of problem 

construction, and divergent thinking on the Pasta task, but negatively with the 

usefulness of problem construction and convergent thinking as assessed with the 

RAT. The heterogeneity statistic Q was non-significant in all cases (all Qs < 3.14, 
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all ps > .077), indicating that findings did not differ across studies and different 

testing environments. 

Regressions on ADHD subscales 
Although the meta-analytic findings benefit from an increased power to detect 

associations between ADHD symptoms and creativity, these do not control for 

the strong comorbidity of inattention and hyperactivity–impulsivity symptoms. 

Therefore, for each study, we also conducted a series of regression analyses in 

which we regressed creativity indicators on the ADHD subscales inattention and 

hyperactivity–impulsivity. We corrected for multiple comparisons using the 

stepwise Bonferroni method proposed by Holm (1979), which has the advantage 

that it controls for multiple testing without a loss of power. In this procedure, 

the observed p-values (starting with the smallest value, then moving to the 

second smallest, etcetera) are checked against statistical significance values 

adjusted for the number of tested predictions (.05/(number of hypotheses [k] – 

the number of tested predictions for which the null-hypothesis was rejected [x]). 

The null hypothesis is rejected for a comparison if the observed p-value is 

smaller than .05/(k – x).  

Study 4.1  

In line with our hypothesis, hyperactive–impulsive symptoms positively 

predicted self-reported creative behavior (β = .34, t(409) = 5.31, p < .001) and 

divergent thinking in the pasta task (β = .17, t(406) = 2.59, p = .010). 

Hyperactivity–impulsivity was negatively associated with RAT performance (β = 

-.18, t(409) = -2.83, p = .005). Hyperactivity–impulsivity symptoms did not 

significantly predict convergent thinking (β = -.15, t(406) = -2.33, p = .020), 

creative achievements (β = .14, t(409) = 2.22, p = .027), and the usefulness (β = -

.04, t(409) = -0.57, p = .567) and originality of problem construction (β = .06, 

t(409) = 0.93, p = .351). Inattention, on the other hand, was negatively associated 

with self-reported creativity (β = -.28, t(409) = -4.39, p < .001), but did not 

predict any of the other creativity indicators (all ts < 2.38, all ps > .019). It should 

be noted that given the strong correlation between the two symptoms 

dimensions (r = .65, p < .001) and the negative relationship between inattention 

and self-reported creativity, the much larger beta-weight of hyperactivity-
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impulsivity on self-reported creativity in Study 4.1, in comparison to the 

correlation coefficient from the meta-analysis (r = .16, Table 4.3), could be a 

reflection of the suppressing effect of inattention (MacKinnon, Krull, & 

Lockwood, 2000). 

Study 4.2  

In this study, the degree of hyperactivity–impulsivity symptoms positively 

predicted self-reported creative behavior (β = .24, t(234) = 2.84, p = .005) and the 

originality of problem construction (β = .20, t(221) = 2.30, p = .022). Moreover, 

hyperactivity-impulsivity predicted fluency (β = .28, t(232) = 3.31, p = .001) and 

flexibility (β = .32, t(232) = 3.82, p < .001), but not originality (β = .08, t(232) = 

0.95, p = .344) of idea generation. Hyperactivity–impulsivity did not predict 

creative achievements (β = .17, t(224) = 1.93, p = .055) or the usefulness of 

problem construction (β = .02, t(211) = .27, p = .789). Inattention symptoms 

negatively predicted the usefulness of problem construction (β = -.23, t(211) = -

2.71, p = .007), but did not predict any of the other indicators (all ts < 1.83, all ps 

> .068) 

Study 4.3  
Hyperactivity–impulsivity symptoms positively predicted creative 

achievements (β = .27, t(196) = 2.77, p = .006) and originality of problem 

construction (β = .26, t(196) = 2.63, p = .009), but did not predict fluency (β = .15, 

t(188) = 1.53, p = .127), flexibility (β = .12, t(188) = 1.20, p = .230), and originality 

(β = .19, t(188) = 1.95, p = .053) of idea generation, RAT performance (β = .02, 

t(196) = .16, p = .870), or the usefulness of problem construction (β = .08, t(196) = 

.81, p = .422). Inattention did not predict any of the creativity indicators (all ts < 

1.97, all ps > .050).  

Curvilinear Relationships between ADHD Symptoms and Creativity 

Indicators 
To assess whether ADHD symptoms were related to creativity in a 

curvilinear rather than linear way, we conducted a number of hierarchical 

regression analyses in which we regressed the different creativity indicators on 

the ADHD symptom scales. To increase power, we aggregated the data across the 
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three studies.1 In the first step of the analyses, we entered the ADHD score as a 

predictor. In the second step, we added the squared term for this variable. Again, 

we applied Holm’s (1979) stepwise Bonferroni correction for multiple 

comparisons. 

For the sake of brevity, Table 4.4 only displays the results of the second 

step of these analyses, in which the squared ADHD scores were added as 

predictors of the different creativity indicators. For the total ADHD scale, none of 

the squared terms significantly predicted the creativity indicators after 

correction for multiple comparisons (all ts < 2.02, all ps > .044; scatterplots of 

the relationship between total ADHD scores and the creativity indicators are 

displayed in Supplementary Figure S4.1, available online). When regressing the 

creativity indicators on the separate inattention and hyperactivity–impulsivity 

symptom scales, none of the squared terms predicted the creative indicators 

after correction for multiple comparisons (all ts < -2.40, all ps > .016). Running 

these analyses on the female subsample only did not change the outcome of 

these analyses, indicating that potential curvilinear relationships were not 

masked by gender differences. 

Discussion 

The aim of the present series of studies was to assess whether and how the 

degree and quality of ADHD symptoms relate to different facets of creativity. 

Although effect sizes were small, we uncovered that ADHD symptoms in general 

were associated with enhanced self-reported creative behavior and more 

publically recognized creative achievements in daily life, in line with our 

hypotheses. Moreover, these symptoms were associated with enhanced 

divergent, but not convergent thinking, and with more original, but less practical 

reconstruction of complex problems. Our results furthermore indicate that these 

relationships were mainly driven by the hyperactive–impulsive symptom 

dimension of ADHD. Although results varied somewhat across the three studies, 

hyperactivity–impulsivity generally predicted enhanced self-reported creative 

behavior, creative achievements, and originality of problem construction. 



 

 

 

Table 4.4. Results of regression analyses with squared ADHD symptom scales as predictors of creativity indicators across all three studies 

  Total scale Inattention Hyperactivity–impulsivity 

 N β t p β t p β t p 

Creative performance         

Creative achievements 838 -0.03 0.79 .430 0.02 0.52 .602 0.03 0.93 .355 

Creative behavior 649 0.08 2.02 .044 0.05 1. 26 .207 0.07 1.77 .077 

Problem usefulness 835 -0.05 -1.37 .170 -0.08 -2.40 .016 -0.02 -0.43 .665 

Problem originality 835 0.04 1.13 .257 0.00 -0.01 .995 0.06 1.58 .114 

Divergent thinking           

Pasta task 409 0.06 1.22 .224 0.06 1.28 .200 0.04 0.80 .423 

AUT fluency 415 -0.03 -0.65 .519 -0.02 -0.33 .739 -0.03 -0.63 .527 

AUT flexibility 415 -0.06 -1.22 .224 -0.04 -0.89 .374 -0.05 -1.07 .288 

AUT originality 415 -0.08 -1.66 .097 -0.02 -0.39 .698 -0.11 -2.26 .024 

Convergent thinking           

Pasta task 409 -0.02 -0.32 .748 -0.02 -0.38 .703 0.01 0.24 .808 

Remote Associates Test 611 0.02 0.53 .595 0.03 0.79 .429 0.01 0.09 .932 
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In addition, these symptoms were associated with improved divergent thinking 

performance during two different creative ideation tasks. ADHD symptoms in 

general, and symptoms of hyperactivity–impulsivity in particular, negatively 

predicted RAT performance, a task that measures more convergent aspects of 

creativity. Inattention symptoms, on the other hand, were less consistently 

associated with creativity. We found that these symptoms predicted enhanced 

divergent thinking on one of the creative ideation tasks, but reduced usefulness 

of problem construction. Moreover, inattention symptoms predicted reduced 

self-reported creative behavior in one of the studies, but none of the other 

creativity indicators. We also hypothesized that ADHD symptoms could be 

associated with (flexible) creativity in a curvilinear rather than a linear manner. 

We did not find such a relationship between ADHD symptoms and creativity 

indicators across the three studies.  

Theoretical Implications 

Our results are in line with previous studies which showed that people with 

ADHD report more real-world creative achievements and are more flexible in 

generating ideas than healthy controls (Abraham et al., 2006; White & Shah, 

2006, 2011, 2016). One of these studies also showed that people with ADHD (vs. 

healthy controls) performed worse on the RAT and that this relationship was 

mediated by impaired inhibitory control (White & Shah, 2006). Indeed, our 

findings indicate that ADHD symptoms are associated with reduced RAT 

performance and crucially, that this effect is driven by symptoms of 

hyperactivity–impulsivity. Inattention symptoms, on the other hand, do not 

seem to decrease RAT performance. In fact, a recent study shows that RAT 

performance may even benefit from some degree of inattention, presumably 

because a lack of focus allows for the activation of more remote associations in 

semantic memory (Zedelius & Schooler, 2015). Thus, hyperactivity–impulsivity 

symptoms, including disinhibition, seem to impair RAT performance, whereas 

inattention symptoms do not and may actually facilitate performance. 

Supporting findings by Abraham and colleagues (2006), who showed that 

adolescents with ADHD generated ideas that were less practical than a control 

group, we found that both hyperactive–impulsive and inattention symptoms 

were associated with reduced usefulness of problem construction. This suggests 
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that ADHD symptoms in general result in problems with goal-directed planning 

of behavior (Sagvolden et al., 2005; Tucha et al., 2011). 

Overall, our results show that the high energy, impulsivity, behavioral 

activation, and novelty seeking that characterize the hyperactivity–impulsivity 

symptom dimension of ADHD are indeed beneficial to flexible (but not 

persistent) processes in creativity, supporting previous findings regarding the 

role of these traits and processes in creativity (Baas et al., 2016, 2013; De Dreu et 

al., 2008; Feist, 1998). However, the distractibility that is characteristic of the 

inattention dimension of ADHD does not seem to benefit flexibility in idea 

generation. This is in line with studies showing that divergent thinking requires 

not only flexible, but also sustained attention and cognitive control which is 

impaired by distraction (Benedek et al., 2012; Zabelina et al., 2015, 2016b). 

Although our meta-analytic results showed that inattention symptoms were 

associated with enhanced divergent thinking on one of the creative ideation 

tasks, these results do not control for the strong comorbidity between 

inattention and hyperactivity–impulsivity symptoms. Regression analyses in 

which levels of both symptom dimensions were entered as predictors 

consistently showed that inattention symptoms did not predict any of the 

(flexible) creativity indicators, whereas hyperactivity-impulsivity symptoms 

predicted enhanced self-reported creative behavior and achievements, as well as 

divergent thinking performance and the originality of problem construction. 

Thus, our findings do not seem to support studies showing that mind wandering 

and the processing of task-irrelevant information facilitates divergent thinking 

(Baird et al., 2012; Carson et al., 2003; Dijksterhuis & Meurs, 2006). However, it 

is important to note that we did not directly assess attentional processes or other 

aspects of executive control in the present studies, but merely inferred the 

quality of these processes from self-reported ADHD symptoms. Future studies 

should directly assess the role that these cognitive processes play in enhanced or 

impaired creativity in ADHD. 

Contrary to our expectations, we did not find any curvilinear relationships 

between ADHD symptoms and measures of creativity. Although we looked at 

subclinical symptoms in a sample of university students without clinical ADHD, 

the range of ADHD symptoms in our sample seemed to be sufficient to cover the 
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extreme symptoms that would be associated with the strongest decline in 

cognitive performance, as a substantial number of participants in our studies 

reported a degree of symptoms that would qualify for a clinical diagnosis (Kooij 

et al., 2005). Possibly, the students in our sample had additional cognitive 

resources at their disposal to compensate for the impairments that usually 

accompany strong ADHD symptoms. This would be much in line with findings by 

Carson and colleagues (2003) who showed that reduced latent inhibition, a 

decreased ability to ignore irrelevant information in the environment, was 

associated with enhanced divergent thinking and creative achievements, 

especially in people with a high IQ. It would be interesting to assess the 

interaction between ADHD symptoms and intelligence in predicting creativity in 

both subclinical and clinical samples in future studies. 

Although adults with ADHD often experience one of the symptom 

dimensions but not the other (Simon et al., 2009), prior studies on creativity in 

clinical ADHD did not take the different subtypes of ADHD into account 

(Abraham et al., 2006; White & Shah, 2011, 2016). Our findings imply that it is 

important to differentiate between different subtypes of ADHD and also between 

flexible and persistent creative processes. Although evidence indicates that 

inattention symptoms underlie most of the cognitive deficits in ADHD 

(Chhabildas et al., 2001), our results suggest that especially people with the 

combined and predominantly hyperactive–impulsive subtypes of ADHD will 

show enhanced flexibility and, to some extent, reduced persistence when 

cognitive tasks require creativity. Directing people with such symptoms to jobs or 

tasks that require creativity could help them benefit from the positive aspects of 

ADHD, thereby increasing motivation and job satisfaction (Verheul et al., 2015). 

However, it is unclear to what extent we can generalize the findings in 

subclinical samples to clinical groups. Previous studies suggested that the 

occupational and academic problems that people with clinical ADHD experience 

could lead to reduced self-esteem, anxiety, pessimism, and social inhibition 

(Biederman et al., 2006, 2008; Faraone, Kunwar, Adamson, & Biederman, 2009) 

– factors which may actually impair creative performance (Baas et al., 2008, 

2016, 2013). Although subclinical symptoms have also been associated with such 

negative outcomes, these effects seem to be milder than for full-blown ADHD 
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(Faraone et al., 2009). Therefore, findings in subclinical samples may 

overestimate creative performance in clinical ADHD. 

When interpreting the present findings, it is important to note that the 

ADHD scores obtained in our studies may overestimate the degree of actual 

ADHD symptoms that our participants experienced. In our study, 17% of 

participants reported a degree of ADHD symptoms that would qualify for a 

diagnosis of the disorder – a much larger percentage than the estimated 2.5% of 

people in the general population that are diagnosed with the disorder (Simon et 

al., 2009). It is important to note that these ‘diagnoses’ were only based on the 

degree of self-reported ADHD symptoms, whereas clinical diagnoses are usually 

based on a more elaborate assessment of symptoms by a clinical psychologist or 

psychiatrist. Moreover, the criteria for ADHD diagnosis in adults include 

additional requirements that we did not consider here, such as the presence of 

inattention and hyperactivity-impulsivity symptoms before the age of 12 

(American Psychiatric Association, 2013). Thus, the large percentage of potential 

diagnoses in our study may not reflect the actual prevalence of ADHD as a 

disorder, but, to some degree, common feelings of boredom and restlessness in 

our student sample. 

Similarly, the use of self-report scales to assess creativity in our study may 

overestimate creative abilities and behavior in our sample. The creative behavior 

scale (Janssen, 2001) and the Creative Achievement Questionnaire (Carson et al., 

2005) may reflect people’s beliefs about their own creativity rather than actual 

creative activities and accomplishments. Arguably, such self-enhancement may 

be less likely for the Creative Achievement Questionnaire, in which participants 

are asked to report publically recognized and concrete creative achievements, 

than for other self-report scales where ratings are based solely on participants’ 

subjective judgment. Creative achievement scores are often strongly skewed, 

with many scores at the lower end of the scale, indicating that participants have 

no problem reporting a lack of outstanding creative achievements (Silvia et al., 

2012). In the present series of studies we observed similarly skewed scores, 

which suggests that overestimation is probably not a large issue here. Moreover, 

participants’ scores on both self-report scales were reliably correlated with their 

performance on measures of flexible creativity in our studies. Nonetheless, we 
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acknowledge that it is difficult to definitively rule out the possibility of 

overestimation in self-reported creativity. Future studies could consider 

including a social desirability scale and controlling for this in the analyses. 

Conclusion 

In sum, the present research provides converging evidence for a 

relationship between symptoms of ADHD and enhanced (flexible) creativity. 

These relationships seem to be driven mainly by symptoms of hyperactivity–

impulsivity, such as high energy, impulsivity, reward sensitivity, and novelty 

seeking. Although, at present, it is unclear how these findings extend to clinical 

groups, our findings show that a certain degree of ADHD symptoms does not 

necessarily lead to problems in all cognitive domains, but can have specific 

benefits when problems ask for novel solutions. 
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Footnote 
1 Analyzing the data for the three studies separately did not notably change the 

results of these analyses, nor did a different analytic strategy to test for possible 

curvilinear relationships in which we broke down our sample into ten different 

groups based on participants’ total ADHD scores and compared creativity across 

these groups using one-way ANOVAs. 
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CHAPTER 5 

Creativity in ADHD: Goal-Directed Motivation and Domain-Specificity 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

This chapter is based on: 

Boot, N., Nevicka, B., & Baas, M. (2017). Creativity in ADHD: Goal-Directed 

Motivation and Domain-Specificity. Journal of Attention Disorders, 1–10. 	 	



 

100 

Abstract 
This research aimed to provide explanations for the inconsistent findings 

regarding creativity in ADHD. In Study 5.1, we assessed real-world creative 

achievements and intrinsic motivation during idea generation in adults with 

ADHD and compared these to controls. In Study 5.2, we manipulated competition 

during idea generation to investigate effects on idea originality in adults with 

ADHD vs. controls, and assessed creativity in specific domains. Adults with ADHD 

(vs. controls) reported more real-world creative achievements. We did not 

observe differences in intrinsic motivation during idea generation between 

groups, but adults with ADHD generated more original ideas when competing for 

a bonus. Also, adults with ADHD rated themselves as more creative in specific 

creative domains. Our findings suggest that goal-directed motivation may drive 

the enhanced real-world creative achievements of people with ADHD. Moreover, 

people with ADHD may selectively engage and excel in creative domains that fit 

their skills and preferences. 
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In recent years, an increasing number of people has been diagnosed with 

attention-deficit/hyperactivity disorder (ADHD), a neurodevelopmental disorder 

characterized by distractibility, hyperactivity, and impulsivity (e.g., Garfield et 

al., 2012). Although ADHD is usually first diagnosed in childhood, symptoms 

often persist into adulthood (Biederman, Petty, Evans, Small, & Faraone, 2010). 

The disorder may cause considerable problems in people’s lives: ADHD is 

associated with lower academic and occupational success, and an increased risk 

of developing depression, anxiety disorders, and addiction (Biederman et al., 

2006; Faraone et al., 2000). However, ADHD may have certain benefits in 

situations that require people to be creative. 

Previous studies indicate that creativity, the ability to generate ideas that 

are both novel and useful (Amabile, 1996), benefits from defocused attention and 

a reduced ability to ignore task-irrelevant stimuli in the environment  (Baird et 

al., 2012; Carson et al., 2003). The defocused processing of task-unrelated 

information during creative tasks may activate uncommon associations, 

resulting in original combinations of information. Also, high energy, impulsivity, 

and risk-taking seem to facilitate creativity (Barron & Harrington, 1981; Feist, 

1998). Thus, people who are easily distracted, hyperactive, and impulsive, such 

as those with ADHD, may be more creative than people who do not experience 

such symptoms. Indeed, studies show that adults with ADHD (vs. controls), as 

well as healthy people who experience a high number of ADHD symptoms, report 

more publically recognized creative achievements in daily life, such as receiving 

a patent for an invention or publishing a book (Boot et al., 2017d; White & Shah, 

2011; Zabelina et al., 2014). However, the precise cognitive and motivational 

mechanisms underlying this observation remain unclear. The purpose of this 

research is to address these mechanisms to better understand creativity in 

ADHD. 

First, real-world creativity is a complex construct that relies on the novel 

and appropriate combination of existing knowledge through several lower-level 

cognitive processes. For example, creative problems are often complex and ill-

defined and the creative process must start with a restructuring of the context 

and ultimate goals of the problem at hand. Then, a person may generate multiple 

potential solutions for the identified problem and evaluate the feasibility of those 
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solutions (e.g., Cropley, 2006; Mumford et al., 1996). These processes can be 

assessed using standardized laboratory tasks. For example, the Alternate Uses 

Task (Guilford, 1967) measures divergent thinking (i.e., the generation of 

multiple ideas in response to open-ended questions) by asking people to 

generate new, original uses for common objects, such as a brick. Some studies 

show that adults with ADHD (vs. controls) generate more original ideas on such 

tasks (White & Shah, 2006, 2011, 2016), but others do not find enhanced 

divergent thinking in ADHD (Abraham et al., 2006; Barkley et al., 1996; Murphy 

et al., 2001). However, people with ADHD may outperform people without the 

disorder on other aspects of the creative process (Abraham et al., 2006; Boot et 

al., 2017d). For example, ADHD symptoms have been associated with enhanced 

originality (but reduced usefulness) of problem reconstructions (Boot et al., 

2017d). Thus, when investigating creativity in ADHD it is important to look at 

different creative processes. 

Second, real-world creativity also relies on the motivation to turn existing 

knowledge into creative output through the aforementioned cognitive processes 

(Amabile, 1996). For instance, intrinsic motivation, the drive to engage in a task 

because it is interesting and enjoyable in itself, facilitates creativity (Hennessey 

& Amabile, 2010). People with ADHD seem to prefer the ‘loose’, unstructured 

idea generation process of creativity over more analytical processes (White & 

Shah, 2011), and thus may be more intrinsically motivated during idea 

generation. ADHD, however, is generally associated with motivational deficits 

(e.g., Toplak et al., 2005) and ADHD symptoms may actually result from a 

decreased motivation to perform tasks that are not (immediately) reinforced by 

external rewards (Barkley, 1997; Volkow et al., 2011). Thus, what drives people 

with ADHD to be more creative might be their (extrinsic) motivation to obtain 

desired outcomes, such as the reception of praise and external rewards, rather 

than the sheer enjoyment of performing creative tasks. Some evidence indicates 

that monetary rewards and competition with others indeed improves cognitive 

control in children with ADHD (Geurts et al., 2008; Kohls et al., 2009). When 

external reinforcement is absent, the rather simple ideation tasks used in the 

laboratory may not encourage people to fully engage in the process of generating 

their most original ideas. This may explain why increased divergent thinking is 
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not consistently observed in ADHD. Moreover, people with ADHD may experience 

greater motivation during daily creative activities in domains of their own 

choosing, but not during standardized laboratory tasks. Thus, it is important to 

assess how motivation and reinforcement during creative tasks influence creative 

performance and whether people with ADHD are only creative in domains of 

their choosing. 

Because real-world creativity relies on cognitive and motivational 

processes, another important factor to examine is medication use in ADHD, as 

medication use may affect these processes. A range of different drugs are 

available to alleviate ADHD symptoms, the most widely used ones being 

amphetamines and methylphenidate (Advokat, 2010). These drugs increase 

dopamine and noradrenaline levels in the brain, thereby normalizing fronto-

striatal activity in people with ADHD (Arnsten & Dudley, 2005; Rubia et al., 

2009). This, in turn, improves executive functions, including response inhibition 

(Aron, Dowson, Sahakian, & Robbins, 2003) and sustained attention (Advokat, 

2010). While improving the ability to focus, such medication may decrease the 

cognitive flexibility that many creative processes require (e.g., seeing 

associations between remotely related concepts, divergent thinking). 

Interestingly, methylphenidate may likewise target the motivational deficits 

observed in ADHD by increasing task saliency (Liddle et al., 2011; Volkow et al., 

2004). A recent study showed that methylphenidate administration influenced 

creativity in a sample of healthy adults (Gvirts et al., 2016), but whether 

medication also affects creativity in people with ADHD is unclear. In one study on 

creativity in adults with ADHD, medication use did not affect divergent thinking 

(White & Shah, 2011). However, other studies did not control for medication use 

or explicitly excluded participants who used medication from the study 

(Abraham et al., 2006; White & Shah, 2006, 2016). 

Here, we present two studies in which we investigated these factors as 

explanations for the inconsistent findings in previous studies. In Study 5.1, we 

assessed the role of intrinsic motivation in idea generation in people with ADHD 

vs. healthy controls. Moreover, we compared performance in these groups during 

creative problem reconstruction and explored the effects of medication use on 

these processes. In Study 5.2, we manipulated motivation and task engagement 
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during idea generation by providing participants with an opportunity to win a 

bonus by competing with others. Also, we assessed whether people with ADHD 

(vs. controls) consider themselves to be more creative in specific domains of 

creativity. 

Study 5.1 

We had four objectives in Study 5.1. First, we aimed to replicate the finding 

that people with ADHD (vs. controls) report more real-world creative 

achievements (White & Shah, 2011). Second, because real-world creativity builds 

on several creative problem solving stages, we assessed whether performance of 

people with ADHD differed from controls during two of those stages: initial 

problem reconstruction and subsequent idea generation. We hypothesized that 

ADHD participants would outperform controls on aspects related to originality 

but not usefulness (Boot et al., 2017d). Third, we assessed the role of intrinsic 

motivation in creative idea generation. If people with ADHD enjoy idea 

generation more than people without ADHD (White & Shah, 2011), participants 

with ADHD (vs. controls) may be more motivated to perform well during an idea 

generation task. We expected that people with ADHD would generate more 

original ideas because of increased intrinsic motivation. Finally, we explored 

whether creative processes were influenced by ADHD medication by comparing 

the performance of people with ADHD who did, and who did not, use such 

medication. 

Method 

Design, participants, and procedure 

We recruited 71 participants with ADHD to participate in this online study 

via a local institution specialized in the treatment of ADHD. All participants had 

been diagnosed by a clinical psychologist or psychiatrist. Of these participants, 

42 used some type of medication to treat their ADHD symptoms at the time of 

testing (medicated ADHD-group), whereas 29 others did not (non-medicated 

ADHD-group). In addition, we recruited 36 healthy control participants who 

matched participants in the ADHD groups on age, gender, and education. On 

average, participants were 26.77 years old (SD = 7.85; range 18-54; 61% female). 
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The two ADHD groups and the control group did not differ in terms of gender 

(X2(2, N = 107) = 2.66, p = .265), age (F(2,104) = .14, p = .868, , η2
p < .01), or 

education level (F(2,104) = 1.43, p = .243, η2
p < .03). Participation was voluntary 

and participants provided written consent. Participants received €5 for their 

participation. During the study, participants first completed an ADHD symptom 

checklist, followed by an idea generation task, a creative achievement 

questionnaire, and a problem construction task (see below). Finally, participants 

provided demographic information and participants in the ADHD groups 

answered some questions about their ADHD diagnosis and medication use. 

Measures 
ADHD. Current ADHD symptoms, such as hyperactivity and distractibility, 

were measured using the 23-item ADHD rating scale for adults (Kooij et al., 

2005). For each ADHD symptom, participants rated its frequency in the past 6 

months (1 = never or rarely, 5 = very often). Sample items include “forgetful in 

daily activities”, “make careless mistakes in work”, and “talk excessively” (α = 

.92; M = 3.25, SD = 0.77).		

Creative achievements.	 We assessed publically recognized and concrete 

creative achievements in ten domains (e.g., creative writing, theater, culinary 

arts) using the Creative Achievement Questionnaire (Carson et al., 2005). For 

each domain, participants were presented with eight rank-ordered statements 

ranging from 0 (“I have no training or recognized talent in this area”) to 7 (“I 

have won a national prize in this area”) and indicated which of these applied to 

them. The marked ranks were summed together to yield a creative achievement 

score (M = 13.04; SD = 14.80, range = 0 – 82). Because participants’ scores were 

strongly skewed, these were log-transformed prior to data analysis (Silvia et al., 

2012). 

Divergent thinking.	 We assessed divergent thinking using the Alternate 

Uses Task (AUT; Guilford, 1967). In two separate two-minute trials, we asked 

participants to generate as many new, original ways to use a fork and a 

newspaper as they could think of. Three independent and trained coders scored 

participants’ ideas in terms of fluency (the number of non-redundant ideas), 

flexibility (the number of conceptual categories the ideas belong to) and 

originality (the extent to which an idea is novel). To obtain a measure of 
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flexibility, ideas were categorized into different conceptual categories. For 

example, for the fork topic, the idea “to defend yourself” was coded in the 

category ‘as a weapon’, whereas the idea “use as a screwdriver” was coded in the 

category ‘as a tool.’ To obtain a measure of originality, coders scored each idea 

for the extent to which it was novel and uncommon on a 5-point scale (1 = not 

original at all, 5 = very original). We averaged originality ratings across all ideas 

an individual generated to correct for differences in fluency. Interrater reliability 

for flexibility (ICCfork = .97, p < .001; ICCnewspaper = .98, p < .001) and originality 

(ICCfork = .81, p < .001; ICCnewspaper = .84, p < .001) was good. We averaged fluency, 

flexibility, and originality ratings for both objects and across the three coders. On 

average, participants generated 8.30 ideas per trial (SD = 2.95, range = 1.50 – 

17.50) using 6.49 different categories (SD = 1.99, range = 1.5 – 11.67), with a mean 

originality of 1.66 (SD = 0.29, range = 1.09 – 2.75). 

Following each trial, participants answered four questions regarding their 

intrinsic motivation (e.g., “I enjoyed generating new uses for a newspaper/fork”; 

1 = I do not agree at all, 5 = I completely agree; α = .88, M = 3.60, SD = 0.90). 

Problem construction.	 We measured participants’ ability to restructure 

complex, ill-defined problems using a problem construction task (Mumford et 

al., 1996). During this task, participants read a short description of four 

problematic situations such as “You are the principal of an elementary school. 

One of the students has brought in a snake, but now it is missing”. After reading 

each description, we asked participants to redefine the problem in terms of i) 

diagnostic information, ii) alternative goals, iii) alternative procedures, and iv) 

constraints. For each of these aspects, participants could choose from four 

problem definitions that varied in usefulness (high vs. low) and originality (high 

vs. low). In the above example, an alternative goal high in both usefulness and 

originality would be: “How can I turn this into a learning experience for the 

students?”, whereas an alternative goal of low usefulness and low originality 

would be: “How can I keep from being held directly accountable?”. We 

subsequently counted the number of high-usefulness and high-originality 

options that participants selected. Participants obtained a mean usefulness score 

of 12.38 (SD = 2.14, range = 3 – 16) and a mean originality score of 7.07 (SD = 

2.38, range = 0 – 15). 
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Medication use. Participants in the ADHD groups indicated whether they 

used (now or in the past) medication to treat their symptoms. If so, they 

indicated what kind of medication they used, the dosage, and how often they 

used medication in the preceding six months.		

Results 

Descriptive statistics and group differences in ADHD symptoms 

Table 5.1 shows the zero-order correlations for all variables. ADHD 

symptoms correlated positively with creative achievements and negatively with 

the usefulness of problem construction. AUT fluency and flexibility were 

positively correlated, but originality did not correlate with either fluency or 

flexibility. Creative achievement scores correlated positively with AUT originality 

and originality of problem construction. As expected, self-reported ADHD 

symptoms differed between groups (F(2,104) = 60.78, p < .001, η2
p = .54). Planned 

contrasts showed that both the medicated (M = 3.69, SD = 0.41) and unmedicated 

(M = 3.62, SD = 0.54) ADHD groups reported more severe ADHD symptoms than 

controls (M = 2.46, SD = 0.64; t(104) = 10.89, p < .001, d = 2.26), but symptoms 

did not differ between the two ADHD groups (t(104) = 0.55, p = .583, d = 0.15). 

 

Table 5.1. Correlations between ADHD symptoms and creativity measures in Study 5.1  

 1. 2. 3. 4. 5. 6. 7. 

1. ADHD symptoms        

2. Creative achievements .22*       

3. AUT fluency -.12 .15      

4. AUT flexibility -.09 .12 .88**     

5. AUT originality -.03 .19* .05 .04    

6. Problem usefulness -.36** -.02 -.05 -.02 .04   

7. Problem originality .11 .21* -.07 -.10 .10 .06  

8. Intrinsic motivation -.06 .19 .11 .19 .40** .14 .01 

Note. *p < .05, **p < .01, N = 107 
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Group differences in creativity 

We observed differences between the ADHD and control groups on two of 

the creativity measures. First, creative achievements scores differed between 

groups (F(2,104) = 6.30, p = .003, η2
p = .11). Planned contrasts showed that 

participants in the medicated (M = 2.35, SD = 0.94) and non-medicated (M = 

2.58, SD = 0.87) ADHD groups reported more real-world creative achievements 

than healthy controls (M = 1.86, SD = 0.70; t(104) = 3.47, p = .001, d = 0.71), but 

creative achievement scores did not differ between the two ADHD groups (t(104) 

= 1.14, p = .257, d = 0.25). Also, the usefulness of problem reconstruction differed 

between groups (F(2,104) = 5.56, p = .005, η2
p = .10). In line with our hypothesis, 

ADHD participants picked fewer useful problem definitions than controls (M = 

13.25, SD = 1.66; t(104) = 3.23, p = .002, d = 0.70). Usefulness scores of medicated 

(M = 12.17, SD = 2.04) and non-medicated (M = 11.59, SD = 2.51) ADHD 

participants did not differ from each other (t(104) = 1.16, p = .247, d = 0.25). 

There was no significant group difference for the originality of problem 

construction (F(2,104) = 1.12, p = .330, η2
p = .02), AUT fluency (F(2,104) = 0.39, p = 

.678, η2
p = .01), AUT flexibility (F(2,104) = 1.09, p = .341, η2

p = .02), and AUT 

originality (F(2,104) = 0.19, p = .827 , η2
p < .01).  

Motivation during creative idea generation.	 Participants’ intrinsic 

motivation ratings during the AUT correlated positively with idea originality 

during this task, but not with flexibility or fluency (Table 5.1). Also, motivation 

ratings did not differ between the three groups (F(2,104) = .02, p = .977, η2
p < .01).	

Discussion and Introduction to Study 5.2 
In Study 5.1, we found that people with ADHD (vs. controls) reported more 

real-world creative achievements, in line with findings by White and Shah (2011). 

However, people with ADHD did not outperform controls on the creative 

processes on which creative outcomes and achievements rely: problem 

reconstruction and idea generation. Although higher intrinsic motivation ratings 

were associated with more original ideas during an idea generation task, neither 

intrinsic motivation nor performance differed between groups. This is 

inconsistent with findings suggesting that people with ADHD enjoy generating 

ideas more than control participants (White & Shah, 2011). Moreover, group 
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differences during creative problem reconstruction do not seem to account for 

the enhanced creative achievements in ADHD, as ADHD participants (vs. 

controls) selected fewer useful (and equally original) problem reconstructions. 

Finally, we did not find performance differences between medicated and 

unmedicated ADHD participants for any of the creativity measures. 

In Study 5.2, we further investigated the role of motivation in the enhanced 

real-world creative achievements in ADHD. Given the motivational deficits 

associated with ADHD, it is possible that people with ADHD need additional 

reinforcement that triggers their motivation to perform well during tasks that 

are not immediately rewarding (Shaw & Giambra, 1993; Volkow et al., 2011b). 

Therefore, we manipulated motivation by presenting participants with an 

opportunity to win a bonus in a competitive setting. We hypothesized that people 

with ADHD (vs. controls) would generate more original ideas on trials in which 

they could win money by competing with others, but not on trials without such 

competition. We specifically focused on originality of ideas, because originality 

can be seen as the hallmark of creativity (Amabile, 1996). 

We also investigated whether people with ADHD (vs. controls) are more 

creative in specific domains. Such domain-specificity could indicate that people 

with ADHD tend to select creative activities or environments that they like 

and/or fit their qualities (Verheul et al., 2015, 2016). Although an advantage of 

the Creative Achievement Questionnaire is that it measures recognized 

achievements in various domains rather than participants’ subjective judgment 

of their own creativity, a disadvantage of this scale is that many people report 

low scores in most domains. As a result, it is difficult to assess group differences 

in performance in specific domains using this scale. Therefore, in Study 5.2, we 

included a different self-report measure of creativity – one that assesses 

everyday creative abilities in different domains.  

Method 

Design, participants, and procedure 
We recruited 46 participants with ADHD and 44 healthy controls to 

participate in this study for money or course credit via advertisements posted 

around campus. Participation was voluntary and participants provided written 
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consent. On average, participants were 22.93 years old (SD = 3.41; range 18-36; 

62% female). The ADHD and control group did not differ in terms of gender 

(X2(2, N = 107) = 1.30, p = .254) or education (t(88) = 0.57, p = .570, d = 0.12). 

However, the ADHD group was significantly older than the control group (MADHD 

= 23.98, SDADHD = 3.87; Mcontrol = 21.84, SDcontrol = 2.44; t(88) = -3.12, p = .002, d = 

0.66). Participants were seated in individual cubicles behind a computer, which 

displayed all materials and recorded all responses. First, they completed a 

divergent thinking task, during which we manipulated competition (within-

subjects design) by providing participants with an opportunity to win a bonus. 

Subsequently, participants completed an ADHD symptom scale and a creativity 

scale. Finally, participants provided demographic information and those with 

ADHD additionally provided information about their ADHD diagnosis, medication 

use, and comorbidity with any other disorder(s) (e.g., major depression, anxiety 

disorders). Participants also completed an achievement goal questionnaire that is 

not relevant for the present research questions. 

Measures 
ADHD.	Same scale as in Study 5.1 (Kooij et al., 2005; α = .93; M = 3.04, SD = 

0.79).  

Divergent thinking.	As in Study 5.1, we measured divergent thinking using 

the AUT (Guilford, 1967). Participants were asked to generate as many new, 

original uses for four objects (a belt, book, tin can, and towel) during four 

separate one-minute trials. The objects were presented in random order. Again, 

three independent and trained coders scored participants’ ideas in terms of 

fluency, flexibility, and originality. Interrater reliability for both flexibility (all 

ICCs > .95, all ps < .001) and originality (all ICCs > .80, all ps < .001) was good. On 

average, participants generated 5.44 ideas per object (SD = 2.26, range = 1.00 – 

12.75) in 4.31 different categories (SD = 1.44, range = 1.00 – 7.58), with a mean 

originality of 1.79 (SD = 0.39, range = 0.84 – 2.75).1 As in Study 5.1, participants 

answered three questions concerning their motivation to perform well following 

each trial.	

Competition manipulation. We manipulated competition by providing 

participants with an opportunity to win an additional €5 during certain trials. We 

told participants that the originality of their ideas on two of the trials would be 
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compared to the performance of another randomly selected participant from the 

sample. If their ideas were found to be more original on those trials, they would 

win €5. If the ideas of the other participant were more original, the other 

participant would win €5. On the other two “non-competition” trials, 

participants’ ideas were not compared to another participants’ ideas. We told 

participants that their ideas on those trials would only be considered to assess 

their individual performance. Prior to each trial, participants were told whether 

or not their ideas on that particular trial were to be compared to those of another 

participant. Competition and no-competition trials were presented in random 

order. As an instructional check, after each trial, participants indicated whether 

their ideas on the preceding trial were to be considered for the bonus. 

Manipulation check.	 Immediately after the final trial, we assessed 

participants’ subjective experience of competition during the task using five 

items (e.g., “I felt like I was participating in a competition”, “I wanted to be 

more creative that the other”) on a 5-point scale (1 = I do not agree at all, 5 = I 

totally agree; α = .84, M = 3.73, SD = 0.56).  

Creativity in different domains. We assessed self-perceived creative 

abilities using the Kaufman Domains of Creativity Scale (K-DOCS; Kaufman, 

2012). This scale consists of 50 items assessing creativity in five domains: 

self/everyday, scholarly, performance, mechanical/scientific, and artistic 

creativity. For each item, participants indicated how creative they considered 

themselves to be compared to other people (1 = much less creative, 5 = much 

more creative). Items included “Planning a trip or event with friends that meets 

everyone’s needs” (self/everyday domain; α = .66), “Shooting a fun video to air 

on YouTube” (performance domain; α = .82), “Constructing something out of 

metal, stone, or similar material” (mechanical/scientific domain; α = .78), 

“Drawing a picture of something I’ve never actually seen (like an alien)” (artistic 

domain; α = .66), and “Arguing a side in a debate that I do not personally agree 

with” (scholarly domain; α = .67). 

Medication use and comorbidity.	As in Study 5.1, we asked participants in 

the ADHD group questions about their present and past medication use, type of 

medication, and dosage. Also, participants indicated whether a psychologist or 

psychiatrist had diagnosed them with any other disorder(s) (e.g., major 
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depression, anxiety disorders) that was still relevant at the time of participation. 

Such disorders are common in ADHD and may affect creativity in this group 

(Baas et al., 2016; Faraone et al., 2000). 26% of ADHD participants reported a 

comorbid mental disorder. 

Results 

Descriptive statistics and group differences in ADHD symptoms 

Table 5.2 shows the zero-order correlations for all variables. ADHD 

symptoms correlated positively with AUT originality and self-reported creativity 

in the mechanical/scientific, artistic, and performance domains, but not with any 

of the other creativity indicators. As in Study 5.1, AUT fluency and flexibility were 

positively correlated, but originality did not correlate with either fluency or 

flexibility. As expected, the ADHD group (M = 3.62, SD = 0.49) reported more 

severe ADHD symptoms than the control group (M = 2.44, SD = 0.79; t(88) = 

10.69, p < .001, d = 1.80).  

 

Table 5.2. Correlations between ADHD symptoms and creativity measures in Study 5.2  

 1. 2. 3. 4. 5. 6. 7. 8. 9. 

1. Age          

2. ADHD symptoms .21*         

3. AUT fluency .08 .09        

4. AUT flexibility .08 .11 .90**       

5. AUT originality -.05 .28** -.01 -.07      

6. K-DOCS self/everyday .00 .00 .12 .07 .26**     

7. K-DOCS mechanical/scientific .03 .33** .02 .05 .01 -.15    

8. K-DOCS artistic .14 .26* .13 .13 .15 .07 .30**   

9. K-DOCS performance .06 .34** .20 .16 .19 .11 .13 .45**  

10. K-DOCS scholarly .08 .11 -.02 .02 .18 .20 .19 .16 .34** 

Note. *p < .05, **p < .01, N = 90 
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Manipulation check 

On average, participants made an error on the instructional check questions 

on 13% of the trials. However, including the percentage of errors made as a 

covariate in the analyses did not change the results. A 2 (Group: ADHD vs. 

controls) x 2 (Competition: competition vs. no competition) repeated-measures 

analysis of variance (ANOVA) showed that, during the AUT, participants were 

more motivated under competition (M = 3.80, SD = 0.61) than in the absence of 

competition (M = 3.69, SD = 0.58; F(1,88) = 7.51, p = .007, η2
p = .08), suggesting 

that our manipulation was successful. Motivation ratings did not differ between 

groups, nor was there an interaction between group and competition (Fs < 2.45, 

ps > .121). 

Group differences in idea generation and the effects of competition 

To assess group differences in creativity in the presence or absence of 

competition, we conducted a series of repeated-measures ANOVAs with the 

above factors. Because age differed between groups and was also related to the 

subjective experience of competition (r(90) = -.34, p = .001), we entered age as a 

covariate in these analyses. For AUT fluency, we did not find a main effect of 

competition (F(1,87) = 0.67, p = .415, η2
p = .01) or group (F(1,87) = 0.00, p = .997, 

η2
p < .01), nor did we find a significant interaction between group and 

competition (F(1,87) = 2.41, p = .124, η2
p = .03). Similarly, we did not find any 

main or interaction effects for flexibility (Fs < 1.61, ps > .207). However, we found 

a significant main effect of competition (F(1,87) = 12.89, p = .001, η2
p = .13) for the 

originality of ideas. Participants generated more original ideas under competition 

(M = 1.86, SD = 0.56) than in the absence of competition (M = 1.72, SD = 0.33). We 

did not find a main effect of group on originality (F(1,87) = 1.07, p = .304, η2
p = 

.01), but group interacted with competition (F(1,87) = 4.67, p = .034, η2
p = .05). 

Pairwise comparisons showed that people with ADHD were not significantly 

more original compared to controls in either condition (competition: F(1,87) = 

2.71, p = .103, η2
p = .03; no competition: F(1,87) = 0.09, p = .767, η2

p < .01). 

However, ADHD participants became more original under competition (Mcompetition 

= 1.92, Mno competition = 1.72; F(1,87) = 12.24, p = .001, η2
p = .12), whereas control 

participants did not (Mcompetition = 1.79, Mno competition = 1.71; F(1,87) = 0.10, p = .749, 

η2
p < .01).2 
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Self-reported creativity in different domains 

A multivariate ANOVA showed that K-DOCS scores differed significantly 

between groups (F(5,84) = 3.80, p = .006, Wilk's Λ = 0.83, η2
p = .18; see Table 5.3 

for means and standard deviations). After correction for multiple comparisons 

(adjusted α = .01), we found significant group differences in the performance 

(F(1,88) = 8.72, p = .004, η2
p = .09) and mechanical/scientific domain (F(1,88) = 

8.50, p = .005, η2
p = .09). No group differences were observed in the everyday 

(F(1,88) = 0.54, p = .464, η2
p = .01), scholarly (F(1,88) = .59, p = .443, η2

p = .01), 

and artistic domains (F(1,88) = 2.82, p = .097, η2
p = .03). 

 

Table 5.3. Means and standard deviations of self-reported creativity in five different domains for 

the ADHD and control groups 

 

Discussion 

In the present studies, we investigated several potential explanations for 

the inconsistent evidence regarding creativity in ADHD. First of all, we replicated 

findings showing that people with ADHD report more real-world creative 

achievements (Boot et al., 2017d; White & Shah, 2011). While we did not observe 

increased intrinsic motivation during creative idea generation in ADHD, people 

with ADHD did generate more original ideas when competing for a bonus, but 

not in the absence of such competition. Competition did not affect the creative 

performance of control participants. Moreover, we found that ADHD participants 

(vs. controls) rated themselves as more creative in specific creative domains. 

People with ADHD reported higher creative abilities in the performance (e.g., 

 ADHD Control  

 M SD M SD p 

Self/everyday 3.75 0.60 3.67 0.49 .464 

Mechanical/scientific 2.89 0.81 2.40 0.81 .005 

Artistic 3.32 0.65 3.08 0.69 .097 

Performance 3.30 0.82 2.83 0.69 .004 

Scholarly 3.72 0.64 3.62 0.56 .443 
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playing music in public, acting in a play) and mechanical/scientific domain (e.g., 

setting up experiments, programming), but, for instance, not in the artistic 

domain. Enhanced performance during the early stages of creative problem 

solving does not seem to play a role in the enhanced real-world creativity 

observed in ADHD. Participants in the ADHD (vs. control) group selected fewer 

useful (and equally original) problem reconstructions. Finally, we did not find 

any performance differences between medicated and unmedicated participants 

with ADHD. 

Theoretical Implications 

Our finding that people with ADHD generated more original ideas under 

competition than in the absence of competition is in line with studies showing 

that rewards or social comparison can improve cognitive performance in people 

with ADHD (Geurts et al., 2008; Kohls et al., 2009; Luman, Oosterlaan, & 

Sergeant, 2005). In Study 5.1, in which we did not manipulate competition, we 

did not observe increased (intrinsic) motivation during idea generation in ADHD 

participants, contrary to findings showing that people with ADHD enjoy idea 

generation more than people without ADHD (White & Shah, 2011). Our findings 

do suggest that people with ADHD can be motivated to exert more goal-directed 

effort when a desired outcome, either in the form of a monetary reward or the 

possibility to beat an opponent, is introduced. Although the ideas of people with 

ADHD were more original under competition compared to when competition was 

absent, their ideas were not more original than those of control participants in 

either condition (possibly due to a lack of power). Also, it is unclear whether the 

observed effects were driven by the prospect of obtaining a monetary reward, the 

opportunity to outperform an opponent, or both.  

We did not find group differences in originality during problem 

reconstruction, an early stage of the creative process. In fact, participants with 

ADHD (vs. controls) selected fewer useful problem reconstructions, supporting 

findings showing that people with ADHD have problems with aspects of 

creativity relating to practicality (Abraham et al., 2006; Boot et al., 2017d). 

Possibly, people with ADHD need additional reinforcement to perform well 

during idea generation as well as initial problem reconstruction. Alternatively, 

people with ADHD may outperform controls in stages following problem 
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reconstruction and idea generation. Creative ideas may evoke a sense of 

inspiration, a motivational state that drives people to actualize those ideas 

(Thrash, Maruskin, Cassidy, Fryer, & Ryan, 2010). This drive seems to be 

especially strong in people scoring high on approach temperament, a strong 

sensitivity to appetitive stimuli and reinforcement, such as people with ADHD 

(Boot et al., 2017b; Mitchell, 2010). Thus, future studies could assess whether 

motivation during the actualization, rather than generation of ideas underlie the 

enhanced real-world creativity observed in ADHD.  

The finding that participants with ADHD (vs. controls) report being more 

creative in specific creative domains suggests that people with ADHD are not 

more creative overall, but that they may select creative tasks and environments 

that they like and/or fit their abilities. People with ADHD strive to maintain 

control over their environment in a generally chaotic life. The ability to do so 

contributes to their psychological well-being (Toner, O’Donoghue, & Houghton, 

2006; Wilmshurst, Peele, & Wilmshurst, 2011). People with (symptoms of) ADHD 

are more likely to be self-employed than people without such symptoms, 

possibly because they prefer to work in informal environments in which they 

experience high autonomy (Mannuzza, Klein, Bessler, & LaPadula, 1993; Verheul 

et al., 2015, 2016). The good fit between characteristics of ADHD and such 

environmental factors may increase job satisfaction and commitment (Verheul et 

al., 2015). Thus, people with ADHD may simply invest more time and energy in 

creative activities and domains that match their preferences and skills. As a 

result, they may develop a high level of expertise in these domains, enabling 

them to generate more original ideas (Baer, 2015). In our study, ADHD 

participants (vs. controls) reported higher creativity specifically in the 

performance and mechanical/scientific domain. Exactly why people with ADHD 

are drawn to these domains is unclear and should be assessed in future studies. 

Also, the reliability of the subscales for which we did not observe group 

differences was suboptimal, which may have influenced the results.  

When interpreting our findings regarding domain-specific creativity, it is 

important to note that these are based on self-reported abilities rather than 

actual creative performance. A strength of the K-DOCS is that it assesses creative 

abilities in a wide range of situations. However, this may limit the experience 
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that participants have with each of these situations, making it difficult to judge 

one’s own creativity. Also, people’s subjective judgment of their own creativity is 

not always accurate and may be strongly influenced by self-esteem, which tends 

to be reduced in ADHD (Kaufman, 2012; Shaw-Zirt, Popali-Lehane, Chaplin, & 

Bergman, 2005). Thus, the present findings may underestimate the (self-

perceived) creativity of people with ADHD. At the same time, scientific creativity 

in ADHD may be overestimated in our sample of mainly university students. 

More generally, the education level of participants in our samples limits the 

generalizability of our results. Our samples consisted of high-functioning people 

with ADHD who managed to do well in educational settings despite their 

symptoms, while people with ADHD are generally less likely to obtain a 

university degree than people without ADHD (Wilmshurst et al., 2011). Thus, 

future studies should verify these findings in a more heterogeneous sample.   

We did not find any differences in creativity between medicated and 

unmedicated participants in the present studies. However, because of the large 

individual variability, we did not take the type and dosage of medication into 

account. Future studies could more systematically assess medication effects on 

creativity in ADHD by manipulating medication use, similar to several studies 

conducted with children with ADHD (Douglas, Barr, Desilets, & Sherman, 1995; 

González-Carpio Hernández & Serrano Selva, 2016). Similarly, comorbidity with 

other mental disorders in the ADHD group was too diverse to allow for 

meaningful exploration of its association with creativity, although it is likely that 

comorbid disorders influence creative processes in ADHD (e.g., Baas et al., 2016).  

Conclusion 
In the present studies, we showed that people with ADHD generate more 

original ideas when competing for rewards with others than when such 

competition is absent. Although the exact mechanism underlying this effect 

remains to be uncovered in future studies, our findings suggesting that goal-

directed motivation may drive the enhanced real-world creative achievements of 

people with ADHD. Moreover, we found that people with ADHD report enhanced 

creativity in specific domains, indicating that people with ADHD may excel in 

specific creative tasks that match their preferences and abilities. Encouraging 

them to engage in such tasks and rewarding their creative work may help both 
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themselves, as well as the people around them, to benefit from the positive side 

of ADHD 
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Footnotes 
1 One participant did not generate any valid ideas for one of the objects and thus 

obtained an average originality score below 1. 
2 Because we did not find any differences between medicated and unmedicated 

participants in Study 1, we did not include medication use as a main factor of 

interest in Study 2. In Study 2, 22 participants in the ADHD group used 

medication to treat their symptoms, whereas 24 did not. Creative performance 

did not differ between medicated and unmedicated participants (all Fs < 0.157, all 

ps > .694). Also, performance did not differ between ADHD participants with (N = 

15) and without comorbid disorders (N = 31; all Fs < 0.843, all ps > .366). 
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CHAPTER 6 

Methylphenidate Does not Affect Convergent and Divergent Creative 

Processes in Healthy Adults 	 	
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Abstract 
An increasing number of healthy people use methylphenidate, a stimulant that 

increases dopamine and noradrenaline levels in the brain, to help them focus 

over extended periods of time. While methylphenidate may indeed facilitate 

cognitive functions related to cognitive stability, such as working memory and 

persistence, it may impair processes characterized by cognitive flexibility, 

including the flexible processes that contribute to creativity. In this study, we 

investigated whether methylphenidate affected convergent and divergent 

creative processes in a sample of healthy participants. Also, we assessed whether 

such effects depended on individual differences in ADHD symptoms and working 

memory capacity. Contrary to our expectations, methylphenidate did not affect 

participants’ creative performance on any of the tasks. Also, methylphenidate 

effects did not depend on individual differences in hyperactivity–impulsivity and 

baseline working memory capacity. Thus, although methylphenidate effects on 

creativity may be underestimated in our study due to several methodological 

factors, our findings do not suggest that methylphenidate impairs people’s 

ability to be creative. 
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In recent years, the number of people using methylphenidate (a 

psychostimulant that increases levels of dopamine and noradrenaline in the 

brain) has strongly increased (De Jongh, Bolt, Schermer, & Olivier, 2008; Maher, 

2008; Smith & Farah, 2011). While some of these people use this drug as 

prescribed medication to treat symptoms of attention-deficit/hyperactivity 

disorder (ADHD), an increasing number of healthy people use methylphenidate 

and similar stimulants as cognitive enhancers to boost their ability to 

concentrate over extended periods of time (Cakic, 2009; Greely et al., 2008; 

Maher, 2008). While the term cognitive enhancer (also referred to as smart pills, 

cosmetic neurology, or botox for the brain) implies that the effects of such 

enhancers are unquestionably beneficial, this assumption may be overly 

optimistic. Indeed, these substances may facilitate cognitive processes that 

support cognitive stability, such as working memory, vigilance, and response 

inhibition (e.g., Linssen, Sambeth, Vuurman, & Riedel, 2014; Marquand et al., 

2011; Minzenberg & Carter, 2008), but they may simultaneously impair flexible 

cognitive processes, such as those that contribute to creativity (Mohamed, 2016; 

Müller et al., 2013).  

Creativity, the ability to come up with outcomes (e.g., ideas, poems, 

problem solutions) that are both original and useful, benefits from cognitive 

flexibility (e.g., Chermahini & Hommel, 2012; Nijstad et al., 2010). Flexible 

creative processes include seeing associations between concepts that are only 

remotely related, switching between different task approaches, and divergent 

thinking (generating multiple ideas in response to open-ended questions; 

Guilford, 1967). Alternatively, creative outcomes may result from more 

analytical, persistent processes that require sustained attention and 

perseverance, such as thinking along a certain line and convergent thinking (the 

recombination of familiar and closely related information into novel ideas 

according to certain rules) (Cropley, 2006; Lucas & Nordgren, 2015; Nijstad et al., 

2010; Roskes et al., 2012). In real life, creativity probably results from a balance 

between flexible and persistent creative processes rather than one or the other – 

a balance that seems to be strongly modulated by dopamine (Boot et al., 2017b; 

Hommel & Colzato, 2017).  
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The neurotransmitter dopamine plays a major role in the cognitive control 

of goal-directed behavior by regulating the balance between cognitive flexibility 

and stability (Cools & D’Esposito, 2011; Cools et al., 2007; Frank et al., 2001; 

McNab & Klingberg, 2008). While dopamine in the prefrontal cortex seems to 

facilitate cognitive stability (e.g., the manipulation of information in working 

memory, suppression of task-irrelevant information), dopamine in the 

subcortical striatum supports cognitive flexibility (e.g., task switching, updating 

of representations in working memory). Similarly, dopamine seems to modulate 

flexible and persistent processes in creativity, as indicated by an increasing 

number of studies (e.g., Chermahini & Hommel, 2012; Mayseless et al., 2013; 

Zabelina et al., 2016a; Zhang et al., 2014b), although direct evidence for 

dopaminergic modulation of creativity is lacking at present (Boot et al., 2017b). 

For example, genetic variations in prefrontal and striatal dopamine availability 

are associated with differences in flexible and persistent creative performance 

(Mayseless et al., 2013; Zhang et al., 2014a, 2014b). By increasing dopaminergic 

(and noradrenergic) activity in fronto-striatal brain areas (Arnsten & Dudley, 

2005; Bymaster et al., 2002; Kuczenski & Segal, 1997), methylphenidate may 

affect flexible and persistent creative processes in opposing ways. By improving 

the ability to focus, methylphenidate may facilitate persistent creative processes, 

but, at the same time, this may be detrimental to the cognitive flexibility that 

other creative processes require. Thus, the effects of methylphenidate on 

creativity may depend on the specific creative processes required for the task at 

hand. 

Moreover, the effects of dopamine on cognition seem to follow an inverted-

U-shaped function (Cools & D’Esposito, 2011; Durstewitz & Seamans, 2008; 

Vijayraghavan et al., 2007). While both low and high levels of dopamine are 

associated with impaired cognitive performance, medium dopamine levels are 

associated with optimal performance. This implies that the effects of 

methylphenidate and similar substances may depend on individuals’ baseline 

dopamine levels (Clatworthy et al., 2009; Cools et al., 2007; Frank & O’Reilly, 

2006; Kimberg, D’Esposito, & Farah, 1997; Mehta et al., 2000; Van der Schaaf, 

Fallon, Huurne, Buitelaar, & Cools, 2013). For example, Cools and colleagues 

(2007) showed that the effects of bromocriptine (a dopamine agonist) on 
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working memory performance depended on people’s impulsivity, a personality 

trait associated with both dopaminergic functioning and enhanced creativity 

(Boot et al., 2017d; Feist, 1998). In this study, bromocriptine enhanced the 

updating of information in working memory in highly impulsive participants 

with low baseline working memory capacity, while it did not affect working 

memory performance in low-impulsive participants with high baseline working 

memory capacity. Similarly, moderate levels of dopamine seem to be associated 

with optimal creative performance, while both low and high dopamine levels are 

associated with suboptimal performance (Boot et al., 2017b; Chermahini & 

Hommel, 2010, 2012). Therefore, methylphenidate effects on creativity may also 

depend on individual differences in baseline dopaminergic functioning, as 

indicated by their working memory capacity or hyperactivity–impulsivity, one of 

the core symptoms of ADHD that has been associated with enhanced creativity 

(Boot et al., 2017d). 

In the present study, we set out to investigate methylphenidate effects on 

convergent and divergent processes in creativity in a sample of healthy 

participants and we tested whether such effects depend on individual differences 

in hyperactivity–impulsivity symptoms of ADHD and working memory capacity. 

Along the same lines, a recently published study showed that the effects of 

methylphenidate on divergent thinking in a sample of healthy participants 

depended on participants’ baseline levels of novelty seeking, an aspect of 

impulsivity that is also associated with dopaminergic functioning (Gvirts et al., 

2016). In this study, methylphenidate enhanced divergent thinking in 

participants with lower baseline novelty seeking scores (and presumably reduced 

baseline levels of striatal dopamine; Zald et al., 2009), but decreased divergent 

thinking in participants with higher baseline novelty seeking scores (and 

elevated levels of striatal dopamine at baseline). Similarly, we expected that 

methylphenidate would increase divergent thinking in people with low 

hyperactivity–impulsivity symptoms and high baseline working memory 

capacity, but that it would decrease divergent thinking in people with high 

hyperactivity–impulsivity scores and low baseline working memory capacity. 

However, we expected that methylphenidate would increase convergent thinking 

in highly hyperactive–impulsive people and low baseline working memory 
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capacity, but that it would decrease convergent thinking in people with low 

hyperactivity–impulsivity scores and high baseline working memory capacity.  

Method 

Participants, Design, and Procedure 
We recruited 48 right-handed Dutch native speakers (28 females) with a 

mean age of 22.12 years (SD = 2.39) to take part in this double-blind placebo-

controlled randomized within-subjects study. All but one participant had 

completed or was currently attending some form of higher education (i.e., 

university or comparable). Sample size was determined based on a power 

analysis in G*Power (Faul et al., 2007) with an α of 0.05 and a power of 0.90, 

indicating that a sample of at least 44 participants would be required to detect 

pharmacological effects of moderate size (η2
p = 0.05 - 0.22; De Dreu et al., 2014) 

on the variables of interest. Participants were extensively screened prior to 

participating in the study to exclude any (history of) physical or mental illness 

that could affect their response to methylphenidate. A complete list of the 

exclusion criteria is shown in Appendix II. Participants received €100 for their 

participation. 

Participants took part in two sessions during which they received a capsule 

with 20 mg of methylphenidate or a visually identical placebo. The two sessions 

were scheduled at least one week apart to ensure drug washout. Methylphenidate 

has a half-life of 2 to 3 hours (Kimko, Cross, & Abernethy, 1999). The two 

sessions for each subject started at the same time of day and all sessions ended 

before 5 pm, because dopamine levels naturally rise in the evening (Barbato, 

Ficca, & Muscettola, 2000). The order of the drug and placebo sessions was 

randomized across participants. Participants were asked to refrain from drinking 

alcohol and smoking cigarettes within the 24 hours prior to the sessions. 

Moreover, they were not allowed to drink caffeinated drinks on the testing days. 

Light snacks were provided during the sessions. 

The present experiment was part of a larger study that included language 

and working memory tasks (including EEG recordings). The data of these tasks 

are not reported here, because they are not relevant for the present research 
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questions. Session 1 lasted for approximately 5 hours. At the start of this session, 

participants were subjected to a medical screening, consisting of a medical 

history checklist and blood pressure measurement. Subsequently, participants 

completed baseline measures of working memory capacity, current ADHD 

symptoms, (self-reported) creative abilities, and alertness. Approximately 1 hour 

after administration of the capsule containing either 20 mg methylphenidate or a 

placebo, participants started a series of tasks including an alertness measure, a 

language task, and several working memory tasks. Methylphenidate levels peak 

around 2 hours after oral administration (Kimko et al., 1999). About 2.5 hours 

after capsule administration, participants completed three creativity tasks that 

took about 20 minutes to complete. Over the course of the session, participants’ 

blood pressure and heart rate were assessed four times: 1) during the medical 

screening (approximately 1 hour before capsule administration), 2) directly 

before capsule administration, 3) approximately 1 hour after capsule 

administration and 4) at the end of the session (approximately 3 hours after 

capsule administration). At Time 1, 3 and 4, participants’ subjective mood was 

also assessed. Session 2 did not include a medical screening and baseline 

measures, but was otherwise identical to Session 1 and took approximately 4 

hours.1 

Creativity Tasks 
In both sessions, participants were presented with three creativity tasks, 

the order of which was counterbalanced across participants. 

Alternate Uses Task 
We measured divergent thinking using the Alternate Uses Task (AUT; 

Guilford, 1967). In four separate two-minute trials per session, we asked 

participants to generate as many new, original ways to use a common object as 

they could think of. The two sets of four objects (Set 1: brick, chord, towel, book; 

Set 2: newspaper, can, cardboard box, belt) were matched in terms of the 

(variance in) flexibility and originality of ideas that were generated in a previous 

study (data not presented here). Within each session, the objects were presented 

in randomized order. The order of the sets across sessions was counterbalanced 

across participants. Subsequently, two trained coders, blind to the conditions 
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that the ideas belonged to, scored participants’ ideas in terms of fluency (the 

number of non-redundant ideas), flexibility (the number of conceptual 

categories the ideas belonged to), and originality (the extent to which an idea is 

uncommon). To obtain a measure of flexibility, ideas were categorized into 

different conceptual categories. For example, for the newspaper, the idea “to hit 

somebody” is coded in the category ‘as a weapon’, whereas the idea “use to light 

up the fireplace” is coded in the category ‘as fuel’. To obtain a measure of 

originality, each idea was scored for the extent to which it was novel and 

uncommon on a 5-point scale (1 = not original at all, 5 = very original). Originality 

ratings were averaged across all ideas for each individual to correct for 

differences in fluency. Interrater reliability for both flexibility (Cohen’s κs > .96, 

ps < .001) and originality (ICCs > .86, ps < .001) was good. For each session, 

fluency, flexibility and originality scores were averaged across the four objects 

into reliable indices of divergent thinking (αfluency > .84, αflexibility > .71, αoriginality > 

.76). Across sessions, participants generated an average of 7.93 ideas (SD = 2.63) 

in 5.68 categories (SD = 1.53) with an average originality of 1.83 (SD = 0.26), 

which is comparable to the ideas generated in other studies (e.g., Boot et al., 

2017d).  

Remote Associates Test 

We assessed convergent thinking using the Remote Associates Test (RAT: 

Mednick, 1962). This task required participants to identify associations among 

words that are not obviously connected. In each session, participants received a 

set of 10 items in which they were given three words (e.g., jar, stain, blue) and 

had to generate a word that associated with all of them (i.e., ink). The two sets of 

items were matched in terms of difficulty based on the solution rate in previous 

datasets and the order of sets was counterbalanced across participants. This task 

was self-paced and participants could skip an item if they were unable to retrieve 

its correct solution. The number of correctly solved items was our measure of 

convergent thinking. On average, participants solved 5.40 items (SD = 1.53) across 

sessions. 
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Alternate Names Task 

We measured rule divergent and rule convergent processes in creativity 

using the recently developed Alternate Names Task (Boot et al., 2017a), an 

adaptation of the Pasta task (De Dreu et al., 2014; Dijksterhuis & Meurs, 2006; 

Marsh et al., 1999). During this task, participants were asked to generate as 

many new names as possible for items in a specific category within one minute, 

given three examples of non-existing names, all ending with the same letter(s). 

For example, examples in the category ‘martial arts’ were ‘nikato’, ‘kai do’, and 

‘sadamo’. From their responses, indices for rule convergent thinking (the 

number of items ending with the cue in the instructions, i.e., ‘o’) and rule 

divergent thinking (the number of items not ending with an ‘o’) could be created. 

Moreover, we created indices for repetitions (the number of times in which 

participants consecutively generated names with the same ending), switches 

(number of times in which participants switched from one ending, e.g., ‘e’, to 

another ending, e.g., ‘a’), and the number of unique name endings (Boot et al., 

2017a; De Dreu et al., 2014). During each session, participants generated new 

names for two sets of five categories. The sets were matched in terms of rule 

divergence and convergence based on previous datasets. The order of sets across 

sessions was counterbalanced across participants. We removed existing names 

and duplicates from the data prior to data analysis. Two additional participants 

were excluded from this  particular analysis, because they generated too few 

valid ideas (M < 1.5) during at least one of the sessions.  

Because the resulting variables were strongly skewed, we log-transformed 

them to approach a normal distribution. Convergent names associated positively 

with category repetitions (r = .98, p < 0.001), and both were z-transformed and 

aggregated as a measure of convergent ideation. Similarly, divergent thinking, 

category switches, and the number of non-redundant endings were z-

transformed and formed a reliable index of divergent ideation (α = 0.84). 

ADHD Symptoms 
We assessed hyperactivity–impulsivity and inattention symptoms of ADHD 

using the 23-item ADHD rating scale for adults (Kooij et al., 2005). For each 

ADHD symptom, participants rated its frequency in the past 6 months using a 4-

point scale, from 1 (never or rarely) to 4 (very often). Sample items of the 
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hyperactivity–impulsivity subscale are “difficulty awaiting turn” and “interrupt 

or intrude on others”. Sample items of the inattention subscale are “easily 

distracted” and “difficulty organizing tasks and activities”. Reliability of the 

total scale (α = .82) and subscales (αhyperactivity-impulsivity = .76; αinattention = .73) was 

good. On average, participants reported a total ADHD score of 1.73 (SD = 0.30, 

range = 1.26-2.48), a hyperactivity–impulsivity score of 1.82 (SD = 0.39, range = 

1.17-2.92), and an inattention score of 1.65 (SD = 0.32, range = 1.09-2.27).  

Working Memory Capacity 
Baseline working memory capacity was assessed using a Dutch version of 

the automated reading span (Daneman & Carpenter, 1980; Unsworth, Heitz, 

Schrock, & Engle, 2005). In this task, participants were required to judge whether 

presented sentences made sense or not by clicking a button saying ‘True’ or 

‘False’. Following each sentence, the participant was asked to memorize a letter 

that appeared on the screen. After sets of 3 to 7 sentence–letter combinations, 

participants were asked to report back the to-be-remembered letters in the 

current set in the correct order. In total, the task contained 75 sentence 

judgements and letters to be remembered. The order of the set sizes (each 

appearing three times) was randomized across participants. Performance on this 

task was scored as the total number of correctly recalled letters during this task 

(M = 60.09, SD = 9.70, range = 32 – 75). 

Alertness 
To assess potential drug effects on general alertness and vigilance, 

participants completed two control tasks in both sessions. Prior to capsule 

administration, participants completed the box completion task (Salthouse, 

1996). During this paper-and-pencil task, participants were presented with ten 

rows of ten square boxes that were still open on one of the sides. Participants 

were required to close all squares as quickly as possible by drawing a line. 

Performance on this task was scored in terms of total completion time. In 

addition, participants completed the number cancellation task (Lewis & Kupke, 

1977) approximately one hour after capsule administration. This paper-and-

pencil task required participants to scan 28 rows of 35 digits and to cross out all 

numbers 6 and 9 while ignoring all other digits. Performance on the number 
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cancellation task was scored in terms of total completion time and the number of 

missed targets.  

Subjective Mood and Physical Symptoms 
Subjective mood and current physical symptoms were assessed using visual 

analogue scales (Bond & Lader, 1974). Participants rated their subjective mood 

on 16 dimensions (e.g., ‘tense – relaxed, ‘muzzy – clear-headed’) by moving a 

slider between opposite ends of the dimensions. We calculated factors for 

alertness, contentedness, and calmness as suggested by Bond and Lader (1974). 

Similarly, participants rated to what extent they were currently experiencing 

each of 10 physical complaints (e.g., headache, dry mouth, dizziness). 

Data Analysis 
We tested our hypotheses using mixed linear models with within-subjects 

factors Drug (methylphenidate vs. placebo) and Order of treatment 

(methylphenidate in Session 1/placebo in Session 2 vs. the reverse). We included 

random intercepts to account for these within-subjects factors. To assess 

whether effects depended on participants baseline working memory capacity or 

hyperactivity–impulsivity symptoms, we included these (centered) scores and 

their interactions with Drug and Order as covariates in separate analyses.2 We 

applied a Bonferroni correction for multiple comparisons based on the number of 

dependent variables in our study (α = .05/6 = .008).  Drug effects on general 

alertness, mood, and blood pressure were assessed using repeated measures 

analyses of variance (ANOVAs) with within-subjects factors Drug 

(methylphenidate vs. placebo) and Time (pre vs. post capsule administration).  

Results 

Methylphenidate Effects on Alertness, Mood, and Physiology 
Participants’ performance on the box completion task indicated that there 

were no differences in general alertness between sessions prior to capsule intake 

(t(45) = 0.71, p = .485). Moreover, performance on the number cancellation task 

indicated that methylphenidate did not affect participants’ alertness, either in 

terms of completion time (t(45) = -0.16, p = .875) or number of omission errors 
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(t(45) = -1.58, p = .121). Methylphenidate did not affect participants’ subjective 

alertness (F(1,44) = 1.68, p = .202, η2
p = .04), contentedness (F(1,44) = 0.15, p = 

.705, η2
p < .01), calmness (F(1,44) = 1.01, p = .321, η2

p = .02), or the degree of 

physical complaints (F(1,44) < .01, p = .979, η2
p < .01) reported on the visual 

analogue scales.  

As expected, methylphenidate did affect participants’ systolic (F(1,44) = 

9.44, p = .004, η2
p = .17) and diastolic (F(1,44) = 5.25, p = .027, η2

p = .10) blood 

pressure. While systolic blood pressure decreased over the course of the placebo 

session (Mt1 = 116.11, SDt1 = 1.51; Mt2 = 112.83, SDt2 = 1.53; F(1,44) = 19.46, p < .001, 

η2
p = .30), it did not change after methylphenidate administration (Mt1 = 115.32, 

SDt1 = 1.62, Mt2 = 115.66, SDt2 = 1.52; F(1,44) = 0.12, p = .726, η2
p < .01). Diastolic 

blood pressure increased after methylphenidate administration (Mt1 = 71.11, SDt1 = 

1.13, Mt2 = 74.11, SDt2 = 0.95; F(1,44) = 15.86, p < .001, η2
p = .26), whereas it did not 

after placebo (Mt1 = 70.72, SDt1 = 1.07; Mt2 = 71.60, SDt2 time2 = 0.90; F(1,44) = 1.89, p 

= .176, η2
p = .04). Also, methylphenidate affected participants’ heart rate (F(1,44) 

= 7.12, p = .011, η2
p = .14). Heart rate decreased over time in both the 

methylphenidate and placebo session, but it decreased less strongly after 

methylphenidate (Mt1= 68.77, SDt1 = 1.66, Mt2 = 66.04, SDt2 = 1.67; F(1,44) = 7.30, p 

= .010, η2
p = .14) than after placebo administration (Mt1 = 67.87, SDt1 = 1.94; Mt2 = 

61.32, SDt2 = 1.57; F(1,44) = 52.73, p < .001, η2
p = .54). 

Methylphenidate Effects on Creative Performance 

Effects depending on individual differences in hyperactivity–impulsivity 

symptoms 

AUT. For AUT fluency, there were no main effects of drug (F(1,42) = 1.50, p = 

.228), order of treatment (F(1,42) = 0.10, p = .760), or hyperactivity–impulsivity 

scores (F(1,42) < 0.01, p = .927). After correction for multiple comparisons, there 

were no significant two-way interactions between drug and order (F(1,42) = 4.85, 

p = .033), drug and hyperactivity–impulsivity (F(1,42) < 0.01, p = .954), or order 

and hyperactivity–impulsivity (F(1,42) = 0.15, p = .703), and no three-way 

interaction between drug, order, and hyperactivity–impulsivity (F(1,42) = 0.41, p 

= .523). We did not find any main effects of drug (F(1,42) = 0.79, p = .379), order 

(F(1,42) = 0.09, p = .766), or hyperactivity–impulsivity (F(1,42) = 0.97, p = .331) 
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on the flexibility of ideas during the AUT. Also, none of the two-way and three-

way interactions were significant [drug × order: F(1,42) = 2.50, p = .121; drug × 

hyperactivity–impulsivity: F(1,42) = 0.17, p = .679; order × hyperactivity–

impulsivity: F(1,42) = 0.04, p = .839; drug × order × hyperactivity–impulsivity: 

F(1,42) = 0.35, p = .556]. Similarly, we did not find any main effects [drug: F(1,42) 

= 1.95, p = .170; order: F(1,42) = 0.92, p = .342); hyperactivity–impulsivity: 

F(1,42) = 1.55, p = .221] or interactions [drug ×order: F(1,42) = 0.02, p = .899; drug 

× hyperactivity–impulsivity: F(1,42) = 3.03, p = .089; order × hyperactivity–

impulsivity: F(1,42) = 0.24, p = .624; drug × order × hyperactivity–impulsivity: 

F(1,42) < 0.01, p = .958] on the originality of ideas during the AUT.  

RAT. None of the main effects on the number of correctly solved RAT items 

was significant [drug: F(1,42) = 0.04, p = .841; order: F(1,42) = 0.08, p = .785; 

hyperactivity–impulsivity: F(1,44) = 0.13, p = .721]. Also, we did not find any 

two-way interactions between drug and order (F(1,42) = 1.09, p = .302), drug and 

hyperactivity–impulsivity (F(1,42) = 0.36, p = .550), and order and 

hyperactivity–impulsivity (F(1,44) = 0.23, p = .637). There was no three-way 

drug × order × hyperactivity–impulsivity interaction (F(1,42) = 0.05, p = .832) on 

the number of RAT solutions. 

Alternate Names Task. For rule convergent thinking during the Alternate 

Names Task, there were no main effect of drug (F(1,40) < 0.01, p = .959), order 

(F(1,40) = 0.03, p = .859), or hyperactivity–impulsivity (F(1,40) = 0. 06, p = .806). 

We found a significant interaction between drug and order (F(1,40) = 21.58, p < 

.001), indicating that, regardless of the order of methylphenidate/placebo 

administration, participants generated more convergent names in the second 

session compared to the first session (i.e., equivalent to a session effect; Figure 

6.1). Follow-up analyses for the Order groups separately (i.e., methylphenidate in 

Session 1/placebo in Session 2 vs. the reverse) confirmed that participants who 

received methylphenidate during the first session generated fewer ideas after 

methylphenidate compared to placebo (b = -0.50, t(20) = -3.32, p = .003), 

whereas participants who received methylphenidate during the second session 

generated more ideas after methylphenidate compared to placebo (b = 0.51, t(20) 

= 3.25, p = .004). There were no other significant interactions [drug × 

hyperactivity–impulsivity: F(1,40) = 0.18, p = .674; order × hyperactivity–
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impulsivity: F(1,40) = 0.19, p = .670; drug × order × hyperactivity–impulsivity: 

F(1,40) = 4.06, p = .051]. For rule divergent thinking during this task, none of the 

main effects [drug: F(1,40) = 0.83, p = .368; order: F(1,40) = 0.02, p = .890; 

hyperactivity–impulsivity: F(1,40) = 3.86, p = .056] or interactions [drug × order: 

F(1,40) = 0.41, p = .528; drug × hyperactivity–impulsivity: F(1,40) = 0.01, p = .913, 

order × hyperactivity–impulsivity: F(1,40) < 0.01, p = .967; drug × order × 

hyperactivity–impulsivity: F(1,40) = 1.93, p = .173] was significant.3 

 

 
Figure 6.1. The number of convergent names that participants generated during the 

Alternate Names Task in both sessions. Regardless of whether participants received 

methylphenidate or placebo, they generated more convergent names during the second 

session compared to the first session.  

 

Effects depending on individual differences in baseline working memory 

capacity 

AUT. We did not find any main effects of drug (F(1,42) = 0.73, p = .397), 

order (F(1,42) = 0.04, p = .851), or working memory capacity (F(1,42) = 0.93, p = 

.340) on fluency during the AUT. There were no significant two-way interactions 
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between drug and order (F(1,42) = 4.32, p = .044), drug and working memory 

(F(1,42) = 2.34, p = .134), or order and working memory (F(1,42) = 0.51, p = .481). 

The three-way interaction between drug, order, and working memory capacity 

(F(1,42) = 5.58, p = .023) was not significant after correcting for multiple 

comparisons. For AUT flexibility, none of the main the effects [drug: F(1,42) = 

0.30, p = .587; order: F(1,42) = 0.13, p = .723; working memory: F(1,42) = 1.41, p = 

.241] or interactions [drug × order: F(1,42) = 1.85, p = .181; drug × working 

memory: F(1,42) = 2.16, p = .150; order × working memory: F(1,42) = 0.38, p = 

.540; drug × order × working memory: F(1,42) = 3.99, p = .052] was significant. 

For originality of ideas during the AUT, there were no significant main effects 

[drug: F(1,42) = 1.65, p = .206; order: F(1,42) = 0.52, p = .474; working memory: 

F(1,42) = 1.06, p = .310] or interactions [drug × order: F(1,42) = 0.13, p = .721; drug 

× working memory: F(1,42) = 0.11, p = .740; order × working memory: F(1,42) = 

3.19, p = .081; drug × order × working memory: F(1,42) = 0.29, p = .591]. 

RAT. For the number of correct solutions during the RAT, we did not find 

any significant main effects [drug: F(1,42) = 0.07, p = .792; order: F(1,42) = 0.24, 

p = .625; working memory capacity: F(1,44) = 3.03, p = .089]. There were no 

significant two-way or three-way interactions [drug × order: F(1,42) = 0.66, p = 

.423; drug × working memory: F(1,42) = 1.63, p = .208; order × working memory: 

F(1,42) = 0.07, p = .791; drug × order × working memory: F(1,42) = 0.12, p = .732]. 

Alternate Names Task. For rule convergent thinking during the Alternate 

Names Task, there were no significant main effects [drug: F(1,40) = 0.09, p = 

.765; order: F(1,40) = 0.09, p = .762; working memory capacity: F(1,40) = 0.32, p 

= .577]. We found a significant interaction between drug and order (F(1,40) = 

19.30, p < .001), again showing that participants who received methylphenidate 

during the first session generated fewer ideas after methylphenidate compared 

to placebo (b = -0.46, t(20) = -2.97, p = .008), whereas participants who received 

methylphenidate during the second session generated more ideas after 

methylphenidate compared to placebo (b = 0.52, t(20) = 3.24, p = .004). None of 

the other interactions was significant [drug × working memory: F(1,40) = 0.81, p 

= .374, order × working memory: F(1,40) = 1.89, p = .177; drug × order × working 

memory: F(1,40) = 0.34, p = .566]. For rule divergent thinking, we did not find 

any significant main effects [drug: F(1,40) = 0.58, p = .453; order: F(1,40) = 0.11, p 
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= .741; working memory: F(1,40) = 0.01, p = .916] or interactions [drug × order: 

F(1,40) = 0.35, p = .558; drug × working memory: F(1,40) = 0.10, p = .752; order × 

working memory: F(1,40) = 0.13, p = .723; drug × order × working memory: 

F(1,40) = 0.04, p = .846]. 

Discussion 

In the present study, we aimed to investigate whether methylphenidate 

affects convergent and divergent creative processes in healthy participants and, 

if so, whether such effects depend on individual differences in hyperactivity–

impulsivity and baseline working memory capacity. We did not find evidence 

indicating that methylphenidate affected participants’ performance on any of the 

creative tasks in this study. Also, methylphenidate effects did not depend on 

individual differences in hyperactivity–impulsivity and baseline working 

memory capacity. Although participants generated more convergent ideas during 

one of the creativity tasks in the second session of the study, methylphenidate 

did not affect this increase in productivity. Methylphenidate significantly 

increased blood pressure and heart rate compared to placebo, suggesting that our 

manipulation was successful, but it did not affect participants’ (subjective or 

objective) alertness or self-reported mood.   

These results are not in line with recent findings by Gvirts and colleagues 

(2016), who showed that methylphenidate effects on divergent thinking 

depended on individual differences in novelty seeking, an aspect of impulsivity 

associated with dopaminergic functioning (Depue & Collins, 1999). Our failure to 

replicate these findings may be due to insufficient power to detect 

methylphenidate effects on creativity in the present study. Generally, effect sizes 

are small in creativity research, particularly for divergent thinking tasks due to 

subjective scoring of performance (Farah et al., 2009; Silvia et al., 2008). In line 

with our findings, several studies focusing on the effects of other drugs that 

influence dopamine and other neurotransmitters, such as Modafinil and 

amphetamines, did not find straightforward effects on creative processes (Farah 

et al., 2009; Mohamed, 2016; Müller et al., 2013). The (often marginally) 

significant effects observed in these studies were usually characterized by 

complex interactions between individual differences, baseline task performance, 
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or the order in which participants performed tasks. Thus, demonstrating drug 

effects on creative processes may be complicated and may require studies using 

larger samples. 

In addition, the 20 mg dose of methylphenidate that we administered to 

participants in our study may have been insufficient to influence creative 

performance. Previous studies found that methylphenidate increased vigilance 

and (subjective) alertness (Linssen et al., 2014; Swart et al., 2017; Van der Schaaf 

et al., 2013), whereas we did not observe such increased subjective or objective 

alertness, suggesting that our modulation may not have been sufficiently strong.  

However, other studies have demonstrated methylphenidate effects on cognitive 

(and creative) performance using a similar dose (Campbell-Meiklejohn et al., 

2012; Gvirts et al., 2016; Swart et al., 2017; Van der Schaaf et al., 2013) and 

showed that the effects of 20 mg of methylphenidate on response inhibition and 

memory consolidation were comparable to effects of a higher dose of 40 mg 

(Linssen, Vuurman, Sambeth, & Riedel, 2012). Although participants in the 

present study completed the creativity tasks towards the end of a 4- to 5-hour 

session and approximately 2.5 hours after capsule administration, we think it is 

unlikely that the interval between drug administration and task performance can 

explain the present null findings. Plasma levels of methylphenidate peak after 

approximately 2 hours and methylphenidate has a half-life of 2 to 3 hours 

(Kimko et al., 1999). However, we cannot exclude the possibility that 

participants’ fatigue levels at the end of the session influenced their creative 

performance in both the drug and placebo session. Thus, methylphenidate effects 

on creativity may be underestimated in the present study due to several 

methodological factors. 

Alternatively, it is possible that methylphenidate simply does not affect 

creative performance. These null findings do not provide support for a recently 

proposed model of dopaminergic modulation of creativity (Boot et al., 2017b). 

Based on converging but indirect evidence (e.g., Chermahini & Hommel, 2012; 

Zabelina et al., 2016a; Zhang et al., 2014b), this model proposes that flexible and 

persistent processes in creativity are modulated by dopamine in fronto-striatal 

brain areas. Moreover, it suggests that the relationship between dopamine in 

these areas and creative performance follows an inverted-U-shaped function, 
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similar to the relationship between dopamine and other cognitive processes 

(Clatworthy et al., 2009; Van der Schaaf et al., 2013). This model predicts that 

increasing dopamine levels in the striatum would affect flexible creative 

processes (such as divergent thinking), whereas increasing prefrontal dopamine 

levels would influence persistent processes (including convergent thinking), and 

that the direction of effects would depend on people’s baseline dopamine levels. 

Our findings here do not indicate that increasing dopamine levels through 

methylphenidate administration affects either flexible or persistent creative 

processes. However, several studies have observed methylphenidate effects on 

neural activity in the absence of behavioral effects (Dodds et al., 2008; Volkow et 

al., 2004). Thus, future studies should investigate whether methylphenidate 

modulates activity in fronto-striatal brain areas during creative tasks. 

Although several studies showed that effects of methylphenidate and 

similar dopaminergic agonists depended on baseline working memory capacity 

and impulsivity (Cools et al., 2007; Frank & O’Reilly, 2006; Kimberg et al., 1997), 

these individual differences did not influence methylphenidate effects in the 

present study. Possibly, the range of working memory and impulsivity scores in 

our highly educated, healthy sample was too limited to demonstrate such effects. 

Also, we assessed individual differences in impulsivity together with hyperactive 

symptoms of ADHD, using a questionnaire developed for clinical diagnosis of 

ADHD, whereas previous studies demonstrated impulsivity-dependent effects of 

methylphenidate and similar substances using the more extensive Barratt 

Impulsiveness Scale (Patton, Stanford, & Barratt, 1995) that focuses on trait 

impulsivity (e.g., Cools et al., 2007; Swart et al., 2017). The ADHD questionnaire 

that we used to assess individual differences in impulsivity may have been less 

sensitive to such differences in healthy participants. Alternatively, it is possible 

that methylphenidate effects on creativity depend on other individual differences 

than those under investigation here, such as baseline creative performance 

(Farah et al., 2009).  

Finally, the present null findings are in line with studies in adults with 

ADHD that showed that creative performance did not differ between people who 

used medication to treat their ADHD and people who did not (Boot, Nevicka, & 

Baas, 2017c; White & Shah, 2011). Also, studies on the effects of methylphenidate 
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on creativity in children with ADHD have obtained mixed results. While some 

found divergent thinking to be impaired when children were taking 

methylphenidate (González-Carpio Hernández & Serrano Selva, 2016), others 

found no effects (Funk, Chessare, Weaver, & Exbey, 1993) or even enhanced 

performance after methylphenidate administration (Douglas et al., 1995). Thus, 

evidence for an effect of medication on creativity in participants with ADHD is 

inconsistent at present and may be further investigated in future studies.  

Conclusion 
In sum, although methylphenidate effects on creativity may be 

underestimated in the present study, our findings indicate that the use of 

methylphenidate as a cognitive enhancer is not unequivocally detrimental to 

people’s ability to generate original ideas and solve creative problems. Although 

methylphenidate may negatively affect other aspects of performance (in some 

people) and ethical objections to the use of such substances remain (Greely et al., 

2008; Van der Schaaf et al., 2013), our results do not indicate that 

methylphenidate also affects convergent or divergent creative processes, 

regardless of individual differences in working memory capacity or impulsivity 
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Footnotes 
1 For the second half of participants, we slightly changed this procedure. These 

participants took part in the medical screening several days prior to the first 

session. Moreover, these participants completed half of the baseline measures 

during Session 1 and the other half during Session 2, so that both sessions took 

approximately 4 hours. (Methylphenidate effects on) creative performance did 

not differ between the first and second half of participants (all Fs < .130, all ps > 

.260). 
2 To explicitly test the possibility that hyperactivity–impulsivity and baseline 

working memory capacity would be related to drug effects in a curvilinear rather 

than a linear way, we repeated these analysis with participants’ squared 

hyperactivity–impulsivity and working memory scores as predictors. However, 

these quadratic variables did not significantly predict (drug effects on) creative 

performance. 
3 In addition, we explored possible interactions between the drug and inattention 

symptoms of ADHD. None of these interactions was significant after correcting 

for multiple comparisons (all Fs < 5.21, all ps > .028). 
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The main aim of this dissertation was to study the neural mechanisms 

underlying creative processes. In four empirical chapters and one theoretical 

chapter, I approached some of the unresolved issues regarding the creative brain 

from several angles. My collaborators and I focused on the potential role of the 

neurotransmitter dopamine in different types of creative processes and 

measured creativity in ADHD, a neurodevelopmental disorder that is 

characterized by dopaminergic imbalance. We also investigated whether and how 

creative processes are affected by administration of methylphenidate, a 

stimulant that increases levels of dopamine (and noradrenaline) in the brain. In 

addition, we explored the EEG dynamics that underlie different creative 

processes. In this final chapter, I present the main conclusions of the preceding 

chapters and their theoretical and practical implications. Moreover, I discuss 

some limitations of the current studies and propose directions for future 

research. 

Overview of the Findings 
In Chapter 2, I described an EEG study that my collaborators and I 

conducted to investigate the oscillatory dynamics that underlie rule divergent 

and rule convergent processes (sub-processes of the broader constructs of 

divergent and convergent thinking) in creative idea generation. Previous EEG 

studies have investigated the neural oscillations that underlie divergent and 

convergent processes in creativity and found that divergent (vs. convergent) 

thinking was associated with increased alpha activity (e.g., Fink & Benedek, 2014; 

Jauk et al., 2012), but several methodological issues complicate the interpretation 

of these findings. For example, divergent and convergent thinking were 

measured in separate blocks of trials in these studies, so that block-related 

differences in motivation and attention may have influenced findings. To 

increase the comparability of divergent and convergent processes during idea 

generation, we developed a new event-related paradigm in which participants 

generated new names within a certain category (e.g., martial arts), given three 

examples of possible new names, all ending with the same letter(s) as an implicit 

rule. During idea generation, participants could either follow this rule by 

generating a name with the same ending (i.e., rule convergent thinking) or deviate 

from the rule (i.e., rule divergent thinking). Moreover, participants could repeat a 
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certain name ending or switch between name endings from one idea generation 

trial to another. This new paradigm allowed us to directly compare the EEG 

power associated with rule divergent and rule convergent processes, as well as 

spontaneous, trial-to-trial switching between these thinking modes. We found 

that power differences in the delta band in a widespread network dissociated rule 

divergent from rule convergent thinking, as well as switching vs. repeating a 

name ending. More specifically, both rule divergence and switching between 

name endings were characterized by reduced delta power compared to rule 

convergence and repeating a name ending. These delta-band power differences 

correlated with behavioral indices of creative idea generation. For both rule 

divergence (vs. convergence) and switching (vs. repeating a name ending), the 

delta power difference was smaller for participants who generated more ideas 

during the task. Moreover, these effects were larger for participants who 

generated new names with more unique name endings and who switched 

between name endings more often. Contrary to previous studies (Chermahini & 

Hommel, 2010, 2012), we did not find a relationship between participants’ 

spontaneous eye blink rate (an indirect marker of striatal dopamine functioning; 

Groman et al., 2014) and either rule divergent or rule convergent thinking in our 

study. 

In Chapter 3, I reviewed converging evidence indicating that dopamine in 

fronto-striatal brain areas modulates flexible and persistent processes in 

creativity. Based on this evidence, I presented a model of dopaminergic 

modulation of creativity that may guide future research in this area. As proposed 

in the Dual Pathway to Creativity Model (DPCM; De Dreu et al., 2008; Nijstad et 

al., 2010), creative ideas may result from flexible processes (e.g., having a broad 

attentional scope, seeing remote associations between concepts, divergent 

thinking), but also from more analytical, persistent processes (e.g., the thorough 

exploration op options along a certain line, convergent thinking). Our new model 

proposes that these flexible and persistent processes in creativity are modulated 

by the nigrostriatal and mesocortical dopamine pathway, respectively. More 

specifically, striatal dopamine may facilitate flexibility and control the flow of 

new information into working memory, so that people can easily switch between 

different task approaches and consider more remotely associated concepts (e.g., 
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Chermahini & Hommel, 2010, 2012; Zhang et al., 2014a). Dopamine in the 

prefrontal cortex, on the other hand, supports the maintenance and 

manipulation of representations in working memory, allowing for persistence 

(e.g., Colzato et al., 2014; Mayseless et al., 2013; Zhang et al., 2014b). Moreover, 

the relationship between dopamine and these creative processes may follow an 

inverted-U-shaped function (Chermahini & Hommel, 2012; Durstewitz & 

Seamans, 2008; Kellendonk et al., 2006). Moderate levels of striatal dopamine 

benefit creative cognition by facilitating flexible processes, while both low and 

high levels of striatal dopamine impair these processes. Similarly, moderate (but 

not low or high) levels of prefrontal dopamine support persistent processes in 

creativity. As creative ideas likely result from a combination of flexible and 

persistent processes rather than one or the other, we propose that creativity also 

requires a delicate balance of dopaminergic functioning in fronto-striatal brain 

areas. 

In both Chapter 4 and 5, we investigated several potential explanations for 

the inconsistent evidence regarding creativity in ADHD. This 

neurodevelopmental disorder is characterized by symptoms of distractibility, 

hyperactivity, and impulsivity, presumably as a result of dopaminergic 

hypoactivity in several brain areas (Sagvolden et al., 2005; Sonuga-Barke, 2003). 

Chapter 4 included three empirical studies in which we addressed the 

relationship between subclinical ADHD symptoms and different types of creative 

processes in a large sample of healthy students. We hypothesized that the 

relationship between ADHD and creativity would depend on the type of 

symptoms that people with ADHD experience (i.e., inattention, hyperactivity–

impulsivity, or both) and on the specific (flexible or persistent) creative 

processes under investigation. In line with our expectations, we found that ADHD 

symptoms in general were associated with more publically recognized creative 

achievements in daily life and enhanced self-reported creative behavior 

(although effect sizes were small). Moreover, these symptoms were associated 

with enhanced divergent thinking and with more original, but less practical, 

reconstruction of complex problems. Our results indicate that these relationships 

were mainly driven by hyperactive–impulsive rather than inattention symptoms 

of ADHD. When controlling for hyperactive–impulsive symptoms, inattention 
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symptoms were associated with reduced self-reported creative behavior and 

enhanced divergent thinking during one of the ideation tasks, but not with any of 

the other creativity indicators. We also expected that the relationship between 

symptoms of ADHD and creative performance would be curvilinear rather than 

linear, similar to the relationship between other mental disorders and creativity 

(Acar & Sen, 2013; Furnham et al., 2008), but this hypothesis was not supported 

by the data across the three studies. 

In the two studies presented in Chapter 5, we extended these findings 

regarding creativity in ADHD in healthy samples by investigating creativity in 

people with clinical ADHD (vs. healthy controls). In Study 5.1, we assessed the 

role of intrinsic motivation, performance during early stages of the creative 

process (i.e., the reconstruction of ill-defined creative problems in terms of goals 

and constraints), and medication use as potential explanations for the 

inconsistent findings in previous studies on creativity in ADHD. First of all, we 

replicated findings showing that people with (symptoms of) ADHD report more 

real-world creative achievements (Chapter 4; White & Shah, 2011). However, 

divergent thinking and intrinsic motivation during creative idea generation did 

not differ between groups. Although participants with ADHD (vs. controls) 

selected fewer useful problem reconstructions, they were not more original in 

reconstructing problems. Also, we did not find any differences in creative task 

performance between medicated and unmedicated participants with ADHD in 

this study. In Study 5.2, we assessed whether people with ADHD can be 

motivated to generate more original ideas by introducing competition between 

participants during an idea generation task. We found that competition for a 

bonus increased the originality of ideas that people with ADHD generated, 

whereas the creative performance of participants in the control group was not 

affected by competition. Although competition increased participants’ 

motivation during idea generation, motivation did not differ between groups. In 

addition, we found that ADHD participants (vs. controls) rated themselves as 

being more creative in specific domains of creativity. More specifically, people 

with ADHD reported higher creative abilities in the performance (e.g., playing 

music in public, shooting a YouTube video) and mechanical/scientific domain 
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(e.g., constructing something out of metal, programming), but not in the 

everyday, artistic, or scholarly domain.  

In Chapter 6, I described a study in which we tested whether 

methylphenidate administration would affect creative performance in a group of 

healthy participants and, if so, whether such effects depended on individual 

differences in hyperactive–impulsive ADHD symptoms and working memory 

capacity. An increasing number of healthy people use methylphenidate, a 

stimulant that elevates dopamine and noradrenaline levels in the brain (Arnsten 

& Dudley, 2005; Kuczenski & Segal, 1997), to help them focus over extended 

periods of time. Methylphenidate may indeed facilitate cognitive functions 

related to cognitive stability, including persistent creative processes such as 

convergent thinking, but it may simultaneously impair people’s cognitive 

flexibility, including flexible creative processes and divergent thinking (Gvirts et 

al., 2016; Linssen et al., 2014). Contrary to our expectations, we did not find 

methylphenidate effects on participants’ convergent or divergent thinking 

performance on any of the three creativity tasks that we included in this study. 

Also, our findings did not indicate that methylphenidate effects depended on 

individual differences in hyperactivity–impulsivity or baseline working memory 

capacity.  

Implications of the Findings 
Across studies, our findings have a number of important implications. First 

of all, we argued that both flexible and persistent processes in creativity are 

modulated by (striatal and prefrontal) dopamine. Our proposed model implies 

that flexibility and persistence can be enhanced or impaired by administration of 

drugs that influence prefrontal and/or striatal dopamine levels in the brain, such 

as bromocriptine, sulpiride, and methylphenidate (cf. Clatworthy et al., 2009; 

Cools et al., 2007; Dodds et al., 2009; Gvirts et al., 2016; Mohamed, 2016). Also, 

this model predicts that situational factors associated with an increase or 

decrease of dopaminergic activity, such as stress (Arnsten, 2009), reward 

anticipation (Müller et al., 2007), and positive affect (Ashby et al., 1999; 

Dreisbach & Goschke, 2004) may affect flexible and persistent creativity in 

predictable ways. Importantly, the direction of such effects will likely depend on 

people’s baseline dopamine levels (cf. Cools & D’Esposito, 2011; Durstewitz & 
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Seamans, 2008). Increasing striatal dopamine in people with high baseline 

dopamine levels in this area may lead to distractibility and decrease creative 

performance, whereas dopamine administration may improve creative cognition 

in people with low baseline striatal dopamine. Likewise, increasing prefrontal 

dopamine in individuals with high baseline dopamine levels may lead to 

cognitive rigidity and impair creative performance, whereas it may increase the 

ability to focus in people with low prefrontal dopamine.  

Because these claims are based on indirect evidence from several lines of 

research, we aimed to obtain direct evidence for our proposed model by 

manipulating dopamine (and noradrenaline) levels in healthy participants using 

methylphenidate. A recent study by Gvirts and colleagues (2016) showed that 

methylphenidate administration affected divergent thinking depending on 

individual differences in novelty seeking, but we did not find evidence for such 

methylphenidate effects on either convergent or divergent thinking in our study. 

Also, in our study, methylphenidate effects did not depend on individual 

differences in participants’ baseline dopamine levels, as indicated by 

participants’ working memory capacity and hyperactivity–impulsivity 

symptoms. Although these null findings may be due to methodological factors, 

such as low power to detect methylphenidate effects, the most straightforward 

interpretation of our findings is that manipulation of dopamine (and 

noradrenaline) levels using methylphenidate does not affect either flexible or 

persistent creative processes to an observable degree. This interpretation is in 

line with our observation that the use of ADHD medication (including 

methylphenidate) did not affect creative performance in adults with ADHD (see 

also White & Shah, 2011). We also did not find a relationship between 

participants’ spontaneous eye blink rates and either rule divergent or rule 

convergent thinking, further indicating that dopamine may not play a key role in 

modulating these processes. Thus, the findings presented here do not provide 

convincing evidence for the dopaminergic model that we proposed. Furthermore, 

although the use of methylphenidate by healthy people may still be undesirable 

for a number of reasons (De Jongh et al., 2008; Greely et al., 2008), our results do 

not imply that using methylphenidate as a cognitive enhancer is detrimental to 

people’s ability to be creative. 
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Our studies on creativity in ADHD provide some new insights that may 

resolve some of the inconsistencies observed in previous studies focusing on this 

relationship. First, we showed that it is important to take the specific ADHD 

symptoms that people experience into account when investigating creativity in 

ADHD. Also, the relationship between (symptoms of) ADHD and creativity seems 

to depend on the extent to which a creative task relies more on flexible or 

persistent creative processes. Our findings suggest that the positive association 

between ADHD and (flexible) creative processes observed in previous studies 

(Abraham et al., 2006; White & Shah, 2011, 2016) is mainly driven by 

hyperactivity–impulsivity symptoms of ADHD, including high energy, 

disinhibition, and enhanced risk taking (although we did not observe a 

relationship between these symptoms and creative performance in our 

methylphenidate study). Indeed, such traits have previously been associated with 

enhanced creativity through flexibility (Baas et al., 2016; Barron & Harrington, 

1981; Feist, 1998; Radel et al., 2015). Contrary to studies showing that enhanced 

processing of task-irrelevant information contributes to divergent thinking 

(Baird et al., 2012; Carson et al., 2003), our findings do not indicate that the 

inattention symptoms of ADHD, such as distractibility and having difficulty 

organizing one’s activities, facilitate divergent thinking. Rather, our findings 

support the idea that divergent thinking requires some degree of cognitive 

control and sustained attention (Benedek et al., 2012; Zabelina et al., 2015; 

Zabelina et al., 2016b). As both hyperactive-impulsive and inattention symptoms 

of ADHD are associated with dopaminergic hypofunctioning in several pathways 

(Sagvolden et al., 2005; Sonuga-Barke, 2003), these findings provide additional 

indirect support for the involvement of dopamine in creative processes. However, 

the complexity of the dopamine system and its role in the development of ADHD 

symptoms makes it difficult to interpret these findings in terms of the two 

pathways proposed in our dopaminergic model. We did not observe any 

curvilinear relationships between ADHD symptoms and the creativity indicators, 

indicating that creative performance is not impaired as ADHD symptoms get 

more severe. Possibly, our highly educated participants had additional cognitive 

resources at their disposal to compensate for the cognitive deficits associated 

with their (strong) ADHD symptoms (Carson et al., 2003; Nijstad et al., 2010). 
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Our findings on creativity in ADHD also showed that increased goal-

directed motivation may drive the enhanced real-world creative achievements of 

people with ADHD. Our results suggest that the prospect of rewards, either 

monetary or in the form of the chance to beat an opponent, increases the 

originality of ideas generated by people with ADHD. Possibly, this prospect can 

motivate people with ADHD to exert more effort during the idea generation 

processes, resulting in more original ideas (cf. Geurts et al., 2008; Kohls et al., 

2009). Third, our results suggest that people with ADHD may be more creative in 

specific situations that fit their abilities and preferences (Verheul et al., 2015, 

2016). By selectively engaging in such situations, people may develop a high level 

of expertise in specific creative domains over time, allowing them to generate 

more original ideas (Baer, 2015). Possibly, people with ADHD like to engage in 

those creative activities for which a specific framework (e.g., a script, a song to 

sing or play, a programming language) is available to provide structure and guide 

performance in case of executive dysfunctions (Barkley, 1997; Ramsay, 2010). 

However, when interpreting these findings, it is important to keep in mind that 

they are based on self-reported creativity rather than actual creative 

performance and that scientific creativity may be overestimated in our sample of 

mainly university students. Together, our findings imply that directing people 

with ADHD (particularly those diagnosed with the combined and hyperactive–

impulsive subtype) to creative tasks or jobs could help them take advantage from 

the disorder, especially when creative performance is rewarded in such 

situations.  

Finally, we showed that both divergent (vs. convergent) creative processes 

and switching between (vs. repeating) thinking modes were associated with 

reduced delta-band activity. These findings are hard to interpret in terms of the 

underlying neural mechanisms, although we are not the first to associate delta-

band oscillations with creative processes (Bhattacharya & Petsche, 2005; Foster 

et al., 2005). Oscillations in general seem to be involved in coordinating neural 

activity in large-scale networks (Buzsáki & Draughn, 2004; Fries, 2005), but 

much is unclear about the role that delta-band activity plays in such interactions 

(Nácher et al., 2013). Although speculative, oscillations in the delta band may be 

involved in functional interactions between areas in the large-scale neural 
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network involved in creative processes (e.g., Beaty et al., 2016). Reduced delta-

band activity over fronto-central areas has been associated with increased 

activity in the default mode network (Jann et al., 2010) – a network of brain 

areas that has recently been associated with enhanced divergent thinking (Beaty 

et al., 2014; Jauk et al., 2015; Kühn et al., 2014; Takeuchi et al., 2012). Also, delta-

band activity has been associated with the inhibition of potentially interfering 

processes during cognitive tasks (Harmony, 2013; Prada et al., 2014) and 

differences in delta-band activity may thus reflect differences in top-down 

control and inhibition of task-irrelevant information that convergent and 

divergent processes require (Baird et al., 2012; Carson et al., 2003; Hommel, 

2012). Contrary to a number of previous EEG studies (e.g., Fink & Benedek, 2014; 

Jauk et al., 2012), we did not observe differences in alpha power between 

divergent and convergent processes, although we focused on a more narrow 

subset of divergent and convergent processes in the present study, making it 

difficult to directly compare our results to those obtained in other studies. Thus, 

more research is necessary to establish whether oscillations in the delta band 

also dissociate the broader constructs of divergent vs. convergent thinking, and 

flexible vs. persistent creative processes in general. More importantly, however, 

the present study advances our understanding of the neural dynamics of 

creativity by resolving some of the methodological challenges that characterize 

neuroscientific creativity research. 

Limitations and Future Directions 
Although the studies presented in this dissertation have several interesting 

implications for the way in which we view and study the creative brain, several 

theoretical and methodological limitations of the present work can be identified. 

Also, some directly relevant topics were beyond the scope of our studies, leaving 

open a number of interesting questions that may be addressed in future research. 

First of all, we focused on dopamine as the main neurotransmitter involved 

in creativity throughout this dissertation. Several chapters were directly or 

indirectly based on the idea that dopamine in nigrostriatal and mesocortical 

pathways plays a key role in flexible and persistent creative processes. However, 

direct evidence for dopaminergic modulation of creative processes in these areas 

is lacking at present. Although one recent study showed that methylphenidate 
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administration affects divergent thinking in healthy subjects (Gvirts et al., 2016), 

the possibility that these effects were driven by increases in noradrenaline levels 

cannot be excluded. Moreover, we did not manage to replicate these findings in 

the study described in Chapter 6. Thus, it is crucial that future research focuses 

on obtaining direct evidence for the proposed dopaminergic modulation of 

creativity. This could be done by manipulating dopamine levels in healthy 

individuals using dopaminergic (anta)agonists, such as bromocriptine and 

sulpiride, ideally by combining them in pretreatment studies that allow for 

neurochemical specificity (Dodds et al., 2008; Piray et al., 2015; Van Holstein et 

al., 2011). Alternatively, pharmacological studies could track dopaminergic 

activity using PET imaging to relate changes in dopamine availability in different 

brain areas to creative performance (Clatworthy et al., 2009; De Manzano et al., 

2010). Importantly, such studies need to test the hypothesis that the relationship 

between dopamine and creativity follow an inverted-U-shaped function, so that 

effects of dopamine administration depend on participants’ baseline dopamine 

levels (e.g., Chermahini & Hommel, 2012; Cools & D’Esposito, 2011; Durstewitz & 

Seamans, 2008). At the same time, our methylphenidate study, as well as 

previous work by others (Farah et al., 2009; Gvirts et al., 2016; Müller et al., 

2013), suggests that effects sizes in such pharmacological studies are likely to be 

small, making it difficult to obtain convincing support for one’s hypotheses 

using the sample sizes than are common in such studies. Possibly, future meta-

analyses may clarify whether methylphenidate and similar substances affected 

creative processes across studies. 

Moreover, our dopaminergic model ignores the potential role of a third 

main dopaminergic pathway – the mesolimbic pathway – in creativity. This 

pathway, projecting to the ventral striatum and parts of the frontal cortex, may 

influence creativity through its role in appetitive motivation and reward 

processing (Ikemoto, 2007; Schultz, 2002). For example, approach motivation, a 

strong sensitivity to appetitive stimuli and positive reinforcement, is associated 

with greater flexibility and originality during creative tasks (Baas et al., 2011, 

2013; De Dreu et al., 2011). Involvement of the mesolimbic dopamine pathway is 

also suggested by our findings regarding the effects of competition on creativity 

in ADHD. Dopaminergic hypoactivity in the mesolimbic reward system, resulting 
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in motivational deficits and an increased sensitivity to (immediate) rewards, may 

underlie some of the core cognitive deficits observed in ADHD (Sagvolden et al., 

2005; Sonuga-Barke, 2003; Ströhle et al., 2008; Toplak et al., 2005; Volkow et al., 

2011b). In fact, evidence indicates that treatment of ADHD symptoms using 

methylphenidate may improve cognitive functioning by normalizing these 

motivation-related abnormalities in brain activity, thereby increasing task 

saliency (although we did not find differences in creativity as a result of 

medication use in people with ADHD; see Chapter 5) (Liddle et al., 2011; Volkow 

et al., 2004). Future studies could investigate the role of mesolimbic dopamine in 

creativity in both healthy people and people with ADHD to establish whether this 

pathway needs to be added to the dopaminergic model that I described in 

Chapter 3. 

Furthermore, several factors limit the interpretation and generalizability of 

our findings on creativity in ADHD. First of all, it is important to note that we did 

not measure impulsive responding or attentional processes in participants with 

(symptoms of) ADHD, but only relied on self-reported ADHD symptoms. In our 

studies on subclinical symptoms of ADHD, a much larger percentage (17%) of 

presumably healthy participants reported a degree of symptoms that would 

qualify for a clinical diagnoses than would be expected based on prevalence of 

ADHD in the general population (2.5%; Simon et al., 2009). Thus, the self-

reported symptoms may reflect common feelings of restlessness or boredom 

among students, rather than actual ADHD symptoms that would be reflected in 

decreased performance during cognitive (and creative) tasks. Second, because 

most of our studies on ADHD were conducted in samples of university students, 

the results may not generalize to more heterogeneous samples. Although this is 

the case in many scientific studies, it may be particularly problematic in case of 

research on ADHD, given that people with ADHD are generally less likely to do 

well in academic settings (e.g., Wilmshurst et al., 2011). Possibly, the high-

functioning participants in our student samples may have had additional 

cognitive resources at their disposal to compensate for any cognitive deficits 

associated with their ADHD symptoms (Carson et al., 2003; Nijstad et al., 2010). 

Thus, future studies should look at relationship between symptoms of ADHD in a 

more representative sample. 
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Our studies on creativity in ADHD highlight the importance of 

distinguishing between real-world creative achievements and creative 

performance measured in the laboratory in future studies. In Chapter 5, we 

showed that people with ADHD reported more creative achievements than people 

without the disorder, but were not more or less creative than controls during 

divergent thinking tasks. These findings are in line with the idea that creative 

achievements and divergent thinking benefit from different types of attentional 

processes (Zabelina et al., 2016b). In this study, people who reported a high 

number of real-world creative achievements were more strongly influenced by 

task-irrelevant information during a cognitive task than low creative achievers. 

Good divergent thinkers, on the other hand, showed flexible but selective 

attention and were less affected by task-irrelevant information than people with 

lower divergent thinking abilities (see also Benedek et al., 2012; Zabelina et al., 

2015). As real-world creativity is a complex construct that relies on several 

stages of creative problem solving, such as problem identification and the 

selection of the most promising ideas, it also seems important look beyond the 

idea generation stage when trying to relate real-world creativity to creativity in 

the lab. Our findings in subclinical ADHD (Chapter 5) show that certain 

characteristics or cognitive processes may simultaneously be associated with 

enhanced performance during one stage of the creative process and decreased 

performance during another. Future studies could focus on multiple stages of the 

creative problem solving process to obtain a more complete picture of the neural 

and cognitive correlates of creativity. 

Finally, future research on the creative brain may further investigate 

dynamic interactions between large-scale networks in the brain in creativity. 

Several of our findings (indirectly) support accumulating evidence that 

associates creative processes with activation of the default mode network, a large 

network of functionally connected brain areas that is active during passive 

cognitive states (Beaty et al., 2014, 2016; Jauk et al., 2015; Kühn et al., 2014; 

Takeuchi et al., 2012). During performance of externally presented cognitive 

tasks, areas of the default mode network deactivate, while activity in the 

executive control network, another large-scale network, increases. Activation of 

the default mode network has been associated with self-generated thought and 
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mind-wandering – a process that may contribute to divergent thinking by 

expanding the associative network so that uncommon associations are activated 

(Baird et al., 2012; Buckner et al., 2008; Christoff et al., 2009). A recently 

proposed model states that the default mode and executive control networks 

cooperate during the creative process (Beaty et al., 2016). The authors suggest 

that the default mode network may be involved in the generation of ideas, 

whereas the executive control network contributes to idea evaluation and the 

modification of ideas to meet task and situational constraints. In the EEG study 

presented in Chapter 2 of this dissertation, we found that divergent (vs. 

convergent) processes in idea generation are associated with reduced delta power 

in a widespread network of brain areas. Although speculative, this could point at 

increased default mode network activity during divergent compared to 

convergent thinking (Jann et al., 2010). Second, altered activation of the default 

mode network may be related to creativity in ADHD. Reduced task-related 

deactivation of the default mode network has been observed in children with 

ADHD, possibly increasing the likelihood of attentional lapses (Liddle et al., 

2011). This default mode network hyperactivity during performance of cognitive 

tasks was normalized by increasing task saliency, either by rewarding 

performance or by methylphenidate treatment (see also Volkow et al., 2004). 

Thus, the investigation of how activation and deactivation of the default mode 

networks and other large-scale networks interact during different creative 

processes (and in different groups of people) seems to be a promising avenue for 

future research. 

Concluding remarks 
Together, the studies presented in this dissertation advance our 

understanding of the neural and cognitive mechanisms underlying creativity, as 

well as the ability to study them, in several ways. First of all, the new paradigm 

that we presented for studying convergent and divergent processes in EEG 

settings allows researchers to measure these processes simultaneously, while 

keeping context and instructions constant, thereby increasing the comparability 

between these processes. Second, our model of dopaminergic modulation of 

creativity may guide future research on this topic. Third, our findings regarding 

creativity in ADHD help us understand when and how people with (symptoms of) 
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ADHD are more creative than others – knowledge that could help these people to 

take advantage of their symptoms in situations that ask for creativity. Finally, 

our findings on the effects of methylphenidate on creative processes contribute 

to a growing collection of knowledge that will allow people to make more 

informed decisions about whether to use such substances or not.  

While these findings cast some light on the potential mechanisms at work 

in the creative brain, at the same time they open up at least as many new 

research questions as they answer. If I would be asked to summarize my four 

years of research into one main conclusion, I would state that, indeed, creativity 

is an elusive collection of neural processes that is hard to capture in the 

laboratory. Studying it required me to think outside the box many times and has 

taught me a great deal about my own creative brain. I hope that the findings and 

methods presented in this dissertation will inspire other researchers in their 

search for the neural processes that drive creativity. To use one of the hundreds 

of creativity quotes of obscure origin that roam the internet (something I 

managed to resist until the very end of this dissertation): “Making the simple 

complicated is commonplace; making the complicated simple, awesomely 

simple, that’s creativity” (Charles Mingus, American jazz musician, 1977).  
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Appendix I: Alternate Names Task – Categories and examples 

 Category: Examples:   

1. Planets verunus  arctanus tronus 

2. Brazilian music styles rumzao dorvao brinao 

3. Flowers lunia fridia ezilia 

4. Airlines Jimair Greenair Scanair 

5. IKEA products Leksvik Nudik Rostik 

6. Belgian villages Luizigem Wierdegem Sellegem 

7. Rocks geradiet boniet terradiet 

8. Arab oils states Raman Jibulan Urdan 

9. Pain killers paradon maladon haptadon 

10. STDs dafilus polipilus agridius 

11. Indonesian dishes sendang warundang kresang 

12. Dances salimba mueva dolsa 

13. Bacteria robella kradella tremella 

14 Balkan countries Girolië Tazinië Onardië 

15. French cheeses mibrulain provurain chauvitain 

16. Pasta fussilini krapi falucci 

17. Cocktails domicita hawaiana passilada 

18. Software companies Triddle Wubble Kimple 

19. Surinam dishes ramoti baraseti misoti 

20. Scandinavian  lakes  Holmö Arviksjö Kongebrö 

21. Statistical tests denta chynia fischa 

22. Pizza's sanadina aruviala buenarita 

23. Spanish dishes comida rosilla ajola 

24. Martial arts nikato kaido sadamo 

25. Cleaning products Clearex Swipex Glamix 

26. Wine grapes romignon armagnon blabignon 

27. Polish delicacies poshniak balovniak zorniak 

28. Fashion brands Tressordini Malucci Sardi 

29. Japanese car manufacturers Daisuki Takeshi Mizatsi 

30. Drugs polytomine sedoline fadoine 

31.* Radioactive elements tortium ronium catalonium 

32.* Greek islands  Mianos Nikonos Presos 

 * practice trial    
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Appendix II: Exclusion criteria methylphenidate study 

• (History of) psychiatric treatment; 

• (History of) neurological treatment; 

• (History of) endocrine treatment; 

• (History of) cardiac or vascular diseases; 

• (History of) endocrine/metabolic disease; 

• (History of) obstructive respiratory disease; 

• (History of) frequent autonomic failure (e.g., vasovagal reflex syncope);  

• (History of) clinically significant renal or hepatic disease;  

• (History of) epilepsy in adulthood;  

• (History of) glaucoma;  

• (History of) drug or alcohol dependence;  

• One first degree or two second degree family members with a history of sudden 

death or ventricular arrhythmia; 

• First degree family member with schizophrenia or bipolar disorder; 

• Abnormal hearing or (uncorrected) vision;  

• Weekly use of psychotropic medication or recreational drugs over a period of at 

least 3 months within the last 6 months;  

• Use of recreational drugs within 4 weeks prior to participation; 

• Use of alcohol within the last 24 hours before each test session;  

• Uncontrolled hypertension (defined as diastolic blood pressure at rest > 95 mmHg 

or systolic blood pressure > 180 mmHg);  

• Irregular sleep/wake rhythm (e.g., regular nightshifts or cross timeline travel);  

• Possible pregnancy or breastfeeding;  

• Lactose intolerance. 
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Humans’ unique ability to generate original solutions for everyday 

problems and to create beautiful pieces of art fascinates both scientists and non-

scientists. Decades of research have revealed valuable insights into the cognitive, 

situational, and personality factors that are associated with creativity. For 

example, one influential model of creativity proposes that creative ideas may 

result from both flexible processes (e.g., switching between task approaches, 

divergent thinking) and persistent processes (e.g., the thorough exploration of 

possibilities along a certain line, convergent thinking) (De Dreu et al., 2008; 

Nijstad et al., 2010). While we know quite a lot about the contextual factors and 

individual differences that are associated with enhanced or reduced creativity 

through flexibility and persistence, the neural mechanisms that underlie flexible 

and persistent creative processes are still poorly understood. In the studies 

presented in this dissertation, my collaborators and I set out to answer some of 

the open questions regarding these neural mechanisms. 

In Chapter 2, I described a new event-related task that my collaborators 

and I developed to compare the neural dynamics of convergent and divergent 

processes in idea generation. Studying these dynamics is challenging, because it 

requires the repeated measurement of time-locked processes in many trials, as 

well as the selection of a suitable comparison task. Our new task allowed us to 

measure convergent and divergent processes simultaneously, while keeping the 

context and task instructions constant, thereby increasing the comparability 

between these processes. During this task, participants generated new names for 

several items (e.g., IKEA products, martial arts), given three examples of possible 

new names for each item that all ended with the same letter(s) to create an 

implicit rule. From the names that participants generated, we created indices for 

rule convergent thinking (the number of names with the same ending as the 

examples), rule divergent thinking (the number of names with a different 

ending), category repetitions (the number of consecutively generated names with 

the same ending), and category switches (number of switches from one ending 

to another). We measured EEG while participants performed this task and found 

that rule divergent (vs. convergent) thinking and switching between endings (vs. 

repeating an ending) was associated with widespread decreases in delta power. 

Although these delta power differences are hard to interpret in terms of the 
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underlying neural mechanisms, this study contributes to advancing our 

understanding of the neural underpinnings of creativity by addressing some 

methodological challenges that characterize neuroscientific creativity research. 

In Chapter 3, I presented a model of dopaminergic modulation of creativity 

based on converging evidence indicating that the neurotransmitter dopamine 

modulates both flexible and persistent creative processes (e.g., Chermahini & 

Hommel, 2012; Zhang et al., 2014b). More specifically, this model proposes that 

these flexible and persistent processes in creativity are modulated by the 

nigrostriatal and mesocortical dopamine pathway, respectively, similar to the 

dopaminergic modulation of flexibility and stability in cognitive control. 

Dopamine in the striatum may facilitate creativity through flexibility by 

supporting task switching and the flow of new information into working 

memory. On the other hand, prefrontal dopamine may support creativity through 

persistence by facilitating cognitive stability and the manipulation of 

information in working memory. Furthermore, the relationship between (both 

striatal and prefrontal) dopamine and these creative processes may follow an 

inverted-U-shaped function, where moderate levels of dopamine benefit creative 

performance, but both low and high levels of dopamine impair performance. 

Because creative ideas presumably result from a combination of flexible and 

persistent processes rather than one or the other, we propose that creativity also 

requires a delicate balance between striatal and prefrontal dopamine. As direct 

evidence for dopaminergic modulation of creativity is lacking at present, this 

new model opens up a number of interesting avenues for future research. 

Both Chapter 4 and 5 focused on creativity in ADHD, a neurodevelopmental 

disorder characterized by symptoms of inattention, hyperactivity, and 

impulsivity. This disorder is often treated with drugs that affect dopamine levels 

in the brain, suggesting that the dopaminergic system is involved in 

development of the disorder. As a result of their distractibility, high energy, and 

disinhibition, people with ADHD may be able to generate more original ideas 

than people without the disorder. However, empirical evidence for enhanced 

creativity in ADHD is mixed. In these two chapter, my collaborators and I 

investigated several potential explanations for these mixed findings. In Chapter 

4, I presented three studies in which we assessed the relationship between 
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subclinical symptoms of ADHD and flexible versus persistent creative processes 

in healthy participants. We examined whether the relationship between ADHD 

and creativity depends on the type of symptoms that people with ADHD 

experience (i.e., inattention, hyperactivity–impulsivity, or both) and on the 

specific (flexible or persistent) creative processes under investigation. We found 

that ADHD symptoms in general were associated with enhanced self-reported 

creative behavior, more publically recognized creative achievements in daily life, 

enhanced divergent thinking, and with more original, but less practical, 

reconstruction of complex problems (although effect sizes were small). Our 

results also indicate that these relationships were mainly driven by hyperactive–

impulsive symptoms of ADHD, whereas inattention symptoms were less 

consistently associated with creativity. In addition, we assessed whether 

creativity was enhanced at a moderate degree of ADHD symptoms but impaired 

at either a low or high level of symptoms, but we did not observe such a 

curvilinear relationship for any of the creativity indicators. 

Chapter 5 included two studies in which we extended these findings by 

investigating creativity in people with clinical ADHD. In Study 5.1, we assessed 

the role of intrinsic motivation, performance during early stages of the creative 

process (i.e., problem reconstruction), and medication use as potential 

explanations for the inconsistent findings on creativity in ADHD. In line with the 

findings presented in Chapter 4, we showed that people with ADHD (vs. controls) 

reported more real-world creative achievements. However, people with ADHD 

did not outperform controls on a divergent thinking task and were not more 

intrinsically motivated during this task. Although participants with ADHD (vs. 

controls) selected fewer useful problem reconstructions, they were not more 

original in reconstructing complex problems. Also, creative performance did not 

differ between medicated and unmedicated participants with ADHD in this study. 

In Study 5.2, we manipulated motivation during a divergent thinking task by 

introducing competition between participants. During this task, participants 

could win a bonus by generating more original ideas compared to another 

participant. We found that people with ADHD generated more original ideas 

under competition than in the absence of competition, while the originality of 

ideas that were generated in the control group was not affected by competition. 
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Possibly, the prospect of winning money or beating an opponent motivated 

people with ADHD to exert more effort during the idea generation processes, 

leading to more original ideas. Indeed, competition increased participants’ 

motivation during idea generation, although motivation did not differ between 

groups. We also found that people with ADHD reported higher creative abilities 

than controls in the performance (e.g., acting in a play) and mechanical/scientific 

domain (e.g., setting up an experiment), but not in everyday, artistic, or 

scholarly domains. Possibly, people with ADHD do well in such domains because 

these specific creative activities provide a structured framework (e.g., a script) to 

guide performance. Together, the findings presented in Chapter 4 and 5 suggest 

that directing people with ADHD (especially those that experience hyperactive–

impulsive symptoms) to relatively structured creative tasks and rewarding 

creative performance on these tasks could help bring out the positive side of the 

disorder. 

In the study described in Chapter 6, we manipulated levels of dopamine and 

noradrenaline in the brain using methylphenidate. This stimulant is increasingly 

used by healthy people to enhance cognitive performance, but methylphenidate 

may not have positive effects on all types of cognitive processes. While 

methylphenidate may indeed facilitate cognitive stability and persistence, it may 

impair people’s cognitive flexibility, including flexible creative processes. Also, 

methylphenidate effects may be different for different individuals, depending on 

their baseline dopamine levels. In this study, we assessed methylphenidate 

effects on convergent and divergent creative processes in a sample of healthy 

participants. In addition, we investigated the possibility that such effects depend 

on individual differences in ADHD symptoms and working memory capacity, 

which are both associated with differences in baseline dopaminergic functioning. 

Contrary to our expectations, methylphenidate did not affect participants’ 

creative performance on any of the tasks, regardless of their hyperactivity–

impulsivity symptoms and baseline working memory capacity. Although 

methylphenidate effects on creativity may be underestimated due to several 

methodological factors that characterize the present study (e.g., suboptimal 

power to detect effects), our findings do not suggest that methylphenidate 

impairs people’s ability to be creative. The present study does not provide 
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support for the dopaminergic model that I presented in Chapter 3, but is in line 

with our finding that the use of ADHD medication does not seem to affect 

creative performance in adults with ADHD (Chapter 5). 

Together, the studies presented in this dissertation contribute to our ability 

to understand and measure the neural mechanisms of creativity in a number of 

ways. First, the event-related task that we developed may help other researchers 

to better investigate divergent and convergent processes in idea generation. 

Second, our model of dopaminergic modulation of creativity may guide future 

research on this topic. Our findings showing that methylphenidate does not 

affect creative processes help to refine this dopaminergic model and contribute 

to a growing collection of knowledge that allows people to make more informed 

decisions about whether to use methylphenidate and other cognitive enhancers. 

Finally, the studies on creativity in ADHD resolves some of the inconsistencies in 

the literature and help us understand how to facilitate creativity in people with 

(symptoms of) ADHD.  
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De unieke menselijke vaardigheid om originele oplossingen voor alledaagse 

problemen te bedenken en indrukwekkende kunstwerken te creëren, fascineert 

zowel wetenschappers als niet-wetenschappers. Decennialang onderzoek heeft 

geresulteerd in waardevolle inzichten in de cognitieve, situationele en 

persoonlijkheidsfactoren die met creativiteit geassocieerd zijn. Een invloedrijk 

creativiteitsmodel, bijvoorbeeld, stelt dat creatieve ideeën kunnen ontstaan uit 

zowel flexibele processen (zoals het wisselen tussen verschillende benaderingen 

van de taak, divergent denken) als persistente processen (zoals het grondig 

verkennen van mogelijkheden langs een bepaalde lijn, convergent denken) (De 

Dreu, Baas, & Nijstad, 2008; Nijstad, De Dreu, Rietzschel, & Baas, 2010). Hoewel 

we inmiddels veel weten over de contextuele factoren en individuele verschillen 

die samenhangen met verhoogde of verminderde creativiteit via flexibiliteit en 

persistentie, weten we nog relatief weinig over de neurale mechanismen die ten 

grondslag liggen aan flexibele en persistente creatieve processen. In de 

onderzoeken die in deze dissertatie beschreven worden, hadden mijn collega’s en 

ik als doel om enkele openstaande vragen met betrekking tot deze neurale 

mechanismen te beantwoorden. 

In Hoofdstuk 2 beschrijf ik een nieuwe event-related taak die mijn collega’s 

en ik ontwikkelden om de neurale mechanismen achter convergente en 

divergente processen tijdens het genereren van ideeën te onderzoeken. Het 

onderzoeken van deze mechanismen is een uitdaging, omdat het de herhaalde 

meting van zorgvuldig getimede processen en een geschikte controletaak vereist. 

Door middel van onze nieuwe taak konden we convergente en divergente 

processen tegelijkertijd meten, terwijl we de context en taakinstructies constant 

hielden, waardoor deze processen beter te vergelijken zijn. Tijdens de taak 

genereerden deelnemers nieuwe namen voor verschillende items (bijvoorbeeld 

IKEA-producten, vechtsporten) op basis van drie voorbeelden van mogelijke 

nieuwe namen voor ieder item die allemaal met dezelfde letter(s) eindigden, om 

zo een impliciete regel te creëren. Op basis van de namen die deelnemers 

genereerden, berekenden we indices voor regel-convergent denken (het aantal 

namen met hetzelfde einde als de voorbeelden), regel-divergent denken (het 

aantal namen met een ander einde), herhalingen (het aantal opeenvolgend 

gegenereerde namen met hetzelfde einde) en wisselingen (het aantal wisselingen 
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van een einde naar een ander). We registreerden de hersenactiviteit van 

deelnemers door middel van EEG terwijl deelnemers aan deze taak werkten en 

vonden dat regel-divergent (vs. regel-convergent) denken en het wisselen tussen 

verschillende eindes (vs. het herhalen van een einde) geassocieerd was met een 

wijdverbreide daling in delta-activiteit. Hoewel de verschillen in delta-activiteit 

lastig te interpreteren zijn in termen van de onderliggende neurale 

mechanismen, draagt deze studie bij aan ons begrip van de neurale basis van 

creativiteit, doordat het een aantal methodologische uitdagingen aankaart die 

kenmerkend zijn voor neurowetenschappelijk creativiteitsonderzoek. 

In Hoofdstuk 3 presenteerde ik een model van dopaminerge modulatie van 

creativiteit op basis van convergerend bewijs dat erop duidt dat de 

neurotransmitter dopamine zowel flexibele als persistente creatieve processen 

moduleert (bijv. Chermahini & Hommel, 2012; Zhang, Zhang, & Zhang, 2014). 

Specifiek stelt dit model voor dat deze flexibele en persistente processen in 

creativiteit gemoduleerd worden door respectievelijk de nigrostriatale en 

mesocorticale dopaminepaden, vergelijkbaar met de dopaminerge modulatie van 

flexibiliteit en stabiliteit in cognitieve controle. Dopamine in het striatum 

faciliteert flexibele creativiteit mogelijk doordat het wisselen tussen 

verschillende taken en de instroom van nieuwe informatie in het werkgeheugen 

ondersteunt. Aan de andere kant zou prefrontale dopamine persistente 

creativiteit kunnen ondersteunen door cognitieve stabiliteit en de manipulatie 

van informatie in het werkgeheugen te faciliteren. Daarnaast volgt de relatie 

tussen (zowel striatale als prefrontale) dopamine en deze processen mogelijke 

een omgekeerde U-curve, waarbij gemiddelde dopamineniveaus creatieve 

prestaties verhogen, maar zowel lage als hoge dopamineniveaus prestaties 

verminderen.  Omdat creatieve ideeën waarschijnlijk voortkomen uit een 

combinatie van flexibele en persistente processen in plaats van een van de twee, 

stellen wij voor dat creativiteit ook een delicate balans tussen striatale en 

prefrontale dopamine vereist. Omdat direct bewijs voor dopaminerge modulatie 

van creativiteit momenteel ontbreekt, schept dit nieuwe model een aantal 

interessante mogelijkheden voor toekomstig onderzoek.  

Zowel Hoofdstuk 4 als Hoofdstuk 5 focusten op creativiteit in ADHD, een 

ontwikkelingsstoornis die wordt gekarakteriseerd door aandachtsproblemen, 
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hyperactiviteit en impulsiviteit. Deze stoornis wordt vaak behandeld met 

medicatie die dopamineniveaus in de hersenen beïnvloedt, wat suggereert dat het 

dopaminerge systeem betrokken is bij het ontstaan van deze stoornis. Als gevolg 

van hun verhoogde afleidbaarheid, hyperactiviteit, en disinhibitie zijn mensen 

met ADHD mogelijk in staat om originelere ideeën te bedenken dan mensen 

zonder de stoornis. Empirisch bewijs voor verhoogde creativiteit in ADHD is 

echter niet eenduidig. In deze twee hoofdstukken onderzochten mijn collega’s en 

ik een aantal mogelijke verklaringen voor deze inconsistente resultaten. In 

Hoofdstuk 4 presenteerde ik drie studies waarin we de relatie tussen subklinische 

symptomen van ADHD en flexibele versus persistente creatieve processen 

onderzochten in gezonde deelnemers. We gingen na of de relatie tussen ADHD en 

creativiteit afhangt van het type symptomen dat mensen met ADHD ervaren (i.e., 

aandachtsproblemen, hyperactiviteit–impulsiviteit of beiden) en van de 

specifieke (flexibele of persistente) creatieve processen die onderzocht worden. 

We vonden dat ADHD-symptomen over het algemeen geassocieerd waren met 

verhoogd zelfgerapporteerd creatief gedrag, meer publiekelijk erkende creatieve 

prestaties in het dagelijks leven, verhoogd divergent denken en met originelere, 

maar minder praktische, reconstructie van complexe problemen (hoewel de 

effectgroottes klein waren). Onze resultaten wijzen er ook op dat deze relaties 

voornamelijk gedreven werden door hyperactief–impulsieve symptomen van 

ADHD, terwijl aandachtsproblemen minder consistent geassocieerd waren met 

creativiteit. Daarnaast gingen we na of creativiteit verhoogd was bij een 

gemiddelde mate van ADHD-symptomen, maar verlaagd bij zowel een lage als 

hoge mate van symptomen. We vonden echter geen bewijs voor een dergelijke 

curvilineaire relatie voor de verschillende creativiteitsindicatoren. 

Hoofdstuk 5 omvatte twee studies waarin we deze bevindingen uitbreidden 

door creativiteit in mensen met een ADHD-diagnose te onderzoeken. In Studie 

5.1 onderzochten we de rol van intrinsieke motivatie, prestaties tijdens de vroege 

fases van het creatieve proces (i.e., het herformuleren van complexe problemen) 

en medicatiegebruik als mogelijke verklaringen voor de inconsistente 

bevindingen met betrekking tot creativiteit in ADHD. In lijn met de bevindingen 

in Hoofdstuk 4 toonden we aan dat mensen met ADHD (vs. gezonde controles) 

meer creatieve prestaties in het dagelijks leven rapporteerden. Mensen met 
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ADHD presteerden echter niet beter dan controles op een divergent denkentaak 

en waren niet meer intrinsiek gemotiveerd tijdens deze taak. Hoewel deelnemers 

met ADHD (vs. controles) minder bruikbare probleemreconstructies selecteerden, 

waren ze niet origineler in het reconstrueren van complexe problemen. Prestaties 

op een divergent denkentaak verschilden in deze studie niet tussen deelnemers 

met ADHD die wel of geen medicatie gebruikten. In Studie 5.2 manipuleerden we 

motivatie tijdens een divergent denkentaak door competitie tussen deelnemers te 

introduceren. Tijdens deze taak konden deelnemers een bonus winnen door 

originelere ideeën te genereren dan een andere deelnemer. We vonden dat 

mensen met ADHD onder competitie meer originele ideeën genereerden dan in 

de afwezigheid van competitie, terwijl de originaliteit van ideeën die in de 

controlegroep werden bedacht niet werden beïnvloed door competitie. De 

mogelijkheid om geld te winnen of een tegenstander te verslaan motiveert 

mensen met ADHD mogelijk om meer moeite te doen tijdens het genereren van 

ideeën, resulterend in meer originele ideeën. Competitie verhoogde inderdaad de 

motivatie van deelnemers tijdens het genereren van ideeën, hoewel motivatie 

niet verschilde tussen de groepen. We vonden ook dat mensen met ADHD hogere 

creatieve vaardigheden rapporteerden dan controles in het uitvoerende domein 

(bijvoorbeeld in een toneelstuk spelen) en het mechanisch/wetenschappelijke 

domein (bijvoorbeeld het opzetten van een experiment), maar niet in de 

alledaagse, artistieke of intellectuele domeinen. Mensen met ADHD doen het 

mogelijk goed in dit soort domeinen doordat deze specifieke creatieve activiteiten 

een gestructureerd kader (bijvoorbeeld een script) bieden dat gedrag kan sturen. 

Samen suggereren de bevindingen die gepresenteerd worden in Hoofdstuk 4 en 5 

dat het sturen van mensen met ADHD (vooral degenen die hyperactief–

impulsieve symptomen ervaren) naar relatief gestructureerde creatieve taken en 

het belonen van creatieve prestaties op deze taken de positieve kant van deze 

stoornis naar voren zou kunnen brengen. 

In het onderzoek dat beschreven wordt in Hoofdstuk 6 manipuleerden we 

dopamine- en noradrenalineniveaus in de hersenen door middel van 

methylfenidaat. Dit stimulerende middel wordt steeds vaker door gezonde 

mensen gebruikt om hun cognitieve prestaties te verhogen, maar methylfenidaat 

beïnvloedt wellicht niet alle cognitieve processen positief. Hoewel methylfenidaat 
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inderdaad cognitieve stabiliteit en persistentie zou kunnen faciliteren, zou het de 

cognitieve flexibiliteit, inclusief flexibele creatieve processen, in de weg kunnen 

zitten. Daarnaast zouden de effecten van methylfenidaat verschillend kunnen 

zijn voor verschillende mensen, afhankelijk van hun basale dopamineniveaus. In 

dit onderzoek gingen we de effecten van methylfenidaat op convergente en 

divergente creatieve processen na in een steekproef van gezonde deelnemers. 

Daarnaast onderzochten we de mogelijkheid dat zulke effecten afhangen van 

individuele verschillen in ADHD-symptomen en werkgeheugencapaciteit – 

beiden geassocieerd met verschillen in basale dopaminerge activiteit. Tegen onze 

verwachten in had methylfenidaat geen invloed op de creatieve prestatie van 

deelnemers op de verschillende taken, ongeacht de symptomen van 

hyperactiviteit–impulsiviteit en de basale werkgeheugencapaciteit van 

deelnemers. Hoewel de effecten van methylfenidaat op creativiteit in deze studie 

mogelijk onderschat worden als gevolg van een aantal methodologische 

tekortkomingen die deze studie kenmerken (zoals suboptimale power om 

effecten te detecteren), wijzen onze bevindingen er niet op dat methylfenidaat 

het vermogen om creatief te zijn in de weg zit. De huidige studie levert daarmee 

geen bewijs voor het dopaminerge model dat ik in Hoofdstuk 3 presenteerde, 

maar komt wel overeen met onze bevinding dat het gebruik van ADHD-medicatie 

de creatieve prestaties van volwassenen met ADHD niet lijkt te beïnvloeden 

(Hoofdstuk 5).  

Samen dragen de onderzoeken in deze dissertatie op verschillende 

manieren bij aan ons begrip van de neurale mechanismen achter creativiteit en 

ons vermogen om deze mechanismen te meten. Allereerst zou de event-related 

taak die we ontwikkelden andere onderzoekers kunnen helpen om divergente en 

convergente processen tijdens het genereren van ideeën beter te meten. Ten 

tweede kan ons model van dopaminerge modulatie van creativiteit toekomstig 

onderzoek op dit gebied sturen. Onze bevindingen die aantonen dat 

methylfenidaat creatieve processen niet beïnvloedt helpen dit dopaminerge 

model te verfijnen en dragen daarnaast bij aan een groeiende verzameling van 

kennis die mensen in staat stelt om beter onderbouwde beslissingen te nemen 

over het wel of niet gebruiken van methylfenidaat en andere cognitieve enhancers. 

Tot slot lossen de studies naar creativiteit in ADHD een aantal tegenstrijdigheden 
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in de literatuur op en helpen ze ons te begrijpen hoe we creativiteit in mensen 

met (symptomen van) ADHD kunnen faciliteren. 
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Eerlijk gezegd heb ik een groot deel van de afgelopen vier jaar uitgekeken 
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het zover is, valt het schrijven van het dankwoord me vies tegen. Ik word 

behoorlijk ongemakkelijk van dat sentimentele gedoe en vind het maar lastig om 

in woorden te vatten wat de betreffende personen de afgelopen tijd voor me 

betekend hebben, maar omdat jullie allemaal zo fantastisch zijn, doe ik toch een 

poging. 

Allereerst bedank ik uiteraard mijn begeleiders, alle drie briljante 

wetenschappers bij wie ik me sinds minuut twee van het sollicitatiegesprek 

enorm op mijn gemak voelde. Matthijs, bedankt voor je betrokkenheid, 

creativiteit en optimisme! Meer dan eens kwam ik je kantoor binnen met een 

schijnbaar gefaald project, om een half uur later weer naar buiten te lopen met 

veelbelovende resultaten – jij had altijd een logische verklaring voor 

onverwachte bevindingen. Carsten, je enthousiasme, je snelle denken en je 

vermogen om the bigger picture te zien hebben mij van het begin af aan 

geinspireerd en gemotiveerd. Simon, naast je neuro-expertise en humor heb ik 

vooral veel gehad aan je directheid, waardoor ik ook altijd direct terug kon zijn. 

Roshan, ik ben heel blij dat ik de kans heb gehad om samen te werken met 

iemand met jouw ervaring en expertise. Bedankt voor de leerzame tijd in 

Nijmegen! Yingying, thanks for all those memorable days that we spent in the 

lab together. It sure wasn’t always easy, so it was great to have someone so 

funny and smart around. I really hope we’ll meet again! 

Natuurlijk ook heel veel dank aan mijn A&O-collega’s, bij wie ik me als 

neuro-nerd toch heel erg heb thuisgevoeld. Barbara, thanks for the fun ADHD 

collaborations and for your help with tricky data analyses. Femke, als 

copromotor van mijn Siamese tweelingbroer toch een beetje mijn 

adoptiebegeleider, dankjewel voor je hulp en de gezelligheid! Edwin, wanneer je 

als beginnend AiO in het diepe wordt gegooid voor een groep studenten, is het 

heel fijn om te weten dat er een onderwijscoördinator is bij wie je terechtkunt. 

Bedankt voor alle wijze raad! Joke, het is al vaker gezegd, maar zonder jou zou 

het een puinhoop zijn bij A&O. Bedankt voor al je organisatorische assistentie!  
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In het bijzonder bedank ik mijn kantoorgenoten door de jaren: Hillie, Özüm, 

Seval en natuurlijk mijn musketiers. Tim, hoewel sommigen waarschijnlijk 

denken dat ik mijn project twee keer zo snel had afgerond als ik geen kantoor 

met jou had gedeeld, is niets minder waar: zonder jou had ik het waarschijnlijk 

nooit afgemaakt. Als het huilen me weer eens nader dan het lachen stond, wist je 

me altijd op te beuren met petities en gephotoshopte onzinnigheden. Ik had me 

geen betere partner in crime kunnen wensen! Yujie, another stable factor in my 

PhD. Your ability to persevere when things don’t go as planned is inspiring and 

without that, I’d have complained even more. Loes, als mijn vegan guru heb je 

van alle collega’s waarschijnlijk de meest tastbare indruk op mij achtergelaten, 

maar daarnaast word ik enom blij van je kinderlijke onbevangenheid. Florian, ik 

ken geloof ik niemand die zo lief en bescheiden is als jij. Dank jullie wel voor de 

geweldige tijd! 

Manon, Nicky, Anouk, Roy, Liesbeth en alle mensen die zich in de loop der 

jaren om jullie heen hebben verzameld: bedankt voor de ontelbare biertjes, de 

ongepaste grappen, de sportsessies, het bankhangen en al die andere 

spectaculaire momenten. Roy, toen we 13 jaar geleden in Oegstgeest aan het 

lanterfanten waren, had niemand waarschijnlijk gedacht dat we anno 2017 

elkaars paranimf zouden zijn – het kan raar lopen. Fijn dat je erbij bent op de 

grote dag! Magdalena, Nynke, Laura – we don’t get to meet so often, but it’s 

great to know I have some friends across the world! Ein großes Dankeschön also 

to my friends east of the border, who made Germany feel like home long before I 

actually moved there. 

Mama, Ernst, Jonathan, Fabian en Sabine, ik ben heel blij dat jullie er zijn! 

Ik had een aantal omwegen nodig om uiteindelijk mijn weg te vinden en dat was 

niet altijd gezellig, maar doordat ik de ruimte kreeg om mijn eigen (juiste of 

minder geslaagde) keuzes te maken, ben ik vandaag waar ik ben. Fab, ik ben blij 

dat in ieder geval een van ons niet in paniek raakt bij een creatieve taak en even 

snel een kaft in elkaar flanst op een doordeweekse middag. Dankjewel! 

And of course Marc, my external self-confidence. Thank you for always 

believing in my ability to do whatever I put my mind to – I have to admit you’ve 

been right every time. It’s been an unlikely adventure so far and I’m looking 

forward to what the future has in store for us. 
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