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Abstract 

Electroencephalographic (EEG) methodology in creativity research has been remarkably fruitful, 

establishing the potential of EEG to illuminate complex and transient creativity-related neural 

processes. Here we synthesize recent advances in the field, highlighting empirical work on 

creativity as divergent thinking, remote associations, musical creativity, and visual imagery. 

There is a general consensus that alpha-band activity plays a key role in the creative process, 

though other frequency bands, such as theta and gamma also serve critical functions. We further 

discuss evidence for electrical stimulation (tDCS and tACS) as a tool for improvements in 

creative thinking. EEG’s high temporal resolution is supremely suitable for studying creative 

cognition, and studies continuing to yield new and exciting evidence regarding the local and 

global neural processes underlying creativity. 

Keywords: electroencephalography (EEG); event-related potentials (ERP); transcranial direct-

current stimulation (tDCS); creativity; divergent thinking; remote associations; musical 

creativity; visual imagery   
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Creativity comes in waves: An EEG-focused exploration of the creative brain. 

 Introduction 

Electroencephalography (EEG) has been used for decades, and despite a proliferation in 

the use of tools for measuring brain activity that depend on more recent technological advances 

(e.g., functional magnetic resonance imaging [fMRI], magnetoencephalography [MEG]), it 

remains a highly valuable method [1]). While the use of EEG in creativity research is not 

historically common, its capacity to deliver supremely high temporal resolution data, including 

information about temporally coherent and phase-locked network activity, should make it a go-to 

method for assessing the fast-moving and complex processes of creativity. With respect to 

sample rate, EEG is far superior to fMRI (typically, one image every two seconds), allowing 

insights that are not possible with fMRI. Additionally, given the physical constraints required by 

tools such as fMRI, EEG is often a more appropriate choice for ecologically valid creativity 

tasks. EEG administration may also be a more tolerable process than fMRI for certain 

populations (e.g., children, individuals with heightened sensory sensitivity, and those who fear 

confined spaces). For all these reasons (not to mention time and cost), we consider EEG a tool of 

primary importance in creativity research. 

Here we first provide a brief overview of the EEG frequency bands, and the event-related 

potentials (ERPs). We then synthesize recent empirical work on the EEG-focused exploration of 

the creative brain. Namely, we highlight recent studies on creativity as divergent thinking, 

creativity as remote associations, musical creativity, and creativity as visual imagery. We 

conclude with a section on the neuromodulation for the creative brain, and offer general 

conclusions.  
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Review of EEG Frequency Bands  

 EEG is a non-invasive method for measuring the distribution of voltages across the scalp 

that are created by the synchronous activity of large populations of neurons [2, 3]. While these 

signals are very small (µV level), their measurement is facilitated by highly sensitive equipment. 

The downside of this sensitivity is that it opens the door for environmental noise and movement 

artifacts in the data, although various filters, movement-specific channels, and motionless 

participants, help combat these noise sources. EEG has relatively poor localization of the signal’s 

source due to the infinite set of possible neural activation patterns that could create a given EEG 

measurement, however, it has excellent temporal resolution, with possible sample rates in the 

thousands of Hertz.  

Like colors in the visible range of the electromagnetic spectrum, EEG frequency bands 

occupy specific regions of the overall oscillatory spectrum. The rate at which oscillations occur 

defines frequency (measured in Hertz), or cycles per second, i.e., completion of one up and down 

wave pattern. From lowest to highest, EEG bands are categorized as delta (0.5-4 Hz), theta (4-8 

Hz), alpha (8-13 Hz), beta (13-30 Hz), and gamma (30+ Hz). While the higher bands oscillate 

more frequently, the amplitudes of lower waves are greater. This results in a typical left-to-right 

downward slope in graphs of spectral density, which shows the power of oscillations at points 

along the overall spectrum over a given time range (Figure 1). EEG analyses typically use 

methods such as Fourier transforms to create such time-frequency outputs [2].  

 Although the borders are informed by nearly a century of research [1], assigning meaning 

to activity in the different EEG bands is a complex matter. Phenomena most commonly 

associated with each band include: Delta – deep sleep [1]; theta – error monitoring, cognitive 

control [2]; alpha – eye closed, relaxation, internally-directed attention, network inhibition [2, 4]; 
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beta – being awake, affective and cognitive processing [5]; and gamma – active processing of 

sensory information, perceptual binding [2, 6].  

Review of ERPs  

 In contrast to time-frequency-based EEG analysis, ERP analysis is focused on aspects of 

brief perturbances in EEG signals that occur in response to experimenter-defined events. As 

such, the time range of interest is typically from the point of stimulus onset to the end of the 

elicited ERP wave. In creativity research, this means that ERP analysis is useful for examining 

relatively immediate processes, in relation to specific events in the creative thinking process, 

while time-frequency EEG analysis is better suited for examining states or processes with longer 

time courses. The peaks and troughs of event-related voltage waves are measured and are 

typically averaged across subjects, after which between-condition and/or between-subject 

comparisons can be made [7]. ERP components, or specific time points in the waveform, are of 

interest to researchers for reasons that depend on the nature of the task. Components are 

historically named for the number of milliseconds after stimulus onset at which they occur, and 

whether the wave is positive (P) or negative (N) at that timepoint. Commonly assessed 

components and their meanings include: P50 – sensory gating [8]; N200 – oddball effect [9]; 

N2pc – visual attentional selection [10]; P3a (frontal) – task-related attention [11]; P3b 

(temporo-parietal) – attention and memory [11]; and N400 – semantic meaning/congruity [12]. 

Creativity as Divergent Thinking 

 EEG and ERP are common methodologies for examining more traditional subfields of 

cognitive psychology, including attention and memory. Until fairly recently, however, cognitive 

processes such as creative thinking have not benefited from these methodologies, with the 

exception of pioneering work in the 1970s [13, 14]. Fortunately, in recent years there has been a 
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re-emergence of interest in using electrophysiology methods for investigating creative cognition, 

making significant strides towards our understanding of various features of creativity. We 

highlight these recent findings in the present manuscript.  

Creativity has traditionally been defined as the ability to generate ideas that are novel and 

useful [15], with an undefined set of possible ideas. Divergent thinking (DT) tests assess this 

ability, and have been used for decades to examine creative idea generation [16]. The Alternate 

Uses Task (AUT) is one such measure, requiring participants to generate novel uses for familiar 

objects, with responses scored for the number of uses generated (fluency), and the uniqueness of 

responses (originality).  

 The most consistently observed finding using EEG suggests that alpha-band activity is 

linked with better performance on DT tasks [17, 18] (Figure 2a). For example, imposing greater 

creativity demands in the AUT resulted in higher task-related alpha power (TRP; pre-stimulus 

interval minus idea generation interval) in frontal and parietal regions [19]. In a similar task, 

alpha power was greatest at the beginning of creative idea generation, decreased, and then again 

increased just prior to responding [20]. Individual differences studies have similarly pointed to 

higher alpha-band power in more, versus less creative people, as assessed by DT tests [21]. 

Further, people who perform better on DT tests were able to sustain increased alpha in frontal 

and parietal regions for longer durations [22]. Given that increased alpha is considered to reflect 

a reduction in externally-oriented attention in favor of more internally-oriented attention [17], 

these findings may indicate that divergent thinkers are better able to continually exclude 

interfering external stimuli for the sake of generating creative responses. Indeed, attention 

appears to play a key role in creativity-related alpha fluctuations. Externally-oriented attention 

strongly involves visual processing, and has been found to decrease alpha activity during 



AN EEG-FOCUSED EXPLORATION OF THE CREATIVE BRAIN 
	

7 

divergent thinking [23]. Conversely, when attention is internally oriented, alpha power increases, 

and merely closing one’s eyes has been shown to improve DT performance [24].  

In addition to increases in the alpha power during divergent thinking, decreases in delta 

and theta bands have also been reported. Widespread decreased delta power, for example, was 

found by examining differences in signals for divergent versus convergent thinking [25]. In a 

study in which participants provided captions for an assortment of unusual scenes displayed on a 

computer screen, decreased mid-frontal theta power was found to be associated with higher 

creativity scores, as rated by naïve participants [26] (Figure 2b). This study also reported that 

increased frontal-occipital theta functional connectivity was associated with increased creativity. 

As low frequency ranges are generally suggested to support long-range oscillatory 

communication, while high frequency ranges support more local communication [27], this 

finding indicates that creativity may be the result of long-range oscillatory communication 

among regions that sub-serve creative functions. Theta band activity in frontal regions has also 

been associated with increased cognitive control [28], which was shown to play a key role in 

divergent thinking. Indeed, people who performed better on DT tasks engaged cognitive control 

processes more strongly when an unexpected attentional switch was required, as indicated by a 

larger N2 difference between the frequent and rare targets in an Oddball task [29]. 

Considering that frequency ranges outside of the alpha band appear to be linked with 

divergent thinking, and the relevance of attention and cognitive control for creativity [30, 31, 

32], it will be worthwhile for future creativity studies to examine the EEG frequency bands 

associated with these functions. 
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Creativity as Remote Associations 

 Creativity has also been considered as the ability to connect relatively remote concepts or 

ideas, with the facility for making novel associations signaling greater creativity [33]. The 

Compound Remote Associates (CRA) task [34] was designed to examine this ability by 

presenting people with three seemingly unrelated words (e.g., pine, crab, sauce), and asking 

them to name a word that forms a common compound word or phrase with all three words (here 

the solution word is apple: pineapple, crabapple, apple sauce). There are at least two ways of 

solving CRA problems: via insight – the so-called Aha! moment that comes suddenly and with 

little ability to report on the processing that enabled the solution, or via a deliberate, trial-and-

error analytical approach [35]. 

A number of studies have identified specific patterns of brain activity associated with 

insightful and analytical CRA solutions. For example, alpha power was found to increase in the 

right parietal region when participants generated solutions with insight, compared to when they 

merely recognized the answers based on cues [36]. The location of this activity is important, as 

the parietal cortex is essential for sensory integration [37]. Increased alpha in this area could thus 

be interpreted as a suppression of sensory information in service of internally-oriented creative 

processes. Increased alpha when individuals are preparing to solve CRA problems via insight 

was initially discovered by Jung-Beeman and colleagues [38] (Figure 3a), and consequently 

replicated in other studies [35, 38]. Specifically, just prior to the arrival in conscious awareness 

of a solution reached via insight (versus via analysis), an increase in alpha-band activity (10 Hz) 

is seen over the occipital cortex [38]. Alpha-band activity is immediately followed by a burst of 

high frequency gamma-band activity originating in the right temporal lobe. While alpha-band 

activity is typically the primary finding in creativity research, the gamma activity is particularly 
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interesting because (1) gamma oscillations may provide the means for binding features of objects 

as they emerge into conscious awareness [6], and (2) gamma has been associated with sensory 

and memory processes, including top-down and bottom-up information matching [39], thus 

suggesting that insight problem solving may involve the sub-conscious association of 

information, and the subsequent binding of that information into a percept. Further, the 

propensity for insightful or analytical thinking can be predicted from resting-state EEG weeks in 

advance. Using the CRA task, it was found that participants with the propensity to solve 

anagrams and CRA problems via insight (vs. analysis) showed increased alpha- and theta-band 

activity over the left temporal lobe, as determined through the localization-improving technique 

known as a surface-Laplacian transformation [40] (Figure 3b). It was suggested that inhibition of 

activity in the left temporal lobe, as indicated by increased alpha activity, may allow close 

associates to be suppressed, and more remote associations to be facilitated. This interpretation 

depends, in part, on the role of theta oscillations in long-distance integration processes [42]. The 

findings are in line with current understanding of the attentional demands of creative idea 

generation and insight, which propose that inhibition of certain regions, particularly in the left 

hemisphere, allow for “remoter” associates to be selected, as opposed to more local ones [36, 43, 

44]. 

Similar to divergent thinking, top-down, solving problems via insight is linked with 

internally-oriented attention, as opposed to the more bottom-up, externally-oriented mode of 

attention found during non-insight problem-solving [44]. Additionally, people whose attention is 

less internally-oriented at rest, as demonstrated by reduced gamma-band synchronization over 

the central regions of the default mode network (DMN), tend to be more creative [45]. In 

summary, neural signatures of insight have been repeatedly differentiated from analytical 
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problem-solving using EEG, opening the door for further exploration of the underlying 

functional differences, and methods designed to promote either mode. 

Musical Creativity 

 Music is pervasive in our daily lives and has a strong emotional component through 

which we can connect with the artist and one another [47]. We are so attuned to it that sounds not 

intended as music can be perceived as such under the right circumstances [48]. As a result, the 

neural mechanisms of music production and perception are a growing area of research.  

Numerous studies have explored the neural mechanisms of music perception in 

professional musicians via EEG methodology. For example, by use of a technique called 

multifractal detrended cross-correlation analysis (MFDXA), it was found that when professional 

musicians imagined music, as opposed to only hearing it, EEG cross-correlations between frontal 

and occipital regions were greater [48]. Another recent study examined how classically and 

improvisationally trained musicians responded to hearing short chord progressions with one 

chord “out of place” (a “functional deviant”) [49]. Improvisationally (compared to classically) 

trained musicians had more discriminable N2c and P3b ERPs in response to deviant chords, 

indicating both a greater sense of violation of musical expectation, and a stronger sense that the 

violation required a response. Improvisationally trained musicians also responded faster and 

were better able to discern deviants, perhaps indicating an effect of training on the brain. It 

cannot be ruled out, however, that the improvisors sought such training because their brains were 

already well-suited for it, and that similar effects would not have been found prior to the start of 

their training.  

Interestingly, in a similar study that included improvisors, classical musicians, and non-

musicians, non-musicians demonstrated a greater preference for high-, compared to medium- and 
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low-expectation chord progressions. In contrast, improvisors preferred medium expectation 

chords, and had no preference between high and low expectation [50]. Improvisors also showed 

increased P3b responses, and a faster return to baseline after deviant chords, compared to 

classical and non-musicians. In combination, these studies indicate that improvisational training 

promotes better discernment of the “substitutability” of chords, increased preference for 

unconventional changes, and faster responses when such changes are encountered.  

 With respect to music production, compared to musicians who had no formal 

improvisation training, jazz musicians showed increased frontal alpha-band TRP during 

improvisation, compared to when they simply heard or played back melodies as instructed [51] 

(Figure 4). Further, right frontal upper alpha-band activity was associated with higher quality of 

improvised performances in improvisationally-trained musicians. As with DT tests, increased 

alpha during periods of creative production likely indicates an inward orienting of attention. 

Increased alpha activity may therefore be the mechanism by which improvisational jazz 

musicians perform better on DT tasks than musicians from classical and folk genres [52], as 

performing jazz music tends to require internally-oriented attention to continuously generate and 

evaluate musical ideas [53]. The extent to which improvisational training can create long-term, 

and perhaps domain-general improvements in creativity, is worthy of exploration. 

Creativity as Visual Mental Imagery 

 Visual mental imagery, defined as an experience of sensory information without a direct 

external stimulus, relies heavily on the visual cortex [54, 55]. A recent meta-analysis found that, 

in contrast to divergent thinking, visual mental imagery was accompanied with decreased alpha, 

compared to baseline, although alpha power in high-creative groups tended to be greater than for 

low-creative groups, despite the task-related decreases in both groups [56]. Alpha power was 
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also found to decrease in parietal and occipital regions when performing the Picture Completion 

Task, indicating elevated visual processing demands [57]. Interestingly, when the same 

participants mentally elaborated on their drawings, alpha power in these regions was greater than 

during the initial creation phase, perhaps reflecting an increase in internally-oriented attentional 

demands. Further, this increase in frontal alpha power in the elaboration stage was associated 

with better creative performance. In another study, compared to non-artists, graphic arts students 

demonstrated greater increases in spectral coherence among more brain regions, and in more 

frequency bands (including alpha, beta, and gamma), in increasingly demanding visual imagery 

tasks [58]. This effect was accompanied by similarly greater decreases among other regions in 

response to increased task difficulty, indicating alternate processing strategies for highly 

demanding visual tasks in graphic artists, compared to non-artists.   

  In a study that used ERPs to study whether mental imagery creates neural adaptation 

effects (reduced response to repeated stimuli) similar to those observed for visual stimuli, 

participants either imagined a famous face, or actually viewed it [59]. They were then presented 

with either the same face or an object (the test stimuli). In both cases, N170/VPP complex 

responses (thought to be related to face processing) [60] were highly sensitive to face test stimuli 

and exhibited the same timing effects; these effects, however, were not in the same direction for 

the two conditions. In the viewing condition, N170/VPP amplitude was suppressed (expected 

adaptation), while in the mental visualization condition, N170/VPP was increased. This finding 

is interpreted as indicative of a bottom-up effect for perceptual (viewing) adaptation, and a top-

down effect for mental visualization, due in large part to working memory engagement and 

memory reactivation. In a more recent study, mental imagery of faces again primed the 

N170/VPP response, as well as N300 (visual cognition/knowledge) and N400 (semantic 
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memory/knowledge) responses [61]. In consideration of these results, ERPs are an excellent 

methodology for examining processes related to mental imagery. 

Neuromodulation for the Creative Brain 

  Whatever possibilities exist for creativity training, at least some features of creativity 

could stand to benefit from the addition of neuromodulation using transcranial direct current 

stimulation (tDCS). tDCS involves a low-cost, portable device that non-invasively delivers a 

safe, low electrical current to the head for the purpose of increasing (anodal electrode [+]) or 

decreasing (cathodal [-]) excitability in the cortical regions underlying the electrodes [62]. tDCS 

is a promising tool for improving cognitive, perceptual, and behavioral functions [63], with 

several accounts suggesting that it may also be relevant for improving creative thinking. 

 For example, one study found that cathodal stimulation of the left inferior frontal gyrus 

(IFG) – a region of the fronto-parietal control network implicated in inhibitory functions [64] – 

in combination with anodal stimulation of the right IFG, improved performance on a verbal DT 

task [65]. Reversing polarity (anode-left/cathode-right) did not affect creative production, and 

neither did moving the cathode from the left IFG to the left orbito-frontal cortex (OFC), nor 

moving the anode from right IFG to right OFC. If only one of the electrodes had been doing the 

work of boosting creativity, it would be expected that one of these last two conditions would 

have been effective, so the authors suggest that a rebalancing of hemispheric control was at 

work. While it is possible that the action of the OFC electrodes serves as a confound, this seems 

like a reasonable interpretation.  

Cathodal tDCS to the left PFC has also been found to increase cognitive flexibility when 

generating uncommon uses for objects [31]. More recently, anodal tDCS was used over the left 

frontopolar region to increase the semantic distance (arguably, a form of creativity) between 
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pairs of words in a verbal analogy task [66]. Although anodal tDCS is thought to increase 

activity in the area, and increased frontal activity is not always a marker of a creative state, at 

least in this task anodal stimulation was effective. In fact, a prior fMRI study identified activity 

in this area as being reflective of verbal creativity [67]. Certainly, there is much to be learned 

about the interplay between brain regions serving creative functions, and the differential impact 

of neighboring frontal regions in particular [68].  

While tDCS is increasingly popular, it is not the only type of electrical stimulation that 

has been used in creativity research. Transcranial alternating current stimulation (tACS), which 

delivers current at specific frequencies (as opposed to a constant current, in tDCS), has been 

shown to improve performance on a divergent thinking task when delivered to frontal regions at 

10 Hz [69]. No such effect was found when using 40 Hz stimulation, strengthening the argument 

for the role of increased alpha in creativity. In a more recent 4-experiment study, delivering 10 

Hz tACS to the right temporal lobe was found to increase CRA task performance when words 

shared misleading (ultimately wrong) associations, and increase the remoteness of AUT 

responses (but not creativity or cleverness) [70]. Additionally, this study found increased right 

temporal alpha for correct responses in a misleading-associates CRA task, and when generating 

more, as opposed to less remote AUT responses. Considering the combined results of these four 

experiments, the authors suggest that the role of alpha activity is to suppress obvious 

associations, allowing more remote associations to take form. The ability to specifically target 

frequency ranges of interest in creativity research is an enticing path for future investigations. 

Conclusions 

Overall, given the well-established potential for EEG to illuminate complex and transient 

creativity-related neural processes, further explorations of the creative brain should incorporate 
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its use in a highly varied set of circumstances. Here we highlighted some of the most common 

tasks used to assess creative thinking, though there are others, including assessments of 

analogical thinking [71], and real-world creative achievement [72, 73]. Generally speaking, this 

review suggests that increased alpha activity is a common marker of various creative processes, 

and that more creative people tend to have more of it [17]. We have also shown that other EEG 

bands, including theta [26, 40] and gamma [38, 45, 58] play a role in creative cognition. A more 

focused pursuit of understanding regarding these frequency bands may therefore be a fruitful 

path for future research. The inclusion of neuromodulation methods, such as tDCS and tACS, for 

potential guided improvement in creative cognition is a wide-open area, and may be of great 

interest to creators of all kinds. 
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Figure 1. The upper portion of the figure shows a time-frequency decomposition EEG signal 
power across a portion of the overall frequency spectrum (3-30 Hz). This recording was taken at 
electrode site Oz, located on the midline of the occipital [visual] cortex. Red color indicates 
higher power in a given frequency range (y-axis, to the left), and blue color indicates lower 
power. The x-axis is the time domain. Here, power in the alpha range is higher for an attentional 
shift, indicating a suppression of visual information/attention. The lower portion of the figure 
shows a standard graph of EEG power, with a downward left-to-right slope (greater signal 
amplitude for lower frequencies). Also visible is the increase in alpha power (~10 Hz) 3 seconds 
after time 0 (event) for the graph to the right. Source: figure adapted with permission from [74]. 

  



AN EEG-FOCUSED EXPLORATION OF THE CREATIVE BRAIN 
	

29 

Figure 2. Individual difference studies generally show that increased EEG alpha power is 
particularly sensitive to various creativity-related demands involved in divergent thinking, 
although other EEG bands have also been shown to play a role in creative cognition. (a) 
Displayed here are differences in alpha between individuals with higher and lower originality 
scores on the Alternative Uses Task, showing that higher original people showed stronger 
increases in alpha in the right than in the left hemisphere, while lower original people showed no 
hemispheric differences with respect to alpha power. Blue regions reflect greater alpha power 
relative to rest. AF: anteriofrontal; F: frontal; FC: frontocentral; CT: centrotemporal; CP: 
centroparietal; PT: parietotemporal; PO: parietooccipital. Source: figure adapted with permission 
from [18]; (b) Involvement of theta band activity in divergent thinking, showing decreased 
frontal theta activity in people who provided more creative captions for various unusual scenes. 
Source: figure adapted with permission from [**26]. 
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Figure 3. 

When people solve Compound Remote Associate (CRA) problems, they can generally report on 
whether the solution was reached via insight or via analysis. Neural activity recorded during 
solution of CRA problems suggest that these two types of cognitive strategies rely on distinct 
cognitive mechanisms. (a) an increase in alpha-band activity (10 Hz) is seen over the occipital 
cortex moments just prior to solutions reached via insight (versus via analysis), immediately 
followed by a burst of high frequency gamma-band activity originating in the right temporal 
lobe. Source: figure adapted with permission from [38]. (b) Resting-state EEG predicts people’s 
tendency to solve Compound Remote Associate (CRA) problems with insight or with analysis. 
Beta band activity over left parietal (insight>analytic, in red), and beta band activity over midline 
frontal cortex (analytic>insight, in blue) predicts solution type weeks in advance. Alpha and 
theta band clusters extending from left anterior to posterior temporal cortex spatially overlap in 
predicting insight solutions (insight>analytic, in red). Source: figures adapted with permission 
from Source: figure adapted with permission from [40]. 
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Figure 4.  

Improvisational jazz is shown to be associated with alpha band power. (a) Skilled musicians with 
training in musical improvisation (compared to musicians with no formal improvisation training) 
show increased frontal alpha-band activity during improvisation compared to during rote 
playback. FITI = formal improvisation training individuals. (b) The quality of the improvised 
pieces is associated with higher alpha power in musicians with formal training. Source: figure 
adapted with permission from [51].  

 


